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Abstract— Car ownership levels are increasing rapidly in 

South-East Asian developing countries leading to 

unsustainable developments. This study aims to realize 

undergraduate students’ motivations to purchase cars after 

they graduate and employ. The main foci of this research are 

undergraduate students where it is expected that their 

current attitudes and habits will influence their travel 

behavior after they graduate and obtain a job. This study 

used paper surveys to ask students about their attitudes 

towards car and attitudes towards public transportation, 

social norms, their socio-demographic situations, current 

transportation patterns and the intention to own a car in the 

future. This study conducted a descriptive analysis of the 

survey data focusing on explaining intentions to own a car in 

the future. Although current private car usage of students 

was found to be about 26.4%, it can be surprisely seen that 

car purchase intentions of student’s rate at about 92% which 

means most of the students have inner desire to buy their own 

car. The younger students have more desire to purchase cars 

in the future. In past car usage, it can be seen that the 

students who do not grew up with car has intentions to 

purchase cars than the students grew up with car. In attitude 

towards car, symbolic affective, independence and comfort 

are the important factors of car ownership motivations 

among undergraduate students. In the norming effects, 

parents’ expectation and parents’ influence are the important 

factor of car ownership motivations among undergraduate 

students.  

Keywords— attitude towards car, car purchase intentions, 

car ownership motivations, present and past car usage, social 

norms, undergraduate students 

I. INTRODUCTION

     Transport is one of the most important aspects in the 

day-to-day life of the people, as their activities cannot be 

fulfilled without moving. Moreover, transportation plays a 

vital role in economic growth, developing urban 

environment and globalization. Therefore, a good planning 

of transport is essential to make effective and sustainable 

transport systems. To found a successful transportation 

system for a country, public transportation has to retain the 

main modal share among other commuting modes. Car 

ownership levels are rising rapidly in many developing 

countries. Increasing income levels allow particular 

citizens of the major cities to purchase more and modern 

vehicles. So, to estimate future car use trends, it is 

necessary to understand car ownership decisions of 

younger people. It is critical to understand whether their 

current attitudes, habits and expectations have influence on 

their travel behavior after they graduate and obtain a job. 

And then, understanding car use trends and underlying 

factors is important for deriving policy measures to reduce 

traffic congestion and other environmental side effects, 

such as air and noise pollution, accidents and land-use 

developments trends. The factors of attitudes towards car 

and social norms are the important factors to explain car 

ownership trends. 

II. QUESTIONNAIRE DESIGN

A. Dependent Variable

In this paper, intentions to buy a car in the future  (next

10 years)used as dependent variable, which was measured 

on a 7-point Likert scale (very unlikely – very likely) 

B. Explanatory Variables

      Explanatory variables are socio-demographic 

characteristics, current transportation patterns, 

attitudes/perceptions and social norms 

III. METHODOLOGY

     This paper use primary data to analyze the factors such 

as socio-demographic characteristics, car ownership, use & 

intentions (past, present, future), attitudes, perceptions and 

Social norms. 

A. Data Collection Method

All data were collected by using paper survey (Random

sampling method) from two Universities of Mandalay. 

Average number of students in Technological University 

Mandalay (TUM) and Mandalay Technological University 

(MTU) are about 2000 and 1000. Students of these 

universities contain locals and who come from many 

regions from Myanmar. 

B. Sample Size Computation

This paper was carried out by questionnaire survey and

the total student numbers in two universities are about 

3000 so that the number of samples, which is enough to 

give the overview of the study area, is needed to be 

concerned. As indicated in the following Table I, to reduce 

the margin of error to half, for instance, from 4 to 2, the 

sample size determination has been increased considerably, 

from 500 to 2000. As the sample size is inversely 

proportional to margin of error [4].  

I. MARGIN OF ERROR PERCENTAGES FOR CERTAIN

SURVEYS SAMPLE SIZES 

 Survey Sample Size Margin of Error Percent 
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2,000 2 

1,500 3 

1000 3 

900 3 

800 3 

700 4 

600 4 

500 4 

400 5 

300 6 

200 7 

100 10 

50 14 

   There are many formulas used for calculating sample 

size. One of the most common formulas used is Yamane‟s 

formula: as shown in (1) 

The sample size equation is 

n 
 

        
      (1) 

Where         

n = sample size,  

N = population size,  

E = margin of error, the total maximum number of students 

is roundabout 3000 students margin of error will be 4%.  

Calculation:    

n 
      

              
        

IV.RESULTS AND DISCUSSIONS

      The following sections describe the analyzed results of 

student car ownership motivations by socio-demographic 

characteristics, car ownership, use & intentions (past, 

present, future), attitudes, perceptions and social norms. 

A.Car Ownership, Use and Intentions of Respondents

(Past, Present & Future)

      In this paper, a large number of students almost 

hundred percent have intentions to buy a car in the future. 

Although current private car usage of students was found 

to be about 26.4%, it can be surprisely seen that car 

purchase intentions of student‟s rate at about 92% which 

means most of the students have inner desire to buy their 

own car as shown in Table II.   

II. CAR OWNERSHIP, USE AND INTENTIONS OF 

RESPONDENTS (PAST, PRESENR & FUTURE) 

Variables (Number of Observations) 

Past Percentage

Grew up with car (%) 40 

Present: Ownership and Transportation Pattern Percentage

Car user (%) 30 

Car user & owner (%) 3.4 

Car user and non-owner (%) 26.4 

Driving License (%) 37 

Mode of Commuting Percentage

Car (%) 14 

Taxi (%) 2 

Motorcycle (%) 64 

Bicycle (%) 1 

Ferry (%) 3 

Walk (%) 16 

Future: Purchase Intentions(how likely are you to 

buy a car within the next 10 years) Percentage

%have Intention 92 

Very Likely 46.8 

Likely 38 

Somewhat Likely 7.6 

%Undecided 4 

%have no Intention 4 

Somewhat Unlikely 1.8 

Unlikely 1.2 

Very Unlikely 0.6 

B. Socio-demographic Characteristics of Respondents in

Mandalay

    A large number of students live with friends and live in 

dormitory within the university and near the university. The 

students in gender split have 44 % male and 56 % female. 

The average age of students is 20.62. And then; the 

students‟ average family income and average personal 

income are 16.64 lakhs and 1.28 lakhs as shown in Table 

III. It is higher the income will be greater the intentions.

III. SOCIO-DEMOGRAPHIC CHARACTERISTICS OF 

RESPONDENTS IN MANDALAY 

Variables (Number of Observations) 

Socio-Demographic Characteristics 

Living Arrangement Percentage

Living alone (%) 9.4 

Living with family (%) 41 

Living with friends (%) 47.6 

Others (%) 2 

Dwelling Unit Percentage

Dormitory (%) 66 

Apartment (%) 7 

Others (%) 27 

Gender Percentage 

Gender spilt(% male) 44 

Gender spilt(% female) 56 

Age, Distance, Income Mean 

Average age 20.62 

Average commuting distance(km) 9.29 

Average personal income(lakhs) 1.28 

Average family income(Lakhs) 16.64 

C. Attitudes toward Car and Public Transportation and

Norming Effects

     In attitude towards car, symbolic affective, 

independence and comfort are the important factors of car 

ownership motivations among undergraduate students 

because a large number of students agree in these 
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statements. Symbolic affective has agreement over 80% 

and questions such as independence and comfort have 

agreement over 80% and over 90 % except “cars are fun to 

have” which has agreement 75%.A large number of 

students do not have negative aspects with respect to 

attitude towards car except “cars are expensive to own and 

maintain” and “cars are giving arrogant impression” as 

shown in Table IV. In attitude towards ferry, there are 

many weaknesses in safety, reliability and have less 

convenience and needed to improve a lot in order to 

maximize usage of public transport in the future as shown 

in Table V. In subjective social norms, the students think 

that owning a car is a right thing. In injunctive norms and 

personal norms, parent‟s expectation and parent‟s 

influence is higher than others as shown in Table VII. 

IV. ATTITUDE TOWARDS CAR

Attitude Towards Car 
Disagree 

% 

Undecided 

% 

Agree 

% 

Symbolic Affective 

Cars allow to express 

oneself from others. 
15.2 4 80.8 

Cars are cool. 10.8 8 81.2 

Cars are trendy 2.8 1 96.2 

Arrogant Prestige 

Cars are giving arrogant 

impression 
42.6 4.4 53 

Cars allow to distinguish 
oneself from others. 

52 7 41 

Cars are expensive to own 

and maintain. 
3.8 1.2 95 

Cars are disturbing one‟s 
neighborhood. 

82.4 4 13.6 

Cars bring prestige 29 6.8 64.2 

Independence 

Cars are convenient. 5 2 93 

Cars help one to save time 

for travel 
7.8 1.4 90.8 

Cars allow one to ravel 

anytime. 
13.6 2 84.4 

Cars allow one to be 
independent. 

8.2 3.2 88.6 

Comfort 

Cars allow one to ravel 
safely. 

4.2 1.6 94.2 

Cars are comfortable. 6.6 3 90.4 

Cars allow one to pick up 

or see off others 
2.8 2 95.2 

Cars are fun to have 12.4 12.4 75.2 

Social Orderliness 

Cars allow one to care for 

others 
15.2 9.4 75.4 

Cars are environmentally 
friendly. 

38.6 18.4 43 

V. ATTITUDE TOWARDS PUBLIC TRANSPORTATION

Attitude Towards 

(Ferry) 
Disagree 

(%) 

Undecided 

(%) 

Agree 

(%) 

Safety-Reliability(PT) 

Ferry drivers drive 

carelessly. 
37.4 9.4 53.2 

I feel unsafe using ferry 

service. 
45.4 14.4 40.2 

Ferry is not punctual. 40.2 13.4 46.4 

Convenience(PT) 

Ferry is clean enough to 

make me want to ride along. 
54.6 17.2 28.2 

Ferry service covers the city 

area well. 
67.6 9 23.4 

VI. DESCRIPTIVE NORMS 

Descriptive Norms YES % NO % 

Did you grow up with a 

car 
202 40.4 298 59.6 

Does your Friends or 

partner have a car? 
322 64.4 178 35.6 

Do your siblings have a 

car? 
176 35.2 324 64.8 

Do most people in your 

neighborhood have 

cars? 

419 83.8 81 16.2 

VII. SUBJECTIVE NORMS, INJUNCTIVE NORMS AND 
PERSONAL NORMS 

Social Norms 
Disagree 

(%) 

Undecided 

(%) 

Agree 

(%) 

Subjective Social Norms 

It is no smarter to have a car. 47.2 6 46.8 

I feel that there is social 

pressure to have a car. 
40.2 7.2 52.6 

Transport modes other than 

car are looked down. 
73.4 3.6 23 

Majority of people think that 
having a car is the right thing 

to do. 

2.6 1.8 95.6 

Injunctive Norms 

Intention to buy a car in the 

future 
3.6 4 92.4 

Expectation of parents  7 8.6 84.4 

Expectation of Friends/partner 9.2 13.4 77.4 

Expectation of siblings 10.4 10.6 79 

Expectation of neighbors 18.2 26.6 55.2 

Personal Norms 

Importance of parents' 

expectation 
18.2 7 74.8 

Importance of 

Friends/partner's expectation 
34.2 7 58.8 

Importance of siblings' 

expectation 
28.2 6.8 65 

Importance of neighbors' 

expectation 
75.6 9.6 14.8 

D.Distribution of Car Purchase Intentions Based on Age

In this paper, the younger students have more desire to

purchase a car in the future after they graduate and employ 

as shown in Fig.1. 
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Fig.1. Distribution of Car Purchase Intention Based on Age 

E.Distribution between Car Usage History and Car

Purchase Intentions

      Students who do not grow up with car strongly expect 

to buy a car (55%) than those who grew up with car (37%) 

as shown in Fig. 2. However, most students expect to 

purchase a car when they make their money and there are 

slight percentages who do not expect to buy.  

Fig. 2. Distribution between Car Usage History and Car Purchase 

Intentions 

Distribution of Current Travelling Behavior and Car F. 

Purchase Intentions 

     Students who currently use private car, motorcycle and 

walking expect to purchase car more than other travel 

mode choice groups as shown in Fig. 3. Actually, all 

groups who use different types of travel mode expect to 

purchase car in the high percentage. There are tiny 

percentages who do not expect to buy a car in the future. 

Fig. 3. Distribution of Current Travelling Behavior and Car Purchase 
Intentions 

V. CONCLUSION

       This study aims to realize undergraduate students‟ 

motivations to purchase cars after they graduate and 

employ. In this study, it can be seen that the younger 

students have more desire to purchase a car in the future. 

In present car usage, although current private car usage of 

university students was found to be about 26.4%, it can be 

surprisely seen that car purchase intentions of student‟s 

rate at about 92% which means most of the students have 

inner desire to buy their own car.  

      Past car usage and past non-car usage of university 

students was found to be 40.4% and 59.6%, it can be seen 

that non-car usage of students has intentions to buy a car 

than past car usage students. Then, between the travel 

mode choice and car purchase intentions, Students who 

currently use private car, motorcycle and walking have 

intentions to purchase car more than other travel mode 

choice groups. In socio-demographic variables, students 

„family income has relations with car purchase decisions 

that it is higher the income will be greater car purchase 

decisions. In attitude towards car, the factors such as 

symbolic affective, independence and comfort are the 

important factors of car ownership motivations among 

undergraduate students. 

 In the norming effects, four types of norms were 

examined including descriptive norms, subjective social 

norms, injunctive norms and personal norms. In subjective 

social norms, personal thoughts or view on using private 

cars were asked and over 95% of students think that 

owning a car is a right thing. Other people thoughts or 

expectation on each student were asked in injunctive social 

norms‟ sections. In this section, parent‟s expectation is 

higher than other‟s expectation so that car purchase 

intentions are stronger relation with parent‟s expectation. 

In personal norms section, it was studied how other people 

expectation effects on their decisions. In this section, 

parent‟s influence is higher than other‟s influence so that 

car purchase intentions are also stronger relation with 

parent‟s influence. So, parents‟ expectation and parents‟ 
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influence are the important factors of car ownership 

motivations among undergraduate students. 

It was seen that causality between car ownership and 

arrogant prestige is not clear, it might still conclude that 

this factor could be used to deter especially young students 

from buying cars.  
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Abstract – This paper presents comparative study on the 

structural responses of eight-storeyed hotel reinforced concrete 

building without and with isolation system in Mandalay. The 

proposed building is irregular shape reinforced concrete 

building and its length and width are 115ft and 115ft 

respectively. Total height of the building is 89ft above ground 

level. Gravity and lateral Loadings are considered according to 

American Society of Civil Engineering (ASCE 7-05), spectrum 

acceleration and local wind speed are taken from Myanmar 

National Building Code (MNBC-2020). The superstructure is 

analyzed with response spectrum analysis. All structural 

members are designed based on American Concrete Instituted 

(ACI 318-14) code. In this study, the recycle rubbers are used 

as major components of lead rubber bearings. The require 

experimental tests are conducted to get recycle rubber 

properties in Rubber Research Development Centre at 

Yangon. Circular shape lead rubber bearing (LRB) type 

isolator is used in this study and designed with International 

Building Code (IBC 2000). The isolation system is installed at 

the base of each column between superstructure and plinth 

beam of the proposed building. The material properties and the 

size of the structural members are the same in both fixed base 

building and isolated base building. Structural responses of the 

proposed building without and with isolation system are 

compared. According the analysis results, storey drift, storey 

shear and storey acceleration of isolated base building are 

lower than that of fixed base building and storey stiffness and 

structural periods of isolated base building are greater than 

that of fixed base building. So isolated base building has 

significant high capacity during earthquake than that of fixed 

base building.  

Keywords— lead rubber bearing, recycle rubbers, reinforced 

concrete building, response spectrum analysis, structural 

responses 
I. INTRODUCTION

In recent year, developing country like Myanmar, the 
population is increasing day by day. Most of people from 
rural areas are migrating to cities due to increase in job 
opportunities and to increase their living standard. Thus, the 
cities become crowded and densely populated. Therefore, 
high-rise buildings are needed to be constructed and 
essential in the future. There are many natural hazard all 
over the world. Myanmar is one of the most seismically 
active regions in the world. Therefore, the seismic isolation 
technique is conducted for the whole of Myanmar and for 
Mandalay as well since it is located adjacent to the most 
active fault in Myanmar, the Sagging Fault. There will be 
land congestion, necessitating the construction of high-rise 
building that must be seismically safe to reduce damage 
from natural disasters.  The primary objective of earthquake 
resistant design is to create a structure that has adequate 
strength and ductility to ensure the safety of its occupants. 
Therefore, application of isolator is very popular in today 

which reduce the vibrations induced by lateral load such as 
strong wind and earthquake [4]. The objective of base 
isolation system is to reduce the seismic demand and force 
on structures, produced at a low cost and easily available 
materials (recycle rubber).  

There are various types of seismic isolation system. 
The most common use types of isolation systems are 

 Elastomeric Bearing System and

 Sliding Bearing System
Elastomeric isolators contain low and high damping

rubber bearing and lead rubber bearing. 
Sliding bearings contain the following bearing types: 

 rigid sliding bearing System

 elastic sliding bearing System [2].
Lead rubber bearings are used in this study because they

provide a flexible and effective way to mitigate the 
damaging effects of seismic forces. These bearings consist 
of a lead core surrounded by rubber layers. The lead core 
allows for lateral movement, while the rubber layers provide 
damping, absorbing and dissipating seismic energy [1]. 
When subjected to low lateral loads such as minor 
earthquake the lead-rubber bearing is stiff both lateral and 
vertical directions [1]. The advantages of the lead-rubber 
bearing are that protect the structural integrity of a building, 
minimizing the need for costly repairs or reconstruction after 
an earthquake. 

II. CASE STUDY

A. Data for Proposed Building

The proposed building is irregular shape reinforced
concrete structure. Plan and 3D view of proposed building 
are shown in Fig.1 and Fig.2. Data for the proposed building 
is as follows;  

Type of structure =  eight-storeyed R.C building 
Type of occupancy  =  hotel 
Occupancy Category =  II  
Shape of building =  irregular shape 
Structure length  =  115 ft  
 Structure width =  115 ft  
Typical story height =  10 ft  
Overall height  =  89 ft  
Number of stair and lift = 2 

Fig. 1. Ground floor plan of the proposed building. 
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Fig. 2. 3D View of the proposed building. 

B. Material Properties of the Structure
Materials Properties used for reinforced concrete

structure are as follow. 
Weight per unit volume of concrete, ωc  =  150 pcf 

Compressive strength of concrete, f′c     = 3 ksi
Bending reinforcement; yield stress, fy  =  40 ksi 
Shear reinforcement; yield stress, fys =  40 ksi 
Modulus of elasticity, Ec         =  3122 ksi 

C. Loading Consideration

Gravity load such as dead loads, live loads and lateral
load such as wind load and earthquake load are considered. 
Dead load consists of the weight of all materials and fixed 
equipment incorporated into the building. Floor finishing, 
partitions are considered as superimposed dead loads. 
Loading considering are applied according to ASCE 7-05. 
For dead load,  

Unit weight of concrete =  150 pcf 
9" thick brick wall =  100 psf 
4.5" thick brick wall  =  55 psf 
Finishing weight =  10 psf 
Super imposed dead load = 20 psf 
Weight of lift  =  2 ton 

For live load, 
Bed room  =  40 psf 
Dining room, gym and spa and hall = 100 psf 
Live load on roof  =  20 psf 
Live load on stair case  = 100 psf 
Live load on landing  =  100 psf 
Weight of water  =  62.4 pcf 

 For wind load, 
Exposure type =  C 
Wind speed =  80 mph 
Wind importance factor =  1 
Windward coefficient =  0.8 
Leeward coefficient =  0.5 

For earthquake load, 
Spectral response acceleration Ss =  1.2 
Spectral response acceleration S1  =  0.7 
Response Modification Coefficient, R =  8 
System over strength factor, Ω0   =  3 
Framing system  =  SMRF 
Seismic important factor I =  1 
Deflection amplitude factor Cd =  5.5 
Building period coefficient, Ct  =  0.016 

III. DYNAMIC ANALYSIS AND DESIGN OF FIXED BASE

BUILDING 

Eight-storeyed reinforced concrete building with fixed 
base is analyzed with response spectrum analysis by using 
ETABS (2018) software. After analyzing is completed, the 

structure is designed using ACI 318-14. Beam and column 
sections of the proposed building are shown in Table I and 
Table II respectively. The structural stabilities of fixed base 
building are checked based on ASCE 7-05 shown in Table 
III. 

I. TABLE BEAM DESIGN SECTION OF THE PROPOSED BUILDING

Beam Types Size (in × in) 

B1 10 × 15 

B2 12 × 18 

B3 12 × 20 

B4 12 × 22 

B5 12 × 24 

B6 14 × 24 

B7 14 × 26 

B8 16 × 24 

B9 16 × 26 

II. TABLE COLUMN DESIGN SECTION OF THE PROPOSED BUILDING

Type 
Storey 

Level 

Size 

(in × in) 
Type 

Storey 

Level 

Size 

(in × in) 

C1 

GF to1F 20 × 20 

C6
 

GF to 1F 30 × 30 

1F to 3F 18 × 18 1F to 2F 28 × 28 

3F to 5F 16 × 16 2F to 4F 26 × 26 

5F to 7F 14 × 14 4F to 7F 22 × 22 

7F to RF 12 × 12 7F to RF 12 × 12 

C2 

GF to1F 20 × 20 

C7 

GF to 1F 26 × 26 

1F to 5F 16 × 16 1F to 3F 20 × 20 

5F to 7F 14 × 14 3F to 4F 18 × 18 

7F to RF 12 × 12 4F to RF 14 × 14 

C3 

GF to 1F 18 × 18 

C8 

GF to1F 20 × 20 

1F to 3F 16 × 16 1F to 4F 18 × 18 

3F to 7F 14 × 14 4F to 6F 16 × 16 

7F to TRF 12 × 12 6F to RF 14 × 14 

C4 

GF to 4F 16 ×16 

C9 

GF to 4F 18 × 18 

4F to 7F 14 × 14 4F to 6F 16 × 16 

7F to RF 12 × 12 6F to RF 14 × 14 

C5 
GF to 7F 14 × 14 

C10 
GF to 5F 16 × 16 

7Fto TRF 12 × 12 5F to RF 14 × 14 

III. TABLE STABILITY CHECKING FOR FIXED BASE BUILDING

Checking 
Fixed Base Building 

Limit 
X direction Y direction 

Stroey Drift 1.378 1.464 < 2.88 

Sliding 3.2 3.05 > 1.5 

Overturning moment 9.24 6.12 > 1.5 

Torsional Irregularity 1.19 1.02 < 1.2 

P-Δ Effect 0.0041 0.0051 < 0.1 
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According to Table III, structural stability checks are 
within allowable limits. Therefore, the structure is stable in 
dynamic condition. 

 
IV. TEST RESULT FOR RECYCLE RUBBER 

 

The recycle rubbers are used as major components of 
lead rubber bearings. The benefits of using recycled rubber 
isolators include ease of handling, simple shear stiffness 
adjustments, by changing its number of rubber layers and 
being eco-friendly compare to other commercially available 

base isolators. To know the properties of the scrap tyre 

rubber, the required experimental tests are performed in 
Rubber Research Development Centre at Yangon. The type 
of recycle rubber is bridge stone (Japan) rubber. In the 
calculation of shear modulus of recycle rubber, the poison 
ratio for recycle rubber is used 0.5 as natural rubber. The 
properties of recycle rubber are shown in Table IV. 

 
 IV. TABLE THE PROPERTIES OF RECYCLE RUBBER 

 
 

Hardness 

IRHD 

Young’s 

Modulus E 

(kip/ft2) 

Shear Modulus 

G (kip/ft2) 

Elongation at 

Break (%) 

60 91.896 30.632 385 

 

VI. CLASSIFICATIONS OF ISOLATOR GROUP 
 
 

The reaction values of gravity load from the analysis are 
divided into four groups. In this study, lead core rubber 
bearing (LRB) is used as isolation device with the range of 
reactions and these are shown in Table V. The maximum 
support reaction of each group is used to design the base 
isolator. The isolator dimension and analysis properties are 
calculated according to IBC-2000. The isolation system is 
installed at the base of each column between superstructure 
and plinth beam of the proposed building. The location of 
the isolator is shown in Fig. 3. 

 
V. TABLE RANGE OF REACTION FOR ISOLATOR GROUP 

 
 

Isolator 

Group 

Reaction 

Range (kips) 
Symbols No. of Isolators 

1 96-160 
 

33 

2 161-190 
 

31 

3 191-220 
 

33 

4 221-278 

 

13 

 

 
 

Fig. 3. Location of isolator. 

VI. TABLE DIMENSION OF BEARING  
 

Group Group 1 Group 2 Group 3 Group 4 

d (in) 16 18 20 22 

H (in) 29 26 24 23 

t (in) 0.25 0.28 0.312 0.343 

N (no) 64 57 52 47 

Ns (no) 63 56 51 46 

ts (in) 0.249 0.136 0.114 0.111 

dp (in) 3.5 3.5 3.5 3.5 

 

Where, 

  d  =  diameter of bearing (in) 

 H  =  total height of bearing (in) 

  t  =  thickness of individual layer (in) 

  N  =  number of rubber layers (nos) 

 Ns  =  number of steel plate (nos) 

      ts  =  thickness of steel plate (in) 

 dp  =  diameter of lead core (in) 

 
VII. TABLE ANALYSIS PROPERTIES OF BEARING FOR ETABS INPUT DATA 

 

Group Group1 Group 2 Group 3 Group 4 

K
eff

 (kip/in ) 2.242 2.663 3.083 3.882 

 Ke (kip/in ) 15.379 18.262 21.147 26.625 

  Kv (kip/in ) 2332.714 2952.34 3644.9 4410.29 

Fy (kip) 8.826 10.48 12.135 15.279 

eff
ξ   0.19 0.19 0.19 0.19 

 

Where, 
Keff  =  Effective horizontal stiffness (kip/in)  

Ke  =  Initial stiffness of bearing (kip/in)  

Kv  =  Vertical stiffness of bearing layer (kip/in)  

ξeff
 

=  Effective damping ratio  

 

VIII. STABILITY CHECK FOR DYNAMIC ANALYSIS OF 

ISOLATED BASE BUILDING 
 

After the dynamic analysis of isolated base building by 

using response spectrum method, the structural stability 

checkings are done according to ASCE 7-05. The results for 

stability checking of the proposed building are shown in 

Table VIII. The proposed buildings are satisfied within the 

limitation under the dynamic analysis. 

VIII. TABLE STABILITY CHECKING FOR ISOLATED BASE BUILDING 

Checking 

Isolated Base Building 

Limit 

X Direction Y Direction 

Stroey Drift 1.04 1.17 < 2.88 

Sliding 8.83 7.73 > 1.5 

Overturning 

moment 
29.416 27.936 > 1.5 

Torsional 
Irregularity 

0.983 1.011 < 1.2 

P-Δ Effect 0.0079 0.0079 < 0.1 
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IX. COMPARISON OF STRUCTURAL RESPONSES FOR FIXED 

BASE AND ISOLATED BASE BUILDINGS 

The comparison of structural responses such as storey 
drift, storey shear, storey acceleration, storey stiffness and 
structural periods of X and Y direction for fixed base and 
isolated base buildings are graphically represented in figures 
4 to 12. 

 

Fig. 4. Comparison of storey drift in X direction. 

 

Fig.5. Comparison of storey drift in Y direction. 

From Fig 4 and 5, the storey drift in isolated base 
building at the top floor is about 79.75% and 93.6% lower 
than that of the fixed base in X direction and Y direction.  

 

Fig.6. Comparison of storey shear in X direction. 

 
 

Fig.7. Comparison of storey shear in Y direction. 

From Fig 6 and 7, the storey shear in isolated base 
building at the first floor is about 68.46% and 60.41% lower 
than that of the fixed base in X direction and Y direction.  

 

Fig.8. Comparison of storey acceleration in X direction. 

 

 

Fig.9. Comparison of storey acceleration in Y direction. 

From Fig 8 and 9, the storey acceleration in isolated 
base building at the roof floor is about 83.68% and 84.08% 
lower than that of the fixed base in X direction and Y 
direction. The storey acceleration of fixed base building is 
zero at ground floor but appear at the isolated base building 
due to isolation system.  

 

 

Fig.10. Comparison of storey stiffness in X direction. 

 
 

Fig.11. Comparison of storey stiffness in Y direction. 
 

From Fig 10 and 11, the storey stiffness in isolated base 
building at the roof floor is about 52.15% and 37.24% 
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greater than that of the fixed base in X direction and Y 
direction respectively.  

 

 
 

Fig.12. Comparison of structural periods for fixed base and isolated base 
buildings. 

 

From this comparison, the structural period at isolated 
base building is increased about 2.5 times of fixed base 
building. The isolated base building has greater structural 
periods than the fixed base building. So isolated base 
building occurs more lengthen the period of the structure 
than fixed base building. 

 
XI. CONCLUSIONS 

 
 

The proposed building is eight-storeyed irregular shape 
R.C building. The type of occupancy is hotel and it is 
situated in Mandalay. Firstly, the proposed building is 
analyzed and designed for fixed base by response spectrum 
analysis. After this structural analysis is done, the stability 
of the superstructure is checked in accordance with ASCE 7-
05. The unfactored gravity load from the analysis is used to 
design rubber bearing by the guide line of international 
building code IBC 2000. According to the range of loads, 
the isolators are divided into four groups. In this study, lead 
core rubber bearing (LRB) is used as isolation device. The 
response spectrum analysis was used to evaluate structural 
response of fixed base and isolated base such as storey drift, 
storey shear, storey acceleration, storey stiffness and 
structural period due to earthquake in X and Y direction. 
The following conclusions can be drawn after analyzing the 
results of eight storeys reinforced concrete building without 
and with isolation system.   

 

(1) The storey drift, storey shear and storey 
acceleration of isolated building are significantly 
reduce than the fixed base building. 

(2) The structural period of isolated base building is 
increases 65% than that of fixed base building.   

(3) The storey stiffness of isolated base building is 
increased than that those of fixed base building. 

(4)  Therefore, lead rubber bearings with recycle 
rubber are found significantly effective in 
mitigating and preventing seismic responses of the 
proposed building. 

(5) From the overall results of this study show that lead 
core rubber bearing (LRB) isolators with recycle 
rubber are suitable to use as affordable cost and 
have sufficient strength earthquake excitation.   
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Abstract— Motorcycle accidents in Mandalay become a 
significant public safety concern due to the increasing reliance on 
motorbikes as the primary mode of transportation. This study 
aims to determine the factors that influence the severity of 
motorcycle crashes (slight, severe and fatal) by examining the 
variables, in which road geometries, collision types, human 
errors, and general characteristics. The qualitative method is 
used to find important predictors of accident severity. In this 
study, the road traffic crash records in Mandalay are obtained 
from the Mandalay Police Station between 2017 and 2019. The 
results show that drivers are more likely to increase in fatal 
injuries, and younger people are more likely to decrease severity 
injuries, especially in fatal outcomes. Age-specific safety 
programs should be developed to address the impact of age 
groups on accident severity. The environmental factors, such as 
time of day and weather, are also crucial. Promoting safe riding 
practices, enforcing speed limits, implementing traffic 
regulations, and addressing collision types like head-on, right-
angle, and rear-end crashes can help reduce accident severity. 
Continuous monitoring and evaluation of implemented measures 
are crucial for ensuring their effectiveness and making necessary 
adjustments to enhance road safety standards. 

 

Keywords— factor affecting, motorcycle accidents, qualitative 

method, road traffic crashes , severity injuries  

 
I. INTRODUCTION 

 

Traffic accidents are a significant cause of human and 

economic losses in both developed and developing countries. 

The WHO predicts that road traffic accidents will become the 

7th leading cause of death by 2030, with 1.25 million deaths 

and 20-50 million injuries annually [1].  

In Myanmar, the number of road accident-related deaths 

has increased since 2013, with 1.2 million deaths and 50 

million injuries annually[1]. Motorcycles are mostly used in 

upper region of Myanmar, especially in Mandalay. The 

number of motorcycles in Mandalay has been increasing year 
by year. By 2023, there are about 1,241,376 motorcycles 

registered in the city. Over the past five years, there has been a 

gradually increase the number of motorcycles, accounting 

from 1,135,099 in 2017 [2]. Increasing the number of 

motorcycles on the roads is one of the main reasons why there 

are more accidents happening in Mandalay. Motorcyclists may 

be the primary cause of accidents due to lack of crash 

protection, while regular car passengers are protected by belts, 

air bags, and covers [3].  

Therefore, the injuries and fatalities of vehicle riders and 

passengers are increasing, and this becomes a major problem. 

It is important to prevent fatalities and injuries in Mandalay 
because the rate of death by vehicles accident is higher than by 

other rate of death. The analysis of motorcycle accidents is 

necessary and useful in several ways. The objective of this 

study is to provide the policy implication in reducing 

motorcycle accidents and the better understanding the factors 

that cause to motorcycle accidents. 

II. METHODOLOGY 
 

A. Data Collection and Description 
The traffic crash records between 2017 and 2019 are 

collected from the Mandalay’s Police Station. Microsoft 
Excel is used to identify the causes of motorcycle 
accidents, eliminate the irrelevant variables, and clean the 
data.  

In this study, the dependent variables include the 
levels of accident severity, in which slight injury, severe 
injury, and fatality. Based on the previous studies [4, 5, 
6], the independent variables are divided into five groups: 
general characteristics, human errors, road geometries, 
collision types and counterparts. The severity of an 
accident can be affected by a number of factors, including 
gender, age, time, day type, and seasonal effects. For 
instance, weather-related factors may increase the chance 
of accidents and younger riders may be more prone to 
risk-taking behavior. Table I describes the dependent and 
independent variables in this study. 

 
I. DESCRIBES THE DEPENDENT AND INDEPENDENT VARIABLES IN THIS 

STUDY 
 

Explanatory Variables 
Nature of 

Variables 

Accident severity 

 Slight injury 

 Severe injury 

 Fatality 

Dependent 

General characteristics 

 Gender 

 Age 

 Time 

 Day types 

 Seasonal effects (Summer, Winter and Rainy) 

Independent 

Human errors 

 Helmet use 

 Speedy 

 Careless driver 

 Against traffic flow 

 Other human errors 

Independent 

Road geometry 

 Straight 

 Curve 

 T Junction 

 X Junction(cross-junction) 

Independent 

Collision types 

 Head on 

 Rear end 

 Side swipe 

 Right angle 

 Other collision types 

Independent 

Counterparts 

 Motorcycle 

 Other vehicles 

 Fell alone 

 Bicycle 

 Fixed object 

 Pedestrian 

Independent 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 11

mailto:2wwmyint.mm@gmail.com


 

B. Data Process 
This study examines secondary data from accident reports 

in Mandalay. The data-collecting method involves accessing 
reported accidents, which are often in paper-based format, and 
then filtering and classifying the information in the Microsoft 
Excel for the purpose of analysis.  

 

C. Data Analysis 
This study uses the qualitative method to determine the 

factors that influence the severity of motorcycle accidents 
(slight, severe and fatal injury) by examining the variables, in 
which road geometries, collision types, human errors, and 
general characteristics. The results will enhance knowledge 
about motorcycle accidents and enable the formulation of 
focused interventions aimed at reducing their negative effects. 
Table II presents the proportion of contributing factors for 
each severity levels. 

 
II. THE PROPORTION OF MOTORCYCLE ACCIDENTS WITH SEVERITY INJURIES 

FROM 2017 TO 2019 
 

Explanatory Variables 

Severity Level (%) 

S
li

g
h

t 

S
e
v
e
re

 

F
a

ta
l 

T
o

ta
l 

User Driver  36 17 47 100 

Victim  21 51 28 100 

Age of Driver 

  

  

less 18 54 29 17 100 

between 18 and 40 37 14 49 100 

between 40 and 65 31 22 47 100 

above 65 0 25 75 100 

Age of Victim 

  

  

less 18 47 47 6 100 

between 18 and 40 24 52 24 100 

between 40 and 65 14 48 38 100 

above 65 0 67 33 100 

Gender of Driver Male 36 16 48 100 

Female 40 23 38 100 

Gender of Victim Male 21 50 29 100 

Female 21 53 26 100 

Helmet Usage Wearing 50 30 20 100 

Not Wearing 24 29 46 100 

Human Errors 

  

  

Speedy 21 21 58 100 

Careless Driver 42 38 20 100 

Against Traffic flow 20 25 55 100 

Other 46 38 15 100 

Time 

  

Day 33 33 34 100 

Night 29 27 45 100 

Day Types 

  

Weekday 29 32 40 100 

Weekend 36 23 41 100 

Seasonal Effects 

  

Winter 24 27 49 100 

Summer 32 29 38 100 

Rainy 34 31 35 100 

Road Geometry 

  

  

Straight 28 25 47 100 

Curve 22 25 53 100 

X Junction 38 38 24 100 

T Junction 31 50 19 100 

Collision Types 

  

  

  

Head On 21 28 50 100 

Right Angle 40 35 25 100 

Side Swip 38 25 38 100 

Rear End 35 23 42 100 

Other 43 14 43 100 

Counterparts 

  
 

With Motorcycle 45 37 18 100 

With Other Motor 

Vehicle 

20 36 44 100 

Falling Alone 9 19 72 100 

With Fixed Object 8 14 78 100 

With Bicycle 50 20 30 100 

With Pedestrian 46 31 23 100 

 

III. RESULTS AND DISCUSSIONS 
A. General Characteristics  

The general characteristics include significant 
background information about the users involved in the 
accident as well as the overall issue. A number of factors 
can influence the severity of an accident, including user, 
gender, age, time of day, type of day, and seasonal 
influences. 

1) User: The motorcycle accident severity 
categorized by the role of users involved (driver 
or victim) is shown in Fig .1.  

 

 

Fig. 1. The proportion of user categorized by injury severity. 

 
In Fig .1, drivers showed a higher percentage of 

slight and fatal injuries compared to victims, while 
victims (pillion passengers including other side drivers) 
had a higher percentage of severe injuries compared to 
drivers. The results showed that drivers are more likely to 
increase in fatal injuries than victims. Drivers may be 
more likely to suffer fatal injuries since they are sitting 
in front of the motorcycle, which may fully hit the driver 
rather than the victims in the accident. 

2) Age of Driver: The proportion of motorcycle 
accident severity by age interval among drivers is 
presented in Fig .2.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The proportion of driver age intervals categorized by injury 
severity. 

 

The Fig. 2 showed that drivers under 18 years old and 
the age group of 18 to 40 displayed a higher percentage of 
slight injuries, indicating a lower risk of severe and fatal 
injuries. On the other hand, drivers over 65 years old 
experienced an increase in fatality rate compared to 
others, showing the vulnerability of older drivers to fatal 
outcomes despite a lower percentage of slight injuries. 
Therefore, the data indicate that the younger people are 
more likely to decrease the severity injuries especially in 
fatal outcomes, compared to older age.  

 

3) Age of Victim: The proportion of motorcycle 
accident severity by age interval among victims is 
shown in Fig. 3.  
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Fig. 3. The proportion of victim age intervals categorized by injury severity. 
 

According to Fig. 3, victims under 18 years old displayed 
a lower severe and higher slight injuries, indicating a moderate 
risk of injuries, as well as age above 65 years old experienced 
in higher serve injuries.  Moreover, victims aged 18 to 40 
showed a higher percentage of severe injuries, suggesting a 
high risk of injuries compared to slight injuries. Similar trend 
with the drivers, the data indicate that the younger people are 
more likely to decrease the severity injuries especially in fatal 
outcomes, compared to older age.  

 

4) Gender of Driver: The proportion of motorcycle 
accident severity by gender among drivers is shown in 
Fig. 4.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The proportion of gender of driver categorized by injury severity. 
 

 

According to Fig. 4, female drivers showed a higher 
percentage of slight and severe injuries. However, male drivers 
faced a higher fatality rate than female drivers. This means that 
male drivers are more likely to increase the risk of fatal 
outcomes compared to females.  

5) Gender of Victim: The proportion of motorcycle 
accident severity by gender among victims is illustrated 
in Fig. 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. The proportion of gender of victim categorized by injury severity. 
 

 

According to Fig. 5, the severity injuries of victim (pillion 
passengers including other side drivers) occurred similar 

percentages of severity injuries between male and female 
victims, however, notable increased emerge in severe 
outcomes for both male and female victims. These 
findings suggest gender-specific factors influencing injury 
severity, indicating the importance of targeted measures 
to address vulnerabilities and mitigate risks effectively for 
both male and female victims. 

 
6) Time: The proportion of time categorized by injury 

severity is presented in Fig. 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6. The proportion of time categorized by injury severity. 
 

 

The Fig. 6, illustrated that the percentage of 
motorcycle accident severity, categorized by the time of 
day (day and night). Day time accidents found a relatively 
balanced distribution across severity levels, with slight, 
severe, and fatal injuries. This suggests a more uniform 
risk distribution throughout the day. On the other hand, 
night time accidents showed a higher fatality rate, 
indicating a significant risk of fatality compared to slight 
injuries. Moreover, fatal injuries were more experienced 
at night, suggesting an increased risk of critical harm 
during night time hours.  

 
7) Day Type: The proportion of day types categorized 

by injury severity is shown in Fig. 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. The proportion of day types categorized by injury severity. 
 

 

According to Fig. 7, weekends showed a higher 
percentage of fatal injuries, indicating a greater likelihood 
of critical harm compared to weekdays. Interestingly, both 
weekdays and weekends show similar rate for fatal 
injuries, indicating that the accidents are not highly 
depended on the day of the week. However, weekdays 
displayed a higher percentage of severe injuries, 
suggesting a relatively higher risk of severity injuries 
compared to weekends. The results indicate that the days 
of the week are not significantly difference in fatal 
outcomes of this study.  
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8) Seasonal Effects: The proportion of seasonal accidents 
categorized by injury severity is illustrated in Fig. 8. 

 
 
 
 
 
 
 
 
 
 

Fig. 8. The proportion of seasonal accidents categorized by injury severity. 

 
In Fig. 8, winter months showed a higher fatality rate, 

suggesting an increased risk of fatal outcomes despite a 
comparable percentage of slight injuries. Meanwhile, summer 
months displayed a higher fatality rate, indicating a significant 
risk of fatality compared to slight injuries. Hence, rainy 
seasons presented an interesting contrast, with a lower fatality 
rate and a higher percentage of slight injuries, indicating a 
lower risk of severe harm despite adverse weather conditions.  
The findings show that winter months are more likely to 
increase fatal injuries compared to other. 

 
B. Human Errors 

Human errors, like speeding or impaired riding, helmet 
usage heighten the severity of motorcycle accidents. The 
proportion of motorcycle accident severity categorized by 
helmet usage (wearing or not wearing) is presented in Fig. 9. 

 
 
 
 
 
 
 
 
 
 

Fig. 9. The proportion of helmet use categorized by injury severity.  
 

 

According to Fig. 9, users wearing helmets occurred a 
higher percentage of slight injuries, indicating a reduced risk 
of severe injuries compared to those not wearing helmets. On 
the other hand, users not wearing helmets faced a notably 
higher fatality rate, showing the critical role of helmets play in 
reducing the risk of fatality in accidents. These findings 
emphasize the importance of helmet use in preventing severe 
injuries and saving lives. Additionally, the proportion of 
human errors categorized by injury severity is shown in Fig. 
10. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 10. The proportion of human errors categorized by injury severity. 

The Fig. 10, showed that speeding drivers exhibited a 
high fatality rate, indicating a significant risk of fatality 
compared to slight injuries. Conversely, careless drivers 
and “other” types of human errors had a higher percentage 
of severe injuries, suggesting a greater likelihood of 
critical harm resulting from their behavior. Similarly, 
drivers going against traffic flow experienced a high 
fatality rate. These findings show the critical role of 
addressing human errors and promoting safer driving 
practices to mitigate injury severity and save lives.  

 
C. Road Geometries 

Proper road planning and maintenance are essential 
for reducing the severity of motorcycle accidents. For 
instance, curve, X junction, and T junction heighten the 
risk of crashes. The proportion of road geometry 
categories by injury severity is illustrated in Fig. 11.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. The proportion of road geometry categories by injury 
severity 

 

According to Fig. 11, straight and curve road showed 
a higher fatality rate, indicating a significant risk of 
fatality compared to slight injuries. However, X junction 
and T junction had notably decrease in the fatal injuries 
compared to slight injuries, indicating the lower risks. 
Moreover, X junctions and T junctions experienced with a 
higher percentage of severe injuries, indicating a 
heightened risk of critical harm compared to other types 
of intersections. These findings show the importance of 
considering road geometry in designing safer 
infrastructure and implementing measures to reduce 
injury severity and enhance road safety. 

 
D. Collision Types  

Motorcycle collision types have a major impact on 
how seriously people are injured. To effectively 
implement targeted safety measures like better road 
design, traffic management strategies, and rider education 
programs, it is essential to understand the dynamics of 
various collision types. The proportion of collision types 
categorized by injury severity is shown in Fig. 12. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12. The proportion of collision types categorized by injury severity. 
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The Fig. 12, illustrated that head-on collisions showed a 
remarkably high fatality rate, indicating a substantial risk of 
fatality compared to slight injuries. Right-angle collisions 
demonstrated a different pattern, with a lower percentage of 
fatal injuries, suggesting a relatively lower risk of fatal 
injuries. Side-swipe accidents presented an interesting 
scenario, with a comparable distribution of slight injuries and 
fatalities, indicating a significant risk of fatal outcomes.  

Moreover, rear-end collisions displayed a similar trend, 
with a high fatality rate, despite a slightly lower percentage of 
head on injuries. Other collision types exhibited a notably high 
fatality rate but had a higher proportion of slight injuries, 
indicating a reduced risk of fatality but also significant reduced 
for severe injuries. The findings indicate that head-on 
collisions are significantly increased in the severity level, with 
the fatality rate jumping highest levels in this study. Moreover, 
the fatality rates across most types of accidents, except for 
side-swip collisions which still low the fatal type of accident, 
highly increased compared to other.    

  
E. Counterparts 

Understanding motorcycle accident severity requires 
analyzing causes, or incidents by way of occurrences. These 
consist of crashes involving a single vehicle, collisions with 
other vehicles, and collisions with fixed objects. For 
motorcycle riders, each opponent poses a different risk of 
injury. Accidents with one vehicle, which are frequently 
brought on by variables like losing control or unsafe driving, 
may cause serious injuries from crashes with objects or the 
ground. There are additional risks associated with collisions 
with other vehicles, such as the possibility of multiple impacts 
and further injuries. It may reduce the severity of motorcycle 
accident injuries by implementing targeted measures and 
identifying common patterns by researching their 
relationships. Fig. 13 shows the proportion of the manner of 
motorcycle accidents occurrence categorized by injury 
severity.  

 

Fig. 13. The proportion of the manner of motorcycle accidents occurrence 
categorized by injury severity. 

 
 According to Fig. 13, accidents with motorcycles showed a 
relatively low of fatal injuries, while accidents with bicycle 
experienced with higher percentage of slight and severe 
injuries. Interestingly, falling alone results in lower slight 
injuries, with a remarkably high fatality rate, suggesting a high 
vulnerability to fatal outcomes in such incidents. Accidents 
experienced with fixed objects also display a higher level of 
fatality rate compared to other type of occurrences, indicating 
a substantial risk of fatal outcomes despite a lower percentage 
of severe injuries.  

These results demonstrate how accident severity 
changes over time and emphasize the value of focused 
measures to reduce risks and improve safety for all users 
of the road. Moreover, accidents with fixed objects and 
falling alone had notably impacted the fatal injuries 
compared to other types of accidents in this study. 

 
 IV. CONCLUSION 

 

The study investigates the factors that influence the 
severity of motorcycle accidents in Mandalay City. The 
qualitative method is used to find out the important 
predictors of accident severity. In this study, the traffic 
crash records between 2017 and 2019 are analysed. 

The results showed that drivers are more likely to 
increase in fatal injuries than other users. For both driver 
and victims, the older people are more likely to increase 
in fatal outcomes compared to younger age groups. In 
addition to time of the day and environmental factors are 
also crucial. Additionally, driving with high speed and 
driving against traffic flow play a significant role in 
motorcycle accident severity in this study. The collision 
types, such as head-on, right-angle, and rear-end crashes, 
also cause a higher risk of fatalities. Hence, accidents with 
fixed objects showed a highest percentage of fatality 
injuries compared to other type of occurrences in this 
study.  

In conclusion, this study highlights the importance of 
considering various factors in determining the severity of 
motorcycle accidents in Mandalay City. By addressing 
these factors, the severity of motorcycle accidents might 
be reduced by promoting safer driving practices. 
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Abstract—This paper illustrates to predict the basic wind 

speed and develop the preliminary wind distribution maps for 

Magway Region. In this study, the design wind speed is 

estimated for Magway, Minbu, Chauk, Aunglan, Pakkoku, 

Sinphyukyun, Taungdwingyi, Gangaw and Pauk by using the 

annual maximum hourly wind speed data for the period (2003 

to 2022) from the Department of Meteorology and Hydrology 

of Magway Region. These recorded wind speed data is 

converted to ten minutes gust wind speed and three seconds 

gust wind speed at standard reference height of ten meters (33 

ft). The gust wind for the study area is computed using Gust 

factor and ESDU methods (according to WMO guidelines) and 

Statistical Approach. Extreme wind speeds are estimated by 

using Type I extreme value Gumbel distribution. Gumbel 

distribution parameters are estimated with five methods such 

as MOM, MLM, MLS, OSA and PWM by using Python 

program. And then Anderson-Darling (AD), Kolmogorov-

Smirnov (KS), Chi-square tests and diagnostic test involving 

Root Mean Square Error (RMSE) are used to diagnosed which 

methods is fitted for each study station. The fittest parameter 

estimation method for Gumbel distribution is used to evaluate 

design wind speeds for different return periods. The estimated 

extreme wind speed (WT) + (SE) values are proposed as basic 

design wind speed for design purposes of the structures in 

Magway Region by using the Python Programming. After that, 

the results obtained from study stations for each returned 

period are used to develop basic design wind speed maps of 

Magway Region. The wind map is produced by using ArcMap 

in ArcGIS program (ARCGIS 10.6.1). 

Keywords—Basic Design Wind Speed, Wind Map, Gumbel 

Distribution, Python Program, ARCGIS Software  

I.INTRODUCTION

Wind speed is an atmospheric variable affected by 
several factors, such as geometric shapes, roughness, and 
ground surface elevations. For structural design, the wind 
speed can be converted into wind load that is simply 
considered as one of the lateral loadings [3]. In the field of 
structural engineering, it includes strong winds, which may 
cause discomfort, as well as extreme winds, such as in a 
tornado, hurricane or heavy storm, which may cause 
widespread destruction. With the structures becoming tall 
and slender, the effect of wind on these structures is 
becoming critical. The design wind speed serves the primary 
purposes of choosing the appropriate basic wind speed for 
the design of buildings and structures. Assessment of wind 
speed in a region can expediently be carried out by 
probabilistic modeling of historic Wind Speed Data (WSD) 
using an appropriate extreme value distribution. The 
distribution of wind speed is important in determining 
serviceability of buildings [2]. Typically, the design service 
life of building is round 50 years or more. ArcGIS is the tool 
that satisfies the need to finish the contour map, because of 

the ability to calculate and interpolate the data all over the 
entire map. ArcGIS from ESRI (Environmental System 
Research Institute) is used to issue the output as a map. 
Engineers can use GIS to collect and evaluate geographic 
data. Digital geographic maps can then be used to showcase 
the data in layered visuals. It overlays on top of geographic 
maps, allowing engineers and others to make more educated 
decisions. In analysis maps, historical data, future growth 
plans, industrial concerns, and other data can be merged. It 
can also help in predicting natural disasters. 

II. METHODOLOGY

A. Wind Speed Calculations for Converting Ten Meters
(33 ft) Height

In this study, the design wind         speed is estimated for
Magway, Minbu, Chauk, Aunglan, Pakkoku, Sinphyukyun, 
Taungdwingyi, Gangaw and Pauk in Magway Region. The 
annual maximum hourly wind speed data recorded for the 
period 2003 to 2022 is used to derive the series of ten 
minutes gust wind speed and three seconds gust wind speed 
using WMO guideline; and to estimate the extreme wind 
speed for different return periods adopting Gumbel 
distribution (using MOM, MLM, MLS, OSA and PWM). 
These recorded data are converted to ten minutes and three 
seconds gust wind speeds at hub height to standard 
reference height of ten meters (33ft) by considering 
roughness length for open terrain shown in Tables I to III.   

Table I. CONVERTED ANNUAL MAXIMUM TEN MINUTES GUST WIND 

SPEEDS AT STANDARD HEIGHT FOR ALL STATIONS 

(FROM PERIOD 2003 TO 2019) 
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Maximum Ten Minutes Gust Wind Speed at Standard Height (m/s) 
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2003 19.7 2.4 4.0 2.4 11.7 1.9 3.1 2.3 6.3 

2004 22.9 2.4 5.6 2.3 7.9 2.5 3.1 3.1 2.3 

2005 19.7 3.1 4.0 2.3 11.7 2.5 4.0 3.1 4.0 

2006 16.4 2.3 8.7 4.7 7.9 2.5 2.3 3.1 4.1 

2007 22.9 2.3 3.1 5.6 11.7 2.5 2.3 3.1 4.7 

2008 13.1 3.1 4.0 3.1 7.9 2.3 2.3 6.3 4.0 

2009 13.1 2.3 4.0 3.1 11.7 3.2 3.1 2.3 4.0 

2010 16.4 2.3 4.7 5.6 19.7 2.6 2.3 5.3 4.0 

2011 16.4 3.1 4.4 5.6 23.6 3.2 15.6 4.0 4.0 

2012 15.1 3.1 5.9 4.0 11.7 3.4 23.6 2.6 3.1 

2013 10.6 3.1 14.4 5.6 11.7 3.5 19.7 6.6 6.3 

2014 15.7 5.3 7.0 3.3 6.3 3.1 19.7 5.9 7.0 

2015 10.6 5.7 7.0 29 7.0 3.7 5.7 6.6 4.7 

2016 6.3 8.5 5.6 31 9.1 3.7 11.7 3.2 4.7 

2017 4.7 19.7 6.3 8.8 4.0 3.1 13.6 6.5 7.0 

2018 5.6 8.5 6.5 9.4 4.0 3.2 25.7 4.3 11.7 

2019 4.0 5.6 5.1 16.3 4.5 5.6 12.6 4.3 4.0 
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Table II. CONVERTED ANNUAL MAXIMUM TEN MINUTES GUST  WIND 
SPEEDS AT STANDARD HEIGHT FOR ALL STATIONS 

(FROM PERIOD 2020 TO 2022) 

2020 13.3 5.1 3.1 13.2 5.6 3.2 12.2 4.1 2.3 

2021 4.0 5.1 3.1 5.1 1.6 2.8 5.3 4.4 2.3 

2022 3.1 6.5 3.1 5.1 3.2 4.3 10.3 3.2 4.0 

Table III. CONVERTED ANNUAL MAXIMUM THREE SECONDS GUST  
WIND SPEEDS AT STANDARD HEIGHT FOR ALL STATIONS 

Y
ea

r 

Maximum Three Seconds Gust Wind Speed at Standard Height 
(m/s) 
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2003 28.3 3.4 5.7 3.4 16.9 2.7 4.4 3.4 9.1 

2004 33.0 3.4 8.0 3.4 11.4 3.6 4.4 4.4 3.4 

2005 28.3 4.4 5.7 3.4 16.9 3.6 5.7 4.4 5.7 

2006 23.7 3.4 12.5 6.8 11.4 3.6 3.4 4.4 5.9 

2007 33.0 3.4 4.4 8.0 16.9 3.6 3.4 4.4 6.8 

2008 18.8 4.4 5.7 4.4 11.4 3.4 3.4 9.1 5.7 

2009 19.0 3.4 5.7 4.4 16.9 4.7 4.4 3.4 5.7 

2010 23.7 3.4 6.8 8.0 28.3 3.8 3.4 7.6 5.7 

2011 23.7 4.4 6.3 8.0 34.0 4.7 22.6 5.7 5.7 

2012 21.8 4.4 8.4 5.7 16.9 4.9 34.0 3.8 4.4 

2013 15.2 4.4 20.7 8.0 16.9 5.1 28.3 9.5 9.1 

2014 22.6 7.6 10.1 4.7 9.1 4.4 28.3 8.5 10.1 

2015 15.2 15.2 8.4 41.8 10.3 5.3 22.6 9.5 6.8 

2016 9.1 9.1 12.3 44.6 13.3 5.3 16.9 4.7 6.8 

2017 6.7 28.3 9.1 12.7 5.7 4.4 19.7 9.3 10.1 

2018 8.0 12.3 9.3 13.5 5.7 4.7 37.0 6.1 16.9 

2019 5.7 8.0 7.4 23.5 6.6 8.0 18.2 6.1 5.7 

2020 19.2 7.4 4.4 19.0 8.0 4.7 17.5 5.9 3.4 

2021 5.7 7.4 4.4 7.4 2.3 4.0 7.6 6.3 3.4 

2022 4.4 9.3 4.4 7.4 4.7 6.1 14.8 4.7 5.7 

B. Analysis Based on GoF Test

For the assessment on checking the adequacy of the
selected parameter’s estimation methods of Gumbel 
distribution to the recorded wind speed data, GoF test 
statistics of Anderson-Darling (AD) test, Kolmogorov 
Smirnov (KS) test and Chi-Square test are used. The test 
statistics values are computed using equations (1), (2) and 
(3) by Python Program and given in Tables IV to IX. In this
study, 95% confidence level is considered for all statistics
tests [2].

( ) ( )
( )

( )
( )

N1
AD = -N - 2i -1 ln Z + 2N +1- 2i ln 1- Z

i ii=1N

    
    

    

(1) 

( ) ( )( )
N

KS = Max F W - F We Di ii=1
 (2)         

where, Z(i) = F(Wi), for i = 1,2,3,…..,N and W1<W2<…<WN. 
F is the cumulative distribution function (CDF) of the 
specified distribution. Wi are the ordered data. where, 

( )
i - 0.44

F W =e i N + 0.12
is the empirical CDF of Wi. If the 

computed values of GoF tests statistics given by the method 
are less than that of theoretical values at the desired 
significance level, then the method is accepted to be 
adequate for determination of parameters of Gumbel 
distribution for modeling wind speed data [2]. 

 ( )
2

O - E
2 i i
χ =

E
i

     (3) 

where,  
ii ΔPnE =

 Pi    = probability interval 

 ΔPi = the value of difference between 
probability  interval 

 Oi  = number of frequency 

Table IV. COMPUTED PROGRAM RESULTS OF AD TEST  
STASTICS FOR TEN MINUTES GUST WIND SPEED 

Region 
Test Statistics of AD for Ten Minutes Gust 

Wind Speed 

MOM MLM MLS OSA PWM 

Magway 1.154 1.254 0.792 4.366 0.868 

Minbu 1.472 1.349 1.845 3.613 1.283 

Chauk 0.577 0.585 0.791 5.813 0.486 

Aunglan 1.652 1.782 1.878 2.289 1.614 

Pakokku 0.361 1.479 0.399 3.769 0.365 

Sinphyukyun 0.391 1.666 0.454 7.691 0.383 

Taungdwingyi 1.124 0.902 0.858 3.174 0.938 

Gangaw 1.332 1.327 3.786 6.833 1.477 

Pauk 4.225 4.875 4.420 7.310 4.358 

Table V. COMPUTED PROGRAM RESULTS OF AD TEST 
STASTICS FOR THREE SECONDS GUST WIND SPEED 

Region 

Test Statistics of AD for Three Seconds Gust 
Wind Speed 

MOM MLM MLS OSA PWM 

Magway 1.162 1.333 0.790 4.364 0.872 

Minbu 1.475 1.411 1.845 3.613 1.280 

Chauk 0.577 0.785 0.79 5.813 0.488 

Aunglan 1.652 1.835 1.878 2.289 1.614 

Pakokku 0.361 1.703 0.399 3.770 0.365 

Sinphyukyun 0.384 0.496 0.439 7.719 0.379 

Taungdwingyi 1.173 1.047 0.944 3.371 1.057 

Gangaw 0.611 12.003 0.507 6.582 0.542 

Pauk 0.814 1.23 0.958 6.048 0.786 

From Tables IV and V, it can be seen that the 
computed values of AD statistics results given for four 
estimator methods except OSA of Gumbel distribution are 
less than the theoretical values (AD0.05 = 2.492, n >10) for 
all stations except Pauk and Gangaw both in ten minutes 
and three seconds gust wind speeds. All estimator methods 
for Pauk station, and MLS and OSA estimator methods for 
Gangaw station are not fitted to be adequate for 
determination of parameters of Gumbel distribution for 
modeling ten minutes gust wind speed and also MLM for 
Gangaw station is not fitted for determination of parameters 
of Gumbel distribution for three seconds gust wind speed.  

Table VI. COMPUTED PROGRAM RESULTS OF KS TEST STASTICS FOR 
TEN MINUTES GUST WIND SPEED 

Region 

Test Statistics of KS for Ten Minutes Gust 

Wind Speed 

MOM MLM MLS OSA PWM 

Magway 0.143 0.195 0.114 0.125 0.123 

Minbu 0.169 0.25 0.142 0.086 0.223 

Chauk 0.101 0.121 0.122 0.118 0.097 

Aunglan 0.248 0.301 0.235 0.147 0.278 

Pakokku 0.135 0.290 0.150 0.128 0.140 

Sinphyukyun 0.087 0.081 0.104 0.153 0.088 

Taungdwingyi 0.180 0.168 0.158 0.051 0.171 

Gangaw 0.381 0.390 0.470 0.244 0.426 

Pauk 0.772 0.799 0.556 0.336 0.771 

  Table VII. COMPUTED PROGRAM RESULTS OF KS TEST 

STASTICS FOR THREE SECONDS GUST WIND SPEED 

Region 

Test Statistics of KS for Three Seconds Gust 
Wind Speed  

MOM MLM MLS OSA PWM 

Magway 0.144 0.202 0.114 0.125 0.123 

Minbu 0.169 0.249 0.142 0.086 0.223 

Chauk 0.101 0.138 0.122 0.118 0.097 

Aunglan 0.248 0.304 0.235 0.147 0.278 

Pakokku 0.135 0.305 0.150 0.128 0.140 

Sinphyukyun 0.087 0.089 0.107 0.153 0.092 

Taungdwingyi 0.181 0.17 0.153 0.07 0.172 

Gangaw 0.158 0.646 0.137 0.161 0.149 

Pauk 0.159 0.231 0.165 0.124 0.166 

From Tables VI and VlI, the computed values of KS test 
statistic given by all five methods are less than the critical 
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values (KS0.05,20 = 0.301) for all stations at the confidence 
level of 95% in both ten minutes and three seconds gust wind 
speed. KS test statistic in all estimator methods for Pauk and 
in Gangaw except OSA are greater than that of theoretical 
values at the desired significance level in ten minutes gust 
wind speed. In Aunglan, Pakokku and Gangaw stations 
MLM don’t fit for determination of parameters of Gumbel 
distribution in three seconds gust wind speed.  

Table VIII. COMPUTED PROGRAM RESULTS OF CHI-SQUARE TEST 
STASTICS FOR TEN MINUTES GUST WIND SPEED 

Region 
Test Statistics of Chi-square for Ten Minutes 

Gust Wind Speed 

MOM MLM MLS OSA PWM 

Magway 9.547 17.181 10.58 20.675 10.296 

Minbu 5.989 4.484 7.085 7.55 4.955 

Chauk 3.922 3.592 4.368 8.914 3.6 

Aunglan 12.397 10.412 14.332 12.041 10.763 

Pakokku 8.11 13.018 8.782 14.23 8.133 

Sinphyukyun 1.198 0.793 1.303 5.294 1.179 

Taungdwingyi 11.622 14.984 13.082 17.406 12.582 

Gangaw 2.207 2.285 1.820 7.183 2.943 

Pauk 3.244 3.205 6.896 7.68 3.471 

Table IX. COMPUTED PROGRAM RESULTS OF CHI-SQUARE TEST 
STASTICS FOR THREE SECONDS GUST WIND SPEED 

Region 

Test Statistics of Chi-square for Three Seconds 
Gust Wind Speed  

MOM MLM MLS OSA PWM 

Magway 13.763 25.339 15.254 29.796 14.842 

Minbu 8.629 6.763 10.206 10.880 7.137 

Chauk 5.65 5.736 6.296 12.844 5.199 

Aunglan 17.869 15.584 20.654 17.353 15.509 

Pakokku 11.686 19.941 12.65 20.503 11.713 

Sinphyukyun 1.725 1.476 1.88 7.666 1.714 

Taungdwingyi 16.75 21.823 18.558 24.654 17.505 

Gangaw 0.611 21.823 3.513 10.353 3.365 

Pauk 4.675 5.413 5.192 11.247 11.713 

According to the above results, the computed values of 
Chi-square test given by all five estimator methods of 
Gumbel distribution are less than the theoretical value  

( 2
χ = 9.488

0.05
) for all stations at the confidence level of 95%, 

except Magway, Aunglan and Taungdwingyi stations in ten 
minutes and three seconds gust wind speeds and Pakokku 
station in later gust wind speed these values are more than 
the theoretical value. Moreover, the computed values of 
MLM for Gangaw, MLS for Minbu, OSA for Minbu, Chauk, 
Gangaw and Pauk, and PWM for Pauk stations are also more 
than the theoretical value in three seconds gust wind speed. 
If the computed values of GoF tests statistics given by the 
method are less than that of theoretical values at the desired 
significance level, then the method is fitted for determination 
of parameters of Gumbel distribution for modeling wind 
speed. 

C. Analysis Based on Diagnostic Test

RMSE is the diagnostic test and it values are computed
using equation (4) for five estimator methods of Gumbel 
distribution by Python Program. Computed values for all 
stations are shown in Table X for ten minutes gust wind 
speed and Table XI for three seconds gust wind speed.  

( )
1

2 2N1 *
RMSE = W - W

i ii=1N


 
 
 

(4) 

where, Wi and 
*

iW are the recorded and estimated wind 

speed ith observation given by Gumbel distribution. N is 
numbers of data. The method provided minimum RMSE is 
considered as the most suitable method for estimation of 
design wind speed [2]. 

Table X. COMPUTED PROGRAM RESULTS OF RMSE VALUES FOR 
TEN MINUTES GUST WIND SPEED 

Region 

RMSE values for Ten Minutes Gust Wind 
Speed (m/s)  

MOM MLM MLS OSA PWM 

Magway 5.606 6.497 5.843 13.236 5.761 

Minbu 3.013 2.427 3.396 4.826 2.583 

Chauk 2.03 1.825 2.173 5.811 1.891 

Aunglan 6.30 5.351 6.974 7.741 5.612 

Pakokku 4.401 4.884 4.58 9.062 4.361 

Sinphyukyun 0.650 0.631 0.675 3.431 0.636 

Taungdwingyi 6.636 6.944 6.936 11.757 6.774 

Gangaw 1.431 1.438 1.218 4.931 1.559 

Pauk 1.897 1.791 3.239 5.428 1.894 

Table XI. COMPUTED PROGRAM RESULTS OF RMSE VALUES FOR 
THREE SECONDS GUST WIND SPEED 

Region 

RMSE Values for Three Seconds Gust Wind 
Speed (m/s)  

MOM MLM MLS OSA PWM 

Magway 8.081 9.445 8.425 19.079 8.307 

Minbu 4.34 3.576 4.894 6.955 3.719 

Chauk 2.924 2.691 3.131 8.376 2.729 

Aunglan 9.08 7.795 10.05 11.156 8.087 

Pakokku 6.346 7.22 6.601 13.059 6.282 

Sinphyukyun 0.945 0.912 0.98 4.982 0.926 

Taungdwingyi 9.308 9.79 9.803 16.74 9.456 

Gangaw 1.764 3.113 1.855 6.787 1.805 

Pauk 2.454 2.386 2.611 7.356 2.315 

From Table X, it can be seen that the Root Mean Square 
Error (RMSE) values given by MOM for Magway and 
Taungdwingyi, MLM for Minbu, Chauk, Aunglan, 
Sinphyukyun and Pauk, MLS for Gangaw and PWM for 
Pakokku are minimum while modeling wind speed for ten 
minutes gust wind speed. And then, from Table XI, it is 
noted that the Root Mean Square Error (RMSE) values 
given by MOM for Magway, Taungdwingyi and Gangaw, 
MLM for Minbu, Chauk, Aunglan, Sinphyukyun, and 
PWM for Pakokku and Pauk are minimum while modeling 
wind speed for three seconds gust wind speed. 

D. Estimation of Extreme Wind Speed with Standard Error

using Python Programming

In this paper, the Python program is developed and used 
to estimate the value of Standard Error (SE) and the extreme 
wind speed (WT) for Magway, Minbu, Chauk, Aunglan, 
Pakokku, Sinphyukyun, Taungdwingyi, Gangaw and Pauk 
in Magway Region for 50-year, 500-year and 1000-year 
return periods. The values of Standard Error (SE) and the 
extreme wind speed (WT) of the converted ten minutes and 
three seconds gust wind speeds for different return periods 
adopting Gumbel distribution using corresponding best 
fitted estimator method are computed by using equations 
(5), (6), (7) and (8). The estimated extreme wind speeds 
computed by Gumbel distribution are used for estimation of 
design wind speed using MOM in Magway and 
Taungdwingyi, MLM in Minbu, Chauk, Aunglan, 
Sinphyukyun and Pauk, MLS in Gangaw and PWM in 
Pakokku for ten minutes gust wind speed. And then, MOM 
in Magway, Taungdwingyi and Gangaw, MLM in Minbu, 
Chauk, Aunglan, Sinphyukyun and PWM in Pakokku and 
Pauk for three seconds gust wind speed.   

The SE for MOM, MLM, MLS and PWM methods can 
be obtained from, 

( )
0.5β 2

SE = A + BY + CYT T
N

 (5)

The coefficients used in computation of SE by MOM, 
MLM, MLS and PWM are given in Table XII. 
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Table XII. COEFFICIENTS USED IN COMPUTATION OF SE BY MOM, 
MLM, MLS AND PWM [1] 

Parameter Estimation 
Method 

Coefficients used in computation of SE 

A B C 

MOM and MLS 1.1589 0.1919 1.1 

PWM 1.1128 0.4574 0.8046 

MLM 1.1087 0.514 0.6079 

The SE of the estimated wind speed by OSA can be 
obtained from, 

 ( )
1
2*

SE = r W + r Wn n



 (6) 

where ( )( )
2

* 1 knr =
k N

 and ( )
2

nr
N
 = . Wn and Wn′ are 

defined by the general form as:      

( )2 2
W = A Y + B Y + C  βn n n nG G

(7)

     The values of An, Bn and Cn used in computing the SE 
for OSA are given in Table XIII (AERB safety guide) [1]. 

Table XIII. VARIANCE DETERMINATORS FOR Wn [1] 

n An Bn Cn 

2 0.71186 -0.1286 0.65955 

3 0.34472 0.04954 0.40286 

4 0.22528 0.06938 0.29346 

5 0.16665 0.06798 0.2314 

6 0.13196 0.06275 0.19117 

E. Development of Design Wind Speed Map

In this paper, the geographic information system (GIS)
(10.6.1) software is used to produce the wind map. ArcGIS 
is the tool that satisfies the need to finish this contour map 
because of the ability to calculate and interpolate the data all 
over the entire map. ArcGIS from ESRI (Environmental 
System Research Institute) is used to issue the output as a 
map. The design wind speed maps with different return 
periods for study area are developed by adopting the ArcMap 
software.  

III. RESULTS AND DISCUSSIONS

In this paper, after checking the various parameters 
estimation methods such as MOM, MLM, MLS, OSA and 
PWM with Goodness of Fit (GoF) tests involving Anderson-
Darling (AD), Kolmogorov-Smirnov (KS) and Chi-square 
tests, the adequacy of fitting the parameter estimation methods 
for Gumbel distribution to the recorded data of study stations are 
obtained. And then, diagnostic test of Root Mean Square 
Error (RMSE) is adopted for the selection of a suitable 
method for determination of parameters of Gumbel 

distribution for modeling wind speed data. The method 
which gives the minimum RMSE values is established for 
evaluating the design wind speed. The fittest parameter 
estimation method for Gumbel distribution is used to 
evaluate design wind speeds for different return periods. 
Then, the Standard Error (SE) of the estimated wind speeds 
using MOM, MLM, MLS, OSA and PWM methods are also 
computed. The estimated extreme wind speed (WT) + (SE) 
values by using Python Program are proposed as basic 
design wind speed for design purposes of the structures and 
buildings for study area. And then, the design wind speeds 
for 50-year, 500-year and 1000-year return periods are 
presented in Fig. 1 to 4 for ten minutes gust wind speed and 
three seconds gust wind speed respectively. The coordinates 
of latitude, longitude and design wind speed of various return 
periods for all study stations are shown in Table XIV to XVI 
for ten minutes gust wind speed and Table XVII to XIX for 
three seconds gust wind speed.  

Table XIV. ESTIMATED TEN MINUTES DESIGN WIND SPEED WITH 
SE FOR ALL STATIONS (50 YEAR RETURN PERIOD) 
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Magway 20.1544° 94.9455° 29.2 4.8 34.0 76 

Minbu 20.1714° 94.8702° 12.8 2.3 15.1 33.6 

Chauk 20.9006° 94.8261° 11.8 1.8 13.6 30.5 

Aunglan 19.3603° 95.2188° 26.6 5.2 31.8 71.3 

Pakokku 21.3394° 95.0703° 23.3 4.1 27.4 61.2 

Sinphyukyun 20.6635° 94.6941° 4.3 0.4 4.7 10.5 

Taungdwingyi 20.001° 95.5460° 30.5 5.8 36.3 81.3 

Gangaw 22.1757° 94.1347° 7.6 0.9 8.5 19.0 

Pauk 21.4542° 94.4826° 10.5 1.6 12.1 27.0 

Table XV. ESTIMATED TEN MINUTES DESIGN WIND SPEED 
WITH SE FOR ALL STATIONS (500 YEAR RETURN PERIOD) 
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Magway 20.1544° 94.9455° 40.7 7.4 48.1 107.6 

Minbu 20.1714° 94.8702° 18.2 3.5 21.7 48.5 

Chauk 20.9006° 94.8261° 16.2 2.8 19.0 42.4 

Aunglan 19.3603° 95.2188° 39.2 8.1 47.3 105.7 

Pakokku 21.3394° 95.0703° 33.1 6.3 39.4 89.6 

Sinphyukyun 20.6635° 94.6941° 5.3 0.6 5.9 13.2 

Taungdwingyi 20.001° 95.5460° 44.5 9.1 53.6 119.8 

Gangaw 22.1757° 94.1347° 9.8 1.4 11.2 22.6 

Pauk 21.4542° 94.4826° 14.3 2.5 16.8 37.6 

Table XVI. ESTIMATED TEN MINUTES DESIGN WIND SPEED WITH 
SE FOR ALL STATIONS (1000 YEAR RETURN PERIOD) 
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Magway 20.1544° 94.9455° 44.1 8.2 52.3 117.0 

Minbu 20.1714° 94.8702° 19.8 3.9 22.7 52.9 

Chauk 20.9006° 94.8261° 17.5 3.1 20.6 45.9 

Aunglan 19.3603° 95.2188° 42.9 9.0 51.9 116.1 

Pakokku 21.3394° 95.0703° 36.0 7.0 43.0 96.4 

Sinphyukyun 20.6635° 94.6941° 5.5 0.7 6.2 13.9 

Taungdwingyi 20.001° 95.5460° 48.7 10.0 58.7 131.4 

Gangaw 22.1757° 94.1347° 10.4 1.6 12.0 26.8 

Pauk 21.4542° 94.4826° 0.7 15.5 16.2 36.2 

 Table XVII. ESTIMATED THREE SECONDS DESIGN WIND SPEED WITH 
SE FOR ALL STATIONS (50 YEAR RETURN PERIOD) 
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Magway 20.1544° 94.9455° 42.1 6.9 49.0 109.6 

Minbu 20.1714° 94.8702° 19.1 3.4 22.5 50.3 

Chauk 20.9006° 94.8261° 18.3 2.9 21.2 47.3 

Aunglan 19.3603° 95.2188° 39.6 7.8 47.5 106.2 

Pakokku 21.3394° 95.0703° 33.6 5.9 39.5 88.3 

Sinphyukyun 20.6635° 94.6941° 7.0 0.7 7.7 17.3 

Taungdwingyi 20.001° 95.5460° 44.0 8.4 52.4 117.2 

Gangaw 22.1757° 94.1347° 11.6 1.6 13.2 29.5 

Pauk 21.4542° 94.4826° 14.4 2.2 16.6 36.9 
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XVIII. ESTIMATED THREE SECONDS DESIGN WIND SPEED WITH

SE FOR ALL STATIONS (500 YEAR RETURN PERIOD)
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Magway 20.1544° 94.9455° 58.6 10.7 69.3 155.1 

Minbu 20.1714° 94.8702° 27.2 5.8 33.0 72.7 

Chauk 20.9006° 94.8261° 25.2 4.5 29.7 66.3 

Aunglan 19.3603° 95.2188° 58.4 12.1 70.5 157.7 

Pakokku 21.3394° 95.0703° 47.7 9.1 56.8 127.0 

Sinphyukyun 20.6635° 94.6941° 8.8 1.2 10.0 22.2 

Taungdwingyi 20.001° 95.5460° 64.1 13.1 77.2 172.7 

Gangaw 22.1757° 94.1347° 15.4 2.5 17.9 40.0 

Pauk 21.4542° 94.4826° 19.6 3.4 23.0 51.3 

XIX. ESTIMATED THREE SECONDS DESIGN WIND SPEED WITH SE FOR

ALL STATIONS (1000 YEAR RETURN PERIOD)

S
ta

ti
o

n
s 

N
o

r
th

 L
a

ti
tu

d
e 

E
a

st
 L

o
n

g
it

u
d

e 

Estimated Three Seconds 

Design Wind Speed for 

1000Year Return Period 

(mph) 

W
T
 

S
E

 

W
T
+

S
E

 

(m
/s

) 

W
T
+

S
E

 

(m
p

h
) 

Magway 20.1544° 94.9455° 63.6 11.9 75.5 168.8 

Minbu 20.1714° 94.8702° 29.7 5.8 35.5 79.4 

Chauk 20.9006° 94.8261° 27.2 5.0 32.2 72.0 

Aunglan 19.3603° 95.2188° 64.0 13.4 77.4 173.2 

Pakokku 21.3394° 95.0703° 51.9 10.1 62.0 138.6 

Sinphyukyun 20.6635° 94.6941° 9.3 1.3 10.6 23.6 

Taungdwingyi 20.001° 95.5460° 70.2 14.5 84.7 189.3 

Gangaw 22.1757° 94.1347° 16.6 2.8 19.4 43.2 

Pauk 21.4542° 94.4826° 21.1 3.7 24.8 55.6 

   Fig.1. Contour maps of ten minutes design wind speed (mph) for 
50-year and 500-year return periods 

 Fig.2. Contour map of ten minutes design wind speed (mph) for 
1000-year return period 

  Fig.3. Contour maps of three seconds design wind speed (mph) for 
50-year and 500-year return periods 

 Fig.4. Contour map of three seconds design wind speed (mph) for 
1000-year return period 

From the above contour maps, it can be seen that the 
design wind speeds in the south-east part of the Magway 
Region are higher than those of other areas for both ten 
minutes and three seconds gust wind speeds. 

IV. CONCLUSION

From this study, it can be concluded that the structural 
engineer can be reliable to use design wind speed in 

structural designs and can analyze the effects of wind in 

the natural and the built environment and be able to study 
the possible damage, inconvenience or benefits which may 
result from wind. And also concluded that the design wind 
speeds in south-east part of the Magway region are 
higher than those of other areas for both ten minutes and 
three seconds gust wind speeds according to wind map. 
Finally, this study provides the preliminary wind 
distribution map with different return periods for 
Magway region and would be useful for designer to 
estimate the effects of wind load on building and 
structures. 
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Abstract – In today’s fast-paced world, the development of 

practical activity-based travel demand models for urban areas 

is crucial for effective planning and management. This study 

focuses on understanding the travel-activity patterns of 

residents in Mandalay city, aiming to provide a robust basis for 

travel demand modeling. The research analyzed various travel 

characteristics, including trip rates, travel modes, and activity 

duration and allocation. The study found that the average trip 

rate in Mandalay is approximately 5.0 trips per day. Through 

multiple regression model, it identified key predictors of trip 

rates, such as gender, household size, and monthly income. 

These insights into the travel behavior of Mandalay residents 

are instrumental for enhancing the accuracy and effectiveness 

of travel demand models, facilitating better urban planning 

and policy-making. 

 

Keywords—Activity-Based Travel Demand Models, Travel-

Activity Patterns, Mandalay City, Trip Rates, Multiple Regression 

Model 

 

I.  INTRODUCTION 
 

Transportation plays as an important role in the 

development of the country, especially, in economy. 

Nowadays, the developed and developing countries face 

many traffic problems such as traffic accidents and traffic 

congestion, etc. Especially, the disadvantages of traffic 

problems can be significantly visible in urban areas, where 

have offices, hospitals, schools, universities and shopping 

centers. As a reason, people who lives, works, studies and 

takes treatments in these places have the higher rates of 

making travels and the multiple usages of the city’s traffic. 

And then, these people also produce complex daily travel 

schedules that cause many traffic problems. In order to solve 

and reduce these traffic problems, an accurate planning is 

originally essential before making the traffic design and the 

road. Improper management and planning of transportation 

facilities affected by other external and environmental 

conditions could cause heavy traffic congestion, which 

cause delay in the activities of people especially in an urban 

setting. Therefore, transportation demand analysis is one of 

the most efficient parts in transportation engineering and 

planning. However, a better understanding that how people 

organize and schedule their activities can give more solid 

basis for travel demand modeling. In activity-based travel 

demand analysis, the travel demand that occurs in the 

current is needed to be collected to forecast for the future. 

So, travel demand forecasting should be considered in the 

urban areas. 

 

II. ACTIVITY-BASED TRAVEL DEMAND MODELING 
 

Daily patterns of travelers are affecting their travel 

patterns which are one important aspect of transportation 

planning and travel demand forecasting. This aspect is 

normally analyzed through the conventional 4-step travel 

demand model. The model has four sub-models which are 

the trip generation, distribution, modal split, and traffic 

assignment. However, the models are entirely trip-based. 

This means that the models are based on the estimation of 

trip productions and attractions; then, simple tours are 

modeled until the trip assignment stage [1]. 

 

A.  Trip Rates and Average Trip Rates 
 

     Trip rates refer to the intensity of travel due to the 

development and trip generation refers to the trips which 

enter and leave the particular development. The average trip 

rate is a number which the sum of the trips are divided by 

how many numbers are being averaged. Trip rates and 

average trip rates are defined in terms of the number of trips 

within the specific floor area and for a particular time period 

(for example peak hour or daily or weekly). The selection of 

a trip rate is important in estimating the travel generation of 

a site [2]. 

 

B.  Trip Frequency  
 

Frequency measures the number of times occurred in a 

specific amount of time. For example, if someone visits the 

store twice a week, her shopping frequency is 2 visits per 

week. Frequency can be used to measure the rate of any 

action. These frequencies even occur multiple times per 

second, times per minute, times per hour, times per day, 

times per week and so on [3]. And then, frequencies are 

measured in the related units. 

 

C. Four-Step Travel Demand Model Analysis 
 

After calculating sample size by Taro Yamani formula 

sampling method, the number of respondents is determined 

as 400 numbers. The surveys mainly focused on the purpose 

of trips, the number of person-trip in each zone is calculated 

on the land use, population and socio-economic activity. 

Production trips are generally performed from the 

households of each zone. In order to estimate the production 

trips, the numbers of households of each zone in the study 

area are required. The regression equation for production 

model is based on household characteristics of the study 

area. Factor affecting trip productions are socioeconomic 

factors, locational factors and public transport accessibility. 

Socioeconomic factors are household income, vehicle 

ownership, number of workers, number of family size and 

so on. Locational factors depend on land use characteristics. 

Public transport accessibility is based on the accessibility of 

the public transport system and its efficiency. In this study, 

survey data results are used as a main source of analysis for 

predicting the number of trips in the study area. Many other 

types of surveys are home interview survey, road-side 
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interview survey, public transport survey, online survey, 

commercial vehicles survey and registration number survey, 

etc. [4]. 

 

D. Computation the Number of Sample Size  
 

The determination of sample size is a very important 

issue as too large samples may waste time, resources and 

money. It can be determined in the Taro Yamani formula. 

In this formula, the number of population is needed. 

Sampling of error is usually accepted at 5% or 0.05 by 

Taro Yamani formula. According to the data from the 

Ministry of Immigration and Population, the current 

population of Mandalay is 1875619. The number of sample 

size is determined as below: 

 

N  =  1875619 

e   =  0.05 or 5%                        

n   =  number of sample size 

n = 
2N(e)1

N


 (1) 

 = 
2(0.05)87561911

1875619


 

 = 400~91.399  

   

  

III. RESULTS AND DISCUSSION 
 

A. Average Trips Rate of a Traveller 
 

After data collection, the total number of respondents 

are 400 and the total number of trip rates is 2008 trips per 

day. The average trip rate of a traveler is determined as 

below:  
 

Number of trips  =  2008 trips per day 

Number of respondents  =  400 numbers 

Average Daily Trips = 
sRespondent ofNumber 

Trips Total  (2) 

 =  
400
2008

 

 =  5.02 trips 

 
I.  NUMBER OF TRIPS AND CORRESPONDING NUMBER OF TRAVELERS 

 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

Table I. shows that the traveler’s average daily trips are 

at least 1 trip and the most is 8 trips. In detail, only 29 

(7.2%) of the respondents averaged 1 to 2 trips per day, 123 

(30.8%) averaged 3 to 4 trips per day, 163 (40.8%) averaged 

5 to 6 trips per day, 85 (21.3%) averaged 7 to8 trips per day.  

 
 

Fig. 1. Gender distribution of Respondents. 

 

The Fig. 1 illustrates the gender breakdown among the 

respondents, with 172 individuals (43%) identified as male 

and 228 individuals (57%) identified as female. This data 

highlights a higher proportion of female respondents 

compared to male respondents, indicating a notable gender 

composition within the surveyed group. 
 

 

 
 

Fig. 2. Age distribution of respondents. 

 

This Fig. 2 presents the age demographics of the 

surveyed residents, divided into six distinct age groups. The 

breakdown is as follows: 15 respondents (3.8%) are under 

20 years old, 44 respondents (11%) are between 20 and 30 

years old, 128 respondents (32%) fall within the 31 to 40 

years age range, 140 respondents (35%) are aged between 

41 and 50 years, 59 respondents (14.7%) are between 51 and 

60 years old, and 14 respondents (3.5%) are over 60 years 

old. This distribution highlights the predominance of 

middle-aged residents in the sample, with the largest groups 

being those aged 31 to 50 years. 

 

 
 

Fig. 3. Monthly income distribution of respondents. 

43% 

57% 

Gender 

Male
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3.8% 

11% 

32% 35% 

14.7% 

3.5% <20

20 − 30 

31 − 40 

41 − 50 

51 − 60 

>60

12.7% 

24% 

32.5% 

17.8% 

13% 

Income in a month 

Less than 100,000

100,000 - 300,000

300,001 - 500,000

500,001 - 1,000,000

Above 1,000,000

Number of trips per day 
Number of 

Respondents 

Percent 

(%) 

Between 1 to 2 29 7.2% 

Between 3 to 4 123 30.7% 

Between 5 to 6 163 40.8% 

Between 7 to 8 85 21.3% 

Total 400 100.00 
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This Fig. 3 illustrates the monthly income levels of 

respondents, categorized into five income brackets. 

Specifically, 51 respondents (12.7%) earn less than 100,000 

MMK per month, 96 respondents (24%) have a monthly 

income between 100,000 and 300,000 MMK, 130 

respondents (32.5%) fall within the 300,001 to 500,000 

MMK range, 71 respondents (17.8%) earn between 500,001 

and 1,000,000 MMK, and 52 respondents (13%) have a 

monthly income exceeding 1,000,000 MMK. This 

distribution reveals that the largest proportion of 

respondents is in the 300,001 to 500,000 MMK income 

bracket, indicating a significant diversity in income levels 

among the surveyed group. 

 

 
 

Fig. 4. Driving license status of respondents. 

 

The Fig. 4 displays the distribution of driving license 

acquisition among the respondents. Out of the total, 182 

individuals (45.5%) have acquired a driving license, while 

218 individuals (54.5%) have not. This indicates that a 

majority of the respondents do not possess a driving license, 

with a significant proportion yet to obtain one. 

 

 
 

Fig. 5. Modes of transportation used by respondents. 

 

The Fig. 5 illustrates the primary modes of 

transportation for various daily activities among 

respondents. Specifically, 95 respondents (23.4%) use 

bicycles for all-purpose activities, 77 respondents (19.4%) 

rely on motorcycles, 67 respondents (16.8%) utilize motor 

tricycles, 90 respondents (22.6%) prefer cars, and 71 

respondents (17.8%) use trucks. This distribution highlights 

a diverse range of transportation choices, with bicycles and 

cars being the most common modes of transport among the 

group. 

 

 
 

Fig. 6. Distance traveled by respondents for all activities. 

 

This Fig. 6 categorizes the distances traveled by 

respondents into five groups. The breakdown is as follows: 

32 respondents (8%) travel less than 1 mile, 80 respondents 

(20%) travel between 1 to 5 miles, 134 respondents (33.5%) 

travel between 5 to 10 miles, 120 respondents (30%) travel 

between 10 to 15 miles, and 34 respondents (8.5%) travel 

more than 15 miles. This distribution indicates that the 

majority of respondents travel distances ranging from 5 to 

15 miles for their activities. 

 

 
 

Fig. 7. Daily trip frequency of respondents. 

 

This Fig. 7 categorizes the number of daily trips made 

by respondents into four groups. Specifically, 29 

respondents (7.2%) make 1 to 2 trips per day, 123 

respondents (30.8%) make 3 to 4 trips, 163 respondents 

(40.8%) make 5 to 6 trips, and 85 respondents (21.2%) make 

7 to 8 trips daily. The data shows that the most common trip 

frequency among respondents is 5 to 6 trips per day, 

followed by 3 to 4 trips, indicating a high level of daily 

travel activity. 

 

 
Fig. 8. Purpose of travel activity of respondents. 
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The Fig. 8 shows the distribution of travel purposes 

among respondents. It categorizes travel into six main 

purposes: 151 respondents (37.7%) travel to work, 48 

respondents (12.0%) travel to school, 83 respondents 

(20.7%) travel for shopping, 50 respondents (12.5%) travel 

for recreation or leisure, 47 respondents (11.8%) travel to 

hospitals, and 21 respondents (5.3%) travel for social and 

organizational activities. The data highlights that commuting 

to work is the most common travel purpose, followed by 

shopping, reflecting the key motivations for daily travel 

among the surveyed group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 9. Travel activities pattern of respondents at Mandalay City. 
 

The Fig. 9 shows the results are as follows: a maximum 

of 34 people, which represents 8.5%, travel from Amarapura 

to Pyigyidagon for work-related purposes. From 

Chanayethazan to Aungmyaythazan, up to 11 people (2.8%) 

make the journey to Aungmyaythazan for educational 

activities. For shopping, the highest number of travelers, 17 

people (4.3%), move from Aungmyaythazan to 

Chanmyathazi. When it comes to recreational activities, a 

maximum of 13 people (3.3%) commute from Pyigyidagon 

to Patheingyi. Additionally, for health-related reasons, as 

many as 19 individuals (4.8%) go from Mahaaungmyay to 

Chanayethazan. Lastly, the maximum number of people 

traveling for social activities, 5 people (1.3%), go from 

Chanayethazan to Mahaaungmyay. 

 

B. Results for Statistical Model of Trip rates 
 

The trip rates depending on the traveler’s characteristics 

are analyzed by multiple regression model [5]. The result of 

the model parameter estimation is shown in Table II. 

II.    RESULTS OF THE MODEL PARAMETER ESTIMATION 
 
 

Trip Rates Coefficient t Sig 

Gender -0.184 -3.664 0.000** 

Age 0.088 1.750 0.081 

Marital status 0.012 0.227 0.821 

Households’ 
member 

0.150 2.830 0.005** 

Education level -0.056 -1.119 0.264 

Job Status 0.001 0.018 0.985 

Monthly income 0.175 3.509 0.001** 

Driving license 
ownership 

0.025 -0.507 0.612 

Vehicle ownership 0.071 1.426 0.155 

Travel distance -0.001 -0.021 0.984 

Travel time -0.067 -1.364 0.173 

Travel cost 0.009 0.179 0.858 

Comfort 0.085 1.670 0.096 

Accessibility -0.065 -1.325 0.186 

Safety -0.061 -1.234 0.218 

Security -0.038 -0.775 0.439 

Privacy 0.065 1.319 0.188 

Prestige -0.025 -0.515 0.607 

Reliability 0.022 0.448 0.655 

Constant 1.520 0.924 0.356 

 

From Table II, when analyzing the relationship between 

trip rate and gender of respondents, a coefficient value of -

0.184 indicates that, on average, for every one-unit increase 

in the Gender variable (e.g., from male to female or vice 

versa), the predicted value of the dependent variable 

decreases by 0.184 units. In this study, a t-value of -3.664 

suggests that the relationship between Gender and 

respondents' trip rate is statistically significant. A 

significance level of 0.00 (or very close to 0) typically 

means that the relationship is statistically significant. When 

examining the relationship between household members of 

respondents and their trip rate, a coefficient value of 0.150 

indicates that, for every one-unit increase in household 

member, the predicted value of the dependent variable (trip 

rate) increases by 0.150 units. In this case, a t- value of 2.83 

suggests that the relationship between household members 

and trip rate is statistically significant. When studying the 

relationship between monthly income and respondents' trip 

rate, a coefficient value of 0.175 means that, the predicted 

value of the dependent variable (trip rate) will increase by 

0.175 for every one-unit increase in monthly income level of 

respondents. A significant level of 0.001 typically means 

that the relationship between monthly income and trip rate is 

statistically significant. 
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IV. CONCLUSIONS

This study aims at understanding the current 

transportation demand of the people at Mandalay City by the 

use of activity-based travel demand model. The activities of 

the people and their travel characteristics are analyzed in 

terms of trip rates, travel modes and activity. Firstly, the 

questionnaire form is designed. The questionnaire form 

includes the people’s characteristics such as gender, age, 

monthly allowance, education, travel mode choices, driver’s 

license ownership and vehicle ownership. And then, the 

sample size is determined by the Taro Yamani formula. The 

questionnaire forms are distributed to the 420 people. Since 

the samples from 20 people were incomplete, only the 

complete samples from 400 people were used to determine 

the average daily trip rate of the travelers. The results show 

the relationship between the trip rates and the people’s 

characteristics. Female travelers are more likely to make a 

trip compared to male ones. People between the ages of 31 

and 50 travel the most as compared to other age groups. The 

higher the monthly allowance of the travelers, the more 

likely travel. And then, in vehicle usage, the most travel is 

by motorcycle. And then, travelers who own driver’s license 

and vehicle are more likely to travel than who do not own. 

Moreover, the trip rates depending on the people’s 

characteristics are analyzed by using multiple regression 

model. The results show the relationship between the trip 

rates and the people’s characteristics. In there, gender, 

household’s member and monthly income are statistically 

significant at 99% level. Therefore, gender, household’s 

member and monthly income are important in predicting trip 

rates. The results are found from the analysis of the people 

activity-travel patterns survey. The results estimate the 

number of trips people make from their activities, which is 

related to the determination of travel demand. Hence, the 

results of this study are helpful for future demand modeling. 
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Abstract— This study examines the relationship between air 

travel demand and demographic factors among domestic 

travelers in Myanmar. Utilizing a questionnaire-based survey 

with 500 participants, the research analyzes various demographic 

variables such as age, gender, income, education, and profession. 

Descriptive statistics reveal that the majority of air travelers are 

male, aged 35 to 44, hold college degrees, and are primarily 

employed in the private sector or government. The findings 

highlight that business, education, and recreation are the main 

purposes for air travel. The study provides insights into travel 

patterns and preferences, offering valuable information for 

transportation planning and policy-making.  

 

Keywords— Air travel demand, demographic factors, domestic 

flights, travel patterns. 

 

I. INTRODUCTION 
 

Over the last few decades, civil aviation sector demand has 

continued to grow.  With the ever increasing demand of 

aircrafts and freight liners especially in the civil market, the 

manufacturing sector is pursuing the development of 

innovative next generation platforms to achieve cost 

effectiveness, travel comfort and delivery targets. The social 

dimension points into the direction that, demand patterns for 

aircrafts are different between the world regions. But, in fact, 

the demand patterns are strongly affected by economic and 

demographic factors and it is difficult to identify social factors 

that play a relevant role. Myanmar has three active 

international airports and 30 domestic airports, catering to 28 

foreign airlines and nine domestic carriers. The aviation sector 

is supervised by the Department of Civil Aviation (DCA), a 

division of the Ministry of Transport and Communications 

(MOTC) responsible for civil aviation administration and air 

navigation services.   

Air transport contributes to the sustainable economic 

development of the country, by facilitating tourism and trade. 

The COVID-19 pandemic and the consequent travel 

restrictions have had an unprecedented impact on the air travel 

market. In addition, domestic instability also affects air travel 

demand. Therefore, the Myanmar Department of Civil 

Aviation is trying to develop and strengthen the safe, secure, 

efficient, sustainable and environmentally-friendly air 

transport industry in its jurisdiction, and integrate it with the 

international air transport environment in order to fulfill the 

requirements of the public. Hence, the analysis of air travel 

demand stands as a critical and efficient component of 

transportation engineering and planning. [1] The four-step 

travel demand model is essential for modeling air travel 

demand. These trip-based models do not consider people's 

activities. Understanding how people organize and schedule 

activities is crucial for accurate travel demand modeling. 

Current travel demand data collection is necessary for 

forecasting future air travel demand, which should be 

considered for all residential areas in Myanmar. [2] 

 

II. METHODOLOGY 
 

This study focused on analyzing the impact of 

demographic factors of travelers on air travel demand. 

Initially, a literature review is conducted to pinpoint issues 

and requirements in transportation planning, focusing on 

travel demand modeling approaches. The questionnaire 

form is created for conducting surveys through 

questionnaires. Concerning to fulfill the objectives of this 

study, the quantitative method is based on primary data. 

The survey period is from 28
th

, April and 4
th

, May 2024. 

The survey questionnaire had multiple choice questions, 

and (yes=2 or no=1) questions. Then, the data 

completeness is verified. Travel patterns are gathered from 

questionnaire forms based on individuals' characteristics, 

income, and travel modes using simple random sampling. 

Additionally, the data is analyzed descriptive method 

using SPSS Software and Microsoft Excel. 

 

A. Survey Design 
 

A questionnaire form has been created to gather the 

necessary data. The survey covers various aspects such as 

the air traveler's characteristics like gender, age, income, 

education, and profession status. It also includes 

information about the type of transport, duration of air 

transport, frequencies for domestic trips used air transport, 

travel mode choices such as bicycle, motorcycle, or 

private car, and vehicle ownership.    

 

B. Sample Size Determination 
 

The determination of the sample size is crucial as 

excessively large samples can waste time, resources, and 

money. Cochran’s formula is usually used in a situation 

where the population size is too large (or infinite) or 

unknown. A confidence level of 95% is usually used when 

dealing with human population. 

The formula is represented as follow: 

 

 n = 
2

2

e

p)p(1Z 
 (1) 

 

Where: 

 n  =  sample size 

 Z  =  Z-score which depends on the confidence 

level chosen by the researcher. The Z-score 

for a confidence level of 95% = 1.96. 

 p  =  the estimated proportion of an attribute that is 

present in the population (0.5). 
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52% 48% 
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 e  =  margin of error or confidence interval (5%, 0.05). 

 

 n =    
 2
2

0.05

0.510.51.96    

 n = 
 

 0.0025

0.50.53.8416 
 

 n = 
0.0025

0.9604  

  

 n = 384.16 

 

C. Data Collection 

The survey collected 500 samples to represent the 

population using domestic air transport services. The data 

collection process is conducted using an online questionnaire 

form. To obtain reliable responses, a total of 500 participants 

were included in this survey. 

 

III. DESCRIPTIVE ANALYSIS 
 
 

The collected data for this survey is analyzed through 

statistical software and used Microsoft Excel for descriptive 

analysis. Initially, a descriptive analysis is presented in Fig.1. 

These are included gender, age, education, occupation, 

monthly income, and car ownership. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Gender of travelers. 

 

As shown in Fig.1, 258 (52%) are male, 241 (48%) are 

female and 1 (0.2%) are answered "Prefer not to say" 

respondents. The results show that male travellers are more 

than female travellers in this study. 

 

 
 

Fig .2. Age of travelers. 

 

Out of 500 respondents, the age group of respondents is 

categorized into six groups. 22(4%) of respondents are below 

25 years old, 173(35%) of respondents are between 25 to 34 

years old, 205(41%) of respondents are between 35 to 44 years 

old, 74(15%) of respondents are between 45 to 54 years old, 

18(4%) of respondents are between 55 to 64 years old and 

8 (1%) are 65 and above years old. Among them, most of 

the respondents are the age between 35 to 44 years old. 

 

Fig. 3. Educational level of travelers. 

 

Regarding education level, there are categorized into 

four groups including undergraduate, graduate, post-

graduate (Master) and doctoral degrees (Ph.D). There are 

17 (3.4%) of respondents are undergraduate level, 253 

(50.6%) of respondents are graduate, 170(34.0%) are 

master degree holders, and 60 (12.0%) of respondents are 

Ph.D level.   

 

 

 

 

 

 

 

 

 
 

 
 

 

 
Fig. 4. Profession of travellers 

 

According to the survey data, when studying the 

professional occupations of the respondents, there are 

16(3%) are students, 24(5%) are unemployed, 97(19%) 

are government staff, 222(44%) are company staff, 

35(7%) are freelancer, 100(20%) are business owner and 

6(2%) are retired. The data clearly indicates that the 

majority of respondents were company staff. 

 

 

 

 

 
 

 

 

 
 

 
 

Fig. 5. Monthly personal income of traveler. 

 

Regarding the personal monthly income of 

respondents, the survey findings are as follows: the 

majority of respondents (256, 51%) earn between 300,000 

4% 
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41% 

15% 
4% 

1% 

Below 25 Between 25-34 Between 35-44
Between 45-54 Between 55-64 65 and above
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to 600,000 MMK. Additionally, 117 (23%) earn between 

600,001 to 900,000 MMK, 57 (12%) earn between 900,001 to 

1,200,000 MMK, 41 (8%) earn less than 300,000 MMK, and 

18 (4%) earn more than 1,200,000 MMK. Furthermore, 11 

respondents (2%) answered that they have no income. 

Notably, it is observed that most of the travelers have a high 

income level. 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

Fig. 6. Number of cars owned of respondents. 
 

Moreover, the survey results indicate that a significant 

proportion of respondents owned a single car (48.6%), while 

24.8% owned two cars, 8.4% owned three or more cars, and 

18.2% did not own any cars. 
 

 
 

Fig. 7.  Mode of transportation for domestic traveling. 

 

When studying the transport mode for travel, it is found 

that most of the respondents (139, 27.8%) use the rail 

transport, and secondly, one third of respondents (138, 27.6%) 

use Express cars for domestic travel. In addition, the use of air 

transport is the third highest (81, 16.2%) for domestic travel. 
 

IV. RESULTS AND DISCUSSIONS 
 

A. Air Travel Characteristics of Travelers 
 

Table I. is illustrated travel times, travel modes, departure 

location, arrival location, departure time, arrival time, optimal 

season for air travel and duration of trips by airplane. 

I. TRAVEL BEHAVIORS OF RESPONDENTS 
 

No. Description Respondent Percent 

1 What is the 
departure 

airport location 

of your usual 

trips? 

Bagan-Nyaung U 
Heho 

Kawthaung 

Kyaing Tong 

Mandalay 

Myitkyina 

Nay Pyi Taw 
Sittwe 

Tachileik 

Thandwe 
Yangon 

20 
70 

4 

18 

129 

19 

76 
21 

6 

46 
91 

4.0 
14.0 

0.8 

3.6 

25.8 

3.8 

15.2 
4.2 

1.2 

9.2 
18.2 

 Total  500 100 

2 What is the 
arrival airport 

location of your 

usual trip? 

Bagan-Nyaung U 
Heho 

Kawthaung 

Kyaing Tong 
Mandalay 

Myitkyina 

Nay Pyi Taw 
Sittwe 

Tachileik 

Thandwe 

Yangon 

71 
58 

9 

41 
52 

29 

54 
32 

25 

65 

64 

14.2 
11.6 

1.8 

8.2 
10.4 

5.8 

10.8 
6.4 

5.0 

13.0 

12.8 

 Total  500 100 

3 What is the 

departure 

time of trips 
made by 

airplane? 

Early Morning (Before 6 AM) 

Morning (6 AM -12 PM) 

Afternoon (12:01 PM-6 PM) 
Evening (6:00 PM – 12 AM) 

Late Night (After 12 AM) 

73 

177 

143 
90 

17 

14.6 

35.4 

28.6 
18.0 

3.4 

 Total  500 100 

4 What is the 

arrival time 
of trips made 

by airplane? 

Early Morning(Before 6 AM) 

Morning (6 AM -12 PM) 
Afternoon (12:01 PM-6 PM) 

Evening (6:01 PM – 12 AM) 

Late Night (After 12 AM) 

44 

65 
125 

208 

58 

8.8 

13.0 
25.0 

41.6 

11.6 

 Total  500 100 

5 Type of 

available 
transport 

when you 

commute 

from your 

home to airport. 

Walking 

Bicycle 
Mortorcycle 

Taxi 

Private Car 

Bus 

Ride-sharing (eg. Uber, Grab) 

Public Van 

1 

28 
73 

137 

54 

154 

34 

19 

0.2 

5.6 
14.6 

27.4 

10.8 

30.8 

6.8 

3.8 

 Total  500 100 
 

In the survey data, the majority of travelers depart 

from Mandalay (129, 25.8%) and Yangon (91, 18.2%), 

Nay Pyi Taw (76, 15.2%), and Heho (70, 14.0%) airports. 

Most of their arrival locations are Bagan-Nyaung U (71, 

14.2%), Thandwe (65, 13.0%), Yangon (64, 12.8%), Heho 

(58, 11.6%), Nay Pyi Taw (54, 10.8%), and Mandalay (52, 

10.4%). When traveling from home to the airport, most 

travelers typically use buses (154, 30.8%) or taxis (137, 

27.4%).  

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 8. Travel season. 

 

It is also observed that most of the respondents depart 

from their place of origin throughout the morning (6 AM 
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to 12 PM) and afternoon (12 PM to 6 PM). Most frequently, 

the responders reach their destination in the afternoon (12:01 

PM to 6 PM) or evening (6:01 PM to 12 AM).  

184 (37.0%) respondents enjoy travel by airlines during 

the winter season, 165(33.0%) enjoy travel during the rainy 

season and 151(30.0%) enjoy travel during the summer 

season. 

Fig. 9. Tavel time. 

According to this study, travel time for 50% of 

respondents by flight are between 1 to 2 hours, 27% are 3 to 4 

hours, 14% are less than one hour and only 9% are more than 

4 hours to arrives their destination. 

Fig. 10. Cost of travel by airplane. 

When asking the question about the travel cost by flight, 

most of respondents (283, 56.6%) answered the cost between 

100,000 to 150,000 MMK, 31.6% (158) are between 150,000 

to 200,000 MMK, 8.8%(44) are less than 100,000 MMK and 

only 3%(15) are more than 200,000 MMK. 

Fig. 11. Purpose of travel by air transport. 

The above Fig.11 illustrates the purposes of air travel. 

According to survey data, 109(21.8%) travelers journey 

for education, 80(16.0%) for health, 133(26.6%) for 

business, 52(10.4%) for religious reasons, 108(21.6%) for 

recreation, and 18(3.6%) for visiting friends or relatives. It 

is evident that the majority of respondents use air travel 

for business purposes.  

Fig. 12. Cost of travel by travelers' purpose. 

The above figure shows that most of the travelers are 

traveling for business, education, recreation and health 

with travel cost between 100,000 to 150,000 MMK. 

V. CONCLUSION

This study attempts to examine the relationship 

between air travel demand and demographic factors of 

travelers in Myanmar. The data are collected 500 sample 

respondents who have the travelling experience by 

domestic flights. 

The research findings indicate that male travelers 

predominantly choose airlines for domestic journeys. The 

majorities of these travelers are aged 35 to 44, hold 

co llege degrees, and are employed in the private sector, 

government, or as business owners. Their monthly 

incomes typically range from 300,000 to 900,000 MMK. 

They often travel for business, education, and recreation. 
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Abstract— This study presents an investigation of seismic risk 
of three-storey reinforced concrete existing building. The existing 
building is being constructed in Sagaing (0.2 sec spectral 
acceleration of 1.8 and 1sec spectral acceleration of 1.2) at a basic 
wind speed of 80 mph.  This building is being used as the main 
building of the Technological University (Sagaing) and all loadings 
on the structure are considered according to the American Society 
of Civil Engineers (ASCE 7-10). The required wind and 
earthquake data are used from the Myanmar National Building 
Code (MNBC 2020).  Firstly, visual inspection of this building is 
done to find out the existing condition of the structural dimensions 
with measure tapes and material strength with rebound hammer 
test. Then the structure is initially analyzed and designed with 
nonlinear time history analysis. Stability checks are also done 
ASCE 7-10. From the results, it is found that the stability checking 
results are exceed the limitation. Non-linear static analysis 
(pushover) is carried out with gravity plus earthquake load by 
using a displacement coefficient method to investigate on seismic 
risk of the existing building. 

Keywords— existing building, pushover analysis, rebound 
hammer, seismic, stability checking, time history 

Ⅰ. INTRODUCTION 
An earthquake is a natural phenomenon characterized by 

the shaking of the Earth's surface. It occurs when there is a 
sudden release of energy that has been stored within the Earth's 
crust. This energy release seismic waves, which are vibrations 
that propagate through the Earth. One type of seismic wave is 
called the S wave, which moves in a sideways motion and is 
responsible for the shaking felt during an earthquake. The 
intensity and characteristics of an earthquake can vary 
depending on the specific seismic activities happening in a 
particular region. These activities include the movement of 
tectonic plates, volcanic eruptions, and other geological 
processes. Understanding these factors is crucial for assessing 
earthquake risks and implementing appropriate safety measures 
to protect lives and infrastructure. During an earthquake, the 
stored energy accumulated within the earth’s crust is suddenly 
released, leading to the rapid movement and displacement of 
rock masses along fault lines. Earthquakes are one of the most 
destructive natural hazards that cause huge amount of loss of 
life and property [1]. 

Technological University (Sagaing) is a prominent 
educational institution located in Sagaing, Myanmar. The area 
of Technological University (Sagaing) is 86.98 acres wide, 
Kyaut Sitt Quarter on the Mandalay-Monywa highway. The 
main building of the Technological University Sagaing is a 
significant landmark in the city. In this university campus, the 
RC main building is a large and impressive structure that houses 
various departments, convocation hall, library, classrooms, 
laboratories, and administrative offices. It has frequently 
experienced earthquakes with various intensities. So, there is a 
requirement to check whether the structure's safe or not and 
what the performance level is. There are several methods to 
evaluate the structural performance of an existing building, 
including visual inspection, non-destructive testing, structural 

analysis, historical data analysis, and expert opinion. The 
evaluation of seismic risk of an existing building is a 
critical undertaking to ensure the safety and structural 
integrity of the facility. The structural assessment of the 
existing building is carried out through a ground field 
survey such as measure tapes and rebound hammer to 
gather data on the structural member sizes and compressive 
strength. The collected data is then used in an initial 
structural analysis and design check through dynamic 
analysis to evaluate the building's stability under Design 
Basic Earthquake (DBE) and Maximum Considered 
Earthquake (MCE). Non-linear static analysis (pushover) 
is carried out with gravity plus earthquake load by using 
displacement coefficient method to evaluate the 
performance levels of this building. 

Ⅱ. OBJECTIVES OF THE STUDY 

The main objectives of this research are: 
1. To analysis and design of existing three-storeyed

reinforced concrete building at Technological
University (Sagaing)

2. To investigate the seismic risks such as failure
structural members and the structural performance
levels of the existing building

Ⅲ. STRUCTURAL CONFIGURATION OF EXISTING BUILDING 

The foundation depth of existing building is 8 ft. It is 
located in seismic zone Ⅴ. The followings are the existing 
dimensional information for the building.  Figure 1 is 
presented main building of Technological University ( 
Sagaing). 

Length of structure = 396 ft 
Width of structure = 288 ft 
Overall height of structure above 
ground level 

= 74ft-4in 

Typical storeyed height = 14 ft 
Total number of columns = 1281 
Total number of beams = 2146
Shape of the structure = Rectangular 

shaped 
Structural type = University 
Location = Sagaing

Fig.1. Main Building of Technological University (Sagaing) 
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Ⅳ. DATA COLLECTION OF THE EXISTING BUILDING 
The current state of the building has been assessed through 

an initial visual inspection, as well as data collection using 
rebound hammer tests and surveys conducted with measuring 
tapes to determine the structural layout and dimensions of its 
components. This preliminary evaluation methodology has been 
employed as part of this research to gather information on the 
building's condition and characteristics. The following equation 
(1) is used to calculate the size of the required sample for 
rebound hammer test,

n = 
z2p (1- p)

e2 (1) 

n = required sample size 
z = level of confidence 1.95 

    (95% confidence level) 
e = margin error (5%) 
p = estimated proportion of the population (95%) 

A total of 70 column locations, 71 beam locations, and 69 
slab locations were selected for material strength testing using 
the rebound hammer method. The structural member sizes of 
the existing building under assessment by measure tape are 
described in Table Ⅰ. 

 Ⅰ. DATA COLLECTION OF EXISTING BUILDING 

Structural 
Details 

Ground 
Floor 

First 
Floor 

Second 
Floor 

Roof 
Floor 

Remark 

Building 
dimension 

(ft × ft) 
396 × 288 396 × 288 396 × 288 396 × 288 By surveying 

Column size 
(in ×in) 

12×12 
15×15 
18×18 
15×24 
18×24 

12×12 
15×15 
18×18 
15×24 
18×24 

12×12 
15×15 
18×18 
15×24 
18×24 

12×12 
15×15 
18×18 
15×24 
18×24 

By 
surveying 

Beam size 
(in × in) 

12×12 
12×15 
12×20 

12×12 
12×15 
12×18 
12×20 

12×12 
12×15 
12×18 
12×20 

12×12 
12×15 
12×18 
12×20 

By 
surveying 

The selection of sample locations for testing concrete 
strength is based on areas with damage, cracks and exterior 
corners. The average concrete strength of samples taken from 
selected columns, beams and slabs, and the mean value is 
considered as the design material strength for the columns 
beams and slabs. The compressive strength of columns and 
beams is used 3000 psi for existing building. The minimum 
compressive strength of slabs values 2000 psi for slabs are used 
as the design material strength for the entire building during the 
design check. Fig.2. to Fig.4. show the existing structural 
damage of highlight in some places. The existing condition of 
the building visually shows the requirement of structural 
strengthening. 

Fig. 2. Wall Cracks in Ground Floor 

Fig. 3. Concrete Spalling on Roof Beam Second Floor 

Fig. 4. Rebar Corrosion of Stair Case Roof Slab 

V. MODELLING OF THE EXISTING BUILDING

The main building is rectangular-shaped reinforced 
concrete building located in Sagaing. The plan view and 
3D view are shown in Fig.5. and Fig.6., respectively. 

Fig. 5. Plan View of the Existing Building 

Fig. 6. 3D View of the Existing Main Building  
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Ⅵ. DATA ANALYSIS OF THE EXISTING BUILDING 

After surveying and testing the strength of the structure, the 
whole building consists of 2122 number of beams and 1352 
number of columns.  The existing building is analyzed by 
nonlinear time history without changing the actual member size 
of the building and structural stability is carried. Ground 
motions data has been selected from PEER (The Pacific 
Engineering Earthquake Center) ground motion database by 
using approximate parameters. This ground motion is properly 
matched to MNBC -2020 code specified design elastic response 
spectrum DBE and MCE levels. The ground motion record data 
is shown in Table Ⅱ.  

Ⅱ. SELECTED AND SCALED EARTHQUAKE GROUND MOTION RECORD DATA 

Record 
Sequence 
Number 

Earthquake 
Name 

Year 
Station 
Name 

Magnitude 

22 El Alamo 1956 El Centro 
Array #9 

6.8 

Spectral acceleration at short and 1 sec period for DBE 
and MCE levels according to MNBC 2020 are as follow, 
Design spectral acceleration at short period, SDS= 1.2 
Design spectral acceleration at 1 sec period, SD1=1.2
Maximum spectral acceleration at short period, SMS=1.8 
Maximum spectral acceleration at 1 sec period, SM1=1.8 

 Ⅲ. STABILITY CHECKING OF THE EXISTING BUILDING (DBE) 

Stability 
Checking 

X-
Direction 

Y-
Direction 

Limit Remark 

Story Drift 20.2 13.67 ≤ 2.48 Not Ok 

P-Delta Effect 0.604 16.589 ≤ 0 .1 Not Ok 
Torsional 

Irregularity 
1.456 0.999 ≤ 1.2 Not Ok 

Overturning 
Moment 

15.971 0.557 ≥ 1.5 Not Ok 

Sliding 0.742 0.659 < 1.5 Not Ok 

Ⅳ.      STABILITY CHECKING OF THE EXISTING BUILDING (MCE) 

Stability 
Checking 

X-
Direction 

Y-
Direction 

Limit Remark 

Story Drift 30.3 21.16   ≤ 2.48 Not Ok 

P-Delta
Effect 

0.604 0.416 ≤ 0.1 Not Ok 

Torsional 
Irregularity 

1.873 1.432 ≤ 1.2 Not Ok 

Overturning 
Moment  

4.664 0.463 ≥ 1.5 Not Ok 

Sliding 0.514 0.659 < 1.5 Not Ok 

According to Table Ⅲ and Table Ⅳ, all of the stability 
checking is not satisfied within the limitations. A total structural 
member of 427 beams and 57 columns are failed on the existing 
building at MCE level. Most of the failure structural members 
are found in ground floor. In First floor and second floor, only 
interior column and beam locations are failed. At most 4 
columns and 20 beams are failed at roof floor level. So, the 
existing three-storeyed RC building needs to be retrofitted to 
improve its stability. 

Ⅶ. PUSHOVER ANALYSIS OF THE EXISTING BUILDING 
Nonlinear static (pushover) analysis is conducted to assess 

the performance levels and safety of the existing three-storeyed 
RC building. This type of analysis allows for the identification 
of potential weaknesses, assessment of the building's overall 
stability, and determination of structural characteristics to 

improve its safety and structural integrity. Displacement 
control analysis method, 2 percent of total structure heights 
12.55 in is used for displacement control value subjected to 
roof level at joint 66. 

A. Structural Performance Levels
Performance level in seismic engineering refers to the

anticipated behavior of a building during a design 
earthquake, based on the extent of damage to both 
structural and non-structural components. There are five 
distinct levels of global structural response that are 
determined through pushover analysis:  

 Operational (O) level,
 Immediate Occupancy (IO) level,
 Life Safety (LS) level,
 Collapse Prevention (CP) level,
 Collapsed (C) level.
Hinge locations are assigned 5 percent from the length

of columns and beams end. The deformed shape and 
pushover curve for PushX and PushY of the existing 
building results shown in Fig. 7 to Fig. 10. 

Fig. 7. Deformed Shaped for PushX 

Fig. 8. Deformed shape for PushY 

Ⅴ.      BASE SHEAR VS MONITORED DISPLACEMENT FOR PUSH X 

Time 
Steps 

Displace-
ment (in) 

Base 
Force 
(kip) 

A-
IO 

IO-
LS 

LS-
CP 

> 
CP 

Total 
Hinges 

0 0.000 0.0 6806 0 0 0 6806 
1 1.255 1995.0 6806 0 0 0 6806 
2 1.550 2463.7 6806 0 0 0 6806 
3 2.821 4470.3 6806 0 0 0 6806 
4 4.087 6179.5 6801 1 0 4 6806 
5 5.454 7845.5 6775 24 1 6 6806 
6 5.798 8252.5 6748 49 3 6 6806 
7 5.798 8244.5 6747 50 2 7 6806 
8 6.171 8685.6 6707 88 4 7 6806 
9 6.171 8675.1 6705 90 4 7 6806 
10 6.260 8782.4 6699 96 3 8 6806 
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The above Table Ⅴ shows the existing structure in Push X 
has demonstrated its performance level across steps 1 to 10. 
From steps 4, the structure is deemed to be at the immediate 
occupancy (IO) level, indicating that it can be occupied and used 
safely. As the analysis progresses to step 4, the structure 
transitions to a state between IO and life safety (LS) levels, 
suggesting a slight decrease in performance but still within 
acceptable limits. By steps 4 and 10, the structure surpasses the 
collapse prevention (CP) level, indicating significant damage 
and plastic hinge formation in both columns.  

Fig. 9. Pushover curve for PushX 

The slope of the pushover curve is gradually changed with 
the increase of the lateral displacement of proposed building. 
This is due to the progressive formation of plastic hinges in 
columns throughout the structure. The pushover curve reaches 
a maximum which corresponds to failure of the building. The 
damage level starts at a displacement of 4.087 in and ends at a 
displacement of 6.26 in. 

Ⅵ.    BASE SHEAR VS MONITORED DISPLACEMENT FOR PUSH Y 

Time 
Steps 

Displace-
ment (in) 

Base 
Force 
(kip) 

A-IO IO-LS LS-CP > CP
Total 

Hinges 

0 0.026 0.0 6806 0 0 0 6806 

1 1.281 1649.5 6806 0 0 0 6806 

2 2.536 3299.0 6806 0 0 0 6806 

3 2.779 3617.9 6806 0 0 0 6806 

4 4.049 5008.6 6804 0 0 2 6806 

5 5.343 5975.1 6780 9 1 16 6806 

6 5.793 6291.9 6772 15 1 18 6806 

7 5.692 6140.8 6772 13 2 19 6806 

The performance level of the existing structure in Push Y 
reach step 1 to 7 are shown in Table Ⅵ. In step 4 to 7 the 
structure reaches beyond the CP level. Plastic hinges are formed 
throughout columns. 

Fig. 10. Pushover curve for PushY 

The slope of the pushover curve is gradually changed 
with the increase of the lateral displacement of proposed 
building. This is due to the progressive formation of plastic 
hinges in beams and columns throughout the structure. The 
pushover curve reaches a maximum which corresponds to 
failure of the building. The damage level starts at a 
displacement of 4.049 in and ends at a displacement of 
5.692 in. 

VIII. CONCLUSION

In this study, the existing building is a three-storeyed 
reinforced concrete main building, which is situated in the 
Technological University (Sagaing). The existing building 
is constructed by using older design concepts that mostly 
emphasized gravity loads only and the design code. The 
existing condition of the building visually shows the 
requirement of structural strengthening for minor repairs. 
The require local wind speed and earthquake data are taken 
from the MNBC 2020 which are used to analyse the 
existing building by non-linear time history analysis.  The 
results were indicated that the structure is not stable in the 
event of a severe earthquake, leading to the need for 
seismic strengthening.  

Pushover (nonlinear static) analysis is carried out to 
investigate the performance levels of the existing building. 
The roof displacements at joint 66 is considered to evaluate 
the performance levels of proposed building. Lateral 
displacement of the building is considered in both X-
direction and Y-direction to evaluate the performance by 
calculating the roof displacement. By the studying of 
plastic hinge mechanism of structure, the structural 
performance levels and the first failed parts of the 
structures can be known. It is found that, plastic hinge 
formations are occurred at near the joint 66. So, it can be 
concluded that- 

 According to the results of stability checking in
dynamic analysis, the existing building was not 
efficient for lateral loads. 

  By studying the plastic hinge mechanism of
structure, the structural performance levels of 
existing building is beyond collapse prevention.  

 In push X, 99.8% of the frame remains at the IO
level, requiring minor retrofitting for continued 
safety, while the remaining 0.2% necessitates 
major repairs to maintain structural integrity 
reaches beyond the CP level. 

 Push Y shows 99.7% of the frame is at IO level
and needs to be retrofitted in minor repairs. 0.3%
of the frame needs to maintain in a major repair.

       As a result, the building’s performance levels are 
beyond collapse prevention. Some falling debris hazards 
may have occurred because of substantial structural and 
nonstructural damage. So, the building needs to be 
strengthened by appropriate method. 
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Abstract— This paper represents the comparative study on 

the performance assessment of asymmetrical buildings. 

Buildings are designed to resist earthquake forces and to 

minimize the structural damage. However, despite these design 

efforts, buildings can still have structural and non-structural 

damages and pose risks to building’s occupants when an 

earthquake occur. Therefore performance assessment is 

required to know the amount of damage a structure may 

experience due to earthquake and determine the probable 

consequences of that damage such as repair cost, repair time 

and the number of injuries. In this study, two asymmetrical 

buildings, L and S shaped reinforced concrete buildings are 

used to compare their performances. Both structures are 

designed according to ACI 318-14 when the buildings are 

subjected to design basic earthquake (DBE) and maximum 

considered earthquake (MCE) level events in Mandalay. The 

story drift ratio and story acceleration obtained from 

nonlinear time history analysis is used to assess the seismic 

performance of the structure. The level of damage that a 

building experiences in an earthquake depends on the intensity 

of ground motion. Therefore the intensity based performance 

assessment is conducted for both buildings. The performance 

assessment calculation tool (PACT) is used for the 

performance assessment of the buildings. The performances 

are measured by means of repair cost, repair times and the 

number of injuries. Also, the performance results are 

compared for L and S shaped buildings. According to the 

performance assessment data, S shaped building is found to be 

a better performance than L shaped building. 

Keywords—Asymmetrical, fragility component, intensity 

based performance, PACT, story drift ratio. 

I. INTRODUCTION

The seismic resistance buildings are designed according 
to prescriptive criteria contained within the building code. 
The code based design could achieve the goal of preventing 
loss of life or life threatening injuries to building occupants 
but they do not provide the designers with a means to 
determine if other performances would be achieved. In 
many cases, buildings designed to older codes may not 
perform adequately under modern seismic demands which 
can lead to structural upgrades and retrofits to enhance 
future performance and safety. Preventing losses before 
they happen is the effective way of reducing the impact of 
disasters [1]. One of the promising way to reduce the 
damages from an earthquake or similar disaster is to assess 
the performance of the building. The performance 
assessment of buildings allows building’s owners or 
regulators to understand the risk of life, occupancy, and 
economic loss that may occur as a result of future 
earthquake. Assessing economic implications of post-
earthquake damage involves estimating repair cost, 
downtime and potential loss of revenue. Buildings with 

better seismic performance typically have lower repair costs 
and shorter downtime. In some cases, the damage may be 
too costly to repair, leaving demolishing as the only option. 

 The Federal Emergency Management Agency (FEMA) 
developed the Performance Assessment Calculation Tool 
(PACT) software to assess the performance of the building. 
The performance measures in PACT software are related to 
the amount of damage the building may experience and the 
consequences of that damage including: potential casualties; 
loss of use or occupancy; and repair time and reconstruction 
costs [2]. PACT provides a user friendly platform for 
scenario-based, intensity-based, and time-based loss 
calculations. It can accommodate results obtained from 
nonlinear time history analyses as well as simplified 
analyses. 

The performance assessment of buildings is critical for 
minimizing the number of injuries by ensuring structural 
integrity and safety. It helps identify the potential issues 
before an earthquake happen, thereby reducing repair costs 
and preventing costly emergency interventions. 
Furthermore prior assessments enable quicker repairs and 
restorations. According to previous seismic study, it is 
found that most of the structure failure occurs in irregular 
and asymmetrical buildings. Despite the previous proof of 
failure in system, asymmetric in plan is unavoidable in 
practical. Therefore, asymmetrical L and S shaped buildings 
are chosen to make performance assessments. And their 
performances are compared to know which building is more 
safety and economically beneficial for the building’s 
occupants. 

II. BUILDING INFORMATION

The propose buildings are L and S shaped twenty 
storeyed reinforced concrete residential buildings.  

A. Material Properties

The same material properties were used for both

structures. 

The material properties are as follows: 

 Concrete compression strength =4000psi

 Reinforcing yield stress = 60000psi

 Modulus of elasticity = 3605 ksi

 Weight per unit volume of concrete =150 pcf

 Poisson’s ratio = 0.2

B. Structural Member Sizes

The same structural member sizes were used for both

structures. 

The structural member sizes are as follows: 

 Column up to 6th  storey = 30in x 30in
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 Column between 6th - 11th  storey = 24in x 24in

 Column between 11th -16th storey = 18in x 18in

 Column between 16th – 21st storey = 15in x 15in

 Beam up to 11th storey = 18in x 24in

 Ground Beam = 12in x 18in

 Floor Beam     = 12in x 18in

 Secondary beam = 12in x 15in

 Slab = 4 in

 Shear wall = 8in

C. Architectural Plan

The proposed L shape building has an area of 7110 square

feet and S shape building has an area of 9480 square feet. 

The overall height of both structures is 240 feet. 

Architectural plan of the buildings are shown in Fig. 1 and 

Fig. 2. 

Fig. 1. L shaped plan 

Fig. 2. S shaped plan 

III. PERFORMANCE ASSESSMENT PROCESS

For the performance assessment of the proposed 
structures, the models are built in PACT software by putting 
building characteristic, building population and fragility 
components. Then the assessment method is selected and 
input the seismic response data from nonlinear time history 
analysis.  

A. Building Characteristic

The first step of building performance model is to input
the building information including the date cost multiplier 
and region cost multiplier to adjust provided component 
repair cost to appropriate present value since the repair cost 
function is based on region of Northern California in 2011. 
According to the consumer price index (CPI) data provided 
by the U.S. Department of Labor and Bureau of Labor 
Statistic, the CPI value of Northern California in 2011 is 
230% and 295% in 2022 [3]. The yield cost 28% is obtained 
by using relative change formula on these two CPI values. 
Therefore the date cost multiplier is taken as 1.28 for both L 
and S shaped structures. For the region cost multiplier, the 
yield cost is calculated by using relative change formula on 
CPI of Myanmar and Northern California. According to 
Trading Economic website, the consumer price index of 
Myanmar is 196% and the consumer price index of Northern 
California is 295% [4]. The calculated yield cost is (-34%) 
and the region cost multiplier is taken as 0.66 for both Land 
S shaped buildings. The necessary input factors are as 
follow;  

Height factor for Floor 1-4   = 1.00  

Height factor for Floor 5-10 = 1.08 

Height factor for Floor 11-21 = 1.16 

Hazard Factor =1 

Occupancy Factor = 1.2  
The aforementioned factors are taken according to 

PACT implementation guidelines 

B. Building Population

Population model is defined to assess injury rate. The
population model includes hourly distribution of people per 
1000 square feet for week days or weekend and can be 
adjusted to include further variation by month. The program 
provided population model corresponded to multi-unit 
residential occupancy is used for this study. The peak 
number of occupants per 1000 square feet is taken as 5. The 
same population model is used for both L and S shaped 
buildings.  

C. Fragility Component and Performance Group

The fragility components for multi-unit residential
occupancy are selected from provided components in 
PACT. The normative quantity estimation tool which is an 
exele spread sheet provided by FEMA P-58, is used to 
determine the type and quantity of components for multi-
unit residential building. The floor area of each building and 
type of occupancy are put into the exele spread sheet so the 
link in the exele sheet can identify the type and quantity of 
components. After setting the type and quantity of 
components in PACT, the fragility curves are developed for 
each component. The storydrift ratio and story acceleration 
data are used as demand parameters to build fragility curves. 
The selected components have fragility curves that have 
already defined in PACT. Also, the consequances repair 
function have already defined in PACT. PACT organizes 
the selected fragility components and forms the 
performance group for each floor. The selected fragility 
components and the quantities for this study are shown in 
Table I.  
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I. SELECTED FRAGILITY COMPONENTS AND QUANTITIES FOR THE

PROPOSED BUILDINGS ABLE TYPE STYLES  

Category 
Fragility 

Component 

Quantity 

Unit per 

One 

Component 

in PACT 

Quantity 

Input into 

PACT 

L 

shape 

S 

shape 

Wall 
Partition 

Gypsum with metal 
studs, Full Height 

100LF 2.20 2.80 

Wall 
Finishes 

Gypsum + 

Wallpaper, Full 

Height 

100LF 4.40 5.80 

Gypsum + Ceramic 
Tile, Full Height 

100LF 3.90 5.20 

Floor 

Finishes 

Raised access floor, 

seismically rated 
100SF 4.70 6.20 

Ceiling  

Suspended Ceiling, 

Area (A):  

A < 250 

250SF 22.60 30.1 

Plumbing 

Domestic Water 
Piping, Cold Water 

Piping (Dia> 2.5 

inches), Piping 
Fragility 

1000LF 0.80 1 

Domestic Water 

Piping, Cold Water 

Piping (Dia> 2.5 
inches), Bracing 

Fragility 

1000LF 0.80 1 

Domestic Water 
Piping, Hot Water 

Piping (Dia> 2.5 

inches), Piping 
Fragility 

1000LF 0.21 0.28 

Domestic Water 

Piping, Hot Water 
Piping (Dia> 2.5 

inches), Bracing 

Fragility 

1000LF 0.21 0.28 

Sanitary Waste 
Piping ,Cast Iron and 

spigot couplings 

(Dia> 2.5 inches), 
Piping Fragility 

1000LF 0.86 1.15 

Sanitary Waste 

Piping ,Cast Iron and 
spigot couplings 

(Dia> 2.5 inches), 

Bracing Fragility 

1000LF 0.86 1.15 

Fire 

Protection 

Fire Sprinkler Water 
Piping - Horizontal 

Mains and Branches 

1000LF 1.60 2.1 

Fire Sprinkler Drop 

Standard Threaded 
Steel 

100EA 0.90 1.1 

Elevator Traction Elevator 1EA 3.00 4.00 

Where, LF is Linear feet, SF is square feet and EA is 
each. Since the proposed buildings has twenty floors, the 
same components and quantities are used for every floor of 
the buildings. 

D. Selected Assessment Method And Inputting Demand

Value
Among the assessment method available in PACT,

“Intensity-based Assessment” is chosen for this study. The 
intensity-based assessment evaluates the probable 
performance of a building when it is subjected to specified 
earthquake shaking intensity. The performance of proposed 
buildings is determined under two seismic events: DBE 
(Design Basic Earthquake) and MCE (Maximum 
Considered Earthquake). The demand parameters such as 
story drift ratio and story acceleration data obtained from 

nonlinear time history analysis are used as input data into 
PACT.  

IV. PERFORMANCE ASSESSMENT RESULTS OF THE PROPOSED 

BUILDINGS 

After building the performance model and putting the 
demand value such as story drift ratios and story 
accelerations, the seismic performance of the proposed 
buildings are calculated. According to PACT guidelines, the 
mean value that has the probability of 50% is taken as the 
performance results. As the results of the assessments, the 
PACT provides the damage (repair) cost, repair time and the 
number of injuries; the consequences due to DBE and MCE 
level event in Mandalay. 

A. Damage Cost Of The Proposed Building
The X-axis shows the damage costs in thousand dollars

and the Y-axis shows the probability of repair cost. The 
estimated medium repair cost which has 50% probability is 
taken as the performance results. The repair cost for the L 
and S shaped buildings at DBE and MCE level seismic 
events are shown from Fig. 3 to Fig. 6.  

Fig. 3. Repair Cost for L Shaped Building under DBE 

Level 

Fig. 4. Repair Cost for L Shaped Building under MCE 

Level 

Fig. 5. Repair Cost for S Shaped Building under DBE 

Level 
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Fig. 6. Repair Cost for S Shaped Building under MCE 

Level 

According to Fig. 3 and Fig. 4, damage cost of L shape 

building at DBE and MCE levels are $1.16 million and 

$1.96 million. The damage cost of S shaped building shown 

in Fig 5 and Fig.6 are $0.79 million and $1.56 million when 

the building is subjected to DBE and MCE level events. 

B. Repair Time of the Proposed Buildings

The X-axis shows the repair times in Days and Y-axis

shows the probability of repair time. The mean repair time 

is taken as the performance results. The repair time for the 

L and S shaped buildings at DBE and MCE level seismic 

events are shown from Fig. 7 to Fig. 10.  

Fig. 7. Repair Time for L Shaped Building under DBE 

Level 

Fig. 8. Repair Time for L Shaped Building under MCE 

Level 

Fig. 9. Repair Time for S Shaped Building under DBE 

Level 

Fig. 10. Repair Time for S Shaped Building under 

MCE Level 

The repair time for L shaped building under DBE and 

MCE level events are 10.47 days and 18.72 days. For S 

shaped building, the repair time are 9.2 days under DBE 

level and 16.3 days under MCE level.  

C. Number of Injuries for the Proposed Building

The X-axis shows the number of injuries and Y-axis

shows the probability of injuries. The number of injuries 

with 50% probability are shown in the results. The number 

of injuries of the proposed buildings due to DBE and MCE 

levels are shown from Fig. 11 to Fig. 14. 

Fig. 11. Number of Injuries of L Shaped Building 

under DBE Level 
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Fig. 12. Number of Injuries of L Shaped Building 

under MCE Level 

Fig. 13. Number of Injuries of S Shaped Building under 

DBE Level 

Fig. 14. Number of Injuries of S Shaped Building under 

MCE Level 

In DBE level seismic event, the numbers of injuries of L 

and S shaped buildings are 159 and 118. In MCE level 

seismic event, the number of injuries of L and S shape 

buildings are 174 and 130.  

V. COMPARISON OF SEISMIC PERFORMANCE RESULTS

To evaluate the better performance of the proposed 

asymmetrical buildings, seismic performance results are 

compared in Table II. 

II. COMPARISON OF PERFORMANCE ASSESSMENT RESULTS OF 

PROPOSED BUILDINGS 

Shape 

Repair Cost 

($ Million) 

Repair Time 

(Days) 

Number of 

Injury 

(Person) 

DBE MCE DBE MCE DBE MCE 

L 1.16 1.96 10.47 18.72 159 174 

S 0.79 1.56 9.2 16.3 118 130 

 In DBE level seismic event, it is found that the repair 

cost of L shaped building is $0.37 million larger than S 

shaped building as well as $0.4 million larger than S shaped 

building in MCE level seismic events. So the repair cost of 

L shaped building is 47% and 26% larger than S shape 

building in DBE and MCE level. For the repair time, L 

shaped building need 1.27 more days and 2.42 more days 

than S shaped building at DBE and MCE seismic events. It 

is found that the repair cost of L shaped building is 14% and 

15% larger than S shaped building. It is found that, in L 

shape building, 41 and 44 more person will get injuries than 

in S shape building when subjected to DBE and MCE level 

seismic events. The number of injuries in L shape building 

when subjected to DBE and MCE level is 35% and 34% 

larger than S shape building. 

 It is found that L shaped building has more repair cost, 

repair time and number of injures than S shaped building 

when subjected to DBE and MCE level seismic events. 

Therefore S shaped building has better performance than L 

shaped building. 

VI. CONCLUSION

In this study, the seismic performance of L and S shaped 

buildings are assessed by using PACT software and the 

results are compared to know the better performance 

building. According to the assessment data, L shaped 

building has more damage cost, repair time and number of 

injuries than S shaped building. Although, S shaped 

building has larger area and there are more occupants in the 

buildings than the L shaped building, it is found that more 

occupants get injury in L shaped building. And the repair 

costs and time are higher in L Shaped building. Therefore, 

L shaped building is less economically beneficial for the 

owners or occupants than S shaped building. According to 

the performance assessment data of this study, S shape 

building is found to be a better performance building than L 

shaped building.  
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Abstract –This study is to comprehensively investigate and 

analyze the influence of infill walls on the structural responses 

and seismic behavior of the proposed buildings, with a focus 

on understanding how the presence of infill walls impacts the 

overall stability, load distribution, and responses of the 

structure to seismic forces, in order to provide the buildings 

with infill walls. The infill walls are placed at the lift core and 

outer periphery of the building. The width of infill walls is 

calculated according to the American Concrete Institute, ACI 

530-11 by using the equivalent diagonal strut method. All

loadings are considered according to American Society of Civil

Engineering, ASCE 7-10 and local wind speed and spectral

accelerations are based on the guidelines of the Myanmar

National Building Code, MNBC 2020. The proposed building

is analyzed with response spectrum analysis in ETABS 2016

software. The structural members are designed according to

ACI 318-14. The structural responses of the proposed

buildings without and with infill walls are compared with

storey drift, storey displacement, storey shear and storey

stiffness. In this study, it is cleared that structural responses of

the proposed building with infill wall at the outer periphery

are better than proposed building without and with infill walls

at the lift core.

Keywords— equivalent strut width, infill walls, reinforced 

concrete building, response spectrum analysis, structural 

response. 

I. INTRODUCTION

In highly populated areas, available land area getting 
scarce. Developers are focusing on high rise building to 
keep up, the demand for development, business, housing 
and economic growth. Many cities with skylines featuring 
high rise buildings to be the landmark of modernization and 
advancement. In reinforced concrete buildings, the seismic 
response of structural displacement can be decreased by 
providing the infill walls as non-structural element [1]. So, 
the presence of masonry infill walls in reinforced concrete 
buildings has substantial impact on their seismic response. 
The development of infill wall in reinforced concrete 
building has a major effect of structures during moderate to 
severe earthquakes. This is mainly because of increase in 
stiffness provided by the infill walls which may either 
beneficial to the overall structural response [2]. It has been 
observed that different locations of infills contribute to the 
lateral stiffness and strength of the frames. A building 
should be constructed earthquake resistant building during 
and after earthquake. For this reason, the structure must be 
certain to sustain structural stability by providing the infill 
walls in different locations such as the outer periphery and 
lift core walls. The main purpose of this research is to assess 
the seismic response of the proposed building under the 
influence of without and with infill walls at various 
locations. 

II. DATA PREPERATION FOR THE PROPOSED BUILDING

The proposed building is fifteen-storeyed Y-shaped 

reinforced concrete building which is situated in Mandalay. 

The proposed building is composed of infill walls which are 

provided at lift core and outer periphery. The building is 

analyzed and designed by using ETABS software. The 

structure is designed to resist gravitational and lateral forces. 

The gravity and lateral loads are taken from the ASCE 7-10. 

The proposed building is analyzed with response spectrum 

analysis. The proposed building is designed according ACI 

318-14.

A. Structural Information

The proposed building is a fifteen-storeyed Y-shaped

reinforced concrete building that is considered to use as a 

multipurpose building which is located in Mandalay. The 

proposed building is composed of special moment resisting 

frame.  The dimensions of main building are 46 ft and 190 

ft in global axis and branches are 76 ft and 37 ft respectively. 

As a multipurpose building, different functional usages are 

included in each floor level. The perspective view of the 

proposed building is described in Fig. 1. 

Fig. 1. Perspective view of the proposed building 

B. Material Specifications of the Structure

The seismic efficiency of the structures depends on not

only their configurations but also their material properties. 

The properties of clay bricks are taken from ACI 530-11. 

Material properties used for reinforced concrete structure 

and infill wall materials are as follows: 

Concrete cylinder strength (f'c)             =  4 ksi 
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Minimum yield stress (fy)                      = 50 ksi 

     Types of infill material                          = clay brick 

     Unit weight of clay brick                       = 100 lb/in3 

     Compressive strength of clay brick       = 1900 lb/in2 

     Modulus of Elasticity of clay brick       = 1710000 lb/in2 

Ⅱ. STRUCTURE MODEL DESCRIPTION OF THE PROPOSED 

BUILDING 

 The proposed building is situated in Mandalay, highest 

seismic intensity. The investigation of the impact for infill 

walls on a building structure, three model cases are 

considered in this study. The proposed building is composed 

of without and with infill walls which are placed at various 

locations are shown in Fig. 2 to Fig. 4. They are 

• Model 1  :  Without infill walls 

• Model 2  :  Infill walls at lift core 

• Model 3  :  Infill walls at outer periphery. 

 
Fig. 2. Without infill wall of the proposed building 

 

Fig. 3. Infill walls at lift core of the proposed building 

 

Fig. 4. Infill walls at outer periphery of the proposed building 

Ⅲ. MODELLING OF EQUIVALENT DIAGONAL STRUT 

 The inclusion of infill wall in reinforced concrete 

structures has changed the structural behavior of the 

building. There are two common types of analysis model for 

masonry infill. They are macro modeling, which uses an 

equivalent diagonal strut and micro modeling, which each 

infill panel is analyzed by finite elements. For this study, 

modelling of infill is done by macro modelling. Equivalent 

diagonal strut widths are calculated according to the Federal 

Emergency Management Agency, FEMA 356. Fig. 5 shows 

the key parameter for modelling of infill as an equivalent 

diagonal strut. The sample calculation of infill wall’s width 

between GF and 1F for beam size 22 in × 26 in and column 

size 30 in × 30 in are illustrated. 

 
Fig. 5. Key parameter for modelling infill as an equivalent diagonal strut 

f ՛ m = 1900 lb/in2  
E me = 900 f՛ m  
 = 900 × 1900 

  = 1710000 lb/in2  
t inf = 4.5 in 

h col = 13ft ×12 
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 = 156 in 
h inf = hcol – beam depth 
 = 156 – 26  
 = 130 in 

I col =
12

bd3

  

 = 67500 in4  
L inf = span length – column width 

= (19 × 12) - 30 
 = 198 in 

r inf = 2 2

inf  infh L+  

 = 
2 2130 198+  

 = 236.863 in 

θ = 1 inf

inf

h 
tan

L 

−  

 = 1 130
tan

198

−  

 = 33.288 degree 

  λ 1 = 

1
4

me inf

fe  col inf

E  t  sin2

4 E  I  h

θ

 

 
 
   

 = 0.01828 
a = diagonal strut width 
 = 0.175 (λ1 h col)-0.4 r inf 

 = 27in 

Ⅳ. ANALYSIS AND DESIGN OF THE PROPOSED BUILDING 

WITHOUT AND WITH INFILL WALLS 

 The proposed buildings are analyzed with response 

spectrum analysis. Used as the same materials and structural 

member sections for without and with infill walls of the 

proposed buildings. There are fourteen numbers of different 

design beam cross-sections and four types of columns 

sections are obtained from analysis and design process 

which are summarized in Table I and Table II. 

Ⅰ.         TABLE BEAM SECTIONS OF THE PROPOSED BUILDINGS 

Beam Types Section (in x in) 

B1 24 × 24  

B2 24 × 28 

B3 22 × 28 

B4 22 × 26 

B5 20 × 26 

B6 20 × 24 

B7 18 × 24 

B8 18 × 22 

B9 18 × 20 

B10 16 × 22 

B11 16 × 20 

B12 14 × 20 

B13 14 × 18 

B14 12 × 14 

Ⅱ   TABLE COLUMN SECTIONS OF THE PROPOSED 

BUILDINGS 

Column Type Story Level Size (in x in) 

C1 

Base to 5F 30 × 30 

6F to 9F 28 × 28 

10F to 11F 26 × 26 

12F to SRF 20 × 20 

C2 

Base 28 × 28 

GF 26 × 26 

1F to 3F 24 × 24 

4F to 8F 22 × 22 

9F to RF 20 × 20 

 

C3 

Base 26 × 26 

GF to 3F 24 × 24 

4F to 9F 22 × 22 

10F to SRF 20 × 20 

 
C4 

 

Base to 3F 24 × 24 

4F to 9F 22 × 22 

10F to SRF 20 × 20 

Ⅴ. STABILITY CHECKING OF THE PROPOSED BUILDINGS 

The stability checking of the proposed buildings are 

carried out with ASCE 7-10 but sliding check is based on 

UBC-97. The stability checking of X and Y directions of the 

proposed buildings are summarized in Table III and Table 

IV. 

Ⅲ.   TABLE STABILITY CHECKING OF THE PROPOSED 

BUILDING IN X DIRECTION 

Stability 

Check 
Model 1 Model 2 Model 3 Limit 

Overturning 2.415 2.531 2.261 > 1.5 

Sliding 3.589 3.769 3.348 > 1.5 

Storey Drift 1.048344 1.0012 0.491502 < 2.64 

P-Δ Effect 0.0105 0.0130 0.0052 ≤ 0.1 

Torsional 1.16571 1.06006 1.14857 < 1.2 

Ⅳ.   TABLE STABILITY CHECKING OF THE PROPOSED 

BUILDING IN Y DIRECTION 

    

  According to the above Table III and Table IV, the 
stability checking of the proposed buildings are within the 
specified limitation. And so, these structures are stable. 

Stability 

Check 
Model 1 Model 2 Model 3 Limit 

Overturning 13.978 13.135 9.536 > 1.5 

Sliding 4.733 4.415 3.115 > 1.5 

Storey Drift 0.56265 0.7013 0.266442 < 2.64 

P-Δ Effect 0.0077 0.0092 0.0027 ≤ 0.1 

Torsional 1.01435 1.00103 1.00171 < 1.2 
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Ⅵ. COMPARATIVE STRUCTURAL RESPONSE FOR THE 

PROPOSED BUILDINGS WITHOUT AND WITH INFILL WALLS 

The total number of 501 infill walls are placed at the lift 

core of the proposed building (model 2) and 869 infill walls 

are installed at the outer periphery of the proposed building 

(model 3). The structural responses are compared with 

storey drift, storey displacement, storey shear, and storey 

stiffness without and with infill walls in X and Y directions 

are shown in Fig. 6 to Fig. 10. Model (1), (2) and (3) 

expressed as in blue, orange and grey color in each figure. 

 
Fig. 6. Storey Drift of the Proposed Buildings in X Direction 

 
Fig. 7. Storey Drift of the Proposed Buildings in Y Direction 

The results of storey drift in X and Y directions for three 

models are illustrated in Fig. 6 and Fig. 7. The average 

storey drift of model 2 and model 3 are reduced about 30% 

and 33% more than model 1 in Y direction. The values of 

storey drift are also reduced 9% and 13% more than model 

1 in Y direction respectively. 

 

 
Fig. 8. Storey Displacement of the Proposed Buildings 

 

The above Fig. 8 shows the comparison of storey 

displacement for the proposed building in X and Y 

directions. The maximum storey displacements are 5.253 in 

and 3.395 in in both X and Y direction and the minimum 

storey displacements are 3.174 in and 2.254 in in both 

directions occur at the roof level. In model 2, the 

displacements are decreased about 20% and 4.312% in both 

directions compared to the model 1. All of these models, 

storey displacement of the building with outer periphery 

infill walls (model 3) is nearly 50% decreased in both 

directions. 

 
   Fig. 9. Storey Shear of the Proposed Buildings 

The results of storey shear for proposed building are 

presented as Fig. 9. The storey shear is greatest at ground 

floor level. The largest storey shears are occurred at model 

3 which are 4443.207 kips and 4851.825 kips in both 

directions.  The storey shear of model 2 is reduced about 2% 

in X direction but storey shear is increased 10% more than 

model 1 in Y direction. The storey shear of model 3 is also 

increased about 12% and 61% more than model 1 in both X 

and Y directions respectively.   

 

Fig. 10. Storey Siffness of the Proposed Buildings 

The storey stiffness for three models is shown as Fig. 10. 

The minimum storey stiffness is occurred at model 1 which 

are 22267.283 kip/in and 25028.414 kip/in in both X and Y 

directions. The stiffness of model 2 is increased 1.12% and 

1.1% in both directions than that of model 1. The stiffness 

of model 3 is increased 1.08% and 1.15% in both directions 

than model 1.  

 

Ⅶ. CONCLUSION 

It has been researched that the infill walls have been 

changed the structural responses because the infills acting 

as a bracing in the structure. The non-structural masonry 
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infill walls are significantly affected on the storey drift, 

storey displacement, storey shear, but storey stiffness is 

slightly increased in the structure, leading to increase in 

seismic resistant of the high-rise multipurposed building. It 

can be concluded that, 

• Storey drift and storey displacement of model 3

(infill walls at the outer periphery) is significantly

reduced more than other models in this research.

• Storey stiffness of the model 2 and model 3 are

slightly increased than model 1 in both directions.

• Depending on the locations of infill wall of the

building, base shear of the proposed building (model

3) is largest due to the presence of infill wall at outer

periphery of the proposed building.

• All of these models, placing the infill walls at outer

periphery of the proposed building (model 3) is the

best suitable location for the proposed building.
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Abstract—Myanmar is a country that is undergoing 
development. In the modern era, engineers utilize efficient 
techniques to create the optimal construction material and 
construct high-quality structures. It is a fascinating fact that 
over 70% of the world's population resides in a concrete 
structure. Considering the current climate condition and the 
issue of global warming, it is crucial for construction and other 
industries to undergo a green revolution. Reducing the amount 
of cement used in concrete can have a positive impact on both 
carbon emissions and the environment. Using industrial waste 
like Saw Dust Ash (SDA) as a partial replacement for cement is 
a method employed to create Green cement mortar. Thus, the 
research aims to achieve eco-friendly construction materials by 
partially replacing energy-consuming cement with reusable 
materials like (SDA). This paper utilizes local materials. The 
Crown cement and saw dust are obtained from the timber 
industry in the Mandalay region, where they are burned at 
uncontrolled temperatures. At the Irrigation Training Centre 
in Patheingyi, the physical properties which are Fineness, 
Normal consistency, Specific gravity, Soundness and Setting 
time of local materials are thoroughly tested using the ASTM 
procedure. The cement replacement percentages of Saw Dust 
Ash (SDA) used in this paper is 3%, 5%, and 7% by weight of 
cement. The compressive strength of mortar for all different 
percentages of SDA with the ASTM-specified w/c and various 
w/c are tested. And then, the tensile strength of mortar with 
various percentages of SDA is tested according to ASTM 
procedure.  For both compressive and tensile strengths of 
mortar, 5% of SDA substituted for cement yields the highest 
strength. 

 
Keywords—SDA, ASTM, carbon foot print, environmental 

pollution, Green cement mortar 
 

I. INTRODUCTION  

 Portland cement has been around for more than 150 
years and is practically a household word. Nowadays, many 
construction materials are produced and so the construction 
work should be done with low cost material. Concrete is a 
man-made (artificial) stone. Furthermore, due to its 
compressive strength, water resistance, and ease of shaping 
and placement, concrete is one of the most extensively 
utilized building materials. It calls for a lot of sophisticated 
building materials and processes. The most important 
component of a concrete mix is cement. Admixtures are 
frequently employed for specific purposes in concrete, even 
though cement plays a significant role in the mixture. 
Admixtures are used because they have the potential to 
provide significant economic and physical benefits. 
Admixture usage can save expenses on things like labor 
costs. The present uses of saw dust include filling ditches 
with sand and fuel for home cooking, both of which are 

considered environmental nuisances. After all, since cement 
is the most expensive component of mortar, using SDA in 
part substitution of cement should eventually result in lower 
manufacturing costs for concrete. One byproduct of the 
lumber business is saw dust. Sawmills situated in almost 
every major township across the nation create it by sawing 
timber into boards. 

 
II. SAW DUST ASH 

 The majority of materials used as filler in concrete and 
mortar are saw dust ash. A byproduct of wood working 
operations like sawing, milling, drilling, and routing is saw 
dust, often known as wood dust. The process of sawing 
wood into planks at sawmills around the nation generates 
saw dust. Saw dust is currently used for sand filling and as 
fuel for residential cooking. Saw dust ash is created by 
burning saw dust, and it can be used in place of some 
cement. Saw dust ash is shown in Fig. 1. 

 
 

Fig. 1. Saw dust ash 
 

III. METHODOLOGY 

The methodology used in this research is presented 
in the following flow chart shown in Fig. 2. 

Implementation Program

8

Materials
Collection

Testing Physical Properties 
of saw dust ash and cement 

Testing Compressive 
Strength of  mortar 

Testing Tensile 
Strength of  mortar 

Discussion and 
Conclusion

 
Fig. 2. Methodology for this research 
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IV. CHEMICAL COMPOSITION OF CROWN CEMENT 

DUST ASH 

 The chemical composition of Crown cement
from Crown Cement Company. The chemical
SDA is conducted in the laboratory 
Department, Monywa University. Result 
Composition of Crown Cement and Saw 
shown in Table I. 

Table I. TEST RESULT ON CHEMICAL COMPOSITION OF C
AND SAW DUST ASH 

 
 

Chemical 
Constituents 

Crown 
Cement 

(%) 

Approximate 
Composition

Limits of 
Portland Cement 

(%) 

Silicon Dioxide (SiO2) 20.40 17 – 25 

Aluminum Oxide 
(Al2O3) 

5.12 3-8 

Ferric Oxide (Fe2O3) 3.11 0.5-6.0 

Calcium Oxide (CaO) 62.38 60-67 

Magnesium Oxide 
(MgO) 

3.54 0.1-4.0 

Sulphur Trioxide 
(SO3) 

2.34 1-3 

Others 1.59 1.0 

Ignition Loss 1.52 2.0 

Total 100 100 

 
V. TESTS ON PHYSICAL PROPERTIES OF CEMENT 

DUST ASH 
 

Tests on physical properties of cement and saw dust ash 
is performed by following the American Standard of Testing 
Material (ASTM) procedure. Local materials used in this 
paper are Crown cement and saw dust is obtained from the 
timber industry of Mandalay region and saw dust ash is 
obtained by burning with uncontrolled temperature
Fineness, Normal consistency, Specific gravity, Soundness 
and Setting time are tested with cement only and cem
with various percentage of Saw Dust Ash (SDA).

VI. FLOW TABLE TEST OF MORTAR 

 
Flow table test is firstly performed for the workability 

of cement mortar. So, water-cement ratio is determined by 
using the flow table test according to ASTM C1437
flow table tests of mortar are performed to obtain a flow of 
110 ± 5%. Result of flow value of mortar 
percentage of SDA is shown in Table II and
Fig. 3. The percentage of flow is calculated from the 
following formula. 
 

Percentage of Flow = mould

mould

D-D
×100

D  
 

Where, 
 D  =  average of four readings in millimeters
 Dmould = the original inside base diameter in millimeters

EMENT AND SAW 

cement is obtained 
chemical analysis of 

 of Chemistry 
 of Chemical 
 Dust Ash are 

CROWN CEMENT 

Approximate 
Composition 

Limits of 
Portland Cement 

SDA 
(%) 

87.383 

- 

1.262 

6.546 

- 

0.656 

4.153 

- 

100 

EMENT AND SAW 

s of cement and saw dust ash 
performed by following the American Standard of Testing 

terials used in this 
rown cement and saw dust is obtained from the 

timber industry of Mandalay region and saw dust ash is 
with uncontrolled temperature. 

Fineness, Normal consistency, Specific gravity, Soundness 
ment only and cement 

sh (SDA). 

ORTAR  

Flow table test is firstly performed for the workability 
cement ratio is determined by 

to ASTM C1437.The 
flow table tests of mortar are performed to obtain a flow of 

ortar with various 
and illustrated in 

The percentage of flow is calculated from the 

 (1) 

millimeters 
= the original inside base diameter in millimeters 

Table II. TEST RESULT ON FLOW VALUE

 

    Mortar Mixture Test No. W/C Ratio

0%(SDA) 3 0.70

3%(SDA) 3 0.72

5%(SDA) 3 0.74

7%(SDA) 3 0.76

 
 

 
Fig. 3. Flow value of mortar with

 
According to the above test results

flow value increase when increase 
replacement material SDA is added. 

 
VII. COMPRESSIVE STRENGTH 

 

The purpose of this test is to ascertain,
with ASTM C109, the compressive strength
of cement and sand (1:2.75). In this 
strength is tested under two different
water cement ratio is used 0.485 and 
test water cement ratio are used 0.7,
respectively. The sand used for mortar
requirements for sieve No.20-30 standard
the specimen for the mortar's compressive
which is carried out three, seven, and 
curing. Test results for the compressive
using the water cement ratio recommended
the flow table test are displayed in Tables
depicted in Figs. 5, 6 respectively. 

 

 
Fig. 4. Specimen for compressive strength
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with saw dust ash 

results, it is found that, the 
 in amount of cement 

TRENGTH OF MORTAR 

ascertain, in accordance 
strength of mortar made 
 research, compressive 

different w/c. ASTM standard 
according to flow table 

0.7, 0.72, 0.74 and 0.76 
mortar is conforming to the 
standard sand. Fig. 4 shows 
compressive strength test, 

 twenty-eight days after 
compressive strength of mortar 

ommended by ASTM and 
Tables III and IV and are 

 

strength of mortar 

5% 7%

Replacement Percentages of Saw Dust Ash
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Table III. TEST RESULT ON COMPRESSIVE STRENGTH OF MORTAR WITH 

FLOW TABLE TEST W/C RATIO 
 

Mortar 
Mixture 

W/C 
Ratio 

No. of 
Specimen 

Compressive 
Strength (MPa) 

3days 7days 28days 

0% 
(SDA) 

0.70 3 7.14 8.59 14.04 

3% 
(SDA) 

0.72 3 7.22 8.80 11.03 

5% 
(SDA) 

0.74 3 7.56 9.02 11.39 

7% 
(SDA) 

0.76 3 5.75 6.49 10.29 

 

 
Fig. 5. Compressive strength of mortar for various % of saw dust ash 

with flow table test w/c 
 

Table IV. TEST RESULT ON COMPRESSIVE STRENGTH OF MORTAR WITH 

ASTM SPECIFIED W/C 
 

Mortar 
Mixture 

W/C 
Ratio 

 
No. of 

Specimen 

Compressive Strength (MPa) 

3 days 7 days 28 days 

0%(SDA) 0.485 3 19.02 22.18 27.93 

3%(SDA) 0.485 3 19.45 21.66 28.04 

5%(SDA) 0.485 3 22.49 23.85 28.92 

7%(SDA) 0.485 3 19.23 21.11 25.36 

 

 
 

Fig. 6. Compressive strength of mortar for various % of saw dust ash 
with ASTM specified w/c 

The compressive strength of mortar for all different 
percentages of SDA with the ASTM-specified w/c ratio is 
greater than that of the flow table test w/c ratio at 3, 7, and 
28 curing days, according to the test findings on the 
compressive strength of mortar for Tables III and IV. 
Research indicates that a mortar's compressive strength 
decreases with increasing workability. Furthermore, at the 7-
day and 28-day curing ages, the compressive strengths of 
mortar containing 3% SDA were lower than those of mortar 
containing cement alone. However, for all curing days, the 
compressive strength of mortar containing 5% saw dust ash 
in place of cement is higher than that of mortar containing 
cement alone. For this reason, it is determined that 5% is the 
ideal replacement percentage of saw dust ash for this study. 

 
VIII. TENSILE STRENGTH OF MORTAR  

 

In accordance with ASTM C307, the tensile strength of 
mortar is evaluated using a mix proportion of 1:3 with 
cement and sand. The following equation 2 calculates the 
proportion of water. The water-to-cement ratios utilized for 
test specimens to determine the tensile strength of mortar are 
0.450, 0.453, 0.459, and 0.457 at 0%, 3%, 5%, and 7% of 
saw dust ash as cement replacement material. Fig. 7 displays 
a specimen of mortar's tensile strength, and Table V and Fig. 
8 illustrate the test results for mortar's tensile strength using 
saw dust ash. 

  
 

2 P
Y =

3 N+1 + K
 (2) 

 
Where, Y    =  water required for the sand mortar, % 
 P     =  water required for neat cement paste of 

normal consistency, % 
 N   =  number of parts of sand to one of 

cement by weight 
      K    =  a constant which for the standard sand 

has the value of 6.5 
 

 
 

Fig. 7. Specimens for tensile strength of mortar 
 

Table V. TEST RESULT ON TENSILE STRENGTH OF MORTAR 
 

Mortar 
Mixture 

No. of 
Specimen 

Tensile Strength (MPa) 

3 days 7 days 28 days 

0%(SDA) 3 1.51 2.09 2.21 

3%(SDA) 3 1.77 2.16 2.75 

5%(SDA) 3 2.13 2.25 2.96 

7%(SDA) 3 2.08 2.19 2.69 
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Fig. 8. Tensile strength of mortar with saw dust ash 

 
The test findings showed that the mortar's tensile 

strength progressively rose as SDA grew up to 5% and 
decreased at 7% of SDA at three, seven, and twenty-eight 
days, respectively. According to this study, mortar that 
replaces saw dust ash with cement has a stronger tensile 
strength than mortar that only uses crown cement. 
Therefore, mortar can be made using 5% saw dust ash 
instead of cement. 

 
IX. CONCLUSIONS 

 

The compressive strength of mortar samples that have 
been left uncured for 3, 7, and 28 days is evaluated, with 
varying amounts of saw dust ash substituted for cement. 
The proportion of SDA mixture used to replace cement is 
3%, 5%, and 7%. According to this study, the mortar's 
compressive strength decreases with increasing workability. 
For both compressive and tensile strengths, 5% of SDA 
substituted for cement yields the highest strength at every 
curing day. Thus, the ideal amount of cement to substitute 
in the mortar is 5%. 
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Abstract— This paper aims to reduce the rate of road 

accidents as well as the severity of injuries and to propose road 

safety countermeasures for Naypyitaw-Mandalay Expressway. 

All the required data used in this study was the data which 

collected by the Department of Highway, Ministry of 

Construction (MOC). This research study reviews the accident 

record for 7 years during the period of the year 2017 to 2023. 

After accident causes data are transposed from the data forms 

into the Microsoft Excel programme and analyzed, the data are 

shown by the use of  Descriptive Analysis. Moreover, black spot 

locations are identified with three methods and the site 

investigations are done practically. After all the investigations, 

the proper countermeasures are proposed to decrease the severity 

casualties and the road safety improvement for Naypyitaw-

Mandalay Expressway.  

Keywords— accidents, black spot locations, road safety, 

severity level, investigations, descriptive analysis 

I. INTRODUCTION  

 In Myanmar, Naypyitaw-Mandalay Expressway is one of 

the infrastructure development projects of Government in the 

country. Naypyitaw-Mandalay Expressway construction 

period is from 2007 to 2010 and was opened in December, 

2010. Until now, the life time of Naypyitaw-Mandalay 

Expressway is over 13 years. Although the design had created 

to be eight lanes in which it included medium-divided part, the 

only four lanes are being constructed. Therefore, the width of 

expressway could be extended in future to be eight lanes [4]. 

According to the latest WHO data published in 2017, 

Road Traffic Accidents Deaths in Myanmar reached 10,527 or 

2.67% of total deaths. The age-adjusted Death Rate is 20.10 

per 100,000 of population which ranks 80 in Myanmar [3]. 

Moreover, Recent road safety statistics are alarming in 

Myanmar since the number of road accidents are increasing 

year by year.  

Road traffic accidents can be defined as “An accident that 

occurred on a way or street open to public traffic; resulted in 

one or more persons being killed or injured, and at least one 

moving vehicle was involved.” An accident is an event 

occurring suddenly, unexpectedly and incidentally under 

unforeseen circumstances. It can be seen that road safety is the 

main problem in the developing countries. According to the 

limitation of accident data, there are five characteristics of 

motor vehicle crashes. There are day-type, week-type, weather 

conditions, manner of occurrence and the age of drivers. 

In this study, the author aims to investigate the accidents 

that happened at Naypyitaw-Mandalay Expressway within 

three periods. These periods are divided into three distinct 

segments. The first period, spanning from 2017 to 2019, 

represents “Before COVID-19”. Subsequently, the period 

from 2020 to 2021 is examined “During COVID-19.” Finally, 

examining the year from 2022 to 2023 represents “Post 

COVID-19”.  The main objective of this study is to reduce both 

the rate of accidents as well as the severity of injuries. The 

specific objectives are to examine the contribution factor 

affecting the severity of accident, identify the blackspot 

location, to check the site location and to propose possible 

improvement of countermeasure.  

II. DATA PREPARATION OF PROPOSED EXPRESSWAY 

 

A. Selection of the Study Location  

Yangon-Mandalay expressway is 366/6 miles and lane 

width is about 12.5 ft and 4 lane median divided highway. 

Median width is 30 ft and shoulder is 3 ft wide along the 

expressway. Study area is located in Naypyitaw-Mandalay 

Expressway (220 to 366/3=166/6 miles) as shown in Fig. 1 [4].  
 

 

 

 

 

 

 

 

 
 

 

 
 

 

Fig. 1. Case study area of Naypyitaw-Mandalay Expressway 
 

B. Methodology 

 
 

 

 

 

 

 

 

 

 

 

 

 

    
 

 

Fig. 2. Flow chart of methodology framework 
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The dependent variables are the crash severity levels, and 

the independent variables are the factors affecting the crash 

severity such as human characteristics, environmental 

characteristics, roadway characteristics, collision types, the 

opponent involved, and the location of the accident.  

For identification of black spot areas, property damage 

accidents (PDO), injury accidents, fatality accidents, and total 

accidents are considered in the calculation of identification 

methods. 

Due to limitations of traffic and accident case data, only 

three methods are used for this research. They are; 
 

1. Accident Frequency Method  

2. Accident Point Weightage method and 

3. Poisson-Gamma Generalized Linear Model 
 

The black spot locations are taken every 3 miles. After the 

black spot locations are compared by the above three methods, 

the first 10 locations at each method have been counted as 

sample data in this study.  The frequency method ranks 

locations by the total number of accidents in each road section. 

The location with the highest number of accidents is ranked 

first, followed by the location with the second highest number 

of accidents, and so on [2]. 

In the Accident Point Weightage formula, the accidents 

are divided into three groups. They are fatal accidents, injury 

accidents, and property damage-only accidents. All types of 

accidents had their corresponding coefficients which for fatal, 

it was multiplied by 6.0, for serious injury multiplied by 3.0, 

and for property damage only, it was multiplied by 0.2[1]. 

 
 APW=F (6) + I (3) + PDO (0.2)             (1) 

 

Where, F = number of fatal accidents, I = number of injury 

accidents and PDO = number of property damage only 

accidents. 

In Poisson-Gamma Generalized Linear Model, the 

accidents are also divided into three groups. All types of 

accidents had their corresponding coefficients which for fatal, 

was multiplied by 5.0, and serious injury, multiplied by 3.0. 

 

 P = X + 3Y + 5Z (2) 

 

Where, P = priority value, X= total number of Property 

Damage Only accidents, Y= total number of injury accidents 

and Z= total number of fatal accidents [5]. 

 

III. DATA DESCRIPTIONS 

Vehicle crash database that occurred in Naypyitaw-

Mandalay Expressway from 2017 to 2023 are obtained from 

the Ministry of Construction.  

 

A. Data Analysis  

According to the data obtained from the Ministry of 

Construction, there are  906 cases, which are all motor-vehicle 

involved accidents from 2017 to 2023 of traffic crash records.  

There is no doubt that the obtained data cannot be used directly 

into analysis; therefore screening and cleaning data is primary 

process. Screening process focused on only vehicle accidents 

happening in Naypyitaw-Mandalay Expressway.  

The data of Fatal, Injuries, PDO and No. of Accident for 

Before Covid (2017-2019), During Covid (2020-2021) and  

 

Post Covid (2022-2023) occurring in Naypyitaw-Mandalay 

Expressway are shown in Table I, II and III.  

I. DATA OF FATAL, INJURIES, PDO AND ACCIDENTS FOR BEFORE     

COVID-19 

 

 

 

 

 

 

 

 

In this expressway, it had 214 accidents in 2017, 172 

accidents in 2018 and 184 accidents in 2019. When comparing 

the three years of Before Covid-19, the most cases in AADT 

is the year 2019.   

II. DATA OF FATAL, INJURIES, PDO AND ACCIDENTS FOR DURING 

COVID-19 

 

 

 

 

 

 

 

 Table II represents to count the accident cases for 

During Covid-19. In this duration, it had139  accidents in 2020 

and 87 accidents in 2021.  

III. DATA OF FATAL, INJURIES, PDO AND ACCIDENTS FOR POST 

COVID-19 

 

 

 

 

 

 

 

The caused accidents 56 and 54 is in 2022 and in 2023. 

This numbers of cases show the less ones than other two 

durations. 
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1 2020 20 10 108 75 57 139 19473 

2 2021 25 6 69 37 24 87 13265 
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The above motor vehicles involved accidents can be 

shown as the figures which describe the more proper way to 

express the data into information. Data of Fatal, Injuries, No. 

of Accident, PDO and AADT Before Covid (2017-2019), 

During Covid (2020-2021), Post Covid (2022-2023) are 

shown in Fig.  3, 4 and 5. 

Fig. 3. Data of fatal, injuries, no. of accident, PDO and AADT Before Covid 

(2017-2019) 

It can be seen that even though the number of cars 

increased, the accident rate in fatal did not rise. But, according 

to the comparison of the three-year Before Covid period, it can 

also be seen that the accident rate in injuries in 2018 was higher 

than other two years. 

Fig. 4. Data of fatal, injuries, no. of accident, PDO and AADT During Covid 

(2020-2021) 

It can be known that the AADT for the two-year During 

Covid period decreased significantly. When analysing the 

reason of why, the four-case data in 2021 were less than the 

data in 2020. Among them, the data of PDO was very 

remarkable. For the next one, the numbers of accidents were 

noticeable in decreasing the causes. 

Fig.  5. Data of fatal, injuries, no. of accident, PDO and AADT Before 

Covid-19 (2022-2023) 

Moreover, this Fig. 5 showed the severity levels, numbers 

of accidents and AADT caused during Post Covid-19. When 

comparing the two post-covid years, the numbers of accidents 

are nearly the same. But, the rest three of severity levels of 

2023 are more than ones of 2022. 

As the conclusion of analysing the data, the rate of fatal, 

the rate of accident and the rate of PDO in Before Covid-19 is 

higher for the rest of the durations. The number of cars has 

decreased slightly and the rate of fatal, the rate of accident and 

the rate of PDO has also decreased during Covid and Post 

Covid. But the accident rates are still existing. So, human 

characteristics, environmental characteristics, crash 

characteristics, roadway characteristics and vehicle 

characteristics are the explanatory variables used in predicting 

crash severity levels. 

B. Descriptive Analysis
These four categories are considered as the significant

input variables for the independent variables such as human 

characteristics, environmental characteristics, crash 

characteristics, and roadway characteristics. 

Manners of occurrences and driver age are considered for 

the human characteristics. The possible input variables for the 

manner of occurrence are over speed, tyre deficiencies, driver 

sleepy, slipping, machinery failure, overtaking, collision with 

vehicle, collision with cycle, collision with pedestrians, 

collision with animals and collision with fixed objects. 

Manners of occurrence for Before Covid, During Covid 

and Post Covid in Naypyitaw-Mandalay Expressway are 

shown in Fig. 6, 7 and 8. 

Fig. 6. Causes of accident for Before COVID-19(2017-2019) 

Fig. 7. Causes of accident for During COVID-19 (2020-2021) 

Fig. 8. Causes of accident for Post COVID-19 (2022-2023) 
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According to Fig. 6, 7, and 8, it can be concluded that the 

over speed, tyre deficiencies, driver sleepy and collision with 

cycle are the main causes of accident rate. 

Fig. 9. Accident involvement in time 

The most common accident involvement in time rate is the 

same in Fig (a) and Fig. (b). Remarkably, the percentage of 

crashes in day time (6 a.m to 6 p.m) is higher than night time 

(6 p.m to 6 a.m) in Post COVID-19 Fig. (c). 

 

Fig.10 Accident involvement by weekdays and weekends 

The percentage of crashes occurring on weekdays is more 

than that of crashes occurring on weekends in Fig. (a). The Fig. 

(b) and Fig. (c) are nearly the same.

 

 

Fig.11 Accident involvement by seasons 

Fig. 11 shows the importance of weather condition in 

consideration the analysis of motor vehicle crashes.  

 

 

 

Fig.12 Accident involvement by driver age 

As shown in Fig. 12, it describes the percentage of accident 

in different age grouped by injury severity level.It can be 

concluded that, the group with the highest accident rate is 

between the ages of 18 and 40. The second group with the 

highest accident rate is between the ages of 41 and 65. 

IV. IDENTIFICATION OF BLACK SPOT LOCATION

This study attempts to determine the black spot locations 

in Naypyitaw-Mandalay Expressway. The road section length 

chosen in each road section divided into 3 miles. Identification 

of black spot was done by three methods. The first one is the 

accident point weightage method. The second one is the 

frequency method and the last one is the poisson gamma 

generalized linear model method. Among these three methods, 

accident point weightage is the main method and the other two 

methods are used only for checking the accident point 

weightage method. This method is widely used in world wide. 

The ranking of accidents in every mile was determined by the 

Accident Point Weightage formula. The following Table IV 

shows  the most hazardous locations by Accident Point 

Weightage method from high hazardous to low hazardous 

rank. 

IV. IDENTIFICATION OF BLACK SPOT LOCATIONS BY ACCIDENT

WEIGHTAGE METHOD 

Miles F I PDO APW Rank 

229 19 89 2 381.4 1 

227 11 48 2 210.4 2 

329 7 32 1 138 3 

280 3 34 2 120.4 4 

230 3 33 0 117 5 

286 3 31 2 111.4 6 

284 2 29 3 99.6 7 

271 4 24 1 96.2 8 

242 1 28 15 93 9 

243 1 27 1 87.2 10 

In Table IV, it shows that the most hazardous locations by 

Poisson-Gamma Generalized Linear Model method from high 

hazardous to low hazardous rank. 

V. IDENTIFICATION OF BLACK SPOT LOCATIONS BY POISSON-
GAMMA METHOD 

Miles F I PDO P Rank 

229 19 89 2 364 1 

227 11 48 2 201 2 

329 7 32 1 132 3 

280 3 34 2 119 4 

286 3 31 2 110 5 

230 3 30 0 114 6 

242 1 28 15 104 7 

284 2 29 3 100 8 

271 4 24 1 93 9 

243 1 27 1 87 10 

The frequency method ranks locations by the total number 

of accidents in each road section. The location with the highest 

number of accidents is ranked as first, followed by the location 

with the second highest number of accidents, and so on. This 

method is only for checking APW method. Frequency method 
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is eighty percent same as the APW method as shown in Table 

VI. 

 
VI. IDENTIFICATION OF BLACK SPOT LOCATIONS BY POISSON-GAMMA 

METHOD 
 

Miles F I PDO Total Rank 

229 19 89 2 110 1 

227 11 48 2 61 2 

242 1 28 15 44 3 

329 7 32 1 40 4 

280 3 34 2 39 5 

286 3 31 2 36 6 

230 3 33 0 36 7 

284 2 29 3 34 8 

271 4 24 1 29 9 

243 1 27 1 29 10 
 

Table VII shows the comparison of three methods of black 

spots. In 229 miles, poisson gamma generalized linear model 

and frequency method are the same in ranking number 1. 

Poisson gamma generalized linear mode, accident weightage 

method, and frequency method are second ranking in 227 

miles.  
 

VII. COMPARISON OF THREE METHOD 
 

Mile APW PGGLM FM 

229 1 1 1 

227 2 2 2 

242 9 7 3 

329 3 3 4 

280 4 4 5 

286 6 5 6 

230 5 6 6 

284 7 8 7 

271 8 9 8 

243 10 10 8 

203   9 

317   10 
 
 

 

The black spot location map is shown in Fig. 13. After 

identification of black spot with three methods, where the most 

common accident rate is mile 229. Moreover, site 

investigations are also considered in this study. 
 

 

 
 

Fig.13 Black spot location map 
 

VIII. INVESTIGATION AND ROAD SAFETY 

COUNTERMEASURES IN BLACK SPOT LOCATION 

There are many factors affecting the road traffic accidents 

in black spot locations of Naypyitaw-Mandalay Expressway. 

Site investigations and proposed road safety measures in black 

spot locations are shown in Table VIII. 

VIII.  INVESTIGATION AND ROAD SAFETY COUNTERMEASURES IN BLACK 

SPOT LOCATIONS 
 
 

Mile 
Possible causes 

of road 

accidents 

Road safety 

measures 
Location 

229(228/0) 

F=19 
I=89 

PDO=2 

 

- Discontinuous/ 

Damaged Guard 
rail 

- No reflector on 

the Guard rail 
  

- Poor road 

marking 

- To provide 

Guard rail 
  

- To provide 

reflector on the 
Guard rail 

- To provide road 

marking  
227/1 

F=11 
I=48 

PDO=2 

 

- Improper U turn  

- No reflector on 
the Guard rail 

  

- No pavement 
marking 

 

 

- To provide  

close U turn and 
law enforcement 

- To provide 

reflector on the 
Guard rail 

- To provide road 

marking  
241/7 
F=1 

I=28 

PDO=15 

 

- Discontinuous/ 
Damaged Guard 

rail made by 

villager 

- Village near 

expressway 

- Poor pavement 
marking 

- To provide 
Guard rail 

- To provide the 

fence near 

village 

- To provide 

proper road 
marking  

329 

F=7 
I=32 

PDO=1 

 

- Poor pavement 

marking 
- No warning 

sign 

  

- To provide road 

marking 
- To provide 

proper road sign 

and rumble 
strips  

280/3 

F=3 
I=34 

PDO=2 

  

- Illegel U turn  

  
  

  

- Poor pavement 
markings 

- To provide 

fence near 
village, proper 

road sign and 

law 
enforcement 

- To provide road 

markings  
286 
F=3 

I=31 

PDO=2 

- Cycle driving 
on the 

expressway 

- Weak law 
enforcement 

- Poor pavement 

marking 

- To punish the 
indiscipline 

   road user  

- To provide 
proper road  

marking 

 
230/1 

F=3 

I=33 
PDO=0 

- Prohibited 

Vehicle 

(Motorcycle)  
- Poor pavement 

marking 

- To provide   

effective law 

enforcement 
- To provide road 

marking   
284 
F=2 

I=29 

PDO=3 

- Damaged 
Curb/ 

Inadequate 

Curb 
Maintenance  

- Poor pavement 

marking 

- To provide 
adequate Curb 

Maintenance 

- To provide road 
marking 

 
 

271 
F=4 

I=24 

PDO=1 

- Illegel U turn  
- Prohibited 

Vehicle 

(Motorcycle)  

- Weak road 

marking 

- To provide 
proper 

warning sign 

and law 

enforcement 

- To provide road 
marking  

243/6 

F=1 

I=27 
PDO=1 

- Illegel U turn  

- Poor warning 

sign 

- To provide 

fence and law 

enforcement 
-To provide 

proper warning 

sign 
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IX. CONCLUSION 

This study investigated the black spot locations through 

Naypyitaw-Mandalay Expressway. Then, it analysed the cases 

of incidents, which happened at three durations to find out the 

way how to counteract for reducing the numbers of accidents. 

After examining the manners of occurrences of accidents, the 

safety of Naypyitaw-Mandalay Expressway can be provided 

by countermeasures.  The highest occurrences have to be 

considered again; over speed, tyre deficiencies and driver 

sleepy for the various time and circumstances and for different 

driver age group. According to investigation, to prohibit the 

over speed, to provide proper warning sign and law 

enforcement needs to act as countermeasures. Moreover, by 

improving striping or signing along horizontal curves, drivers 

are more aware of the road’s curvature and are more likely to 

slow down to a speed that matches the curve’s perceived 

severity. Since tyre-related issues are the crucial ones, the law 

which punishes the indiscipline expressway users must act out. 

That is because the most drivers do not consider the tire 

maintenance, including air pressure and monitoring tire 

expiration before using the expressway. Furthermore, drivers 

who feel drowsy should pull over into a well-lit area, and make 

regular stops or switch drivers every 100 miles or 2 hours. 

Since drivers are most likely to feel drowsy between 1-4 p.m. 

and 2-6 a.m., if possible, avoid driving during these times. 

When these conditions are familiar with drivers, they will 

follow the measures of driving. After examining all the 

contribution factor affecting the severity of accident by 

identifying the black spot locations through Naypyitaw-

Mandalay Expressway, this study takes the main objectives out 

as proper countermeasures, and the author hopes that this study 

supports to reduce both the rate of accidents as well as the 

severity of injuries. Moreover, it helps the authorized persons 

and traffic engineers to know which factors contribute more to 

the crash severity and the road safety plan to reduce accidents, 

occurring suddenly, unexpectedly, and incidentally under 

unforeseen circumstances in Naypyitaw-Mandalay 

Expressway. 
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Abstract— In Myanmar, various power sources such as 

biomass, solar, wind, and water. Among these power source, 

solar energy is being particularly advantageous due to its 

equator location. Sunlight is a significant source of electricity, 

and solar electricity is generated using solar panels or 

photovoltaic cells. The solar street light uses solar electricity, 

powered by a battery, a solar charger controller, lighting 

sensor control (LDR), and a PV solar panel. It is an 

alternative to traditional street lighting, with LEDs offering 

lower energy costs and a more efficient design. This system 

includes a battery backup system. This paper presents the 

design and implementation of solar street light system in 

Technological University (Mandalay). This research was built 

by using solar module, LEDs, light dependent resistor (LDR), 

charge controller and battery. The results indicate that the 

solar power streetlight efficiently generates electricity directly 

from sunlight at a low cost, without producing emissions, 

noise, or vibrations. Consequently, the performance of the 

proposed system has been assessed based on power 

consumption. 

Keywords— solar energy, sunlight, solar street light, battery, 

LEDs, energy cost, battery backup system 

I. INTRODUCTION

 The study of light has been essential for the 
development of solar power systems. These systems utilize 
sunlight through photovoltaic cells. Sunlight is absorbed by 
the solar photovoltaic cells, which convert it into electrical 
energy. This electrical energy is then stored in batteries and 
used to power CFL or LED lights. The solar street light 
uses solar electricity, powered by a battery, a solar charger 
controller, lighting sensor control (LDR), and a PV solar 
panel. It is an alternative to traditional street lighting, with 
LEDs offering lower energy costs and a more efficient 
design. This system includes a battery backup system [7]. 
This paper presents the design and implementation of street 
light using solar power in Technological University 
(Mandalay). Solar street lights are beneficial in that the day 
to day running and maintenance costs are reduced, save 
energy, environment friendly and convenient to install. 
Solar lights are made up of five main components: the solar 
photovoltaic (PV) panel, battery, charge controller, light 
poles and the light fixture.  

When sunlight is available, a solar panel captures it and 
generates electrical energy, which can be used immediately 
or stored in a battery. Utilizing the world’s best LED chips 
ensures reliable performance for the lights, offering high 
luminous efficiency, minimal light degradation, energy 
savings, environmental protection, and a lifespan of 50,000 
hours. The design of high-power LED street light circuits 
take into account battery life, operating voltage, electronic 

component performance, power efficiency and power 
factor [3]. 

Solar street lights have several advantages. They reduce 
the costs of daily operation and maintenance, save energy, 
are environmentally friendly, and are easy to install. These 
lights work by using mono-crystalline and poly-crystalline 
solar panels to convert sunlight into electricity, which is 
then stored in batteries without needing maintenance. They 
are equipped with a control system to prevent the batteries 
from overcharging or discharging excessively. Automatic 
street lights don’t required manual switching on and off. 
They have sensor that detect the surrounding light levels 
[7]. When it gets dark enough, the streetlights turn on 
automatically, and when there's enough light from other 
sources, they switch off. Solar street light with sensor is 
powered by solar energy. This system is used Light Sensor 
(LDR) or Light Dependent Resistor. As the light intensity 
on the surface of the Light Dependent Resistor (LDR) 
increases, its resistance decreases, leading to an increase in 
conductivity. Conversely, when the light intensity on the 
LDR surface decreases, its resistance increases, resulting in 
reduced conductivity. This relationship allows LDRs to 
effectively respond to varying light conditions, making 
them useful in a variety of light-sensing applications. 
The proposed site was chosen Technological University 
(Mandalay), Patheingyi Township, Mandalay Division. The 
main purpose of stand- alone solar street light system is to 
supply electricity for proposed road. Main entrance road 
(Adipati Road) is two lane road and 191m (627ft) long. 
Each lane has a width of 7m (22ft) including side walk 
platform for pedestrians. In this journal, Light sensor 
(LDR) and control circuit of solar street light are explain. 
The results of this system, comparison for cost and 
estimation of solar street light and conventional street light 
are expressed completely [7]. 

II. COMPONENTS OF SOLAR STREET LIGHT SYSTEM

The solar street light system consists of five 
components. There are the following; 

• Solar panel

• LEDs

• Charge controller

• Battery

• Light pole

The five components of solar street light system are 
showed the following block diagram. These components 
are described the short to the point in this journal. Now, the 
block diagram of solar street system is as following: 
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O Fig. 1. Block Diagram of Solar Street Light System 

III. LIGHT DEPENDENT RESISTOR (LDR)
The photoconductive cell, also known as Light 

Dependent Resistor (LDR), improves its conductivity as 
illumination increases, resulting in decreased resistance. 
However, a photoresistive cell has a long response time, 
often taking several seconds to adjust to changes in light 
intensity. Light Dependent Resistors (LDR) are used as 
lighting control devices in most of solar street lighting 
system, which are cheap light sensors. A Light Dependent 
Resistor (LDR) also known as a photoresistor, is a device 
whose resistivity varies based on the incident 
electromagnetic radiation. This sensor’s resistance 
decreases when exposed to light. The resistance of the LDR 
changes according to the intensity of light falling on it as 
light intensity increases, the resistance decreases and 
conductivity increases. Conversely, when light intensity 
decreases, the resistance increases and conductivity 
decreases [2]. 

Fig. 2. (a) Light Dependent Resistor (b) Symbol of LDR 

A. Battery

Solar electric systems generate power only when
sunlight is available. To use this energy later, such as at 
night or during periods of low sunlight, some form of 
electrical energy storage is needed. Batteries are the most 
common storage solution in solar electric systems. They 
store electricity generated by solar panels during the day 
and supply energy to fixtures at night. The lifetime and 
capacity of the battery are crucial, as they impact the 
backup duration of the light. For solar street lighting, 
batteries should have a slow discharge rate and a long 
discharge time. The quality of the battery directly affects 
the performance of the street lights There are many battery 
types which can be used in solar lights. Below are the 
widely used rechargeable batteries for solar lights [8]. 

• Lead–acid battery,

• Lithium ion battery or Li-ion and

• Lithium ion battery phosphate or LiFePO4
This system is used Lithium ion battery phosphate or 

LiFePO4. 

O Fig. 3. LiFePO4 Battery 

B. Solar Panel

The solar PV system is powered by numerous
crystalline or thin film PV modules. These modules consist 
of interconnected PV cells made from light-sensitive 
semiconductor materials. These materials utilize photons to 
dislodge electrons, generating an electric current. There are 
two main types of technology used for PV cells: crystalline 
silicon, which accounts for the majority of PV cell 
production as shown in Figure 4, and thin film, which is 
newer and increasingly popular [5]. The three general types 
of silicon photovoltaic cells are:  

• single or monocrystalline silicon,

• poly or multicrystalline silicon, and

• amorphous silicon (thin film silicon "a-Si").

  (a)   (b) 

  (c) 

O Fig. 4. (a) Monocrystalline Silicon and (b) Polycrystalline Silicon  

(c) Amorphous Silicon or Thin Film Silicon

I. MODULE EFFICIENCY

Solar 

module 

Efficiency Lifetime Price Power/

Area 

Monocrystal

line- 
10 - 13% 25 years 

90% rated 

power 30 

years 80% 

rated 

power 

typical 

high high 

Polycrystalli

ne- 
9 - 13% 10 years 

90% rated 

power 25 

years 80% 

rated 

power 

typical 

mode

rate 
moder

ate 

Amorphous- 6 - 8% 10 years low low 

The monocrystalline is high efficiency, performance 
and higher cost. The polycrystalline is low efficiency and 
lower costs. The amorphous or thin-film is lower efficiency, 
portable and flexible. 

C. Charge Controller

The rate at which electric current is injected into or
removed from batteries is managed by a charge controller, 
sometimes referred to as a charge regulator. It guards 

Sunlight Solar Panel
Charge 

Controller

BatteryLED Output
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against overvoltage and overcharging, which both shorten 
battery life and present safety hazards. To prolong battery 
life, it may also prevent total draining (also known as “deep 
discharging”) of a battery or carry out controlled 
discharges, contingent on the battery technology. There are 
two types of solar charge controller: 

• Pulse Width Modulation (PWM) and  

• Maximum Power Point Tracking (MPPT) 

The solar street light system is used PWM charge 

controller [1]. 

 

            (a) PWM Type                    (b) MPPT Type 

Fig. 5. Charge Controller 

D. Types of Street Lighting Lamp 

The most commonly used lamps are described briefly as 
follow;    

• Incandescent lamps 

• Reflector Lamps 

• Gas Discharge Lamps 

• LED 

Modern solar street lights typically employ LEDs as 
their illumination source because they can produce far 
more lumens with less energy usage. High-power white 
LEDs are currently the illumination source of choice for 
the majority of solar street light installations. restricted to 
lighting items with LED bases only. Light should be 
produced in the visible portion of the spectrum. LEDs emit 
visible and, to a lesser extent, ultraviolet light. A power 
LED's useful operating lifetime is incredibly lengthy; in 
fact, it frequently outlasts the product in which it is 
included [4]. 

 
Fig. 6. Light Emitting Diode (LED) 

E. Solar Street Light Control Circuit 

 Street lights ought to be turned "OFF" when there is 
enough daylight and "ON" as soon as evening darkness 
arrives. A circuit for automatic switching is depicted in the 
following diagram. Relay switch NO (Normally Open) is 
attached to it. Because T1 and T2 are two transistors in a 
bistable state, when one is "ON," the other is "OFF." When 
the LDR receives enough intense solar light during the day, 
its resistance lowers, creating a route for the incoming 
current [6].  

The base-emitter junction becomes forward-biased as a 
result of the current entering T1’s base. Thus, the coil is not 
receiving any current. The LED won’t get any current 
because the relay switch is open. The LED won’t shine as a 
result. The resistance of the LDR increases as a solar light 
intensity drops. Transistor T1 will thus be “OFF” during 
the night, meaning that no current will flow through the 
LDR [6].  

A portion of the circuit current pass through transistor 
T2 and the coil, rendering it “ON”. The relay switch is 
drawn to the coil by the magnetic flux created when current 
flows through it, connecting it to the normally closed (NC) 
state. Consequently, the LED illuminates. 

Fig. 7. Control Circuit of Solar Street Light 

F. Design and Calculation of Solar Street Light System 

The solar street lighting system is tailored for 
Technological University (Mandalay). This paper presents 
the design calculations for the PV module, battery sizing, 
charge controller sizing, lumen and illuminance 
determination, lamp type selection, light pole height 
calculation, light pole spacing, and tilt angle. Additionally, 
it includes a cost comparison between the solar street 
lighting system and a conventional street lighting system 

Road data collection must be completed before building 
the solar street lighting system for Technological 
University (Mandalay). The width and length of the road or 
street that will have solar street lights installed are 
measured at this stage [2].  

Adipati Road, the main entryway, is a two-lane street 
that is 191 meters (627 feet) long. The width of each lane, 
including the pedestrian side walk platform, is 7 meters (22 
feet). 

G. Calculation of Luminaries Spacing 

This solar street lighting design uses "GLL WP5" LED 
light fixtures. These fixtures use a single powerful LED. 
Compared to high pressure sodium street lights, they can 
save 50% to 75% electricity. Below is a table 2 detailing 
the main features of the 35W "GLL WP5" LED street 
lighting fixture [4].  

Lamp output (LED), LL= Efficacy of lamp ×Watt of lamp  

Lamp output of the lamp (LED), LL= 120 lm/W × 35 W 

     = 4200 lm 

Luminaries spacing or distance between light poles can 

be obtained by the following equation. 
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LL× CU × LLD× LDD

S =
E × w

                         (1) 

 

Lumen depreciation factor (LLD) = 80% = 0.8 

Luminaire dirt depreciation factor (LDD) = 90% = 0.9 

 

4200× 0.9× 0.8× 0.9
S =

10× 7
 

S = 38.88 39m  

 

II. SPECIFICATION OF 35W” GLL WP5” LED STREET LIGHT 

FIXTURE 

Specification Value 

Power 35 W 

Luminous efficacy 120 lm/W 

Power factor  >0.95 

Beam angle 120 deg. 

Color rendering index >75 

Color temperature 4000K,4500K,5000K 

Light output 4200 lumens 

Life span 5000 hours 

H. Calculation of Number of Poles 

The number of light poles which required for the 
lighting system is calculated by using following equation.  

  No. of light pole = 
Length of road

 Luminaries spacing
                            (2) 

191

39
=                        

                   4.89 5poles=   

I. Calculation of Pole Height 

To calculate the height of light pole, beam angle is 
required. Most of LED light fixtures in the market have a 
beam angel of 120º. 

19.5
tan(60) =

h  

19.5
h =

tan(60)
 

h = 11.25 11m  

J. Calculation of Solar Module Size 

System nominal voltage    = 12V 

Power consumption of LED = 35 W 

Working hour     = 12hour/day 

Daily load consumption = Power consumption of LED × 
    Working hour 

                = 35 × 12 
                = 420 Whr/day 

For PV system, 

Cable loss = 5% 

% of max: use of cable = 100% - 5% = 95% 

Depth of discharge (DOD) of battery = 80%  

Efficiency of conversion     = 90% 

Total solar energy requirement  

= 
Daily load consumption

% of cable × DOD % of battery × ηcon 
                      (3)

420

0.95× 0.8× 0.9
=

 

= 614Whr / day  

Module size = 
Total solar energy requirement

Average peak sun hour in Mandalay
           (4) 

            

614
=

5.5  
            = 111.63 120W  
The selected solar module is 120W “CNBM 6M-120”. 

The following table 3 show the specification of 120W 

“CNBM 6M-120” solar panel. 

III. SPECIFICATIONS OF 120W “CNBM 6M-120” SOLAR 

MODULE 

Specification Value 

Rated Maximum Power, (Mp) 120 W 

Power Tolerance ∓ 5W 

Module Efficiency 18.60 % 

Open Circuit Voltage, (Voc) 22.7 V 

Maximum Power Voltage, (Vmp) 18.6 A 

Short Circuit Current (Isc) 6.84 V 

Maximum Power Current, (Imp) 6.4 5A 

Temperature Coefficient of Isc + 0.06 % 

Temperature Coefficient of  Voc - 0.32 % 

Temperature Coefficient of Pmp - 0.45 % 

Operating Temperature - 45 ~ + 80℃ 

Standard Test Temperature 25℃ 

In this solar street lighting system design, 
monocrystalline type “CNBM 6M-120” solar panels are 
used as they are well-designed to illuminate large area with 
the highest intensity of light and their fair prices. The 
following table shows the specifications of 120W “CNBM 
6M-120” solar panel and this data are for reference only. 

Then, the battery size is calculated by the following 
equation: 

Battery size = 
Daily load consumption

 DOD % of battery × System nominal voltage
 (5)       
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420

=
0.8×12

 

    = 43.75Ah 44Ah  

So, selected battery is 46 Ah. 
 

IV. DATA SUMMARY FOR SOLAR STREET LIGHT SYSTEM 

Specification Single Lamp Pole 

Solar Module 120W 

Controller 7A 

Battery 46Ah 

LED 35W 

Pole Height 11m 

Max: Wire Run 5m 

 

The approximately initial cost 1,420,000 kyats is 
needed to design the solar street lighting. The 
approximately initial cost of the conventional street 
lighting 1,000,000 kyats is needed to design it. The 
comparing of the cost of conventional street lighting is 
more than the solar street lighting cost during 20 years. 
When the cost of solar street light and conventional street 
light was compared over a twenty-year period, 
conventional street light were more expensive. 

 

 
Fig. 8. Comparing Annual Costs of Solar Street Lighting System and 

Conventional Street Lighting System in Twenty Years    

V. CONCLUSION 

The system design is based on Technological 
University (Mandalay). This statement outlines the process 
of designing a solar-powered street light system, including 
calculations for various aspects such as the average 
brightness (lumen), spacing between light fixtures 
(luminaries), the number of light poles required, and the 
height of these poles. The calculations for these parameters 
have been performed manually. After performing these 
calculations, the results regarding the average brightness, 
spacing between fixtures, the number of light poles needed, 
and the height of these poles are explained. The 
comparison of the cost of solar street lights and 
conventional street lights is expressed. 
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Abstract- DPFC originates from the Unified Power Flow 

Controller achieves its design by removing the shared direct 

current link. Unlike the UPFC's single three-phase 

converter setup, the DPFC employs three individual single-

phase series converters, enhancing redundancy and elevates 

system reliability. Moreover, the DPFC offers a cost-

effective compared to the UPFC while retaining identical 

control capabilities. These capabilities include adjusting line 

impedance, transmission angle, and bus voltage, ensuring 

effective power flow management within the grid. In this 

paper, distribution line between Pyinmana primary 

substation and Paung Laung Extension substation with 

distributed loads is presented as case study area to analyze 

the voltage sag (dip) and swell (rise) conditions. The system 

has been simulated both with and without a DPFC, focusing 

on voltage sag (dip) and swell (rise) mitigation under various 

fault conditions using MATLAB Simulink. 

Keywords–DPFC, FACTS, various fault conditions, sag and 

swell mitigation, load voltage  

I. INTRODUCTION

The power quality disturbances have garnered 

significant attention from researchers seeking optimal 

solutions. In today's power systems, power quality is a 

critical concern for industrial, commercial, and residential 

applications. The voltage problem is particularly under-

voltage (voltage sag) conditions caused by over-currents 

resulting from short circuits or faults in the system, are of 

primary concern. Numerous research efforts have focused 

on mitigating voltage sag (dip) and swell (rise) conditions. 

Voltage sag is widely acknowledged as a crucial power 

quality disturbance [1]. This paper introduces the concept 

of a Distributed Power Flow Controller, which comprises 

series and parallel converters. By employing two 

strategies—eliminating the shared direct current link and 

distributing the series converter across the system—the 

UPFC is enhanced into a novel combined FACTS device: 

the DPFC, depicted in Fig.1. 

Fig.1. Flow chart from UPFC to DPFC 

Just like the UPFC, the DPFC is comprised of parallel 

and series-connected converters across the system. The 

parallel converter operates as a STATCOM, while series 

converters utilize the DSSC concept, employing multiple 

single-phase converters rather than a single three-phase 

converter. Each converter within a DPFC functions 

independently and is equipped with its individual DC 

capacitor to deliver the necessary DC voltage. Fig.2 

illustrates the DPFC configuration. 

 

Fig.2. DPFC configuration [2] 

II. DPFC OPERATION FOR VOLTAGE SAG (DIP) AND

SWELL (RISE) REGULATION 

The voltage sag (dip) and swell (rise) regulation is done 

by controlling reactive power stored in DC capacitor. In 

both parallel controller and series controller, constant DC 

voltage is stored in storage capacitor via transformer and 

IGBT converter. When the parallel controller and series 

controller sense the load terminal voltage is in sag and 

swell conditions, the controllers provide parallel and 

series pulses to the IGBT converters. When the voltage is 

in sag (dip) condition, parallel and series controller 

provide pulses to converter so that reactive power is 

injected to the system and load voltage is maintain nearly 

reference i.e. regulated value. In the same way, when the 

voltage is in swell (rise) condition, parallel and series 

controller provide pulses to converter so that reactive 

power is absorbed from the system and load voltage is 

maintain nearly reference i.e. regulated value. 

III. MATHEMATICAL MODEL FOR DPFC

The equivalent circuit depicted in Fig.3 of the DPFC is 

utilized to formulate the mathematical equation for the 

DPFC dynamic model. VSA, VSB, and VSC denote the 

three-phase source voltages at the connection point. Vse,a, 

Vse,b, and Vse,c represent the AC output voltage of the 

series converter. The resistance (R) and inductance (L) 

symbolize the resistance and reactance of the distribution 

line. The current isa, isb and isc represent line current. A 

simple model DPFC is used in distribution system for 

improving the load voltage. 

Distributed Power Flow Controller 

Power Line 

Series Converters 
Parallel 

Converter 

Δ/Υ Υ/Δ 

Remove the shared 

direct current link.
series converters distributed 

across the system 
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Fig.3. Equivalent circuit of DPFC 

When connecting a DPFC in distribution line of two 

buses system, the synchronization system must be used. 

The synchronization system can be done with a 

conventional phase locked loop (PLL). The system 

voltage is measured to be sent to the PLL for angle 

estimation. The estimate angle is then used for dq 

transformation. The reference frame coordinate system is 

established in a manner where the d-axis aligns directly 

with the instantaneous system voltage vector, while the q-

axis is positioned at a right angle to it. All the controllers 

will be derived in the d-q system. It is easier to compare 

the reference with the actual value in the controller. 

A. Parallel Device Model

The representation of the parallel device model as a

voltage source with series resistance Rsh and inductance 

Lsh can be seen in Fig.4 [3]. 

Fig.4. Parallel device model 

In the a−b−c axis system, the circuit equation is 

expressed as: 

shcshshcshshcc
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The equation can be organized in matrix format as 

follows: 
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Convert the equation into the d−q-0 axis system: 
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B. Series Device Model

The device in a balanced three-phase system is

represented individually per phase. It is modeled as a 

voltage source with series resistance R and inductance L, 

as depicted in Fig.5 [3]. 

Fig.5. Series device model 

The equation set for the resulting three-phase circuit can 

Be formulated as: 
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Arrange the equations into a matrix format: 
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Convert the equation into the d−q axis system. 
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IV. OVERVIEW OF THE CASE STUDY AREA

For analysis of various types of fault, the detailed study 

is carried out at Paung Laung Extension Substation. This 

substation is located at Paung Laung Extension ward, 

Pyinmana Township, Myanmar, and constructed for 

distributing electricity for customers load. 

The capacity of Paung Laung Extension Substation is 

20 MVA. The incoming line of Paung Laung Extension 

Substation is 33 kV bus bar of Pyinmana Primary 

Substation. There is one 20 MVA, 33/11 kV transformer. 

This transformer converts the incoming 33 kV level to 11 

kV level and then distributed to the four feeders are 

separately operated. The single line diagram of power 

supply for Paung Laung Extension Substation is shown in 

Fig.6. 

V1 
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Vr

Lsh Rsh

Vsh
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Fig.6. One-line diagram of distribution line of two buses system 

At the Paung Laung Extension substation, power 

quality disturbances such as voltage fluctuations, sag and 

swell are observed due to system faults.These conditions 

are in normal operating of the substation. Moreover, the 

main transformer of the substation cannot provide the 

sufficient power to the loads. Due to these disturbances, 

the load current is non-sinusoidal and lags behind the 

voltage due to inductive impedance characteristics. 

TABLE I 

LOAD PROFILE IN PAUNG LAUNG EXTENSION 

SUBSTATION 

Parameters 
Main 

Transformer 
Total Distribution Load 

Active power 16MW 15MW 

Reactive power 12MVAR 13MVAR 

Power factor 0.8 0.75 

V. MODELLING OF CASE STUDY AREA

The simulation model of distribution system without 

DPFC is illustrated in Fig.7. To analyze voltage sag and 

swell conditions before using DPFC device, a simulation 

model is constructed for 33 kV Pyinmana Primary 

substation to Paung Laung Extension substation with 

distributed loads. There are three bus bars to measure the 

values of voltage in the simulation model. To observe sag 

and swell clearly, system fault conditions are applied near 

the load side [4]. 

Fig.7. Simulation model of the system without DPFC at 

 various fault conditions 

A. Parallel Controller 

The parallel controller comprises a three-phase

converter connected back-to-back with a single-phase 

converter. The three-phase converter absorbs active 

power from the grid at the fundamental frequency and 

regulates the DC voltage of the capacitor between this 

converter and the single-phase one. Fig.8 illustrates the 

block diagram of the parallel controller in the 

Matlab/Simulink environment. 

Fig.8. Block diagram of parallel controller [5] 

The primary goal of the parallel control is to introduce 

third harmonic currents into the line, thereby supplying 

active power to the series converters and regulating the 

DC voltage across the series capacitors. This third 

harmonic current is synchronized with the bus voltage 

operating at the fundamental frequency. To achieve this 

synchronization, a Phase-Locked Loop (PLL) is utilized 

to track the frequency of the bus voltage. The output 

phase signal of the PLL is then tripled to establish a 

virtual rotating reference frame for the third harmonic 

component. 

Establish a synchronous reference frame transformation 

for formulating the dynamic model of the parallel 

controller. 

)VV(V 1/3V

/3))2t( cos V/3)2-t( cosVtcos (Va 2/3 V

/3))2t(sin  V/3)2-t(sin  Vtsin(V 3/2V

cba0

cbq

cbad






  (7)

The voltage components in the d-q frame, Vd,ref and Vq,ref 

are transformed into the abc frame using Park's 

transformation.

0ref,qref,dc

0ref,qref,db

0ref,qref,d

V)3/2tcos(V)3/2tsin(V

V)3/2tcos(V)3/2tsin(V

VtsinaV







V 

V  

Vt cos V

  (8) 

B. Series Controller

In the series controller depicted in Fig.9, series

converter in a DPFC is managed by its dedicated 

controller. These controllers maintain a uniform control 

scheme across all series converters. The control strategy 

employs distinct control loops for managing the two 

frequency components. Additionally, a separate control 

loop, focused on the third harmonic, is employed for DC 

voltage regulation. 
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Fig.9. Block diagram of series controller [5] 

The representation of voltages in the d-q frame is 

expressed as: 

tcosV

tsinV

q

d




  (9) 

The error signal in the DC link capacitor voltage is 

typically expressed as: 

dcref,dc,sedc,se VVV       (10) 

The voltage reference in the fundamental component is: 

tωcosV+tωsinV=V qd1,ref,se  (11) 

The voltage reference in the third harmonic component is: 

tω3cosV+tω3sinV=V qd3,ref,se (12) 

The aggregate voltage in a series converter is: 

3,ref,se1,ref,seref,se V+V=V      (13)

VI. DPFC SIMULATION MODEL

This model was developed using MATLAB software, 

as illustrated in Fig.10 [6]. The system is configured with 

a three-phase programmable voltage source connected to 

a load. This source is linked to the load via a distribution 

line spanning 4.7 miles at 33 kV. The DPFC is integrated 

between the distribution line and RL series loads for 

dynamic performance analysis. The parallel converter is 

paralleled with the distribution line through a three-phase 

transformer, while the series converter is connected to the 

distribution line in series via three independent single-

phase transformers. Various fault conditions are 

simulated to assess dynamic performance, with time 

duration of 0.05 seconds (0.3-0.35 seconds). Prior to 

DPFC implementation, significant voltage sag/swell 

occurs during different fault conditions, without any 

compensation, as depicted in Fig.11, 12, 13, and 14. The 

voltage sag measures about 0.8 per unit, while the voltage 

swell is 0.6 per unit during various fault conditions. 

Following the addition of a DPFC, load voltage sag and 

swell can be effectively mitigated, as demonstrated in 

Fig.15, 16, 17, and 18. 

Fig.10. DPFC simulation model 

VII. SIMULATION OUTCOMES

Fig.11. Voltage for three phase load during single line to ground fault 

without DPFC 

Fig.12. Voltage for three phase load during double line to ground fault 

without DPFC 

Fig.13. Voltage for three phase load during line to line fault without 
DPFC 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 64



Fig. 14. Voltage for three phase load during three phase fault without 

DPFC 

Fig.15. Voltage for three phase load during single line to ground 

fault with DPFC 

Fig.16. Voltage for three phase load during double line to ground 
fault with DPFC 

Fig.17. Voltage for three phase load during line to line fault with 
DPFC 

Fig.18. Voltage for three phase load during three phase fault with DPFC 

TABLE II 

LOAD VOLTAGES ON VARIOUS FAULT CONDITIONS 

System 

Conditions 

Case 

Study 

Without 

DPFC 

With 

DPFC  

Single Line to 

Ground Fault 
V_Load 

2.254 kV(Sag)  

17.31kV(Swell) 

11.01 

kV 

Double Line to 

Ground Fault 
V_Load 

2.276kV (Sag) 

15.27kV (Swell) 
11.01 kV 

Line to Line 

Fault 
V_Load 6.596kV (Sag) 

10.98 

kV 

Three Phase 

Fault 
V_Load 2.278kV (Sag) 10.98 kV 

VIII. CONCLUSION

In this study, we explore methods to enhance voltage 

quality within distribution systems. Specifically, we 

introduce voltage sag and swell compensation through the 

application of a novel FACTS device known as the 

Distributed Power Flow Controller. The DPFC shares 

structural similarities with the UPFC and possesses 

equivalent control capabilities for balancing line 

parameters such as line impedance, transmission angle, 

and bus voltage magnitude. However, this device boasts 

several advantages over the UPFC, such as heightened 

control capability, enhanced reliability, and reduced cost. 

We present a detailed model of the DPFC and design two 

control loops: series control and parallel control. Through 

simulation of a distribution system both with and without 

the DPFC, accounting for various fault conditions, we 

demonstrate the DPFC's efficacy in mitigating voltage 

sag (dip) and swell (rise), thereby ensuring acceptable 

performance across dynamic scenarios. 
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Abstract— The overall power factor of modern industries

is very poor because of inductive loads absorbing reactive 

power. There are few solutions, that allow handle the problem 

of power factor correction. One of those is reactive power 

compensator based on capacitor banks. Mandalay Soap 

Factory where all data are collected with variable load 

conditions has large inductive loads and its power factor is very 

poor. Before power factor correction, overall power factor of 

that plant is around 0.74. The main purpose of this paper is to 

improve power factor and reduce losses. The performance 

analysis of power factor correction is simulated by using 

MATLAB software. The finding from calculation and 

simulation indicated that 120 kVAr and 170 kVAr capacitor 

banks are the most suitable size for whole loads of that factory.

The plant consisting of seventy-two numbers of induction 

motor is taken as a designed plant from Mandalay soap 

factory. The ratings of induction motors are from 0.45 hp up 

to 30 hp. The required reactive power is provided by capacitor 

banks that are connected parallel to the loads.  

Keywords— power factor, capacitor banks, induction 

motor, reactive power, loads, MATLAB/Simulink. 

I. INTRODUCTION

Problems of power quality in industrial plants are 

growing due to the increasing number of inductive load and 

poor power factor. The objectives of an industrial power 

system are to provide reducing operating costs, improving 

efficiency and increasing availability. It is necessary to 

maximize power quality and improve system performance. 

In general, the two problems of reactive power 

compensation are load compensation and voltage support. 

The objectives of load compensation are to increase the 

value of system power factor, to balance the real power 

drawn from the AC supply, to compensate the voltage 

regulation and to eliminate the current harmonic 

components produced by large and fluctuating nonlinear 

industrial loads. All power factor of industrial plants may be 

very poor because of absorbing reactive power in inductive 

loads. In power distribution system of the plant, shunt 

capacitors are used for power factor correction. Generally, 

capacitor installations are economical because of low 

operating cost and ease of installation to improve industrial 

power factor. 

II. THEORY OF POWER FACTOR CORRECTION

Electricity is becoming more and more important due 

to the increasing usage of electricity in our daily life. 

Nowadays, many loads in industry are inefficient inductive 

machines, particularly motors and transformer. Most of the 

distribution systems are faced many problems in poor 

voltage regulation, poor efficiency, poor power factor, high 

losses, overloading and less reliability for continuity of 

supply. One of the solutions to solve this problem is power 

factor correction. It is defined as the compensation of 

reactive power for AC power system. Correction of power 

factor can be applied to improve the transmission network 

stability and the efficiency for the utility of electrical power 

transmission or it can be installed to reduce the cost charge 

for individual electrical customers [1]. 

A. Power Factor

A power factor of an AC circuit is defined as the cosine

of the angle between the current and voltage vectors and the 

terms leading or lagging indicate that the current leads or 

lags on the voltage. A voltage applied to a capacitor 

produces a current which leads the voltage by 90 electrical 

degrees, a voltage applied to a pure resistance produces a 

current in phase with it, and a voltage applied to an 

inductance produces a current lagging it by 90 electrical 

degrees. 

Fig.1. Relationship among active, reactive and apparent power 

S = √P2 + Q2   (1) 

P    =  S cos φ   (2) 

Q   =  S sin φ    (3)

Q
P

= tanφ    (4) 

In general, the power factor of the industrial load is 

lagging and the effects of low lagging power factors are 

considerable. To supply a fixed amount of kW to a load, it 

is necessary to provide a greater amount of kVA. The lower 

power factor which becomes in kVA implication increases 

losses in generation, transmission and distribution and also 

requires greater generation and distribution capacity. 

Maximum efficiency and utilization of generation and 

distribution capacity would be obtained if the power factor 

was increased to unity.[1] 

B. Power Factor Improvement

Installation of power factor improvement device, to raise

the power factor, results in one more of the following effects 

and advantages [2]. 
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• Reduction in circuit current

• Increasing in voltage level at load

• Reduction in copper losses in the system due to

reduction in current.

• Reduction in investment in the system facilities per

kW of the load supplied.

There are two disadvantages of low power factor. They are- 

• Supplies point of view- Low power factor

increases the line current flowing in the supply

system and therefore increases the cost of cables,

switches, transformers, and generators. Then more

initial investment costs.

• Customer point of view- At consumer side, low

power factor effects increase the line voltage drop

at receiving ends.

C. Power Factor Correction Devices

The power factor correction devices which control 

the reactive power distribution and flows are: 

• Generator

• Synchronous Condenser

• Capacitor bank

• Static VAR compensator (SVC)

• Static synchronous compensator (STATCOM)

I. POWER FACTOR CORRECTION DEVICES AND PERFORMANCE 

CHARACTERISTICS 

Equipment 

Types 

Speed of 

Response 

Ability to 

support 

Voltage 

Capital 

Cost per 

KVAr 

Operating 

Cost 

Generator Fast Excellent 

Difficult 

to 

separate 

High 

Synchronous 

Condenser 

Slow, 

Stepped 
Excellent Medium High 

Capacitor 

bank 
Fast Poor Low Very low 

SVC Fast Poor High Medium 

STATCOM Fast Fair High Medium 

D. Capacitor Bank

The functions of capacitor bank are to reduce maximum

kVA demand, improve voltage profile, reduce line/feeder 

losses, and decrease for energy payments. The best result 

can be obtained as the shunt capacitors are installed at the 

load. Depending on situation, 1the capacitor banks are 

installed at extra–high voltage (above 230 kV), high voltage 

(66 –145 kV), and feeders at 13.8 and 33 kV. In industrial 

and distribution systems, capacitor banks are installed at 

4.16 kV. 

        Power factor correction capacitors can be installed at 

high voltage bus, distribution, or at the load. The following 

power factor correction approaches are commonly used [2]. 

• Group Capacitor Bank

• Branch Capacitor Bank

• Local Capacitor Bank

CT =
106×kVAR

2π×f×XC
=

1000×QT

2π×f×V2   (5) 

        When the capacitor bank is designed with 3 capacitors 

in parallel, 

 C1 = 
CT

3
 (6) 

III. CALCULATION RESULTS OF POWER FACTOR

CORRECTION WITH CAPACITOR BANK 

There are nine sections of soap making in the Mandalay 

soap factory. In the Carbolic section, there are four numbers 

of 7.5hp induction motors, two numbers of 5.5hp induction 

motor and one number of 1hp induction motor. One number 

of 20hp, three numbers of 15hp, three numbers of 5.5hp, one 

number of 2.2hp, one number of 2hp and one number of 1hp 

induction motors are operated in the NEEM section. In the 

Mazzon I, there are two numbers of 30hp, two numbers of 

15hp, four numbers of 10hp, three numbers of 5.5hp, two 

numbers of 1hp and 0.45hp induction motors. Totally 

seventy-two induction motors are loaded from two numbers 

of 315kVA, 11kV/400V three-phase transformer. 

A. Existing Load Distribution of Transformer No.1 for

Mandalay Soap Factory

Fig.2. Existing load distribution of transformer No.1 for Mandalay soap 
factory 

II. EXISTING MAXIMUM AND MINIMUM REAL AND REACTIVE

POWER LOADINGS FROM TRANSFORMER NO.1 OF 

MANDALAY SOAP FACTORY 

In
d

u
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to
r 

T
o

ta
l 

N
u

m
b

er
 Power 

Factor 

Active Power 

(kW) 

Reactive Power 

(kVAr) 

F
o

r 

M
a
x

 

L
o
a

d
 

F
o

r 

M
in

i 

L
o
a

d
 

Max Mini 

M
a
x
 

M
in

i 

30 
hp 

2 0.74 0.78 44.76 40.56 40.68 32.54 

20 

hp 
1 0.74 - 14.92 - 13.56 - 

15 

hp 
5 0.74 - 55.95 - 50.85 - 

10 
hp 

4 0.74 0.78 29.84 25.32 27.12 20.31 

7.5 

hp 
4 0.74 0.78 22.38 18.24 20.34 14.63 

5.5 

hp 
8 0.75 0.79 32.82 27.67 28.94 21.47 

2.2 

hp 
1 0.75 0.79 1.64 0.54 1.45 0.42 

2 
hp 

1 0.75 0.79 1.49 0.44 1.31 0.34 

1 
hp 

5 0.76 0.8 3.73 1.76 3.2 2.79 

0.45 

hp 
1 0.76 0.8 0.34 0.21 0.29 0.16 

Total 207.8

7 

114.9

4 

187.7

4 
92.66 
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cos ϕ = PT1/ST1  = 207.87/280 = 0.742 lagging 

ϕ = cos-1 0.742 = 42.09° 

Fig.3. Power triangle of existing maximum load for transformer No.1 

       Capacitor bank rating for Transformer No.1 required to 

improve power factor from 0.742 to 0.95 is 120 kVAr. 

S=218.81kVA

P=207.87kW

S=280 kV
A

φ1
Φ2=18.19

Q=68.32kVAr

Q=187.74kVAr

Fig.4. Power triangle for before and after power factor correction  

(at 95% power factor) 

Before power factor correction, maximum overall 

power factor of that factory for transformer no. 1 is 0.742.

120 kVAr capacitor bank should be chosen for improving 

the value of power factor from 0.743 to 0.95 to get best 

result. 

- Calculation result for 120 kVAr Capacitor Bank

To improve the overall power factor from transformer 

no. 1 of the soap factory to 0.95, 120 kVAr capacitor should 

be chosen and designed. 

QT = 120 kVAr, CT =
106×kVAR

2π×f×XC
=

1000×QT

2π×f×V2 = 2387 μF 

       Capacitor bank can be designed to install 3 capacitors 

which are connected in parallel,  

C1 = CT/3 = 795.67 μF. 

Q1 = 
(2π×f×C×kV2)

1000
 = 40 kVAr 

       Therefore, the total number of 40 kVAr Capacitors 

should be 3 to get 120 kVAr.  

Fig.5. Induction motors and 120 kVAr capacitor bank for transformer 

No.1 

B. Existing Load Distribution of Transformer No.2 for

Mandalay Soap Factory

Fig.6.  Existing load distribution of transformer No.2 for 

Mandalay soap factory 

III. EXISTING MAXIMUM AND MINIMUM REAL AND REACTIVE

POWER LOADINGS FROM TRANSFORMER NO.2 OF 
MANDALAY SOAP FACTORY 
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Fig.7.  Power triangle of existing maximum load for transformer No.2 
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      Capacitor bank rating for Transformer No.2 required to 

improve power factor from 0.74 to 0.95 is 170 kVAr. 

S=311.76 kVA

P=296.16kW

S=399.34 kV
A

φ1
Φ2=18.19

Q=97.35 kVAr

Q=267.88 kVAr

Fig.8. Power triangle for before and after power factor correction (at 95% 
power factor) 

Before power factor correction, maximum overall 

power factor of that factory for transformer no. 2 is 0.741.

170 kVAr capacitor bank should be chosen for improving 

the value of power factor from 0.741 to 0.95 to get best 

result. 

- Calculation result for 170 kVAr Capacitor Bank

To improve the overall power factor from transformer 

no. 2 of the soap factory to 0.95, 170 kVAr capacitor should 

be chosen and designed. 

QT = 170 kVAr, CT = 3382 μF 

       Capacitor bank can be designed to install 3 capacitors 

which are connected in parallel, C1 =1127.3 μF 

Q1 = 57 kVAr 

Therefore, the total number of 57 kVAr Capacitors 

should be 3 to get 170 kVAr.  

Fig.9.  Induction motors and 170 kVAr capacitor bank for transformer 

 No.2 

IV. SIMULATION RESULTS OF POWER FACTOR

CORRECTION WITH CAPACITOR BANK 

The load distribution network is the Mandalay Soap 

Factory in Aung Myay Thazan Township consists of two 

315 kVA, 11/0.4 kV step down transformers. The single line 

diagrams are used as design scheme to construct the 

complete simulation model in SIMULINK environment. 

Existing load distribution system consists of three phase 

supply system, transformer and inductive loads. 

The Mandalay Soap Factory which has 11/0.4kV 
supply source. The 3-phase voltage source block is used to 
modulate the internal voltage of 11kV source. In the RL 

series circuit, the value of resistance and inductance are 

specified from the X/R ratio. The value of X/R ratio is 7 and 

this value is used for short circuit protection. 

A. Simulink Models and Results before Power Factor

Correction

Fig.10(a). Simulink model of existing loads for transformer No. 1 

Fig.10(b). Wave form of active and reactive power before power factor 

correction for transformer No. 1 

Fig.11(a). Simulink model of existing loads for transformer No. 2 

Fig.11(b). Wave form of active and reactive power before power factor 

correction for transformer No. 2 
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B. Simulink Models and Results after Power Factor

Correction

Fig.12(a). Simulink model after power factor correction with 120 kVAr 
capacitor bank (T1) 

Fig.12(b). Wave form of active and reactive power after power factor 

correction with 120 kVAr capacitor bank 

After installing 120 kVAr rating of capacitor bank, 

overall power factor of the factory from transformer no. 1 is 

improved from around 0.74 to 0.95. So 120 kVAr capacitor 

bank should be installed for transformer no. 1 to get best 

result, 95% power factor. 

Fig.13(a). Simulink model after power factor correction with 170 kVAr 

capacitor bank (T2) 

Fig.13(b). Wave form of active and reactive power after 

power factor correction with 170 kVAr capacitor bank 

After installing 170 kVAr rating of capacitor bank, 

overall power factor of the factory from transformer no. 2 is 

improved from around 0.74 to 0.95. So 170 kVAr capacitor 

bank should be installed for transformer no. 2 to get best 

result, 95% power factor. 

IV. REQUIRED CAPACITOR BANK RATING FOR DESIRED 

POWER FACTOR 

Loads Existing 

Q 

(kVAr) 

Required 

Q 

(kVAr) 

Existing 

PF 

(Before 

CB) 

Desired 

PF 

(After 

CB) 

CB 

Rating 

(kVAr) 

For 

X`mer 

1 

187.74 68.32 0.742 0.95 120 

For 

X`mer 

2 

267.88 97.35 0.741 0.95 170 

V. CONCLUSION

The power factor correction requirements are analyzed. 

The various compensation solutions for various power 

factors are compared to choose the suitable size of capacitor 

banks. The power factor correction using capacitor bank can 

increase the power factor. Before power factor correction, 

all power factor is around 0.74 in Mandalay Soap Factory, 

so this condition is very poor. Therefore, power factor 

correction is required to improve power factor nearly unity. 

After installing capacitor bank, the overall power factor of 

factory is improved from around 0.74 to 0.95. The rating of 

capacitor banks 120kVAr and 170kVAr for transformer T1 

and T2 have the ability to improve the power factor to near 

unity, reduce reactive power costs, and diminish power 

quality. 
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Abstract—In this paper, the simple method for controlling
of induction motor is presented and this method can be used
to drive the escalator with constant speed. For escalators,
three phase induction motor are commonly used. Because
they are more robust, requires less maintenance and a
cheaper than other types of motor of equal kilowatt and speed
ratings. It is protected against overheating, over speeding and
reversing. The major contribution is to control the three-
phase squirrel-cage induction motor of continuous power
rating 7.5 kW (10 h.p), 1500 rpm, 4 poles and 50 Hz and is
compatible for use in 48 inches, step width, 42 steps in order
to connect the up floor and the down floor, inclination angle
with horizontal floor level 30 degree and vertical rise 17 feet,
escalator. The speed of escalator is 40 rpm which is reduced
by the gear ratio 1:37. The main function of this paper is to
keep the speed at constant speed, instead of fluctuation speed
due to the load torque change. The torque changes are
considered depending upon the number of person on the
escalator. The 130 lb person is approximately 579 N.m. The
speed control of indirect field oriented controlled (FOC)
induction motor drive with fuzzy logic controller which can
be used in escalators are investigated. The proposed system
has been developed and simulate by using
MATLAB/Simulink.

Keywords—Escalator, Field Oriented Control, Fuzzy,
Induction Motor, Motor Drive, Speed.

I. INTRODUCTION
The elevator is crucial in getting people to the intended

floor of the building. To operate an escalator, it is
necessary to have its own motor and speed controller
because it is a mechanical device that demands continuous
movement at a constant speed. Electric motors are usually
used to move the walk ways of escalators by connecting
them to the steps via a belt or chain mechanism. To drive
escalator with a constant speed, direct torque control
technique is used to drive three-phase squirrel-cage
induction motor [1]. It is needed to control for the
accelerating and deceleration in order to get the smooth
condition because people can find the difficulties to enter
and exit an escalator due to the variation of speed when
stepping in and moving out due to the sudden change from
rest to motion when we enter or exit an escalator, as an
effect of Inertia.

AC induction motors are the most commonly used type
of motor in escalators due to their unique structure and
advantages. To meet the demands of high-performance
driving, it is important to have fast dynamic response,
accurate speed, and accurate torque.

The most commonly used controller for the speed
control of induction motor is field oriented control. The
fuzzy set theory is intelligent control. The main advantage
of fuzzy logic controller when compared to the
conventional controller is that no mathematical model is
required for the controller design [2].

The primary objective of this paper is to develop a
control method that will maximize the performance of an
Induction Motor by using a fuzzy logic controller with
FOC drive. This paper presents the speed control of
induction motor used in escalator using fuzzy controlled
FOC and is analyzed using MATLAB/Simulink.

II. SPECIFICATION OF INDUCTION MOTOR

In this paper, the reversible type AC three-phase
squirrel cage induction motor is used. The specification of
induction motor is described in Table. 1.

I. SPECIFICATION OF INDUCTION MOTOR

Parameter Symbol Value

System Frequency f 50 Hz

Rated voltage V 400 V

Maximum Voltage Vmax 565 V

Rated Power P 10 HP

Friction B 0.1 N.m.s

No. of Pole P 4

Slip S 1

Rated Torque Tr 49.13 N.m

Maximum Torque Tmax 1311 N.m

For a person (130 lb) = 59.02 kg =579 N.m
Assume the speed of the escalator is 40 r.p.m.
The gear ratio is

2 1

1 2

Escalator Torque (T ) Motor Speed (N )
Motor Torque (T ) Elevator Speed (N )

1500
40
37.5







Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 71



The relationship of escalator and motor torque
depending upon persons is summarized in Table. 2. For
maximum 84 persons, the escalator may have 42 steps.

II. ESCALATOR AND MOTOR TORQUE RELATIONSHIP DEPENDING
UPON PERSONS

No. of Person Person+Escalator
(N.m)

Motor Torque
(N.m)

84 (Tmax) 49162 1311

11 6750 180

78 45000 1200

50 30000 800

1 750 20

III.MODELING OF FIELD-ORIENTED CONTROLLED
INDUCTION MOTOR

The simulink model of induction motor with FOC is
shown in Figure.1. In this simulation model block, the
induction motor is fed by a PWM voltage source inverter.
The speed control of induction machine is simulated for
speed curve by MATLAB/Simulink at different load
torque.

The closed loop control scheme consists of the
mathematical modeling of induction motor, 6-pulse
inverter and speed and current controller for generating to
satisfy the required logic, sequence and timing for
triggering the gate signals for IGBT. Here a speed error is
obtained by comparing actual speed with the reference
speed. An actuating signal is obtained as the output of
fuzzy controller which is fed by an error signal. In order to
decide the values to be used for the gains, an experimental
simulation has been performed with field-oriented control.

Fig. 1. Simulink Model of Induction Motor with Field Oriented Control

IV.MODELING AND SIMULATION RESULTS OF FUZZY
LOGIC CONTROLLER

The indirect field-oriented control of fuzzy controller
algorithm has been simulated in MATLAB as shown in
Figure.2. The membership functions for the speed error
and change in error as input are shown in Figure.3 and
Figure.4. The membership function for output is shown in
Figure.5 and for rule editor is shown in Figure.6.

Fig. 2. Fuzzy Logic Controlled FOC

Fig. 3. Membership Function for Speed Error

Fig. 4. Membership Function for Speed Change

Fig. 5. Membership Function for Output

Fig. 6. Membership Function for Rule Editor
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V.SIMULATION RESULTS
The simulation results of the fuzzy-based speed

controller are performed using MATLAB/SIMULINK.
Torque changes are set as 180, 1200, 800 and 20 N.m at
constant speed 1500 r.p.m. To observe the torque control
performance, the motor speed and torque are set in
simulation as shown in Figure. 7. The resultant load torque
of three-phase induction motor is shown in Figure.8.

Fig. 7. Torque Change Parameters

Fig. 8. Measurement for Torque Changes

Figure.9 is shown the resultant stator current of
induction motor. The starting current is 562 A but the
stable current is reached after 0.4 second. The curves of the
R.M.S values for the stator current and phase voltage are
shown in Figure.10 and Figure.11.

Fig. 9. Stator Current with Fuzzy Logic Controller

Fig. 10. R.M.S Value of Stator Current

Fig. 11. R.M.S Value of Stator Output Voltage

The rotor speed of the machine at difficult load torque
is shown in Figure.12 and Figure.13. The motor shaft
receives a sudden load, resulting in a small dip or rise in
the rotor speed that quickly recovers.

Fig.12. Speed of Motor with Torque Changes using Fuzzy Logic
controller

When the load torque changes from no-load to 100 Nm,
the speed decreases to the 1499.98 rpm and return to the
desired speed in 0.01 seconds. The speed increases to the
1500.02 rpm when the load torque changes from 100 Nm
to 10 Nm but the desired speed is reached after 0.01
second. And then the speed slightly increases to.1500.025
rpm, return to desired in 0.01 second.

Fig. 13. Result of Speed with Torque Changes

Table.2. shows performance analyses of different speed
controllers for induction motor 1500 rpm reference speed
and different load torque. According the results, Fuzzy has
fast transient response and less overshoot than other
controllers.

III. COMPARATIVE ANALYSIS FOR SPEED UNDER TORQUE
VARYING CONDITION

Load

Torque

(N-m)

Setting

Time

(seconds)

Speed

Over/Under

Shoot (rpm)

Speed

Rise Time

(second)

Steady

State

Speed

(N-m)

180 0 1500.5 0.4 1500

1200 5 1499.96 0.2 1500

800 10 1500.02 0.1 1500

20 15 1500.04 0.2 1500
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VI.CONCLUSIONS
In conclusion, the analysis of a fuzzy speed controller

for closed loop operation of the induction motor drive
system has revealed that it provides improved speed
response and higher levels of robustness and effectiveness.
In order to control this machine, rating is 7.5 kW (10 hp),
400 V, 1500 rpm, 50 Hz and 4 poles and is compatible for
use in 48 inches’ step width, 42 steps in order to connect
the up floor and the down floor, inclination angle with the
horizontal floor level 30 degree and vertical rise 17 ft,
escalader. For escalator, three phase induction motor are
commonly used. Because they are more robust, requires
less maintenance and a cheaper than other types of motor
of equal kilowatt and speed ratings. Simulation carried out
and the resultant outputs are compared with the results
obtained from PI and Fuzzy logic controller. From the
simulation results, the output speed (1500 rpm) can be
exactly obtained with minimum time during torque
changes on escalator depending upon the number of
persons, for example, 11 persons (800 N.m), 78 persons
(1800 N.m), 50 persons (800 N.m) and 1 person (20 N.m).
The performance of Fuzzy controlled-FOC is given smooth
condition during torque change conditions. Therefore, the
escalator will be moving steadily with 40 rpm which is
reduced by gear ration whenever the torque using FOC
controlled induction motor with Fuzzy controller.
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Abstract— These days, more and more people are coming 

around to the idea of producing power utilizing renewable 

energy sources (RES). There are basically three types of 

renewable energy sources (RES) for the generating process: 

wind, photovoltaic (PV) cells, and fuel cells. Solar power 

systems, despite being highly effective, face challenges such as 

low efficiency and dependence on daylight. To enhance their 

performance, maximum power point tracking (MPPT) is 

crucial.  This study analyzes the performance of a 20-kW solar 

power system equipped with MPPT, specifically utilizing the 

Incremental Conductance (INC) algorithm. Using 

MATLAB/Simulink, the simulation model integrates the INC 

MPPT algorithm, DC-to-DC boost converters, and solar 

panels. As a result, the INC MPPT algorithm works effectively 

in variable weather situations. Comparing scenarios with and 

without an MPPT controller under different irradiance levels, 

the findings demonstrate that the developed INC MPPT 

controller significantly improves the efficiency of the solar PV 

system.   

Keywords— Photovoltaic (PV) cells, Maximum Power Point 

Tracking or MPPT, DC-to-DC Boost Converter, Incremental 

Conductance or INC, MATLAB/Simulink.  

I. INTRODUCTION 

Renewable energy sources can be included into the 
supply of energy to help with the issues related to the 
production of power from fossil fuels. The light emitted by 
the sun is one renewable energy source that can be utilized 
for this. Through the use of photovoltaic technology, this 
light may be transformed into clean electricity. Beginning 
in the 1970s of the 20th centuries, photovoltaic (PV) 
systems have been used to generate electricity, and their use 
is currently expanding quickly throughout the world [1]. 
However, there is an issue with employing PV systems for 
generating because of their low system efficiency [2]. 
Throughout the day, the sun's position varies. Consequently, 
the PV system's output varies. In this case, producing the 
maximum power requires a tracking system known as a 
Maximum Power Tracking or MPPT. 

MPPT controllers have advanced quickly in terms of 
simplicity, efficiency, precision, speed of tracking, and 
dependability. The best MPPT algorithm often responds 
quickly to changes in output power and oscillates less 
around the maximum power point or MPP. There exist 
numerous implemented MPPT control mechanisms 
available at the moment. These controllers track either a PV 
system with numerous maximum power points or the PPP 
under uniform irradiation for a distinct MPP [3]. Any PV 
system's MPP should be distinct, meaning that tracking it 
doesn't need a complicated algorithm. Most of the time, 
unexpected occurrences can happen. One of the best ways 
to consistently influence the amount of power that can be 

extracted from any PV system is by partial shading or PS. 
Under Partial Shading, the MPPT algorithms' efficiency is 
low [4][5]. This paper examined and discussed INC MPPT 
algorithm, which was suggested by the researchers as a way 
to improve solar system efficiency. Additionally, a system 
model built on the INC MPPT algorithm is created. 
MATLAB software is used to construct the whole model, 
which is used to assess the proposed system's capabilities. 

The structure of the paper is as follows. The DC-to-DC 
Boost converter and the 20 MW PV system's design and 
calculations are shown in Section 2. The INC MPPT 
controllers and their MATLAB/Simulink implementation 
are shown in Section 3. and also explains the outcomes of 
the simulation. Section 4 contains the conclusions. 

 

Fig. 1. The Schematic Representation of the INC MPPT Solar-
Powered Apparatus 

II. DESIGN CALCULATION OF  20KW SOLAR POWER 

SYSTEM AND DC-TO-DC BOOST CONVERTER 

A. Single-Diode PV Cells 

Iph

Id
Ip

I

Rp

Rs

V
D

 

Fig. 2. Equivalent PV Cell Circuit for a Single Diode 

A comparable electric circuit model is created to 
simulate the PV array and ascertain its output characteristic 
under various operation conditions. The just one diode 
photovoltaic model is the one used in this work, despite the 
fact that there are several models in the literature. The 
comparable circuit for a solar cell has a current source 
coupled in parallel to a diode while accounting for series and 
shunt resistances. The electrical design of this device is 
shown in "Fig. 2". One diode, crossed by a current (Id), and 
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a current source, which produces the photocurrent (Iph), 
make up the analogous model. At the shunt resistance Rp, 
the leakage current is Ip. 

By Kirchhoff’s Current Law (KCL), 

 ph d pI = I - I - I  (1) 

An expression for the association between the current (Id) 

and voltage (Vd) of the diode is as follows: 

 

d

d o

qv
KTI = I e -1

 
 
 
 

 (2) 

The current of leakage brought on by the resistivity of 

shunts Rp is known as the Ip. The following can be used to 

express the connection between the electrical voltage(V) 

throughout the cell and the Ip current:   

 s

p

p

V R I
I

R

+
=   (3) 

Replacing (2) and (3) by their expressions, equation (1) 

becomes: 

 
( )

s s

ph o

s p

q V + I× R V + IR
I = I - I exp -1 -

n × K × N × T R

  
  

  
 (4) 

With,  

Ns = Quantity of PV cells connected in series 

ki  = 0.0032  

T  = Temperature( ̇̊K) 

G  = Irradiance (W/m2) 

Tn  = Nominal Operating Temperature (̇̊K) 

n  = diode ideality factor  

I0  = diode saturation current  

𝐾   = The Boltzmann constant (1.3806 × 10−23𝐽/𝐾) 

𝑞  = charge of electron (1.602 × 10−19𝐶) 

𝐼ph  = photo-generated current 

𝐼  = PV output current 

"Table I" provides the PV module's electrical parameters 

under Standard Test Conditions or STC. 

I. 555W PV MODULE’S PARAMETER INFORMATION 

PV Parameter The Values 

Peak Power, Pmp/W 555 

Maximum Power Level Voltage, Vmp/V  42.93 

Maximum Power Level Current, Imp/A 12.93 

Voltage of Open Circuit, Voc/V 50.45 

Current of Short Circuit, Isc/A 13.73 

Module Effectiveness, % 21.7 

Tolerance for Power Output, W 0~ +5 

Finding the total quantity of PV modules for a 20-kW 
solar PV system is the first stage in system design. The 
number of modules that should be placed in series as well as 
parallel must then be considered. According to the 
information described in “Table I”. The calculated sizing of 
20-kW solar PV system is showed in “Tabel II”. 

As illustrated in “fig. 3”, It is evident to us that the 
amounts of current as well as voltage alter as the irradiance 
does.  As irradiance decreases, the worth of the current also 
decreases. 

“Fig. 4.” makes it abundantly evident that changes in 
temperature also affect the amounts of current as well as 
voltage. The temperature and voltage have an inverse 
relationship. 

II. CASE STUDY AREA OF PROPOSED SYSTEM 

PV System Parameters Specifications at STC 

System Power Rating 20kW, 440 V 

System Voltage 1500 V DC 

Module Type SUN EVO5 SE5-72H 

Series Connected Modules/String 9 

Parallel String/Array 4 

Voltage of Open Circuit, Voc 454.05 V 

Current of Short Circuit, Isc 54.92 A 

Voltage at the Point of Maximum Power, 

Vmp 
386.37 V 

Current at the Point of Maximum Power, Imp 51.72 A 

 

 

Fig. 3. PV array's V-I and P-V Features with Varying Irradiances 

 

Fig. 4. PV array's V-I and P-V Features at Varying Temperatures 

B. Design Calculation of DC-to-DC Boost Converter 

PV systems frequently use the Boost converter to boost 
the low solar panel input voltage to the required voltage. An 
apparatus for electronic link to get past the disadvantages of 
the solar power module and demand being directly 
connected, a DC-to-DC converter is required [6].  

Cin Cout

L
D

R

+

-

+

PV 

Module

Q

-
 

Fig. 5. The Electrical DC-to-DC Boost Converter Circuit 

Regardless of temperature and illumination levels, the 
converter's duty ratio serves as an interaction of the MPPT 
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between the demand and the source. The following 
mathematical equations can be employed to figure out the 
dc-to-dc boost converter's parameters: 

  in

out

V
D 1

V
= −  (5) 

 out

out

V
R

I
=  (6) 
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With, 
D = Duty Cycle 
Vin = PV output or Converter input voltage 
Vout = Converter Output Voltage 
R = Resistive Load 
Fs = Switching Frequency 
L = Inductor 
C = Capacitor 

oV

V


 = Voltage Ripple Factor 

 
“Table III” shows the calculated values of the dc-to-dc 

boost converter. 

III. PARAMETERS OF DC-TO-DC BOOST CONVERTER 

Dc-to-Dc Boost Converter Parameters Value 

Input Capacitor 65.7462 𝜇F 

Inductor 0.38 mH 

Resistive Load 30.42 Ω 

Output Capacitor 65.7462 𝜇F 

III. INCREMENTAL CONDUCTANCE (INC) MPPT 

ALGORITHM AND SIMULATION RESULTS 

Maximum power point tracking or MPPT Controller, is 
a key tactic in solar power systems for maximizing energy 
collected from solar panels [7]. The primary principle 
behind MPPT is to run the solar-powered panels at their 
maximum output power point which is where they can 
generate the most power given the present environmental 
circumstances such as sunlight intensity as well as warmth. 
This paper discusses and simulates the incremental 
conductance or INC based MPPT algorithm. 

A. Incremental Conductance (INC) Algorithm 

An MPPT method used in solar power generation is 
called "Incremental Conductance (INC)". An enhanced 
version of the perturbation & observation method is the 
Incremental Conductance. INC based algorithm has several 
advantages over other traditional techniques, including 
greater efficiency, high tracking speed, and ease of 
implementation [8]. This method operates by continually 
observing and contrasting the progressive panel 
conductance (ΔI/ΔV) with the instantaneous panel 
conductance (I/V).  

The principle behind incremental conductance is to align 
the operational point of a solar panel with the point at which 
the power is maximized. When either (dP/dV) = 0 or (dI/dV) 
= - I/V, the MPP is reached. 

P = VI 

From the PV curve at MPP, dP/dV = 0 

I + V (dI/dV) = 0 

If dI/dV = - I/V, the MPP serves as the operational point. 

If dI/dV > - I/V, to the left of MPP is the functioning 
point. 

If dI/dV<-I/V, the functioning point is located to MPP's 
right. 
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Fig. 7. Schematic of the INC MPPT Flow 

The algorithm is represented in "Fig. 7". Similar 
algorithms are available for voltage-based incremental 
conductance MPPT and current-driven management, which 
involves measuring, differentiating, and adjusting current. 
There isn't disturbance up until an alteration in the 
environment circumstances is detected, meaning that if dv = 
0 and di = 0, MPP is reached and dP/dV = 0, the maximum 
power point value is equivalent to the voltage required for 
functioning. The MPP voltage rises as the PV power 
increases and there is an increase in insolation, as indicated 
by dV = 0 and dI>0. The way to monitor the MPP, the MPPT 
needs to raise the operating voltage. Conversely, if dI<0, 
then MPP voltage and solar energy are impacted by a 
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reduced insolation, requiring a decrease in PV array 
operating voltage from the MPPT. 

If ΔI/ΔV = - I/V, continues at same direction. 
If ΔI/ΔV > - I/V, need to increase operating voltage to 

arrive at MPP. 
If ΔI/ΔV< -I/V, need to decrease the voltage needed to 

operate at MPP. 
To regulate the MPP, PV operating voltage is adjusted 

by adjusting the DC-to-DC converter's duty cycle. When 
implementing MPPT with modifying step magnitude, the 
problem of set tiny or large steps can be handled [9][10]. 
The customized adaptable size of steps INC method 
proposes that the PV array's capabilities decide the size of 
steps instinctively. 

B. Modelling and Analysis of Simulation Outcomes 

MATLAB software is used to model the entire system. 
Fig. 8. (a) and (b) shows the model of the suggested system 
in Simulink. 

 

Fig. 8 (a). The Model of Solar Power System with INC in Simulink 

 

Fig. 8(b). Measuring Block of Solar Power System  

 It is evident from "fig. 8(a)" that the boost converter is 
connected to the solar module's output in order to convert 
DC to DC. Here, the MPPT method is based on conduction 
and is applied incrementally. The generated voltage and 
current are measured through the sensors for voltage and 
current in order to use the INC approach. The MPPT 
generates the pulse essential to turn on and off the boost 
converter switch. 

 

Fig. 9. Irradiance Changes (1000-200-200) W/m2 

 The system's performance is examined by varying 
external factors like irradiation in order to confirm the 

efficacy of the INC control technical algorithms. Every two 
seconds, the light intensity changes from 1000W/m2 to 
800W/m2, 600W/m2, 400W/m2, and 200W/m2. The 
generated power, voltage generated, and current generated 
of the indicated PV unit can be observed by changing 
irradiance from "Fig. 10" to "Fig. 11". 

 

Fig. 10. Voltage Output of Proposed PV Panels 

 

Fig. 11. Current Output of Proposed PV Panels 

 

Fig. 12. Power Output of Proposed PV Panels 

 In Fig. (10), the PV array's voltage output is not steady 
but is not greatly impacted by the irradiance change 
conditions. Still, "Fig. (11) makes it clear that the current 
fluctuates together with the irradiance. Consequently, as 
shown in "Fig. (12), fluctuations in voltage and current also 
have an impact on the PV's power production. 

 

Fig. 12. Voltage Output of Proposed PV Panels with INC MPPT 

 

Fig. 13. Current Output of PV Panels with INC MPPT 
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 PV panels implementing INC that have different 
irradiance are shown in "Fig. 4.12" through "Fig. 4.14," 
displaying the generated power, voltage, and current. PV 
array output in “Fig. (10)” and “Fig. (11)” are not constantly 
changes according to the irradiance. But after using INC 
MPPT the output of the PV array is constantly changes in 
irradiance in “Fig. (12)” and “Fig. (13)”. 

 

Fig. 14. Power Output of PV Panels with INC MPPT 

 “Fig. (14)” shows that the INC approach can track the 
maximum power point. The INC MPPT approaches 
simulation results can swiftly, precisely, and with less 
oscillation monitor the maximum power point. 

 

Fig. 15. Comparison of Output Power with Irradiance Change 

 "Fig. 4.15" demonstrates the selected system's 
generation of electricity under conditions of variable 
irradiance regardless of INC MPPT. In contrast, the PV 
array's power output in "Fig. (12)" and "Fig. (14), with and 
without INC, is shown. In relation to the PV array output 
time, the PV output value with INC is almost same in “Fig. 
(15)”. 

IV. CONCLUSION 

In the PV generation industry, maximum power point 

tracking (MPPT) systems are increasingly important due to 

the rapid growth of PV systems. The focus here is on MPPT, 

with the commonly used Perturb and Observe (P&O) 

algorithm having several drawbacks. This work discusses an 

alternative MPPT technique based on Incremental 

Conduction, which effectively measures the maximum 

power point (MPP) of PV panels under various climatic 

conditions, ensuring optimal power output and maximizing 

energy harvest, as illustrated in “Fig. (15)”. The proposed 

tasks are implemented and analyzed using MATLAB 

software. Future research could explore other MPPT 

methods, such as soft computing and hybrid techniques, for 

solar generation. 

ACKNOWLEDGMENT  

Gratitude is extended to everyone who has contributed 
valuable time and effort to assist in finishing this study. 
Without such support, comprehending and evaluating this 
research would not have been feasible. 

REFERENCES 

[1] Xiao, W. and Dunford, W.G.: A modified adaptive hill climbing 

MPPT method for photovoltaic power systems, Power Electronics 
Specialists Conference, (2004).  

[2] K.H. Hussein, I. Muta, T. Hoshino and M. Osakada, “Maximum 
photovoltaic power tracking:an algorithm for rapidly changing 

atmospheric conditions,” IEEEploc.-Gener. Transmission and 
Distribution, Vol. 142, No. 1 , Jan. 1955. 

[3] C.Thulasiyammal and S Sutha, “An Efficient Method of MPPT 

Tracking System of a Solar Powered Uninterruptible Power Supply 
Application,” 1st International Conference on Electrical Energy 
Systems, 2011. 

[4] TrishanEsram and Patrick L.Chapman, “Comparison of Photovoltaic 
Array Maximum Power Point Tracking Techniques,”IEEE 
Transactions on Energy Conversion, Vol. 22, No. 2, June 2007. 

[5] M. A. G. Brito, L. Galotto, Jr., L. P. Sampaio, G. A. Melo, and C. A. 

Canesin, “Evaluation of the Main MPPT Techniques for Photovoltaic 

Applications”, Journals, IEEE transactions on industrial electronics, 
vol. 60, no. 3, march 2013.  

[6] Venkata Reddy Kota, Muralidhar Nayak Bhukya, “A novel linear 

tangents-based P & O scheme for MPPT of a PV system”, Renewable 
and Sustainable Energy Reviews, ELSEVIER 2017. 

[7] Hala, R. K. T.: A Review Study of Photovoltaic Array Maximum 
Power Tracing Algorithms, Electrical Engineering Department, 
Saudi Arabia, (2016). 

PV Output Power 
Output Power of INC MPPT 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 79



Developing High Accuracy Trash Classification Model  
  

Aung Khaing Soe1, Pa Pa Winn San2, Hnin Yu Wai3  
 

1Department of Electronic Engineering, Technological University (Mandalay) 

2Department of Electronic Engineering, Technological University (Mandalay) 

3Department of Electronic Engineering, Technological University (Mandalay)  

 
Email: 1davidheel855@gmail.com, 2papawinsan.1@gmail.com, 3powerlay@gmail.com 

 

 

Abstract— This paper focuses on accuracy increasing in 

trash classification model development of any trash 

management systems, especially for the school, hotel, hospital, 

shopping mall, and industry. As trash classification and 

correct rubbish destruction are important, it is critical to 

classify the trash types with high accuracy first. The rapid 

increase in urban populations and consumption patterns 

around the world causes an unpredicted growth in trash 

generation [6]. Trash classification is currently a big challenge 

without a good solution [8]. This Trash Classification Model 

(Office) has effectively classified the most common human used 

materials (office-used materials) like glass, metal, paper, 

plastic, and cardboard. The model predicted answer is 

displayed with the label and feature together. The model’s 

learning method is supervised, and the classifier Softmax is 

used for its classification. Python programming language, 

machine learning toolkit, Scikit-learn library, TensorFlow 

framework, and Jupyer IDE are used in model training. This 

model used 400 trash images for its training process and 165 

images for its testing process. This paper presents today’s trash 

management situation, artificial intelligence (AI), model 

development, and detailed accuracy calculations with 

confusion matrix, recall, precision, and F1 score evaluation 

methods. This paper discusses manual hyperparameter tuning 

with the CNN technique and ConVNet architecture design.  

Keywords—trash classification model (office), classification, 

accuracy, AI, CNN, ConVNet, hyperparameter tuning 

I. INTRODUCTION  

According to the World Bank estimates (1992), between 
0.7 and 1.8 kg per capita of waste is produced every day in 
developed countries’ urban areas, and approximately 0.4 to 
0.9 kg is produced in the cities of developing countries. The 
World Bank estimates (1992) that “the manner in which 
power is exercised in the management of a country’s 
economic and social resources for development” [8].  

Trash management policy and its implementation 
strategy are urgent problems in developed countries, as well 
as in the economic framework of a country. The trash 
management system is important because it is directly 
linked to the protection of public health, safety, and the 
environment. Proper trash management should not only 
protect public health and the environment but also promote 
natural resource recovery, recycling, reducing pollution, 
saving time, manpower, and reducing risk.  

The present issue of waste management, which relies on 
manual labour, is not efficient, and poses health and 
environmental risks. The main goal of the research is to 
develop a real-time application that can recognize and 
separate different types of trash based on the images. The 
research achieved varying levels of accuracy, with different  

datasets and deep learning models [6]. 

One of the recent works on recycling is the automatic 
trash bin by the TechCrunch Disrupt Hackathon team to 
determine whether the garbage is suitable for recycling with 
the Raspberry Pi and a camera module. The work of this 
research focused on garbage classification and whether the 
garbage is suitable for recycling or not [7]. 

Nowadays, artificial intelligence (AI) is the key to 
fulfilling this solution. Since it is also an up-to-date 
technology, artificial intelligence (AI) technology is 
improving day by day [1]. New classification algorithms are 
being developed these days. Among popular algorithms, 
Deep Learning’s CNN is trending for classification and 
automation [4].  

Presently, there is no automatic trash classification 
system at the domestic level. Therefore, the need today is to 
develop a low cost, eco-friendly, and feasible trash 
classification model for offices (locations like the office’s 
situation). Therefore, the Trash Classification Model 
(Office) is to fully fill the above factors using the deep 
learning method’s CNN technique. Sample trash images are 
shown in Fig. 1 for Trash Classification Model (Office). 

 

Fig. 1. Sample trash images of model (office) 

There are four sections in the paper. Section 1 is an 
introduction to today’s trash classification situation around 

the world and today’s technologies. Section 2 presents 
related work, which includes architecture design, model 
training, its training and testing flow charts, the model 
evaluation methods, and its calculation. In Section 3, model 
testing results and discussion about the hyperparameter 
tuning to develop a good trash model are presented. Finally, 
the conclusion is outlined in Section 4. 
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II. SYSTEM DESIGN OF THE MODEL (OFFICE) 

This proposed system uses convolutional neural 
networks to classify the trash images correctly. There are 
two main parts to the high accuracy Trash Classification 
Model (Office) that are developing. The first one is training 
the Trash Classification Model (Office) using the 
convolutional neural network, and the second is testing the 
Trash Classification Model (Office) with an unknown 
image dataset. For the training and testing of the model, the 
following flowcharts are shown in Fig. 2. and Fig. 3.  

Start

Input RGB Images

Preprocessing

Result Satisfy ?

Convolutional Neural Network 

(Hyperparameter Turning)

Train with Convolutional Neural 

Network

Get Model 

Evaluate Model

YesNo

End

Saved 

Model

 

Fig. 2. Flowchart diagram for model training  

Start

Input 

RGB 

Images

Preprocessing

Load  Model

Test  Model with 

Input Image

Get Output (Result)

End

Saved 

Model

 

Fig. 3. Flowchart diagram for model testing  

 

 

For the model’s robustness, it uses multiple views of 
images, which include white background images, grey 
background images, and background free images. Research 
used its own datasets. The images belonging to the three 
datasets were collected by photographing with my own 
Android phone; some were collected from the internet and 
some from the Kaggle site. The model uses total 400 images 
for its training process, which is 80 images in each class. 
The total number of 165 images, which is 33 images for 
each class, is used for the testing process.  

A. Preprocessing 

The proposed system receives the RGB images. In the 
data preprocessing, there needs to be uniformity in all the 
input image sizes. Therefore, this proposed system resizes 
all images to 200 x 200, as shown in Fig. 4. 

 

Fig. 4. Original image and after preprocessing image 

After the preprocessing step, there is a need to develop 
a model with a convolutional neural network by tuning the 
hyperparameters.  

B. Classification Model Developing with CNN 

This step has to choose a technique to develop a model. 
This proposed system uses convolutional neural networks to 
develop a Trash Classification Model (Office). It uses the 
ConVNet architecture design to implement the model. The 
following Fig. 5 is its architectural design. 
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Activation 
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Fig. 5. Architecture design of the convolutional neural network  

In model development uses a learning rate of 0.05, an 
optimizer Adam, a loss function Categorical, the Python 
programming language, and the integrated development 
environment Jupyter Notebook. In this system development, 
the two main sections, namely training and testing, are all 
included together. Therefore, again and again, data clearing, 
correct data grouping in each class, and retraining the model 
according to the experience conducted are being done 
during the time limitation. After only acceptable accuracy is 
achieved in model training, it is saved as this system’s 
model. When the model is tested with an external image, 
pattern features are extracted with convolution, ReLU and 
pooling layers, and the extracted features are checked with 
the developed model’s equation. 
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The tested image’s properties are checked to see how 
similar they are to the properties of the model’s defined 
classes, and then the most similar class is defined as a 
model’s predicted answer (the output), which is displayed 
with the label and feature together as shown in Fig. 6. 

 

Fig. 6. Testing the trash classification model (office)   

In the model development, numbers of hyperparameters 
are used, and finally the proposed model reaches its target 
goal with following hyperparameters, as shown in Fig. 7. 

 

Fig. 7. Model hyperparameter summary  

C. Evaluation  

There are many methods to evaluate the accuracy of the 
trained model. The proposed system used the confusion 
matrix, precision, recall, and F1 score to check the model’s 
accuracy and robustness [3]. 

The following Table I shows the summary prediction 
result of a model with predicted values and the actual values 
for the confusion matrix.  

Table I 

CONFUSION MATRIX 
 

     Predicted 
 

 

Actual 

0 1 

0     True Negatives False Positive 

1 False Negatives True Positive 

 

 The Trash Classification Model (Office) is tested for 33 
images for each trash image. It can classify trash images like 
the following, Fig. 8 as a confusion matrix results. 

 

Fig. 8. Confusion matrix of the office model 3 

The proposed system can classify 30 images correctly 
for the cardboard, 24 images for the glass, 27 images for the 
metal, 20 images for the paper, and 23 images for the plastic. 

To calculate the model’s accuracy, the proposed system 
calculates the following: 

No.of  correctly predicted
Accuracy = 

Total no. of  predictions
 (1) 

29 + 30 + 31+ 26 + 32
=

29 + 2 +1+1+ 30 +1+1+1+1+ 31+1+ 3 + 4 + 26 +1+ 32

= 0.89696

 

The next method is precision and recall. Here are the 
precision and recall results. 

 
TruePositives

Precision =
TruePositives + FalsePositives

 (2) 

      

29 + 30 + 31+ 26 + 32
=

(29 + 30 + 31+ 26 + 32) + (1+ 3 + 8 + 2 + 3)

= 0.89696

 

      
True Positives

Recall =
True Positives + False Negatives

           (3) 

      

29 + 30 + 31+ 26 + 32
=

(29 + 30 + 31+ 26 + 32) + (4 + 3 + 2 + 7 +1)

= 0.89696

 

The next evaluation method for this classification model 
is the F1 score. It combines the above two methods into a 
single one, which can be used as a fair judge of the model 
and is equal to the harmonic mean of precision and recall.  

Here is the F1 score result. 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 82



Precision x Recall
F1Score = 2 x 

Precision + Recall
(4) 

0.89696 x 0.89696
= 2 x 

0.89696 + 0.89696

= 0.90

After training the model, its accuracy is 0.96 and its loss 
is 0.1217 for the training dataset, the validation is 0.89 
accuracy for the testing dataset, and the testing loss is 
0.5846, as shown in the following Fig. 9. 

Fig. 9. Accuracies and losses of the office model 3  

The following Fig. 10 is an accuracy graph, which shows 
variation between the training dataset and the testing 
dataset. This graph shows model can predict well on the 
unknown images because there is less variation between 
training dataset testing and testing dataset testing. 

Fig. 10. Accuracy graph of the office model 3 

The following Fig. 11 is the total evaluation results 
record of the proposed model (Office).  

Fig. 11. Evaluation results of the office model 3 

The balance among the evaluation methods is correct 
because the results of accuracy, precision, recall, and F1 

score are high and similar to each other. This result shows 
the model training situation is correct, as there is neither 
training under fitting nor training over fitting. So, this model 
will work well in the real world. 

Moreover, the model has been checked for external real 
images for its robustness test. According to the experimental 
result, its accuracy score is shown in Table II. It shows the 
accuracy of each trash with the evaluation method’s result 
and its experimental testing result. 

Table II 

ACCURACIES AND EVALUATION RESULTS OF THE OFFICE MODEL 3 

Class 
Pre-

cision 
Recall 

F1 

Score 

Accuracy 

(Testing 

Dataset) 

Accuracy 
(Experi-

mental 

Result) 

Card-

board 
96 % 87 % 91 % 87 % 81 % 

Glass 90 % 90 % 90 % 90 % 82 % 

Metal 79 % 93 % 85 % 93 % 79 % 

Paper 92 % 78 % 84 % 78 % 77 % 

Plastic 91 % 96 % 93 % 96 % 82 % 

III. RESULTS AND DISCUSSION

 The work focuses on accuracy increasing in trash 
classification as accuracy is the first priority for this work. 
So, this research took a long time on hyperparameter tuning 
and data cleaning to be able to organize its dataset with the 
correct images. In time duration, research work had 
remarkable success with three models like in Table III. 

Table III 

ACCURACIES WITH THREE OFFICE MODELS 

Model Train 
Data 

Test 
Data 

No. of 
Class 

Accuracy 
(Testing 
Dataset) 

Accuracy 
(Experimental 
Results) 

Office 
Model 1 

800 150 5 83 % 68 % 

Office 
Model 2 

400 150 5 88 % 76 % 

Office 
Model 3 

400 165 5 89 % 80.2 % 

The second and third models use five convolutional 
layers, but the first convolutional layer uses only three. The 
image usage for the first model is eight hundred, while the 
second and third models use carefully cleaned images with 
a number of four hundred. The model’s accuracy and 
robustness are quite different among these three models. 
The first model has notably less accuracy than the others. 
The third model’s performance (the proposed model’s 
performance) is significantly better than the second one in 
terms of accuracy and also in the model’s robustness. The 
last two models have the same structures, but two main 
reasons for different performances among them are different 
dense layer usage (160 units and 192 units) and batch 
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normalization, absent and present. The combination of 
dropout rate and batch normalization really decreases 
overfitting and enhances the performance of the model. 

Data indicators for achieving a good model are 
situations of losses, accuracy, and evaluation methods’ 
results. The choice of evaluation methods depends on the 
specific task, dataset characteristics, and desired balance 
among the evaluation methods [5]. Continuous 
experimentation and fine-tuning are often necessary for the 
art to achieve results. This research used the manual tuning 
method because it allows for a deep understanding of the 
model's behavior and the influence of different 
hyperparameters [3]. 

The key hyperparameters to tune according to priority 
are learning rate, batch size, number of epochs, kernel size, 
number of layers, pooling size, number of filters (dense), 
number of neurons, and dropout rate. Batch size should be 
proportional to the number of classes used in the training 
process, although it doesn’t know how many batch sizes 
should be used exactly. Defining too many epochs in one 
section may cause damage to the training machine because 
the processor is heating more and more, as training times are 
longer. The trainer should test the training machine’s ability 
and make the training process patient. The training process 
should have appropriate epoch numbers, and it should be 
continued when the processor is cold enough. Checking the 
results of losses and accuracy is always done while the 
machine is running.  

The convolutional kernel size is used to differentiate the 
input images. Different kernel sizes capture different 
features in the input images. A smaller kernel size provides 
more detail in taking out the feature extraction. It can be said 
that a smaller kernel size is correct for most types of images, 
generally. Increasing filters (denseness) allows the model to 
learn a more complex nature, but it may increase 
computational   costs. Common values used in dense choice 
include 16, 32, 64, and 128, while they should be increased 
slowly and proportionally [2]. The number of layers impacts 
the depth of convolutional work. More layers can capture 
more complex features, which may increase computation 
demand and cause a load for the training machine. 
Generally, it can be said that more layers can produce better 
feature extraction than fewer layers. Most CNN-utilizing 
models achieve their goal above three layers. Pooling 
reduces spatial dimensions and helps invariance in small 
translations. Most CNN models use a 2 x 2 pooling size. 
More neurons can capture intricate relationships, which may 
lead to overfitting. The common neuron dropout rate range 
is commonly 0.2 to 0.5 [2].  

Every good model has boundaries or limitations in its 
predictions, which is a normal condition, while 
hyperparameter tuning is very nice. Knowing well, the 
model prediction boundary is also a need for a good model. 
Moreover, it is a sign of a good model. 

IV.  CONCLUSION 

The work analyzed the accuracy increasing factors of the 
CNN technique by using office image datasets. This work 
focused the study on five classes of each dataset only. 
Generally, the performance of a model is almost directly 
related to the learned parameters or the trained dataset. 
Quality images are more important than quantity images for 
a good model to develop. The main aim of this research 
paper is to increase the efficiency of the trash processing 
solution, reduce the workload of people, save time, money, 
and reduce risk. The proposed model predicted 96% with a 
training dataset and 89% with a testing dataset. According 
to the experimental results, the model’s average prediction 
result is 80.2% for each class of total testing images for five 
hundred. These prediction results and experimental results 
of the proposed model are satisfied to be a support for any 
office image datasets usage trash management systems. 
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Abstract— This paper presents the analysis of lumped 

elements bandpass and microstrip coupled lines bandpass 

filter by using the Chebyshev frequency response method with 

a 3dB passband ripple. The frequencies are passed inside 

a certain range and rejected the frequencies exterior the range 

in the bandpass filter. The lumped elements filter is a resonator 

circuit and capacitors, inductors and resistors are used to 

design and simulate the filter. The lamped elements filter is 

designed in 8th order and is simulated for filter 

performances.  The microstrip coupled line filter is designed in 

8th order with FR4 substrate materials and the specified 

centered frequency is 5.48 GHz with a bandwidth of 680MHz. 

If the performances of microstrip coupled line filters do not 

match the specifications, optimization will be done, such as 

varying the filter parameters.  These two types of filters are 

simulated  and compared for their performances such as 

insertion loss (S21), return loss (S11), and sharpness of the stop 

band attenuation.  The electronic design automation (EDA) 

software tool such as ADS (Advanced Designed System) is used 

for these simulations.  

Keywords—Lumped Elements, coupled line bandpass filter, 

FR4 materials, Chebyshev Response Method, Insertion Loss, 

Return Loss 

I. INTRODUCTION 

Filters play vital roles in radio-frequency and microwave 
communication systems. Some wideband applications, such 
as wireless applications, require microstrip coupled line and 
strip line filters because they need minute filters due to 
space and cost limitations. In broadband communication 
systems, size reduction becomes a main consideration for 
practical devices [1]. The function of the bandpass filter 
is that pass frequencies within a certain range and reject 
frequencies outside this range. There are two types of 
methods in designing the RF filter, that are image parameter 
methods and insertion loss methods. The image parameter 
method is simple and has drawbacks because this method 
must be repeated many times to get the desired results. The 
insertion loss method practices network synthesis 
techniques to get a designed filter with a desired frequency 
response [2]. Therefore, the filters used in high 
frequency are designed by using the insertion loss method.  

There are four types of frequency response methods. 
Among them, Chebyshev-type filters are common for their 
high-frequency selectivity.  

The lumped elements filter is a kind of passive filter. 
This filter type consists of the appropriate inductance (Ls), 
capacitance (Cs), and resistance (Rs) to meet the 
requirements of applications [3]. It can operate in a range of 
1 Hz to 2 GHz. The lumped elements filter is easy to design, 

and this filter type is larger compared to the microstrip 
coupled line filter. In distributed element 
filters, microstrip and strip line filter types are widely used 
in many RF applications because they are compact. The 
parallel transmission lines are designed using the microstrip 
line technology, which is routed on the PCB 
surface. Designing the microstrip coupled line bandpass 
filter includes four main processes as shown in Fig. 1. 

 
 
 

 
Fig. 1. Block diagram of filter design process [3] 

II. THEORY OF MICROSTRIP COUPLED LINE BANDPASS 

FILTER 

Coupled transmission lines refer to, that is, when two 

unprotected transmission lines are in closeness, power can 

be coupled from one line to the other because of the 

interaction of the electromagnetic fields and are supposed to 

operate in the TEM mode. Coupled transmission lines are 

symmetric, which means the two conducting strips have an 

equal width and position as shown in Fig. 2 [2].  

            
Fig. 2. Microstrip coupled line geometrics [2] 

A general layout of a parallel coupled microstrip 
bandpass is shown in Fig. 3. 

          

Fig. 3. General structure of microstrip coupled line topology [3] 

In the filter structure, open-circuited coupled microstrip 
lines are contained. These coupled lines are 
quarter wavelength, (λ/4) lengthy, and are ready for shunt 
resonant circuits. The coupling gaps link to the admittance 
inverters at the low-pass prototype circuit. By using the 
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admittance inverter, even mode and odd mode 
characteristics impedance of parallel coupled line resonators 
can be designed. These even-mode and odd-mode 
impedances are used to compute the physical dimensions of 
the filter [4]. The microstrip coupled line bandpass filter is a 
filter composed of a cascade of N+1 coupled line 
sections as in Fig. 4. 

  

Fig. 4. Layout of an (N+1) section coupled line bandpass filter [2] 

The parallel coupled sections are denoted from left to 

right by number, with the load at the right. Therefore, each 

coupled line sections have an equivalent circuit as in Fig. 5. 

 
     Fig. 5. Equivalent circuit for each coupled line section [2] 

The admittance inverter is very important in filter design 
process. They are used in the transformation of a filter 
circuit to an equivalent form. The equivalent form of 
coupled line sections can be easily implemented using 
various microwave structures. The equivalent circuit of 
admittance inverter is shown in Fig. 6.  

In designing a bandpass filter, first of all, a low-pass 

prototype circuit is changed to include admittance inverters. 

These low-pass structures are then converted to bandpass 

circuits by applying conventional low-pass to bandpass 

transformation. 

 

                 Fig. 6. Equivalent circuit of admittance inverters [2] 

III.   DESIGN METHODOLOGY 

Microwave filters can be designed as two types, that are 
lumped elements filters and distributed elements filters in 
general. The performance of the distributed elements filter 
is effective at higher microwave frequencies. So, most of the 
microstrip bandpass filters are based on the  
distributed elements such as waveguides, microstrip lines, 
and coplanar waveguides [5]. In designing the microstrip 
line filters, there are two types of design methods; image 
parameter method and insertion loss method. From these 
two methods, the insertion loss method is used because this 
method uses network synthesis techniques to get the 
designed filter easily.   

The process of designing the microstrip coupled line 
bandpass filter is shown in Fig. 1. In the first stage, filter 

specifications must be specified, and then the bandpass filter 
prototype must use resistors, capacitors, and inductors at the 
second stage of the process. At the third state, the designed 
low pass filter prototypes are converted to the bandpass 
filter as lumped elements bandpass filters, and the required 
calculations have to be computed. At the last stage, the 
designed lumped elements bandpass filters are replaced by 
the distributed transmission line such as microstrip 
transmission lines.  

A. Filter Specifications  

Table I describes the filter specifications. That 
specifications are taken from the UNII Band of 5GHz 
wireless frequency ranges. UNII Band means Unlicensed 
National Information Infrastructure.  

I. DESIGNED SPECIFICATIONS OF FILTER 

Required Specifications Specifications Values  

Lower cut off frequency (fc2) 5.15 GHz 

Upper cut off frequency (fc1) 5.83 GHz 

Center frequency (f0) 5.48 GHz 

Bandwidth (BW) 680 MHz 

Filter Type 
Chebyshev Bandpass 

Filter 

Pass band attenuation 3 dB 

Stop band attenuation 25 dB 

 After specifying the operated frequency ranges of the 
filter, the filter orders have been calculated by using the 
bilinear transformation method [6]. 

                           p0.1α
ε = 10 - 1                                  (1) 

                          s0.1α
λ = 10  - 1            (2) 

Where, αp and αs are passband and stopband attenuations 
respectively.  

                       c1

c2

f
K = 

f
                                           (3) 

                   
λ

A = 
ε

                                             (4) 

By using (1) to (4), the filter order can be calculated as, 

                         
-1

-1

cosh A
N = 

1
cosh

K

                                   (5) 

After calculating, the value of N, designed filter order is 
7.18. So, bandpass filter can be designed N > 7.18. So, 8th 
order bandpass filter is appropriate for this specified 
frequency range.  

B. Designing Lowpass Filter prototype  

After specifying the filter order, the low pass filter 

prototype have been designed by using the inductors, 

capacitors and resistors for 8th order filter as shown in Fig. 

7. 

 Where g0 is generator resistance or conductance, gk is 

either inductance for series inductors or capacitance for 

shunt capacitors (k = 1 to N), gN+1 means either load 

resistance if gN is a shunt capacitor or load conductance if 
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gN is a series inductor. The values of ‘g’ parameters have 

been described in Table II.  This ‘g’ parameters are used in 

calculation of lumped elements values such as capacitance 

and inductance, and then used in calculation of even and odd 

mode impedance. [7] 

AC

R0 = g0 =1 g1 = L1

g2 = C2

g3 = L3

g4 = C4

g5 = L5 g7 = L7

g6 = C6 g8 = C8 RLAC

Fig. 7. Circuit diagram of 8th Order lumped elements lowpass filter 

II. LOW PASS PROTOTYPE ELEMENTS VALUES

N 8 

g1 3.5277 

g2 0.7745 

g3 4.6575 

g4 0.8089 

g5 4.6990 

g6 0.8018 

g7 4.4990 

g8 0.6073 

g9 5.8095 

C. Scaling and Conversion

The low pass filter prototypes were normalized designs
having a source impedance of Rs = 1 Ω and cutoff frequency 
of ωc = 1 rad/s. Impedance scaling is when all impedances 
of the prototype design are multiplied by R0 to get a source 
resistance of R0. 

Lowpass filter designs are transformed to the bandpass 
filters for 8th Order is illustrated in Fig. 8. At the 
transformation of the bandpass, the inductor Lk is 
transformed to the series LC circuit and capacitor Ck is 
transformed to the shunt LC circuit.  

The edges of the passband are defined by ω1 and ω2. The 
fraction bandwidth of the pass band is   

 2 1

0

ω - ω
Δ =  = 0.124 = 12.4%

ω
 (6) 

RLAC

L1  

L2  

L3  

L4  

L5  Rs C1  

C2  L6  

L7  

L   

C3  

C4  

C5  

C6  

C7  

C8  

L9  C9  

AC

Fig. 8. Circuit diagram of 8th Order lumped elements bandpass filter 

The values of lumped elements components, 
capacitance and inductance, have been calculated.  

For a series inductor Lk, 

 k 0

k

0

L R
L  = 

ω Δ
  (7) 

 k

0 k 0

Δ
C  = 

ω L R
     (8) 

For a shunt capacitor Ck, 

   0

k

0 k

ΔR
L  = 

ω C
     (9) 

 k

k

0 0

C
C ' =

Δω R
 (10) 

The value of source and load impedance, R0 is 50 Ω 

and the values of capacitance and inductance for 8th Order 

filter is shown in Table III.  

III. THE VALUES OF LUMPED ELEMENTS FILTER’S COMPONENTS

k L′k (nH) C′k (pF) 

1 41.18 0.02044 

2 0.2327 3.625 

3 54.5 0.01548 

4 0.2228 3.787 

5 54.99 0.01534 

6 0.2248 3.753 

7 52.65 0.01602 

8 0.2968 2.843 

D. Filter Implementation of Microstrip Coupled Line
Bandpass Filter

The lumped element filters can operate at low

frequencies. Its capacitors and inductors are available for a 

limited range of values and it is difficult to implement at 

microwave frequencies. So, lumped element filters are 

replaced by distributed elements such as microstrip coupled 

line filters to operate at higher microwave frequencies. The 

j-inverter method is used to transform the bandpass filter to

a distributed elements filter by using the values of

‘g’ parameters, in designing the coupled line bandpass filter

[8]. The values of ‘g’ parameters have been shown in Table

II.

Making use of admittance inverters convert a lumped 

elements filter circuit into an equivalent form that would be 

more suitable for microwave structures. Equation (11), (12) 

and (13) are used to compute the admittance inverter 

constants.  

For the first coupling, 

 
0 1

1

π Δ
Z J  = 

2 g
 (11) 

For the intermediate coupling, 

0 n

n-1 n

π Δ
Z J  = 

2 g  g
   (n = 1, 2, …., N)  (12) 

For the final coupling, 

     
0 N+1

N N+1

πΔ
Z J =

2 g  g
   (13) 

Where, g1, g2, …, gN, gN+1 are ‘g’ parameters, this means 

that the coefficient of the Chebyshev filter design, J1, …, Jn, 

JN+1 is the characteristics admittance of the J inverters, Z0 is 

defined the characteristics impedance of source and lode 

side of the filters. From the results of admittance inverters, 

the even and odd mode impedance values can be calculated 

by using (14) and (15). [8]  

For the even mode impedance, 

      2

0e 0 0 1 0 nZ  = Z  [1 + Z J  + (Z J ) ]  (14) 
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For the odd mode impedance, 

   2

0o 0 0 1 0 nZ  = Z  [1 - Z J  + (Z J ) ]    (15) 

The results of admittance inverters (Z0Jn), even and 

odd mode impedances are shown in Table IV. 

IV. EVEN AND ODD MODE IMPEDANCES OF THE MICROSTRIP COUPLE

LINIE BANDPASS FILTER 

Table IV shows the even mode and odd mode impedance 

for each coupling of the 8th order microstrip coupled lines 

filter. There are nine couplings in the 8th order microstrip 

coupled lines filter. .  

The even and odd mode impedance values from Table 

VI are used in calculation of width (W), length (L) and space 

between each strip (S) of each coupling of the coupled line 

filter.  Line calculation tool in ADS software is used to 

calculate the filter’s dimension such as width, length and 

space and substrate material’s parameters are also needed in 

this calculation. The required substrate parameters are 

shown in Table V.  

V. THE PARAMETERS OF SUBSTRATE MATERIAL

Name of Substrate Materials FR4 

Dielectric constant (Er) 4.4 

Thickness of the Substrate (H) 1.6 mm 

Thickness of the copper line (T) 0.02 mm 

Loss tangent 0.002 

Roughness 0 mil 

IV. SIMULATION RESULT

Lumped elements band pass filter and microstrip 

coupled line bandpass filter simulation are simulated with 

ADS (Advanced Design System) simulation tool. The 

simulation results of 8th order of lumped elements bandpass 

filters are shown in Fig. 9. 

In the Fig. 9, the pointer ‘m1’ indicates the insertion loss 

(S21) , -0.066 dB and the pointer ‘m2’ indicates the return 

loss, -18.216 dB of the lumped elements bandpass filter. The 

IL of the lumped elements filter is nearly closed to 0 dB at 

the f0, that is good and acceptable results. And, the RL is 

greater than the -10 dB at the f0, it also be the acceptable 

result. But, the type of lumped element filter is larger in size 

to use in portable wireless device and there is no sharper to 

the stopband attenuation compared to the coupled lines 

filter. So, the designing is continued to the microstrip 

coupled line filter implementation.   

 

       

 

 

 

Fig. 9. Frequency response curve of 8th Order lumped elements filter 

From the Line Calculation tool of the ADS, the values 

filter parameters of the 8th order coupled line filters are 

shown in Table VI and their simulation results are shown in 

Fig 10. 

VI. THE 8TH
 ORDER MICROSTRIP COUPLED LINE BANDPASS 

FILTER PARAMETERS 

n 
Width 

(W) (mm) 

Space 

(S) (mm) 

Length 

(L) (mm) 

1 2.69098 0.7823 7.62146 

2 2.96775 1.8903 7.55100 

3 2.99042 2.1818 7.49907 

4 2.99294 2.2278 7.49068 

5 2.99355 2.2384 7.48882 

6 2.99294 2.2278 7.49068 

7 2.99042 2.1818 7.49907 

8 2.96775 1.8903 7.55100 

9 2.69098 0.7823 7.62146 

Fig. 10. Frequency response curve of 8th Order microstrip coupled line 
filter 

In the Fig. 10, ‘m1’ indicates the insertion loss (S21) of 
8th order microstrip coupled line bandpass filter, -3.730 dB, 
‘m2’ indicates the return loss (S11), -17.621 dB. The IL of 
the microstrip coupled line filter is higher than the lumped 
elements filter due to the material effects, but this result can 
acceptable. Bandwidth is 476 MHz, it needs to extend to get 
the desired values.  

 According to Fig. 10, the center frequency of 8th Order 

microstrip coupled line filters is 5.35 GHz. It is less than 

desired center frequency 5.48 GHz. It needs to shift the 

passband to the right. The bandwidths are narrower than the 

desired bandwidth 680MHz. So, for fitting the coupled lines 

filter with the desired specifications, the filter’s parameters 

have to been varied. According to theory, the wide of the 

bandwidth depends on the space between the two strips of 

the coupling. If the space between strips is increased, the 

bandwidth becomes decrease, while space is decreased, then 

Line 

Description 

Admittance 

Inverter 

Even mode 

impedance 

(Z0e) (Ω) 

Odd mode 

impedance 

(Z0o) (Ω) 

1st Coupling 0.234 64.44 41.038 

2nd Coupling 0.117 56.534 44.834 

3rd Coupling 0.102 55.62 45.42 

4th Coupling 0.1 55.5 45.5 

5th Coupling 0.099 55.44 45.54 

6th Coupling 0.1 55.5 45.5 

7th Coupling 0.102 55.62 45.42 

8th Coupling 0.117 56.534 44.834 

9th Coupling 0.234 64.44 41.038 

freq, GHz 
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the bandwidth becomes increase. The more increase the 

length of coupled lines, the more shift the passband to the 

left and the more decrease the length of coupled lines, the 

more shift the passband to the right. Therefore, the varied 

values of filter’s parameters are shown in Table VII.  

VII. VARIED VALUES OF WIDTH, LENGTH AND SPACE OF 8TH
 

ORDER MICROSTRIP COUPLED LINES FILTER 

N 

Width  

(W) 

(mm) 

Space 

(S) 

(mm) 

Length 

(L) 

(mm) 

1 2.69098 0.6823 7.49146 

2 2.96775 1.5903 7.42100 

3 2.99042 1.8818 7.36907 

4 2.99294 1.9378 7.36068 

5 2.99355 1.9384 7.35882 

6 2.99294 1.9278 7.36068 

7 2.99042 1.8818 7.36907 

8 2.96775 1.5903 7.42100 

9 2.69098 0.6823 7.49146 

The response curve of the 8th Order microstrip coupled 
line bandpass filter after varying the filter’s parameters is 
shown in Fig. 11.  

Fig. 11. Varied frequency response curve of 8th Order microstrip couple 
lines filter 

The comparison of before and after optimization results 
are described in Table VIII.  

VIII. COMPARISON OF BEFORE AND AFTER OPTIMIZATION OF 8TH
 ORDER

COUPLED LINES FILTER 

Desired 
Specifications 

Expected 
Results 

Before 
Optimization 

After 
Optimization 

f0 5.48 GHz 5.35 GHz 5.46 GHz 

BW 680 MHz 476 MHz 677 MHz 

S21 < -3dB -3.73 dB -4.046 dB 

S22 >-10dB -17.621 dB -18.465 dB 

After varied the filter parameters, the center frequency 
is 5.46 GHz, it is closed to the desired f0. The bandwidth is 
wider to meet the desired bandwidth, 680 MHz. The 
insertion loss (S21) is greater than the before optimization 
state, but it can be accepted. The maximum peak of the 
return loss (S11) is -18.465 dB that is greater than the before 
state.  

V. CONCLUSION

In this paper, lumped elements bandpass filter and 

microstrip coupled lines filer are analyzed. The lumped 

elements filters met the desired values, but its size is larger 

compare to the microstrip coupled line filter. According to 

the nature of bandpass filter, the more the order, the higher 

the values of insertion losses. The insertion loss of lumped 

elements filter (S21) is -0.066 dB and the return loss (S11) is 

-18.216 dB. Although, S21 of the coupled line filter is larger

than the lumped elements filter, lumped elements filters

cannot be used in the wireless system because of its size.

The insertion loss of the microstrip coupled line filter is –

4.046 dB can be acceptable and the stopband attenuation is

sharper than the lumped elements bandpass filter. So, the

microstrip coupled line bandpass filter is more convenient

than the lumped elements bandpass filters in the RF

devices.
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Abstract— This paper enlightened on the significance of the 

pyramidal horn antenna for video link, especially applied to 

the Unmanned Aerial Vehicle (UAV) at the 5.8 GHz frequency 

range. This UAV’s video link communication requires high 

bandwidth and needs to support long ranges. The existing 

ground station antennas have the problems of less coverage 

area, narrow beamwidth, and low antenna gain. It is also 

needed to increase the capacity of these functions. Pyramidal 

horn antennas solve this problem because it provides long-

range video transmission and high gain resolution. This paper 

uses CST Studio Suite software to apply to the horn antenna 

with a pyramidal shape at a frequency range of 5.8 GHz. The 

optimization process is carried out to enhance the data 

achieved from the simulation results. After the optimization 

process, antenna parameters such as main lobe beamwidth, 

far-field radiation pattern, side lobe levels, and voltage 

standing wave ratio (VSWR) values are improved. The desired 

horn antenna design provides a well reliable gain of 15dB 

operating at 5.8 GHz.  

Keywords – pyramidal horn antenna, UAV, beamwidth, CST 

Studio Suite, 5.8 GHz 

I. INTRODUCTION 

A horn antenna is an aperture antenna family member, 
widely used in microwave communication. A horn antenna 
is utilized in two primary ways. It transmits electromagnetic 
waves from a waveguide into open space, ensuring effective 
signal radiation. Additionally, it receives electromagnetic 
waves from open space, directing them into a waveguide for 
further processing [6].   

The various varieties of horn antennas are each designed 

for specific applications and offer different radiation 

patterns and performance characteristics. The main types 

include pyramidal horns, sectoral horns, conical horns, 

corrugated horns, and exponential horns. This antenna’s 

wide bandwidth, excellent directivity, heightened antenna 

gain, straightforward design, and relatively better radiation 

properties are further reasons to utilize it [1]. These 

characteristics make the horn antenna suitable for 

applications such as radar systems, antenna testing, satellite 

communications, remote sensing, and various forms of 

wireless communication. 

This research explores important antenna design 
techniques for UAV video link communications. The 
proposed antenna is used as a receive antenna in video 
communication systems using a frequency range of 5.8 
GHz. This research presents the detailed design procedure 
calculations and simulations for a pyramidal horn antenna 
intended for the frequency range of 5.8GHz. The 

dimensions of the antenna are calculated using MathCAD 
software according to the horn antenna design calculation 
methodologies. The MathCAD results are then used to 
create and simulate in CST simulation software, and the 
antenna parameter results are archived. After the antenna 
design simulation, optimization tools of CST were 
employed to improve the antenna’s performance [4].  

The design process outlined crucial parameters such as 
waveguide dimensions, aperture size, flare angle, and 
feeding element at the designated frequency. Increasing far-
field radiation, antenna gain, antenna directivity and 
bandwidth, lowering side-lobe levels, and low voltage 
standing wave ratio (VSWR) of an antenna are some of the 
primary golds for this research. This research's main goals 
are designing a video link ground station antenna based on 
a horn antenna, performing the design calculation of the 
horn antenna, and the antenna simulation. 

II. SPECIFICATIONS OF DESIGN 

To design a pyramidal-shaped horn antenna, the design 
procedure is computed with the aid of MathCAD software 
[3]. The specifications play a crucial role when designing a 
pyramidal horn antenna. The primary consideration when 
designing a horn is the frequency range. The flowchart of 
the pyramidal horn antenna design is illustrated in Fig. 1. 

If  the values of Pe and Ph is 

equal in design equation 

Start

End

Yes

No

Specify operating 

frequency, desired gain and 

dimensions of waveguide

Find Initial value 

of χ  

Compute dimensions of pyramidal 

horn antenna

Increment and 

update value of χ 

 

Fig. 1. Flowchart of pyramidal horn antenna design 
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The horn design in pyramidal shape encompasses the 

configuration of the waveguide, aperture, flared angle, and 

radiating elements.  

A. Waveguide Design 

A hollow conductive tube utilized for efficiently 
transferring electromagnetic power from one point to 
another is called a “waveguide” [8]. In waveguide types, the 
rectangular waveguide is an essential component in high-
frequency transmission systems, providing efficient and 
reliable means of guiding electromagnetic waves with 
minimal loss. The waveguide of horn antenna is determined 
in Fig. 2. 

Waveguide

b

a

 
Fig. 2. Waveguide of horn antenna 

The WR187 waveguide is used to excite the horn across 
the desired frequency range. The symbols (a) and (b) are 
represented by the larger and smaller parameters of the 
waveguide, respectively. 

B. Aperture Design 

The aperture of a pyramidal horn antenna refers to the 
rectangular opening at the end of the horn where 
electromagnetic waves are radiated or received [5]. The 
geometry of a pyramidal horn is described in Fig. 3. The 
dimensions of this aperture are critical in determining the 
performance characteristics of the antenna, such as its gain, 
beamwidth, and directivity. The E-plane and H-plane view 
of horn antenna is shown in Fig. 4 and 5. 

 

Fig. 3. Geometry of a pyramidal horn 

 

b
b1

ρe

Pe

Ψe

ρ1

 

Fig. 4. E-plane view of horn antenna 

 

a

Ψh

ρh

ρ2

Ph

a1

 

Fig. 5. H-plane of horn antenna 

As shown in Fig. 4 and 5, (b1) and (a1) represent the 

measurements of the mouth of the horn. The symbols (Ψe) 

and (Ψh) are stand for half of the flare angles. Then, (ρe) and 

(ρh) are the distances along the side of the horn from the 

waveguide to the aperture, and the signs (ρ1) and (ρ2) are the 

horizontal distance from the waveguide to the point where 

the flare angle stats to open out towards the aperture. 

Furthermore, (Pe) and (Ph) indicate the distances from the 

start of the horn’s flare to the midpoint of the mouth of the 

horn along the indicated axis.  

Initially, the desired gain (G0) and the parameters of 

rectangular waveguides (a) and (b) are known for designing 

a pyramidal horn [2]. And then, the dimensions of (a1, b1, 

Pe, Ph) are calculated to acquire an ideal gain. 

The values of (ρ2) and (ρh) are the same and the values 

of (ρ1) and (ρe) are also equal for a long-horn. To ensure that 

a pyramidal horn is perceptibly dependable, (Pe) and (Ph) 

values are equal. 

( )

22 2

0 0

3

G Gb 3 1 a 1
2χ - 2χ -1 = - -1

λ 2π 2π λ 6π χχ

    
     
    

(1) 

At the initial stage of the design process, determine the 

χ value that completes the equation for the desired gain (G0). 

The constant value of χ is obtained by solving (1).  

By using (2) and (3), the values of ρe and ρh are computed 

after obtaining the accurate value of χ. 

eρ = χ λ       (2) 

2

0
h 3

G 1
ρ = λ

8π χ

 
 
 

      (3) 

Where, ρe = horn antenna’s slant length in the E-plane 

       ρh = horn antenna’s slant length in the H-plane 

The correlative values of a1 and b1 are evaluated by 

applying (4) and (5) individually. 

0
1

G 3
a = λ

2π 2πχ
      (4) 

1
b = 2 χ λ        (5) 

Where, a1 = width of the aperture in the H-plane  

        b1 = width of the aperture in the E-plane  

The values of ρ1 and ρ2 are calculated by means of (6) 
and (7). 

2

1
1

b
ρ =

2λ
        (6) 

2

1
2

a
ρ =

3λ
      (7) 

Where, ρ1 = the aperture’s slant length in the E-plane  

Aperture

Waveguide

Feed Point

y

x

z
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    ρ2 = the aperture’s slant length in the H-plane  

After computing ρe and ρh, Pe and Ph values are estimated 

by using (8) and (9). 

1/2

e 1

1

2

ρ 1
e

P = (b - b) -

b 4

  
  
   

    (8) 

1/2

h 1

1

h
ρ 1

P = (a - a) -

a 4

2  
  
   

     (9) 

Where,  

Pe = distance from the start of the horn’s flare to the 
midpoint of the mouth in the E-plane  

Ph = distance from the start of the horn’s flare to the     
midpoint of the mouth in H-plane  

C. Flared Angle 

The flare angle of a horn antenna, which is the angle 
between the horn’s axis and the slant of its side walls. This 
angle is crucial in determining the directivity and the gain 
of the horn antenna. For a pyramidal-shaped horn, two 
flared angels exist: one in the E-plane (parallel to the electric 
field) and one in the H-plane (parallel to the magnetic field). 
[7]. The flare angle requires an optimum value and is closely 
related to the antenna’s length. Fig. 6 indicates the flare 
angle of horn antenna. 

Ψ

 

Fig. 6. Flare angle of horn antenna 

The flare angle for the E and H plane views are 
calculated by using (10) and (11). 

1

e

1

b

-1 2ψ = tan
ρ

 
 
 
 
 

     (10) 

1

h

2

a

-1 2ψ = tan
ρ

 
 
 
 
 

     (11) 

Where, Ψe = E-plane flared Angle 

             Ψh = H-plane flared Angle 

D. Radiation Element Design 

The radiation element of a horn antenna is the part of the 

antenna structure responsible for emitting or receiving 

electromagnetic waves [1]. In a horn antenna, this element 

typically consists of a flared opening that allows for the 

efficient transmission or reception of electromagnetic 

radiation. The E-plane view with radiation element is 

determined in Fig. 7. 

b l
d

 
Fig. 7. E-plane view with radiation element 

The waveguide wavelength is calculated by using (12). 

c 1
λ = ×

g 2f
c

1-
2a.f

 
 
 

   (12) 

Where, λg = Waveguide wavelength 

The feed antenna is positioned from the waveguide edge 
corresponding to one-quarter of a wavelength within the 
waveguide, which is calculated as (13). 

λ
g

=
4

l     (13) 

Where, l = feed antenna’s distance from the waveguide 

The feed antenna’s height is equivalent to one by fourth 
of the wavelength, calculated using (14). 

λ
d =

4
    (14) 

Where, d = height of the feed antenna    

The total length of the waveguide part is calculated by 
using (15). 

L = λ
g

    (15) 

According to the calculation by using (1) to (15), the 

dimensions of the proposed horn antenna are obtained. The 

dimensions of calculation results are described in Table I. 

I. DIMENSIONS OF CALCULATION RESULTS 

Section Description Dimension (cm) 

Waveguide 

Width, a 4.755 

Height, b 2.22 

Length, L 6.157 

Horn Aperture 

E-plane, b1 9.799 

E-plane, ρ1 9.288 

E-plane, Pe 6.103 

H-plane, a1 13.41 

H-plane, ρ2 11.597 

H-plane, Ph 6.103 

Flared Angle 
E-plane 27.811 deg. 

H-plane 30.036 deg. 

Radiation Element 
Distance, l 1.538 

Length, d 1.292 
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III. SIMULATION AND OPTIMIZATION RESULTS IN CST 

STUDIO SUITE 

The numerical values for the desired horn antenna are 
obtained by using CST studio suite simulation software. The 
obtained results are voltage standing wave ratio (VSWR), 
return loss at the desired frequency, gain, directivity, 
bandwidth, and radiation pattern. And then varying the 

radiation element and aperture dimensions by ±10% to 
maximize antenna efficiency and overall performance. The 
3D view of a horn antenna in CST is represented in Fig. 8. 

 

Fig. 8. 3D view of a horn antenna in CST 

From the simulation results, the value of VSWR is 
1.7976 at 5.8 GHz as displayed in Fig. 9. A VSWR value 
close to 1 is highly effective and desirable in horn antenna 
design, indicating excellent impedance matching between 
the antenna and the transmission line. 

 

Fig. 9. VSWR result in CST 

After optimizing, the result of the VSWR value is 1.277 
as shown in Fig. 10. Comparing the results of a VSWR value 
before optimization (1.7976) and after optimization (1.277) 
in a horn antenna design improves performance and 
efficiency. 

 

Fig. 10. VSWR result after optimization 

The S11 represents the return loss graph. Fig. 11 
represents the S11 curve in CST and -10.9 dB of return loss 
is attained at the 5.8 GHz operating frequency.  

 

Fig. 11. S11 curve in CST 

After the optimizing process, the return loss is reduced 
from -10.9 to -18.297. This return loss value indicates a 
good impedance match. Fig. 12 shows the S11 curve after 
optimization at 5.8 GHz.  

 

Fig. 12. S11 curve after optimization 

Fig. 13 represents the 2D far field pattern in CST at 5.8 
GHz. The magnitude of the main lobe result is 15.2 dB, the 
direction of the main lobe is 0.0 degrees, the value of 
angular width at 3dB is 28.6 degrees, the gain is 15.17 dB, 
and the side lobe level is -23.0 dB. 

 

Fig. 13. 2D far field pattern in CST at 5.8 GHz 

After the optimization process, the result of the 2D far-
field pattern after optimization is shown in Fig. 14. The 
results of the main lobe magnitude are changed to 15 dB, the 
direction of the main lobe is 0.0 degrees, the angular width 
at 3dB is 30.4 degrees and the value of side lobe level is -
23.1 dB at 5.8GHz frequency. 

 

Fig. 14. 2D far field pattern after optimization 

The 3D view of the radiation pattern for the horn antenna 

is expressed in Fig. 15. This figure describes the antenna’s 

radiating energy in 3D space, with the colors indicating the 

intensity of the radiation in different directions. 

 

Fig. 15. 3D radiation pattern of the horn antenna 
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Fig. 16 describes the results of the three-dimensional 

radiation pattern of the horn antenna after the optimization 

process.  

 

Fig. 16. 3D radiation pattern of the horn antenna after optimization 

By systematically varying the radiation elements and 

aperture dimensions by 10%, and employing an 

optimization algorithm, identified the optimal design 

parameters that enhance the performance of the desired horn 

antenna. This methodical approach ensures a balanced 

improvement, resulting in a highly efficient antenna design. 

The comparison results of before and after optimization are 

presented in Table II. 

II. RESULTS COMPARISON OF BEFORE AND AFTER 

OPTIMIZATION 

Description 

Values 

Before Optimization After Optimization 

Frequency 5.8 GHz 5.8 GHz 

Polarization Linear Polarization Linear Polarization 

Impedance 50 Ohm 50 Ohm 

Radiation Efficiency 99.953 % 99.962 % 

Angular Width (3dB) 28.6 deg. 30.4 deg. 

Main Lobe 

Magnitude 
15.2 dB 15 dB 

Side Lobe Level -23 dB -23.1 dB 

VSWR 1.7976 1.277 

Return Loss (S11) -10.9 -18.297 

IV. CONCLUSION 

The research paper discusses “Simulation and 
Optimization of Pyramidal Horn Antenna for UAV Video 

Link” at 5.8GHz. In this research, an optimization process 
is undertaken to enhance the capability of antenna. The horn 
antenna is achieved with a typical gain value of 15 dB. 
Optimizing the main antenna dimensions improves the 
antenna's gain, beamwidth, side lobe level, VSWR, and S-
parameter values. According to the simulation results, it has 
a high radiation efficiency of 99.962% ensuring minimal 
energy loss. The VSWR value of 1.277 and S-parameter of 
-18.297 indicate good impedance matching and minimal 
signal reflection. The angular width (3 dB) of 30.4 degrees 
indicates a suitable coverage area and the low side lobe level 
(-23.1 dB) signifies reduced interference from unwanted 
directions. The presented design methodology, simulation 
results, and optimized antenna characteristics demonstrate 
the feasibility and effectiveness of the desired horn antenna 
for 5.8 GHz video link applications. 
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Abstract—This paper focuses on the design and analysis of 
optical fiber communication systems, which is essential to meet 
the increasing demands for high-speed data transmission in 
various applications such as live broadcasting, internet video, 
and video conferencing in Talote City, Myanmar. By utilizing 
Optisystem for simulating network topology, we ensure 
thorough design, testing, and performance evaluation of 
optical networks. This explanation emphasizes the importance 
of high-speed data transmission, the choice of Optisystem for 
simulation, and the significance of the Power Link Budget and 
BER in evaluating system performance. It also highlights the 
positive simulation results, suggesting a reliable and adaptable 
system. The simulation results indicated that the power levels 
at both ends of the spectrum are within the acceptable range 
for the receiver. This finding reinforces the feasibility of the 
implementation across varying power levels and distances. It 
provides confidence in the reliability and adaptability of the 
optical communication system designed for Talote City. 

Keywords— optical fiber, Optisystem, Power Link Budget, 
BER, Talote City 

I. INTRODUCTION

Fiber-to-the-Home (FTTH) is a GPON technology that 
uses fiber optic cables to deliver high-speed internet, 
telephone, and television services directly to homes and 
businesses. Talote City, like many other cities, has seen a 
growing demand for high-speed internet services, and 
FTTH infrastructure is becoming increasingly important to 
meet this demand. To build an FTTH network infrastructure 
in Talote City, several key steps need to be taken. First, a 
feasibility study should be conducted to determine the 
optimal locations for fiber optic cables and other equipment. 
This study should take into account factors such as 
population density, existing infrastructure, and potential 
obstacles to installation. Once the feasibility study is 
complete, the actual installation process can begin. This 
typically involves laying fiber optic cables overhead, 
connecting them to distribution points, and then connecting 
those points to individual homes and businesses. The 
process can be time-consuming, but the benefits of high-
speed internet access are well worth the investment.  

FTTH (Fiber to the Home) network using OptiSystem is 
a high-speed fiber optic network that provides internet, 
phone, and TV services to homes and businesses. 
OptiSystem is a software tool used to design and simulate 
optical communication systems. The FTTH network 
consists of an Optical Line Terminal (OLT) at the central 
office or headend, optical fiber cables that connect the OLT 
to ONTs located at the customer premises, and customer 
equipment such as modems and routers. The network uses 

Passive Optical Networks (PON) to deliver services to 
customers. 

Fig. 1. The Block Diagram of FTTH System 

The OLT is responsible for providing the high-speed 
data stream and for converting the electrical signals into 
optical signals for transmission over the fiber optic cable. 
The ONTs are located at the customer premises and are 
responsible for receiving the optical signal and converting it 
back into an electrical signal for use by the customer's 
equipment. OptiSystem is used to design and simulate the 
FTTH network to ensure optimal performance and 
reliability. It allows engineers to model the entire network, 
including the optical fiber cable, the OLT, the ONTs, and 
customer equipment, and to test different configurations and 
parameters to optimize performance. In this paper, the BER 
and link loss budget of two homes are described. 

In conclusion, while building an FTTH network 
infrastructure in Talote City may present challenges, the 
potential benefits far outweigh the costs. By undertaking 
careful planning, investment, and collaboration, the city can 
establish a modern and reliable telecommunications 
infrastructure that supports the needs of its residents and 
contributes to overall socio-economic development. 

II. BACKGROUND THEORY

A. Fiber to the Home
Fiber to the Home (FTTH), also known as Fiber to the

Premises (FTTP), represents a significant advancement in 
internet connectivity by installing optical fiber from a 
central point directly to individual buildings, ensuring high-
speed internet access. This technology vastly improves 
connection speeds for users compared to traditional 
technologies such as cable modems or DSL. 

Design and Simulation of FTTH System for Talote City 
using Optisystem 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 95



FTTH offers connection speeds of up to 100 megabits 
per second (Mbps), which are 20 to 100 times faster than 
typical cable modem or DSL connections. This substantial 
increase in speed enables smoother and more reliable 
internet experiences, supporting demanding applications 
like live broadcasting, internet video, and video 
conferencing. 

Implementing FTTH on a large scale can be costly due 
to the need for new cable installations over the last mile 
from existing optical fiber infrastructure to individual users. 
While some communities already benefit from fiber to the 
curb (FTTC) services, which use optical fiber to the curbs 
near homes or businesses and copper for the final 
connection, FTTH involves direct optical fiber connections 
to residences, apartment buildings, and businesses. This 
approach eliminates the limitations of copper and 
maximizes the performance benefits of optical fiber. 

In an FTTH network, optical fiber cables run from a 
central office through a fiber distribution hub, then through 
a network access point, and finally into homes via a terminal 
junction box. The key components of the network include: 

• Optical Line Terminal (OLT): Located at the
provider's central office, the OLT manages the overall
operation of the network.

• Optical Network Units (ONUs): Placed closer to end-
user premises, these units receive and convert optical
signals for delivery to individual users.

• Optical Distribution Network (ODN): Situated
between the OLT and ONUs, this network includes
splitters to distribute signals.

• Fiber Distribution Terminals (FDTs): These serve as
intermediate points where incoming fibers from the
central office are split to serve different neighborhoods
or areas.

• Fiber Access Terminals (FATs): Located closer to
end-users, FATs distribute optical signals from FDTs
to individual residences or businesses and typically
include equipment for signal conversion and
distribution.

Two primary types of systems enable data transmission
in FTTH: 
• Active Optical Networks (AONs): Utilize electrically

powered switching equipment to direct signals to
specific users.

• Passive Optical Networks (PONs): Use optical
splitters instead of electrical switches to distribute
signals. PONs still require powered equipment at the
source and receiving ends but are generally more cost-
effective and offer high performance.

The PON topology consists of:
• An Optical Line Terminal (OLT) at the central office.
• Optical Network Units (ONUs) near end-user

premises.
• An Optical Distribution Network (ODN) that includes

splitters to distribute signals along the PON.
FTTH's direct optical fiber connections to end-users

represent the future of high-speed internet access, promising 
significant improvements in connection speeds and 
reliability. Despite the higher initial installation costs, the 
long-term benefits in performance and scalability make 
FTTH a compelling choice for modern telecommunications 
infrastructure, especially in data-demanding environments 
like Talote City, Myanmar. Utilizing tools like Optisystem 
for simulation and analysis ensures that these networks are 
designed and evaluated for optimal performance, reliability, 
and adaptability. [1] 

B. Gigabit Passive Optical Network (GPON)
Gigabit Passive Optical Network (GPON) is an

advanced technology in fiber optic communication systems, 
designed to deliver high-speed internet and other 
telecommunication services to end-users. GPON is 
characterized by its use of a point-to-multipoint (P2MP) 
architecture, employing a passive optical distribution 
network (ODN) to interconnect the central office with 
multiple end-user locations. OLT was located at the service 
provider's central office. It manages the overall operation of 
the GPON system, including signal transmission and 
reception. ONU receives optical signals from the OLT, 
converts them to electrical signals for user devices, and vice 
versa. ODN includes passive splitters to distribute optical 
signals from one fiber into multiple fibers. Split ratios of 
ODN can vary, commonly 2, 4, 16, 32, or 64, allowing one 
fiber from the OLT to serve multiple ONUs/ONTs. The 
nominal bit rate of signals from the OLT to ONUs 
(downstream) is 2488.32 Mbit/s, as specified by ITU-T 
G.984.2 Recommendation. The nominal bit rate of signals
from ONUs to the OLT (upstream) is 1244.16 Mbit/s.

GPON systems operate by transmitting data in a P2MP 
configuration using passive splitters to divide a single 
optical signal from the OLT into multiple signals for various 
ONUs. This method is efficient for serving multiple users 
with a single fiber infrastructure, reducing the cost and 
complexity of the network. 

GPON represents a robust and efficient solution for 
modern telecommunication needs, offering high-speed 
connectivity and the ability to support multiple users with a 
single fiber infrastructure. Its point-to-multipoint 
architecture and use of passive components make it a cost-
effective and scalable option for delivering broadband 
services, particularly in densely populated areas or regions 
with high demand for bandwidth-intensive applications.[2] 

C. Optsystem
OptiSystem is a comprehensive simulation 

software tool designed by Optiwave for designing, testing, 
and optimizing optical communication systems. It supports 
the end-to-end development of optical networks, including 
Fiber to the Home (FTTH) systems, enabling users to 
simulate various aspects of optical communication networks 
and components.  OptiSystem offers advanced tools for 
performance analysis, including bit error ratio (BER), eye 
diagrams, Q-factor, and power link budget calculations.  

These tools help assess the feasibility and 
reliability of optical communication systems.       The 
software supports industry standards and recommendations, 
such as ITU-T and IEEE, ensuring that the simulated 
systems meet real-world specifications. Users can simulate 
the entire FTTH network topology, including the Optical 
Line Terminal (OLT) at the central office, passive optical 
distribution network (ODN) with splitters, and Optical 
Network Units (ONUs) at end-user premises. OptiSystem is 
a powerful tool for designing and optimizing optical 
communication systems, including FTTH networks. Its 
comprehensive simulation capabilities, extensive 
component libraries, and advanced analysis tools make it an 
invaluable resource for engineers and researchers working 
to develop high-performance and reliable optical networks. 
By using OptiSystem, users can ensure that their FTTH 
systems are designed to meet the growing demands for high-
speed, high-quality data transmission in a cost-effective 
manner.[3] 
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D. Power Link Budget
The power link budget, a remarkable and necessary

calculation for communication networks, is designed 
beyond the threshold of the required power. Hence, the 
power link budget calculation is applied on the basis of ITU-
TG.984 standardizations and implemented via industry 
instruction. The coverage distance is a maximum of 20 km 
while the receiving power is a maximum of −28 dBm. 
Consequently, equations (1) is used to calculate the power 
budget link of total damping.The total attenuation for the 
FTTH device is calculated as follows [4]: 

Link Loss = [fiber length(km) x fiber attenuation per 
km] + [splice loss x  (N) of splices] + [connector loss x (N) 

of connectors] +[splitter loss]   (1) 

Fig. 2. The Link Loss Budget [5] 

The standard attenuation values are as followed: 

Fiber length Loss 1 km = -0.25dBm 

Splice loss 1 joint = -0.05dB 

Connector 1 head = -0.02dB 

Splitter loss 1:4 Splitter = 10log(1/4) = -6.02dB 

Splitter loss 1:16 Splitter = 10log(1/4) = -12.04dB 

III. PROPOSED SYSTEM AND SIMULATION SETUP

The FTTH system is design in area of Talote City of 
Myanmar. There are two geographical locations in this  
design to develop FTTH the system in the city. The google 
earth photo of two area of FDT in the city. The Fig 3 show 
the two area of the FDT in city to implement FTTH. In this 
work, there simulation of the two homes for two 
different location and dirrrnce FDT for BER and link loss. 

Fig. 3. The Google Earth Photo of Talote City with Two FDT 

The fiber core plan of this city has two depends on the 
two FDTs which are called FDT-01 and FDT02 as shown 
in Fig. 4 and 5. The transmission path of the signal from 
the central office to the homes, which involves passing 
through Fiber Distribution Terminals (FDTs) and 
Fiber Access Terminals (FATs) depending on the city's 
core plan. The signal transmission path from the central 
office to homes 

involves passing through multiple FATs, which are 
strategically placed based on the city's core plan to ensure 
efficient coverage and distribution of high-speed internet 
services. 

Fig. 4. The Core Plan For FDT-01 

Fig. 5. The Core Plan With FDT-02 

Fig 6 likely illustrates this transmission path, showing 
the interconnected network of FDTs and FATs along with 
the flow of signals from the central office to the individual 
homes. This is called simulation model of each user in city. 

Fig. 6. The Simulation Model of User Home in City 

IV. SIMULATION RESULTS 

The simulation of FFTH system of houses in city 
are developed by Optisystem. In this work, the two homes 
are different location in the city area. The home 1 is located 
in FDT-01 area in city. The fiber layout plan of home 1 
which is near at FAT10 can be setup as following: 
At transmitter component -  1490 nm / +5dBm 
OLT to FDT-01 = 15118 m 
FDT-01 to FAT-10 = 268 m 
FAT-10 to ONT-01(User Home) = 250 m 
Connector Attenuation = -0.02 dB x 7 connectors = -0.14 
dB 
Splicing Attenuation = -0.05 dB x 6 joints = -0.3 dB 
1:4 Splitter Formula : 10log(1/4) = -6.02dB 
1 : 16 Splitter Formula : 10log(1/16) =-12.04dB 

After calculation of fiber layout out of home 1 in 
city, the simulation model of this home can be done by 
optisystem as shown in Fig. 7. In this model of 
optisystem, there are detail of fiber core layout and 
FDT-01 and FATs from OLT to ONT. And BER results 
can be calculate in this model. The simulation result of 
home 1 is as shown in Fig. 8. The BER analysis revealed 
that the network of home 1 had a low BER of 3.3𝑒ି଴ଷହ , 
which indicates a high signal quality. The BER values 
for home in the network are shown in Fig. 9. The low 
BER values indicate that the network's design and 
simulation parameters were optimal for achieving a 
high signal quality. Therefore, the ONT located farthest 
from the OLT had a slightly higher BER than the others. 
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Fig.7. The Simulation Model of Home 1 In City 

Fig. 8. Simulation Result of Home 1  

Fig. 9. BER analysis of Home 1 

This suggests that there may be signal degradation 
due to distance and attenuation. The link losses budget of 
home can be calculated by eq:1 and the result are as shown 
in Table I.       

I. LINK LOSS BUDGET OF HOME 1

No. Item Name Power Attenuation Total
Power(dBm) 

1 Output Power 4.9385  1.00  4.9385 

2 Connector -0.0200 1.00  -0.0200

3 Optical Fiber -3.0000 0.25  -0.7500

4 Splice -0.0500 1.00  -0.0500

5 Optical Fiber -3.0000 0.25  -0.7500

6 Splice -0.0500 1.00  -0.0500

7 Optical Fiber -3.0000 0.25  -0.7500

8 Splice -0.0500 1.00  -0.0500

9 Optical Fiber -3.0000 0.25  -0.7500

10 Splice -0.0500 1.00  -0.0500

11 Optical Fiber -3.1180 0.25  -0.7795

12 Splice -0.0500 1.00  -0.0500

13 Connector -0.0200 1.00  -0.0200

14 1:4 Splitter -6.0206 1.00  -6.0206

15 Connector -0.0200 1.00  -0.0200

16 Connector -0.0200 1.00  -0.0200

17 Optical Fiber -0.0200 0.25  -0.0050

18 Connector -0.0200 1.00  -0.0200

19 1:16 Splitter -12.0412 1.00  -12.0412 

20 Connector -0.0200 1.00  -0.0200

21 Splice -0.0500 1.00 -0.0500

22 Optical Fiber -0.2500 0.25  -0.0625

23 Connector -0.0200 1.00 -0.0200

-17.41031 dBm

The home 2 is located in FDT-02 area in city. The 
fiber layout plan of home 2 which is near at FAT13 and it 
must be pass through the FDT-01 to FDT-02 can be setup 
as following: 
At Transmitter component -  1490 nm 
OLT to FDT-01 = 15118 m 
FDT-01 to FDT-02 = 1518 m 
FDT-02 to FAT-13 = 293 m 
FAT-13 to ONT-02(User Home) = 272 m 
Connector Attenuation = -0.02 dB x 7 connectors = -0.14 
dB 
Splicing Attenuation = -0.05 dB x 7 joints = -0.35 dB 
1:4 Splitter Attenuation = 10log(1/4) = -6.02dB 
1 : 16 Splitter Attenuation = 10log(1/16) =-12.04dB 

After calculation of fiber layout out of home 2 in 
city, the simulation model of this home can be done 
by optisystem as shown in Fig. 10. In this model of 
optisystem, there are detail of fiber core layout and 
FDT-02 and FATs from OLT to ONT. And BER results 
can be calculate in this model. The Fig. 11 shows the 
simulation results of optisystem model of home 2 in the 
city. 

Fig. 10. The Simulation Model of Home 2 In the City 

Fig. 11. The Results of Simulation Model Of Home 2 In The City 

The BER results of the home 2 in the city as 
shown in Fig. 12. 

Fig. 12. BER Result of Home 2 
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The link losses budget of home 2 can be 
calculated by eq:1 and the result are as shown in Table II. 

II.LINK LOSS BUDGET OF HOME 2

No. Item Name Power Attenuation
Total
Power 

1 Output Power 4.9385 1.00 4.9385 

2 Connector-1 -0.0200 1.00 -0.0200

3 Optical Fiber -3.0000 0.25 -0.7500

4 Splice -0.0500 1.00 -0.0500

5 Optical Fiber -3.0000 0.25 -0.7500

6 Splice -0.0500 1.00 -0.0500

7 Optical Fiber -3.0000 0.25 -0.7500

8 Splice -0.0500 1.00 -0.0500

9 Optical Fiber -3.0000 0.25 -0.7500

10 Splice -0.0500 1.00 -0.0500

11 Optical Fiber -3.1180 0.25 -0.7795

12 Splice -0.0500 1.00 -0.0500

13 Optical Fiber -1.518 0.25 -0.3795

14 Splice -0.0500 1.00 -0.0500

15 Connector -0.0200 1.00 -0.0200

16 1:4 Splitter -6.0206 1.00 -6.0206

17 Connector -0.0200 1.00 -0.0200

18 Connector -0.0200 1.00 -0.0200

19 Optical Fiber -0.2930 0.25 -0.0733

20 Connector -0.0200 1.00 -0.0200

21 1:16 Splitter -12.0412 1.00 -12.0412

22 Connector -0.0200 1.00 -0.0200

23 Splice -0.0500 1.00 -0.0500

24 Optical Fiber -0.2720 0.25 -0.0680

25 Connector -0.0200 1.00 -0.0200

-17.9136

The link loss budget between home 1 and home 2 
in the city. The comparisons of link loss budge of these 
home are as shown in Table III. 

III. COMPARISONS OF LINK LOSS BUDGET BETWEEN TWO HOMES

Home 1 Home 2
Total fiber length 15636 m 17201 m
Total joints 13 14
1:4 Splitter 1 1
1:16 Splitter 1 1
Total Link Budget -17.47231dBm -17.9136dBm
Difference -0.4413dBm

Generally, the longer the fiber optic cable, the 
greater the link loss. Expanding the distance of the fiber 
length from 5 km to 20 km between the central office and 
ONT is a significant extension that reflects real-world 
scenarios where longer distances need to be covered. Your 
observation that this increase causes the bit error rate to rise 
from 4.3e^-57 to 5.02e^-16 is important, as it highlights the 
impact of distance on the performance of the optical 
communication system. Despite the increase in bit error 
rate, it's notable that the values still meet the minimum 
acceptable level, indicating the robustness of in this design. 
Furthermore, considering the effect of received power, with 

values ranging from -16 dBm to -20 dBm, is crucial for 
ensuring proper signal reception at the ONT. 

V. CONCLUSION

The study described seems to have provided valuable 
insights into optimizing FTTH (Fiber to the Home) 
networks for improved signal quality. By using Optisystem 
for simulation and BER analysis, the researchers were able 
to assess the performance of the network under different 
conditions. The observation that the ONT (Optical Network 
Terminal) located farthest from the OLT (Optical Line 
Terminal) experienced slightly higher BER due to distance 
and attenuation highlights the real-world challenges faced 
in FTTH deployments. This underscores the importance of 
optimizing network design to mitigate these issues. 
Adjusting optical power levels and implementing dispersion 
compensation are effective strategies for improving signal 
quality, as demonstrated by the study's results. By 
optimizing the network design based on these parameters, 
the researchers were able to achieve a significantly lower 
BER, indicating a substantial improvement in signal quality. 
Overall, this paper underscores the importance of rigorous 
simulation and analysis in designing and optimizing FTTH 
networks. It also emphasizes the significance of BER 
analysis in evaluating network performance and identifying 
areas for improvement. By addressing factors such as 
distance, attenuation, and dispersion, network engineers can 
enhance signal quality and ensure reliable performance in 
FTTH deployments. 
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Abstract— This paper discusses the performance of 

Software Defined Radio (SDR) transceiver in LabVIEW and 

USRP. This system is implemented to design a Frequency Shift 

Keying (FSK) transmitter and receiver using the Universal 

Software Radio Peripheral (USRP) board and LabVIEW. This 

paper describes the use of the USRP Board for transmitting 

and receiving FSK signals and the experimental 

implementation of LabVIEW and USRP for wireless channel 

transmission. The system tests three different testing schemes 

by sample per symbol and IQ sampling rate to get the best 

performance in communication with USRP in the FSK 

communication system.   

Keywords— FSK, LabVIEW, SDR, Transceiver, USRP  

I. INTRODUCTION 

SDR is a software-defined wireless communication 
technology that offers efficient and inexpensive solutions 
for building multimode, multicarrier, multiband, and 
multifunctional wireless devices. It has the capability to be 
reprogrammed and reconfigured for use with various 
waveforms and protocols. SDR is useful for radio 
interoperability and spectrum reuse, covering a substantial 
frequency range and executing software for various 
modulation techniques. Benefits include ease of design, 
manufacturing, multimode operation, advanced signal 
processing techniques, fewer discrete components, 
flexibility, reduced obsolescence, and ubiquitous 
connectivity. To develop this system, there are software and 
hardware components that combine to create a complete 
system [1]. 

Frequency Shift Keying (FSK) is a digital modulation 
technique where the carrier frequency is shifted between 
discrete values to represent different symbols in a binary 
data stream. The transmitter modulates the carrier frequency 
based on the symbols, while the receiver demodulates the 
signal [2]. 

Binary FSK (or “BFSK”) uses two frequencies: 

Mark: corresponds to logical 1 and Space: corresponds 
to logical 0 

Laboratory Virtual Instrument Engineering Workbench 
(LabVIEW), a popular graphical programming language, is 
used for simulation, control, and DAQ applications. It 
supports various instrumentation I/O interfaces, networking 
protocols, and underapplication communication protocols. 
It offers powerful features for network operations, 

mathematics, signal processing, and signal theory. 

USRP, a hardware component used in capturing real-
time signals, allows general-purpose computers to function 

as high-bandwidth software radios, serving as a digital 
baseband and IF section in a radio communication system. 
The USRP performs waveform-specific processing on the 
host CPU using LabVIEW, while high-speed general-
purpose operations are performed on the FPGA. The 
Universal Software Radio Peripheral (USRP) 2920 board is 
used to design the Frequency Shift Keying (FSK) 
transmitter and receiver. This paper describes the 
transmission and receiving of the FSK signal in the form of 
binary data using USRP. There are three FSK modulation 
scheme varieties with IQ values and sample per symbol 
values to get the best signal received in this work. The 
proposed implementation of system setup is as shown in 
Fig. 1 [3]. 

Fig. 1. The block diagram of the implementing of system of FSK 
transceiver using USRP 

Software-Defined Radio (SDR) is a technique that uses 
software to make radio functions hardware-independent and 
is used in advanced wireless communication systems like 
the Joint Tactical Radio System (JTRS). GNU Radio 
emerged as an open-source tool that supports SDR, and 
Universal Software Radio Peripheral (USRP) was 
developed as a low-cost, high-speed SDR platform. GNU 
Radio and USRP are employed for developing software-
based wireless transmission systems, implementing 
retransmission schemes, buffering, and the Leaky Bucket 
Algorithm to solve transmission error and environmental 
interference problems. Traditional radios have low 
flexibility to adapt to new services, standards, and 
technology, and the process of redesigning, manufacturing, 
and replacing hardware requires longer time and higher cost. 
USRP is an interesting option due to its relatively cheap cost 
and wide frequency range of 0–5 GHz.FPGA is a high-
bandwidth mathematical calculator used for signal 
processing processes, and USB 2.0 is used for transmitting 
and receiving data between USRP and host computers. 
Several communication systems projects have been 
developed using both USRP and GNU Radio, with USRP 
being an integral part of the system. A simple file 
transmission system using GNU Radio and USRP is 
described, addressing issues like buffering and 
retransmission. A repeater is placed between the sender and 
receiver to increase transmission distance. The text 
introduces the concept of software-defined radio and the 
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capacity of GNU Radio, showing that USRP with GNU 
Radio is a powerful tool for developing and testing wireless 
systems [4]. 

In this paper, a bit stream of data is modulated using the 
FSK technique and transmitted in the 915 MHz center 
frequency ISM band, utilizing LabVIEW programming 
through a USRP. This process involves modulating the bit 
stream with FSK and programming it on LabVIEW for 
transmission via USRP. 

II. IMPLEMENTATION PROCEDURE

This work has a software and hardware portion of the 
system. The transmitter and receiver software block models 
are developed by LabVIEW. As shown in Fig. 1, the 
software portion of the LabVIEW block model of the 
transmitter and receiver of the system is combined by the 
USRP section block and the FSK modulation and 
demodulation techniques block. The flow chart of the 
transmitter and receiver of LabVIEW program software is 
shown in Fig. 2 and Fig. 3.  

No
Parameter Change?

Stop USRP, Set Parameter 

(FSK)

Start

End

Start USRP

Set Input Bitstream 

Change?

Set Input Bitstream

Stop?
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Initialization
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Signal Decode Successfully

Stop?
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No

Yes

Yes

No

Initialization

Display Received 

Data

(2)    (3) 

Fig. 2. The flow chart of transmitter of LabVIEW program software 

Fig. 3. The flow chart of transmitter of LabVIEW program software 

LabVIEW is used to develop the software for this work, 
as mentioned earlier. The operation of the transmitter 
section and receiver section is shown in the flow chart in 
Fig. 2 and Fig. 3. After the software portion is completed, 
the hardware portion has a computer with LabVIEW and 
USRP connected via Gigabit Ethernet cables. Two USRPs 
of transmitter and receiver are wireless communication. The 
antenna is connected at TX 1 of the FSK transmitter USRP. 
FSK receiver USRP’s antenna is coupled at RX2. Fig. 4 
shows the hardware setup for two computers and the USRP. 

These are connected to USRP via a gigabit Ethernet 
cable, as shown in Fig. 4. The bit stream transmitter with 
FSK modulation technique is developed by LabView block 
programming, as shown in Fig. 5. The FSK demodulation 
with USRP receiver section is also programmed with 
LabVIEW, as shown in Fig. 6.  

Fig. 4. The hardware setup for two computer and USRP 

Table Ⅰ shows the experimental parameters of FSK 
modulation and demodulation using USRP.  

I. TABLE THE PARAMETERS OF FSK MODULATION AND

DEMODULATION USING USRP 

No. FSK Modulation and Demodulation Parameters 

1. Eye Length 12 

2 PN Sequence Order 9 

3 TX Filter Gaussian 

4 Filter Length 4 

5 FSK M(-ary) 2 

6 Carrier Frequency 915MHz (ISM Band) 

III. EXPERIMENTAL RESULTS OF FSK TRANSCEIVER

After the software and hardware of this system are 
combined, the data bit starts transmitting with the FSK 
modulation technique using the test 1 parameter as 
described in Table Ⅱ. These values are using an IQ sampling 
rate of 100k with samples per symbol 2.  

Fig. 5. FSK modulation of LabVIEW block programming Tx

Fig. 6. FSK demodulation of LabVIEW block programming Rx 
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Fig. 7. Front pannel of FSK transmitter using IQ sampling rate 100k with 
samples per symbol 2 

Fig. 8. Front pannel of FSK receiver using IQ sampling rate 100k with 

samples per symbol 2 

The modulated waveform in LabVIEW is as shown in 
Fig. 7. The receiver side of the computer on LabVIEW has 
received a signal, and the demodulated results are shown in 
Fig. 8 with the same value as the transmitter.  

Fig. 9. Front pannel of FSK transmitter using IQ sampling rate 200k with 
samples per symbol 2  

The IQ sampling rate is 200k with samples per symbol 
2. The modulated waveform in LabVIEW is as shown in 
Fig. 9. The receiver side of the computer on LabVIEW has 
received a signal, and the demodulated results are shown in 
Fig. 10 with the same value as the transmitter. 

 
Fig. 10. Front pannel of FSK receiver using IQ sampling rate 200k with 

samples per symbol 2 

After that, the same samples per symbol value and the 
IQ value of 300k of the transmition of FSK modulation and 
demodulation of data are as shown in Fig. 11 and Fig. 12. 
The test scheme is changing samples per symbol to 4, which 
is testing the system. In this test 2 scheme, the three values 
of the IQ sampling rate are tested with 100k, 200k, and 
300k. The results of these tests are shown in Fig. 13, Fig. 
14, Fig. 15, Fig. 16, Fig. 17, and Fig. 18. 

 

Fig. 11. Front pannel of FSK transmitter using IQ sampling rate 300k 
with samples per symbol 2 

 

Fig. 12. Front pannel of FSK receiver using IQ sampling rate 300k with 
samples per symbol 2
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Fig. 13. Front pannel of FSK transmitter using IQ sampling rate 100k 
with samples per symbol 4

Fig. 14. Front pannel of FSK receiver using IQ sampling rate 100k with 
samples per symbol 4

 
Fig. 15. Front pannel of FSK transmitter using IQ sampling rate 200k 

with samples per symbol 4

Fig. 16. Front pannel of FSK receiver using IQ sampling rate 200k with 
samples per symbol 4 

Fig. 17. Front pannel of FSK transmitter using IQ sampling rate 300k 
with samples per symbol 4

 
Fig. 18. Front pannel of FSK receiver using IQ sampling rate 300k with 

samples per symbol 4 

The results of Fig. 13, Fig. 14, Fig. 15, Fig. 16, Fig. 17, 
and Fig. 18 show samples per symbol 4 and an IQ sampling 
rate of 200k, achieving a clear waveform result.  

Fig. 19. Front pannel of FSK transmitter using IQ sampling rate 100k 
with samples per symbol 6

Fig. 20. Front pannel of FSK receiver using IQ sampling rate 100k with 
samples per symbol 6 
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The test 3 scheme is changing the samples per symbol 
value to 6. The other three values of IQ are the same as the 
test scheme. The transmitter and receiver LabVIEW 
waveforms are as shown in Fig. 19, Fig. 20, Fig. 21, Fig. 22, 
Fig. 23, and Fig. 24. 

Fig. 21. Front pannel of FSK transmitter using IQ sampling rate 200k 
with samples per symbol 6

Fig. 22. Front pannel of FSK receiver using IQ sampling rate 200k with 
samples per symbol 6

Fig. 23. Front pannel of FSK transmitter using IQ sampling rate 300k 
with samples per symbol 6

Fig.  24. Front pannel of FSK receiver using IQ sampling rate 300k with 
samples per symbol 6. 

The transmitter and receiver of waveforms result in Fig. 
19, Fig. 20, Fig. 21, Fig. 22, Fig. 23, and Fig. 24 show 
samples per symbol is 6 and the output waveform is 
distortion. 

The summary of the three testing Schemes is as shown 
in Table Ⅱ. 

II. TABLE FSK SYSTEM PARAMETERS RESULTS

Testing 

Scheme 

Tests Results 

samples 

per 

symbol 

(S/s) 

IQ 

samplin

g rate  

(kHz) 

symbol 

rate 

(kHz) 

Signal 

Bandwidth  

(kHz) 

Expected 

Freq: 

Deviation 

(kHz) 

1. 

2 100 50 175 50 

2 200 100 250 50 

2 300 150 375 50 

2 

4 100 25 13.37 50 

4 200 50 175 50 

4 300 75 212.5 50 

3 

6 100 16.67 125 50 

6 200 3.33 150 50 

6 300 50 175 50 

IV. CONCLUSION

Data (a bit stream) is modulated with FSK and 
transmitted in the center frequency ISM band (915 M) using 
LabVIEW programming via USRP. The data (a bit stream) 
is modulated using the FSK modulation technique and 
programmed on LabVIEW to transmit via USRP. Data is 
modulated with FSK and received by the LabVIEW 
program on a PC with NI USRP in three conditions: samples 
per symbol (2, 4, 6) and IQ sampling rate (100k, 200k, 
300k). In test scheme (1, 2, 3), given that the IQ sampling 
rate is increased, the bandwidth is also increased. Samples 
per symbol value is 2, the output waveform is complex with 
noise, samples per symbol value is 4, the output waveform 
is clear, and samples per symbol value is 6, the output 
waveform is distortion. The above three condition 
parameters to consider are the IQ sampling rate (200k) and 
samples per symbol (4) for optimal performance. 
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Abstract—This research focuses on the performance 
analysis of MIMO using delay profile models in IEEE 
802.11be or Wi-Fi 7 technology. MATLAB software is 
used to simulate and implement it. Multiple packets are 
transmitted using a noisy TGax indoor channel model. 
This next-generation standard aims to enhance the 
performance of wireless networks. The exceptionally 
high-capacity multi-user, or EHT MU packet is modeled 
using 4x4 MIMO, channel bandwidth of 320 MHz, 
scheme for modulation and coding (MCS) and delay 
profile models. The enhancement of numerous wireless 
communication systems is being significantly explored 
through multiple inputs, multiple outputs (MIMO) 
technology. This research demonstrates that utilizing an 
improved model and maintaining a significant SNR 
results in excellent performance, characterized by a low 
packet error rate (PER), for the IEEE 802.11be Wi-Fi 
network or WLAN standard. The performance of PER 
between different delay profile models is measured and 
evaluated using MATLAB software. 

Keywords – Delay Profile Models, IEEE 802.11be, MIMO, 
MATLAB, PER 

I. INTRODUCTION

The IEEE 802.11 working team is advancing the next 
generation of Wi-Fi technology with the development of 
IEEE 802.11be, also referred as Wi-Fi 7 or extremely high 
data rates (EHT) [1]. This new standard operates within the 
1 GHz and 7.125 GHz frequency ranges. The seventh 
generation of Wi-Fi enhances the existing concepts and 
techniques of the HE PHY layer, introducing enhancements 
such as multiple resource unit assignments to a single user, 
expanded bandwidths up to 320 MHz, support for up to 16 
spatial streams (antennas), and 4096-QAM modulation [2]. 
At the MAC layer, it brings significant innovations, like 
multilink operation (MLO), which facilitates multiple links 
between a station (STA) and an access point (AP). This 
feature helps Aps conserve STA resources, resulting in more 
predictable traffic with reduced latency and increased 
reliability. Over the past two decades, IEEE 802.11 or Wi-
Fi networks have mainly operated within the 2.4 gigahertz 
and 5 gigahertz bands, even as Wi-Fi usage has surged [3]. 

Wireless local area network or WLAN technology is the 
standard for establishing high-speed wireless connections, 
particularly for indoor devices, due to its straightforward 
deployment and cost effectiveness [4]. The evolution of 
wireless communication technologies has witnessed 
remarkable advancements in recent years, enabling faster 
and more efficient data transmission. One such significant 

hmilestone is the emergence of the wireless network 
standard, commonly referred to as the seventh version of 
Wi-Fi, which promises to revolutionize Wi-Fi connectivity 
with unprecedented performance and capabilities. 

In order to understand, analyze, and optimize the 
behavior of IEEE 802.11be, it is essential to develop 
accurate and reliable models. MATLAB, a widely used 
high-up programming language and simulation 
environment, provides powerful tools and libraries that 
facilitate the modeling and simulation of wireless 
communication systems. This introduction aims to provide 
an overview of the process involved in modeling IEEE 
802.11be using MATLAB, highlighting key aspects and 
techniques that can be employed to gain insights into the 
behavior of this advanced wireless standard. Table I 
describes the physical parameters of IEEE 802.11be [5]. 

I. IEEE 802.11BE PHYSICAL PARAMETERS

Parameters Values 

Frequency bands 2.4, 5, and 6 GHz 

Channel bandwidth 320 MHz 

Delay profile models 6 types (A, B, C, D, E, and F) 

Modulation and coding scheme 
(MCS) 

0 to 13, and 15 

Modulation 4096-QAM 

Spatial streams and MIMO 
2 to 16, and MU-MIMO 

(2x2, 4x4, 8x8, 16x16) 

Maximum throughput 46 Gbps 

II. BACKGROUND THEORY

The error rate of the packet for six delay profile models 
is simulated. The channel bandwidth of 320 MHz is used for 
an extremely high capacity multi-user or EHT MU packet. 
The 4x4 multiple input, multiple output (4x4 MIMO) is used 
to transmit and receive 500 packets. The SNR ranges 8:1:13, 
8:2:18, 16:2:26, and 18:2:28 and MCS 0 to 3 are used to test 
packet error rates between different models. 

A. Delay Profile Models
In Wi-Fi 7, delay profile models are essential for

characterizing the wireless channel. These models help 
simulate the various propagation environments that Wi-Fi 
devices must encounter, which is crucial for evaluating 
performance and ensuring robustness. The delay profile 
model is specified as Model A, Model B, Model C, Model 
D, Model E, or Model F. Each model has its own parameter. 
These parameters are used to develop realistic channel 
models for simulating Wi-Fi 7 performance in various 
scenarios [6]. By accurately characterizing the delay profile, 
manufacturers  and researchers can ensure that Wi-Fi 7 
devices perform optimally under different propagation 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 105



conditions. Table II presents the parameters of the models 
A, B, C, D, E, and F [7]. 

II. MODELS PARAMETERS 

Parameters 
Models 

A B C D E F 

Breakpoint 
Distance 

(m) 

5 5 5 10 20 30 

RMS delay 
spread (ns) 

0 15 30 50 100 105 

Maximum 

delay (ns) 
0 80 200 390 730 1050 

Rician K-
factor (dB) 

0 0 0 3 6 6 

Number of 

taps 
1 9 14 18 18 18 

Number of 
clusters 

1 2 2 3 4 6 

B. Modulation and Coding Scheme (MCS) 

Modulation and Coding Scheme (MCS) plays a pivotal 
role in determining the data rate and reliability of wireless 
transmission. Modulation is the process of varying a carrier 
signal to transmit data. Coding Schemes are essential for 
error detection and correction. Wi-Fi 7 employs advanced 
modulation techniques to enhance throughput. Key among 
these techniques is 4096-QAM (Quadrature Amplitude 
Modulation). The higher the modulation order, the more 
data can be transmitted, but this also requires a stronger and 
more stable signal. MCS 0 to 3 are used to test packet error 
rates between different models. Table III describes the 
modulation type and code rate for each MCS [8]. 

III. MODULATION TYPE AND CODING RATE FOR EACH MCS 

MCS Modulation Coding Rate 

0 
Binary phase-shift 

keying (BPSK) 
1/2 

1 Quadrature phase-

shift keying (QPSK) 

1/2 

2 3/4 

3 16-point quadrature 

amplitude 

modulation 
 (16-QAM) 

1/2 

4 3/4 

5 

64-QAM 

2/3 

6 3/4 

7 5/6 

8 
256-QAM 

3/4 

9 5/6 

10 
1024-QAM 

3/4 

11 5/6 

12 
4096-QAM 

3/4 

13 5/6 

15 

Binary phase-shift 
keying-Dual carrier 

modulation 

(BPSK-DCM) 

½ 

C. Multiple-Input, Multiple-Output (MIMO) 
The MIMO technology uses multiple transmitting and 

receiving antennas to improve communication performance. 
A 4x4 MIMO configuration includes two transmitting and 
two receiving antennas, which can enhance signal quality 
through spatial diversity and increase data rate via spatial 
multiplexing [9]. The MIMO systems take advantage of the 
independent paths between antennas to mitigate the effects 
of fading and interference, resulting in enhanced SNR and 
lower PER. 

III. PERFORMANCE ANALYSIS 

There are six delay profile models in Wi-Fi 7. These are 
models A, B, C, D, E, and F. Fig. 1. describes the screenshot 

packet error rate plot for model A with 4x4 MIMO in this 
simulation result. 

 

Fig. 1. PER plot for Model A with 4x4 MIMO 

The packet error rates are 1, 0.96226, and 0.91071 at 
MCS 0, and at the SNRs of 8, 9, 10, 11, 12, and 13 after 
completing 51, 53, and 56 packets. For MCS 1, the packet 
error rates are 1, 0.94444, and 0.83607 at the SNRs of 8, 10, 
12, 14, 16, and 18 after completing 51, 54, and 61. After 
completing 51, 52, 56, 81, and 118, the packet error rates are 
1, 0.98077, 0.91071, 0.62963, and 0.4322 at the SNRs of 16, 
18, 20, 22, 24, and 26 for MCS 2. After completing 51, 54, 
60, and 91 packets, the packet error rates are 1, 0.94444, 
0.085, and 0,56044 at MCS 3 and at the SNRs of 18, 20, 22, 
24, 26, and 28 for Model A.    

Fig. 2. represents the simulation result of PER (packet 
error rate) for model B with channel bandwidth (CBW) 320 
MHz, MCS (modulation and coding scheme) 0 to 3, and 4x4 
MIMO. 

 

Fig. 2. PER plot for Model B with 4x4 MIMO 

The packet error rate is 1 at MCS 0, and at the SNRs of 
8, 9, 10, 11, 12, and 13 after completing 51 packets. For 
MCS 1, the packet error rate is 1 at the SNRs of 8, 10, 12, 
14, 16, and 18 after completing 51 packets. After 
completing 51 and 55, the packet error rates are 1 and 
0.92727 at the SNRs of 16, 18, 20, 22, 24, and 26 for MCS 
2. After completing 51 packets, the packet error rate is 1 at 
MCS 3 and at the SNRs of 18, 20, 22, 24, 26, and 28 for 
Model B. 
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Fig. 3. illustrates the outcome of PER (packet error rate) 
for model C with 4x4 MIMO, channel bandwidth 320 MHz, 
and MCS 0 to 3. The PER of an EHT MU packet is one for 
MCS 0 to 3 and a SNR of 8 to 28. 

 

Fig. 3. PER plot for Model C with 4x4 MIMO 

The packet error rate is 1 at MCS 0, and at the SNRs of 
8, 9, 10, 11, 12, and 13 after completing 51 packets. For 
MCS 1, the packet error rate is 1 at the SNRs of 8, 10, 12, 
14, 16, and 18 after completing 51 packets. After 
completing 51, the packet error rate is 1 at the SNRs of 16, 
18, 20, 22, 24, and 26 for MCS 2. After completing 51 
packets, the packet error rate is 1 at the SNRs of 18, 20, 22, 
24, 26, and 28 for Model C. 

Fig. 4. demonstrates the PER (packet error rate) plot for 
delay profile model D with 4x4 MIMO, channel bandwidth 
(CBW) 320 MHz, and MCS (modulation and coding 
scheme) 0 to 3. 

 

Fig. 4. PER plot for Model D with 4x4 MIMO 

The packet error rates are 1 and 0.54839 at MCS 0, and 
at the SNRs of 8, 9, 10, 11, 12, and 13 after completing 51 
and 93 packets. For MCS 1, the packet error rates are 1 and 
0.046 at the SNRs of 8, 10, 12, 14, 16, and 18 after 
completing 51 and 500 packets. After completing 51, 68, 
and 500 packets, the packet error rates are 1, 0.75, and 0 at 
the SNRs of 16, 18, 20, 22, 24, and 26 for MCS 2. After 
completing 51, 182, and 500 packets, the packet error rates 
are 1, 0.28022, and 0 at MCS 3 and at the SNRs of 18, 20, 
22, 24, 26, and 28 for Model D.  

Fig. 5. represents the PER (packet error rate) plot for 
model E with 4x4 MIMO, channel bandwidth (CBW) of 320 
MHz, a SNR of 8 to 28, and the scheme for modulation and 
coding (MCS) of 0 to 3.  

 

Fig. 5. PER plot for Model E with 4x4 MIMO 

The packet error rate is 1 at MCS 0, and at the SNRs of 
8, 9, 10, 11, 12, and 13 after completing 51 packets. For 
MCS 1, the packet error rate is 1 at the SNRs of 8, 10, 12, 
14, 16, and 18 after completing 51 packets. After 
completing 51, 111, and 500 packets, the packet error rates 
are 1, 0.45946, and 0.038 at the SNRs of 16, 18, 20, 22, 24, 
and 26 for MCS 2. After completing 51 and 500 packets, the 
packet error rates are 1 and 0.072 at MCS 3 and at the SNRs 
of 18, 20, 22, 24, 26, and 28 for Model E.  

Fig. 6. illustrates the PER plot for model F utilizing a 
4x4 multiple-input multiple-output (MIMO) configuration, 
a channel bandwidth (CBW) of 320 MHz, an SNR of 8 to 
28, and an MCS from 0 to 3. As the SNR value increases, 
the PER value decreases, leading to an enhancement in 
system performance. 

 

Fig. 6. PER plot for Model F with 4x4 MIMO 

The packet error rates are 1, 0.96226, and 0.14407 at 
MCS 0, and at the SNRs of 8, 9, 10, 11, 12, and 13 after 
completing 51, 53, and 354 packets. For MCS 1, the packet 
error rates are 1, 0.91071, and 0.12562 at the SNRs of 8, 10, 
12, 14, 16, and 18 after completing 51, 56, and 406 packets. 
After completing 51, 237, 317, and 273 packets, the packet 
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error rates are 1, 0.21519, 0.16088, and 0.18681 at the SNRs 
of 16, 18, 20, 22, 24, and 26 for MCS 2. After completing 
51, 57, 332, and 277 packets, the packet error rates are 1, 
0.89474, 0.15361, and 0.18412 at MCS 3 and at the SNRs 
of 18, 20, 22, 24, 26, and 28 for Model F. 

IV. PERFORMANCE COMPARISON OF SIX MODELS FOR  MCS 0 

PER 

Models 
SNR 

A B C D E F 

1 1 1 1 1 1 8 

1 1 1 1 1 1 9 

1 1 1 1 1 1 10 

1 1 1 1 1 1 11 

0.96 1 1 1 1 0.96 12 

0.91 1 1 0.55 1 0.14 13 

 
Table IV presents the performance analysis comparison 

of the six models (models A, B, C, D, E, and F) for MCS 0 
at the SNR range of 8:1:13. The PER of all models is 1 at 
the SNRs of 8, 9, 10, and 11 for MCS 0. At the SNR of 12, 
the PER of models B, C, D, and E is 1, and the PER of 
models A and F is 0.96. At the SNR of 13, the PER of 
models B, C, and E is 1, and the PERs of models A and D 
are 0.91 and 0.55, but the PER of model F is 0.14 for MCS 
0. When the PER is one, the performance is not good. The 
PER is closer to zero, and the performance is better. If the 
PER is zero, the performance is the best. So, the 
performance of model F is better than that of the other 
models for MCS 0. 

V. PERFORMANCE COMPARISON OF SIX MODELS FOR  MCS 1 

PER 

Models 
SNR 

A B C D E F 

1 1 1 1 1 1 8 

1 1 1 1 1 1 10 

1 1 1 1 1 1 12 

1 1 1 1 1 1 14 

0.94 1 1 1 1 0.91 16 

0.84 1 1 0.05 1 0.13 18 

 
Table V presents the performance analysis comparison 

of the six models (models A, B, C, D, E, and F) for MCS 1 
at the SNR range of 8:2:18. The PER of all models is 1 at 
the SNRs of 8, 10, 12, and 14 for MCS 1. At the SNR of 16, 
the PER of models B, C, D, and E is 1, and the PERs of 
models A and F are 0.94 and 0.91. At the SNR of 18, the 
PER of models B, C, and E is 1, and the PERs of models A 
and F are 0.84 and 0.13, but the PER of model D is 0.05 for 
MCS 1.Therefore, the performance of model D is better than 
that of the other models for MCS 1. 

VI. PERFORMANCE COMPARISON OF SIX MODELS FOR  MCS 2 

PER 

Models 
SNR 

A B C D E F 

1 1 1 1 1 1 16 

1 1 1 1 1 1 18 

0.98 1 1 1 1 1 20 

0.91 1 1 0.75 1 0.22 22 

0.63 1 1 0 0.46 0.16 24 

0.43 0.93 1 0 0.04 0.19 26 

 
Table VI describes the performance analysis comparison 

of the six models (models A, B, C, D, E, and F) for MCS 2 
at the SNR range of 16:2:26. The PER of all models is closer 
to 1 at the SNRs of 16, 18, and 20 for MCS 2. At the SNR 
of 22, the PER of models A, B, C, and E is closer to 1, and 
the PERs of models D and F are 0.75 and 0.22. At the SNR 
of 24, the PER of models B and C is 1, and the PERs of 
models A, E, and F are closer to zero, but the PER of model 
D is 0 for MCS 2. At the SNR of 26, the PERs of models B 

and C are closer to 1, and the PERs of models A, E, and F 
are closer to zero, but the PER of model D is 0 for MCS 2. 
Therefore, the performance of model D is better than that of 
the other models for MCS 2. 

VII. PERFORMANCE COMPARISON OF SIX MODELS FOR  MCS 3 

PER 

Models 
SNR 

A B C D E F 

1 1 1 1 1 1 18 

1 1 1 1 1 1 20 

1 1 1 1 1 1 22 

0.94 1 1 1 1 0.89 24 

0.85 1 1 0.28 1 0.15 26 

0.56 1 1 0 0.07 0.18 28 

 
Table VII describes the performance analysis 

comparison of the six models (models A, B, C, D, E, and F) 
for MCS 3 at the SNR range of 18:2:28. The PER of all 
models is 1 at the SNRs of 18, 20, and 22 for MCS 3. The 
PER of all models is closer to 1 at the SNR of 24 for MCS 
3. At the SNR of 26, the PER of models B, C, and E is 1, 
and the PER of model A is closer to 1, but the PERs of 
models D and F are closer to 0. At the SNR of 28, the PERs 
of models A, B, and C are closer to 1, and the PERs of 
models E, and F are closer to zero, but the PER of model D 
is 0 for MCS 3. Therefore, the performance of model D is 
better than that of the other models for MCS 3. 

IV. CONCLUSION 

In this study, the performance of PER is analyzed with 
MIMO using delay profile models A, B, C, D, E, and F in 
Wi-Fi 7. The error rate of the packet is an essential metric 
that evaluates the reliability and quality of data transmission 
in communication systems. The number of packets tested at 
each SNR point is determined by the maximum allowable 
packet errors and the maximum packet parameters. The PER 
is used to measure the performance of wired and wireless 
systems. Packets are transmitted using 4x4 multiple-input 
multiple-output (MIMO). The communication quality 
improved as the SNR increased and the PER decreased. A 
high packet error rate can significantly impact the 
performance of a Wi-Fi network. 

The higher PER leads to retransmissions and delays in 
data transmission, affecting the overall throughput and user 
experience. A Wi-Fi network performs poorly when the 
PER is one. So, the performance is not good when the PER 
is one. The optimal performance is achieved when the PER 
is zero, with the network performing better as the PER 
approaches zero. If the PER is zero, the performance is the 
best. At MCS 0, the performance of model F is better than 
that of the other models. At MCS 1 to 3, the performance of 
model D is better than that of the other models. So, the 
performance of delay profile model D is the best, according 
to the overall simulation result. 
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Abstract—This paper researches into the prediction of state 

of charge for lithium-ion batteries in electric vehicles utilizing 

a Feed Forward Neural Network. State of charge (SoC) serves 

as a crucial parameter, particularly in electric vehicles, 

necessitating determination by the battery management 

system. As SoC remains unmeasured, it is inferred from other 

measured quantities such as discharge current and battery 

terminal voltage. The primary objective is to show the 

mathematical relationship between the input and output 

parameters of the battery through simulation using MATLAB. 

Additionally, the paper proposes a design for a Feed Forward 

Neural Network (FFNN) based SoC observer for lithium-ion 

batteries, aimed at ensuring safe and reliable battery 

operations by preventing overcharging or over-discharging. 

Finally, the dataset demonstrates favorable outcomes, with 

both training and test errors yielding satisfactory results. The 

development of the Levenberg Marquardt algorithm in this 

situation marks significant progress in SoC estimation. 

Keywords – Battery Management System, Electric 
Vehicle, Feed Forward Neural Network, Lithium-Ion 
Battery, MATLAB, State of Charge 

I. INTRODUCTION

BMS are employed across various applications including 

microgrids, portable electronics, telecommunications, and 

EVs. The BMS is an electronic system that manages and 

controls different battery parameters such as state of charge, 

state of health, depth of discharge, and more. Batteries are 

the primary power source for electric vehicles [1]. Various 

types of batteries include Ni-MH, Li-ion, and lead-acid 

batteries. Li-ion batteries are commonly used in energy 

storage systems due to their high energy density, high 

specific cell voltage, and low cost [6].  

SoC represents the percentage of the battery's rated 

capacity that remains, providing a snapshot of the battery's 

current capacity. Precise SoC estimation is crucial for the 

BMS to manage energy efficiently and ensure the safe 

charging and discharging of EV batteries [4]. Various 

methods for calculating SoC include the Ampere-hour 

integral method, internal resistance method, Artificial 

Neural Network, Kalman Filtering method, and discharge 

experimental method and so on. 

This paper presents an artificial neural network 
algorithm designed to enhance the accuracy of SoC 
estimation in batteries by improving the FFNN's design and 
performance [5]. This method has been applied to estimate 
the SoC of a battery pack during a drive cycle, and a 

comparison has been made between the training data and 
test data of SoC using FFNN. 

II. FEED FORWARD NEURAL NETWORK ESTIMATOR

THEORY 

Neural networks are categorized into various types, each 
serving different purposes. The most common types include 
Feedforward Neural Networks (FFNN), Convolutional 
Neural Networks (CNNs), and Recurrent Neural Networks 
(RNNs) [3]. Artificial Neural Networks (ANNs) are 
universal approximators capable of modeling any nonlinear 
function with precision. ANNs are structured as either 
single-layer or multi-layer networks and are composed of 
numerous parallel nonlinear artificial neurons. Among the 
most widely used networks with reliable performance 
predictions is the feedforward neural network [8]. This basic 
type of neural network processes input in a single direction 
without loops, consisting of an input layer, one or more 
hidden layers, and an output layer. The feedforward neural 
network is easy to implement and capable of handling a 
variety of functions, offering precise estimation and 
straightforward implementation without requiring complex 
equivalent circuit battery models for SoC estimation [2]. 
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Fig. 1. A multi-layer feed forward neural network [5] 

A multi-layer feedforward neural network in Fig.1 is a 
type of artificial neural network where the connections 
between the nodes do not form a cycle. It consists of an input 
layer, hidden layers, and an output layer. Input Layer 
consists of nodes that represent the input features. Each 
node in this layer corresponds to one input feature from the 
dataset. Hidden Layers are between the input and output 
layers. Each hidden layer consists of nodes that process the 
inputs from the previous layer and pass the output to the next 
layer. The number of hidden layers and the number of  
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neurons in each hidden layer can vary depending on the 
complexity of the problem. Output Layer consists of nodes 
that produce the final output of the network. The number of 
neurons in the output layer depends on the type of problem 
[6]. Weights and Biases are connecting between the nodes 
of different layers have weights associated with them. Each 
neuron also has an associated bias. The weights and biases 
are adjusted during the training process to minimize the 
error in the output. Each neuron (except those in the input 
layer) applies an activation function to its input to introduce 
non-linearity into the model [5]. 

At each neuron in the hidden layer and output layer, the 
processing operation is performed through the activation 
function. Additionally, in the proposed neural network, the 
activation functions in both layers are piecewise functions, 
as described in (1) [7]. 

a = f(zk) = {

0,  if zk < xmin

wx + b, if xmin  ≤ zk ≤ xmax

1,  if zk > xmax

     (1) 

where, 

xmin, xmax = input layer values 

w = weight of neural network 

b = bias in hidden layer and output layer 

zk = output layer value 

a = output values 

Piecewise linear is calculated using a range of numbers 
required for the particular equation, anything less than the 
range is 0, and anything greater is 1. Between 0 and 1, the 
signals going from one layer to the next are linearly-
interpolated [5]. A node in a hidden layer receives inputs 
from all the nodes in the previous layer, processes these 
inputs, and then passes the output to the nodes in the 
subsequent layer in Fig.2. Each node in a hidden layer 
receives inputs from all nodes in the previous layer [9]. Each 
input is multiplied by a corresponding weight. The weighted 
inputs are summed together along with a bias term [8]. The 
summed value is passed through an activation function to 
introduce non-linearity. The result of the activation function 
is the output of the hidden layer node, which is passed to the 
nodes in the next layer in Fig.2. 

The following equations define the mathematical 
relationship for the hidden layer or output of the FFNN [3] 
and [8]: 
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. .

w x
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  (5) 

y = f(netj)
j

 (6) 

Where,  xd = the output at the previous layer 

      wid = the weight of the previous layer to the 
present layer 

      wj0 = the bias 

      netj = hidden node j 

III. TRAINING AND TESTING DATA

The training algorithm is built on a five-step approach, 
which is clearly shown in the flowchart in Fig.3. 

Start

Parameters Initialization (voltage and current)

Calculate state of charge (SoC) using piecewise 

activation function.

SoC 20 %    SoC 

output values

Charging of the 

battery

Discharge 

Y

N

Predict number of neurons in hidden layer and output 

layer.

Assume weight values (between 0 and 1)

Fig. 3. Flowchart of SoC estimation using FFNN 

A. Training Data for Voltage and Current

Firstly, the input current and voltage data are set and
considered how much neurons are used in the hidden layer 
to get accurate output results. And then, calculated the 
output results with FFNN estimator theory. In the hidden 
and output layers, the processing operation at each neuron 
is carried out using the Piecewise Linear (PL) activation 
function. Both current weight and voltage weight of the 
hidden layer set the same values because current data and 
voltage data are trained in neural network tool box (nntool) 
in MATLAB software to calculate MSE values using 
Levenberg Marquardt algorithm and predict accurancy and 
their performance. 

In Fig.4, desires the initial current value is 180AH, the 
percentage of battery state is 100%. Weight value is set to 
random values between 0 and 1 and bias value is set to 
constant value 1. Calculating for one output value result and 
the other output is similar to calculate in this algorithm. 
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Fig. 4. A Diagram of Multi-Layer FFNN for current 

Input values, xmax = 180AH, xmin = 36AH 

Desired Weight values, w = 0.2, 0.4, 0.6, 0.8 (SoC % is 
differed 20% in CC method) 

Hidden layer, y = (wx + b)    (7) 

y = (0.2×180) +1 = 37 

Output layer, z = f(my + b)    (8) 

z = [(0.99×37) + (0.35×73) + (0.35×109) + (0.3×145) + 1] 

z = 144 AH 

Using piecewise activation function,  

xmin < z < xmin = 37 < 144 < 180   (9) 

Therefore, the algorithm is continued running before less 
than xmin. Table I is current dataset based on FFNN theory 
use in (7),(8) and (9) to get 144.83, 108.387, 71.56 and 
36.019 current output values. 

I. CURRENT TRAINING DATASET
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180 0.2 1 36 0.99 1 144.83 

180 0.2 1 36 0.35 1 144.83 

180 0.2 1 36 0.35 1 144.83 

180 0.2 1 36 0.3 1 144.83 

180 0.4 1 73 0.001 1 108.387 

180 0.4 1 73 0.7 1 108.387 

180 0.4 1 73 0.25 1 108.387 

180 0.4 1 73 0.2 1 108.387 

180 0.6 1 109 0.001 1 71.56 

180 0.6 1 109 0.001 1 71.56 

180 0.6 1 109 0.5 1 71.56 

180 0.6 1 109 0.11 1 71.56 

180 0.8 1 145 0.001 1 36.019 

180 0.8 1 145 0.001 1 36.019 

180 0.8 1 145 0.001 1 36.019 

180 0.8 1 145 0.24 1 36.019 

In Fig.5, desires the initial voltage value is 356V, the 
percentage of battery state is 100%. Weight value is set to 
random values between 0 and 1 and bias value is set to 

constant value 1. Calculating for one output value result and 
the other output is similar to calculate in this algorithm. 
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Fig. 5. A Diagram of Multi-Layer FFNN for voltage 

Input values, xmax = 356V, xmin = 71V 

Desired Weight values, w = 0.2, 0.4, 0.6, 0.8 (SoC % is 
differed 20% in CC method) 

Hidden layer, y = (wx + b)             (10) 

y = (0.2×356) +1 = 72.2 

Output layer, z = f(my + b)        (11) 

z = [(0.99×72.2) + (0.35×143.4) + (0.35×214.6) + 

      (0.3×285.8)  + 1] 

z = 283.518V 

Using piecewise activation function, 

xmin < z < xmin = 71 < 283.518 < 356               (12) 

Therefore, the algorithm is continued running before less 
than xmin. Table II is voltage dataset based on FFNN theory 
in use (10), (11) and (12) to get 283.518, 212.2622, 
139.9536 and 70.0222 voltage output values. 

II. VOLTAGE TRAINING DATASET
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356 0.2 1 72.2 0.99 1 283.518 

356 0.2 1 72.2 0.35 1 283.518 

356 0.2 1 72.2 0.35 1 283.518 

356 0.2 1 72.2 0.3 1 283.518 

356 0.4 1 143.4 0.001 1 212.2622 

356 0.4 1 143.4 0.7 1 212.2622 

356 0.4 1 143.4 0.25 1 212.2622 

356 0.4 1 143.4 0.2 1 212.2622 

356 0.6 1 214.6 0.001 1 139.9536 

356 0.6 1 214.6 0.001 1 139.9536 

356 0.6 1 214.6 0.5 1 139.9536 

356 0.6 1 214.6 0.11 1 139.9536 

356 0.8 1 285.8 0.001 1 70.0222 

356 0.8 1 285.8 0.001 1 70.0222 

356 0.8 1 285.8 0.001 1 70.0222 

356 0.8 1 285.8 0.24 1 70.0222 
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B. Testing Data for Voltage and Current

Firstly, taken voltage and current data values from Table
I and Table II, written script in nntool box of the MATLAB 
software. The second is set input vector and target error, 
chosen number of neurons for hidden layer and output layer, 
and selected Levenberg-Marquardt algorithm in the nntool 
box to calculate mean square error for training and testing 
performance. To prevent under-fitting, the neural network 
was trained to achieve a reasonable MSE suitable for 
simulating the battery's dynamics. Depending on the actual 
application, it is advisable to maintain the battery SoC 
within a safe operating range, typically 20% to 90% for 
lithium-ion batteries [10]. The training data determines the 
biases and net weights using the Levenberg-Marquardt 
algorithm. Processing occurs at each neuron in both the 
hidden and output layers via the Piecewise Linear activation 
function. The primary function of FFNN fitting tools in 
MATLAB is to fit a nonlinear function between the input 
and output data [7]. While the architecture is customized, a 
typical design consists of three layers: input, hidden, and 
output layers. This architecture is depicted in Fig.6. 

Fig. 6. Training and testing data set in nntool of MATLAB software 

IV. RESULT AND DISCUSSION

In Fig.7 shows the training and testing data result for 

current and voltage using nntool box of MATLAB software. 

In figure, the blue line is training data, the red line is testing 

data and the green line is validation. The blue line and the 

red line results are synchronized in Fig.7(a) and (b). 

Therefore, the training and testing results are best 

performance. 

(a) 

(b) 

Fig. 7. (a) Training and testing data result for current using nntool box, 
(b) Training and testing data result for voltage using nntool box 

Fig.8(a) and (b) represent the comparison of data and fit 

line of the voltage and current training datasets. For the best 

performance and accuracy, combination of validation and 

test results are the same as training result. The good 

performance of MSE is greater than 0.8 and the best is 1. In 

Fig.8(a) and (b), the training result and all result are the 

same. The mean square error value is 1. Therefore, the 

training and testing results are best performance and the 

accuracy is 100%. 

(a) 

(b) 

Fig. 8. (a) Comparison of MSE values and accurancy for current, (b) 

Comparison of MSE values and accurancy for voltage using nntool box 

Fig.9(a) illustrates the State of Charge Estimation Curve, 

showing how voltage (V) and current (AH) vary over time 

during a 5-hour usage period. The voltage and current both 

exhibit a step-wise decline, dropping significantly at the end 

of each hour. The state of charge decreases by 20% after 

each hour of usage. By the end of the 5-hour period, both 

voltage and current have decreased significantly from their 

initial values. In Fig.9(b) shows the relationship between 

voltage (V) and time (hours) for two different current 
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capacities: 36AH (green curve) and 18AH (blue curve). The 

duration of the steady voltage phase is proportional to the 

capacity of the battery. The 36AH battery maintains its 

voltage for 5 hours, while the 18AH battery maintains its 

voltage for 10 hours. 

1 2 3 4

(a) 

(b) 
Fig. 9. (a) SoC result curve using nntool box, (b) State of charge (SoC) 

estimation for 36AH and 18AH batteries 

V. CONCLUSION

In this paper, a state of charge estimation method for 

lithium-ion batteries is developed using a Feed Forward 

Neural Network. As part of a data-driven learning machine 

approach, the FFNN offers precise estimation and simple 

implementation without the need for complex Equivalent 

Circuit battery models, unlike other SoC estimation 

methods. Using MATLAB's Neural Network Toolbox 

(nntool) to design the FFNN and defining the 

architecture:input layer, hidden layers and output layer. 

Selecting Levenberg-Marquardt algorithm and training the 

network using the voltage and current training datasets, 

adjusting weights and biases to minimize the error between 

the predicted and actual SoC. Evaluating the performance 

on the test set to ensure the model's accuracy. The good 

performance of MSE is greater than 0.8 and the best is 1. In 

Fig.8(a) and (b), the training result and all result are the 

same. The mean square error value is 1. Therefore, the 

training and testing results are best performance and the 

accuracy is 100%. 

FFNNs model the nonlinear relationship between voltage, 

current, SoC and provide high accuracy in SoC estimation. 
Once trained, the FFNN quickly process inputs to provide 

real-time SoC estimates. It allows for the accurate, real-time 

monitoring of battery SoC, improving the efficiency and 

safety of battery-powered systems. Proper data 

preprocessing, network design, and training are crucial steps 

to ensure the model's performance and reliability. 
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Abstract— The paper details a comprehensive approach to 

designing and simulating water supply networks incorporating 

S7-1500 PLC, WinCC SCADA systems, Siemens PID compact, 

water level sensor and TIA portal software. Through SCADA 

technology, the system facilitates real-time monitoring and 

control of water distribution, while the PID control algorithm 

manages modulating valves and tank levels to improve 

performance. The methodology involves system identification, 

PID controller design, SCADA integration, historical data, 

simulation, and testing, utilizing software to analyze system 

behavior for optimal performance and stability. The paper 

emphasizes the collaboration of PID control and SCADA 

systems to achieve efficient and reliable water supply 

networks. Overall, the paper contributes to advancing smart 

water management systems by providing insights into 

integrating SCADA and PID control for improved operation 

and management of water distribution networks. 

Keywords— PID, PLC, SCADA, SENSOR, TIA PORTAL 

I. INTRODUCTION

Water supply networks are pivotal for efficiently 
delivering clean water to communities and industries.  
Effective management of these networks is essential to 
fulfill water demand, minimize losses, and maintain quality 
standards.  

SCADA systems have become indispensable in 
industries, offering simplified control and monitoring 
features. This research concentrates on incorporating a 
control unit into a filling system using SCADA technology 
to enhance manufacturing processes. By employing 
microcontrollers and control circuits, the system efficiently 
handles data exchange with the master station. SCADA 
applications, driven by advanced technologies and skilled 
personnel, play a crucial role in modern industrial settings, 
aiding in technical reengineering endeavors. Initially 
relying on relay logic, SCADA has progressed to integrate 
digital electronics, with programmable logic controllers 
(PLCs) now serving as a pivotal element in industrial 
control systems, highlighting their continued significance 
and broad acceptance. [1] 

Designing and tuning PID controllers is theoretically 
simple but faces practical hurdles, especially when striving 
for multiple goals like swift transient response and strong 
stability. Consequently, engineers have developed 
"intelligent" tools to aid in achieving optimal PID control 
under diverse conditions. This article offers a current 
examination of PID functionalities and tuning approaches 
found in patents, software packages, and commercial 
hardware. Integrating system identification and "intelligent" 

methods into software-based PID systems streamlines 
design and tuning, laying the groundwork for future "plug-
and-play" PID controllers. These advancements promise 
heightened productivity, superior quality, and reduced 
maintenance demands [2]. 

Technological advancements have enabled the 
integration of Siemens PLC and WinCC SCADA systems 
with PID control algorithms, offering a promising avenue to 
enhance the efficiency and reliability of water supply 
networks. SCADA systems furnish real-time monitoring, 
control, and data acquisition capabilities, empowering 
operators to remotely oversee and manage various 
components. Meanwhile, PID control regulates system 
parameters such as tank levels to maintain desired settings 
and adapt to changing demands or disruptions. [3] 

The paper focuses on designing and simulating water 
supply networks integrated with SCADA systems and PID 
control to enhance efficiency, reliability, and resilience. It 
aims to establish a systematic approach for designing and 
simulating such networks while evaluating systems under 
different conditions. 

II. IMPLEMENTATION OF THE SYSTEM

Network Cable

Fig. 1. Schematic diagram of the system 
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The system configuration, illustrated in Fig. 1, initiates 

with water extraction from a deep well via a submersible 

pump, directing it towards the primary ground tank. A 

booster pump then facilitates the transfer of water to the 

main overhead tank. Water filling for both tanks relies on 

upper and lower-level sensors. If water levels drop below a 

specified threshold, the sensors trigger the filling process, 

which halts if levels exceed the upper threshold. Modulating 

valves regulate the distribution between ground tank-1 and 

ground tank-2 using PID Control, ensuring efficient water 

distribution. 

The system ensures optimal utilization of water 

resources and maintains stable tank levels. Modulating 

valves, integrated with PID control, offer significant 

advantages in water distribution systems. Adjusting valve 

positions based on real-time feedback enables the system to 

promptly respond to changes in demand, ensuring precise 

regulation of water flow. Communication between the PLC 

and SCADA systems over a local network facilitates the 

exchange of control information and historical data. The 

SCADA computer efficiently oversees both monitoring and 

controlling the entire water supply network. 

The installation of a programmable logic controller 
(PLC) using TIA portal software is highlighted as essential 
for the water supply network's smooth operation. The 
specifications of the chosen S7-1500 PLC model, as detailed 
in Table I highlight its reputation for robust performance 
and versatility, positioning it as a key element in industrial 
automation systems. [4]  

I.  SOME SPECIFICATIONS OF S-7 PLC 

No

. 
S7-1500 PLC  

1. Product type designation  CPU 1511-1 PN 

2. Firmware version V2.5 

3. Display 3.45 cm 

4. Power loss 5.7 W 

5. Rated value (DC) 24 V 

6. 
Central processing unit with 
working memory 

150 KB for program 
and 1 MB for data 

7. Number of IO modules 
1 024; max. number 
of modules / 

submodules 

8. RJ 45 (Ethernet) Yes; 2 

9. IP protocol Yes; IPv4 

10. PID Compact 

Yes; Universal PID 

controller with 

integrated 

optimization 

11. Programming language 
LAD, FBD, STL, 
SCL, GRAPH 

Additionally, a laptop computer is employed as the 
SCADA computer, running TIA V15 software. The 
operating system is customized for SCADA software 
requirements, and the SCADA software is configured to 
establish connections with field devices for real-time data 
acquisition and control. [5]  

The PID control method utilizes Siemens PID compact, 
and the PID control formula is: 

d
p

i d

(T ×s)(c×(w - x))(w - x)
y = K (b×(w - x)) + +

T ×s ((a×T )(s +1))

 
 
 

 (1) 

 Where: 

y = Output value of the PID algorithm  

Kp = Proportional gain  

b = Proportional action weighting  

w = Setpoint  

x = Process value  

Ti = Integral action time  

s = Laplace operator  

Td = Derivative action time 

a = Derivative delay coefficient 

Start

Initialize I/O ports

MGT Motor Run

DW level low?

DW Motor run

End

Yes

Yes

Yes

No

Alarm LL DW

Yes

MGT level Low?

OT level Low?

OT level Upper?

MOT Valve ON

Reach G1  and G2 Setpoint?

Yes

Close G1 and G2 Valve

MGT level Upper?

DW Motor Stop

Yes

No

No

No

G1 and G2 Valve ON

No

MGT Motor Stop

No

Get G1 and G2  

Setpoint

 

Fig. 2. Flowchart of the system 
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The system's flowchart, depicted in Fig. 2, serves as a 
visual representation of the program's structure and logic. It 
helps in understanding the sequence of operations, decision 
points, and interactions within the system. This flowchart 
aids in troubleshooting, as it allows users to identify 
potential issues and locate specific areas of the program that 
may require adjustment or improvement. [6] 

III. SIMULATION RESULTS OF THE SYSTEM 

Fig. 3 illustrates the water distribution screen of the 
SCADA system. This screen offers a visual depiction of the 
water distribution process, enabling operators to oversee 
and regulate the flow of water to various tanks and 
components within the system. It provides real-time updates 
on water levels, valve positions, and other pertinent 
parameters, facilitating efficient management and 
optimization of water distribution. Using the information on 
this screen, operators possess the ability to make smart 
choices to keep the system running smoothly and make the 
most of available resources. 

 

Fig. 3. Water supply networks with WinCC advanced SCADA screen 

The operational sequence depicted in Fig. 4 elucidates 
the interactions among various components within the 
system. Upon the water level in the main ground tank falling 
below a predetermined threshold, low-level sensors within 
the tank are activated, prompting the submersible pump in 
the deep well to replenish the main ground tank. Once the 
sensors detect the desired water level, they automatically 
deactivate the submersible pump in the deep well.  

 

Fig. 4. Main ground tank water filling process 

The synchronized operation illustrated in Fig. 5 
guarantees effective oversight of water levels throughout the 
system. As the water level in the depth well diminishes to a 
critical point, triggering the activation of low-level sensors, 
the submersible pump's operation in the depth well is 
promptly halted. Additionally, a low-level alarm for the 
depth well water level is displayed on the screen, alerting 
operators to the situation. 

Following this process, the low-level sensors detect the 
low water level in the main overhead tank, causing the 

booster pump to activate and transfer water from the main 
ground tank to replenish the main overhead tank. However, 
if the low-level sensors detect a lower water level in the 
main ground tank, the booster pump remains inactive. 
Conversely, if the water level in the main ground tank is 
normal, the filling process in the main overhead tank 
continues without interruption, as depicted in Fig. 6. 

 

Fig. 5. Depth well water level low alarm activated 

 

Fig. 6. Main overhead tank water filling process 

 

Fig. 7. PID algorithm default parameters with ground tank-1 and ground 
tank-2 PID compact 

When the water level in the main overhead tank reaches 
the upper threshold, the discharge valve of the main 
overhead tank automatically opens. Simultaneously, the 
modulating valves controlling ground tank-1 and ground 
tank-2 are also open to initiate the filling process. Ground 
tank-1 and ground tank-2 are regulated by the PID control 
method. In the TIA portal software, the default parameters 
of the PID algorithm are configurable and programmable, as 
depicted in Fig. 7. This allows for precise adjustment and 
optimization of the PID controller to suit the specific 
requirements of the system. Utilizing Fig. 7 as a guide, users 
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can streamline the setup process and ensure that the PID 
controller operates efficiently and effectively to maintain 
desired system performance.  

Fig. 8 and Fig. 9 display the automatic tuning method 
process for ground tank-1 and ground tank-2, presenting 
tuning graphs that offer insights into optimizing the control 
parameters for these tanks. By examining the tuning graphs 
provided in Fig. 8 and Fig. 9, engineers and operators 
analyze the effectiveness of the tuning process and make 
informed adjustments to achieve desired control outcomes. 
These visual representations enable the identification of any 
deviations from target setpoints, facilitating the fine-tuning 
of control parameters to enhance the stability and efficiency 
of the tanks. With the information presented in Fig. 8 and 
Fig. 9, users can iteratively refine the tuning settings to 
ensure precise control and reliable operation of ground tank-
1 and ground tank-2 within the system. 

 

Fig. 8. Tuning graphs for ground tank-1 

By employing the PID control method, ground tank-1 
and ground tank-2 successfully reach the specified 
setpoints, setpoint-20 and setpoint-40, respectively. Once 
the setpoints are achieved, the modulating valves 
controlling the flow close, thereby maintaining the water 
levels within the tanks. Despite variations in user water 
consumption, ground tank-1 and ground tank-2 are able to 
sustain their target levels. This consistent water level 
stability is a result of the accurate operation of the 
modulating valves, ensuring the tanks continuously meet the 
desired conditions. 

 

Fig. 9. Tuning graphs for ground tank-2 

The tuned results of ground tank-1 and ground tank-2 
are presented in Fig. 10 and Fig.11, accompanied by 
graphical representations that depict the outcomes of the 
tuning process.  

These graphs offer a comprehensive view of the 
performance of ground tank-1 and ground tank-2 following 
the tuning adjustments. By analyzing the data presented in 
Fig. 10 and Fig. 11, engineers and operators assess the 
effectiveness of the tuning process and evaluate whether the 
control parameters have been optimized to achieve the 
desired system performance. The graphs help understand 
how ground tank-1 and ground tank-2 behave in various 

situations, making it easier to adjust control settings for 
accurate and dependable operation in the system. 

 

Fig. 10. PID tuned results of ground tank-1 

 

Fig. 11. PID tuned results of ground tank-2 

Fig. 12 and Fig. 13 display the tuned parameters of 
ground tank-1 and ground tank-2, respectively, showcasing 
values for proportional gain, integral action time, and 
derivative action time. Throughout this filling process, PID 
control operates as the operator sets the desired setpoint to 
maintain an appropriate water level.  

 

Fig. 12. PID tuned parameters of ground tank-1 

Once the water levels in ground tank-1 and ground tank-
2 reach their respective setpoint levels, the modulating 
valves controlling the flow close, as shown in Fig. 14, 
ensuring that the water levels in their respective tanks are 
maintained. Ground tank-1 and ground tank-2 can keep their 
desired levels in ground tank-1 and ground tank-2, no matter 
how much water users consume. 

 

Fig. 13. PID tuned parameters of ground tank-2 
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This ensures consistent water levels in these tanks, 
meeting the desired conditions achieved through the 
operation of the modulating valves. The results of PID 
control tuning for ground tank-1 and ground tank-2 in the 
system are shown in Fig. 15 and Fig. 16, respectively.  

Fig. 14. Ground tank-1 and ground tank-2 water filling process with PID 
control 

Fig. 15. Ground tank-1 at setpoint and ground tank-2 filling to setpoint 

Fig. 16. Ground tank-1 and ground tank-2 reached setpoint 

Fig. 17. Historical data of the SCADA system 

Figure 17 displays historical data from a four-day trial 
of the SCADA system, focusing on evaluating key 
components and collecting operational data. Initially, the 
depth well motor, main ground tank motor, and main 
overhead tank discharge valve maintained stable values of 
1, 2, and 2, respectively, while ground tank-1 and ground 

tank-2 fill valves were set at 8 and 5. Over subsequent days, 
minor variations were observed in the fill and discharge 
valves, whereas the depth well motor, main ground tank 
motor, and main overhead tank discharge valve consistently 
retained their values. The second day, slight changes 
occurred with the ground tank-1 fill valve increasing to 9 
and the ground tank-2 fill valve decreasing to 6, 
accompanied by corresponding shifts in discharge valve 
readings. The third day saw the ground tank-1 fill valve rise 
to 7 and the ground tank-2 fill valve drop to 5, maintaining 
variability in discharge valve values. Finally, on the fourth 
day, the ground tank-1 fill valve increased to 7 and the 
ground tank-2 fill valve decreased to 4, continuing the trend 
of fluctuations in component operations throughout the 

testing period.  

IV. CONCLUSION

The simulation results confirm the effectiveness of the 
water supply network's management and control. 
Integration of the SCADA system and PID control ensures 
precise regulation of water supply, optimizing resource 
distribution. Simulations illustrate the coordinated operation 
of pumps, valves, and sensors to maintain ideal water levels. 
The SCADA system's historical data offer insights into daily 
operations, aiding in monitoring pump activities and system 
performance. Overall, the results demonstrate the system's 
reliability in managing water supply networks efficiently. 
The integration of the SCADA system and PID control 
shows promise for improving system performance, with 
ongoing research necessary for further advancement. 
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Abstract— The main aim of this research is to evaluate some 
minerals contents in Myanmar indigenous medicines 
containing Kyauk-thway .In this research work, ten brand 
Myanmar indigenous medicines containing Kyauk-thway 
were analyzed according to ash, nitrogen contents, citric acid 
percent and trace minerals such as iron .These medicines 
were good remedies for the treatment of anemia and other 
ailments. Most of Myanmar medicines recipes applied kyauk-
thway for the betterment of their potencies. The essential 
nutritive element of iron was determined by atomic 
absorption spectroscopy (AAS). In the selected ten Myanmar 
medicines from Mon State, the ash percent was performed by 
incineration method and nitrogen contents were evaluated by 
micro Kjeldahl method. And alternatively, the iron contents 
of each sample were measured by atomic absorption 
spectroscopy(AAS) and visible spectrophotometry. Citric 
acid contents of these samples were calculated by volumetric 
method. 

Keywords—Thwaysay, atomic absorption spectroscopy, 
furnace, Kjeldahl method, visible spectroscopy  

I. INTRODUCTION  
The development of new versatile medicines in the 

laboratory either extracted from medicinal plants or 
synthesized-stretches herbs back to the late and early of 
19th century, when pharmacists first isolated and identified 
the constituents. From that time onwards of isolating and 
identifying, scientists made tremendous progress in 
understanding how isolated chemicals affect the body, as 
well as how the body works in health and diseases of 
developing world. [1]. Even today its use in various 
sectors such as medicinal compounds in medicine, agro 
chemicals in agricultural, facial and skin compound in 
cosmetic etc. is well known. There are millions of natural 
organic compounds which have been well documented. 
But still there are many unknown compounds that stick 
await discovery. The use of modern techniques and 
instruments enables to analyze and elucidate the structural 
natural of these compounds [2]. Simultaneous 
advancement in the fields of chemistry, biochemistry, 
biosynthesis and pharmacology has developed 
pharmacognosy, which is concerned with the study of 
crude drugs of plant and animal origins. Various active 
compounds have been isolated from plants which are used 
in modern medicine. With the advancement of synthetic 
organic chemistry, most of the active constituents of plants 
used in medicine have been synthesized [3]. Local 
indigenous physicians use Thwaysay in the treatment of 
various kinds of diseases cause by blood. It is almost 

suitable for female in the treatment of dizziness, 
gynecological disorders and fever. .It can be used by 
sniffing or taken orally. In general, thwaysay contains the 
following raw materials ;Kyauk-thway, Nathaphyu, 
Nathani, Ponmathein, Gangaw, Payok,Hpala, Kantchokeni 
,Paikchin, and Thitkyabo,.Each powdered raw material 
mentioned above is mixed to get one course of Thwaysay 
The quantity of each dosage is instructed one teaspoon, 
two tamarind seeds, half betel nut and one medicine spoon 
equivalents [4].  

 The uses of Thwaysay of different brands are 
similar to each other .Its therapeutic uses are as follows; 

 Dizziness can be relieved by sniffing these drugs or 
it can be taken orally with sugar. 

 It can be taken with water for depression, 
unsleeping, debility, loss of appetite, afraid and 
anemia. 

 It can also be taken with juice of sugar cane for 
treatment of palpitation, dizziness, tiredness and 
giddiness. 

 It can be taken with warm, firstly boiled, water for 
gastroenteritis. 

 It can be used with juice of lemon for dyspepsia 
ulence, nausea and vomiting. 

 When one has painful micturition, it can be given 
with infusion of pennywort leaves. 

 It can be given with coconut milk for treatment of 
asthma. 

 When one has fever, it can be taken by infusing 
betel leaves; this makes the patient sweat profusely 
to reduce the body temperature. 

 Generally, when menstrual cycle disappears or 
irregular between the ages of 13 to 40 years, it can 
be used with decoction of ginger and betel leaves. 

 It can be also taken with an equal amount of 
hypertension. 

 It can be given with infusion of betel leaves for 
children with diarrhea [5]. 

 In brief, Thwaysay can be used in varies ways for 
the treatment of various kinds of diseases. 

A. Iron 
Iron is the most trace element deficiency anemia, 

characterized by a low concentration of hemoglobin in the 
blood or by a low volume of packed red blood cells, is the 
usually symptom. The recommended dietary allowance for 
ages 23 to 50 years is 80%higher than for men in the same 
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age group because of the iron lost from menstrual 
bleeding. Children between the ages of 0.5 and 4.0 years, 
because of the rapid rate of growth at this time and 
because the infants iron stores are not sufficient to the last 
beyond the age of 6 months .Children in early 
adolescences are also at risk factor   because of the their 
rapid growth .In addition, menstruations is a risk factor of 
deficiency. Pregnancy is another risk factor because of the 
mother`s expanding blood volume, the demands of the 
fetus and placenta and blood losses during childbirth. 
Anemia in infants, for example can be treated with 6mg of 
iron /kg body weight per day. The iron can be supplied as 
oral ferrous sulphate. Iron deficiency anemia in adults can 
be treated with 50mg of iron three times a day .The iron 
can be supplied as ferrous sulfate. Early rises in serum 
ferritin may not occur  at these doses ,but can occur at 
higher doses .With the use of standard dose, serum ferritin 
may rise into the nor mal range only after the anemia has 
been corrected. 

II. EXPERIMENTAL 

A. Sample Collection 
Ten brands of Myanmar indigenous medicines were 

collected from no.1 market of Mawlamyine in Mon state. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Ten brands of Myanmar Indigenous Medicines from Mon State 

B. Determination of Single dose, Daily dose in Myanmar 
Indigenous Medicines 

All of the samples were weighed with digital balance to 
get the accurate weigh of single dose and daily dose 
asdescripted instruction on each of the sample bottle. 

 

C. Determination of Ash Contents in Myanmar 
Indigenous Medicines  
A porcelain crucible was heated at 60 °C for 30 

minutes. Then it was cooled in a desiccator for 30 minutes 
until it gets at room temperature and the weight was noted. 

Sample (3 g) was placed in a pre-weighed porcelain 
crucible and it was heated carefully on a hot plate until the 
organic matter dried and burned off without flaming. The 
partially decomposed sample was then incinerated in a 
muffle furnace at 400 °C until the resultant ash become 
uniform in color. When the sample was completely ashed, 
the crucible was allowed to cool in a desiccator and 
weighed. The process of heating, cooling, and weighing 
was repeated until a constant weight was obtained. And 
then ash content was calculated. All the samples were 
done according to the above mention method. 

D. Determination of Nitrogen Contents in Myanmar 
Indigenous Medicine 
The homogenized sample 0.5 g was introduced into a 

dried Kjeldahl flask [6]. The catalyst mixture (0.2 g 
anhydrous copper II sulphate and 4.0 g potassium 
sulphate) and concentrated sulphuric acid (10 mL) were 
then added. The contents were digested by heating the 
flask in a inclined position in a fume hood. The mixture 
was heated gently for about thirty minutes and heating was 
continued for about 3 hours until the solution become 
clear. The flask was shaken gently from time to time 
during the digestion process. 

Then the flask was allowed to cool and transferred into 
100 mL volumetric flask and made up to the mark with 
distilled water. After boiling the distilled water in round 
bottom flask, 20 mL of made up solution was added in the 
middle flask. The 40% sodium hydroxide solution (12 mL) 
was poured in this flask. The ammonia evolved was 
allowed to absorb in 10mL of 0.5 % boric acid solution 
contained 1 drop of mixed indicator solution. The 
ammonia distillate was titrated with 0.05 M sulphuric acid 
until the colour change from green to gray. Then the 
nitrogen content in the sample was calculated. 

E. Determination of iron contents by atomic absorption 
spectroscopy 
Ash 3 g of Myanmar medicine was placed in a 150 mL 

beaker and 8 mL of concentrated nitric acid was added 
slowly [7]. Then the resulting mixture was evaporated to 
dryness and the residue, after cooling was dissolved in 6 
mL of 10 % nitric acid (v/v) solution. The above solution 
was transferred to a 100 mL volumetric flask and the 
volume made up to the mark with distilled water. Then, 
the amounts of the iron contents were determined by 
atomic absorption spectroscopy. 

F. Determination of Iron Contents in Myanmar 
Indigenous Medicines by Visible Spectrophotometry 
Ash 0.1 g of Myanmar indigenous medicine was 

placed in a   250 mL beaker and 25 mL of 6 M 
hydrochloric acid was added. The beaker was covered 
with watch glass and then heated at a slow boil for 20 
minutes on a hot plate. The beaker was removed from hot 
plate and, the bottom side of watch glass over the beaker 
was tilted and washes down with a small amount of 
deionized water. The hot mixture was filtered through the 
filter paper into a 100 mL volumetric flask. The beaker 
was rinsed with 10mL of hot deionized water and poured 
this through the filter paper while after most of the first 
mixture has been collected in the volumetric flask. When 
no more liquid remained in the bottom of the filter paper, 
it was removed and the inside of the funnel with a few mL 
of deionized water at room temperature. The filtrate was 
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cooled at room temperature and diluted to the mark with 
deionized water to mark 100 mL solution and mixed well. 

The resulting solution 5mL was pipette into a 100 mL 
volumetric flask and the volume made up to the mark with 
deionized water and mixed well. Then the solution 1 mL 
was added into a 100 mL volumetric flask, 6 drops of 
sodium citrate solution,    2 mL of hydroquinone solution, 
3 mL of 1, 10-phenanthroline solutions were added and 
diluted to the mark with deionized water and all were 
mixed well. The orange colour Fe(II)-phenanthroline 
complex was obtained. After 15 minutes, the absorbance 
of prepared solution was measured at the λmax of 513 nm. 

G. Determination of Citric Acid Contents in Myanmar
Indigenous Medicine

The citric acid solution 10 mL was pipetted into a 150
mL conical flask and    2 drops of thymol blue indicator 
was added. It was then titrated with 0.05 M sodium 
hydroxide solution until the colour change from yellow to 
blue. The sample solution 10 mL was pipetted into a 150 
mL conical flask and 2 drops of thymol blue indicator 
were added [8]. It was then titrated with 0.05 M sodium 
hydroxide solution until the colour changed from yellow to 
blue. Then the citric acid content was calculated. 

III. RESULTS AND DISCUSSION

A. Determination of Ash Contents

The ash content in the traditional drug is the residue of
inorganic minerals remaining after the incineration. The 
simplest method for preliminary ashing is the use of flame 
[8]. The temperature of the detected sample must be kept 
as low as possible. It should not produce the flame but 
carbon and some organic matter must be burned off in a 
reasonable time. The final ashing of the sample must be 
accomplished by using furnace with appropriate 
temperature. 

The ash percent in a foodstuff is actually the residual 
inorganic materials remaining after the organic matter has 
been burnt [7]. The ash percent is a measure of the quality 
of food. The smaller the ash percent, the better will be the 
food quality. However, in the case of Myanmar medicines, 
the main ingredients are the inorganic materials so that the 
ash percent should be reasonable amount. Generally, the 
ash percent is directly proportional to its elemental 
contents.it has been found that sample no.4 has the highest 
amount of ash 31.44% and lowest ash percent was 5.77 in 
sample no.6.the smaller the value of ash percent in sample 
no.6 is better for the food quality but it is not related to the 
properties of Myanmar medicine. 

B. Determination of Nitrogen Contents
Organic substance of Proteins is the high molecular

weight formed by a number of amino acids united by a 
peptide linkage. The groups of non-amino acid may also 
be present. Proteins are amphoteric, i.e., they may possess 
both acidic and basic properties, depending upon the 
reaction of the solution in nature. They usually almost 
form colloidal solution in water. They are the basic 
components of protoplasm in the cells of flora and fauna. 
It is necessary for the formation of the various enzymes 
and hormones found in the body [6]. Proteins are 
nitrogenous substances. 

Regarding to the values of nitrogen percent in selected 
samples, it was indicated that the sample no.7 has the 
highest amount of 2.25% and sample no.4 has the smallest 
amount of nitrogen, 1.32%.Nitrogen content is also plays 
important role in foodstuff and secondary metabolites. The 
higher amount of nitrogen is essential in the formation of 
cells and cytoplasm. 

C. Determination of Single Dose and Daily Dose of
Myanmar Medicines

In Myanmar medicine, the amount of single dose is
illustrated as the amount of ywei seed, tamarind seed, 
betel-nut, tea-spoon full and the number of tablets and 
capsules.  The daily dose is the amount of single dose 
multiplied by maximum intake of one day.  

 In this work, the single dose and daily dose of the 
selected samples were determined by the instruction 
pamphlets. The weight of the single dose, daily dose and 
maximum intake of the samples were shown in “Table II”. 
Daily dosage amount of Myanmar Traditional medicines 
affected the health of consumer directly. For adult, sample 
no.1 showed the highest daily dose for three times a day 
and it was weighed 9.381g while sample no.5 weighed 
0.872g. In the case of child, sample no.1 also showed the 
highest daily dose of 4.596g and sample no.5 expressed 
the smallest weight of 0.436g.The weight of sample 
greatly affected the quality of medicines and it was the 
base concept to calculate the minerals percent of each of 
the sample by AAS. 

I. THE ASH PERCENT AND NITROGEN CONTENT PERCENT IN 
TEN BRANDS OF MYANMAR INDIGENOUS MEDICINES

Sample no. Ash% Nitrogen% 

1. 6.238 1.98 

2. 6.965 1.76 

3. 5.987 1.45 

4. 31.44 1.32 

5. 23.56 2.01 

6. 5.77 1.98 

7. 17.98 2.25 

8. 6.32 1.91 

9. 6.49 1.85 

10. 23.54 1.43 

D. Determination of Elemental Contents by Atomic
Absorption Spectroscopy

The mineral elements are crucial to many vital system
operations [5]. Some of essential mineral elements, 
especially sodium and potassium are the major factors in 
osmotic control of water metabolism. Atomic absorption is 
a modern technique for the determination of minerals in 
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the samples. It is commonly used for the analysis of food. 
The food is the first digested in acid to release the minerals 
into a soluble form for determination). Atomic absorption 
method has been widely applied used to the estimation of 
about 60 minerals elements and it is a major useful method 
in studies of involving trace metals in the environmental 
and biological samples [6]. Determining the values of iron 
content in each of the sample, sample no.1 has the highest 
amount of iron (4.01mg) and sample no.2 has the lowest 
amount of iron content (0.30mg).The maximum intake of 
iron for individual varies from 16 to 18 mg/day. So these 
ten selected samples were safe for the consumer. 

II. WEIGHT OF SINGLE DOSE, DAILY DOSE AND MAXIMUM INTAKE 
OF DRUG 

Sample
no 

Adult Child 

Single 
dose (g) 

Intake 
(time) 

Daily 
dose 
(g) 

Single 
dose 
(g) 

Intake 
(time) 

Daily 
dose 
(g) 

1 3.127 3 9.381 1.532 3 4.596 

2 0.297 3 0.891 0.297 2 0.594 

3 0.288 3 0.864 0.288 2 0.576 

4 0.423 3 1.269 0.215 3 0.645 

5 0.436 2 0.872 0.218 2 0.436 

6 0.985 2 1.970 0.498 2 0.996 

7 0.545 3 1.635 0.545 2 1.090 

8 1.927 2 3.854 0.964 2 1.928 

9 2.023 2 4.046 1.012 2 2.024 

10 2.433 2 4.866 1.213 2 2.426 

E. Determination of Iron Contents in Myanmar Indigenous
Medicines by Visible Spectrophotometry

Absorption spectroscopy based on ultraviolet and
visible radiation is one of the most useful tools for 
quantitative analysis. The important characteristics of 
spectrophotometric methods are (i) wide applicability (ii) 
high sensitivity (iii) moderate to high selectivity (iv) good 
accuracy (v) ease and convenience [7]. 

The class of organic compound known as 1, 10-
phenanthroline formed stable complexes with iron (ii) and 
certain other ions. The parent compound has a pair of 
nitrogen atoms located in such position that each can form 
a covalent bond with the ion (II) ion.  

Comparative study of iron concentrations between 
AAS results and spectrophotometric results were carried 
out statistically using Student T test. There is no 
significance difference between iron concentration 
calculated from AAS and spectrophotometric method. It 
also observed that sample no.1 has greatest amount of iron 
(4.19mg) and sample no.2 has smallest iron content 
(0.32mg). 

F. Determination of Citric Acid Contents in Myanmar
Medicines

Citric acid (C6H5 O7.H2O) is one of the most widely 
found natural acids, and it plays a vital role in the Kerbs 
metabolic cycle as well as in the photosynthesis process. It 

is a white crystalline soluble inorganic tribasic acid. It has 
a sour taste and occurs as free acid in lemons and other 
sour fruits [6]. The citric acid is dealt with the final stages 
of the oxidation of carbohydrates and fats and involved in 
the synthesis of amino acid.  

It was showed that all the samples were in the range of 
between 0.19% in sample no.10 and 0.98 % in sample 
no.3.These results were acceptable for the safety of 
consumer. 

III. IRON CONTENTS AND CITRIC ACID CONTENT IN DAILY DOSE OF 
MYANMAR INDIGENOUS  MEDICINES 

Sample
no. 

Iron Contents (mg) 

AAS UV_VIS Citric acid (%) 

1 4.01 4.19 0.21 

2 0.30 0.32 0.27 

3 0.67 0.45 0.98 

4 3.79 3.21 0.56 

5 1.65 1.53 0.79 

6 0.67 0.66 0.54 

7 1.24 1.27 0.75 

8 3.47 3.45 0.53 

9 1.29 1.22 0.68 

10 5.45 5.61 0.19 

IV. CONCLUSION

 The main aim of this research work is to analyses the 
minerals contents, ash contents, protein contents and citric 
acid in some Myanmar Medicine containing Kyauk thway 
and to determine their recommended dose by comparing 
the values of allowable percentage in foodstuff.  

The ash percent (%) in the selected samples were 
determined by incineration method and then incinerated at 
400 °C in crucible. They were found to be in the range of 
5.77 to 23.56% (sample no.6 and sample no.5). 

The nitrogen contents % of the samples were 
detected by Kjeldahl method. The respective values were 
noted as 1.32 % (sample no.4) to 2.25 % (sample no.7). 

Highest iron values contents were found to be 
sample no.10, because the weight of single dose, numbers 
of dosage per day and constituents of parasays were 
different. It was indicated that there is no prominent 
differences between atomic absorption spectroscopy and 
visible spectroscopy. It can be applied to the anaemia 
related diseases without any side effects. The median 
dietary intake of iron is approximately 16 to 18mg/day for 
man ad 12mg/day for woman. For children, 10mg/day is 
the recommended amount of iron a day. Children under 
age of 14 should not take more than 40mg a day. Because 
of its rich citric acid contents, it can be cured high blood 
pressure to a certain extent. This research revealed the 
high citric acid content in sample no.3 (0.98%).There are 
no specific recommended amounts of natural citric acid 
from fruits. Consuming citric acid in high amount can lead 
to stomach upset and erosion of tooth enamel. 
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 By observing the data resulted from comparing 
their constituents, Myanmar indigenous medicines were 
benefit for consumers. . 
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Abstract—In this research work, the binding energies of the  

Ξ− hypernuclei; Ξ− -14N system and atomic state at which        

Ξ− hyperon is absorbed by the nucleus have been calculated. 

Firstly, nonrelativistic Schrӧdinger equation have been solved 

by using Gaussian basis wave function and Gaussian potential. 

At the potential strength -24 MeV, the binding energy of  

Ξ− hyperon in Ξ−-14N system was obtained to be 1.93 MeV 

which is nearly consistent with experimental result (1.93 ± 0.64 

MeV) at p-atomic state. Therefore, Ξ− hyperon was absorbed 

at the p-state by the nucleus in the emulsion. This atomic state 

of Ξ− hyperon in Ξ− -14N system which is the same as the IBUKI 

event and the KISO event.    

Keywords— Ξ− hypernuclei, Gaussian potential, binding  

energy, atomic state, Gaussian basis wave function  

I. INTRODUCTION

The nucleus is made of one or more protons and a 

number of neutrons. A hypernucleus is a bound system of 

the protons, neutrons and at least one hyperon and having a 

non-zero value of strangeness [1]. Hyperons are baryons 

heavier than nucleons. There are four types of hyperons; 

lambda hyperon (Λ0), sigma hyperon (Σ+, Σ0, Σ-), xi 

hyperon (Ξ−, Ξ0) and omega hyperon (Ω-). Being baryons, 

hyperons are composed of three quarks including at least 

one strange quark [4]. The cascading particle is Ξ hyperon. 

Ξ− and Ξ0, are composed of dss and uss quarks. They are 

strangeness -2 particles.  

A twin single-Λ hypernuclei event [6], named “KINKA 

event” which is found in the KEK E373 experiment. The 

event was uniquely interpreted as the decay mode of  

Ξ− + 14N → 𝐵𝑒Λ 
9  + 𝐻Λ 

5 𝑒 + n. The BΞ− value of the KINKA 

event was also revised to be 8.00 ± 0.77 MeV if the 

daughter nucleus, 𝐵𝑒Λ 
9 , was in the ground state. If the 𝐵𝑒Λ 

9

was in an excited state, the BΞ− was 4.96 ± 0.77 MeV. In 

2014, the KEK E373 experiment presented a twin single-Λ 

hypernuclei event [7], named “KISO event”.  

The event was uniquely interpreted as the decay mode 

of Ξ− + 14N → 𝐵𝑒Λ 
10   + 𝐻Λ 

5 𝑒.  The BΞ− value of the KISO

event was also revised to be 3.87 ± 0.21 MeV or 1.03 ± 0.18 

MeV for production of the 𝐵𝑒Λ 
10   nucleus as either the

ground state or the first excited state, respectively [12]. The 

IBUKI event [8,13], a twin single-Λ hypernuclei event 

detected in the E07 emulsion. The reaction process was 

clearly identified as    Ξ− + 14N → 𝐵𝑒Λ 
10  + 𝐻Λ 

5 𝑒. The binding

energy of the Ξ− + 14N system was determined to be 

1.27 ± 0.21 MeV by applying kinematic fitting. The energy 

level of Ξ− is likely a nuclear 1p state. 

 A single Λ hypernucleus event via the Ξ− hyperon 

capture at rest in nuclear emulsion in J-PARC E07 

experiment [9]. In this experiment, Ξ− hyperons were 

produced via the quasi free p (K-, K+) Ξ− reaction with 

momentum of K- meson beam, 1.8 GeV/c in a diamond 

target [10,11]. The single-Λ was generated with the stopped 

Ξ− hyperon was captured by an atom in nuclear emulsion 

[14]. Decay fragments were produced from the stop point 

of the Ξ− hyperon. One of the single-Λ hypernucleus events 

was found at plate #6 of module #26 in J-PARC E07 

experiment have been analyzed in Fig. 1. [2, 3].  

The reaction process was clearly identified as 

Ξ− + 𝑁 → 𝐵 + 𝑝 + ΛΛ
12

7
14 + 𝑛. The single-Λ hypernucleus

was identified as 𝐵Λ
12  and its decay products were helium 4,

helium 3, deuteron and three neutrons. Finally, the value of 

the binding energy of Ξ− hyperon was 1.93 ± 0.64 MeV that 

observed from difference between Q value and total energy. 

In this paper, the binding energy and atomic state of 

Ξ− hyperon in the nucleus of Ξ−-14N system was 

investigated by solving nonrelativistic Schrӧdinger 

equation. 

Fig. 1. Photograph of a single Λ hypernucleus event occurred in 
plate #6 of module #26 in J-PARC E07 experiment. 
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II. MATHEMATICAL FORMULATION 

A. Derivation of Kinetic Energy, Centrifugal Potential   

Energy and Norm Matrix elements  

In order to calculate the energy eigen value, i.e. binding 

energy of Ξ−-Nucleus was theoretically solved Schrödinger 

equation. 

                           ( ) =+ EVH0                              (1) 

Here, H is the Hamiltonian operator, E is energy 

eigenvalue, Ψ is eigen-vector, H0 is the kinetic energy 

operator and V is the potential energy operator. 

The spherical coordinate for the wave function was chosen, 

Ψ(r⃗) = R(r) Θ(θ) Φ(φ) 

where, R(r) is a radial part and spherical Θ(θ) Φ(φ) is the 
angular part. And then, the following radial equation was 
derived by applying the separable method. 
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In this calculation, we use Gaussian basis wave function 
as follows, 

                       u(r) = rℓ+1 ∑ cj
Nb
j=1 e

−(
r

bj
)

2

                 (3)                                                                                         

By substituting the equation (3) in equation (2), we get this 
equation, 

( )
( )

2

j

2

j b

r

1

j
j

b

r

1

j
j2

2

2

22

ercEercrV
r

1

2dr

d

2














−

+













−

+
 =













+
+


+


− 

      (4) 

By multiplying the equation (4) with 

2

b

r

1 ier








−

+
and 

integration through the equation,  

( )
( ) drercrV

r

1

2dr

d

2
er

j

b

r

1
j2

2

2

22
b

r

1

2

j

2

i 













−

+









+













+
+


+


−  

 

drercerE

2

ji
b

r

1

j
j

2

b

r

1













−

+








−

+
= 

                        (5)                                       

Equation (5) can be described as the follows:  
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The centrifugal potential energy matrix element, 
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The norm matrix element, 
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In this calculation, we obtained equation (10), (11) and (12) 
by using standard integral. 
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By adding equation (11) and (12), we get 
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The potential energy matrix element with Gaussian 
basis wave function becomes as follows:  
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B. Interaction for Ξ−-Nucleus System 

      In the present work, binding energy of Ξ− hyperon was 
calculated that a Ξ− hyperon moves in a nuclear potential 

which is an average effect of the nucleons in the core 

nucleus. By using the phenomenological Gaussian 

potential, the Ξ−-Nucleus potential was derived. The 

Gaussian potential can be expressed as follows [5], 

                               𝑉(𝑟) = 𝑉𝑒
−(

𝑟

𝛽
)

2

                            (14)  

Thus, the potential energy matrix element with Gaussian 

basis wave function become as follows: 

                 Vij = V
(2ℓ+1)!!
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To obtain the value of binding energy of our consideration 

system, the Schrӧdinger equation will be solved by using 

power inverse iteration method which was written in 

FORTRAN code.   
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III. RESULTS AND DISCUSSIONS 

A. Results of Ξ−-Nucleus Interaction

The structure analysis of light Ξ- hypernuclei namely
Ξ− -14N have been theoretically investigated. Firstly, 
nonrelativistic Schrӧdinger equation have been solved by 
using Gaussian basis wave function and Gaussian potential. 
The Gaussian potential is displayed in Fig.2 with the 
potential strength -24.0 MeV. The interaction range is about 
3 fm in this figure.   

B. Results of Theoretical Estimation of Level State of Ξ− 

Hyperon in Ξ− -14N System

   The binding energies and atomic state of light Ξ− hyperon 

in Ξ− -14N system have theoretically investigated by using 

Gaussian potential in two-body calculation. Tables I give the 

binding energy for each possible state of Ξ− hyperon in  

Ξ− -14N system. At the potential strength -24 MeV, the 

binding energy was obtained to be 1.93 MeV at p-atomic 

state. This value is nearly consistent with experimental result 

and was compared with the result of twin single-Λ 

hypernuclei events in the E373 and the E07 experiments.  

Table II give the binding energy values of Ξ− hyperon in  

Ξ− -14N system. Fig.3 show schematic diagram of the binding 

energy of Ξ− hyperon and the corresponding states. 

Fig. 2. Gaussian potential with potential strength -24 MeV 

TABLE I

THE BINDING ENERGY FOR EACH POSSIBLE STATE OF LIGHT Ξ− HYPERNUCLEUS BY USING GAUSSIAN POTENTIAL

State 
Calculated results of Binding Energies of 

Ξ− -14N (MeV) 

Binding Energies of Ξ− -14N from the 

experimental results (MeV) 

s (l=0) 4.97 

1.93 ± 0.64 

p (l=1) 1.93 

d (l=2) 1.74 

f (l=3) 1.59 

Fig. 3. Schematic diagram of the binding energy of Ξ− hyperon in Ξ− -14N 

  system and the corresponding states. 

C. Discussions

In this research work, the binding energies of the

Ξ− hypernuclei; Ξ− -14N system and atomic state at which 

Ξ− hyperon is absorbed by the nucleus have been 
calculated. Firstly, nonrelativistic Schrӧdinger equation 

have been solved by using Gaussian basis wave function 

and Gaussian potential. Fig. 2 show the Gaussian potential 

with potential strength, -24 MeV. The interaction range is 

about 3 fm. The binding energies of Ξ− hyperon in Ξ− -14N 

system ( CΞ−
15 )  was also calculated by using Gaussian

potential. Table I give the binding energy for each possible 

state of Ξ− hyperon in Ξ− -14N system by using Gaussian 

potential. At the potential strength -24 MeV, the binding 

energy was obtained 1.93 MeV which is consistent within 

the error of experimental result 1.93 ± 0.64 MeV at p-

atomic state. The binding energy values of Ξ− hyperon in 

Ξ−-14N system for twin single-Λ hypernuclei events and our 

results were shown in Fig. 3 and Table II. It is found that 
the level state of Ξ− hyperon in Ξ−-14N system of the present 
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data was the same “p” atomic state as the IBUKI event and 
the KISO event. 

TABLE II

THE VALUE OF BINDING ENERGY OF Ξ− HYPERON  IN Ξ− -14N SYSTEM

IV.  CONCLUSION

One of the single-Λ hypernucleus events which was 

found in plate #6 of module #26 in J-PARC E07 experiment 

have been analyzed. The reaction process was clearly 

identified as Ξ− + 𝑁 → 𝐵 + 𝑝 + ΛΛ
12

7
14 + 𝑛 . The value of

the binding energy of Ξ− hyperon was 1.93 ± 0.64 MeV that 

observed from difference between Q value and total energy. 

The binding energy of Ξ− hyperon in Ξ− -14N system by 

using Gaussian potential becomes 1.93 MeV which is 

nearly consistent with our experimental result at p-atomic 

state. Ξ− hyperon is absorbed at the p-state by the nucleus 

in the nuclear emulsion.  This level state of Ξ− hyperon in 

Ξ− -14N system which is the same as the IBUKI event and 

the KISO event.    
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Event Reaction BΞ- (MeV) 

E373 KISO Ξ− + 14N → 𝐵𝑒Λ 
10 + 𝐻Λ 

5 𝑒 3.87 ± 0.21 (or) 1.03 ± 0.18 

E373 KINKA Ξ− + 14N → 𝐵𝑒Λ 
9 + 𝐻Λ 

5 𝑒+ n  8.00 ± 0.77 (or) 4.96 ± 0.77 

E07 IBUKI Ξ− + 14N → 𝐵𝑒Λ 
10 + 𝐻Λ 

5 𝑒 1.27±0.21 

E07 IRRAWADDY Ξ− + 14N → 𝐻Λ 
5 𝑒 + 𝐻Λ 

5 𝑒 + 𝐻 
4 𝑒 + n 6.27 ± 0.27 

Present data 1.93 
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Abstract— The Energy Dispersive X-ray Fluorescence 

(EDXRF) detection technique examines in Sue-La-Na-Pha 

(Fumaria Parviflora) and it is used for traditional medicine.  

Fundamental Parameter method (FP balance), the 

composition of elements can be useful to evaluate by the 

Shimadzu EDX- 700 spectrometer and assessment software. 

From measurement calcium, silicon, potassium and 

phosphorus describe as major elements, and chlorine, 

sulphur and iron show as minor elements. Zinc, manganese, 

strontium, rubidium, copper and bromine are trace elements. 

These elements are advantages for human and animal in their 

daily life. Sue-La-Na-Pha is applicable for human health and 

the usage of each element are presented.  

Keywords— Composition, elements, Sue-La-Na-Pha, 

calcium, medicine.  

I. INTRODUCTION

Funaria parviflora, or Sue-La-Na-Pha, is a type of 

flowering plant. Indian fumitory, fine-leaved fumitory, and 

fine-leaf fumitory are some of its common names. 

Although it is common and extensively distributed in many 

other parts of the world, it is native to Europe, Asia, and 

Africa and belongs to the Papaveraceae family. It can be 

weedy at times. The tiny flowers have purple tips and are 

dull white in colour. Round nutlets with a central crest 

make up the fruit [1,2].   

The entire plant can be used as medication to treat 

buffalo toxaemia and a number of illnesses such as 
diabetes [3,4]. It has been an ingredient in about fifty 
traditional remedies in Myanmar [5].     

Sue-La-Na-Pha, Fig. 1 and Fig. 2, were collected from 

Law-Ka-Nan-Da, Mandalay Region and prepared by 

drying under average thermal condition. The baked 

samples were crumble and flooring so as to get thin 

powder by using agate mortar and pestle. Then, the powder 

sample was analyzed by EDXRF spectrometer to get 

composition of elements. 

Fig 1. Sue-La-Na-Pha plant, flowers and fruits 

 Fig 2. Sue-La-Na-Pha plant growing at Law-Ka-Nan-Da, 

Mandalay Region 

II. THEORETICAL BACKGROUND

Electromagnetic radiation with wavelengths typically 

ranging from 0.05 to 100 A ̇ is known as an X-ray or 

Roentgen ray. It overlaps with gamma radiation and UV 

radiation, the former is  at the short wavelength end and 

the later is at the long wavelength end. Wilhelm Conrad 

Roentgen made the discovery of X-rays in 1895 at the 

University of Warzbur in Bavaria.  

The various interactions occured by the time a beam of 

X-ray photons keep in touch with matter. These

interactions result in an attenuation of the incident X-ray

beam's intensity. The photoelectric effect and X-ray

scattering are the two fundamental XRF analysis

techniques. The three sub-interactions such as X-ray

outpouring, the photoelectron emission, and the Auger

electron exudation are made  up by the photoelectric effect.

It is possible for there to be both coherent and incoherent

scattering. The composition of sample and these

interactions have been distincte by the incident X-ray

beam's spectral distribution [6]

When the binding energy of the atom's electron is lower 

than the incident photon energy E, a photoelectron is 

decreased in the photoelectric interaction. The atom to 

become unstable is caused by the removal of a bonded 

electron, and it must rearrange itself to return to its normal 

condition. X-ray photons  reduce when outer to inner shell 

are moved by an electron. Either the atom can decrease 

these X-ray photons or they can be absorbed to expel an 

auger electron, which is an electron in the outer shell. Each 

chemical element emits significant the lines of X-ray when 

radiation stimulâtes chemical element with a higher energy 

and go through quickly above the element's absorption 

edge. Each element has a properties spectrum, and there is 

a distinctly correlation between the atomic number and the 

characteristic X-ray line of energy  in each of the transition 

series K, L, and M. One can distinguish the element and 

quantity of an element consists of a sample by evaluating 
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the energy and intensity of these characteristic lines. X-ray 

fluorescence spectrometry used in quantitative and 

qualitative assessment. The analysis is equally useful at 

high and low concentration levels, and sensitive 

considerable for the majority of elements attain the low 

parts per million ranges.   

The "fundamental" methods for handling matrix effects 

in XRF analysis have been established recently. Most 

scenarios that are reasonably simple can be handled with 

the fundamental parameters method. Hai Fe has created a 

quantitative method for EDXRF and used on a desktop PC. 

It may get almost  in every sample coming out of a matrix 

and produce reliable findings level in situations when there 

aren't many standards available [7]. 

 The three primary components of the X-ray 

fluorescence spectrometer are the excitation source, the 

specimen presentation device, and the X-ray spectrometer. 

The aim of the excitation source is used the X-ray 

fluorescence technique to excite the specimen's distinctive 

X-ray. The device for presenting the specimen allows for 

the introduction and extraction of the specimen from the 

excitation position while maintaining the specimen in a 

precisely defined position during analysis. The different 

wavelengths or energy of X-rays that the object emits must 

be separated and counted by the X-ray spectrometer. The 

set of parts that are utilised to distribute, identify, quantify, 

and show the spectrum of X-ray photons released by the 

object is referred to as an X-ray spectrometer [8].     

Differential X-rays are excited by radioactive sources 

and X-ray tubes. In addition to primary energy dispersive 

systems, secondary target energy dispersive spectrometers 

also commonly use X-ray tubes. A filament that has a 

variable current control is heated in an X-ray tube in order 

to release free electrons. The electrons at the anode (Rh or 

W) accelerate and then release X-rays. An atom in the 

sample may absorb X-rays if their energy is high enough, 

releasing a unique X-ray in the process. The X-ray travels 

in the direction of the detector after leaving the material. 

When biassing an X-ray tube, the tube voltage needs to be 

set higher than the maximum absorption edge energy. Tube 

voltage ranges from 4 to 50 kV with 1 V increments, while 

tube current ranges from 0.01 to 0.99 A with 0.01 A 

increments. In order to minimise background in the energy 

region, estimate characteristic lines of the X-ray tube that 

overlap with an element of interest, and transmit X-rays 

with enough energy for the excitation, filters are 

occasionally placed between the X-ray tube and the sample 

[9,10].   

III. SAMPLE PREPARATION  

Sue-La-Na-Pha was let to air dry at ambient 

temperature. An agate mortar and pestle was used to smash 

and grind the dried sample into a fine powder. It was 

sufficiently ground to assure measurement reproducibility 

and to satisfy the requirements for homogeneous dense 

materials. After that, these powders were put into a steel 

die and compressed into a pallet using a 3-ton hydraulic 

press. The pallet has a 2.5 centimetre diameter.    

Since uniform fine powder is necessary for the best 

results in the EDXRF analysis, sample preparation is 

crucial. Because biological samples are typically 

heterogeneous, they must be homogenised, powdered, and 

dried. In X-ray emission spectrometry, sample preparation 

is crucial to obtaining accurate results.  

 
Fig 3. Flow diagram of a sequential EDXRF Analysis 

  

     Specimen preparation is crucial procedure before the 

experiment itself. The flow diagram for a sequential 

EDXRF analysis is displayed in Fig. 3. The Shimadzu 

EDX-700 Spectrometer at the University of Yangon's 

Universities' Research Centre (URC) is shown in Figure 4.        

     Care must be taken when preparing samples to avoid 

contaminating grinding equipment. To reduce the impact 

of particle size, the grinding process needs to be attended 

to. The following criteria should guide specimen 

preparation methods: low cost, quick preparation time, 

simplicity, accuracy, and reproducibility.  

      The connection between element composition and 

spectral line intensity depends critically on specimen 

preparation. This association may be impacted by surface 

roughness, particle size, shape, homogeneity, distribution, 

and mineralization variables. 

      Sue-La-Na-Pha was examined using the Shimadzu 

EDX-700 energy dispersive X-ray fluorescence (EDXRF) 

equipment in this study. The elements included in the 

sample were analysed using the fundamental parameter 

(FP balance) method. One significant analysis technique is 

the FP approach. The Shimadzu EDX-700 comes pre-

installed with high performance FP software as a result. 

. 

 

 
 
Fig 4. Shimadzu EDX-700 Spectrometer are used to analyze the 

elements at the University of Yangon's Universities' Research 

Centre (URC) 
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IV.   RESULTS AND DISCUSSION 

     Results from the EDXRF analysis are both quantitative 

and qualitative. Despite having low resolution, the energy 

dispersive possesses high counting rates. In vacuum, the 

measurement time was 100s. During measuring time, some 

pallets ended in failure because of moisture and loose 

powder. Therefore, the pallets had to be stored in the 

desiccators before measuring. From this measurement 

calcium, silicon, potassium and phosphorus were found as 

major elements, and chlorine, sulphur and iron as minor 

elements, and zinc, manganese, strontium, rubidium, 

copper and bromine as trace elements. The composition of 

elements in Sue-La-Na-Pha are described in Table 1 and 

Fig. 5.   
 

TABLE 1. COMPOSITION OF ELEMENTS (%) IN Sue-La-Na-Pha     

                  USING EDX- 700 SPECTROMETER  

 

 

 

 

 

 

 

 

 

 

    The elements Mn, Sr, Rb, Cu, and Br are not very 

noticeable in Fig. 5 because of their extremely minor 

composition.  
    Calcium is the most common mineral in the human body 

which is almost entirely observed in teeth and bones. 

Paradoxically, physiological processes similar as muscle 

contraction, keeping a normal heartbeat, sending and 

receiving nerve signals, releasing hormones and other 

chemical, clotting blood and protein regulation where 

calcium is the most of the greatest importance. Calcium 

may have benefits in protecting against cancer, diabetes 

and high blood pressure. On the other hand, if calcium 

deficient in a person's diet, their body will actually draw 

calcium from their bones, most significant to issues like 

osteoporosis. The average adult needs 1000mg of calcium 

per day. The amount of calcium increases to 1200 mg per 

day for women over the age of 50 and men over the age of 

71. Calcium should be taken in the morning (about 1 hour 

after breakfast) or in the afternoon with plenty of water. 

The body needs silicon, and significant trace mineral, 

for stronger bones (osteoporosis), heart disease, stoke 

(cardiovascular disease), Alzheimer’s disease, more radiant 

skin, and more flexible and robust joints. A dietary 

supplement is often used; silicon is recognized to 

strengthen skin, hair, nails, and connective tissues in 

addition to bones. This is why it is referred to as the 

"beauty mineral."  

Potassium is a crucial electrolyte. It helps regulate the 

heartbeat and is essential for electrical signalling in nerves. 

It reduces the effect of sodium (present in table salt) on 

blood pressure. It helps move nutrients into cells, and 

waste products out of cells. People with high blood 

pressure should aim to eat foods that provide 3500-

5000mg of potassium daily. Taking potassium citrate can 

help prevent kidney stones from reoccurring.   

 

 
    Fig 5. Elemental concentration in Sue-La-Na-Pha 

 

     Most phosphorus is found in bone, but it is also present 

in the molecule ATP, which gives cells the energy they 

need to power chemical operations.  

    The body often contains chloride, a negative ion, which 

is the form of chlorine. Keeping the fluid balance normal 

requires this electrolyte.  

    Two amino acids that are crucial for giving proteins 

their structure contain sulphur.  

     For practically all living things, iron is an essential 

component of their metabolism. Haemoglobin, the oxygen 

carrier in red blood cells, also contains it. Less than half of 

women's diets contain enough iron.  

       For all living organisms, zinc is a trace element that is 

necessary. "Zinc fingers" are structural elements found in 

several proteins that aid in gene regulation. In poorer 

nations, dwarfism has been linked to zinc deficiency.  

      Manganese is necessary for several enzymes, 

especially those that shield the mitochondria, the area 

inside cells where useful energy is produced, from harmful 

oxidants.  

      As an electron donor in a variety of biological 

processes, copper is essential. Iron cannot function well in 

the body if there is not enough copper.  

     The lack of strontium resulted in a worsening of tooth 

and bone calcification as well as an increased risk of 

carious teeth. One of the most prevalent and possibly 

dangerous radioactive byproducts of nuclear fission is 90Sr, 

and plants are better at absorbing strontium than animals 

are. Because strontium is eliminated preferentially, 

particularly in the urine, it offers some protection against 
90Sr.  

      Adjoining cesium (Cs) or rubidium (Rb) to a low-

potassium diet aid rats improve commonly in a short 

period of time, keep away from the damage typical of 

potassium insufficient meager. 

     Mice and chicks increase rapidly by the time exposed to 

bromine. It does not turn aside goiter, and if iodine is 

reintroduced into the diet, it is quickly restored. Bromine 

absorbed more than a third of the iodine in the thyroid 

gland. 

     Quantitative data caused by the EDX-700 software for 

this study is built only on the mass of inorganic 

components available in 100% of the sample of absorption. 

Organic compounds and dark matrix elements are not 

examined. This indicates that the data display the relative 

elemental composition found in the analysis sample.  

 

Element 
Composition 

(%) 

Calcium (Ca) 26.522  5.15 

Silicon (Si) 25.923  5.09 

Potassium (K) 19.726  4.44 

Phosphorous (P) 13.392  3.66 

Chlorine (Cl) 7.429  2.73 

Sulphur (S) 3.398  1.84 

Iron (Fe) 2.168  1.47 

Zinc (Zn) 0.437  0.66 

Manganese (Mn) 0.279  0.53 

Strontium (Sr) 0.246  0.49 

Rubidium (Rb) 0.209  0.46 

Copper (Cu) 0.161  0.40 

Bromine (Br) 0.111  0.33 
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V. CONCLUSION 

Thirteen (13) elements in Sue-La-Na-Pha was analyzed 

by the Energy Dispersive X-ray Fluoresence (EDXRF) 

detection technique. Calcium, silicon, potassium and 

phosphorus are the most abundant elements, chlorine, 

sulfur and iron as less common elements and zinc, 

manganese, strontium, rubidium, copper and bromine are 

trace elements. Thus, Sue-La-Na-Phar is used in medicinal 

treatment material for human. Calcium in Sue-La-Na-Phar 

has many benefits for healthcare. Silicon in Sue-La-Na-

Phar is mainly useful for Alzheimer’s disease and 

osteoporosis. The pros of potassium in Sue-La-Na-Phar   

are prevent kidney stones, sodium effect on blood pressure 

and nutrients into cells. 
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Abstract—The primary purpose of the research is to 

determine the backward momentum transfer of Λ hyperon as 

based on the incident momentum for 𝒏(𝛑+, 𝚱+)𝚲 reaction at 

various scattering angles. As a result of the reaction, the 

hyperon replaces the nucleon in this system. Initially, the 

threshold energy is calculated to ensure the momentum 

transfer of the hyperon. Later on, the momentum transfer of 

Λ hyperon is calculated at different scattering angles to 

the 𝒏(𝛑+, 𝚱+)𝚲 𝐫𝐞𝐚𝐜𝐭𝐢𝐨𝐧. In addition, it was calculated the 

momentum transfer of Λ hyperon for 𝒏(𝚱−, 𝛑−)𝚲   with 

various discrete angles. The results show that the calculated 

hypernuclear recoil momentum transfer matches the 

experimental results at angles of 𝟎°, 𝟓∘𝒂𝒏𝒅 𝟏𝟎∘ respectively. 

Keywords—threshold energy, Λ hyperon recoil momentum,                     

algebra method, endothermic reaction, exothermic reaction. 

I. INTRODUCTION 

  Hyperons are baryons heavier than nucleons and 

consisting of one or more strange quarks. They have a 

lifetime of the order of 10-10s and they decay weakly 

while their formation time is 10-23s which is typical for 

strong interaction. All hyperons are fermions. That is 

they have half-integer spin and obey Fermi-Dirac 

statistics. There are four types of hyperon; lambda(Λ), 

sigma (Σ) , Xi (Ξ)  and omega (Ω) . The lambda 

baryon Λ0was first discovered in October 1950, by V.D. 

Hopper and S. Biswas of the University of Melbourne, as 

a natural   particle with a proton as a decay product, 

thus correctly distinguishing it as a baryon [1]. The   

hyperon is an isospin singlet of strangeness -1. The mean 

lifetime of the lambda is found to be 2.517  0.024x10-

10s. The quark structure of lambda is u(up), down(d), and 

s(strange) quarks. The Σ hyperon occurs as an isospin 

triplet of baryons  +,  0,  - the  masses of which 

increase as the charge becomes more negative:1189.42 

MeV, 1192.52 MeV, and 1197.37 MeV respectively[2]. 

They all have strangeness -1, spin 1
2⁄  and baryon 

number 1. The quark structure of  +,  0,  -are uus, 
uds, and dds quarks. Lambda also known simply as 

lambda particle or lambda baryon is a type of subatomic 

particle classified as a baryon. Baryons are a family of 

elementary particles composed of three quarks held 

together by the strong nuclear force. The lambda hyperon 

consists of three quarks, two “up” quarks (u) and one 

“down” quark (d). Its quark composition is denoted as 

uud. The mass of a lambda is approximately 1.115683 amu 

(atomic mass units) [3]. 

II. MOMENTUM MATCHING 

   To create a hypernucleus, the hyperon produced by   

reaction with the nucleon of the target must be inside the 

nucleus. This probability called the sticking probability is 

dominated by the momentum tuning of the reaction, 

particularly the magnitude of the momentum transfer to the 

hyperon. If the momentum transfer 𝑞𝑌 is much greater than 

the nuclear Fermi momentum, the hyperon will likely 

remain in the nucleus and escape normally. Conversely, 

when  𝑞𝑌 is very small, the probability of sticking is high. 

This means that the hyperon is more likely to remain in the 

position of the original nucleon. 

 

A. Calculation of Threshold Energy for Reaction 

  In this reaction process, an incoming particle interacts 

with a stationary target particle, and the resulting product 

particle is positioned as shown in Fig.1.     

 

              Fig.1. Decay process for 𝐴 + 𝐵 → 𝐶 + 𝐷 reaction 

Before the crash in a laboratory setting, the total 

momentum for four vectors.                

𝑃⃗ 𝑡𝑜𝑡𝑎𝑙 = (
Ε𝑡𝑜𝑡𝑎𝑙

𝑐
, 𝑃⃗ 𝑡𝑜𝑡𝑎𝑙)                                                    (1) 

𝑃⃗ 𝑡𝑜𝑡𝑎𝑙 = (
𝐸Κ−

𝑐
+ 𝑚𝑛𝑐, 𝑃⃗ Κ−)                                              (2) 

After the collision, in the frame of the center of mass, all 

particles are at rest, a total of four-momentum vectors 

𝑃′𝑡𝑜𝑡𝑎𝑙 = (
𝐸′𝑡𝑜𝑡𝑎𝑙

𝑐
, 𝑃⃗ 𝑡𝑜𝑡𝑎𝑙)                                                 (3) 

𝑃′𝑡𝑜𝑡𝑎𝑙 = ((𝑚π− + 𝑚Λ)𝑐, 0)                                           (4) 
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For any frame the square of the four-momentum is 

invariant, 

𝑃𝑡𝑜𝑡𝑎𝑙
2 = 𝑃′𝑡𝑜𝑡𝑎𝑙

2                                                                 (5) 

𝑃𝑡𝑜𝑡𝑎𝑙
2 = [(

𝐸Κ−

𝑐
+ 𝑚𝑝𝑐)

2

− |𝑃⃗ Κ−|
2
]                       (6) 

𝑃𝑡𝑜𝑡𝑎𝑙
2 = [

𝐸Κ−
2

𝑐2 + 𝑚𝑛
2𝑐2 + 2

𝐸Κ−

𝑐
𝑚𝑛𝑐 − |𝑃⃗ Κ−|

2
]            (7)                               

[
𝐸Κ−

2

𝑐2 + 𝑚𝑛
2𝑐2 + 2

𝐸Κ−

𝑐
𝑚𝑝𝑐 −

𝐸Κ−
2

𝑐2 + 𝑚Κ−
2 𝑐2 =

          (𝑚π− + 𝑚Λ)
2𝑐2]                                                   (8) 

𝐸Κ− = [
(𝑚Κ−+𝑚Λ)2−𝑚𝑛

2−𝑚Κ−
2

2𝑚𝑛
] 𝑐2                                      (9) 

The above equation is threshold equation. 

B. Calculation of Λ Recoil Momentum for     𝑛(𝛫−, 𝜋−)𝛬 

Reaction 

    In the (Κ−, 𝜋−) reaction, the elementary process is Κ− +
𝑛 → 𝜋− + Λ and when Λ is released it is attached to the 

nucleus ΧΛ
Α  . 

By the law of conservation of energy, the (Κ−, 𝜋−)reaction 

is written as follows, 

𝐸𝑛 + 𝐸𝐾− →  𝐸Λ + 𝐸𝜋−                                                 (10) 

 𝐸 = √𝑃2𝑐2 + 𝑚2𝑐4                                                     (10a) 

Equation (10) becomes 

√𝑃𝐾−
2 𝑐2 + 𝑚𝐾−

2 𝑐4 + 𝑚𝑛𝑐
2 = √𝑃Λ

2𝑐2 + 𝑚Λ
2𝑐4  +

√𝑃π−
2 𝑐2 + 𝑚𝜋−

2 𝑐4                                        (11) 

By the law of momentum conservation, 

𝑝 𝛫− + 𝑝 𝑛 = 𝑝 𝜋− + 𝑝 Λ                                   (12) 

Since the target is rest, equation (12) can be expressed as 

𝑝 𝛫− = 𝑝 𝜋− + 𝑝 Λ 

𝑝 Λ = 𝑝 𝛫− − 𝑝 𝜋− 

 
 𝑝Λ

2 = 𝑝𝛫−
2 + 𝑝𝜋−

2 − 2𝑝𝛫−𝑝𝜋−𝑐𝑜𝑠𝜃 

 

𝑝Λ = √𝑝Κ−
2 + 𝑝π−

2 − 2𝑝Κ−𝑝π−𝑐𝑜𝑠𝜃                 (13) 

Let  2𝑝𝛫−𝑐𝑜𝑠𝜃 = 𝐷, 

𝑝Λ
2 = 𝑝𝛫−

2 + 𝑝𝜋−
2 − 𝐷𝑝𝜋−  

Equation (12) is becomes, 

√𝑝Κ−
2 + 𝑚Κ−

2 + 𝑚𝑛 = √𝑝π−
2 + 𝑚π−

2 + 

√𝑝Κ−
2 + 𝑝π−

2 − 𝐷𝑝π− + 𝑚Λ
2  

Let  𝐴 = √𝑝Κ−
2 + 𝑚Κ−

2 + 𝑚𝑛 

𝐴 =  √𝑝π−
2 + 𝑚π−

2 + √𝑝Κ−
2 + 𝑝𝜋−

2 − 𝐷𝑝π− + 𝑚Λ
2            (14) 

Let 𝐵 = √𝑝Κ−
2 + 𝑚Λ

2  

𝐴 =  √𝑝𝜋−
2 + 𝑚π−

2 + √𝐵 + 𝑝π−
2 − 𝐷𝑝π− 

𝐴 − √𝑝π−
2 + 𝑚𝜋−

2   = √𝐵 + 𝑝π−
2 − 𝐷𝑝π−  

Squaring both side, 

𝐴2 + 𝑃π−
2 + 𝑚π−

2 − 2𝐴√𝑚π−
2 + 𝑃π−

2 = 𝐵 − 𝐷𝑃π− + 𝑃π−
2  

𝐴2 + 𝑚π−
2 − 2𝐴√𝑚π−

2 + 𝑃π−
2 = 𝐵 − 𝐷𝑃π−               (15) 

Let  𝐺 =  𝐴2 + 𝑚π−
2  

𝐺 − 2𝐴√𝑚π−
2 + 𝑃𝜋−

2 = 𝐵 − 𝐷𝑃π− 

𝐺 − 𝐵 + 𝐷𝑃π− = 2𝐴√𝑚𝜋−
2 + 𝑃π−

2                                  (16) 

Let H = G-B 

𝐻 + 𝐷𝑃π− = 2𝐴√𝑚π−
2 + 𝑃π−

2  

Squaring both side, 

 𝐻2 + 𝐷2𝑃π−
2 + 2𝐻𝐷𝑃π− = 4𝐴2(𝑃π−

2 + 𝑚π−
2 ) 

 𝐻2 + 𝐷2𝑃π−
2 + 2𝐻𝐷𝑃𝜋− = (4𝐴2𝑃π−

2 +  4𝐴2𝑚π−
2 ) 

 𝐻2 + 𝐷2𝑃π−
2 + 2𝐻𝐷𝑃𝜋− − (4𝐴2𝑃π−

2 +  4𝐴2𝑚𝜋−
2 ) = 0 

(𝐷2 − 4𝐴2)𝑃π−
2 + 2𝐻𝐷𝑃π− + 𝐻2 − 4𝐴2𝑚π−

2 = 0 

Let 𝑋 = (𝐷2 − 4𝐴2), 𝑌 = 2𝐻𝐷 𝑎𝑛𝑑 𝑍 =  𝐻2 −

4𝐴2𝑚π−         
2                                                                      (17) 

∴ 𝑋𝑃π−
2 + 𝑌𝑃𝜋− + 𝑍 = 0 

𝑃π− =
−𝑌±√𝑌2−4𝑋𝑍

2𝑋
                                                          (18) 

 Substituting equation (18) into equation (12) gives the 

numerical values of the recoil momenta of Λ hyperon, by 

using the FORTRAN program.  

 

III. RESULTS AND DISCUSSION 

A. Momentum transfer of  𝑛(𝜋+, 𝛫+)𝛬  reaction  

   In 1980, Thiesse and Dover et.al., proposed the (𝜋+, Κ+) 

reaction as an efficient method for the spectroscopic 

studies of heavy hypernuclei. This (𝜋+, Κ+)  reaction 

provides extensive spectroscopic information on Λ 

hypernuclei bound states, as has been done in experiments 

at BNL and KEK. The original process involved is 𝜋+ +
𝑛 → Κ+ + Λ, which produces two odd particles, K+ and Λ 

simultaneously, hence referred to as correlated production. 

The (𝜋+, Κ+)  reaction is notable for its large momentum 

transfer, reaching 350MeV/c, comparable to the Fermi 

momentum. 

    The momentum transfer for endothermic reaction 

(𝜋+, Κ+)  was determined through equation (18) using 

Fortran Code. Fig .2 illustrates the momentum transfer for 

this reaction across various projectile momenta. 

Remarkably, the maximum momentum transfer occurs at 

the threshold of the reaction and marks the onset of 

hyperon production. In this reaction, the reversal speed of 

the hyperon exceeds the Fermi momentum (PF  280 

MeV/c). In addition, an increase in projectile momentum is 

associated with a decrease in hyperon recoil momentum. 

The experimental results shown in Fig. 2 are in close 

agreement with the theoretically calculated momentum 

transfer 𝑛(𝜋+, Κ+)Λ  reaction. Therefore, it can be 

concluded that the theoretical findings validate the 

experimental results. 
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B. Momentum Transfer of 𝑛(𝛫−, 𝜋−)𝛬 Reaction 

   The 𝑛(Κ−, 𝜋−)𝛬   reaction is an exothermic reaction 

(positive Q value).  (Κ−, 𝜋−) can be reactive without  the 

need to provide the threshold energy. Therefore, the 

product momentum transfer of Λ was found at zero 

incident momentum. After that, the momentum transfer is 

zero at incident momentum of 530MeV/c and recoiless Λ 

hyperon production is observed for this reaction. The 

product momentum of Λ is found to increase with the 

increasing momentum of the incident  K- as shown in  

fig.7,the formation of Λ hypernucleus can be studied by 

selecting incident velocities and scattering angles where 

the incident velocity is   greater than 530Mev/c for 

scattering angles the 𝑛(Κ−, 𝜋−)𝛬   reaction favors  

substitution  state according to its small momentum 

transfer. By choosing the incident momentum and 

scattering angles, the formation of Λ hypernucleus can be 

observed.  

   For this reaction, the hyperon product momentum is found 

to be lower the Fermi momentum (PF  280 MeV/c). Fig.7 

shows that the momentum transfer of 𝑛(𝐾−, 𝜋−)Λ  reaction 

was found experimental result. Therefore, it was found that 

theoretically results also agreed with the experimental 

results. 

 

C. Momentum Transfer of Λ hyperon  

     The elementary process is 𝑛(π+, Κ+)Λ reaction
 
which 

produces a hyperon on the nucleon target. To produce a 

hypernucleus, the hyperon resulting from a reaction on a 

nucleon of the target has to stay inside the nucleus. If the 

momentum transfer is too large compared to the nuclear 

Fermi momentum, the hyperon will have little chance to 

stick to the nucleus and will usually leave. The probability 

of sticking should be high and the hyperon will retained   

the state of the original nucleon. The 𝑛(π+, Κ+)Λ  reaction 

is an endothermic reaction, and threshold momentum for 

reaction 𝑛(π+, Κ+)Λ  reaction is about 1040 MeV/c. The 

variation of momentum transfer to Λ hyperon with 

the projectile momentum for scattering angle 𝜃 =
5∘, 10∘ are displayed in Fig.4 and Fig.5. Fig.6 was shown 

the momentum transfer of Λ hyperon for various scattering 

angles. According to this graph, the
 
greater the momentum 

of the projectile, the higher the momentum transfer is to Λ 

hyperon for scattering angle 0∘, 5∘𝑎𝑛𝑑10∘ . However, the 

momentum transfer to Λ hyperon is maximum at the 

threshold momentum and comes down to the constant 

value as the projectile momentum increases for
 
scattering 

angles 𝜃 = 0∘.The transferred momenta to Λ hyperon for 

all scattering angles are larger than the Fermi momentum. 

  The variation of momentum transfer to Λ hyperon 

with the projectile momentum for scattering angle 𝜃 =
5∘, 10∘ are displayed in Fig.9 and Fig.10. Fig.11 was 

shown the momentum transfer of Λ hyperon for various 

scattering angles. According to this graph, the
 
greater the 

momentum of the projectile, the lower the momentum 

transfer is to Λ hyperon for scattering angle 0∘, 5∘𝑎𝑛𝑑10∘. 

The transferred momenta to Λ hyperon for all scattering 

angles is smaller than the Fermi momentum.  

 

 

 

      Fig.2. Hyperon momentum transfer (Λ) vs momentum  of (π+)  at 

θ =0˚. 

 

 

 

        Fig.3.The momentum 𝑞𝑌transferred to the hyperon Y as a function of the 

projectile momentum 𝑃𝑝𝑟𝑜𝑗= 𝑃𝛼 in the reaction 𝛼𝑁 → 𝑌𝑏 at 𝜃𝑏𝑙=0°[4]. 

 

 

 

       Fig.4. Hyperon momentum transfer (Λ) vs momentum of (π+) at 

θ =5˚ 
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   Fig.5. Hyperon  momentum transfer (Λ)  vs momentum of  (π+)       

at 𝜃 = 0∘ 

                       

 

  Fig.6. Hyperon momentum transfer (Λ) versus the projectile 

momentum for  𝑛(π+, Κ+)Λ  with scattering angles. 

 

 

 

Fig.7. Hyperon momentum transfer (Λ) vs momentum of  (Κ−)   
             𝑎𝑡   𝜃 = 0∘. 

 

 

 

 

 

 

 

Fig.8. The momentum 𝑞𝑌 transferred to the hyperon Y as a function of the 

projectile momentum 𝑃𝑝𝑟𝑜𝑗=  𝑃𝛼 in the reaction 𝛼𝑁 → 𝑌𝑏  at 

𝜃𝑏𝑙=0°[4]. 

 

 

    Fig.9. Hyperon momentum transfer (Λ) vs momentum of  (Κ−) at  

               θ = 5˚. 

 

  

      Fig.10. Hyperon momentum transfer (Λ) vs momentum of  (Κ−)  
at θ =10˚. 
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Fig.11. The (Λ) momentum transfer versus the projectile momentum for 

  𝑛(Κ−, 𝜋−)Λ  with scattering angles. 

IV. CONCLUSION

   In this research, the variation of momentum transfer to 

the Λ hyperon from 𝑛(π+, Κ+) Λ  reaction has been

investigated. The momentum transfer to Λ hyperon is 

maximum the threshold momentum and comes down to the 

constant value as the projectile momentum increases for 

various scattering angles.  This study demonstrates that 

shows that the momentum transfer of hypernuclei is 

greater than Fermi level at angles  0°, 5° and 10° . In

this𝑛(π+, Κ+) Λ reaction, Λ hyperon was found decay. In

this calculation, the momentum transfer to the Λ hyperon 

from 𝑛(Κ−, 𝜋−)Λ   reaction has been investigated.  This

research work, show that the momentum transfer of 

hypernuclei is lower than Fermi level at 

angles 0°, 5° and 10°.Then, the Λ hypernuclear was found

bound state. Therefore, the calculated results agree with 

experimental results.  
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Abstract— There is a lot of cultivated land in Uyintaw 

village, Amarapura Township. The problem for modern 

agriculture is the physical and chemical condition of the soil 

layer rather than the natural fertility. Therefore, it is necessary 

to systemically evaluate the soils from different peanut 

plantations.  In this study, three soil samples were collected 

from three peanut farms in Uyintaw village, Amarapura 

township in early November 2021. After that, the second 

sampling was done at the end of January 2022. pH of the soil: 

moisture appearance bulk density; porosity, organic carbon 

percentage physicochemical parameters such compost 

percentage were determined.  According to the data, the pH of 

the soil from this farm was found to be slightly acidic in  2021. 

However, they become slightly alkaline in 2022. Soil moisture 

were found to be higher than in 2021 than those of year 2022. 

The organic carbon concentration of the soil is the same in the 

two periods. Also, Bulk density and porosity were found to 

agree with the value of plant growth is limited. 

Keywords—organic carbon, bulk density, porosity percent,  

macronutrients 

I. INTRODUCTION 

Uyintaw village is situated in Amarapura Township, 
Mandalay region. It is bounded by Ayeyarwady river in the 
west, Chanmyathazi township in the north, and the ancient 
capital site of Ava (Inwa) in the south [7].  Uyintaw village 
is 3.5 miles far away from Mandalay and along the river 
bank in Amarapura township, vegetable trees and fruit trees 
are grown on a market scale. During the rainy season, 
peanut fields are flooded, and after the monsoon, they are 
irrigated. Compared to the unirrigated dry lands of the 
nearby desert, they are considered arid irrigated lands 
because of their high productivity. In modern agriculture, 
the lack of natural fertilizers is no longer a problem, and the 
necessary plant nutrients can be added as manure, although 
there are practical difficulties in how to apply them in some 
tropical soils. There are various constraints that prevent high 
crop yields: e.g. soil salinity and alkalinity; weather or short 
growing season due to flooding to limited drainage; hard  
pans appear: during the monsoon season. The water of the 
Ayeyarwaddy river is submerged, so the peanuts are wet. 
The grass flooded. And then as the river receded, the locals 
various crops, especially peanuts, a variety of crops such as 
fruit trees.   

II. MATERIALS AND METHODS 

A. Study of Some Physicochemical Properties of Soils 

Sample from Peanut areas in Uyintaw village 

The three samples from different peanut farms were 
started in year of November 2021 and in January 2022. 
Sampling location of soil from peanut areas are as shown in 
table I and Fig. 1(a),(b), and(c).  

I. SAMPLE LOCATION OF SOIL FROM PEANUT FARMS 

No. Sample 

Location 

Longitude Latitude 

(i) S1 96.1619 E 21.9414 N 

(ii) S2 96.0502 E 21.9416 N 

(iii) S3 96.1599 E 21.9396 N 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Sampling location (S1). 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Sampling location (S2). 
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Fig 1.(c) Sampling location (S3). 
 
 

     Three soil samples were collected from peanut farms 
using a cross pattern, which is an iron mining method. The 
depth was 20-25 cm [1]. In addition to determining the 
moisture content of the soil, each soil sample brought to the 
laboratory was spread on an aluminum tray and stones, 
removed the root fragments and unnecessary material left 
behind. Mix the collected soil samples with clean paper 
towels and the composite samples were reduce waste by 
coming together to the retain approximately 500 g of 
composite samples individually. Each sample was stored in 
polyethylene bag with appropriate description. A base for 
developing fresh surfaces samples were mixed during 
incubation to reveal fresh surfaces [4]. After the air-drying, 
the soil samples gently crush with the 2 mm sieve in a mortar 
and pestle sieve. Then, the above -mentioned biochemistry 
parameters were applied to agriculture, it was determined by 
traditional method in the Laboratory of the Department of 
Livestock and Ministry of Land Use. 
 

III. RESULTS AND DISCUSSION 

A. pH, Moisture, Organic Carbon percent, and Humus 

percent of Soil from Different  Farms 

Table II and Fig. 2 depict pH values of the soil   samples 
from peanut farms for 2021 and 2022. Peanuts from 
different farms over the years, the pH value of (5.35-5.52) 
was illustrated. pH in 2021 a few substances were found.  
However, in 2022 pH values of those were getting nearly 
neutral, (5.89-6.51). However, both values of pH in two 
times were acceptable for many plants, particularly oil 
crops. 

 

II. PH VALUES OF SOIL FROM PEANUT FARMS 

No. Sample 
pH 

2021 2022 

(i) S1 5.35 6.13 

(ii) S2 5.32 6.51 

(iii) S3 5.52 5.89 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. 2. pH values of Soil from Peanut Farms. 

 Table III and Fig. 3 (a), (b), and (c) denote moisture 
percentage of soil samples; organic carbon and humus 
percentage in two times. Other range of  above values in two 
times are as follows: moisture percent (6.31-8.42) % and 
(2.81-3.27)%, organic carbon percent (1.79-1.89)% and 
(1.78-1.80)%, humus percentage were found, in the same 
distance; (2.29-2.49)%. Organic carbon and humus were 
found in the soil samples. These values are below for the 
plant growth so natural fertilization may be carried out 
occasionally. The both values of moisture in two times were 
significantly different. Very few in 2022. This may be due 
to nearly harvesting period of peanut plants. 

 

III. MOISTURE PERCENT, ORGANIC CARBON AND HUMUS 

PERCENT OF SOIL FROM PEANUT FARMS 

No. Sample 

Moisture % 
Organic 

Carbon% 
Humus% 

2021 2022 2021 2022 2021 2022 

(i) S1 7.97 2.81 1.79 1.78 2.29 2.29 

(ii) S2 6.31 2.94 1.89 1.87 2.49 2.42 

(iii) S3 8.42 3.27 1.84 1.80 2.37 2.49 

<4.00% low, 4.00-10.00% Medium, >10.00% High organic carbon  
4.20-6.00% High humus content  
2.00-4.20% Medium Humus content [2] 

 

 

 

 

 

 

 

 

 

 

  

Fig. 3. (a) Moisture percent of Soil from Peanut Farms. 
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Fig. 3. (b) Organic Carbon percent of Soil from Peanut Farms. 

 

 

 

Fig. 3. (c) Humus percent of Soil from Peanut Farms.       

B. Bulk  Density Percent and  Porosity  Percent  of  Soil

from  Different  Peanut forms 

Table IV and Fig. 4 show  the Bulk density 
percentage of three soil samples at two times. The range: 
(1.23-1.45) g/cm3 and (0.98-1.45) g/cm3 in 2021 and 
2022. Lower values were found in 2022. They were 
found to limit the value of the plant grows. 

IV. BULK DENSITY OF SOIL FROM PEANUT FARMS

No. Sample 
Bulk Density g/cm3 

2021 2022 

(i) S1 1.23 1.45 

(ii) S2 1.23 0.98 

(iii) S3 1.45 1.35 

Permissible limit 1.60 g/cm3 [3] 

Fig. 4. Bulk density of Soil from Peanut Farms. 

Table V and Fig. 5 show porosity percentage of soil 
samples in the range of (47.22-48.72) % and (45.95-47.30) 
% in 2021 and 2022. Higher values in 2021 were found. 
Bulk density and porosity percent are negatively correlated 
to each other. They are for plant growth, good porosity is 
found [4]. 

V. POROSITY OF SOIL FROM PEANUT FARMS

No. Sample 

porosity % 

2021 2022 

(i) S1 47.22 46.95 

(ii) S2 48.72 45.95 

(iii) S3 47.92 47.30 

30.00-40.00%; low   
40.00-45.00%: moderate  
45.00-50.00% high [2] 

 

 

Fig. 5. Porosity percent of Soil from Peanut Farms. 

C. Nitrogen  Percent, Phosphorus   and  Potassium

contents  of  Soil  From  Peanut Farms 

Table VI and Fig. 6 denote the nitrogen percentage of 
soil samples at both periods. The value was found (0.17-
0.23)% in two periods. The percentage of nitrogen is low in 
two periods. Moderate fertilization and timely schedule 
must be applied. 

VI. NITROGEN PERCENT OF SOIL FROM PEANUT FARMS

No. Sample 

Nitrogen (%) 

2021 2022 

(i) S1 0.17 0.23 

(ii) S2 0.23 0.23 

(iii) S3 0.23 0.10 

< 0.150% low 
0.15-0.250% medium 
>0.250% high [5] 
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Fig. 6. Nitrogen percent of Soil from Peanut Farms. 

Table VII and Fig. 7 show that the phosphorus content 
of the soil samples was detected at both times. It was from 
(20.38-21.96) ppm and (20.19-20.82) ppm respectively. 
High levels of phosphorus were found in soil samples during 
both periods. This may be due to the number of perennials 
in these areas. 

VII. PHOSPHOROUS OF SOIL FROM PEANUT AREAS

No. Sample 

Phosphorus(ppm) 

2021 2022 

(i) S1 20.38 20.19 

(ii) S2 20.91 20.76 

(iii) S3 21.96 20.82 

>12 ppm  high phosphorous 
8-11 ppm  medium phosphorous 
4-7 ppm  low phosphorous [5] 

Fig. 7. Phosphorus of Soil from Peanut Farms. 

Table VIII and Fig. 8 show that the  potassium content 
of  the soil samples was detected in  years 2021 and 2022. 
(2.16-2.55) and (2.19-2.55) ppm range were found in 2021 
and 2022 Both periods were found to have very low levels 
of potassium in the soil samples. Low potassium values 
were found in both periods. Potassium concentrations in the 
soil should be included in fertilizer program. 

VIII. POTASSIUM OF SOIL FROM PEANUT FARMS

No. Sample 
Potassium (ppm) 

2021 2022 

(i) S1 2.55 2.10 

(ii) S2 2.18 2.19 

(iii) S3 2.16 2.55 

>30 ppm medium potassium contents [6]

 

 

Fig. 8. Potassium contents of Soil from Peanut Farms. 

IV. CONCLUSION

In this study, a two years study of soil samples from 
peanut areas found that slightly acidic soil samples in 2021 
became slightly alkaline in 2022. Bulk density was found to 
be within the permissible limit of the plant grows. It was 
found to be within the limits. A good percentage was found, 
organic carbon and humus percentage values are below for 
the plant growth so natural fertilization may be carried out 
occasionally. All in all, macronutrients like nitrogen 
percent, contents of phosphorous and potassium were found 
inappropriate contents as physical nature of the soil such as 
bulk density, porosity and texture conditions were found 
optimum for oil crops. So, rain-fed conventional farming 
should be transformed to irrigated farming should be 
transformed to irrigated farming system. Also, it will bring 
the sustainable development for farming for oil crops. 
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Abstract — The iron oxide (-Fe2O3) nanoparticles were 
created by co-precipitation method following with sintering 

process at several temperatures at (900 C, 1000 C, 1100 C) 
for 2 hours. Ferric nitrate nano-hydrate (Fe (NO3)3.9H2O) was 
chosen as a precursor and sodium bicarbonate (NaHCO3) as a 
form of precipitator. Making use of Fe2O3 nanoparticles were 
characterized by X-ray diffraction (XRD), fourier transform 
infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM), and electron-dispersive spectroscopy (EDS). The effect 
of sintering temperatures on properties of synthesized 
particles was investigated. XRD patterns were confirmed the 

iron oxide nanoparticles exhibited hematite (-Fe2O3) phase 
with a hexagonal structure. The crystalline size was the nano 
range. In the FTIR spectrum, the two strong band below 700 
cm-1 was appeared Fe-O metal oxide vibrations mode at 542-
557 cm-1 and 472-476 cm-1. The morphological investigations 
from SEM illustrated spherical-like shaped particles and the 

grain size of the particles 0.52 m – 0.649 m. According to the 
EDS micrograph, the element composition consists of oxygen 
and iron.  

Keywords— Iron oxide nanoparticles, Hematite, co-

precipitation, precursor, precipitator. 

I. INTRODUCTION  

Novel nanostructures in materials, especially metal 
oxides have recently received more attention due to the 
rapidly evolving fields of nanoenergetics and nano 
electronics. Transition metal oxide nanostructures have 
attractive benefits in energy storage applications, 
specifically as a supercapacitors electrodes. Because energy 
storage devices are in popular demand, a significant amount 
of research has been performed on metal oxides such as 
RuO2, IrO2, NiO, SnO2, V2 O5, CeO2, PbO2, CO3O4, etc; for 
energy storage devices. These metal oxides were used as 
supercapacitor electrodes, demonstrate pseudo capacitive 
actions, featuring extremely high specific capacitance 
values. Instead, the restrictions of the majority of these 
metal oxides are connected to their toxicity, price and 
availability.  Among all of the transition   metal oxides, 
ferric oxide, Fe2O3 is promising electrode because of its 
cost, ready availability, environmental friendliness and 
corrosion resistance. However, the toxicity, cost, and 
availability of the majority of these metal oxides are their 
main drawbacks [1].  

The presence of unknown Fe2O3 has four polymorphs 

consisting of alpha phase (-Fe2O3), beta phase (-Fe2O3), 

gamma phase (-Fe2O3), and epsilon phase (-Fe2O3).  Each 
polymorph has a unique crystal structure and set of   

physical characteristics. The two most common prevalent 
polymorphs, the cubic spinel structure “gamma” and the 
hexagonal corundum structure “alpha”, are found in 
hematite and maghemite  materials. In recent years, the 
other polymorphs, orthorhombic structure “epsilon” and the 
cubic bixbyite  structure “beta” have been manufactured and 
thoroughly analyzed. Forms of Fe2O3 (Gamma and epsilon) 
are ferromagnetic while beta type Fe2O3 is a paramagnetic 
substance, alpha Fe2O3 is a set antiferromagnetic. In 

particular, Hematite (-Fe2O3) is compared with the 
additional polymorphs of iron oxide, it is discovered to be 
especially encouraging for use in a variety of applications, 
including  supercapacitor, rechargeable electrodes , batteries 
[2], gas sensor [3], magnetic resonance imaging, photo 
catalytic applications [4], solar cells, field-effect transistor 
[5], phenyl hydrazine sensor, electrode for lithium ion 
batteries [6],  photo-anode for photo assisted electrolysis of 
water, etc. 

(-Fe2O3) is significant among these polymorphs 
because of its easy manufacture, cheaply priced, abundance, 
kindness toward the environment, strongly cracking 
resistance, chemical inertness, biocompatibility, and 
superior substance adhesion [7]. Different methods have 

been developed to create (-Fe2O3) nanoparticles with 
distinct physical and chemical properties, including the 
micro emulsion method, sol-gel method, co-precipitation 
method, spray pyrolysis, hydrothermal synthesis, 
solvothermal  synthesis [8], and others.  

In this paper, we produced (-Fe2O3) using the co-
precipitation method, which is a simple, straightforward, 
low-effort, well- crystallized product, high homogeneity 
short preparation time and cost effective way to create 
nanostructures. The ferric nitrate (Fe(NO3)3.9H2O) and 
sodium bicarbonate  (NaHCO3) were used as a precursor 

and a precipitator to co-precipitate (-Fe2O3)  nanoparticles. 

To produce nanoparticles with various particle sizes, (-
Fe2O3) was sintered at three distinct temperatures. In this 
study, nanoparticles was examined their crystalline size, 
structure, morphology, chemical composition and 
functional groups properties of nanoparticles were 
investigated. 

II. MATERIALS AND METHOD 

A. Materials  

The iron precursor was ferric nitrate nano - hydrate (Fe 
(NO3)3.9H2O), while the precipitating agents were sodium 
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bicarbonate (NaHCO3), distilled water, and ethanol 
(C6H6O). All solutions were prepared with deionized water. 
All the chemicals and solvents were purchased from 
Academy chemical shop from Yangon in Myanmar. All 
reagents were lab grade and were utilized any additional 
purification. 

B. Experimental Detail of Iron Oxide Nanoparticles 

(hematite,  - Fe2O3) 

Iron oxide (Hematite, -Fe2O3) were employed by co-
precipitation method. In a typical experiment, ferric nitrate 
precursor solution was prepared by dissolving 50g of ferric 
nitrate nano-hydrate (Fe(NO3)3.9H2O) in 500ml of 
deionized water with magnetic stirring for 90 mins at room 
temperature. After that, 30g of sodium bicarbonate 
(NaHCO3) in a 200 ml of deionized water and stir it for 90 
mins  at room temperature by magnetic stirrer. To ensure all 
the base granules was dissolved and the aqueous solution 
was completely clear until continued stir. After placing the 
ferric nitrate solution on a magnetic stirrer and turning on 
the magnetic engine, drop by drop of room temperature 
sodium bicarbonate solution was stirred. During stirring, the 
solution color changed from orange color to reddish brown 
color. Each time a base is added, brown precipitate starts to 
form and monitors the pH level of the solution (using litmus 
paper) until the pH reaches 8, at which point the reaction is 
finished. At room temperature, the resultant solution was 
continuously agitated for two hours at 500 rpm. After that, 
the beaker's contents were left unattended for 36 hours to 
permit the precipitate settle. After that, the resulting solution 
was separated into precipitate and water. During collection 
and centrifugation at 2000 rpm for 10 minutes, the 
precipitate solutions were repeatedly cleaned with distilled 
water until the pH level was nearly equal to 7. Finally, the 
precipitate was washed with ethanol to remove impurity, 
and then separated by centrifuge. When the precipitate was 

dried in an oven at 90 C for 4 hours, reddish brown powder 
was obtained. 

The transformation of ferric nitrate into ferric hydroxide 
and then into ferric oxide is illustrated in the following 
equations. 

2Fe (NO3)3. 9H2O + 6NaHCO3 = 2Fe (OH)3 + 6NaNO3 + 
6CO2 + 18H2O 

 2 Fe (OH)3 = Fe2O3 + 3H2O              (1) 

The finally equation is;  

2Fe (NO3)3.9H2O + 6NaHCO3= Fe2O3 + 3H2O + 6NaNO3 + 
6CO2 + 2H2O  

Using a refractory ceramic crucible, the reddish-brown 
powder was sintered in a furnace at various temperatures of 

900 C, 1000 C, 1100 C for 2 hours. And then, hematite 

(-Fe2O3) nanoparticles were obtained. 

C. Characterization of Iron Oxide (-Fe2O3) 

Nanoparticles 

Different kinds of techniques were utilized to analyze 
the structural, chemical, and morphological features of the 
iron oxide nanoparticles that were generated. Using Cu-K 

radiation (α = 1.54060A) as the source, the X-ray 
diffraction patterns of the materials had been examined 
using D/te X Ultra 250 detectors. The intensity data 

compiled over the range 20- 80 using a step width 0.02. 
The synthetic nanoparticles were subjected to elemental and 
chemical composition evaluations using energy dispersive 

spectroscopy (EDS) coupled with scanning electron 
microscopy (SEM) and Fourier transform infrared 
spectroscopy (FTIR) on an IR-Tracer 100  Shmadzu, Japan. 
At room  temperature, FTIR measurements were  performed 
in the 400 cm–1 - 4000 cm–1 range. The sample's 
morphological characteristics were examined using a 
scanning  electron  microscope (SEM: ZEISS).  

Fig 1. Sample preparation of  Fe2O3  step by step (a) ferric nitrate (b) 
DI water (c) precursor solution (d) sodium bicarbonate (e) sodium 
bicarbonate solution (f) added precipitator solution drop by drop (g) 
reaction complete  (h) settle 36 hours (i) centrifuged by solution (j) filtered 

by sample (k) dried brown powder (l) sintered in furnace (m) -Fe2O3 
nanoparticles 

 

Fig 2. Block diagram of sample preparation of ( - Fe2O3) nanoparticles 
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III. RESULTS AND DISCUSSIONS 

A. XRD Analysis of (-Fe2O3) Nanoparticles  

The XRD is achieved for the classification and 

understanding the crystalline progress behavior of (-
Fe2O3) nanoparticles. The crystallite size of the particle was 
calculated from Debye-Scherer’s equation which is given by 

          D = K/ cos                                (2)                          

where; D is crystallite size,  is the X-ray wavelength 

(1.54060 A),  is the diffraction peak at Full Wave Half 

Maximum( FWHM) in radians,  is shape factor, about 0.9 

for iron oxides and  is the Bragg’s angle (degree). 

 

Fig. 3 XRD patterns of -Fe2O3 nanoparticles (a) 900 C, (b) 1000 C,     

(c) 1100 C for 2 hours, (d) XRD patterns of -Fe2O3 nanoparticles at 

(900C,1000C,1100C) for 2 hours 

Using X-ray diffraction equipment, a sample is predicted 

to be (-Fe2O3), the retrieved XRD pattern and Fig. 3(a-d) 
show the peaks in the spectrum range of 20 to 80 degrees (in 
terms 2θ), which it is confirmed, are consistent with the 
standard card number (Card No: 04-008-7627), and no other 
impurity peaks can be seen. XRD patterns which are 

confirmed to iron oxide nanoparticles (-Fe2O3) with the 
hexagonal structure. The largest peak intensity of this image 
matching to sheet (104) displayed in an 2θ◦ = 35.75 angle 
and other peaks linked to sheets (012), (104), (110), (113), 
(024), (116), (122), (214), (300) and (101) is continuous 
with what identified in articles.   

From XRD results, calculated that the variation of 

crystallite size for (-Fe2O3) nanoparticles are 89.1 nm, 94.2 

nm and 113.2 nm at 900 C, 1000 C and 1100 C 

respectively. At sintering temperatures 900 C and 1000 C, 

the average crystallite size of (-Fe2O3) was about 89.1 nm 
and 94.2 nm exist in the nano-range below 100 nm [9]. 
Crystallite size increased from ~ 89 to 113 nm when 

temperature raised from 900 to 1100 C. In this result, the 
crystallize size increased when the temperature increased 
because the rate of the deposition reaction increases at 
higher temperature and the crystallites grow faster resulting 
in a larger size [10]. Fig. 3(d) shows the comparison of three 

different temperatures of (-Fe2O3) nanoparticles. 

B. Effect of Sintering Temperature on FTIR 

FTIR spectra of (-Fe2O3) were identified the chemical 
compositions and the functional groups of the sample. The 

spectrum of (-Fe2O3) were observed with three different 

sintering temperatures (900 C, 1000 C, 1100 C) for 2 
hours as shown in Fig. 4(a-c). 

 

Fig 4. FTIR spectra (a) 900 C (b) 1000 C   (c) 1100 C of (-Fe2O3) 

particles for 2 hours 

Fig. 4(a) shows the absorption bands of (-Fe2O3) 
particles at  3437, 1639, 1446, 864, 542 and 472 cm-1  at    

900 C. The strong board band at 3437 cm-1 is assigned to 
the O-H stretching vibration in OH - hydroxyl groups, and 
1639 cm-1 were attributed due to bending vibration of H-O-
H water molecules. The two strong band below 700 cm-1 
was appeared metal oxygen stretching vibration modes. In 
addition, the peak at 1446 cm-1 is assigned to the 
deformation of CH3. The small peak at 864 cm-1 was showed 
due to the existence of nitrate group. The two sharp peaks at 
542 cm-1 and 472 cm-1 were identified to the Fe-O stretching 

vibration mode respectively of (-Fe2O3) [11]. 

(a) (b) 

(c) 

(d) 

(a) 

(b) 

(c) 
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Fig. 4(b) shows the absorption bands of (-Fe2O3) 
nanoparticles at 3444, 1637, 1400, 557 and 476 cm-1 at 1000 

C. The peaks positions at 1637 cm-1 and 3444 cm-1 are due 
to the bending vibration of absorbed water and surface 
hydroxyl and O-H stretching mode respectively. The high 
frequency band at  557 cm-1can be attributed to    Fe - O 
deformation in the octahedral and tetrahedral site while the 
low frequency band at 476 cm-1 is attributed to Fe-O 
deformation in the octahedral site of hematite [12]. 

Fig. 4(c) shows the absorption bands of (-Fe2O3) 

nanoparticles at 3448, 1649, 549, 472 cm-1 at 1100 C. The 
band at 3448 cm-1 is positioned to adsorbed water which also 
gives rise to the stretching mode of hydroxyl at 3387 cm-1 
and the bending mode of hydroxyl at 1649 cm-1 [13]. The 
intensity of the high frequency band is stronger than the low 
frequency. Metal-Oxygen vibrational bands was occurred 
slightly shift at 549 cm-1 and 472 cm-1. According to the 
recorded FTIR data confirmed that the synthesized 
nanoparticles are iron oxide without any identifiable 
impurities. 

C. Morphological Properties 

The surface morphology of the (-Fe2O3) particles has 
been observed through scanning electron microscope 
(SEM). Fig. 5(a-c) show the SEM and EDS images of the 

(-Fe2O3) particles at different sintering temperatures. Fig. 

5(a) shows the SEM image of the (-Fe2O3) particles that 
were heated to 900 °C for 2 hours, the sample size and 
morphology are irregular, formation of more clusters and 
irregular shaped grain of  random agglomerated particles 
have occurred. The grains were connected with each other 
to form clusters with some clusters of overgrowth. Fig. 5(b) 

shows the SEM image of the (-Fe2O3) particles that were 
heated to 1000 °C for 2 hours, the particles were seen as 
equally sized distribution , smooth, tiny, spherical particles 
on the surface. SEM micrograph of the samples sintered at 
1100 °C for 2 hours is shown in Fig. 4(c). As seen, particles 
have developed on the surface as single clusters with few 
agglomerates.   

When the particles collided at a lower temperature, 
numerous smaller – sized particles were appeared. On the 
other hand, because of the growing and union of 
microscopic grains following the sintering steps, particles 
sintered at increased temperature were made up of less, 
larged - sized particulates. Particle diameter distribution of   

(-Fe2O3) at different temperature as shown in Fig. 5(d-f). 

The mean particles dimension of (-Fe2O3) at temperatures 

900 C, 1000 C and 1100 C are 0.524 μm, 0.558 μm and  

0.649 μm respectively. It is noted that the (-Fe2O3) 
particles imposed at 900 °C seems to be less particles size 

0.524 μm. As the temperature grows to 1000 C and the 

particle size decreases to 0.558m, strong intensity peaks 
were appeared. Particle size grows with increasing 
temperature, this may be caused by an increase in the 
interplanar distance (d) put on by the excess oxidization  
with process, in which oxygen atoms acquire reference-
congruent oxygen vacancies [14] 

D. Energy-Dispersive Spectroscopy (EDS) 

Energy-Dispersive Spectroscopy (EDS) was developed 
to analyze the element composition of a sample attached 

with SEM. EDS spectra of (-Fe2O3) sintering temperatures 

at (900 C,1000 C, 1100 C) for 2 hours are shown in 
Fig.6(a-c) which confirms the evidence of iron (Fe), oxygen 
(O) and other element with mass percent express. Fig 6(a), 

 

Fig. 5(a-c) SEM images and fig.5 (d-f) particle diameter distribution of   

(-Fe2O3) at different temperature 

shows EDS analysis of (-Fe2O3) sintering temperatures at 

900 C for 2 hours. EDS was revealed Fe (57.66%), Na 

(19.15%) and O (23.18%) consist. The appearance of 

sodium in the EDS spectrum is because of the NaHCO3 as 

(f) 

(e) (d) 

(a) 

(b) 

(c) 
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precursors used in the synthesis. Fig. 6(b) and 6(c) show 

EDS analysis of (-Fe2O3) sintering temperatures at       

1000 C and 1100 C for 2 hours. EDS was showed Fe 

(77.73%) and O (22.27%) consist. The presence of Fe and 

O, no other elements were identified in the tracked 

spectrum, which indicates that the synthesized iron oxides 

are purity [15]. All EDS spectral analysis  revealed that “Fe” 

and “O” is the main elements in the attained product, which 

was determined by the occurrence of strong intense peak 

0.705 keV corresponding to “Fe”. The obtained EDS 

analysis confirmed the formation of Fe2O3 nanoparticles. 

 

Fig 6. EDS spectral of -Fe2O3 nanoparticles (a) 900C (b) 1000C       

(c) 1100C for 2 hours 

IV. CONCLUSION 

In conclusion, it is necessary to summarize the -Fe2O3 
nanoparticles was produced by the co-precipitation method 
with good crystalline quality. As we sintered at a higher 
temperature, XRD analysis shows narrow, sharp peaks and 

large crystalline. (-Fe2O3) nanoparticles at 1000 C show 
that they are highly crystalline, with the average crystalline 
size being 94.2 nm, which is definitely in the nanometer 

range. FTIR result of (-Fe2O3) nanoparticles established 
the occurrence of Fe-O stretching vibration mode of the 

sintered temperatures at 1000 C. SEM images clearly show 
that as temperature increased, the particle morphology 
transformed to a more sphere-like shape and the quantity of 

nanoparticle agglomeration decreased. When (-Fe2O3) is 
synthesized at 1000 °C, EDS only detect peaks of iron and 
oxygen, indicating that there are no impurities present. 
Continuously, this synthesized nanoparticles can be studied 
electrochemical properties and fabricated ways of electrode 

materials for energy storage devices. In this study, 

preparation of -Fe2O3 sintered at 1000 C was choice 
excellent to different applications used as the anode material 
for a Li ion electrode asymmetric hybrid supercapacitor, 
electrode for electrochemical capacitor, polyelectrolyte 
membrane for DMFC applications. In future, we believed 

-Fe2O3 nanostructures can only be used as supercapcitor 
electrodes, but could also be implemented in other various 
different energy storage applications. 
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Abstract—One of the main goals of hypernuclear research 

is to study the interaction between the Λ hyperon and the 

nucleus. In this research, one of the 𝚵− stopped events, (a

single-Λ hypernucleus event) that was found in nuclear 

emulsion pl #10, module # 084 in J-PARC E07 experiment has 

been analyzed. 

Keywords— single-Λ hypernucleus, nuclear emulsion, 

𝜩−hyperon, 𝜩−stopped events, J-PARC E07 experiment

I. INTRODUCTION 

The Ξ−  hyperons were produced through the reaction

𝐾− + 𝑝 → 𝐾+ + Ξ−  in a diamond target with a K-

momentum of 1.81 GeV/c in J-PARC E07 experiment. An 

atom in nuclear emulsion captured a stopped  Ξ− hyperon.

Firstly, it was captured on an atomic orbit in a highly excited 

level. A captured Ξ−  hyperon was transferred into lower

orbits with emitting Auger electrons or X rays. Finally, it 

was absorbed by the nucleus, and then they formed, with 

some probability, double-Λ hypernucleus, twin single-Λ 

hypernuclei and single-Λ hypernucleus [1, 7].  

In E07 experiment, total 118 emulsion stacks were used. 

An emulsion stack consists of 13 emulsion sheets with an 

area of 34.5 x 35.0 cm2. Two SSDs (Silicon Strip Detectors) 

were used to reconstruct vertex positions and tracks of 

particles with high precision [8].  

II. XI MINUS (Ξ−) HYPERON STOPPED EVENT

A. Event Description

In E07 experiment, 104 (Ξ−) stopped events in nuclear

emulsion were observed. Among them, one of the Ξ−

stopped events with two vertex topology was analyzed. It 

was observed in nuclear emulsion pl #10 of mod #084 in J-

PARC (Japan Proton Accelerator Research Complex) E07 

experiment. According to the characteristics of sequential 

weak decay topology of this event, it was denoted as single-

Λ hypernucleus event. The photograph was taken by 100x 

magnification objective lens microscope. In this event, the 

Ξ−  hyperons were produced through the ‘p’ (K-, K+) Ξ−

reaction in a diamond target and came to rest at vertex A 

from which two charged particles (track #1 and #2) were 

emitted. The particles of track #1, #2 and #3 of this event 

was stopped in nuclear emulsion sheet #10 while the particle 

of track #4 moved downward direction of the nuclear 

emulsion sheet #10. It was stopped in the upstream layer of 

nuclear emulsion sheet #11 as the ρ-stop, i.e., no charged 

particles were emitted at the stopped point. The photograph 

and schematic drawing of the single- Λ hypernucleus 

(Ξ−Hyperon Stopped) event is shown in Fig.1.

Fig. 1. Photograph and schematic drawing of the single- Λ hypernucleus 

(Ξ−Hyperon Stopped) event 

B. Range and Angle Measurement

The range measurement is very important to obtain the 

kinetic energy of particles. The tracks are divided into short 

segments because tracks are not straight due to the multiple 

Coulomb scattering. Therefore, the range of a charged 

particle can be measured by making the points at several 

straight segments as shown in Fig. 2, by using the computer 

display with the mouse equipment in microscopic system 

which was described as in Fig. 3 [5]. The emulsion layers 

shrunk and distorted during the development process. 

Therefore, we need to consider about the shrinkage factor 

and other distortions due to the process of photographic 

development. The shrinkage factor could be estimated from 

the thickness of the plate at the exposure time and that at the 

measurement time [6]. The range, R, of a charged particle 

from x, y and z coordinates in nuclear emulsion can be 

obtained by using the equation (1). 

𝑅 = √∆𝑥2 + ∆𝑦2 + (∆𝑧2 × 𝑆2)                                (1) 

Where, R is the original range of the track, Δx, Δy and Δz 

are the lengths in the x, y and z directions, respectively. S is 

the shrinkage factor for emulsion gel. After the range 

measurement, the emission angles have to be measured by 

marking the x, y and z coordinates at the first straight 

segment of the particle track on the vertex point, as shown 

in Fig. 2. From these coordinate points, the emission angles 

were obtained by using the following equations: 

A 

𝚵−

B

#1 
#2 

#4 #3 
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𝜃 = 𝑐𝑜𝑠−1 (
𝛥𝑧

√𝛥𝑥2+𝛥𝑦2+(𝑆𝛥𝑧)2
)   (2) 

(2) 

 𝜙 = 𝑡𝑎𝑛−1 (
𝛥𝑦

𝛥𝑥
)       (3)

Fig. 2. The schematic drawing of a particle track marked x, y and z 

coordinates. 

Fig. 3. The photograph of microscopic system. 

The angles are expressed by an azimuthal angle ϕ and a 

zenith angle θ. Where θ is the angle from the z-axis to the x-

y plane and ϕ is the angle from the x-axis to the y-axis. The 

measured ranges and emission angles of the particle tracks 

in a single- Λ hypernucleus event were summarized in Table 

I. 

TABLE I 

RANGES AND EMISSION ANGLES OF EACH TRACK IN SINGLE- Λ HYPERNUCLEUS EVENT 

Vertex Track Length (μm) θ (degree) ϕ (degree) Comment 

A #1 5.6 ± 0.4 95.9 ± 2.4 338.5 ± 1.3 Single-Λ Hypernucleus 

#2 7.9 ± 0.3 80.8 ± 1.7 157.1 ± 1.3 Stopped in pl#10 

B #3 20.3 ± 0.1 108.1 ± 1.8 303.9 ± 1.0 Stopped in pl#10 

#4 5737.0 ± 1.3 99.9 ± 0.2 337.1 ± 0.5 Stopped in pl#11 

III. EVENT RECONSTRUCTION OF Ξ− STOPPED 

(SINGLE- Λ HYPERNUCLEUS) EVENT

Event reconstruction was performed to identify the 

hypernucleus. It was made based on the conservation laws 

of energy and momentum.  At vertex B, possible mesonic 

decay and non-mesonic decay were considered to identify 

the decay modes. Since track #4 was a thin track, we 

considered that track to be a single charged particle, such 

as a 𝜋−meson, H1 , H2  or H3  particles.

The Q-values for all possible decay modes were 

calculated from their masses by using the equation (4).  

The kinetic energies of track #3 and track #4 were 

obtained from their measured ranges by using the Range-

Energy program written by Prof: Nakazawa, Gifu 

University. The visible kinetic energy, Evis, was by the 

sum of the kinetic energies of charged particles. without 

neutron emission. For each reaction, neutral particle 

emission was also considered. For the modes with neutron 

emissions, the kinetic energies of the neutron were 

obtained from the momentum balance by using equations 

(5), (6), and (7). The total kinetic energy, Etot, was the sum 

of the kinetic energies of all emitted charged and 

uncharged particles.  

𝑄(𝑀𝑒𝑉) = [𝑀(#1) − {𝑀(#3) + 𝑀(#4)}]𝑐2  (4)   

𝑃𝑥 = |𝑃⃗ | 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜙  (5) 

𝑃𝑦 = |𝑃⃗ | 𝑠𝑖𝑛𝜃 𝑠𝑖𝑛𝜙  (6)                                                                                                   

𝑃𝑧 = |𝑃⃗ | 𝑐𝑜𝑠𝜃  (7)                                           

To identify the type of hypernuclei, the invariant masses 

of single- Λ hypernuclei were calculated the sum of kinetic 

energy and the rest mass of its decay daughters. It was 

assumed that the single- Λ hypernucleus rests at vertex B. 

Therefore, the kinetic energy of a single-  Λ  hypernucleus 

is equal to zero. 

Then, the invariant masses of single- Λ  hypernuclei were 

compared with the known masses from the particle data 

group. Moreover, the initial masses need to be calculated to 

estimate the binding energies of the single- Λ hypernuclei. 

The binding energies of single-Λ hypernuclei for acceptable 

decay modes were obtained from equation (10). 

𝑀𝑖𝑛𝑣𝑎𝑟𝑖𝑎𝑛𝑡 𝑐
2 = {𝑀#3 + 𝑀#4}𝑐

2 + {𝐾𝐸#3 + 𝐾𝐸#4}  (8)

  𝑀𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = 𝑀𝑐𝑜𝑟𝑒 + 𝑀Λ  (9) 

𝐵𝐸 = {𝑀𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑀𝑖𝑛𝑣𝑎𝑟𝑖𝑎𝑛𝑡}𝑐
2  (10) 

IV. RESULTS AND DISCUSSIONS

A. Results of Identification of Type of Single- Λ

Hypernucleus from Vertex B of Event

A single-Λ hypernucleus event was analyzed. Firstly,

all possible decay modes of single- Λ hypernucleus were 

checked at vertex B. The Q-values and total kinetic energies 

were kinematically calculated for all possible mesonic and 

non-mesonic decay modes. The comparison of Q-value and 

Etot for possible mesonic decay modes without neutron 

emission and with neutron emission were listed in Tables II 

and III.  

The comparison of Q-value and Etot for possible non-

mesonic decay modes with neutron emission and without 

neutron emission were described in Tables IV, V, and VI, 

respectively.  In our analysis, Q-values less than Etot and 

large differences between Q-value and Etot were rejected. 

Among them, three acceptable decay modes with a small 

difference between Q-value and Etot were observed.

Vertex point 

(x1, y1, z1) 

(x2, y2, z2) 
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TABLE II 

THE COMPARISON OF Q-VALUE AND ETOT FOR ALL POSSIBLE MESONIC DECAY MODES OF SINGLE- Λ HYPERNUCLEUS (TRACK #1) WITHOUT NEUTRON

EMISSION 

No 
Track # 

1 

Track # 

3 

Track # 

4 

Q-value 

(MeV) 

Evis 

(MeV) 

Etot 

(MeV) 

Q-Etot 

(MeV) 
Remark 

1 𝐻Λ
3  𝐻𝑒3 𝜋− 43.20 20.81 ± 0.1 20.81 ± 0.1 22.39 ± 0.1 Rejected 

2 𝐻Λ
4  𝐻𝑒4 𝜋− 55.61 21.20 ± 0.1 21.20 ± 0.1 34.41 ± 0.1 Rejected 

3 𝐻Λ
6 𝑒 𝐿𝑖6 𝜋− 38.26 25.39 ± 0.1 25.39 ± 0.1 12.87 ± 0.1 Rejected 

4 𝐿𝑖Λ
9  𝐵𝑒9 𝜋− 46.23 30.33 ± 0.2 30.33 ± 0.2 15.89 ± 0.2 Rejected 

5 𝑩𝒆𝚲
𝟏𝟎  𝑩𝟏𝟎  𝝅− 35.31 34.95 ± 0.4 34.95 ± 0.4 0.36 ± 0.4 Acceptable 

6 𝑩𝚲
𝟏𝟐  𝑪𝟏𝟐  𝝅− 42.43 40.12 ± 0.6 40.12 ± 0.6 2.31 ± 0.6 Acceptable 

7 𝐶Λ
14 𝑁14 𝜋− 33.22 45.46 ± 1.1 45.46 ± 1.1 - 12.24 ± 1.1 Rejected 

TABLE III 

THE COMPARISON OF Q-VALUE AND ETOT FOR ALL POSSIBLE MESONIC DECAY MODES OF SINGLE- Λ HYPERNUCLEUS (TRACK #1) WITH ONE NEUTRON

EMISSION 

No 
Track # 

1 

Track # 

3 

Track # 

4 
neutron 

Q-value 

(MeV) 
Evis (MeV) Etot (MeV) Q-Etot (MeV) Remark 

1 𝐻Λ
4  𝐻𝑒3 𝜋− 1n 35.03 20.81 ± 0.11 44.87 ± 0.11 - 9.84 ± 0.11 Rejected 

2 𝐻Λ
8 𝑒 𝐿𝑖7 𝜋− 1n 41.10 25.73 ± 0.13 106.46 ± 0.13 - 65.36 ± 0.13 Rejected 

3 𝐵Λ
13 𝐶12 𝜋− 1n 39.06 40.13 ± 0.69 311.17 ± 0.69 - 272.11 ± 0.69 Rejected 

TABLE IV 

THE COMPARISON OF Q-VALUE AND ETOT FOR ALL POSSIBLE NON-MESONIC DECAY MODES OF SINGLE- Λ HYPERNUCLEUS (TRACK #1) WITHOUT 

NEUTRON EMISSION 

No 
Track # 

1 

Track # 

3 

Track # 

4 
Q-value (MeV) Evis (MeV) Etot (MeV) Q-Etot (MeV) Remark 

1 𝐻Λ
4 𝑒 p t 174.49 60.83 ± 0.08 60.83 ± 0.08 113.66 ± 0.08 Rejected 

2 𝐻Λ
4 𝑒 t p 174.49 38.99 ± 0.14 38.99 ± 0.14 135.50 ± 0.14 Rejected 

3 𝐻Λ
4 𝑒 d d 170.45 51.71 ± 0.10 51.71 ± 0.10 118.74 ± 0.10  Rejected 

4 𝐻Λ
5 𝑒 d t 155.40 61.15 ± 0.08 61.15 ± 0.08 94.25 ± 0.08 Rejected 

5 𝐻Λ
5 𝑒 t d 155.40 51.91 ± 0.10 51.91 ± 0.10 103.49 ± 0.10 Rejected 

TABLE V 

THE COMPARISON OF Q-VALUE AND ETOT FOR ALL POSSIBLE NON-MESONIC DECAY MODES OF SINGLE- Λ HYPERNUCLEUS (TRACK #1) WITH ONE 

NEUTRON EMISSION 

No 
Track # 

1 

Track # 

3 

Track # 

4 
neutron 

Q-value 

(MeV) 
Evis (MeV) Etot (MeV) Q-Etot (MeV) Remark 

1 𝑯𝚲
𝟒 𝒆 p d 1n 168.23 51.4 ± 0.10 166.00 ± 0.10 2.23 ± 0.10 Acceptable 

2 𝐻Λ
4 𝑒 d p 1n 168.23 38.79 ± 0.14 96.40 ± 0.14 71.83 ± 0.14 Rejected 

3 𝐻Λ
5 𝑒 p t 1n 153.18 60.84 ± 0.08 248.53 ± 0.08 - 95.35 ± 0.08 Rejected 

4 𝐻Λ
5 𝑒 t p 1n 153.18 38.99 ± 0.14 103.74 ± 0.14 49.44 ± 0.14 Rejected 

5 𝐻Λ
5 𝑒 d d 1n 149.15 51.71 ± 0.10 177.77 ± 0.10 - 28.62 ± 0.10 Rejected 

6 𝐻Λ
6 𝑒 d t 1n 155.25 61.15 ± 0.08 262.58 ± 0.08 - 107.33 ± 0.08 Rejected 

7 𝐻Λ
6 𝑒 t d 1n 155.25 51.91 ± 0.10 187.69 ± 0.10 - 32.44 ± 0.10 Rejected 
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TABLE VI 

THE COMPARISON OF Q-VALUE AND ETOT FOR ALL POSSIBLE NON-MESONIC DECAY MODES OF SINGLE- Λ HYPERNUCLEUS (TRACK #1) WITH

TWO NEUTRONS EMISSION 

No 
Track # 

1 

Track # 

3 

Track # 

4 
neutron 

Q-value 

(MeV) 
Evis (MeV) Etot (MeV) Q-Etot (MeV) Remark 

1 𝐻Λ
4 𝑒 p p 2n 166.01 38.48 > 63.67 102.34 Rejected 

2 𝐻Λ
5 𝑒 p d 2n 146.93 51.40 > 111.24 35.69 Rejected 

3 𝐻Λ
5 𝑒 d p 2n 146.93 38.79 > 68.25 78.68 Rejected 

4 𝐻Λ
6 𝑒 p t 2n 153.02 60.83 > 161.36 - 8.34 Rejected 

5 𝐻Λ
6 𝑒 d d 2n 148.99 51.71 > 117.81 31.18 Rejected 

6 𝐻Λ
6 𝑒 t p 2n 153.02 38.99 > 72.19 80.83 Rejected 

7 𝐻Λ
8 𝑒 t t 2n 157.09 61.35 > 176.36 - 19.27 Rejected 

B. Results of Invariant Masses and Binding

Energies of Single- Λ Hypernucleus

The obtained invariant masses for three acceptable 

decay modes were compared with the known mass from 

particle data group. Then, the binding energies of single- 

Λ hypernuclei obtained in the analyzed event were also 

compared with the other experimental binding energies. 

The results of invariant masses and binding energies for 

three acceptable decay modes were described in Table 

VII.

TABLE VII 

THE COMPARISON OF THE INVARIANT MASS AND BINDING ENERGY FOR ACCEPTABLE DECAY MODES AT POINT B 

Decay modes 
Invariant mass (MeV/c2) 

[Our Analyzed Event] 
Known mass (MeV/c2) 

[6] 

Binding Energy (BE) 

(MeV) 

[Our Analyzed 
Event] 

Other 

Experimental BE 

(MeV) 
[2, 3, 4] 

𝐵𝑒Λ
10 → 𝐵10 + 𝜋− 9498.961 ± 0.498 9499.326 ± 0.226 9.48 ± 0.58 9.11 ± 0.22 

𝐵Λ
12 → 𝐶12 + 𝜋− 11354.563 ± 0.791 11356.880 ± 0.078 13.67 ± 0.80 11.37 ± 0.06 

𝐻𝑒Λ
4 → 𝑝 + 𝑑 + 1𝑛 4828.934 ± 0.401 3921.642 ± 0.58 14.129 ± 0.407 2.39 ± 0.3 

C. Results of Estimation of Binding Energy of 𝜩−

Hyperonfrom Vertex A of Event

The possible production modes of single-Λ 

hypernucleus at vertex A were also considered. 

Kinematical analysis of the production reaction was made 

by assuming the Ξ− hyperon was captured by a light

emulsion nuclide (12C, 14N or 16O).  All production modes 

from the light nuclides (12C, 14N and 16O) were checked 

as in Table VIII.     

The Q-value and total kinetic energy for each 

production mode were calculated in the same manner as 

in decay modes. All possible production modes, their Q 

values, Etot, the difference between Q value and Etot and 

comments were shown in Table VIII. The modes were 

rejected in which Ξ− hyperon is unbound, i.e., BΞ
- is

negative. Among them, a small difference between Q-

value and Etot was observed.

TABLE VIII 

POSSIBLE PRODUCTION MODES OF SINGLE- Λ HYPERNUCLEUS AT VERTEX A 

No Xi Target 
Track 

#1 

Track 

#2 
lambda n 

Q-value 

(MeV) 
Evis(MeV) Etot (MeV) Q-Etot (MeV) Remark 

1 Ξ− 𝐶12 𝐿𝑖Λ
8  𝐻𝑒4 Λ - 10.79 5.20 ± 0.2 8.04 ± 0.2 2.75 ± 0.2 Rejected 

2 Ξ− 𝑁14 𝐿𝑖Λ
8  𝐿𝑖6 Λ - 1.99 6.99 ± 0.2 7.07 ± 0.2 - 5.08 ± 0.2 Rejected 

3 𝚵− 𝑵𝟏𝟒  𝑩𝚲
𝟏𝟎 𝒆 𝑯𝒆𝟒  𝚲 - 19.52 6.47 ± 0.4 16.55 ± 0.4 2.97 ± 0.4 Acceptable 

4 Ξ− 𝑁14 𝐵Λ
12 d Λ - 13.75 6.22 ± 0.7 45.08 ± 0.7 - 31.33 ± 0.7 Rejected 

5 Ξ− 𝑁14 𝐿𝑖Λ
7  𝐿𝑖7 Λ - 0.77 7.05 ± 0.4 7.66 ± 0.4 - 6.89 ± 0.4 Rejected 

6 Ξ− 𝑁14 𝐵Λ
13 𝑝 Λ - 14.90 5.99 ± 0.8 55.85 ± 0.8 - 40.95 ± 0.8 Rejected 

7 Ξ− 𝑁14 𝐵Λ
9 𝑒 𝐻𝑒4 Λ 1n 15.46 0.51 ± 0.8 11.11 ± 0.8 4.35 ± 0.8 Rejected 

8 Ξ− 𝑂16 𝐵Λ
10 𝑒 𝐿𝑖6 Λ - 0.26 8.26 ± 0.4 10.03 ± 0.4 - 9.77 ± 0.4 Rejected 

9 Ξ− 𝑂16 𝐵Λ
12 𝐻𝑒4 Λ - 16.87 7.74 ± 0.2 29.32 ± 0.2 - 12.45 ± 0.2 Rejected 

10 Ξ− 𝑂16 𝐶Λ
14 d Λ - 12.50 7.51 ± 1.2 66.38 ± 1.2 - 53.88 ± 1.2 Rejected 
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D. Discussions

According to Table VII, the value of the invariant mass 

of 𝐵𝑒Λ
10  hypernucleus in our analyzed event was 

9498.961 ± 0.498 MeV/c2. The known mass of 𝐵𝑒Λ
10

hypernucleus was 9499.326 ± 0.226 MeV/c2 [6]. 

Therefore, the invariant mass of a single - Λ hypernucleus 

in the analyzed event was very consistent with the known 

mass in 𝐵𝑒Λ
10 → 𝐵10 + 𝜋−   decay mode. And then, the

binding energy of 𝐵𝑒Λ
10   hypernucleus, 9.48 ± 0.58 MeV

was also consistent with the other experimental binding 

energy, 9.11 ± 0.22 MeV. Therefore, the type of single- Λ 

hypernucleus of this analyzed event was 𝐵𝑒Λ
10

hypernucleus. 

By comparing the results at decay modes and 

production modes, the most possible production and 

decay modes were shown in below: 

Ξ− + 𝑁 → 𝐵𝑒 + 𝐻𝑒2
4 + ΛΛ

10
7

14

𝐵𝑒 → 𝐵 + 𝜋−
5

10
Λ

10

The Ξ− hyperon was captured by 𝑁7
14  nucleus and 𝐵𝑒Λ

10

2
4hypernucleus (track #1), 𝐻𝑒 (track #2) and invisible Λ 

hyperon were emitted at the production point A. Then, 
10
Λ𝐵𝑒  hypernucleus (track #1) mesonically decays into 

10
5𝐵  nucleus (track #3) and π- meson (track #4) at the 

decay point B. Finally, the binding energy of Ξ− hyperon 
in the Ξ−-14N system was 2.97 ± 0.4 MeV.

V. CONCLUSION

A single- Λ hypernucleus event has been analyzed. It 

has two vertex points, one production point, and one 

decay point of Λ hypernucleus. The type of single- Λ 

hypernucleus was identified from the decay point B. The 

binding energy between the Λ hyperon in  10
Λ𝐵𝑒 nucleus 

was 9.48 ± 0.58 MeV. It shows the bond state of Λ 

hyperon and beryllium 10 core nucleus. On the other 

hand, the binding energy of Ξ− hyperon in Ξ−-14N system

was obtained from the production point A. The existence 

of hypernuclei with strangeness quantum numbers S = -1 

and S = -2 was confirmed by this analysis. 
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Abstract—Nickel oxide particles have a wide range 
of applications in a variety of advanced materials. This 
study was prepared to obtain pure nickel oxide 
particles,sodium hydroxide with different masses of 
weights. X-ray diffraction (XRD), Fourier transform 
infrared spectroscopy (FTIR), and scanning electron 
microscopy (SEM) were used to characterize the crystal 
structures and phase purity of the prepared samples. The 
XRD and FTIR results revealed that the prepared 
sample was nanocrystalline pure nickel oxide (NiO). SEM 
image showed that the prepared NiO sample was irregular 
shaped micro-plates.   

Keywords—nickel oxide (NiO), co-precipitation, XRD, 

FTIR, SEM. 

I. INTRODUCTION

Many inorganic nanoparticles have been the subject of 

intense research over the past few decades due to their 

practical uses in a variety of sectors, including 

biomedicine, photocatalysis, magnetic devices, and 

sensors. These include zinc oxide (ZnO), titanium oxide 

(TiO), and nickel oxide (NiO). A lot of interest has been 

shown in nickel oxide (NiO) nanoparticles due to their 

exceptional stability, exceptional magnetic, electronic, 

optical, and catalytic properties, and their wide range 

of applications, which include gas sensors, 

electrochromic devices, batteries, fuel cells, dye-sensitized 

solar cells, solar energy absorbers, and magnetic 

recording devices. Furthermore, NiO 

nanoparticles have a broad band gap of 3.6–4.0 eV and are 

incredibly cheap, notcontaining poisonous substances, and 

highly durable conductive appliance, in contrast to other 

metal oxide nanoparticles [1].  

Biomedical detection, medication distribution, imaging, 

and antibiotics are just a few of the medicinal uses for these 

nanoparticles.In addition to the uses already described, NiO 

nanoparticles have the potential to effectively remove both 

organic and inorganic contaminants, which makes them a 

valuable tool for environmental protection [2]. 

As a result, several techniques, including as thermal 

decomposition, micro-emulsion, co-precipitation, chemical 

vapour deposition, sol-gel, hydrothermal, and microwave-

assisted synthesis, have been used in the production of 

nickel oxide micro/nanostructures. The co-precipitation 

method is becoming more and more popular among these 

many techniques since it has the possibility for direct 

process synthesis together with the benefits of simplicity 

and high yield [3]. 

We report on the synthesis of NiO from pure precursors, 
sodium hydroxide and nickel chloride, via co-precipitation 
technique. The generated sample was subjected to X-ray 
diffraction (XRD), Fourier transform infrared spectroscopy 
(FTIR), and scanning electron microscopy (SEM) to assess 
its phase clarity, crystal composition.  

II. MATERIALS AND METHODS

A. Materials

All of the chemicals used in this work were of analytical
grade. They were used without further cleaning. Nickel 
chloride (NiCL) as used as a precursor and sodium 
hydroxide (NaOH) was used as a precipitating agent for the 
solutions. Deionized water has been used for the preparation 
of all solutions.  

B. Preparation of Nickel Oxide

Using distilled water and continuous stirring, a NiCL

solution was made using this procedure. 

     First, the calculated amounts of NaOH and NiCLwere 

weighed. After that, 30 ml of deionized water, 3 ml of 

ethylene glycol (CH2OH)2, and 4.5 g of NiCL were 

combined and agitated for 5 minutes at room temperature. 

The Ni solution's pH was found to be five. Then, at room 

temperature, 1.5 g of NaOH and 20 ml of distilled water 

were combined and stirred for five minutes.  

Subsequently, the NaOH solution was gradually added to 

the Ni solution, and after 30 minutes of stirring the mixed 

solution at 100 °C, the green-colored precipitate was seen. 

The mixture's solution had a pH of eight. 

Centrifugation was used to wash the green precipitate after 

it had been cleaned with deionized water to remove any 

remaining ions. Following that, ethanol was used twice to 

wash the green-colored precipitate.The pH was changed to 

7. 

The computed amount of NaOH for the second sample 

(S2) has been adjusted to 2.5 g, while the weighted mass of 

NiCL remains unchanged. The first sample was subjected to 

the same experimental protocol. Subsequently, sample three 

(S3) has the same weighted mass of NiCL and a different 

determined amount of NaOH (3.5 g).  

The green-filtered sample was dried in an oven at 100 °C 

for six hours during the course of the investigation. After 

that, the dried sample was calcined for two hours at 400 °C 

to produce NiO samples (S1, S2, and S3).  
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TABLE I. NIO THREE SAMPLES WITH THE SAME CALCINED 

TEMPERATURE

Sam 

ple 
Starting Materials 

Calcined 

hours 

Calcination 

temperature 

S1 NiCL+NaOH 2 hours 400 °C 

S2 NiCL+NaOH 2 hours 400 °C 

S3  NiCL+NaOH 2 hours  400 °C 

C. Characterization

To study the crystal structures and phase purities of

synthesized powdered samples (namely S1, S2 and S3) at 

400 °C, X-ray powder diffraction (Shimadzu XRD-6100-S) 

with Cu Kα1 radiation (λ = 0.154 nm), working current (20 

mA) and voltage (40 kV) was used. Fourier transform 

infrared spectrum (FTIR, Shimadzu IR Affinity-1S) was 

used to investigate the functional group of synthesized 

samples. The wavenumber range was set up from 400 cm-1 

to 4000 cm-1 with a spectral resolution of 4 cm-1. The 

morphology of the synthesized samples was observed by 

scanning electron microscopi(SEM, JEOL JCM-6000). 

III. RESULTS AND DISCUSSIONS

A. XRD Analysis

The XRD patterns of synthesized powdered samples
(S1, S2, and S3) are shown in Figure 1(a-c). The main 
diffraction peaks were observed at about 2θ value 37°, 43° 
and 62°, corresponding to the reflection from the (111), 
(200), and (220) crystal planes which are in good agreement 
with the nickel oxide particles of cubic structure. The NiO 
lattice constant computed from the XRD data is 4.1740 °A, 
which is also in well accepted with the reported data 
(JCPDS-ICDD card no.47-1049, a = 4.1771°A). The broad 
diffraction peaks indicate that the synthesized samples (S1, 
S2 and S3) are NiO nanoparticles. The crystallite size 
determined using the Scherrer equation (1) is list in Table 
III(a - c). As seen, when the amount of NaOH was increased 
from 1.5 g to 2.5 g and 3.5 g, the intensity of the diffraction 
peaks and crystallite sizes in S2 and S3 increased.   

 D = κ λ / β cos θ                    (1) 

  where,   D = crystallite size 

  κ = Scherrer constant (0.899) 

   β = full width half maximum 

   λ = wavelength of x ray (1.54056 °Å) 

   θ = Bragg diffraction angle 

 TABLE II(A). CRYSTALLITE SIZES OF SYNTHESIZED NIO S1  

Sample (hkl) 
2 

(deg) 
fwhm 

Crystallize 

size (nm) 

S1 (111) 37.1515 1.07700 9.243 

S1 (200) 43.1993 1.13500 9.596 

S1 (220) 62.7214 1.48014 11.713 

   TABLE II (B). CRYSTALLITE SIZES OF SYNTHESIZED NIO S2 

Sample (hkl) 
2 

(deg) 
fwhm 

Crystallize 

size (nm) 

S2 (111) 37.1541 1.06430 9.343 

S2 (200) 43.2139 1.12840 9.647 

S2 (220) 62.7355 1.20230 14.466 

   TABLE II(C).CRYSTALLITE SIZES OF SYNTHESIZED NIO S3  

Sample (hkl) 
2 

(deg) 
fwhm 

Crystallize 

size (nm) 

S3 (111) 37.1567 1.0516 9.445 

S3 (200) 43.2285 1.1218 9.698 

S3 (220) 62.7469 0.9245 18.786 

Fig. 1(a). XRD spectrum of prepared NiO (S1). 

Fig. 1(b). XRD spectrum of prepared NiO (S2). 

Fig. 1(c). XRD spectrum of prepared NiO (S3).

B. FTIR Analysis

Figure 2(a-c) shows the FTIR spectra of S1, S2, and S3.

For S1, the weak bands at 1636 and 3385 cm-1 with the 

intensity of 77 and 64. The strong band at 1108 cm-1 with an 

intensity of 47. For S2, the weak bands at 1630 and 3396.94 

cm-1 with the intensity of 82 and 69. The strong band at

1111.33 cm-1 with an intensity of 73. For S3,  the weak

bands at 1641 and 3394.50 cm-1 with the intensity of 83 and

71. The strong band at 1389 cm-1 with an intensity of 67.

The bands at 877 and 1124 cm-1 represented in-plane

bending vibration mode. The bands at 877 cm-1 are 
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associated with the Ni-O vibration bond. The above 

information confirms the formation of pure NiO.  

Fig. 2(a). FTIR spectrum of (NiO) particles at 400°C for (S1). 

Fig. 2(b). FTIR spectrum of (NiO) particles at 400°C for (S2). 

Fig. 2(c). FTIR spectrum of (NiO)particles at 400°C for (S3). 

C. SEM Analysis

Figure 3(a-c) shows the morphology of the samples

which has been investigated by the use of a scanning 

electron microscope (SEM). In the SEM images of samples 

in Figure 3(a-c), agglomerated nanoparticles are observed.  

Further analysis is required to study the detailed 

morphology of the samples by either field emission 

scanning electron microscope (FESEM) or tunneling 

electron microscope (TEM).  

Fig.  3(a). SEM image of prepared NiO (S1). 

Fig. 3 (b). SEM image of prepared NiO (S2). 

Fig.  3(c). SEM image of prepared NiO (S3). 

IV. CONCLUSION

     In conclusion, NiO nanoparticles were successfully 

prepared by simple co-precipitation method using sodium 

hydroxide and nickel chloride. The powder X ray diffraction 

patterns show face centred cubic phase of the synthesized 

NiO nanoparticles. The SEM images show that the NiO 

have aggregated nanoparticles. Increasing the amount of 

NaOH from 1.5 g to 2.5 g and 3.5 g, the intensity of the 

diffraction peaks and crystallite sizes of S2 and S3 

increased.  For the future work, the effect of temperature on 

the phase purity and morphology of the synthesized NiO 

samples will be study.  
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Abstract—In the language classroom of second-year 

engineering students at Technological University (Mandalay), 

Communicative Language Teaching methods are used to 

enhance students’ English language skills. In this place, 

whether the effectiveness of using CLT methods can be 

evaluated is the paradox of determining and evaluating a 

language teacher. Therefore, the author tries to come up with 

this situation by using the qualitative approach through the use 

of mark distribution for students’ performance in their group 

presentations. The qualitative research method allows for 

detailed exploration and interpretation of students' language 

use. It brings a subtle understanding of the teaching strategies 

used in the classroom. However, it is important to acknowledge 

some limitations inherent in the study, such as the small sample 

size and the specific context of the language classroom. These 

limitations may affect the generalizability of the findings and 

should be considered when interpreting the results. As a result, 

this research study reveals the improvements of students who 

are taught oral skills by using CLT as a way to show the 

effectiveness of CLT in the classroom and to increase 

confidence in public speaking.  

Keywords—Evaluating, Effectiveness, Oral skills, 

Communicative Language Teaching, Second-year engineering 

students 

I. INTRODUCTION

    In this global age, many people use English as a medium 

of communication, making it easier to interact with people 

from different countries. Students should master English for 

some reason, such as getting a job, continuing further 

studies, or life-long learning. There are different approaches 

used in teaching English as a foreign language in and 

outside the classroom, but not all of them help to reach the 

desired communicative goal. Therefore, it is necessary to 

select and apply the most effective materials according to 

the existing level of students. Based on teaching experience, 

the author believes that students find speaking more difficult 

than reading and writing. Additionally, students' only 

language exposure occurs in the classroom, and students do 

not rely on teachers to employ effective strategies for 

language production. As a result of this problem, in 2016, 

the English curriculum in Ecuador was improved, 

considering the Communicative Language Teaching 

method as one of the central principles. [5]. This approach 

involves learning a language through interaction and 

communication rather than by memorizing different aspects 

of the language system. Therefore, the author investigates a 

way in which students’ oral skills improve using the 

Communicative Language Teaching (CLT) method in the 

second-year engineering classroom. Consequently, this will 

benefit both teachers and students by providing valuable 

insights into implementing the CLT approach effectively in 

the second-year engineering classroom. This study aims to 

evaluate the effectiveness of CLT in improving the verbal 

skills of second-year engineering students and to tackle the 

problem of how to gain insight into its implementation and 

effects both inside and outside the classroom. By 

investigating the long-term effects of using CLT on 

students’ oral communication skills, this research aims to 

enhance pedagogical practices in specialized academic 

settings and to understand how these skills are utilized in 

their vocational and professional environments. This 

connection underscores the broad implications of CLT for 

lifelong learning and career readiness, making it a central 

focus for educational innovations and supportive language 

teaching. Through verifiable analytics and teaching insights, 

this research contributes to the ongoing discussion of 

effective language teaching practices in specialized 

academic fields. Finally, it aims to improve the academic 

and professional communication skills of engineering 

students. 

II. LITERATURE REVIEW

A. Why Important the CLT Method is

All individuals require communication to convey their

ideas, emotions, and thoughts, which is why incorporating 

communicative activities into the lesson is essential. When 

an active learning environment inspires students to finish 

their tasks, they typically speak more fluently. However, 

teachers have consistently encountered difficulties related to 

oral tests, including issues like insufficient assessments, the 

absence of assessments, and the lack of adequate time and 

resources to develop comprehensive and fair evaluations. 

Additionally, teachers often invest significant time in 

creating effective speaking activities, determining the 

assessment criteria, and selecting the appropriate scoring 

methods for evaluating English language proficiency. Oral 

communication skills, in particular, are fundamental for 

engineering students as they guide their career needs. The 

pedagogical method used to teach these skills has a 

significant impact on students’ abilities to communicate 

effectively in real-world situations. One approach that has 

gained attention in recent years is Communicative Language 

Teaching (CLT).  
According to Richards and Rodgers (2001), CLT is 

about meaningful language use, circulating contextual 
content, and learner-centered activities [1]. This approach 
fits well with the communication needs of engineering 
students, who must convey technical information 
effectively. According to Savignon, S.J. (2002), CLT 
enables learners to use language appropriately in different 
situations, which is a very relevant skill in engineering 
situations [3]. Effective communication is essential in 
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engineering education for cooperation, problem-solving, 
and project management. So, CLT is the best method to 
improve students' oral skills.  

B. Oral Assessment Criteria

Many teachers require students to give oral presentations
that count toward their grades. Teachers must clarify their 
goals for these performances as well as the student learning 
objectives they relate to. By including the assignment in 
course goals and learning objectives, teachers make students 
clear about their expectations and develop a rule for 
evaluating presentations. Judging presentations can pose a 
challenge, especially if teachers must consider multiple 
criteria and different performance levels. Sadie Louise 
Winterscheid (2016) notes that “rubrics make presentations 
more efficient and are important tools in educational sectors, 
especially when evaluating individual and group 
presentations.” [9]. They guide both teachers and students, 
outlining specific criteria that presentations need to meet for 
success. By clearly setting expectations, the core principles 
help students understand what it takes to achieve high-
performance levels and provide a plan for their preparation. 
This transparency is advantageous because it clarifies the 
ranking process and makes it clear and fair. “In addition to 
enhancing the learning experience, rubrics contribute to a 
fairer and more equitable educational environment.” [7]. It 
ensures that teachers assess all students based on the same 
standards, regardless of their background or abilities. This 
is especially important in diverse classrooms, where 
students may have different levels of prior knowledge and 
skills. By leveling the playing field, rubrics promote 
inclusiveness and fairness. They also provide a common 
language for assessment, which can be particularly useful in 
collaborative settings where teachers may be involved in the 
assessment process. Moreover, teachers can adapt rubrics to 
suit different disciplines and presentation formats. They can 
tailor rubrics to address the specific requirements of each 
context, whether it's a scientific presentation, a literary 
analysis, or a business proposal. Additionally, the use of 
rubrics aligns with the best practices in educational 
assessment, which advocate for clear, transparent, and 
consistent evaluation methods [8]. The rubric usually 
consists of two components: criteria and grades. The criteria 
are the aspects or dimensions, such as content, organization, 
delivery, and visual aids, that teachers want to evaluate. 
Teachers use grades such as excellence, good, fair, and 
inadequate to describe how well students meet each 
criterion. In addition, the rubrics support teachers by 
providing a clear framework for grading. This saves time 
and can reduce the uncertainty often associated with 
subjective assessments. Teachers have to provide 
constructive feedback. Teachers can use rubrics to highlight 
specific areas where students excel and where they need to 
improve. This targeted feedback is invaluable to students, as 
it guides their learning process and helps them refine their 
skills. Additionally, teachers can use rubrics as teaching 
tools. When students share their presentations before they 
begin, it can help to focus on the key points that are critical 
to success. This proactive approach encourages students to 
self-assess and adjust their work against standards, leading 
to high-quality presentations. Depending on the importance 
and difficulty of the task, rubrics can allocate points or 
weights to each criterion and grade. Rubrics can give many 
advantages in evaluating presentations, such as clarifying 
goals and expectations, providing specific and constructive 
feedback, reducing subjectivity and bias, saving time and 
effort for the evaluator, and facilitating comparison and 
analysis. However, there are some disadvantages. For 
example, it can limit creativity and flexibility by imposing a 

scheduled structure, forgetting about the characteristics or 
nuances of the presentation, creating a false sense of 
objectivity, and encouraging discussion between the 
presenter and evaluator. Creating a rubric for presentation 
skills requires some planning and preparation. First, it is 
required to identify criteria that are relevant and appropriate 
to the presentation's purpose and audience. Then, it is 
important to define grades that reflect the quality of each 
criterion and to assign points or weights to each criterion 
and grade [2]. 

C. Consideration for Making Effective Oral Presentation

Criteria

   Rubrics play an important role in group presentations to 
ensure a fair assessment of all members. They evaluate not 
only collective output but also the contributions of 
individual team members, promoting accountability and 
collaboration. Team presentations often involve different 
roles and responsibilities, and this is important because a 
well-designed rubric captures the unique aspects of each 
member's participation. In addition, rubrics can help reduce 
biases in ratings. Based on these undeniable reasons, 
teachers must follow the steps below to create an effective 
rubric for measuring presentation skills, ensuring 
standardized criteria for assessing all students and 
increasing the objectivity and consistency of the assessment 
process. Here are some steps and strategies that can help 
teachers use the rubric effectively: Before the presentation, 
the organizers explain the purpose, explanation, and 
evaluation process to the presenters. After studying and 
recording the presentation, it is important to carefully 
consider the criteria and steps involved in creating rubrics. 
This step is the foundation for the rubric development 
process and is essential. Subsequently, it is important to 
identify evidence or examples to support scoring and 
provide commentary on the presentation using rubrics. 
Teachers base their evaluations on this assessment and 
assign scores or grades based on it. Finally, providing the 
presenter with specific positive feedback that highlights 
their strengths and areas for improvement is important to 
further improve students' oral skills.  

    The author assesses each member's presentation skills 

based on six specific criteria: content, delivery, 

organization, engagement, visual aids, and time 

management. Under assessment by these standards, each 

participant receives a score that represents their unique 

contribution to the presentation. But for more specific 

performance of teamwork, the author evaluates the entire 

group by two additional factors: collaboration and Q&A 

handling. This comprehensive assessment method 

recognizes that each student's abilities are different, and that 

each grade is also different. 
    For individual presentations, rubrics provide detailed 
recommendations for various aspects, such as content, 
delivery, and visual aids. This feedback is for students to 
identify their strengths and areas that need improvement. It 
is essential to promote their growth and development.  

    In conclusion, the author cannot overstate the importance 
of rubrics in evaluating individual and group presentations. 
They are clear and concise for assessment. It provides an 
objective and consistent framework that benefits students 
and teachers. Rubrics outline specific standards and 
performance levels, guiding students in their preparation 
and helping them understand what to expect. They provide 
fair and unbiased ratings, improve accountability and 
collaboration in team settings, and save teachers’ time while 
providing meaningful feedback. Ultimately, the rules are 
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fair and enhance the educational experience by fostering an 
inclusive and effective learning environment. The clearest 
part of creating and using a rubric as an assessment tool for 
students' oral skills is that it measures how effectively the 
CLT method, used for teaching oral skills in the classroom, 
links with and assesses students' application of knowledge 
and understanding during group presentations. 

III. RESEARCH METHODOLOGY

Assessment approaches within the education sector are 
a broad field. A variety of tasks, such as topic discussions 
and role-plays, serve as common tools for assessing 
students’ oral skills. Teachers typically rely on criteria such 
as range, accuracy, ability, interaction, and coherence to 
measure performance. In addition, oral assessments 
typically adopt an analytical scoring method. Teachers 
recognize assessing speaking skills as one of the most 
complex aspects of evaluating language ability. In this 
study, the author used group presentations to evaluate how 
effectively the CLT method enhances students' oral skills in 
the classroom. Since CLT, in its meaning, is communicative 
language teaching, the author observed communication in 
group work. Therefore, the research method here is making 
comparisons to find out whether CLT is successful or not by 
setting concise rubrics for group presentations. 

3.1 Rubric for the Group Presentation 

The author utilizes the following rubric criteria to 
evaluate students' oral skills through group presentations, 
referencing the works of Prof. Magdy M. Aly (2020) and 
Anderson, Joseph S., and Mohrweis, Lawrence C. (2008). 
[4] [6]. Teachers must assess students’ speaking skills
through direct and conversational interactions. The group
presentation rubric is an essential tool for comprehensively
evaluating the performance of group presentations.
Measuring efficient communication and the speaker's ability
involves eight different criteria. They are content,
organization, delivery/presentation, engagement, visual
aids, time management, collaboration, and overall
presentation. Speaking scoring methods evaluate a learner's
language performance in oral tasks and indicate the
proficiency level of their spoken language skills. Teachers
can use either numerical form or verbal categories such as
‘excellence’, ‘good’, or ‘fair’, etc. Teachers evaluate each
criterion on a scale of 1 to 5, with the highest score
indicating excellent performance by the students and the
lowest indicating significant deficiencies.

1) Content: This criterion assesses the depth and
relevance of the information presented. An excellent
score (5) reveals thorough coverage with strong
supporting details, while an inadequate score (1)
shows little or irrelevant information.

2) Organization: It evaluates how logically the
presentation is structured. The best score (5) is a
different introduction; it reflects a clear and logical
flow with a body and conclusion. A score of 1 shows
cohesion, making the presentation difficult to follow.

3) Delivery/Presentation: This standard is based on the
clarity, emphasis on trust, and engagement of all
group members. A score of 5 means that all team
members speak clearly and confidently, engaging the
audience effectively. A score of 1 indicates poor
speaking skills and a lack of audience participation.

4) Engagement: This assesses the ability to engage an
audience. A high score (5) reflects continuous
engagement with interactive elements or engaging

content, while a low score (1) indicates a failure to 
maintain audience interest. 

5) Visual Aids: This principle reviews the effectiveness
of visual aids in enhancing their presentation. A
score of 5 was given for relevant aids designed to
enhance understanding, and a score of 1 for
irrelevant or distracting aids.

6) Time Management: This criterion analyzes whether
the presentation fits within the allowed time. For
effective time management, a score of 5 means the
presentation is well-timed, while a score of 1
indicates significant timing issues.

7) Collaboration: It measures the contribution and
teamwork among the group members. A score of 5
indicates equal and effective collaboration, whereas
a score of 1 reflects poor or no collaboration.

8) Q&A Handling: It examines the team's ability to
handle audience questions. A score of 5 indicates
thorough and confident responses, while a score of 1
indicates a failure to handle the questions effectively.

This outline supplies a detailed framework for evaluating 
group presentations, ensuring that all essential aspects are 
considered. It helps identify strengths and areas that need 
improvement and guides students toward more effective 
group presentation skills. 

IV. CLASS CONTRIBUTION TO EVALUATION

USING CLT METHODS 

    The author employs the above eight criteria of the group 

presentation rubrics to evaluate the presentations of 17 

groups comprising about 100 second-year engineering 

students at Technological University (Mandalay). There are 

between 5 and 7 members in one group. The author 

explained to the students these criteria before starting their 

presentations. Some students are enthusiastic, and some are 

not active in the presentations. This formative assessment 

not only provides transparency in grading but also supports 

detailed feedback and continuous improvement of 

presentation skills. This systematic approach will help 

identify top-performing teams and identify those in need of 

support and guidance. The author gives a total of 40 marks 

for each group. The author rates each criterion on a scale of 

1 to 5, with 5 indicating excellent, 4 referring to good 

performance, 3 indicating fair, 2 representing needed 

improvements, and 1 indicating inadequate.  

    The author shows that 1 represents “inadequate” 

(between 1 and 8 marks), 2 indicates “needs improvements” 

(between 9 and 16 marks), 3 refers to “fair” (between 17 and 

24 marks), 4 represents “good” (between 25 and 32 marks), 

and 5 refers to “excellent” (between 33 and 40 marks) based 

on 40 marks. 

I. CRITERIA EXPLANATION

Criteria 

No. 
 Criteria Name 

1. Content 

2. Organization 

3. Delivery/Presentation 

4. Engagement 
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Criteria 

No. 
 Criteria Name 

5. Visual Aids 

6. Time Management 

7. Collaboration 

8. Q & A Handling 

     In the above table, the author reveals that 1 represents 
“content,” 2 indicates “organization,” 3 refers to 
“delivery/presentation,” 4 represents “engagement,” 5 
expresses “visual aids,” 6 illustrates “time management,” 7 
exemplifies “collaboration,” and 8 represents “Q&A 
handling.”. 

II. MARK DISTRIBUTION FOR GROUP PRESENTATION 

Group 

No. 

Criteria 

1 2 3 
4 5 6 7 8 Total Grade

s 

1. 4 3 2 3 3 2 3 3 23 3 

2. 4 4 3 3 3 3 4 3 27 4 

3. 4 3 2 3 3 2 3 2 22 3 

4. 5 5 4 4 3 5 5 5 36 5 

5. 4 3 2 2 3 3 3 2 22 3 

6. 4 4 2 3 2 2 3 2 20 3 

7. 5 5 4 4 3 5 5 5 36 5 

8. 4 4 3 4 3 4 4 4 30 4 

9. 4 4 3 4 3 4 4 4 30 4 

10. 5 5 4 4 3 5 5 5 36 5 

11. 4 3 3 4 3 3 4 3 27 4 

12. 4 3 2 3 3 2 3 3 23 3 

13. 4 4 3 4 3 4 4 4 30 4 

14. 4 3 2 4 3 4 3 3 26 4 

15. 4 4 3 4 3 4 4 4 30 4 

16. 4 3 3 4 3 4 4 3 28 4 

17. 4 4 3 4 2 4 4 4 29 4 

     The author shows the scores of the 17 groups of about 
100 students. These scores represented an evaluation of the 
effectiveness of teaching oral skills using the CLT method.  

4.1 Detailed Explanation for Mark Distribution 

   According to Table 2, group 1 received a score of 4 for 
their content, 3 for organization, 2 for presentation/delivery, 
3 for engagement, 3 for visual aids, 2 for time management, 
3 for collaboration, and 3 for Q&A handling. This group got 
23 marks in total. Their performance showed middling or 
fair competence in most criteria but struggled with delivery 
and visual aids. 

    In Group 2, they got 4 for their content, 4 for 
organization, 3 for presentation/delivery, 3 for engagement, 
3 for visual aids, 3 for time management, 4 for collaboration, 

and 3 for Q&A handling. This team had 27 marks and good 
overall performance, particularly in collaboration and Q&A 
handling, but delivery needs improvement. 

   Group 3 earned a score of 4 for their content, 3 for 
organization, 2 for presentation/delivery, 3 for engagement, 
3 for visual aids, 2 for time management, 3 for collaboration, 
and 2 for Q&A handling. This group got 22 marks in total. 
They lacked presentation and visual aids, indicating a need 
for better preparation. 

   In group 4, they scored 5 for their content, 5 for 
organization, 4 for presentation/delivery, 4 for engagement, 
3 for visual aids, 4 for time management, 5 for collaboration, 
and 5 for Q&A handling. This team had 36 marks and 
excelled in all criteria, showing strong engagement, 
collaboration, and handling of Q&A. 

   The next group’s scores were 4, 3, 2, 2, 3, 3, 3, 2, 
representing the scheduled criteria such as content, 
organization, etc. Their total scores were 22, and their 
performance was similar to that of group 3, with a 
significant lack of delivery and visual aids. 

   Group 6 scored 4, 4, 2, 3, 2, 2, 3, and 2, demonstrating the 
above eight criteria. Their total scores were 20, and this 
group had the lowest score, highlighting significant 
weaknesses in most criteria. 

   In group 7, they got a score of 5 for their content, 5 for 
organization, 4 for presentation/delivery, 4 for engagement, 
3 for visual aids, 5 for time management, 4 for collaboration, 
and 4 for Q&A handling. This group got 36 marks in total 
and matched Group 4 superbly, showing thorough coverage 
and teamwork. 

   Group 8 accepted a score of 4, 4, 3, 4, 3, 4, 4, 4, for their 
given criteria. This group won 30 marks. They performed 
very well, with little improvement in cooperation. 

   The next group’s scores were 4, 4, 3, 4, 3, 4, 4, 4, 
representing the scheduled criteria such as content, 
organization, etc. Their total scores were 30. This group 
showed similar strengths to Group 8, with excellent visual 
aids and organization. 

   Group 10 scored 5, 5, 4, 4, 3, 5, 5, and 4, demonstrating 
the above eight criteria. Their total scores were 36. Their 
performance was consistent and good in all criteria, 
indicating strong preparation and teamwork. 

   In Group 11, they scored 4 for their content, 3 for 
organization, 3 for presentation/delivery, 4 for engagement, 
3 for visual aids, 3 for time management, 4 for collaboration, 
and 3 for Q&A handling. This team had 27 marks and 
scored well on organization and delivery, but needed 
improvement in content and engagement.  

   In group 12, they got a score of 4 for their content, 3 for 
organization, 2 for presentation/delivery, 3 for engagement, 
3 for visual aids, 2 for time management, 3 for collaboration, 
and 3 for Q&A handling. This team had 27 marks. Their 
performance indicated a need for better organization and 
more engaging delivery. 

   Group 13 accepted a score of 4, 4, 3, 4, 3, 4, 4, 4 for their 
given criteria. This group won 30 marks in total. This group 
excelled in visual aids and engagement, with minor areas for 
improvement in collaboration. 

   Group 14 received a score of 4 for their content, 3 for 
organization, 2 for presentation/delivery, 4 for engagement, 
3 for visual aids, 4 for time management, 3 for collaboration, 
and 3 for Q&A handling. Their total scores were 26. They 
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performed well on delivery and engagement but scored low 
on organization and collaboration. 

   Group 15 accepted a score of 4, 4, 3, 4, 3, 4, 4, 4 for their 
given criteria. This group obtained 30 marks in total. Their 
presentation was comprehensive and showed strength in all 
parameters, especially in delivery and visual aids. 

   Group 16 scored 4, 3, 3, 4, 3, 4, 4, and 3, demonstrating 
the above eight criteria. This group gained 28 marks in total. 
They showed good performance but needed to improve in 
cooperation and engagement. 

   The last group’s scores were 4, 4, 3, 4, 2, 4, 4, 4, 
representing the scheduled criteria such as content, 
organization, etc. Their total scores were 29. Their 
presentation was strong in most areas but needed better 
visual aids and question-and-answer handling. 

V. DISCUSSION

   The author evaluated the effective use of CLT methods in 

the second-year engineering classroom. According to the 

evaluation, the findings reveal significant insight into the 

teaching approach’s effectiveness and areas for 

improvement. The analysis of group presentations based on 

specific criteria revealed a wide range of skills and abilities 

among groups. This survey had the groups that similarly 

achieved the highest scores (36), such as groups 4, 7, and 

10. They performed well in all standards, indicating

thorough preparation and strong teamwork. Groups 8, 9, 13,

and 15 had high scores (30) that showed flexibility and

effectiveness in their presentations.
Groups 2, 11, 16, 14, and 17 scored between 27 and 29,
indicating generally good performance with minor areas
requiring improvement.

   Groups 1, 3, 5, and 12 scored between 22 and 23, 
highlighting several areas needing improvement. 

   Group 6 received the lowest scores at 20 marks, reflecting 
significant inadequacies in several criteria. 

   Similarly, the findings identified different groups. Most 
groups generally remembered the topic well, indicating that 
they adequately covered it. Group 6 obviously lacked 
content. 

   A high-scoring groups like 4, 7, and 10 had clear and 
logical presentations, while groups 6 and 12 showed no 
cohesion. Top-performing teams demonstrated confident 
and clear speech. Low-performing groups such as 3 and 5 
lacked clarity and engagement in presentations. Using 
visual aids effectively was a common strength in the 
highest-scoring groups. Conversely, groups with low scores 
tend to have less relevant or poorly designed aids. Excellent 
teams demonstrate effective collaboration. Groups with low 
scores showed less cooperation, which affected their overall 
performance. The teams that achieved good scores struggled 
to maintain interest while low-scoring teams kept the 
audience engaged. While most teams managed their time 
well, some low-scoring teams deviated significantly from 
the allowed time. Top-scoring teams answered questions 
thoroughly and confidently while low-scoring teams had 
difficulty with that. 

   Then, the author presents that this survey had multiple 
levels from 1 to 5, indicating different levels of performance 
across the groups. Several groups achieved grades ranging 
from 3 to 5, indicating that most groups performed 
moderately well. All three groups, such as 4, 7, and 10, 
received the highest 5 grades, showing exceptional 

performance in their presentations. The grade of 5 suggested 
that these groups consistently excelled in various criteria 
such as content, organization, presentation, engagement, 
visual aids, time management, collaboration, and Q&A 
handling. These three groups showed superior quality in 
their presentations, distinguishing them from other groups 
with their high level of effectiveness and proficiency. 
Getting high grades in presentations often reflected effective 
communication skills, suggesting that these groups were 
able to articulate their ideas and successfully engage their 
audience. Groups 2, 5, 8, 9, 11, 13, 14, 15, 16, and 17 
obtained a grade of 4 on various criteria, suggesting a 
consistent level of activity across the groups. Obtaining 
grade 4 meant that these groups had prepared their 
presentations well and had a thorough understanding and 
organization. These groups demonstrated effective 
communication skills and were able to successfully convey 
their ideas and engage the audience. Although these groups 
performed well, there might still be minor areas for 
improvement that could raise their performance to a good 
level (Grade 5). Then groups 1, 3, 6, and 12 had the same 
grade of 3, indicating a moderate level of performance in 
their presentations. All four groups performed poorly 
compared to other groups. This suggested that they 
performed below average on several criteria compared to 
other groups. Group 6 had the lowest level of these four 
groups. Overall, most groups performed moderately well on 
levels 3 to 5. The main differences were in the distribution 
of grades across criteria. Some groups showed stronger 
performance in certain areas compared to others.  As overall 
consideration for the results, it demonstrated that CLT 
techniques improved presentation skills, as corroborated by 
the high-scoring groups' excellent planning, productive 
teamwork, and skillful use of visual aids. The study's 
recommendations for improved teaching methods, 
including better preparation and the use of interactive 
technologies, directly support better oral communication 
skills. All things considered, the study provides insightful 
analysis and practical recommendations for enhancing oral 
presentations in the context of engineering education, 
making sure that its contributions are in line with the 
declared goal. 

  So, the author illustrates that this detailed assessment 
highlights strengths and areas for improvement for each 
group and provides a clear framework for future 
presentations. It emphasizes the importance of preparing 
and effectively using visual aids and interactive 
technologies to improve teamwork and overall 
performance. By examining these performance trends, the 
discussion aims to provide a comprehensive understanding 
of the impact of the CLT approach on student presentations 
and support recommendations for enhancing the teaching 
and learning experience in the engineering classroom. 

VI. CONCLUSION

The survey aims to evaluate the effectiveness of using 
Communicative Language Teaching (CLT) approaches to 
improve the oral skills of second-year engineering students 
by contributing adequate and precise rubrics at the 
University of Technology (Mandalay). By using qualitative 
research methods and analyzing grades based on rubric 
criteria that focused on the performance of students in their 
group presentations, this study supported a comprehensive 
evaluation of the impact of CLT on students’ oral skills. The 
survey results show clear differences between high-
performing and low-performing groups and highlight the 
potential for improvement. 
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Then, the findings varied but generally indicated 
significant improvement in students’ oral communication 
skills, as evidenced by positive performance scores. The 
highest-grading groups demonstrated thorough preparation, 
strong teamwork, and effective use of visual aids, 
highlighting the strengths of CLT in fostering a 
collaborative and interactive learning environment. These 
excellent groups, such as 4, 7, and 10, spoke clearly and 
confidently, in effective engagement with the audience. The 
Q&A sessions were expertly handled.  

On the other hand, groups with lower scores needed to 
improve areas such as content organization, clarity of 
delivery, and engagement strategies. The lowest scoring 
group (6) showed a significant lack of several criteria, 
highlighting the need for more targeted support and practice. 

 The author provides detailed rubrics for group 
presentations to promote transparency, consistency, and 
fairness in grading through a structured framework. This 
approach allows teachers to identify specific areas for 
improvement and encourages students to self-assess and 
actively improve their oral skills 

    In general, the study confirms that CLT methods are 

effective in improving engineering students' oral skills, 

contributing to their confidence, ability to communicate 

well, and ability to demonstrate technical information 

effectively. The author would like to mention here that this 

evidence remains inconclusive due to annual student 

transfers, making it uncertain whether these methods are 

suitable for the skills of these students. However, this 

research certainly highlights the importance of 

incorporating interactive and communicative activities in 

language teaching, especially in specialized academic 

settings, to better prepare students for professional and 

career environments. By highlighting these performance 

trends, the study supports a clear framework for future 

improvements in teaching and learning experiences in 

engineering education, emphasizing the impact of the CLT 

approach on student presentation. The insights gained from 

this study can inform pedagogical practices, support the 

ongoing development of effective language teaching 

strategies, and enhance the academic experience and career 

readiness of engineering students. To address the limitations 

identified in this study and further validate the effectiveness 

of CLT methods, future research could explore long-term 

studies that would track the progress of engineering students 

over several academic years. By continuously evaluating the 

sustained impact of CLT interventions on oral 

communication skills, teachers can gain deeper insight into 

the long-term effectiveness of this pedagogy in the 

classroom. In addition, this study points out the need to 

conduct comparative studies across diverse student 

populations and educational contexts, which can explain 

contextual factors that influence the usability of CLT 

methods. Additionally, qualitative investigations into 

students' performance under CLT teaching methods can 

reveal valuable insights into the underlying mechanisms 

driving its effectiveness, aiding further teaching and 

learning processes. 
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Abstract—The paper presents a computational system 
designed to visualize and analyze Doshas and planetary 

influences in Vedic Astrology, focusing on the fluctuations in a 

native’s insights into human life through celestial influences, 

yet modern visualization tools for its analysis are lacking. Key 

features include graphical depictions of Karmic fluctuations 

influenced by planetary positions when a native birth, are in 

each Dosha(729 divisional sectors of 120 years duration). 

Results show the system's effectiveness in illustrating the 

dynamic nature of a native’s Karma, acting as a powerful tool 

for astrological analysis. This research integrates traditional 

astrological knowledge with modern computational methods, 

advancing the field of astrological studies. 

Keywords— Vedic Astrology, Dosha Analysis, Karmic 
Visualization, Planetary Influences, Accuracy conclusion, 
incidences studies, Data Visualization, Predictive 
Analytics.  

I. INTRODUCTION

In traditional practices, astrologers provided 
interpretations through text, spoken words, or audio forms, 
complemented by Vedic charts and some astrological 
illustrations. These traditional tools were comprehensible 
primarily to professional astrologers. Today, there is a 
demand for more effective and comprehensive services, 
such as lifetime predictions and daily, monthly, and yearly 
fortune assessments. This raises the question: why haven't 
astrologers integrated technology between interpretation 
and analysis? The answer lies in the nature of Vedic 
astrology, which combines data, algorithms, mathematics, 
astronomy, relational logic, and belief systems. These 
elements fall within the realm of information and 
computation, positioning Vedic services within the 
technological sector. The lack of integrated techniques for 
the Vedic Astrology from the Information Technology 
sector has been a significant gap. This paper addresses this 
gap by exploring and proposing potential techniques to 
bridge this area effectively. Integration of Numerology and 
Dosha System in Vedic Astrology, it includes a time 
division system based on the influence of planets over time, 
known as the Dosha system. By integrating numerology 
with the Dosha system and benefic scores, we can outline a 
native’s karmic path more accurately. Time Periods and 
Planetary Life Spans in Vedic astrology, the total time 
periods considered amount to 120 years, each influenced by 
the life spans of various planets.  

II. RELATED WORK

     In Myanmar, Vedic services industry, most of 
astrologers used Eastern Indian Chart Style. Myanmar 
called “Htan Phu Zatar” pronouncing in Burmese ascent. 

Types are “Rasi” , “Bhava” and Navam”  Charts. Different 

charts are used by different analysis techniques. All of 
charts represents 360° and 12 sectors of celestial bodies, 
called “Rasi”, each occupied 30°. 12 Zodiac signs are 
represented by 12 of cells. Not only Eastern but also 
Western charts consist of 12 cells for dividing 12 sectors. 

Fig. 1. Different styles of Vedic Astrological Charts

A. Rasi chart investigation

This paper explained how to Input formatting, the
Planets, Rasi, Bhava, Navam and Nakshatras are listed 
in the excel files. Reading the file with Pandas module 
(Python). For Rasi chart investigation, define the 
weight values for types of relationships between Planet 
and signs. A planet fall in a sign may be 4 conditions. 
The strengths of planets could be defined in Vedic 
astrological belief system.[1] If a planet sit in  

1. Owned Sign, it gives positive results.
2. Exalted Sign, it is benefic to a native
3. Debilitated Sign, it is malefic to a native
4. Reverse of Owned Sign, it gives negative results.

Planets and Signs relationships (owned) 

Planets and Signs relationships (exaltation) 

Planets and Signs relationships (debilitation) 

Planets and Signs relationships (reversed owned) 

Fig. 2. Type of relationships
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B. Navam chart investigation

It is also the same as Rasi chart Investigation but the
house diving system and Rasi Sign arranging system is 
differ. “Navam” meant the 9 , 9th or Nine. In Vedic astrology 
, 9 is the most powerful. This belief concept was deployed 
in the chart dividing system , it formed the Navamsa 
chart.The whole chart represents the 360 degrees , 12 of 
cells represents the 12 sectors of 360 degrees, a sector had 
30 degrees. In Navam system, 30 degrees is divided by 9 
.[1] 

C. Bhava chart investigation

Current step, planetary positions might be changed by
the house boundaries shifting by the position of Lagna in the 
degree of sign. The dependency of planetary position lied 
on the chart dividing system. In this case, equal house 
system. It is meant that if the Lagna (ascendant) is over or 
lower the mid degree , the boundaries were adjusted in an 
accordance with the left 15 and right 15 degrees spacing of 
Lagna. (exactly 15 degrees). 

The houses (Bhava) haves quantities 12 same as Rasi. 
However, the counting start cell is differ from Rasi. In Rasi 
chart, the starting cell that represents Aries sign. In Bhava 
chart, the starting cell that the Lagna is existedl, this cell 
would be the first house in Bhava chart.[2] 

If the planet is included in a list of friendship of the 
house lord, it had good strengths. If the planet is included in 
a list of foe of the house lord, it would not be favored 
condition.  

D. Nakshatra investigation

In Nakshatra investigation , the investigation process is
the defining the relationship Nakshatra Lord (planets) and 
the planets sitting in this Nakshatra. The relationships type 
is Planets to Planets. However , they would be the secondary 
relationships that were the dependency on the primary 
relationships (Planets and Nakshatra). [2] 

The results of 4th investigations 

Rasi chart investigation gives R = [a,b,c,d,e,f,g,h,i,] 

Navam chart investigation gives N = [a,b,c,d,e,f,g,h,i] 

Bhava chart investigation gives B = [a,b,c,d,e,f,g,h,i] 

Nakshatra chart investigation gives K = [a,b,c,d,e,f,g,h,i] 

The vedic astrology, known as Jyotisha, is an ancient 
system of knowledge that uses the positions and movements 
of celestial bodies to predict and understand human affairs 
and natural phenomena. The Vedic Planetary Theory (VP 
Theory) is a core component of this system, detailing the 
roles and effects of planets in shaping individual destinies. 
This research paper delves into the intricacies of VP Theory, 
illustrating its principles, methodologies, and applications. 

The Vedic Planetary Theory provides a comprehensive 
framework for understanding the karmic influences of 
celestial bodies. By integrating traditional astrological 
principles with modern analytical methods, this research 
paper aims to offer more precise and accessible astrological 
insights.[2] 

III. METHODOLOGY

 This paper serves as a bridge between the ancient 
wisdom of Vedic astrology and contemporary 
computational analysis, providing a deeper understanding 
of planetary influences on human life. 

The different results of different investigations are 
needed to determine a single result. In this case, the 
following sample data is applied, planetary positions are in 
excel file. 

I. VISUALIZATION EACH RESULT TABLE

Birth date : 7/10/1952 

Birth Time : 09:30:00 

Birth Place : St. Petersburg 

Moon Degree : 39.71 

For Rasi chart investigation the relationships are 
the 180 degrees signs of owned signs. The system had to 
give the +6 scores when a planet transits in own sign or 
exaltation sign, else condition, would give the -6 scores 
when a planet transits in debilitated sign or reversed of 
its owned sign. The Rasi chart investigation give 9 
numerical values of 9 planets. 

K T D U M 

K 6 6 -6 6 6 

T 6 6 -6 6 6 

D -6 -6 6 -6 -6

U 6 6 -6 6 6 

M 6 6 -6 6 6 

Fig. 3. Relationships and weights 

Fig. 4. The result of Rasi chart investigation method 

For Navam chart investigation  

A Navam sector = (30 degree)/9 = 3 degree 20 minutes 

For the whole charts,  

12*9 = 108 sectors  

108 sectors * (3 degree 20 minutes) = 360 degrees 

12 Rasi signs are arranging in 108 sectors, 

first sector is former Aries (30 degrees), Now , 9 Divisions 
had been (Aries to Sagittarius) signs are in it. Therefore, 
Aries is changed from degree range (0 <x< 30) to degree 
range (0 < x<3.33333). The second sector is former Taurus 
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(30 degrees), Now , 9 Divisions gave, (Capricorn to Virgo) 
signs are in it. The degree changes would be the same as 
first sector. 

All sectors would had been 12 . Rasi occupied degrees 
area had been separated into many areas more than one. 
lthough a planet was sitting a Rasi in Rasi chart would not 
be possible the same in Navam chart.The Navam chart 
investigation gives 9 numerical values of 9 planets. [3] 

Fig. 5. The result of Navam chart investigation method 

For Bhava chart investigation, Five Parties in Bhava Houses 

1. Kendra Party (1st , 2nd , 4th , 10th houses )

2. Trikona Party (1st ,5th ,9th houses)

3. Dusthana Party (6th , 8th , 12th houses)

4. Upachaya Party (3rd ,11th houses)

5. Maraka Party (2nd house) , it also called Dhana house.

In reality, 2nd house and this house lord had gaven dual 
natures, this house had related with the wealth accumulation 
of native and in the other hand , the lord of it , had the most 
spirit to terminate the native , it was defined the killer of 
house, called Maraka house in Vedic astrology. In this 
condition, the complex natures were eliminated in system 
application.Sun to Ketu , 9 of planets might be a lord of 
house from the four parties such as Kendra,Trikona,etc.[2] 

Associative properties could interpret the possible 
relationships.  

[“Sun”,”Moon”,”Mars”,”Mercury”,”Jupiter”,”Venus”,Satu
rn”,”Rahu”,”Ketu”] * [“Kendra”,”Trikona”,”Dusthana”, 
”Upachaya”,”Maraka”]  

9*5 = 45 relationships (planets and parties) 

After that, the planet was the member of a party, the lord of 
a house. It could sit in it own house or other house . At that 
time, the party the planet had been membership and the 
party the planet sitting house, would form the possible 
relationships between two parties. 

[“Lord of Kendra”, ”Lord of Trikona”, ”Lord of Dusthana”, 
“Lord of Upachaya”,”Lord od Maraka”] * [“Kendra 
House”, “Trikona House” , “Dusthana House” , “Upachaya 
House”,”Maraka House”] 

5*5 = 25 relationships (parties and parties) 

Defining weight values for each relationship 

If a planet was a lord in otherwise a membership of 
“Kendra”,”Trikona” or “Upachaya” party. It would got +6 
scores and else conditions, being a member of “Dusthana” 
party, it would got -6 scores.If the lord of Kendra , Trikona 
or Upachaya house had associated with Dusthana , it score 
would be multiplied by -1. And any relationships between 
them except of Dusthana, their scores would not be needed 
to do nothing. In special case the Dusthana Lord stayed in 

Dusthana House, the planet score would change to positive 
integer. In Vedic astrology , although the Dusthana is a 
house of malefic but the Dusthana Lord sit in Dusthana , 
gives the benefic result.[3] 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Relationships of 5 parties Lords and Houses. 

Fig. 7. The result of Bhava chart investigation method 

For Friend or Foe identifying, this different conditions, 
+6 for friendly and -6 for enemy condition.

[“Sun”,…,”Ketu”] * [“Sun”,…,”Ketu”] 

9*9 = 81 relationships (planets and planets) 

The result of identifying, the possible relationships 
might be 81. (if a planet sit in it house, this condition under 
the own Rasi relationship) planets and parties → parties and 
parties → planets and planets → [a,b,c,d,e,f,g,h] , alphabets 
represent the numerical values , they might be positive or 
negative, 9 of them are the result weight values of 9 planets 
from the Bhava investigation. [3] 

Above JSON format data (JavaScript Objects) 
represents the Python dictionary data structure {“key”:[“list 
of keys”]}. In this case, nested dictionaries were applied for 
three nature “friend”,”foe” and “neutral”. 

K 

T 

D 

U 

M 

K 

T 

D 

U 

M 

O 

F 

E 

N

E

b

1

S

u

M

o

K 

T 

D 

U 

M 

O 

F 

E 

N

E

K 

T 

D 

U 

M 

K 

T 

D 

U 

M 

b

2

M

a
M

e
J

u
V

e
S

a
R

a
K

e

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 165



The keys, “1”,   ,”9” represents “Sun”,…,”Ketu” planets. 
For the friend or foe identifying process , the system 
searches and matching the relationships to identify the two 
planets are being friend or foe.  “neutural” is to checking the 
two planets are being neutral.[2] 

For Nakshatra investigation  

9*27 = 243 relationships (Primary Relationships)  

72*9 = 243 relationships (Secondary Relationships) 

Above relationships would met the planet and planet , 
that one would sit in Nakshatra and another would rule it 
Nakshatra. The sitting planet and the ruling planet may be 
friend or foe. If friend , the system would give +6 to this 
sitting planet and If foe , the system would give -6 to this 
sitting planet. In this process , the ruler would not be gotten 
any score. The result of this process, gives the 9 numerical 
values of 9 planets.[2]  

Fig. 8. The result of Nakshatra investigation method 

VP Theory identifies nine primary celestial bodies, also 
known as Navagrahas, each with unique characteristics and 
influences: 

In Vedic astrology, the relationships between planets 
significantly impact their influence.  

VP Theory incorporates the Dasha system, which 
divides a person's life into periods ruled by different planets. 
The most common system is the Vimshottari Dasha, which 
spans 120 years, distributed among the nine planets: 

These periods influence the timing of events and the 
overall direction of a person's life.[1] 

The application of VP Theory can be enhanced using 
modern computational tools and visualization techniques. 
For instance, creating visual representations of planetary 
influences over time can help individuals and astrologers 
better understand and interpret astrological data. 

IV. IMPLEMENTATION

In this system includes four patterns , “main.py” is the 
system entry point program file.“Model” is a module that 
collection of program files (only data manipulations and 
logical algorithms works).“View” is a module that 
collection of program files (only UI processes 
work).“Controller” is a module that collection of program 
files (only coordination works between Model and View) . 
Our system utilizes Python and libraries like Matplotlib to 
process astrological data and generate visual 
representations. 

These architecture of the organizational pattern is shown 
in Fig. 9. 

Fig. 9. System organizational pattern 

The System Flow Chart is shown in Fig.10. The first 
process is to input data from the user , calculation with 
internal storage data and then display result. In the system 
flow chart, the difference between “Predefined Data” and 
“Internal Storage” block are that the location of data and the 
extracting data(planetary score data) which are predefined.   

Fig. 10. System flow chart 

To visualize the "Kama" fluctuation of a native, 
"Vimshottaris Dosha" System (Time division techniques 
and planets influencing belief system) is useful, providing 
Karmic path of a native. The combination of the results of 
birth chart analysis and time division system could make the 
Karmaic journey of a native.  

Native : One of the 21st century’s most influential 
leaders, the former foreign intelligence Officer at KGB, The 
former prime minister of USSR, The President of Russian 
Federation.Acurate : Reference source (Astrosage astro 
databank, the most reliable and applicable sources in Vedic 
Astrological field). 

Full name : Vladimir Vladimirovich Putin. 

Birth date : 7/10/1952 

Birth Place : Saint Petersbarg (Post Leningrad) 

Birth Time : 09:30:00 AM 

Offset : UTC + 3  

main.py Model View 
Contro

ller 

Entry point 

Data models classes 

UI classes

Coordinator
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Input 
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End 
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Moon degree: 39.71 

Finding first Dosha Planet and date 

The user data , Moon degree that aparting from Aries ( 
Meana) Sign 0° 0' 0''. Start from Mena Rasi, the width of a 
single Nakshatra (stellar) had 13° 20'' (13.333333° in degree 
form).Integer 2 would be post nak numbers. Therefore, the 
moon degree would be in third nak.  

Finding first Dosha planet (Maha) 

Third Nakshatra name is "Krittika" , its lord is Sun. Sun 
has the 6 years life span. 

Finding start date 

All Nakshatra, including Krittika wide 13.333333° . The 
lord life span is 6 years. Putin Dosha would be started from 
1946 to end in 2066. (120 years). 

In this case, the values of X,Y and Z would be the results 
from the applying of methods that had been described in 
Chapter 3.The out put data of calculation for all date. The 
system generates the result in a dictionary data structure. 

{“Date 1”:“Karmic point”,…,“Date 729 ”:“Karmic point” } 

 The system would manipulate the keys and values of 
dictionary to visualize the Karmic journey of Putin as 
follows.

Fig. 11. The Karmic fluctuation the whole Dosha life time. 

For the Karmic fluctuations are grouping 27 and 27 
divisions of mean values show in Fig.12. 

Total Karmic fluctuated points are divided by 27 = 729/27= 
27 (divisions) 

Summation of 27 Karmic fluctuated points = k1+…+k27 

Mean = (k1+…+kn)/n , n = 27 

The result = [1st D mean values, … , 27th  D mean values] 

Fig. 12. The Karmic fluctuations are grouping 27 and 
27 divisions of mean values 

For the Karmic fluctuations are grouping 9 and 81 
divisions of mean values show in Fig.13. 

Total Karmic fluctuated points are divided by 9 = 729/9= 81 
(divisions) 

Summation of 9 Karmic fluctuated points = k1+…+k9 

Mean = (k1+…+kn)/n , n = 9 

The result = [1st D mean values, … , 81th  D mean values] 

Fig. 13. The Karmic fluctuations are grouping 9 and 81 

divisions of mean values 

V. CONCLUSION

This research paper delves into the intricate methods of 
Vedic astrology, specifically focusing on birth chart 
analysis and the Vimshottari Dasha system, to visualize and 
interpret the karmic fluctuations of Vladimir Vladimirovich 
Putin, one of the 21st century’s most influential leaders. 
Utilizing accurate data from the Astrosage astro databank, 
we systematically analyzed Putin’s birth chart and applied 
time division techniques to generate a comprehensive 
karmic journey. 

In conclusion, this paper demonstrates the efficacy of 
combining Vedic astrology birth chart analysis with the 
Vimshottari Dasha system to create a detailed and insightful 
karmic profile. The visualization of karmic fluctuations 
provides a unique perspective on how astrological 
influences shape the life path of a significant global figure 
like Vladimir Putin. This approach not only enhances our 
understanding of individual karmic journeys but also 
validates the profound impact of celestial dynamics on 
human destiny. 
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Abstract— This writing paper describes theoretical and 

numerical thermal analysis of the sun-powered cooker by 

utilizing flat plate collector. This cooker can be utilized for 

different low and medium-temperature applications. In this 

research work, at first, angle of incidence, sun-oriented 

declination, zenith angle of the sun, and effective solar constant 

are based on Mandalay, Myanmar, and heat flux, water outlet 

temperature, and efficiency of the collector are calculated from 

9:00 am to 4:00 pm for 31st December 2023. In addition, to get 

the ideal collector water outlet temperature has utilized 

experimental equations and ANSYS computer programs by 

changing the breadth of the indicated coil. A palatable 

qualitative sun-powered cooker is obtained between the 

theoretical and numerical results. The box type sun-powered 

cooker design is cheap, easy to construct and useful in rural 

areas where there is no electricity. 

Keywords— sun-powered cooker, water outlet temperature, 

efficiency, ANSYS software 

I. INTRODUCTION  

Energy is defined that a thermodynamic amount which 

is expressed as the working ability of a physical system 

framework. Energy is essential in our environment. So, 

investigating energy-related issues is quite important. Thus 

energy specifically influences our life and its utilization. 

Fossil fuel-based energy assets still prevail with the biggest 

share in worldwide energy utilization [4].  

     In cooking, sun-powered cooking is renewable energy 

sources, which is basic, secure, and helpful without 

expending power and decrease contaminating the 

environment. It is suitable for many people around the world 

with rare fuel and budgetary assets for cooking by using 

fuel. Moreover,sun-powered cookers can be utilized for 

bubbling drinking water and give secured drinking water to 

many people around the world to avoid water-borne 

sicknesses. Using sun-powered cookers offers numerous 

benefits like no repeating costs, make the food more 

nutritious. It has the potential to reduce hunger, and not easy 

to break[4,10]. Moreover, sun-powered cookers has 

numerous benefits for health, time, user income and the 

environment. 

II. METHODOLOGY 

A. Theoretical Analysis  

 The design location is considered in Mandalay and the 

design month is December 2023. Specification data are as 

follows; 

North Latitude – 21.98°N  

East Longitude – 96.1°E  

Solar constant, Io –1373W/m2  

Elevation above sea level –74.646 m  

Climate type – tropical 

Local Standard time of meridian – 97°E 

      The diagrammatic view for the proposed flat plate sun-

powered cooker design is described in “Fig. 1’’. 

 

Fig. 1. Diagrammatic view of Level Plate Sun-Powered Cooker. 

B. Total Solar Insolation Flux 

 

      Under clear sky conditions, the equation of beam 

irradiance at the surface can be expressed as: 

 

Ib= Io,eff [ ao+ a1exp (
−k

cos θz
) ]  (1) 

 

      Effective solar constant varies with the time of year 

according to the formula, 

 

 Io,eff = Io[ 1+ 0.033cos (
360 n

365.25
) ]  (2) 

 

      The clear sky diffuse irradiance can be estimated from a 

relation; 

 

Id = [0.2710 Io,eff  - 0.2939 Ib] cosθz   (3) 

 

      The hemispherical irradiance Ih is given by, 

 

Ih = Ib cosθz + Id    (4) 

 

      The effective irradiance for the flat plate collector was 

calculated by using Equation; 

 

I = Ib cos θ+Id (1+cos β)/2+Ih ρground (1-cos β)/2     (5) 
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     “Fig. 2’’ shows the results of effective irradiance for 

December 31 by assuming the collector angle is 45˚ from 

the horizontal. 

 

 

 Fig. 2. Effective Irradiance Varies with Time. 

     The design procedure for flat plate sun-powered cooker 

collector is presented below. 

 
I. PROPOSED DESIGN OF FLAT PLATE SOLAR COOKER 

 

C. Calculation of Overall Heat Loss Coefficient 

     In this paper, convection losses and radiation losses are 

considered to calculate the collector's overall heat loss 

coefficients. Conduction loss has occurred at the insulation. 

The loss of energy passed the collector is the resultant of 

convection and radiation within parallel plates as shown in 

“Fig. 3’’. 

 

Fig. 3. Diagrammatic view of Various Heat Exchange Components in a 

Flat-plate Collector  

 

 

 

 

 

 

 

 
Fig.4. Thermal Network for One Glass Shield Flat-Plate Collector 

 

      The thermal network for one glass shield flat-plate 

collector is described in “Fig. 4’’.  

 

      The calculation of Rayleigh number is, 

 

 Ra = 
gβ´∆TL3

vα
       (6) 

 

      The calculation of Nusselt number is, 

Nu= 1+1.44[1-
1708[sin(1.8β)]1.6

Ra cos β
][1-

1708

Ra cos β
]+[(

Racosβ

5830
)

1

3  -1 (7) 

      The calculation of convection heat exchange coefficient 

within plate and shield is 

 hc,p−c = 
Nu k 

L
    (8) 

      The calculation of radiation heat exchange coefficient 

within plate and shield is 

 hr,p−c= 
σ(Tp+Tc)(Tp

2+Tc
2)

1

εp
 +

1

εc
−1 

      (9) 

      The calculation of radiation heat exchange coefficient 

from shield to atmosphere is 

   

  hr,c-a  = εc σ (Tc
2+Ta

2) (Tc+Ta)                  (10) 

    The calculation of wind convection and radiation from 

the absorber plate to the atmosphere is 

hw= 5.7+3.8V    (11) 

    The collector peak heat loss coefficient is given by, 

 Ut=  [
1

hw+hr,c−a
 +

1

hc,p−c+hr,p−c
] 

−1
   (10) 

     The collector bottom heat loss coefficient is given by,  

 Ub= 
k

l
             (13)   

      The collector corner heat loss coefficient is calculated 
by using equation; 

 

Ue = 
(UAedge)

Ac
                   (14) 

  The entire heat loss coefficient of the collector can be 

calculated by using equation; 

Ul = Ut + Ub + Ue   (15) 
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No. Design 

Parameter 

Symbol Value Unit 

1. Box Length l 609.6 mm 

2. Box Width b 609.6 mm 

3. Box Height t 304.8 mm 

4. Back Insulation 

thickness 

tb 50.8 mm 

5. Absorber Plate 
Thickness 

tp 1 mm 

6. Coil Diameter D 7.9375 mm 

7. Tube Length Ltube 15000 mm 

8. Type of 

Insulation 

 Foam 

insulation 

 

9. Material of Tube  Copper  

10. Glazing Cover  Glass  

hr,c-a hw 

hr,p-c 
hc,p-c 

Ta 

To 

Tc
 

     Tp 
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D. Calculation of Useful Energy 

      The occurrence on the opening plane of the sun-powered 

collector having a collector surface region, at that point the 

quantity of sun-powered radiation accepted by the collector 

is calculated by using the equation; 

 

Qi = I (τα)Ac                                (16) 

      The heat loss of collector can be solved by the 

relationship: 

 

Qloss = Ul Ac(Tc − Ta)                         (17) 

      The collector is absorbed the rate of useful energy that 

can be calculated by the equation, 

Qu = Qi – Qloss                                                          (18)   

E.  Calculation of Water Outlet Temperature      

      The water outlet temperature for flat plate collector is:   

 

To = 
𝑄𝑢

𝑚𝑐𝑝
  + Ti     (19) 

 F.  Flat-plate Collector’s Efficiency 

     The flat plate collector’s efficiency can be solved by the 

expression: 

 

ηc =  
Qu

AcI
                                        (20) 

     “Fig. 5’’. and “Fig. 6’’.  show the results of water outlet 

temperature and efficiency for December 31 by assuming 

the collector angle is 45˚ from the horizontal. 

 

 
 

Fig. 5. Water Outlet Temperature Varies with Time. 

 

 

 

Fig. 6. Efficiency Varies with Time. 

 

G.  Numerical Analysis 

     Computational Fluid Dynamics (CFD) is a split inside 

liquid flow where numerical strategies and calculations are 

utilized to unravel liquid stream issues that are distant as 

well as complex to fathom logically. The results of a CFD 

analysis ought to be systematically analyzed and this item 

should be verified before acceptance. It is too imperative to 

comprehend that this answer is an estimate for decision 

around the world. 

H.  CAD Modeling and Meshing with ANSYS 2022 

      The modeled assembly of water pipe of a level plate sun-

powered cooker consists of two header tubes and fourteen 

flow tubes. The modeled assembly consists of an inlet and 

outlet. The modeling has been done in ANSYS Workbench 

2022. The meshing of the water pipe domain was done at 

spear shapes and the meshing of the water pipe domain for 

fillet spear shape is shown in “Fig. 7’’, “Fig. 8’’ and “Fig. 

9’’. 

 

 

 

Fig. 7. Meshing of water pipe for Flat Plate Collector (5mm diameter 
coil). 

 

 
 

Fig. 8. Meshing of water pipe for Flat Plate Collector (7.9375mm 

diameter coil). 
 

 

Fig. 9. Meshing of water pipe for Flat Plate Collector (10mm diameter 

coil). 
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I. MESH DATA FOR WATER PIPE (5MM, 7.9375MM AND

10MM DIAMETER COIL) 

The mesh is changed over into the necessary format and 

is entered the data into ANSYS CFX- program. In ANSYS 

CFX-Pre the properties of the domains and liquid are 

characterized across with their interface properties. The 

concise of the domain1 properties is described in “Table 

III’’. The terminus condition of flat plate coil is described in 

“Table IV’’. 

II. DOMAIN SETUP FOR CFD 

III. BOUNDARY SETUP FOR CFD 

III. RESULTS AND DISCUSSION

A. Simulation Results

The water outlet temperature is obtained using insert

form and enter streamline instructions of the menu bar in 

ANSYS CFX-Post. 

Fig. 10. Simulation Results of Water Outlet Temperature (5mm diameter 

coil). 

“Fig. 10” shows the water outlet temperature of 5mm 

diameter flat plate coil. In this figure, the water inlet 

temperature is 301K and the water outlet temperature is 

315K. 

Fig. 11. Simulation Results of Water Outlet Temperature (7.9375mm 

diameter coil). 

“Fig. 11” shows the water outlet temperature of 

7.9375mm diameter flat plate coil. In this figure, the water 

inlet temperature is 301K and the water outlet temperature 

is 332K. 

Fig. 12. Simulation Results of Water Outlet Temperature (10mm diameter 

coil). 

No. Domain Nodes Elements 

1. Default Domain 522908 2275851 

2. Default Domain 601662 2766720 

3. Default Domain 597488 2329334 

Domain Boundaries 

Boundary 1(inlet) 

Location Inlet 

Static Temperature 28˚C 

Turbulence Intensity and Viscosity Ratio 

Boundary 2 (Outlet) 

Location Outlet 

Backflow Reference 

Frame 
Absolute (Total Pressure) 

Gauge Pressure 1 atm 

Boundary 3 (wall) 

Location Wall 

Heat transfer Heat Flux 

Heat Flux in 585 W/m2 

Momentum No Slip Wall 

Wall Standard 

Component Feature Details 

Space Claim 

Geometry 
Creation 

Named Selection 

CFD (Fluid 
Flow Fluent) 

User Mode Quick Setup mode 

Location 
From Geometry 
Input 

Domain Type Fluid Domain 

Fluid List Water-Liquid 

Reference Pressure 1 atm 

Heat Transfer Model Thermal Energy 

Buoyancy Model Not Buoyant 

Turbulence Model k-Epsilon 
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“Fig. 12” shows the water outlet temperature of 10mm 

diameter flat plate coil. In this figure, the water inlet 

temperature is 301K and the water outlet temperature is 

366K. 

B.  Discussion 

      The water outlet temperature from theoretical is 

compared with numerical result as shown in “Table IV’’. 

 
IV. COMPARISON OF THEORETICAL AND NUMERICAL 

WATER OUTLET TEMPERATURE RESULT FOR DESIGNED 

SOLAR COOKER 

 

 

     According to the theoretical result of designed solar 

cooker, the maximum water outlet temperature is obtained 

334 K at ambient temperature 303 K. Numerical water outlet 

temperature is 332 K.  

     As shown in “Fig. 5’’ the water outlet temperature for 

flat plate solar cooker varies with time that the water outlet 

temperature raise before noon and comes to the highest level 

at twelve hour. After that it starts to diminish amid the 

eventide.  

     As shown in “Fig. 6” the efficiency for flat plate solar 

cooker curve also follows the same pattern. 

IV. CONCLUSION 

     In this paper, the flat plate solar cooker was studied both 

theoretically and numerically with free convection. Solar 

radiation, collector overall heat loss coefficient, collector 

incident radiation, collector heat loss, useful energy, water 

outlet temperature and collector efficiency were calculated. 

As a result, solar radiation, water outlet temperature and 

efficiency for flat plate solar cooker varied according to 

daily required heat. The water outlet temperature of flat 

plate collector by using ANSYS Software is analyzed by 

changing three different coil sizes. If the area of the collector 

is small, the amount of collecting heat will be less. To get 

the maximum temperature, the area of the collector is 

increased as high as possible. The theoretical and simulation 

results of water outlet temperature for designed solar cooker 

are compared. The percentage deviation is 1%. 

      There are many types of sun-powered cooker, namely 

box type sun-powered cooker, parabolic sun-powered 

cooker and panel sun-powered cooker. Among them, the 

box type sun-powered cooker design has been utilized in 

this paper. This design is simple, easy to construct, easy to 

use for cooking at any of the tropical zone. Therefore, if it 

is built according to this design, hopefully it will help the 

rural areas without electricity. There should be effective 

technology transfer from researchers to the rural areas, 

where solar cooker is favorable in the country. 
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Abstract—Wind and sun-oriented vitality, being promptly
open and Eco-conscious, give a more try and true control
source when coordinates. Half-breed vehicle joining these
economic vitality sources will reduce dependence on oil,
picking up notoriety for their natural benefits. Thinks about
demonstrate that significant government and car segment
financing in half-breed vehicle is basic for the pending for a
long time. These vehicles are seen as the imminent mode of
transportation, requiring as it will negligible assets for
promoting and deals endeavors. This article looks for to
investigate the necessities for the plan, working, and control
of wind-solar half-breed vitality frameworks, underscoring
the monetary focal points and basic nature of half-breed
vehicles in the car sector. The designed for solar-wind
hybrid vehicle is 0.75 kW motor power and 2900
revolution/min rotation speed.

Keywords—Wind vitality, Sun based vitality, Cross breed
vehicle, Car, Crossover vitality system.

I. INTRODUCTION
A. Solar Energy

Solar energy from the sun is a promising renewable
source, with vast potential. Earth's surface has 1016 watts
of solar power, offering a sustainable energy solution.
Advancements in technology make solar power a viable
alternative to fossil fuels, reducing our carbon footprint
and promoting environmental sustainability. 3 The global
power demand required to sustain civilization is 1013
watts. Consequently, the sun provides us with a surplus of
power that exceeds our needs by a factor of 1000. 2 The
practical application of solar energy, which harnesses the
power of the sun to generate electricity and heat, has the
potential to bring about numerous benefits to society and
the environment.

B. Wind Energy

Wind energy is an incredibly promising power source,
boasting an estimated availability of 16 million megawatts,
which is on par with the current global energy
consumption levels. The first power source we will discuss
is the photovoltaic solar cell, a technology that efficiently
converts sunlight into direct current (DC) power without
releasing any harmful emissions. The second power source
we will delve into is wind energy, which harnesses the
kinetic energy of moving air to generate electricity. This
clean and renewable energy source has the potential to
revolutionize the way we power our world, offering a
sustainable alternative to traditional fossil fuels.. 6

Fig. 1. Working diagram of solar-wind hybrid vehicle

II.METHODOLOGY

A. Hybrid Solar Energy
On-Grid solar PV system used for house and factory

utilities. Standalone PV system with photovoltaic panels,
not connected to grid. Charges during day, stores power in
battery, used as needed. Placed on top of car or
appliances. 1 In the system, one or more PV panels and
electrical switches are installed. Then inverter is arranged
to modify DC power as per our requirement.

B. Hybrid Wind Energy

Hybrid solar PV system combines solar PV with other
power sources for utilities. PV-wind hybrid system
combines solar PV and wind power generation. They
operate at different times of the day. 5 Solar energy
available during the day, wind energy depends on wind
speed. Combined system provides steady power for
vehicles and utilities with minimal fluctuations.
Installation more complex than traditional designs. 1 For
optimal utilization of wind energy, a minimum average
speed of 20 kilometers per hour (20 km/h) must be
maintained.

C. Hybrid System

A solar-wind hybrid system combines PV solar panels
and wind turbines to generate renewable energy. Solar
panels convert sunlight into electricity during the day,
while wind turbines capture wind power, which is stronger
at night or in cloudy conditions. This setup includes
inverters for DC to AC power conversion and a battery
storage system. Using both energy sources ensures a
reliable power supply, reducing dependence on one source
and minimizing fluctuations. These systems are ideal for
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remote areas, off-grid applications, and enhancing grid 
stability with a sustainable energy solution.

III. DESIGN OF SOLAR SYSTEM

Solar energy in vehicles uses photovoltaic cells to 
convert sunlight into electricity, promoting energy 
efficiency and sustainability.. 1 Solar panels on vehicles 
are commonly associated with electric vehicles (EVs) and 
hybrids.

I. DESIGN SPECIFICATION OF SOLAR SYSTEM

No. Name Symbol Values Units

1. Propulsion power Ppropulsion 745.7 W

2. Auxiliary power Pauxiliary 0 W

3. Daily driving time tdaily 2 hrs

4. Length of the available
solar area

L 0.9144 m

5. Width of the available
solar area

W 0.762 m

6. Motor voltage 48 V

7. Solar constant Gtotal 1361 W/m2

8. Solar zenith angle θ 60 °

9. Solar zenith angle at noon θz 90 °

10. Area of single solar panel Asolar 0.1575 m2

11. Efficiency of the solar
panels

ηsolar 15

12. Days of autonomy D 1 day

13. Voltage of solar panels V 48 V

14. Ampere of solar panels I 1.04 A

15. Sun hour of a day 6 hrs

16. Voltage of battery bank Vbattery 48 V

A. Calculation of Solar System

The power demand (P_demand) of the vehicle can be
estimated using the equation (1).

Pdemand = Ppropulsion + Pauxiliary (1)

The energy demand (E_demand) over a specific period
of time can be calculated by integrating the power demand
over that period.

To estimate the daily energy demand is using equation
(2).

Edemand = Pdemand. tdaily (2)

Calculate the average sunlight at the vehicle's location
to estimate solar panel energy generation. Panel space on a
vehicle varies based on design, size, and layout.

Aavailable = L. W (3)

Solar irradiance (G) is the power per unit area received
from the Sun's rays. It varies depending on factors such as
time of day, season, geographic location, and weather
conditions.

Solar irradiance (G) is calculated by using equation (4).

G = Gtotal.
Sinθ
Sinθz

(4)

Several factors influence the efficiency of solar panels,
including type of solar cell technology, cell temperature
(higher temperatures reduce efficiency), incident angle of
sunlight and spectral distribution of sunlight.

Calculate the power output (P_out) of a single solar
panel using the equation (5).

Pout = Asolar×G×ηsolar (5)

Adjust for days of autonomy is calculated by using
equation (6).

Erequired = Etotal×D (6)

The selection of the battery type depends on factors
such as energy density, weight, cycle life, and cost.

Calculate required battery capacity is using equation
(7).

Crequired =
Erequired

Vbattery
(7)

Adjust for battery efficiency is using equation (8).

Cbattery = Crequired

ηbattery
(8)

The power output of the solar panels are calculated by
using equation (9).

(9)P = V.I
II. RESULTS DATA FOR SOLAR SYSTEM

No. Name Symbol Values Units

1. Power demand Pdemand 745.7 W

2. Energy demand Edemant 1491.4 Whr

3. Area available for
solar panels Aavailable 0.6968 m2

4. Power output Pout 27.85 W

5. Energy required Erequired 1491.4 Whr

6. Required battery
capacity

Crequired 31.07 Ah

7.
Required battery
capacity with
battery efficiency

Cbattery 36.55 Ah

8. Power output of
the solar panels

P 49.92 W

9. Power output of a
day

Pday 299.52 Whr

10. Ampere output of
a day

I 6.24 Ah

11. Solar irradiance G 1178.661 W/m2
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IV.DESIGN OF WIND SYSTEM

To create a wind energy system, evaluate the site, 
select components tailored to the location. Conduct 
feasibility analysis to measure wind speed, direction. 
Consider site features like topography, obstructions, 
distance from grid. Choose turbines based on evaluations, 
specs, dimensions, elevation for optimal power 
generation.. 4

III. DESIGN SPECIFICATION OF WIND SYSTEM

No. Name Symbol Values Units

1. Pressure of the air P 1013 hPa

2. Gas constant R 287 Nm

3. Temperature T 307 K

4. Radius of the rotor r 0.12 m

5. Velocity of the wind Vwind 11.1 m/s

6. Lift coefficient Cl 0.6

7. Drag coefficient Cd 0.2

8. Power coefficient Cp 0.4

9. Generator efficiency ηsolar 85 %

10. Driving time for no wind tno wind 2 hr

11. Battery efficiency ηbattery 85 %

12. Battery voltage V 12 V

13. Power demand Pdemand 50 W

13. Generator voltage V 12 V

A. Calculation of Wind System

Calculate the available wind power using the equation
(10).

Pwind = 1
2
ρAVwind

3 (10)

The air density is calculated by using equation (11).

ρ = P
RT

(11)

Calculate the swept area of the wind turbine is using
equation (12).

A = πr2 (12)

The efficiency of the wind turbine is using equation
(13).

η = Pactual
Ptheo

(13)

Wind turbine blade's lift and drag forces from airflow
affect aerodynamic performance, efficiency, and power
output..

The lift force of the wind blade is calculated by using
equation (14).

FL =
1
2

ρAVair
2 CL (14)

The drag force of the wind blade is calculated by using
equation (15).

FD =
1
2
ρAVair

2 CD (15)

Generator power output = mechanical power from
wind turbine rotor x generator efficiency.

The generator’s efficiency is calculated by using
equation (16).

Pgen = Pmech. ηgen (16)

The mechanical power from the wind turbine is
calculated by using equation (17).

Pmech = 1
2
ρAVwind

3 Cp (17)

The total energy required to operate the vehicle
without wind is calculated by using equation (18).

Erequired = Pdemand. tno wind (18)

Adjust the required energy to account for losses in the
battery system.

Required energy for losses in the battery is calculated
by using equation (19).

Ebattery = Erequired

ηbattery
(19)

To obtain the required battery capacity is calculated by
using equation (20).

Crequired = Ebattery

Vbattery
(20)

The power equation is same as equation number (9).
IV. RESULTS DATA FOR WIND SYSTEM

No. Name Symbol Values Units

1. Air density ρ 1.1497 kg/m3

2. Swept area of
wind turbine A 0.0113 m2

3.
Power from the
wind Pwind 9 W

4. Wind turbine
efficiency η 34 %

5. Lift force FL 0.4858 N

6. Drag force FD 0.1619 N

7. Mechanical
power Pmech 3.6 W

8. Generator power Pgen 3.06 W

9. Energy required Erequired 100 Whr

10. Energy of the
battery

Ebattery 117.64 Whr

11. Required battery
capacity Cbattery 9.8 Ah

12. Ampere of wind
turbine I 0.255 A
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V. MANUFACTURE OF HYBRID VEHICLE

Solar and wind powered hybrid vehicle is built by the
taking after procedures
 Fabric selection
 Motor selection
 Battery selection
 Development of frame
 Installation of solar panels
 Installation of wind turbine
 Assembly
 Testing

A. Fabric Selection

Solar-wind hybrid car uses AISI 4340 OQT 400, AISI
4140, and AISI 4340 steel for strength, lightweight, and
ease of use.

B. Motor Selection

In this car, motor control is 0.75 kW for driving the
vehicle. The motor is driven by four batteries (12 V).
Rotational speed of motor is 2900 rpm (revolution per
minute). Most extreme speed of motor is 40 km/hr.

Fig. 2. Installation of motor

C. Battery Selection

There are four batteries utilized in this vehicle extend.
The course of action of the batteries is arrangement to get
the required voltages. The capacity of battery is 100 Ah.

Fig. 3. Installation of four batteries

D. Development of Frame

After selecting the reasonable fabric, alloy steel empty
(AISI 4140) and alloy steel level (AISI 4340) was cutting
to degree required estimation. Concurring to plan, the
cutting materials is bored to motor and steering. At that
point, cutting materials is joined by welding prepare.
Frame built using nearby fabric in Mechanical Workshop.

E. Installation of Solar Panels

Four 25W solar panels are introduced in a square
shape on the rear frame of the vehicle.

Fig. 4. Installation of solar panels

F. Installation of Wind Turbine

The wind turbine is mounted on an press plate at the
front of the vehicle in conjunction with a 12V dynamo
motor.

Fig. 5. Installation of wind turbine

G. Assembly

The assembly line for the solar-wind hybrid car is
designed with a focus on successive component expansion
to ensure thorough testing and seamless integration, which
are key factors in boosting productivity. The final product
of this innovative process is a sustainable mode of
transport that utilizes both solar and wind power. For a
more in-depth look at the assembly process, refer to Figure
5 for detailed information and insights.

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 176



Fig. 6. Assembly of hybrid vehicle

H. Testing

The graph below shows the power output depending
on the speed of the wind turbine.

Fig. 7. Wind turbine performance

VI. CONCLUSION AND RECOMMENDATION

The design of solar-wind powered hybrid vehicles
represents a significant step towards maintainable
transportation and renewable vitality integration. By
tackling the control of the sun and wind, these vehicles
offer the potential to decrease greenhouse gas emissions,
diminish dependence on fossil fuels, and moderate natural
affect. In summary, the combination of solar and wind
using renewable vitality has an vital put to decrease and
supplant fossil fuels in the power utilized in lament. It is
the appropriate for driving inside the Technological
University (Mandalay) campus. It is reasonable for driving
as a teaching aid to students who will be going to in the
next academic year.

Solar-wind hybrid vehicles offer benefits like
sustainable energy use, lower costs, and reduced
environmental impact. However, there are challenges like
high initial investment, energy storage issues, reliance on
weather, and complex design. Other concerns include
weight, component durability, and the need for consumer
acceptance and infrastructure.

Reduce the weight of the vehicle to make strides the
execution. The greater the wind turbine, the superior the

productivity. Need to more solar power, have to utilized
more solar panel watts and utilized superior batteries.

In this system, all the power from the solar panels will
be used for the motor, and the power from the wind
system will be used as auxiliary power for the vehicle’s
horn and bulbs.
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Abstract— This research aims to produce power by means of 

waves. The wave energy converter (WEC) generates power on 

harnessing the energy produced by the waves of the ocean. 

Mechanical labor that harvests wave energy is transformed 

into electrical energy via a generator.  The wave up power in 

this study is computed using local data (the Ayeyarwady River 

near Sagaing city in Myanmar). The amount of power 

generated depends on the waves' intensity. Wave power 

converters have traditionally exclusively used the buoy's 

vertical motion to generate electricity. It is a way to directly 

produce mechanical power from waves. In this case, the rack 

and pinion mechanism is utilized. The system consists of a DC 

generator, sprocket, and rack & pinion. The buoy is attached 

using a rack and pinion system, which is linked to the 

generator and chain sprockets. When the wave height ranges 

from 0.1778 meters to 0.3048 meters at normal saturation, the 

buoy design and wave up power can produce 64.6788 watts. 

 Keywords- buoyancy, rack and pinion, sprocket, chain, wave 

energy 

I. INTRODUCTION 

 Numerous ways of producing renewable energy have 

been discovered. Among the best renewable energy sources 

is water wave energy. The majority of wave energy 

equipment is made to capture energy from waves in the deep 

sea. Vibrations of elastic media, like air, crystalline solids, 

or stretched strings, are the most basic forms of wave 

motion. Large waves are typically created when the wind 

transfers its energy to the water and causes waves to form 

on the ocean's surface. When the mean depth of these is 

compared to the group velocity, the most prevalent type of 

wave is discovered [1].  

Water wave power is the utilization of the wind energy 

produced from water waves for beneficial applications like 

electricity production or water pumping. An apparatus that 

produces wave power is called a wave energy converter, or 

WEC. Although wave speed, wavelength, and water density 

can have an impact on wave power, larger waves are 

typically more potent. The scale of operation must be 

established, just like with any renewable energy source. 

Current trends support the generation of moderate power at 

100 kW–1 MW using modular devices that individually 

capture energy from waves that measure between 5 and 25 

meters in length. Sea waves in deep water can experience 

extremely significant energy flows. The water wave's 

strength is directly proportional to the motion's period and 

the square of its amplitude [2–3]. 

In addition to this, waves with a huge height of 2 m and 

a long wavelength of 10 m are of great interest for power 

generation. Energy flows typically average between 50 and 

70 kW/m breadth of the approaching wave. A basic 

prototype was created and put to the test locally in order to 

better comprehend wave energy devices. The wave power 

and wave-up force can be calculated using information 

obtained from the surrounding environment.  

The buoy is stretched using a form of connection by the 

fixed-type wave power mechanism, which is designed to 

remain in place. The waves' periodic motion is directly used 

to extract power. The renewable energy source is wave 

energy, and numerous technologies and ideas have been 

developed. By evaluating the wave motions, a new model 

was constructed and tested for the new energy in the 

research. The buoy was designed to produce more buoyant 

force [2]. 

In this study, the wave-up force is calculated from the 

data of the Ayeyarwady River near Sagaing City in 

Myanmar. The wave energy is mostly dependent on the 

wave-up force, and the wave-up force is related to the wind 

speed. In an ordinary situation, the river beside it can get the 

required wave-up force for as light changes. The side of the 

river can give wave-up force (about 56.3975 N), and that 

force was calculated from the average wave height of 

0.1778 m and depth of not over 0.3048 m.  

When the wave-up force is calculated, the buoy (the 

floating part of the mechanism) is considered the material 

for the buoy, which has less density than the water, so 

enough buoyant force can be obtained. The buoy is designed 

to accept almost all upcoming waves that lead to the front of 

the mechanism. The mechanical design of the device and the 

operation process were presented in detail, and several 

devices are currently being used to extract mechanical 

energy from the waves. Mechanical and electrical outputs of 

the system are recorded for different wave heights varying 

from 0.0508 to 0.3048 m for a time interval of 3s. The 

mechanical design of the device along with the working 

process are presented in detail, and the test results show an 

increase in power generation. 

II. MECHANICAL WAVE ENERGY CONVERTER 

       The entire configuration of the Mechanical Wave 

Energy Converter (MWEC) is depicted in Fig. 1. It is made 

up of a buoy that floats and a system of racks and pinions 

that is used to change vertical, reciprocating action into 

oscillatory, rotating motion. In order to protect the floating 

buoy from ocean waves, two vertical shafts are assembled 

with the gear rack and surrounded by guide supports. The 

floating buoy is connected to the gear rack through the shaft. 

Ball bearings support driving sprockets that are mounted on 

these shafts, and the free-wheel sprocket is then coupled to 

secured pinion gears. The rpm multiplier that is connected 

to the shaft of the electric generator is fixed by the whole 

unit, which is transversely mounted on a shaft supported by 

ball bearings. The entire MWEC assembly is fixed to a 

platform deck that is anchored to the sea floor or a floating 

vessel. The toothed gear rack attached to the buoy turns the 

pinion gear (5) clockwise and the second pinion gear (6) 

counterclockwise as the approaching wave pushes the buoy 

upward [4].This is because the free wheel sprocket keeps the 
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pinion gear's rotation from being interfered with(5). 

Conversely, as the waves push the floating buoy down, the 

toothed gear rack fixed to the buoy turns the pinion gear (5) 

counterclockwise, and the free wheel sprocket (17) causes 

the pinion gear (6) to turn clockwise. An RPM multiplier is 

fitted to increase the output shaft's rotational speed. Power 

transfer occurs through pinion gear (5) in upward motion 

and pinion gear (6) in downward motion [3- 5]. 

Fig. 1. Overall assembly of mechanical wave energy converter 

A. Components of Wave Energy Convector

The working of the system has been shown in Fig. 2's

flow diagram for fixed type wave energy convertors.

Fig. 2. Working flow diagram of wave energy convertors 

Table I shows the various component materials that 

were implemented in the fabrication. 

I. MATERIAL USED OF WAVE   ENERGY CONVERTER

No. Components Materials 

1. Frame Galvanized Iron 

2. Pinion Cast Iron 

3. Rack Cast Iron 

4. Rod Cast Iron 

5. Buoy Polyurethane Elastomer 

6. Chain and Sprockets Mile steel 

B.  B. Power of Water Wave 

    The wave power formula is given by, 

   
32π

l
2

h t 
2

ρg

w
P =   (1) 

Where,  

Pw = power of water wave presents in depth, Watts 

ρ   = water density, kg/m3 

g   = acceleration due to gravity, 9.81 m/s2 

t    = wave period, second 

h   = wave height, m 

l = length of wave front, m

C. Total Buoyant Force From the Buoy

The buoyant force is present whether the object floats

or sinks. Let's consider a floating object, but the analysis is 

basically the same for a submerged object [6-7] . 

 Fb = Fbottom - Ftop  (2) 

Where, 

 Fb = Buoyant force of an object, N 

 Fbottom= The force exerted on the bottom, N 

  FTop    = The force exerted on the upper surface, N 

 Fb  = g Ah           (3) 

Where,  

Fb = the buoyant force, N 

A  = total area of buoy, m2 

 h  = average height of the buoy, m 

D. Rack and Pinion Drive

The torque on the pinion is just the tangential 

force (force on the rack) divided by the pinion radius [6]. 

 Tp = Fr × rp  (4) 

Where, 

Tp = torque on pinion, N.m 

rp   = pinion radius , m 

Fr = Tangential force, N

Power is the ratio between the work done and the 

time taken and can be expressed as 

60

pTrpmn2π

pP


=  (5) 

Where,  

Pp  = power ,Watts 

 n  = speed , rev/s 

Tp  = Torque on pinion, Nm 

E. Chain Drive Design

Chain drive is a method of moving mechanical 

power across a sprocket gear by using the teeth of the gear 

meshing with the grooves in the chain links. Center distance 

(C), chain length (L), the number of teeth in the large 

sprocket, and the number of teeth in the small sprocket in 

pitches are conveniently related to each other [6].  

( )





























 −
−

+
−+

+
−=

24

2

21
8

2

2

2
N

1
N

L
2

2
N

1
N

L
4

1
C



NN  (6) 

Where,  

C   = Center distance (m) 

L   = Chain length (m) 

Waves 

 Bouy 

Rack and Pinion 

Chain and 

Sprockets DC Generator Load 
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N1 = Number of teeth on driver sprocket 

N2 = Number of teeth on driven sprocket 

F. Sprocket Ratio

The tooth ratio between the front and rear sprockets is

known as the sprocket ratio. The ratio establishes the 

transmission of driver sprocket RPM to driven sprocket [6]. 

T2

T1

n1

n2

N2

N1ratioSprocket ===  (7) 

Where, 

N1= Number of teeth on driver sprocket 

N2= Number of teeth on driven sprocket 

n1= Speed of the driver sprocket (rpm) 

n2= Speed of the driven sprocket (rpm) 

T1=Torque of the driver sprocket (Nm) 

T2=Torque of the driven sprocket (Nm) 

G. Shaft Design

The torsion equation can be used to calculate the shaft's

diameter when it is shaft subjected to a twisting moment, 

also known as torque. The formula is [6]: 

r

τ

J

T
=  (8) 

Where,  

T = Twisting moment (or torque) acting upon the 

       shaft, N.m 

J = Polar moment of inertia of the shaft about the 

      axis of rotation, m4 

τ = Torsional shear stress, N/m2 

r =
2

d ; where d is the diameter of the shaft, m 

III. DESIGN OF WAVE ENERGY CONVERTER

The following specifications must be known in Table II.

II. DESIGN PARAMETERS FOR WAVE   ENERGY CONVERTER

No. Descriptions Value 

1. Length of buoy 0.7112 m 

2. Breadth of buoy 0.508 m 

3. Height of buoy 0.2286 m 

4. Length of rack 0.2974 m 

5. No. of teeth in pinion 20 

7. 
No. of teeth on smaller and larger 

sprockets 1 
38-38 

8. Sprocket 1 ratio 1:1 

9. 
No. of teeth on smaller and larger 

sprockets 2 
48-16 

10. Sprocket 2 ratio 3:1 

A. Working Procedure

The apparatus is capable of producing power and

converting it into electricity through the use of waves. The 

buoy, three shafts, sprockets, bar-linkages, generator, 

lightbulb, and bearings make up the equipment. The buoy 

helps the machine float on water and is fastened to the bar 

linkages. The rack is fastened to the bar-linkage, and the 

pinion is situated on the first shaft. Additionally, the first 

shaft features a sprocket. The second shaft has three 

sprockets on it. The last sprocket assists the second sprocket 

in producing higher speed and rotating smoothly. The first 

sprocket is connected to the other sprocket on the first shaft, 

and the second sprocket is connected to the other sprocket 

on the third shaft via a chain. The third shaft has a flywheel 

and a sprocket. The lightbulb is connected to the generator, 

which is connected to the third shaft. The buoy will float 

when waves form on the water's surface, and the bar links 

will follow it. The rack will likewise go vertically along the 

bar links. 

      That makes to rotate the pinion and to the first shaft. 

When the first shaft rotates, the second shaft will rotate too 

and also to the third shaft. The third shaft will generate 

power and sent it to the generator to convert into electric 

which will lighten the bulb. The complete schematic 

diagram of the prototype convector is displayed in Fig. 3(a) 

and Fig. 3 (b) is testing of wave energy convector in the 

Ayeyarwady River. 

 Prototype of WEC  (b) Testing of WEC

Fig. 3. Overview and testing of the wave energy convertor 

B. Result and discussion

Table III shows the calculated results of wave 

energy convector. 

III. RESULT DATA OF WAVE ENERGY CONVERTER

No Descriptions Value Units 

1. Displacement of wave 1.0025 m 

2. Wave Heigh 0.1778 m 

3. Pitch circle diameter 0.0384 m 

4. Force of rack 1038.86 N 

5. Torque on pinion 20.98 N.m

6. Diameter of sprockets 1 153.79 mm 

7. Larger diameter of sprocket 2 194.18 mm 

8. Smaller diameter of sprocket 2 66.1 mm 

9. Center distance 2 318.77 mm 

10. Speed of sprockets 2 26,78 rpm 

11. Wave power  225.667 Watt  

12. Water wave force 56.3975 N 

13. Total buoyant force 929.5145  N 

14. Force on pinion 1176.6 N 

15. Torque on pinion 23.7673 N.m

16. Mechanical output power 64.6788 Watts 

Design consideration is based on the local area and it 

was the averages of waves. The maximum and minimum 

saturation are considered.  Wave comes up about 28 crests 

per minute which the depth of about 0.3048 m. At the depth 

of 0.3048 m the upcoming wave height is varies from 

0.0508 m to 0.3048 m. If length of wave front 1.2198m, the 

power of wave can be calculated. The wave up force can be 

calculated by using the power of wave from the depth and 
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variable wave height. The wave up force must be given to 

the buoy and then the rise and fall periodic motion of the 

buoy can give the power to start the mechanism.   

The length of rack is based on the height of the water 

wave. The diameter of the pinion is based on the length of 

the rack that is connecting with pinion. The material used 

for rack and pinion is cast iron. In gear design, selected 

pressure angle is 20° full depth. In design calculation, spur 

gear set is satisfied at module is 0.002 m, outside diameter 

is 0.0404 m. The circular pitch of 0.0063 m has addendum 

0.002m and dedendum is 0.0025m. The whole depth of 

0.0045m has clearance 0.0005m and working depth is 

0.004m. It has pitch circle diameter of 0.0384m and tooth 

thickness is 0.0032 m. The pinion has a base circle diameter 

of 0.0361 m, fillet radius is 0.0006 m and root diameter was 

0.03m.  The face width of the pinion is used 0.026 m for 

strength and dynamic check. Rack gear has a module of 

0.002m and its length has 0.2794m. The numbers of teeth 

are designed to 41 teeth for strength and dynamic check. 
Square type aluminum alloy pipe for weight on the buoy is 

used for bar linkage.  This square pipe has 1276.27 N 

weights and its area is 0.0254 m width. It has 0.0254 m 

thickness and 2.997 m long. 

The first shaft has 0.2931 N-m in bending moment, 

23.7673 N-m in torque, 17.2002 mm in diameter, the speed 

of 39 rpm and 64.6788 W in power. The second shaft has 

0.8892 N-m in bending moment, 23.7673 N-m in torque, 

17.2048 mm in diameter, the speed of 37. The third shaft 

has 6.2356 N m in bending moment, 64.6788 N-m in torque, 

23.2134 mm in diameter, the speed of 112 rpm. 

 In chain drive design, cast iron coated with aluminum 

is used and chain no. 40 is designed, which is used on 

motorbike and bicycle. The chain pitch is 12.7 mm and 

roller diameter is 8 mm. Roller width is also 8mm and link 

plate thickness is 1.5 mm. The average tensile strength is 

16.46 kN. In design calculation first stage, it is satisfied at 

diameter of the driver sprocket is 153.79 mm and diameter 

of the driven sprocket is also 153.79 mm. The number of 

teeth on driver and driven sprocket are same and 38 teeth for 

designing the sprockets ratio 1. The center distance between 

two sprockets is 317.5 mm and the required chain length is 

88 pitches for designing the chain. In second stage, it is 

satisfied at diameter of the driver sprocket is 194.18 mm, 

diameter of the driven sprocket is 66.1 mm, the number of 

teeth on driver sprocket is 48 teeth and the number of teeth 

on driver sprocket is 16 teeth, for designing the sprockets 

according to sprockets ratio is 3. The center distance 

between two sprockets is 318.77 mm and the required chain 

length is 83 pitches for designing the chain.  

The Mechanical output power can be also calculated in 

the following MATLAB program. 

>> k=[10,19,28];

h=[0.0508,0.1778,0.3038];

l=1.2192;

t=60;

g=9.81;

rho=1000;

pi=3.14;

Pw=(rho*g*t.*h.^2*l)/(32*pi)

lambra=2*pi./k

v=sqrt(g.*h)

c=(((g.*lambra)/(2*pi)).^2)

fv=0.0076.*lambra;

V=v+c+fv;

F=v./lambra

fx=c./lambra 

Fa=F+fx+0.0076; 

D=V/(Fa.*lambra) 

T=1./(F+0.0076) 

Fw=(Pw.*T)/(D) 

Fb=3424.44 

FB=4297.557-Fb+Fw 

b=10.68; 

c=8.4372; 

Fc=FB.*b/c 

rp=0.0202; 

Tp=Fc.*rp 

n=26; 

Pp=(2*pi*n.*Tp)./60 

plot(h,Pw),grid 

xlabel('wave height,m'),ylabel('wave power,W'), 

title('wave height and wave power') 

plot(Pw,Fw),grid 

xlabel('wave power,W'), ylabel('water wave force,N'), 

title('wave power and water wave force') 

plot(Fw,FB),grid 

xlabel('water wave force,N'), ylabel('Total bouyant 

force,N') 

title('water wave force and total bouyant force') 

plot(FB,Fc),grid 

xlabel('total bouyant force,N'), ylabel('force on pinion,N') 

title('total bouyant force and force on pinion') 

plot(Fc,Tp),grid 

xlabel('force on pinion,N'), ylabel('torque on pinion,N-m') 

title('force on pinion and torque on pinion') 

plot(Tp,Pp,'*'),plot(Tp,Pp),grid 

xlabel('torque on pinion,N-m'), ylabel('mechanical output 

power,W') 

title('torque on pinion and mechanical output power') 

D = 1.0000 

T = 0.8836    0.2498    0.1298 

Fw = 16.2858   56.3975   85.5531 

Fb = 3.4244e+03 

FB = 889.4028  929.5145  958.6701 

Fc = 1.0e+03 *      1.1258  1.1766    1.2135 

Tp = 22.7417   23.7673   24.5128 

Pp = 61.8877   64.6788   66.7076 

The graphs in Fig. 4 through Fig.10 below, which were 

created using MATLAB program, show the mechanical 

power resulting from wave height. 

 Fig. 4. Wave height and wave power graph 
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Fig. 5. Wave power and water wave force graph 

Fig. 6. Water wave force and total buoyant force graph 

Fig. 7. Total buoyant force and force on pinion graph 

Fig. 8. Force on pinion and torque on pinion graph 

Fig. 9. Torque on pinion and mechanical power graph 

Fig. 10. Wave height and mechanical power graph 

It can be seen from the graphs that the output power 

increases with wave height. 

IV. CONCLUSION

The two most important elements of the fixed-type 

wave energy convertor are the buoyant force and the wave 

up force. The mechanism is genuinely powered by a small 

percentage of the total power produced. When the variable 

changes as known data, the computed wave up force from 

the wave at one minute in time is obtained. Wave averages 

are taken into account when designing, taking into account 

the surrounding environment. Saturation at its highest, 

medium, and minimum are taken into account. When the 

wave height ranges from 0.1778 meters to 0.3048 meters at 

normal saturation, the buoy design and wave up force can 

produce 64.6788 watts. The buoy design is not the only 

foundation for the wave energy convertor design. The buoy 

can provide sufficient power, and the more buoyant force 

can also provide power. The rack and pinion is also regarded 

as significant in this design since it provides the force 

necessary for the entire mechanism to execute the secondary 

forces that begin providing sufficient force. Because the 

rack and pinion come in contact with water most of the time, 

it is susceptible to rust. The weight needs to be light, have a 

good density, and be able to withstand unexpected high 

torques. Thus, when selecting a material, the rack length and 

the pinion must be taken into account. Therefore, the fixed-

type wave energy convertor is operating fully and should 

provide more electricity if the generator is able to use it.
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Abstract—This mentioned paper introduces the study of 

performance test of mixed-mode sunlight drying machine on 

potato, chili, eggplant. The dryer was installed at 21.98° 

latitude and 96.1° longitude in Mandalay region, Myanmar. A 

mixed mode solar dryer consists of the air heater (collector of 

the sunlight) and the drying room with two trays. The 

temperature of air in the mixed mode solar drying machine 

was varying 27°C-50°C at the noon of a clear day in January 

1st, no load test and the maximum temperature is about when 

the environmental temperature was 36° C. The drying capacity 

for potato, eggplants and chili is 1 kg and 500 g of each capacity 

is in the upper tray and in the lower tray. Mixed-mode solar 

dryer is used to dry fruits and vegetables for rural areas. 

 

Keywords—Flat-plate Collector, Mixed-mode Solar Dryer, 

methodology, Collector efficiency, Performance Test 

 

I. INTRODUCTION 

 Drying is the useful and ancient technology to 
preserve food. The waste of excessive production can be 
reduced and also products can be made to be light-weight, 
small and easy for handling [1]. Drying is a wetness removal 
method because of simultaneously thermal and mass 
transfer [2]. Excessive wetness participation amount in 
some farming products after reaping can be easy and smooth 
the development of disease-causing germs resulting in 
decomposition of the products. Decreasing wetness 
participation amount of food is between 10% and 20% 
prevents, disease-causing germs, fermentation agent, mold 
and enzymes from damaging it [3]. 
             For effective drying, sufficient heat to extract 
wetness without making the food and enough dry air 
circulation to carry it away the released wetness should be 
applied.  Loaded test of the sunlight drying machine is 
carried out utilizing one kilogram of fresh potato sheets, 
eggplant and chili. The thickness of the sheets between 3mm 
and 4 mm. The sheets put on the level of each tray and in 
traditional sun drying. These sheets avoid to overlap each 
other and ensure uniform drying. The instruments for data 
collection are needed that are digital thermometer, 
anemometer, thermo-hygrometer, infrared thermometer and 
digital balance. 
 Only sunlight energy is utilized as the heat original 
resources for drying. The temperature of air in the 
environment, dryer temperature and the air temperature of 
the collector are documented every hour. The wetness of the 
participation amount of the product samples is also recorded 
for one hour interval.  

              Damp based wetness informs the mass of water as 
a percentage of total mass of a specimen and dry basis 
indicates the mass of water included in a given mass of dry 
solids [4]. As a result, wetness participation amount is 
decided in terms of both wet basis and dry basis. The 
performance test of drying efficiency and drying rate is also 
calculated. 

 
II. MAIN COMPONENTS OF FLAT PLATE SOLAR DRYER 

A. Flat Plate Collector’s Components 

         A levelled sheet collector is a fundamental and 
uncomplicated heat absorber to absorb heat from the sun 
radiation. Parts of levelled sheet collector with their 
functions are as follow: 

 

   

 

 

 

      The solar radiation strikes the sunlight scattering the 
cover glass of sunlight air collector. Absorber plate with 
black painting absorb solar energy, and the air from 
environment enters into the collector’s inlet channel. 
The heat is transferred from the absorber plate to the air 
and the heated air escape from the air outlet to the drying 
room. It accomplishes the changing process from 
sunlight energy. Insulators prevent heat lost from the 
lowest layer and lateral surfaces of the collector. 

 

B. Working principles of Combined Model Sunlight Dryer 

       Combined model sunlight drying is one of the 
modern sunlight’s drying methods, in which both direct 
and indirect sunlight drying are carried out at the same 
time. This way is also known as passive drying machine.  

Absorber 

Glass Cover 

Solar radiation 

Insulation 

Duct 

Cool air in 

Warm air outlet 

Fig.1. Solar Flat plate Collector by using air 
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The combined model sunlight drying machine has no 
movable portions, which is why it is called the passive 
drying machine. This type of dryer obtains the heating 
energy from the sunlight that comes in through the 
collector shinning. The air permitted in through air inlet 
is became hotter inner the sunlight collector channeled 
through the drying room. In drying room, it is completed 
in drying and eliminating the wetness content from the 
farming product. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Mixed Mode Solar Dryer 

 

III. METHODOLOGY 

A. Determination of Solar Radiation  
 

  The solar radiation can be calculated by using the 
following specifications. Weather is fine and then, do not 
blow. The collector is faced to the sun's track. The seasonal 
variation is negligible.[5] Plan location is Mandalay. 
Climate type is tropical. 

Latitude, = 21.98º North  
Longitude, Lloc = 96.1º East 
The elevation above sea level, H = 74.676 m 
The solar constant, I0 = 1373 W/m2 
Local standard time of meridian, Lst = 97.5º E 
Number of days, n = 365(for December 31st,2023) 

 
1) Solar Zenith Angle (θz)  

 
Sunlight Zenith Angle is an angle between the vertical 

and the line to the sun [5]. The sunlight zenith angle θz is of 
the form, 

 
             θz = cos-1[sinλ sinδ + cosλ cosδ cosω]      (1) 

 
2) Clear Sky Radiation  

 
 By using, zenith angle and effective solar constants I0eff, 

the beam irradiance Ib at the earth’s surface is indicated [5] 
by, 
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The coefficients are, 

ao = r0 a0*, 

a1 = r1 a1*, 

k = rk k*. 

The constants a0*, a1* and k* for the 23 km visibility 
standard atmosphere are:  

a0* = 0.4237 – 0.00821 (6 – H)2, 

a1* = 0.5055 + 0.00595 (6.5 – H)2, 

k* = 0.2711 + 0.01858 (2.5 – H)2, 

where, H - elevation above sea level (km). 

    The clear sky diffuse irradiance, Id (on the horizontal) can 
be calculated from an equation, 

 

              
zbeff0,d cosθ ]I 0.2939I [0.2710I −=          (3) 

 
3) Effective Solar Constant  
 
    The effective solar constant varies with the time of year 
according to the formula; [5] 
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            (4) 

 
4) Hemispherical Irradiance  
 
    The beam and diffuse radiations after reflection from the 
ground is determined according to the formula; [5] 
 

                             Ih = Ib cosθz + Id                                   (5) 

 
5)  Seasonally adjusted solar panel tilt angles for Mandalay, 
Myanmar                         

At the winter, solar panel’s angle adjusts to a 37° towards 
the south for the best energy production. [8] 
The best tilt angle of collector, 𝛽 = 37° 
 
6) Total Solar Insolation Flux  
 
    The total solar insolation flux falling on an inclined 
surface any instant [5]is 
 

    
( ) ( )

2

β cos1
ρI

2

β cos1
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−
+

+
+=           (6) 

 
B. Design procedure  
             The design calculation contained environmental 
conditions of the test location, the temperature of dryer, 
quantity of wetness to be removal, heat energy requirement 
and determination of airflow requirement. 
 
1)Drying Temperature  
     The drying temperatures of fruits and vegetables are 
recommended from 37.7 ̊C to 54.4 ̊C. [6] 
 
2) Amount of Moisture to be removed 
    The formula for the all quantity of wetness to be removal 
(Mw) is calculated by [6]:  

            
( )W i f

W

f

W × M - M
M =

1-M
                         (7) 

 
3) Heat Energy Required to Remove Water 
         It is considered drying process as a two-stage. Where, 
the first one is raised the temperature of the wet material to 
needed level at which the wetness will be removed. [6] This 
is calculated by the following equation: 

                        ( )1 P W d aQ =C ×W T -T                  (8)       

 

The heat energy needed to evaporate is represented by: 

                             2 WQ = L × M                                   (9) 

Upper  
Tray 

Lower  

Tray 

  Air 
 Collector 
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The latent heat of vaporization for liquid and vapour, 

                                  
g fL= h - h                             (10) 

 

The total heat requirement, [6] 

                               1 2Q = Q + Q                                  (11) 

 
4) Sizing the Collector 
     To obtain the best deign, the efficiency of level plate 
collector is between 35% and 50%. The area of the collector 
can be expressed as follow [6]:  

 

                                  c

T c d

Q
A =

I η t
                                 (12) 

 
5) Air Flow Requirement     
      The depth of air channel can be calculated by: 
Depth of air channel, [6] 

                                  c cD = 0.05 × L                             (13) 

 
6) Performance Evaluation of the Dryer, 
 
Calculation of Moisture Content, [6] 

                           ( )
w-d

MC=  × 100% w.b
w

                (14) 

 
7) Calculation of Overall Heat Energy Received from the 
Sun (Q g) 
 
The overall heat energy received from the sun,

 
 

                                 Q g = IT (τα)Ac                              (15) 
 
 
The total energy transmitted and absorbed is given by:[5] 

                        ( )T C U LI A ατ = Q + Q                            (16) 

 
Calculation of Collector Bottom Heat Loss Coefficient 
(U b) [5] 
 
The thermal energy loss across the base of the collector is 
represented by 

                                  b

b

k
U  = 

L
                              (17) 

For convection thermal transfer coefficient between 
absorber levels and first glass,[5] 

                             ( )
U
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C

N × k
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L
c

                              (18) 

 
For convection thermal transfer coefficient between first 
glass and second glass,[5] 
 
 

                             ( )
U
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C

N ×k
h =

L
                                (19) 

 
 Calculation of Radiation Heat Transfer Coefficient 
    The heat radiation transfer from the second glass to the 
air in the environment is represented by,[5] 
 

        
( )( )( )

( )

2 2
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The sky temperature [5] is 

                            ( )
1.5

s aT = 0.0552 T                               (21) 

 
The heat transfer coefficient for radiation between the first 
glass and absorber level is following. [5] 

                       
( )( )2 2

P C1 P C2
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P C1

σ T +T T +T
h =

1 1
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ε ε

                  (22) 

 
The heat transfer coefficient for between first glass and 
second glass is following. [5] 
 

                    
( )( )2 2

C1 C2 C1 C2
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ε ε

                   (23) 

 
The resistance R

1   

to surrounding can be expressed as,[5] 

                                    
1

W r,C1-C2

1
R =

h +h
                  (24) 

The resistance to heat flow between the upper glass and 
lower glass,[5] 

                                   
2

c,c1-c2 r,c1-c2

1
R =

h +h
                       (25) 

 
The resistance R

3  

 between absorber plate and lower glass 

cover,[5] 

                                   
3

c,p-c1 r,p-c1

1
R =

h +h
                  (26) 

 
The Collector Upper Part Heat Loss Coefficient (Ut) can be 
calculated by:[5] 

t

1 2 3

1
U =

R +R +R
(27)   

 
 The wind convection and radiation from the absorber plate 
transfer heat to the ambient air. [5] 
 
                                    h w=5.7+3.8V      (28) 
  
Collector border Heat Loss Coefficient (Ue), 
 
The border heat loss coefficient, based on the collector area 
Ac, can be calculated [5] by 
 

                                   
( )

edge

e

c

UA
U =

A
                             (29) 

                                      
Collector Total Heat Loss Coefficient (UL) [5] 
 
                                     UL= Ut +U b +U e                       (30) 
    
 
The heat removal factor for collector is given as: [5] 

                   
( )

( ) ( )

•

a pa c a

r

C T L c a

m c T -T
F =

A ατ I -U T -T  

                       (31) 

The utilizing energy gained of the collector is, [7] 

                         ( ) ( )U C T L c aQ =A ατ I -U T -T                   (32) 
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8) Flat Pate Collector Efficiency (ηc)

The level plate collector’s efficiency can be calculated

[5] by:

ηc = Qu /Ac*IT  (33) 

IV. RESULT DATA OF FLAT PLATE MIXED MODE SOLAR

DRYER 

I. RESULT DATA OF FLAT PLATE SOLAR DRYER. 

No Design 

Parameter 

Symbol Value Unit 

1 Collector length l 1.2192 m 

2 Collector width b 0.9044 m 

3 Collector 

thickness 

t 0.00056 m 

4 Collector air 

channel depth 

Dc 0.06 m 

5 Collector area Ac 1.1148 m 2 

6 Collector top 

heat loss 

coefficient 

Ut 2.7970 W/m2 

7 Collector base 

heat loss 

coefficient 

Ub 0.8 W/m2 

8 Collector total 

heat loss 

coefficient 

UL 3.617 W/m2 

9 Collector border 

heat loss 

coefficient 

Ue 0.02 W/m2 

10 Useful energy 

gain 

Qu 474.5 W 

11 Collector 

efficiency 

ηc 57 % 

    The results data of level plate sunlight dryer are 

expressed in Table I. 

1) The result Data of solar insolation for Annually

Fig.3. Solar Insolation for Annually 

The result of solar insolation for Annually is also shown 

in Fig. 3. This result is for the collector tilt angle 37° from 

the horizontal. The maximum solar insolation occurred in 

March and April, and the minimum solar insolation 

occurred in June and July. 

IV. PERFORMANCE TEST OF SOLAR DRYER

    Drying tests for chili, eggplant and potato is 

shown Fig.4, Fig.5 and Fig.6.They are measured 

moisture loss, collector air outlet temperature, ambient 

air temperature, upper tray and lower tray temperature 

one- time every one-hour interval. In Fig.4, maximum 

collector air outlet temperature is 50 °C and minimum is 

37 °C. In Fig.5, the maximum collector air outlet 

temperature is 45 °C and minimum collector air outlet 

temperature is 34 °C. 

      In Fig.6, the ambient air temperature at inlet is 20 °C 

at 9:00 am. It increases 34 °C at 12 noon and decreases 

to 28.4 °C. Moreover, the collector air outlet temperature 

is 31°C at 9:00 AM and increases 40.8°C at 11 am. And 

then, collector’s air outlet temperature fluctuates each 

time and finally it reaches 30 °C at 3 pm. 

1) Moisture Content in loaded test for potato in 7nd

January

Fig.7. Various Wetness Content with Time for 

Potato 
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       In Fig. 7, the moisture content of potato in the 

upper tray reach from 77% to 33%. The weight of 

potato slices in upper tray loss approximately 0.06 kg 

every one-hour. The moisture content of the potato 

slices in the lower tray decreases from 85% to 8%. The 

weight of potato slices in lower tray loss nearly 0.07 kg 

every one-hour. The traditional moisture content is 

slightly decreased from 78% to 34 %. In the sun drying, 

total weight of potato slices decreases 0.065 kg on one 

hour.  

2) Moisture Content from Experiment for Eggplant in

26th, January

Fig.8. Various Wetness Content with Time for 

Eggplant 

     In Fig.8, the moisture content of eggplants in the 

upper tray is 80% to 17%. The moisture content of the 

eggplant in the lower tray is 76 % to 14%. The 

traditional moisture content is 75 % to 22%. The weight 

of eggplants in upper tray loss approximately 0.04 kg 

every one-hour. The weight of eggplants in lower tray 

loss nearly 0.05 kg every one-hour. In the sun drying, 

total weight of eggplants decreases 0.03 kg on one hour. 

3) Moisture Content in loaded test for Chili in 29th

January

Fig.9.Various Wetness Content with Time for 

Chili 

         In Fig.8, the weight of eggplants in upper tray loss 

approximately 0.05 kg every one-hour. The weight of 

eggplants in lower tray loss nearly 0.065 kg every one-

hour. In the sun drying, total weight of eggplants decreases 

0.075 kg on one hour. The moisture content of eggplants in 

the upper tray is from 70% to 9%. The moisture content of 

the potato in the lower tray is from 60% to 10%. The 

traditional moisture content is from 46 % to 13%. The least 

moisture content of chili is in the upper tray. 

VI.CONCULSIONS

  In this study, the maximum air outlet temperature of 

the collector is collected at 50˚C.Average upper tray 

temperature of the collector and average collector lower tray 

temperature are at 48˚C and 47 ˚C. Dryer average tray 

temperature measured at 45 ̊ C. In the same time the average 

ambient temperature is 34 ˚C during sunlight hour. The 

average efficiency of collector obtained without loading test 

is 57%. This value is in the range recommended by various 

literature for flat plate collector well. It also depends on air 

flow rate, temperature difference and radiation intensity.  

 The least moisture content of potato is in the lower 

tray in 7nd January and that of eggplant is in the lower tray 

in 26th, January. The least moisture content of chili is in the 

upper tray in 29th January. Solar dyer can be utilized for 

drying various types of fruits, vegetables, meat and fish, 

medicinal leaves and roots and Thanatkha solid etc. 

Moreover, by using mixed mode solar dryer, it can prevent 

from getting bad of food grains which cause huge loss to 

farmers. 
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Abstract—This study investigates the performance of the 
radiator within an Electric Vehicle Thermal Management 
System (EVTMS) using MATLAB/Simulink-Simscape 
simulations. Despite significant advancements in electric 
vehicle technology, several issues and areas for improvement 
persist in EVTMS. Modelling and simulations play a crucial 
role in assessing new designs, identifying issues in current 
designs, and analysing a system's performance under 
challenging conditions that may not be easily replicated in 
reality. Our research focuses on creating dynamic and scalable 
models to gain a deep understanding of intricate systems and 
facilitate swift changes in the architecture and control design 
of EVTMS. Through a detailed simulation comparison using 
the Nissan Leaf EV as a case study, we demonstrate the 
effectiveness of the specified radiator. The results indicate that, 
even at higher speeds, the radiator can maintain components 
within their ideal operating temperatures, ensuring optimal 
performance and reliability of the EVTMS. This investigation 
highlights the importance of simulation tools in optimizing 
thermal management systems for electric vehicles. 

Keywords— thermal management system, electric vehicle, 
MATLAB, Simulink, Simscape, radiator  

I. INTRODUCTION 
Since around 1884 which is roughly 140 years from 

2024 cars have been utilizing internal combustion engines 
ICE for power. The escalating consciousness among the 
public about the scarcity of earth’s natural resources and the 
impacts of climate change has spurred advancements in 
efficiency and the creation of innovative propulsion systems 
[1]. Battery electric vehicles (BEVs) have the potential to 
drastically lower greenhouse gas emissions worldwide and 
reduce reliance on fossil fuel imports. For the past six years, 
there has been a sharp increase in consumer demand for 
BEVs [2]. International Energy Agency (IEA) reported that 
in 2023 the global registration of new battery electric and 
plug-in hybrid cars reached nearly 14 million increasing the 
total count of such vehicles on the roads to 40 million [3]. 

Despite significant advancements in electric vehicle 
technology, there are still several issues and areas for 
improvement in Thermal Management System for Electric 
Vehicle (EVTMS), such as thermal uniformity, energy 
efficiency, cold weather performance, thermal runaway 
prevention, component integration, environmental impact, 
cost and affordability [4][5]. Searching and identifying of 
these challenges are critical for improving the overall 
efficiency, safety, and performance of EVs. The complex 
thermal dynamics involved in the high voltage battery 

system, combined with varying driving and environmental 
conditions, make it a difficult task to achieve efficient and 
effective thermal management. Electric Vehicle's high 
voltage (HV) batteries are prone to rapid deterioration if 
they operate outside the specified temperature range. This 
could lead to increased expenses and reduced dependability. 
General Motors has estimated that without a thermal 
management system, an electric vehicle could lose up to 
85% of its range in an environment at 0°C [6]. Moreover, 
the incidence of fires involving EV HV batteries has been 
increasing, and these fires are notably more challenging to 
extinguish. Traditional trial-and-error approaches to design 
and optimization of EVTMS are time-consuming, 
expensive, and often lead to suboptimal results. 

II. MODELLING AND SIMULATION IN MATLAB® 
Modelling is a technique utilized in engineering and 

science to generate a digital replica of a physical system. 
Simulations play a crucial role in assessing new designs, 
identifying issues in current designs, and analysing of a 
system's performance in potentially challenging conditions 
that may not be easily replicated in reality. If any 
components of the system operate based on mathematical 
relationships, they can be modelled and simulated across 
various scenarios to observe their performance. System 
simulation is the process of examining the behaviour of 
systems by using mathematical models that replicate the 
physical characteristics of real-world systems [7]. Through 
the use of modelling and simulation, the design quality of a 
system can be enhanced during the initial phases, ultimately 
diminishing the occurrence of errors in later stages of 
design. Consequently, this results in a drastic reduction in 
both the time and financial resources allocated to the 
development process.  

MATLAB®, Simulink® and Simscape™ are well-known 
tools for designing various systems. These platforms serve 
as tools for scientists and engineers who employ model-
based design. This method supports design and simulation 
at the system level across various domains, automatic code 
creation, and continuous testing and verification of dynamic 
systems. The concept of multidomain physical modelling 
was introduced in MATLAB® R2008a, and a modelling 
tool known as Simscape® was launched. This tool 
facilitates the physical modelling of mechanical, electrical, 
electronic, and control systems in a modular way. System 
simulation technology has been successfully implemented 
in all scientific and engineering disciplines [7]. 
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III. THERMAL MANAGEMENT MODEL FOR ELECTRIC
VEHICLE 

A Thermal Management System for Electric Vehicle 
(EVTMS) consists of various heat source, heat sink and 
fluid delivery components. EVTMS model needs to include 
physical models associated with fluid mechanics and 
thermodynamics to simulate radiator, coolant pumps, fans, 
HVAC components and heat sources. In this study, 
component models are integrated into a cooling system 
architecture designed for a Nissan Leaf EV (1st Generation 
model) using MATLAB® (R2023b version) to investigate 
the performance and the power consumption of the cooling 
system. All component models were developed and 
validated by MATLAB® Simulink®. 

Fig. 1. Nissan Leaf EV (1st Generation model) 

This EV TMS includes a network of coolant circulation 
a refrigeration cycle and a heating circuit for passenger 
compartment. The thermal load components are the 
powertrain (traction motor), power electronics (inverter, 
DC-DC converter, on-board charger) and cabin. In this
setup, the motor and inverter are cooled through a water-
based cooling system that is circulated via an electric pump.
The heat is eliminated in the primary radiator without any
form of recycling. Heating for the cabin is achieved through
a distinct loop system utilizing a 5 kW PTC heater (Positive
Temperature Coefficient) with its own pump. The final loop
manages the air conditioning, following the traditional
design found in vehicles with internal combustion engines
(Fig. 2).

Fig. 2. Nissan Leaf’s EV thermal management system 

As the first mass-produced battery-electric car, the 
Nissan Leaf included one design compromise that it did not 
include the active thermal management for the 24-kWh 
battery pack under the floor. That is why HV battery pack 
model is not added in this EVTMS model. 

Fig. 3. Simulink model of EV thermal management system 

IV. MODELLING OF THE RADIATOR

In this study, Heat Exchanger (thermal liquid – moist 
air) Simscape™ block is used to represent the radiator, 
utilizing the radiator's physical dimensions, the 
thermodynamic characteristics of the two fluids, and the 
heat transfer properties of the materials used in the radiator. 

Fig. 4. Simulink model of radiator 

As the interest of this simulation is inlet and outlet 
temperatures of radiator’s fluids (coolant and air), 
temperature sensor and mass flow rate sensor blocks are 
added to the radiator model and connected at relevant signal 
lines. And to view the simulation results, corresponding 
scope blocks are added. 

A. Measurements and Properties Given for the Radiator
Model Block
Measurements taken on Nissan Leaf radiator, such as

length, width, height of the radiator, number of radiator fluid 
tubes, height of each individual fluid tube, distance between 
adjacent fins, wall thickness of the radiator fluid tubes, 
thermal conductivity of tube material are shown in Table I. 

I. RADIATOR DIMENSION

No. Items Dimensions 

1. Length of radiator  Lrad 0.63 m 

2. Height of radiator Hrad 0.34 m 

3. Width of radiator0.15 Wrad 0.016 m 

4. Height of coolant tube  Htube 0.002 m 

5. Width of coolant tube  Wtube 0.016 m 

6. Length of coolant tube Ltube 0.63 m 

7. Number of tubes Ntube 35 

8. Fin spacing 0.002 m 

9. Fin thickness Tfin 0.00025 m 

10. Fin height Hfin 0.00794 m 

11. Fin width Wfin 0.016 m 

12. Number of fins per tube Nfin 315 

13. Thermal conductivity of Al kAl 238.5644 W/m K 
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In Heat Exchanger Block configuration, “Flow 
arrangement” parameter is assigned to “Cross flow” and 
“Thermal mixing” parameter have to change to “Both fluids 
unmixed” because EV radiator understudied (Nissan Leaf 
2010 Model) is single row compact type heat exchanger. 
Some of the radiator dimensions have to add at 
“Parameters” MATLAB Code data file. Complete radiator 
block parameters are shown in Fig. 5. 

 
Fig. 5. Radiator model’s block parameters 

B. Equations Used in Radiator Calculation 
The heat transfer rate is computed over the averaged 

properties of moist air and coolant by using effectiveness-
number of transfer units (NTU) heat transfer method. 

The heat transfer is calculated as [8]: 

 Q = ε Cmin (Tin,CL−Tin,MA) (1) 

Cmin = the lower heat capacity rate between the two fluids. 

The rate of heat capacity is determined by multiplying 
the specific heat of the fluid, denoted as Cp, with the mass 
flow rate of the fluid. The value of Cmin is positive in every 
case. 

Tin,CL = the coolant’s inlet temperature, K 
Tin,MA = the moist air’s inlet temperature, K 
ε = the effectiveness of heat exchanger. 
The NTU is calculated as [8]: 

 NTU = 1
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 𝑅𝑅

 , (2) 

R = the total thermal resistance from convection, conduct-
ion, and any fouling on the surface of tubes and fins [8]: 

 R= 1
𝑈𝑈𝐶𝐶𝐶𝐶𝐴𝐴𝑇𝑇ℎ,𝐶𝐶𝐶𝐶

+ 𝐹𝐹𝐶𝐶𝐶𝐶
𝐴𝐴𝑇𝑇ℎ,𝐶𝐶𝐶𝐶

+ 𝑅𝑅𝑊𝑊 + 𝐹𝐹𝑀𝑀𝑀𝑀
𝐴𝐴𝑇𝑇ℎ,𝑀𝑀𝑀𝑀

+ 1
𝑈𝑈𝑀𝑀𝑀𝑀𝐴𝐴𝑇𝑇ℎ,𝑀𝑀𝑀𝑀

  (3) 

U = the convective heat transfer coefficient of the air or 
coolant 
F = the fouling factor on the respective fluid side 
RW = the thermal resistance of tube wall through heat 
transfer surface 
ATh = the heat transfer surface area of the air or coolant side 
of the exchanger (m2) [8]:  

 ATh = AW + ηF AF (4) 

AW = the surface area of tube wall (m2)  
AF   = the total surface area of fin (m2) 
ηF = the fin efficiency 

The effectiveness of heat exchanger is dependent on the 
flow setup and the degree of mixing in each fluid. This is 
particularly true when the flow is arranged in a “Cross flow” 
pattern and both fluids are set to remain “unmixed” [8]: 

 𝜀𝜀 = 1 − 𝑒𝑒{(𝑁𝑁𝑁𝑁𝑈𝑈
0.22

𝐶𝐶𝑟𝑟
×(𝑒𝑒(−𝐶𝐶𝑟𝑟×𝑁𝑁𝑁𝑁𝑈𝑈0.78)−1)} (5) 

Cr represent the ratio between the heat capacity rates of 
the air and coolant [8]: 

 Cr = 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

 (6) 

C. Vehicle Simulation Results 
The drive cycle scenario simulates driving conditions in 

30.253°C weather with air conditioning on. The vehicle 
speed is based on the New European Driving Cycle (NEDC) 
(urban part) followed by 16 min of 130 km/h high speed to 
push the heat load as seen in Fig. 6. In this TMS model there 
is only one coolant loop for power electronic components 
and traction motor. Even at highway driving with higher 
speeds and fewer stops, those component’s temperatures 
(max 38.7°C) didn’t higher than their optimum working 
temperatures (as for motor < 60°C) as can be seen in Fig. 7.  

 
Fig. 6. Scope view which shows the simulation results of drive cycle  
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Fig. 7. Scope view which shows the simulation results of component 

temperatures  

In Fig. 8 and Fig. 9, the dynamic changes of inlet and 
outlet temperatures of radiator coolant and air due to the 
driving cycle had been shown. From these temperature 
signals scope, radiator performance can be analysed. This 
analysis calculates how well an existing heat exchanger 
performs. It considers pre-set flow rates and inlet 
temperatures of the fluids, and predicts the amount of heat 
transferred and the resulting temperatures at the exchanger's 
outlet. This type of calculation is often used for pre-made 
heat exchangers with standard sizes offered by 
manufacturers [9]. 

 
Fig. 8. Scope view which shows the simulation results of radiator inlet 

and outlet temperatures of coolant 

 
Fig. 9. Scope view which shows the simulation results of radiator inlet 

and outlet temperatures of air 

D. Measurements of Radiator Performance 
To compare and analysis the result of simulation results, 

data measurements were carried out several time by driving 
Nissan Leaf EV (2010). Real-world data measurements 
were performed using following instruments to obtain the 
temperatures of coolant and air passing through radiator. 

The Pico thermocouple data logger (TC-08) is a 
temperature and voltage data logger designed to measure 
and records up to 8 thermocouples at once with up to high 
accuracy 10 measurements per second. The TC-08 is 
capable of sustaining a resolution superior to 0.025°C for 
commonly used Type K thermocouples, across a wide range 

from -250°C to 1370°C [10]. In this study, Pico TC-08 data 
logger (shown in Fig. 10) is used to measure the inlet and 
outlet temperatures of radiator, inlet and outlet temperatures 
of air, ambient temperature during test driving. 

 
Fig. 10. Pico data logger with PicoLog® software 

The G-Scan 2 is the multifunction scan tool which cover 
both Petrol and Diesel vehicles. G-Scan functions include 
system search mode [searches all available electronic 
control units (ECU)], diagnostic trouble codes (DTC) 
analysis, data analysis, flight recording, flight record 
review, actuation tests and special functions. In this study, 
G-Scan 2 (shown in Fig. 11) is used to measure and record 
the vehicle speed, coolant outlet temperature, ambient 
temperature, coolant fan request duty and coolant pump 
speed duty by using real-time data analysis and flight 
recording functions. 

 
Fig. 11. G-Scan 2 scanner 

 
Fig. 12. Data measurement setup 

In Fig. 13, inlet and outlet temperatures of radiator 
coolant and air against date time data were captured and 
displayed by PicoLog® software in Graph format. While a 
radiator's job is to cool the coolant, it might not function as 
expected at first. This can happen when the car is just 
starting, and the surrounding air is actually warmer than the 
coolant. In such cases, the radiator won't immediately bring 
down the coolant temperature. This is evident in the 
simulation results of Fig. 8, and real-world measurements 
confirm this behaviour, as shown in Fig. 13. 

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 191



Fig. 13. Inlet and outlet temperatures of radiator coolant and air against 
date time shown in PicoLog® software 

V. RESULT AND DISCUSSION

The goal of this study is to use the analytical heat 
transfer process to determine outlet coolant and air 
temperatures and to compare this data with experimental 
results. The heat transfer performance of the electric vehicle 
radiator is analysed by theoretical calculation, simulation 
and test drive values in a real-life situation. And those 
results are checked and validated by comparing with text 
drive data as shown in Table II.  

As observed in Table II, the values obtained from the 
test drive for the outlet temperature of both air and coolant 
deviate from the theoretically calculated predictions for a 
variety of potential reasons. This could be due to several 
assumptions made during the analytical computations, such 
as - the temperature of the coolant and air is consistent 
throughout, there are no phase changes in the fluids, the 
specific heats of the coolant and air remain constant across 
the radiator, even flow distribution on both sides of the 
radiator, and there is no fouling within the radiator, among 
others. 

II. RESULT COMPARISON

Results 
Coolant, K Air, K 

Inlet Outlet ΔT Inlet Outlet ΔT 

Calculation 304.42 304.20 0.22 303.4 303.74 0.34 

Test drive 304.42 304.14 0.28 303.4 303.82 0.41 

Simulation 304.42 304.09 0.33 303.4 303.55 0.15 

Therefore, the values derived from analytical methods 
may vary from those obtained through simulations and 
experiments. In real-world scenarios, the properties of air 
and coolant can vary across different points in the radiator 
core, affecting the rate of heat transfer. Nonetheless, 
analytical values offer a safer approach to radiator design as 
the actual conditions during vehicle operation are 
unpredictable. Regarding the test drive data, the precision of 
Type K thermocouples used in the Pico TC-08 data logger 
is the sum of ±0.2% of the reading and ±0.5°C. Hence, there 
might be minor differences in the results of measurements 
and calculations. 

The current BEV TMS model is designed in a 
straightforward and modular manner, allowing it to operate 
faster than in real-time. The Simulink model only needs 
26.535s of simulation time when run on an HP Z440 
workstation (Intel Xeon E5 3.5 GHz, RAM 32 GB). It is apt 
as a reference model for drive cycle simulation to estimate 

the thermal efficiency of the vehicle and other vehicle-level 
data. The use of modelling and simulation techniques can 
assist in addressing highly complex problems that have 
traditionally been challenging for individuals with limited 
expertise to tackle. 

VI. CONCLUSION

Electric vehicle mainly prioritizes the energy efficiency 
due to current limitations in battery technology, which 
affects driving range. So, most EVs used light weight, 
compact-type radiators, which compromise in the decrease 
thermal effectiveness of the radiator. The results of this 
study indicate that the outlet temperatures of both coolant 
and air deviate slightly between the theoretical calculations, 
simulations, and test drive data. These deviations can be 
attributed to assumptions made during analytical 
computations and precision of measurement instrument. 
This analysis concludes that the specified radiator, with its 
given dimensions and number of fins, can function 
effectively under optimal operating temperatures, even at 
higher speeds. 

The current study focuses solely on a basic EVTMS due 
to the unavailability of inventory and manufacturer data. In 
the future, more advanced systems should be considered for 
simulation, including additional battery cooling circuits that 
regulate battery temperature using various components such 
as chillers, coolers, heat pumps, or a combination of those. 
This could lead to the development of a more detailed and 
sophisticated control strategy, based on factors like the 
power consumption of the cooling components and the rate 
of heat generation by the battery, to devise energy-efficient 
cooling system operations. 
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Abstract— The purpose of Gorlov helical turbine (GHT) is 

to provide the electricity for rural areas where is no power 

grid. The GHT can be used in areas of sea, rivers and water 

channel. This paper is mainly divided by three main portions 

which are design calculation, fabrication and performance test 

of 50 Watts GHT. In the first portion, 50 Watts GHT was 

designed based on water velocity 1.5 m/s. The calculated 

results are expressed by changing the aspect ratio. The 

diameter and height of turbine is 0.2504 m and 0.3756 m and 

the helical blade angle is 55.08°. The chord length of hydrofoil 

is 0.07 m and steel shaft diameter is 0.0093 m. The torque of 

turbine is 1.855 N-m and turbine power is 55.55 Watts. The 

water power is 158.79 Watts and electrical power is 50 Watts.  

Three blades which profile is NACA 0018, used in this turbine. 

In the second portion, the model of 50 Watts GHT with suitable 

fiber plastic (plus) is constructed by using 3D printing. And 

then, frame and generator are fabricated in workshop. Finally, 

the performance testing results are described in this paper. 

Keywords—Gorlov helical turbine, Water velocity, Aspect 

ratio, Fabrication, Electrical power 

I. INTRODUCTION  

The annual consumption of electrical energy has been 
increasing in Myanmar. All the sources of the country are 
produced the electrical power. Traditional used natural 
energy resources are spending in long term. Consequently, 
it impacts on environment negatively. Raw material called 
fossil fuels such as coal, oil, natural gas causes climate 
changes and natural disaster because it makes greenhouse 
gas emissions and ecosystem destruction. To be 
environmentally friendly, renewable energy sources, 
especially hydrokinetic energy sources is of almost 
important and used full. Hydrokinetic energy oldest and the 
most renewable energy resource. In addition, in current 
situation, it becomes more and more popular energy sources 
[1]. 

 

 

Fig. 1. Gorlov helical turbine        

This paper is about the Gorlov helical turbine is easy to 
be used without building reservoir and dam. The kinetic 
energy is come from flow of water impacted on turbine 
blades. Due to kinetic energy, shaft rotates and transmit 
mechanical energy. After mechanical energy to electrical 
energy converted from the generator. So, the Gorlov helical 
turbine blades is converted energy [5]. 

II. MAIN COMPONENTS OF GORLOV HELICAL TURBINE 

The main components of Gorlov helical turbine includes; 

• Rotor Discs 

• Turbine Blades Profile 

• Transmission Shaft 

• Generator 

A. Rotor Discs 

There are various rotor designs in hydrokinetic turbines. 
Rotor discs are most stressed in the circumference area. The 
Gorlov helical turbine blade root connect occurs, and the 
focus of the turbine discs is required to be large in the 
circumference depending on the blades. 

B. Turbine Blades Profile 

 There are various blades profile designs in hydrokinetic 
turbines. Among them, airfoil blade design is used in this 
research and the most use of the hydrokinetic turbine 
designs are airfoil blade designs. The turbine blades are 
commonly fixed to the focus at a congruent angle of attack 
for the lift force to act upon and make the turbine blade 
rotate. The twist and taper on blade occur variation in the 
blade setting angle along the length of the blade when the 
water flows on it. This blade profile is called the blade’s 
hydrodynamic profile. Two type of airfoil blade design are 
symmetric and unsymmetric. The symmetric design 
NACA0018 is used in this paper because its starting torque 
is strong in rotation [58IRA H].  

C. Transmission Shaft 

 The hydrokinetic turbine consists of a transmission shaft 
that converts power generated by the turbine blades rotation. 
The rotor is directly connected to the generator with the 
shaft. 

D. Generator 

 Generator is a device that transforms mechanical power 
to electrical power. The generator AC (alternating current) 
or DC (direct current) can be used and difficult types of 
generators are used in hydrokinetic turbines depending on 
their size and design. Three basic types of generators 
include dynamo (DC) generator, synchronous (AC) 
generators and asynchronous (AC) generators. Dynamo 

Rotor Disc 

Blade 

Shaft 
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(DC) generator is selected for this paper.  

III. DESIGN OF GORLOV HELICAL TURBINE 

The design calculation is divided into three parts. Firstly, 
the design specifications of Gorlov helical turbine are 
described in Table I. Rotor design of the turbine is 
calculated by changing aspect ratio (shown in table II), then, 
detail design of blade parameter (as shown in table III) and 
shaft design for the Gorlov turbine are calculated.  

I. DESIGN SPECIFICATIONS OF GORLOV TURBINE 

 

A. Calculation of theoretical results for Gorlov helical 

turbine 

The Gorlov helical turbine area can be calculated by 
using an average water flow velocity of 1.5 m/s. 

                   3

e w P g

1
P  = ρAV C η

2
                                   (1) 

The ratio of the turbine height to diameter is called 
aspect ratio (AR). In hydrokinetic turbines, aspect ratio is 
usually between “0.5 to 1.5”. So, this paper changed the 
values of aspect ratio to predict the performance of Gorlov 
hydrokinetic turbine. 

                
D

H
AR =                                                         (2) 

In Gorlov helical turbine, the tip speed ratio () is 
between 2 to 2.5 to reduce the cavitations [12Ada]. The 
turbine angular velocity is based on the tip speed ratio, the 
angular velocity of the turbine is given 

                    wλV
ω

R
=                                                                (3) 

Turbine rotational speed is calculated from the following 
equation.     

                    60ω
N

2π
=                                                          (4) 

The chord length, c is calculated from the below 
equation. 

                     D
c

B


=                                                    (5) 

The turbine torque, T is calculated from the below 
equation. 

                    
3

p wC ρAV1
T ( )

2 ω
=                                      (6) 

 The turbine power, Pt is calculated from the below 
equation. 

                      
tP Tω=         (7) 

 The water power, Pw is calculated from the below 
equation. 

                     3

w w

1
P ρAV

2
=                                                        (8) 

 Helical angle () for a Gorlov helical turbine refers to 
the pitch angle that the blade makes with a horizontal plane. 
The helical angle is calculated from the below equation. 

                       1tan
BH

D



−
 
 =  
  

                                  (9) 

 
II. RESULT DATA ON CHANGING ASPECT RATIO OF GORLOV TURBINE 

 

No. 

 

Parameter 

Aspect Ratio 

0.5 1 1.5 

1. Swept area, A (m2)  0.0941 0.0941 0.0941 

2. 
Average water 

speed, vw (m/s) 1.5 1.5 1.5 

3. 
Turbine diameter, D 
(m) 0.4338 0.3067 0.2504 

4. 
Turbine height, H 
(m) 0.2169 0.3067 0.3756 

5. 
Rotational speed of 
turbine, N (rpm) 165.09 233.50 286 

6. Number of blades 3 3 3 

7. Chord length, c (m) 0.1362 0.0963 0.07 

8. 
Maximum torque, 

T (N-m) 
3.214 2.272 1.855 

 

 Table II show the theoretical result data of Gorlov helical 
turbine by changing the aspect ratio. According to 
theoretical results data, if the aspect ratio is increased, 
rotational speed of turbine is gradually increased and turbine 
torque is gradually decrease. The geometrical point of view, 
as aspect ratio increase, the number of revolution of the 
turbine increase, which improves the turbine performance. 
So, the number of aspect ratio 1.5 is chosen. 

III. THEORETICAL RESULT DATA OF POWER (WATER, TURBINE, 

ELECTRICAL) BY CHANGING WATER VELOCITY 

Sr 

No 

D 

(m) 

H 

(m) 

𝐕𝐰 

(m/s) 

𝐏𝐰 

(W) 

𝐏𝐭 

(W) 

𝐏𝐞 

(W) 

1   
0.5 5.88 2.05 1.85 

2   
1 47.05 16.46 14.82 

3 0.2504 0.3756 1.5 158.79 55.57 50.02 

4   
2 376.4 131.7 118.5 

5   
2.5 735.15 257.3 231.5 

Description Symbol Data Unit 

Generator Power Pe 50 W 

Water Current Velocity Vw 1.5 ms-1 

 Water Density  1000 kg/𝑚3 

Generator Efficiency ɳ𝑔 0.9 - 

Blade Number B 3 - 

Tip Speed Ratio  2.5 - 

 Coefficient of Turbine Cp 0.35 - 

Solidity Ratio  0.3 - 
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Fig. 2. Theoretical results of water power and turbine power at different 

velocity 

Table III shows the theoretical results data of power 
(water, turbine, electrical) by changing the water velocities. 
If the water velocity is increased, turbine power, water 
power and electrical power are also increased.  Fig. 2 shows 
water power is the greatest and generator power is smaller 
than turbine power. In Fig. 2 and Table III, water power is 
obtained by converting kinetic energy directly from water 
velocity. And then, the water power to turbine power 
conversion decreases turbine power because of turbine 
efficiency. And, the turbine power to electrical power 
conversion reduces the output of electrical power because 
of generator efficiency. 

B. Calculation of Turbine Shaft Design 

The transmission shaft converts power generated by 
using by the turbine blades rotation. And then, it is to 
transmit the turbine torque generated at the turbine blades to 
the generator. The torsional moment or twisting moment 
acting on the shaft can be determined from the equation, 

                    wP ×60
T = 

2πN

                                             (10)  

The shaft design is calculated by using the equivalent 
twisting moment equation or ASME code equation. 

For solid shaft, 

                ( ) ( )2tt

2

bbeq MkMkT +=               (11)       

The diameter of shaft is calculated by using the below 
equation. 

                 2
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s

3
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                            (or) 

                   22

s
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πσ

32n
d +=                             (13) 

IV. CONSTRUCTION PROCEDURES OF GORLOV HELICAL 

TURBINE 
 Gorlov helical turbine is constructed by the following 

procedures; 

• Material Selection 

• Manufacture of Turbine model by 3D printing 

• Construction of frame 

• Generator Selection 

• Assembly 

• Site Selection 

• Performance Testing 

A. Material Selection 

In this paper, alloy steel solid shaft and turbine blade 
plastic (plus) are used because they are light weight, low 
cost and easy to manufacture. 

B. Manufacture of Turbine Model by 3D Printing 

In the first stage, Gorlov helical turbine is start model of 
rotor disc diameter is 0.2504 m, then, the profile of the blade 
was NACA 0018 and the chord length was 0.07 m 
production turbine half printing. The helix angle is 55.08° 
and index of revolution is 0.25. Finally, complete printing 
of turbine height is 0.3756 m and it is coated with durability 
emulsion paint and dyed into white color. 

 

 

  

 

 

                                                           

 

 

 

 

 
 

 

 

Fig. 3.  Model of rotor disc                        Fig. 4. Blade profile 

 

Fig. 5. 3D-Printing complete for Gorlov helical turbine 

C. Construction of Frame 

After 3D printing turbine model and alloy steel shaft 
were assembled. Frame is constructed by using square mild 
steel from local material in the Mandalay mechanics 
workshop. 

 

Fig. 6. Turbine and frame constructed 

0

100

200

300

400

500

600

700

800

0 0 . 5 1 1 . 5 2 2 . 5 3

P
o
w

er
 (

W
)

Water Velocity (m/s)

Pw

Pt

Pe

Technological University (Mandalay) Engineering, Science and Educational Journal, Volume 1, August 2024 195



D. Generator Selection

In this paper, turbine rotational speed is 286 rpm
(revolution per minute) for driving generator. A Sanyo 
dynamo or dynamo hub that is a small electrical generator 
is used.  

E. Assembly

An assembly line is a fabrication process of Gorlov
helical turbine in which all sub parts are added as shaft, and 
dynamo, A dynamometer is connected to the turbine by 
using bearing. These bearing was employed at the other end 
of the shaft too. Finally, the Gorlov helical turbine is 
assembled as shown in Fig.7. 

Fig. 7. Assembly of Gorlov helical turbine 

F. Site Selection

The performance site is the channel at Shintawkone
Village, in Patheingyi township. for Gorlov helical turbine. 
The channel is 5 m long, 2.5 m wide, and the height of the 
gate is 0.9 m, which meets the requirements for the Gorlov 
helical turbine testing, as shown in Fig. 8. The water 
velocity of the channel is controlled by operating the gate of 
dam, and its flow is between 0.5–2 m/s. The flow rate is 
obtained by increasing the level of water stored at the 
congruent height. The different flow rates of the water 
velocity are measured accurately three times per test, and 
then, the average velocity was calculated. 

Fig. 8. Measuring of water velocity 

G. Performance Testing

     This section includes performance testing of Gorlov 
helical turbine. The rpm (revolution per minute) was 
measured by using contact tachometer. The contact 
tachometer is physically attached to the shaft, and providing 
an RPM reading. Fig.9. shows the contact tachometer. In the 

performance test, tachometer can be measured the speed for 
free loading (357 rpm) and 50 Watts loading (280 rpm) in 
water velocity 1.5 m/s. 

Fig. 9. Contact tachometer 

Fig. 10. Performance testing of Gorlov helical turbine 

IV. DATA FROM PERFORMANCE TESTING

Velocity 

Water 

 (m/s) 

0.5 0.7 1 1.2 1.5 2 

Turbine 
Speed 

(For 

Free 
Load) 

100 206 230 276 357 490 

Turbine 

Speed 

(For 
Loading) 

80 120 180 212 280 379 

Loading 

5 W 

Loading 

5 W 

Loading 

10 W 

Loading 

25 W 

Loading 

50 W 

Loading 

117W  

Fig. 11. Turbine speed at various velocity 
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Fig. 12. Electrical power at various velocity 

Fig. 13. Electrical power at various turbine speed 

V. DISCUSSION AND CONCLUSION

The water velocity, density, tip speed ratio, solidity 
ratio, blade number, generator and turbine efficiency are the 
design specification data of 50 Watts GHT. The swept area 
is calculated by using equation (1), the diameter and height 
of GHT is calculated from the aspect ratio equation. The 
rotational speed of turbine and maximum torque can be 
adjusted to get the required power output. For this research 
the impact of water power on the turbine blade, water 
velocity and rotational speed are more essential than the 
maximum torque. So that, the aspect ratio 1.5 is selected 
because the rotational speed is maximum. If the speed of 
turbine is increase, the turbine experiment will improve. 

According to the theoretical results, if the water velocity 
is increased, the turbine power is gradually increased as 
shown in Fig. 2.  

The model of the GHT is created by using SolidWorks 
software. And then, turbine model is manufacture by using 
3D printing. The frame and generator are fabricated in the 
Mandalay mechanics workshop. The site location for GHT 
testing is the channel of Shintawkone Village, in Patheingyi 
township. The different flow rates of water velocity are 
measured accurately three time per test to obtain the average 
velocity. In the experimental test, free loading and various 
loading are tested by changing water velocity. The rotational 
speed is measured with tachometer and turbine speed 357 
rpm is found that in free loading at water velocity 1.5 m/s. 
For 50 Watts loading test, turbine speed is 280 rpm at water 
velocity 1.5 m/s. So, the rotational speed for loading is less 
than free loading. 
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Abstract—Security Door Lock System is a major problem 
faced by the houses, offices and other privacy areas. Therefore, 
information privacy is essential in today's automation system, 
and it is necessary to use the face recognition system to increase 
the security of the system. Face recognition system is a 
biometric recognition technology that confirms identity using 
about human facial features, and this system is used for door 
access control system. The main aim of this paper is to control 
the door lock security system based on face recognition and 
keypad door lock system for the real time monitoring using 
raspberry Pi3. In this research work, Haar-Cascade Classifier 
is presented for face detection and Eigenface algorithm is used 
for face recognition based on Principal Component Analysis 
(PCA). In this research, Face detection and recognition of door 
lock system is used in graphical user interface (GUI) and this 
algorithm is used to manage the interaction with the system. In 
this study, it is done by collecting different face shapes from 8 
people with the aim of getting 300 images for each person.  The 
experimental accuracy result of face recognition is 98.3% for 
door lock system. The proposed face detection and recognition 
system is a better method than the conventional method. 

Keywords—Face Detection and Recognition, Door Lock, 
Haar, Eigenface (PCA), GUI, Open CV 

I. INTRODUCTION

Nowadays, the security door lock system is faced in 
every aspect and security systems are now essential [1]. 
Face recognition system is a domain of computer vision-
based system with search and recognition capabilities. This 
system is the matching procedure of identification face of 
recognized person between test images and train images. 
facial recognition technology is also used for a variety of 
applications namely, banks, airports, railway stations, 
public security departments, hotels, automotive systems, 
many commercial and enforcement applications, 
laboratories and important areas. Therefore, Face 
recognition system is a system that should be used in today's 
security-related areas [2]. This research is a method using 
face recognition system with door lock system for security 
purposes by connecting with Raspberry pi3 and Python 
(OpenCV). The system implementation is for observing 
whether any unknown person is entering through the door 
[3]. With the help of a webcam camera, the system is 
connected to electronic components through face 
recognition is a technology that solves the door lock system. 
In this research work, Haar-Cascade Classifier is used for 

face detection algorithm and Eigenface is used for face 
recognition algorithm based on Principal Component 
Analysis (PCA).  When the database images and test images 
match, the door will be unlocked. If the system has an error, 
an alarm will be triggered. Then enter the secure password 
using the keyboard and the door will be opened. 

II. METHODOLOGY

This system has two portions: (1) Face Detection and 
Recognition Door Lock System in GUI and (2) Keypad 
Door Lock System. In this system, Eigenface (PCA) is used 
for face recognition and Haar-Cascade Classifier is used to 
face detection algorithm. If the face recognition system is 
also recognizer, the door lock will unlock. If the facial 
recognition was an error state, move to toggle switch C from 
the key switch to open the door. Toggle switch slide B is set 
to inactive mode. 

A. Face Detection for door lock system

A Haar-Cascade Classifier is used as a pre-trained
process using Open CV in python for real-time system. It 
has 7 steps for the face detection Haar-Cascade Classifier 
algorithm, namely, import open CV Package, read the 
image, convert the image to grayscale, load the classifier, 
perform the face detection, drawing a bounding box, display 
the image are shown in Fig. 1 and 2. 

Fig. 1. Haar cascade classifier in OpenCV for face detection 
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Fig. 2. The proposed system of Face Detection 

B. Face Recognition for door lock system 

In this research work, PCA face recognition algorithm
using eigenfaces approach utilizes two steps, namely, 
initialization (acquire a set of training images and evaluate 
the eigenfaces from the training set) and recognizing new 
face images. This approach enables accurate face 
recognition by representing and comparing facial features 
through eigenfaces, making it robust for recognizing 
individuals from different angles or expressions. PCA 
focuses on the study and development of an automated face 
recognition system considering three main factors, namely, 
illumination, distance, and subject's head orientation, with 
the potential application for door security system. 

C. Keypad door lock system 

In the door lock system, only registration persons can
unlock and enter the room by clicking the secure code on 
the keypad. If codes are not shared or managed properly. 
There is a risk that unauthorized individuals can easily 
access sensitive areas. 

Fig.3. Keypad Door Lock System 

This Fig. 3 is the Keypad Door Lock System. In this 
research, if the human face is recognized, the door lock 
system will unlock by turning the magnetic lock. However, 
even if it's a specific face. In certain error situations; if the 
face is not recognized, the system will start alarm. If a 
switch works Slide C for keypad door lock system. So, the 
user will enter the defined password using keypad. If the 
password is correct, the system will unlock the door. Thus, 
if the password is wrong, the system will alarm work. 

III. SYSTEM IMPLEMENTATION

In this paper, the proposed system consists of eight 
subsystems: hardware components linked together, namely, 
motion sensor, webcam, Raspberry Pi-3, personal 
computer/laptop/ tablet, Arduino UNO, buzzer, keypad, and 
DC 12V Solenoid Lock. The block diagram of the door 
security control is based on the face recognition as shown in 
Fig. 4. 
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Fig. 4. Block diagram of Door Security Control with Face Recognition 

A. Flowchart system

In this system, a combination of hardware and software
is used. The Face Recognitions algorithm was used to secure 
for door lock system.  

Start

Capture Image

Open Camera

If Human motion is 

Detect ?

Open Door

Face Detection

If Face is Recognized?

End

If password is True ?

Input 

Password 

(Keypad)

Yes
No

Switch
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Start Alarm

Start Alarm

Slide C

No

No

Yes Yes

Fig. 5. Overall operation of door security control system 

In this Fig. 5, Motion Detection, Face Detection and 
Recognition, and Keypad door lock system are operated in 
this research. Additionally, a switch is put between the face 
recognition system (Slide A) and keypad (Slide C) to make 
more easy working for door lock security System. 

B. Installation of Component for Door Lock System

The hardware implements for door lock security system
is shown in Fig. 6. In this research, a door lock system using 
a camera with OpenCV implementation has been 
successfully developed on Raspberry Pi3, which is stored 
the images using face recognition, collaborated to form an 
effective motion detection mechanism using motion sensor 
for real time door lock application. On the other hand, the 
keypad is applied for this proposed door access system. If 
the face is not recognized, it needs to be typed using the 
keypad by alerting the buzzer. Arduino UNO type, which is 
connected to Raspberry Pi3, relay, motion sensor, buzzer, 
and keypad, is used for door lock motor and servo motor for 
auto door opening and closing system. 
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Fig. 6. Overall hardware components of the system 

C. Circuit Diagram of Door Lock System

The following Fig. 7 is a circuit diagram of door lock
system. In this figure, Arduino UNO is connected with 
Raspberry Pi 3 via the USB cable connected to webcam 
through motion sensor in port number pin 9 (red wire) and 
11 (black wire). The keypad is connected to the pin number 
2 to 9 in Arduino UNO. The buzzer is connected to the 
yellow wire in A5 and the ground black wire in Arduino 
UNO. Solenoid lock consisting of 12V DC adapter for 
power supply is connected to the relay via the pink wire 
(input pin 10), the black wire (ground), and the red wire 
(5V) in Arduino UNO. 

Fig. 7. Circuit Diagram of Door Security System 

IV. RESULTS AND DISCUSSION

A. Graphical User Interface (GUI)

The following Fig. 8 shows the result of face detection
Harr classifier algorithm using database for detecting and 
creating images. 

Fig. 8. Human Face detection algorithm based on Harr cascade 

classifier 

 In Fig.9, the face recognition system based on PCA 

eigienface algorithm can be calculated in database using 

Open CV Python in real time door seurity system. 

Fig. 9. Human Face recognition algorithm based on PCA 

  Fig. 10 shows the result of GUI door lock system view 

of face recognition based on PCA, namely, three main 

buttons, Register, Door lock, Quit.  

Fig. 10. Door Lock System View, Home Page 

 After taking 300 pictures of human faces, these 300 

pictures were trained with the help of GUI.  The following 

Fig. 11 shows the system is already checked in model for 

door lock system when the face is recognized. 

Fig. 11. Recognized Condition of the detection of authorized person 

The door lock system will open when the user is 

recognized in GUI Database using PCA. The result of 

matched people and algorithm as shown in Fig. 12. 

Fig. 12. Operation condition of the door lock system 
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If the result of test images and train images is not 

matched, the database with PCA algorithm, the door lock 

system will not operate as shown in Fig. 13. 

Fig. 13. Un-Recognized condition of the detection of un- authorized 

person 

B. Facial Recognition

The proposed system was designed and implemented
using Haar feature-based cascade classifiers for face 
detection and eigenfaces approach PCA algorithm for face 
recognition. Fig. 14 and Fig. 15 show the results of facial 
images for 5 persons in database.  

Fig. 14. Eigenfaces of AMM in database 

Fig. 15. Eigenfaces of 4 authorized persons in database 

By using PCA algorithm, extracted the feature from 

300 training images in database. Each single face of 

volunteers was identified and tested under the PCA face 

recognition algorithm to determine query and best match in 

database. The experimental results are shown in Fig. 16.  

Fig. 16. Facial Identification of 3 Persons 

Table I. *Prediction accuracy results for 8 persons* 

Table 1 shows the result of prediction accuracy for 8 

volunteers based on precision, recall, and f1-score, support 

vectors/features of the proposed system. In table 1, the result 

of 7 persons gets the accuracy of 1 in precision and FI 

scores, except the one person Su. However, Su obtains the 

comparable accuracy result 0.99. In recall, Ei and Su 

achieves nearly to 0.99 compared with others. We can 

clearly see that AMM get the best result of 202 in support 

features.  

Fig.17. Confusion matrix of the Face Recognition System 

Fig. 17 shows the result of confusion matrix for true 

label and predicted label PCA for 8 persons. We can clearly 

see that the best accuracy result is 202 of AMM with yellow 

color achieved zero error true negative (TN) and false 
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positive (FP). However, the name of Hnin and Ko obtain the 

lowest accuracy result (92). Moreover, Su (93) has the error 

one time compared with Ei although Ei achieves the good 

accuracy result (96). It is the normal case when we train and 

test image datasets of many persons in real time and it is not 

affected on the system. For other persons, the zero result of 

TN and FP are comparable. Therefore, we can clearly say 

that the proposed system is achieved the best performance. 

V. CONCLUSION

In this research work, the door lock security system is 
successfully performed on hardware and software 
implementation. In this proposed system, the face 
recognition method based on Principal Component Analysis 
(PCA) approach is developed and Haar-Cascade Classifier 
is presented for face detection algorithm. For real time 
monitoring, this paper proposes a smart approach using 
raspberry Pi3 of the door security system. Moreover, if the 
face recognition system is not recognized, the proposed 
system is developed using the keypad by alerting the buzzer, 
Arduino UNO type, which is connected to Raspberry Pi3, 
relay, motion sensor, buzzer, and keypad for auto door lock 
motor and servo motor opening and closing system. In this  

research, based on the PCA algorithm, the accuracy result 
rate of 8 people obtained from the calculation of confusion 
matrix was 98.3%. The proposed face recognition technique 
is better than the traditional method. This may be a 
suggested future direction to improve the accuracy 
efficiency of many people. 
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စာကေ ကေ်း သာ်းစွေမော််းေညော်၊ စာြတော်သူ ကေေါ် ထာ်းေှ ကသာစ တော်ကစတန ၊ 

မမနော်မာမှုဓကလံ့မျာ်းက ို မမတော်  ို်းသညံ့ော်စ တော်ဓာတော်တ ိုို့က ို မမငော်ကတွေွေ့  ိုငော်ကသာ 

စာတမော််းကကာငော််း တစော်ကစာငော်မြစော်ေါသညော်။  

၂။ စ ာရ ်းသူ၏အ တ္ထုပ္ပတ္တိ အက ျ ဉ ်း 

ဆောက ာော်ဂျ ျီက ို၁၉၀၇ခိုတွေငော် ြဦ်းကယာ၊ မ ကဒ္ေါ်စ နော်ညွေနို့ော်တ ိုို့က ြျာေ ိုမမ ြိုွေ့၌ 

ြွော်းမမငော်ခွဲံ့သညော်။  မညော်ေငော််းမာှ ဦ်းသ နော််းဟနော်မြစော်သညော်။ ငယော်စဉော်က 

ြျာေ ိုမမ ြိုွေ့ မျ  ြို်းသာ်း ထကော်တနော််းကကျာငော််း ှငံ့ော် ေနော်ကိုနော်မမ ြိုွေ့၊ မမ ြိုွေ့မ 

 ထကော်တနော််းကကျာငော််းတ ိုို့၌ ေညာသငော်ကကာ်းခွဲံ့သညော်။ 

 ၁၉၃၀-မေညံ့ော် ှစော်တွေငော် ေနော်ကိုနော်တကကသ ိုလော်မှ ဝ  ဇာဘွေွဲွေ့၊ ၁၉၃၆-ခို ှစော်တွေငော် 

လနော်ဒ္နော်တကကသ ိုလော် ှငံ့ော် ဒ္ဗ္ဗလငော်တကကသ ိုလော်တ ိုို့မှ စာကကညံ့ော်တ ိုကော်ေညာ 

ဒ္ျီေလ ိုမာဘွေွဲွေ့တ ိုို့ ေေှ ခွဲံ့သညော်။  

၁၉၃၁မှ ၁၉၃၄ထ  မမ ြိုွေ့မ ထကော်တနော််းကကျာငော််းတွေငော်  ထကော်တနော််းမေ 

ဆော၊ ၁၉၃၄-မ ှ ၁၉၃၈-ထ  ေနော်ကိုနော်တကကသ ိုလော် ငှံ့ော် မ တကလ်းဥေစာ 

ကကာလ ေော်တ ိုို့၌ မမနော်မာစာနညော််းမေဆော၊ ၁၉၄၀-မေညံ့ော် ှစော်တွေငော် 

ေနော်ကိုနော်တကကသ ိုလော်ကကျာငော််းစာကကညံ့ော်တ ိုကော်၌ ေ ဋကတော်တ ိုကော်မှျူ်း၊ ဂျေနော် 

ကခတော်၌ ေညာကေ်းဌာနတွေငော် ဒ္ိုတ ယညွှနော်ကကာ်းကေ်းဝနော်၊ စစော်မေျီ်းချ  နော်တွေငော် 

ေနော်ကိုနော်တကကသ ိုလော်စာကကညံ့ော်တ ိုကော်မှျူ်း၊ ေနော်ကိုနော်တကကသ ိုလော်၊ မမနော်မာစာ 

ဌာနတွေငော် ဂိုဏော်ထူ်းကဆာငော်ေါကမာကခ စသညော်မြငံ့ော် တာဝနော်ထမော််းကဆာငော် 

ခွဲံ့ေါသညော်။ 

၁၉၂၃-ခို ှစော်၊ ကကျာငော််းသာ်းဘဝမစှ၍ ကဗ္ျာမျာ်းကေ်းြွေွဲွေ့ခွဲံ့သညော်။ 

၁၉၂၈-ခို ှစော် ေနော်ကိုနော်တကကသ ိုလော်၌ ဟ သာကကက်းမ ိုစာကစာငော် ထိုတော်ကဝ 

ခွဲံ့သညော်။ ထ ိုစာကစာငော်တွေငော်ေါေှ ကသာ “ေ ကတာကော်ေနော််း” ကဗ္ျာမှာ 

ကခတော်စမော််းစာကေလှုေော်ောှ်းမှု၏ ေတမဆ ို်းကဗ္ျာ မြစော်သညော်။ 

ဆောက ာော်ဂျ ျီသညော်  ကဗ္ျာ၊ စကာ်းကမေမျာ်းစွော မေြိုစိုခွဲံ့ော ၁၉၅၅-

ခို ှစော်တွေငော် “သခငော်က ိုယော်ကတာော်မ ှုငော််းဋျီကာ”မြငံ့ော် စာကေဗ္ မာနော်ဆို (စာေကဒ္သာ)၊ 

၁၉၇၉-ခို ှစော်တွေငော် “နငော်လာ်းဟွဲံ့ချစော်ဒ္ိုကခ ှငံ့ော်  မခာ်းဝတထြိုတ ိုမျာ်း”မြငံ့ော် 

 မျ  ြို်းသာ်းစာကေဆို(ဘာသာမေနော်ေသ)၊ ၁၉၈၇-ခို ှစော်တွေငော် “ကေ်ှးကခတော် 

ေိုဂ ကဗ္ျာမျာ်း ှငံ့ော်  မခာ်းကဗ္ျာမျာ်း”မြငံ့ော်  မျ  ြို်းသာ်းစာကေဆို (ကဗ္ျာ 

ကေါငော််းချြိုေော်)တ ိုို့ ေေှ ခွဲံ့သညော်။ 

မမနော်မာံ့ယဉော်ကကျ်းမှုက ို တနော်ြ ို်းထာ်းသူ၊ ကခတော်စမော််းစာကေ ကခါငော််းကဆာငော်၊ 

ေသစာကေေညာေှငော်၊ မျ  ြို်းချစော်စာဆ ို ဆောက ာော်ဂျ ျီသညော် “၁၉၉၀-မေညံ့ော် ှစော်၊ 

စကော်တငော်ဘာလ ၂၆-ေကော်ကနို့တွေငော် ကွေယော်လွေနော် န စစ ကောကော်ခွဲံ့ေါသညော်။”  

(၂၀ ၀ ၂၊ ၃၉၇) 

၃။  သစ ာတ္မ ်း ရ ါ ဟာ န ှ င   သွ င ပပ္င လက ခဏ ာမျ ာ်း 

ေသစာတမော််းဟကူသာ စာကေ မျ  ြို်း စာ်းသညော် ၁၆-ောစိုတွေငော် မေငော်သစော်  ိုငော်င မှ 

စတငော်ကေေါ်ကေါကော်လာခွဲံ့သညော်။ မေငော်သစော်ဘာသာမြငံ့ော် “essai”၊  ဂဂလ ေော် 

ဘာသာမြငံ့ော် “essay”  မညော်တွေငော်သညော်။ မမနော်မာစာကေကလာကတွေငော် ၂၀-

ောစိုကလာကော်မှသာ စတငော်ကေေါ်ကေါကော် လာခွဲံ့သညော်။  ကော်ကဆ်း ၊ စမော််းစာ၊ 

စာတမော််း၊ စာမွေနော်၊ စာတနော််း၊ ေသစာတမော််းငယော်၊ ေသစာတမော််း စသညော်မြငံ့ော် 

 မညော် မျ  ြို်းမျ  ြို်း ကခေါ်ကဝေါ်ခွဲံ့ကကသညော်။ 

      စာတမော််းငယော်ကခေါ် ေသစာတမော််း ငှံ့ော်ေတော်သကော်၍ ကမာငော်ခငော်မငော် 

(ဓ ိုမြျူ)က - 

“စာတမော််းငယော်ဟူသညော်  ကကကာငော််း ောတစော်ခိုခိုက ို      စာကေ်းသူ 

က ိုယော်တ ိုငော် ကတွေ်းမမငော်ခ စာ်းေသညံ့ော်  ကန ထာ်းမြငံ့ော် ေသေါက ာငော် 

ကေ်းြွေွဲွေ့ထာ်းကသာ မတ ိုမေှညော် စကာ်းကမေ 

 ြွေွဲွေ့မျ  ြို်းမြစော်သညော်”1(၁၉၈၇၊ ၂၆) 
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ဟူ၍ ြွေငံ့ော်ဆ ိုထာ်းေါသညော်။ ထ ိုို့ကကကာငံ့ော် ေသစာတမော််းဟူသညော် စာကေ်းသူက 

မ မ ခ စာ်းမှု  ကတွေ်း မမငော်မျာ်းက ို ေသသကဘာေါက ာငော် တ ိုတ ို ှငံ့ော်ထ ထ မ မ  

ကေ်းထာ်းကသာစကာ်းကမေမျ  ြို်းမြစော်ေါသညော်။ 

ထ ိုို့မေငော် ေသစာတမော််း၏ သွေငော်မေငော်လကခဏာမျာ်း ှငံ့ော် ေတော်သကော်၍  

ကမာငော်ခငော်မငော် (ဓ ိုမြျူ)က- 

“(၁) စာကေ်းသူ၏ က ိုယော်ေညော်က ိုယော်ကသွေ်းကေေါ်ကနမခငော််း၊ (၂) 

 ကကကာငော််း ောထကော်  ကတွေ်း မမငော်ခ စာ်းမှုတ ိုို့က ို  ာ်းမေြိုမခငော််း 

ဟူကသာ ‘စာကေ်းသူ’ဆ ိုငော်ော သွေငော်မေငော်လကခဏာမျာ်းက ို 

လညော််းကကာငော််း (၃) စာြတော်သူက ို ဆွေွဲကဆာငော်  ိုငော်ကသာ စကာ်းကမေ 

 ကေ်း ြွေွဲွေ့မျ  ြို်းမြစော်မခငော််း (၄) တ ိုတ ိုကျဉော််းကျဉော််းကေ်းြွေွဲွေ့ထာ်းကသာ 

 ကေ်း ြွေွဲွေ့မျ  ြို်းမြစော်မခငော််းဟူကသာ ‘စာ’ ဆ ိုငော်ော သွေငော်မေငော်လကခဏာ 

မျာ်းက ိုလညော််းကကာငော််း (၅) စာြတော်သူက ို  ှစော်သကော်မှု ေသကေ်းမခငော််း 

ဟူကသာ ‘စာြတော်သူ’ ဆ ိုငော်ော သွေငော်မေငော် လကခဏာမျာ်း”2 (၁၉၈၇၊ 

၃၉) 

ဟူ၍ ေှငော််းမေထာ်းေါသညော်။ ေသစာတမော််း၏သွေငော်မေငော်လကခဏာမှာ 

 ဓ က ာ်းမြငံ့ော် (၅)ချကော်ေှ ကကကာငော််း ညွှနော်မေထာ်းသညော်က ို ကတွေွေ့ေှ ေ ေါသညော်။ 

 

၄ ။ က   ရက ာ မမိုင စ ာတ္မ ်းလ ာ ဆ  ာရ ာ ဂျ ျီ၏စ ာရပ္ လက   ာ 

ဆောက ာော်ဂျ ျီ၏ စာကေလကော်ောမြစော်သညံ့ော် “က ွေဦ်းကျကော်သကေ” 

စာတမော််းသညော် က ွေောသျီတွေငော် ကတွေွေ့ေကသာ မမနော်မာလူမျ  ြို်းတ ိုို့၏ 

ကျကော်သကေမျာ်းမြစော်သညံ့ော် ကေ လှျူဒ္ါနမေြိုေ ို၊ ကေချမော််းစငော်တညော်ေ ို မျာ်း ငှံ့ော် 

သင်္ကဂနော် ခါ  ွေ ်းလွှတော်ေွေွဲကျငော််းေေ ိုမျာ်းက ို ြတော်ချငော်စြွေယော် ကကာငော််းက ာငော်၊ 

ေသကမမာကော်က ာငော်၊ ဘဝ သ ေက ာငော် ကေ်းသာ်းထာ်းသညံ့ော် စာတမော််း 

မြစော်ေါသညော်။ 

ဤစာတမော််းက ို စာတမော််းငယော်၏ သွေငော်မေငော်လကခဏာ(၅)ေေော် ှငံ့ော် 

ချ  နော်ထ ို်းကာ  ကလံ့လာတငော်မေသွော်းေါမညော်။ 

 

၄ ၊  ၁။  စ ာရ ်းသူ၏က ိို ယ  ည  က ိိုယ ရသ်ွးရ ပ္ေါ်ရန ပြ င ်း 

ေသစာတမော််းမျာ်းတွေငော်  မ မ ေတော်ဝနော််းကျငော်၌ ကတွေွေ့ကက ြိုခ စာ်းေကသာ 

ခ စာ်းမှု၊ ဘဝ သ မမငော်တ ိုို့က ို စာြတော်သူမျာ်းေါ ထ ကတွေွေ့ခ စာ်း လာေက ာငော် 

က ိုယော်တ ိုငော်ေါဝငော်ကမောမေကနဟနော် ကေ်းသာ်း ကလံ့ေှ ေါသညော်။ ထ ိုို့ကကကာငံ့ော် 

ေသစာတမော််းမျာ်းတွေငော် စာကေ်းသူ၏ က ိုယော်ေညော်က ိုယော်ကသွေ်း စရ ိုကော်မျာ်း 

ကေေါ်လွေငော်ကနကကကေသညော်။ 

ဆောက ာော်ဂျ ျီ၏ “က ွေဦ်းကျကော်သကေ” စာတမော််းတွေငော် ကေငတော်ကန ကသာ 

မ မ တ ိုို့က ို ကစတန  မေညံ့ော်မြငံ့ော်  ကေကိုသ ိုလော်မေြိုလာကသာ ကကျ်းလကော်သူ 

တ ိုို့က ို ကကညော်ည ြိုစောကကာငော််းကကကာငော််း ချ ျီ်းကျျူ်းသညော်။ က ွေဦ်းတွေငော် 

သစော်ေငော်ေ ေော်ေှ  ကေချမော််း  ို်းမျာ်း၊ ကေချမော််းစငော်မျာ်းက ို “က ွေဦ်းကျကော်သကေ”ဟို 

တနော်ြ ို်းထာ်းသ ို်း ှုနော််းသညော်။ သူတစော်ေါ်း၏  သကော်က ို ကယော်တငော်လ ိုကသာ 

မမနော်မာတ ိုို့၏ စ တော်ထာ်းစရ ိုကော်က ို  ွေ ်းလွှတော်ေွေွဲမြငံ့ော် သရိုေော်ကြာော်ဂိုဏော်မေြိုကာ 

  ိုစ တော်မခယော်မှုနော််းထာ်းကသာကကကာငံ့ော် စာကေ်းသူ၏ က ိုယော်ေညော်က ိုယော်ကသွေ်း 

ကေေါ်လွေငော်ကနေါသညော်။ 

ဆောက ာော်ဂျ ျီတ ိုို့ ကကျာငော််းသာ်းတစော်သ ိုကော် မျီ်းေထာ်းမြငံ့ော် ကလံ့လာကေ်း 

ခေျီ်းထွေကော်လာော ကေဘ်ူးေါမလာကသာကကကာငံ့ော် ကေငတော်ေေ ို၊ ဘတူာ 

တစော်ခိုတွေငော် ကေ လျှူေှငော် ကကျ်းလကော်သူတစော်စို ှငံ့ော် ကက ြိုေေ ို၊ ဆငော််းေွဲသညံ့ော် 

ကကျ်းလကော်သူမျာ်းမြစော်ကသာော်လညော််း စ တော်ကစတန လှကကေ ို၊ ကကညော်ည ြိုစော 

ကကာငော််းေ ိုက ိုတငော်မေောတွေငော်- 

“သူတ ိုို့၏ ကေ လျှူကစတန ၊ ကေကဝ မူ ောတ ိုို့ကကကာငံ့ော်လာ်း 

                                                           
 

မသ  သူတ ိုို့၏ရိုေော်ေညော်သညော် ဝမော််းသာစောကကာငော််း၍ ကကျ်း ူ်းတငော် 

စောကကာငော််း၍ ကကညော်ည ြိုစောကကာငော််းသညော်ဟို ထငော်မ သညော်။” 

(၂၀၁၂၊ ၁၅) 

ဟူ၍ ကေ်းသာ်းထာ်းေါသညော်။ စာကေ်းသူ၏ ကကျ်း ူ်းတော်း သ တတော်ကသာ 

သကဘာစရ ိုကော်က ို တ ိုကော်ရ ိုကော်ကြာော်မေကနမခငော််း မြစော်သညော်။ ထ ိုို့ကကကာငော်ံ့ 

ေသစာတမော််းသွေငော်မေငော်လကခဏာ ှငံ့ော် မေညံ့ော်စ ိုမှု ေှ ေါသညော်။ 

       ဤေသစာတမော််းတွေငော် ဆောက ာော်ဂျ ျီသညော်  ွေ ်းကဘ်းမွဲံ့လွှတော်ေွေွဲ 

 ကကကာငော််းက ိုလညော််း တငော်မေထာ်းသညော်။ က ွေဦ်းကာလကောကော်တ ိုငော််း 

က ိုကြသညော်  ွေ ်းမျာ်းက ို တတော်  ိုငော်သမျှ ကဘ်းမွဲံ့လွှတော်ကေ်းကလံ့ေှ သညော်။ 

ထ ိုက ိုကြက ို စာကေ်းသူက တစော်ခါ ှစော်ခါလွှတော်ရ ိုမြငံ့ော်  ွေ ်းမျာ်း ာ်းလ ို်း 

မချမော််းသာ  ိုငော်၍ ကနို့တ ိုငော််း၊ န ေျီတ ိုငော််း၊ မ နစော်တ ိုငော််း လွှတော်  ိုငော်မှဟနော်မညော်ဟို 

ခနွဲို့ကသာ မူ ောမြငံ့ော် ကမောသညော်။ ထ ို ခါ က ိုကြက  ွေ ်းလွှတော်ေွေွဲ 

ကျငော််းေတ ိုငော််း ကဘ်းသငံ့ော်ကနကသာ သတတဝါမှနော်သမျှ၊ ဒ္ိုကခ တသတတဝါမှနော်သမျှ 

ကယော် ေော်၊ ကစာငံ့ော်ကေှာကော် ေော်ကသာ သတတဝါကတွေေါလာ်းဟို  သ တော်း 

ေ  ိုငော်ကကကာငော််း၊ ထ ို သ တော်း သညော် ကျြိုေော်တ ိုို့ ခငော်ဗ္ျာ်းတ ိုို့က ို  စှော်စဉော် ှစော်တ ိုငော််း၊ 

က ွေဦ်းကေါကော်တ ိုငော််း   ှု်းကဆာော်ကနသညော် ှငံ့ော်တူကကကာငော််း၊ ကျငော််းေကသာေွေွဲက 

 ကေ်းမဟိုတော်၊ ကျငော််းေကသာေွေွဲ၏သကဘာကသာ  ကေ်းေါကကကာငော််း 

ေငှော််းမေသညော်။ ထ ို ခါ ဆောက ာော်ဂျ ျီမှာ မ မ မှာ်းသွော်းကကကာငော််း ကန ငော်တေမေျီ်း 

ကခါငော််းမကြာော်  ိုငော်မြစော်ခွဲံ့ေကကကာငော််းက ို- 

“ဟိုတော်သညော်။ က ိုကြံ့ ကေေါ်မှာ ကျွနော်ကတာော် လလူညော်လိုေော်မ မေျီ။ 

ကျွနော်ကတာော် ကခါငော််းင ိုို့ကနလ ိုကော်ေေါသညော်။”  (၂၀၁၂၊ ၁၉ ) 

ဟူ၍ ရ ို်းသာ်းစွော ကေ်းသာ်းကြာော်မေထာ်းသညော်မှာ စာကေ်းသူ၏  မှာ်းက ို 

ဝနော်ခ တတော်ကသာက ိုယော်ေညော်က ိုယော်ကသွေ်းက ို ကေေါ်လွှငော်ကစေါသညော်။ 

 တစော်ြနော် က ိုကြတ ိုို့သညော်  လှျူခ ေကသာကငွေမြငံ့ော်  ွေ ်းသတော်ရ ိုမှ 

 သတော်ခ ေကတာံ့မညံ့ော်ဆွဲဆွဲ ွေ ်းင်္ကျီ်းက ို ဝယော်ကာ ချ  ြိုက ို ေ ကတာကော်ေနော််း 

စညော််းသညော်။  ွေ ်းတစော်က ိုယော်လ ို်းက ို န ို့သာကေေကော်ြျနော််းသညော်။  ွေ ်း၏ 

က ိုယော်ကေေါ်က ို ကကာက ာခငော််းကာ  လှဆငော်သညော်။ ထ ိုို့ကန ကော် တျီ်း မှုတော်၊ 

 က ခိုနော်တ ိုို့မြငံ့ော် ကိုသ ိုလော်ေှငော်မျာ်း ဝမော််းကမမာကော်ေက ာငော် ေေော်ေွာက ို လှညံ့ော်မေ 

သညော်။ ဤသ ိုို့ကသာ ကမတတာ၊ ကရိုဏာ၊ မိုဒ္ တာတ ိုို့လွှမော််းခခ ြိုကနကသာေွေွဲက ို 

ဆောက ာော်ဂျ ျီက- 

“  ို်းစညော်ဝ ိုငော််း ကေွှေ့တွေငော် ကဘ်းမွဲံ့ ွေ ်းင်္ကျီ်း။ ေ ကတာကော်ေနော််း ှငံ့ော်၊ 

သနေော်ခါ်း ှငံ့ော်၊  ကတတျီေါ ှငံ့ော်၊ ကကာော်က ာ ှငံ့ော်၊ ဣက္ ြေင်္ကျီ်း ှငံ့ော်၊ သ ကခာ ှငံ့ော် 

တစော်လှမော််းမခငော််း လှမော််း၍ ေါလာသညော်။  ွေ ်းင်္ကျီ်း၏ကေှွေ့တွေငော် 

က ိုကြ၏ က၊ ကကွေ်း၍၊ ကကာံ့၍၊ ယ မော််း၍၊ ယ ိုငော်၍၊ ကေှွေ့ဆ ို်းက 

သွော်းသညော်။”  (၂၀၁၂၊ ၂၀) 

ဟူ၍ ကေ်းသာ်းထာ်းကေသညော်။ ကေါငော််းစညော််းမေသမဗ ဓ “ ှငံ့ော်”၊ တစော်ခိုမေျီ်းတစော်ခို 

ကဆာငော်ေွကော်ကကကာငော််းက ိုမေသညံ့ော်သမဗ ဓ “၍”တ ိုို့က ို ထေော်ထေော်ကာကာသ ို်း၍ 

သွေကော်သွေကော်လကော်လကော်ကမောကနဟနော်သညော် ဆောင်္ကျီ်း၏  ာ်းေကကျနေော်သညံ့ော် 

ဟနော်က ို ကေေါ်လွေငော်ကနေါသညော်။  ျီဝ တဒ္ါနမေြိုမခငော််းက ို  ာ်းကေ်းကသာ၊ 

ကကျနေော်ကသာ၊ မမတော်  ို်းကသာ ဆောင်္ကျီ်း၏ က ိုယော်ေညော်က ိုယော်ကသွေ်းက ိုလညော််း 

ကတွေွေ့ေကေသညော်။ 

 

၄ ၊  ၂။ အရ က ာင ်း အ ာထ က   အရတ္ွ်းအ ပမင ြ  စ ာ်းမ ှု တ္ိိုို့က ိို        

အာ်းပပ္ ုပြ င ်း 

 ကကကာငော််း ောထကော်  ကတွေ်း မမငော်ခ စာ်းမှုက ို  ာ်းမေြိုမခငော််းသညော် 

ေသစာတမော််းတ ိုို့၏ ဒ္ိုတ ယသွေငော်မေငော်လကခဏာတစော်ေေော် မြစော်ေါသညော်။ ေသ 

စာတမော််းတွေငော်  ကသ်း ြွေွဲမ ှ  င်္ကျီ်း ကျယော် ထ  ကေ်းလ ိုောော 
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 ကကကာငော််း ော မျ  ြို်းမျ  ြို်းက ို ကေ်းကလံ့ေှ ေါသညော်။ သ ိုို့ကသာော် 

 ကကကာငော််း ောက ေဓာနမဟိုတော်ေါ။ ထ ို ကကကာငော််း ောက ို ကေ်းမေ 

ကနကသာ စာကေ်းသူ၏  ကတွေ်း မမငော်ခ စာ်းမှုတ ိုို့က ေ ို၍  ကေ်းေါေါသညော်။ 

ဆောက ာော်ဂျ ျီ၏ “က ွေဦ်းကျကော်သကေ”မှာ  က ွေဦ်းတွေငော် ကေကိုသ ိုလော်၊ 

 ျီတ တကိုသ ိုလော်မေြိုကကသညော်က ို  ကကကာငော််းမေြို၍ ကေေါ်ကေါကော်ခ စာ်း ေကသာ 

စာကေ်းသူ၏ ခ စာ်းချကော်၊  ကတွေ်း မမငော်မျာ်းက ို ကေ်းသာ်းထာ်းကသာစာ 

မြစော်သညော်။  

ကေကဝ၊ ကေဒ္ါနမေြိုကကကသာ ကကျ်းလကော်သူတ ိုို့သညော် လူဆငော််းေွဲ 

ချ  ြိုွေ့တွဲံ့ကသာော်လညော််း စ တော်ကစတန တ ိုို့ကာ်း လှေကနကကသညော်။ မ မ တ ိုို့မှာ 

ေညာတတော်၊ မမ ြိုွေ့င်္ကျီ်းသာ်း ဝတော်ကကာငော််းစာ်းလှမျာ်း ဝတော်ဆငော်ထာ်း 

ကသာော်လညော််း ထ ိုကကျ်းလကော်သူတ ိုို့ကွဲံ့သ ိုို့ စ တော်ကစတန  လကှ ို 

မမေသ  ိုငော်ကကကေ။ ထ ိုမှတစော်ဆငံ့ော် ယဉော်ကကျ်းမှု ှငံ့ော်ေတော်သကော်၍  ကတွေ်း မမငော် 

တနော််းမ ေ ိုက ို- 

“သူတ ိုို့ ဝတော်စာ်းထာ်းသညော်မှာ ချညော်ထညော်တစော်ေတော် ွေမော််းမျာ်းသာ 

မြစော်သညော်။  လိုေော်ကကမော််း လိုေော်ကကသူမျာ်းမြစော်သမြငံ့ော် က ိုယော်လ ို်း 

က ိုယော်ကေါကော် ကတာငံ့ော်တငော််းသညော်။ ရိုေော်ေညော်မှာ ကချာသညော် လှသညော်ဟို 

မဆ ိုသာ။ သ ိုို့ောတွေငော် သူတ ိုို့၏ ကေ လှျူကစတန ၊ ကေကဝ မူ ော 

တ ိုို့ကကကာငံ့ော်လာ်းမသ  သူတ ိုို့၏ရိုေော်ေညော်သညော် ဝမော််းသာစောကကာငော််း၍ 

ကကျ်း ူ်းတငော်စောကကာငော််း၍ ကကညော်ည ြိုစော ကကာငော််းသညော်ဟို 

ထငော်မ သညော်။ ထ ို ခါ ကျွနော်ကတာံ့ော်က ိုယော်က ို ကျွနော်ကတာော် မေနော်ကကညံ့ော် 

မ သညော်။ ေှေော် ကျျီမြျူမြျူစငော်စငော် ငှံ့ော်၊ ေ ို်းလ ိုချညော် ှငံ့ော်၊ လကော်ေတော်န ေျီ 

 ှငံ့ော်၊ ဆျီကမွှ်းလ မော််းဘ ိုကက ငှံ့ော် မြစော်သညော်။ ဤ မခငော််း ောတ ိုို့သညော် 

ယဉော်ကကျ်းမှုကလာ၊ ဤသ ိုို့ ကမ်းကကညံ့ော်သညော်။ ဤ မခငော််း ောတ ိုို့က ို 

ယဉော်ကကျ်းမှုဟိုဆ ိုလျှငော် ထ ိုမ နော််းမေျ  ြိုတစော်စို၏  မ ူောသညော် 

 ဘယော်နညော််း”   (၂၀ ၁၂၊ ၁၅) 

မတူညျီကသာ   ှုငော််းယှဉော် ြွေွဲွေ့ ှစော်မျ  ြို်းမြငံ့ော် ကေ်းသာ်းထာ်းသညော်။ ထ ိုို့မေငော် 

ကမ်းခွေနော််းမြငံ့ော်လမော််းခငော််းကာ စာကေ်းသူ၏ ကတွေ်းကန ကော်က ို စာြတော်သူ 

ေါလာက ာငော် ဆွေွဲကဆာငော် ကေ်းသာ်းထာ်းကေသညော်။ ဝတော်ကကာငော််းစာ်းလှ၊ 

ဂိုဏော်မဒ္ေော်တ ိုို့ထကော်  စာလ ိုသူက ို  စာ၊ ကေလ ိုသူက ို ကေကေ်းလျှူသညံ့ော် 

 မေြို မတူ ိုို့သညော်သာ စစော်မှနော်ကသာ ယဉော်ကကျ်းမှုမြစော်ကကကာငော််း ကတွေ်းမေ၊ 

ကေ်းမေထာ်းသညော်ဟို ဆ ို  ိုငော်ေါသညော်။ 

တစော်ြနော် က ွေဦ်းတွေငော်ကျငော််းေကသာ  ွေ ်းလွှတော်ေွေွဲတစော်ေွေွဲက ို ကကညံ့ော်၍ မြစော်ကေေါ် 

လာကသာ မလွေတော်လေော်ကသ်းသညံ့ော်  မ မမနော်မာမေညော် ှငံ့ော် ေတော်သကော်ကသာ 

 ကတွေ်းက ိုလညော််း- 

“မမနော်မာမေညော် မလွေတော်လေော်ခငော်တိုနော််းက  ွေ ်းလွှတော်ေွေွဲတစော်ေွေွဲက ို 

မမငော်သမြငံ့ော်  က  ှငော် ြွေွဲွေ့ ငှံ့ော် ကနေတိုနော််းမြစော်ကသာ 

က ိုယံ့ော်တ ိုငော််းမေညော်က ို  ွေ ်းင်္ကျီ်းကွဲံ့သ ိုို့ လွေတော်ကမမာကော်ကစချငော်ကသာ 

စ တော်က်ူး ကျွနော်ကတာံ့ော်မှာ ကေါကော်ြူ်းသညော်။ လွေတော်ကမမာကော်ေါကစ 

ဟိုလညော််း ဆိုကတာငော််းြူ်း သညော်။”  (၂၀၁၂၊ ၂၀ ) 

ဟူ၍ ကေ်းသာ်းမေထာ်းသညော်။ မ မ တ ိုငော််းမေညော်က ို ကျွနော်သာ်းကေါကော်ဘဝမှ 

လွှတော်ကမမာကော်ကစလ ိုသညံ့ော် စာကေ်းသူ၏ နကော်ရ ှုငော််းလှကသာခ စာ်းမှု 

 ကတွေ်း မမငော်တ ိုို့က ို ထငော်ထငော်ေှာ်းေှာ်းကတွေွေ့မမငော်ေကေသညော်။ 

 

၄ ၊ ၃။ စ ာဖတ္ သူက ိို ဆွွဲရဆာ င န ိိုင ရသ ာစ က ာ်းရ ပပ္ အရ ်း အဖွွဲွဲ့မျ ို ်း 

ပဖစ  ပြ င ်း 

ေသစာတမော််းတွေငော် စာကေ်းသူ၏ ကတွေ်း မမငော်၊ ခ စာ်းမှု သ သညော် ေဓာန 

တစော်ခိုမြစော်သကွဲံ့သ ိုို့ ထ ို ကတွေ်း မမငော်၊ ထ ိုခ စာ်းမှု သ က ို စာြတော် 

ေေ သတော်သ ိုို့ ကူ်းစကော်က ာငော် ဆွေွဲကဆာငော်ကေ်းသာ်း  ိုငော်မခငော််းသညော်လညော််း ေဓာန 

တစော်ခိုမြစော်ကကကာငော််း ဆ ိုမ နို့ော်ကကေါသညော်။ 

      “က ွေဦ်းကျကော်သကေ”ေသစာတမော််းတွေငော် ဆောက ာော်ဂျ ျီက မမနော်မာလူမျ  ြို်း 

တ ိုို့၏ ယဉော်ကကျ်းမှု မူ ောတစော်ခိုမြစော်သညံ့ော် ကေချမော််းစငော်တညော်ကာ ကိုသ ိုလော် 

မေြိုကကေ ိုက ို တငော်မေောတွေငော်- 

“ကညာငော်ေငော်ေ ေော် ကကာငော််းကကာငော််းေှ လျှငော် သူေှ တတော်သညော်။ 

ေ ကတာကော်ေ ေော် ကကာငော််းကကာငော််းေှ လျှငော် သူေှ တတော်သညော်။ ကိုကက ြိုေ ေော် 

ကကာငော််းကကာငော််းေှ လျှငော် သူေှ တတော်သညော်။ ထ ိုသူကာ်း 

 မခာ်းမဟိုတော်။ သစော်က ိုငော််းမှ ဆ ိုငော််းင်္က ြို်းမြငံ့ော် တွေွဲလွေွဲခ ိုကနတတော်ကသာ 

ကေချမော််း  ို်း မြစော်သညော်။ မ နော််းမကချာ မ နော််းမလှ ဒ္နော််းစျီ်းကနသညော်ဟိုေငော် 

တူကလသညော်။”  (၂၀ ၁၂၊ ၁၆) 

ဟူ၍ တ ိုကော်ရ ိုကော်မတငော်မေဘွဲ တစော်ဆငံ့ော်မေျီ်းတစော်ဆငော်ံ့ စ တော်ဝငော်စာ်းြွေယော် 

ကကာငော််းက ာငော် တငော်မေသညော်။ ‘သူ’ဟူကသာ  ညွှနော််းန မော်စာ်းမြငံ့ော် 

သကော်ေှ  သွေငော်တငော်စာ်းကာ ကေ်းသညော်။ ေ ိုစ တူဟနော်ချကော်ညျီ ဝါကျတ ိုတ ိုို့က ို 

သ ို်း၍ ကမေကမေမေစော်မေစော်မြစော်က ာငော်၊ ကချာကမာက ာငော် ကေ်းသညော်။ ‘မ နော််းမကချာ 

မ နော််းမလှ ဒ္နော််းစျီ်းကနသညော်ဟိုေငော်တ’ူ  ဟူကသာ ဥေမာ လကဂာမြငံ့ော် 

 ှစော်သကော်ြွေယော်မြစော်က ာငော် ကေ်းသညော်။ ထ ိုို့ကကကာငံ့ော် စာကေ်းသူ ကမောလ ိုကသာ 

ကေချမော််း  ို်း၏တညော်ကနေ ိုသညော် စာြတော်သူ၏ စ တော်မျကော်စ တွေငော် စွေွဲထငော်စွော 

မမငော်ကယာငော်လာေေါသညော်။ 

 ဆကော်လကော်၍ ဆောက ာော်ဂျ ျီက- 

“ထ ိုကေချမော််းစငော်၌ လတူ ိုို့၏ စ တော်သစော်စ တော် ို၊ ကစတန သစော် 

ကစတန  ိုတ ိုို့လညော််း ကေေါ်ကေါကော်ကနကကကလမေျီဟို ကတွေ်းမ မခငော််း 

မြစော်ကလသညော်”  (၂၀ ၁၂၊ ၁၃) 

ဟူ၍ တငော်မေထာ်းသညော်။ ဤတွေငော် စ တော်၊ ကစတန တ ိုို့သညော် ကယဘိုယျ 

စကာ်းလ ို်းမျာ်း မြစော်ကကသညော်။ ထ ိုစကာ်းလ ို်းတ ိုို့က ို ‘သစော်၊  ို’တ ိုို့ ှငံ့ော် 

ကေါငော််းစေော်၍ “စ တော်သစော်စ တော် ို၊ ကစတန သစော် ကစတန  ို” ဝ ကသသ 

စကာ်းလ ို်း မြစော် ြနော်တျီ်းကေ်းသညော်။ ထ ိုို့ကကကာငံ့ော်လညော််း က ွေဦ်းကေါကော် တ ိုငော််း 

ကေချမော််းစငော်က ို တညော်ကဆာကော်ကေ်းကသာ မမနော်မာတ ိုို့၏စ တော်၊ မမနော်မာတ ိုို့၏ 

ကစတန  လှသညော်  ိုေျ  ြိုလနော််းဆနော််းသစော်လွေငော်ကနေ ိုက ို  ှစော်သကော်ြွေယော် 

သ မမငော်လာကစသညော်။ 

  

၄ ၊  ၄ ။ တ္ိိုတိ္ိုက ျဉ  ်းက ျဉ  ်းရ  ်း ဖွွဲွဲ့ထာ်းရ သ ာ အရ ်းအဖွွဲွဲ့မျ ို ်း ပဖစ  ပြ င ်း 

ေသစာတမော််းသညော် တစော်ထ ိုငော်တညော််း ငှံ့ော်  မေျီ်းြတော်  ိုငော်ရ ိုမျှ ေှ ေနော် လ ိုေါသညော်။ 

ထ ိုကကကာငံ့ော် တ ိုတ ိုကျဉော််းကျဉော််းကေ်းြွေွဲွေ့ကသာ  ကေ်း ြွေွဲွေ့မျ  ြို်းမြစော်ေနော် လ ို ေော် 

ေါသညော်။ တစော်ကွေကော်ကကာငော််း  ှစော်ကွေကော်ကကာငော််း မေေသညံ့ော် တွေကော် မေေသူ၏ 

ကျွမော််းကျငော်မှု၊ မေသူ၏  တတော်ေညာသညော်  လွေနော် ကေ်းေါေါသညော်။  

       “က ွေဦ်းကျကော်သကေ”ေသစာတမော််းတွေငော် ဆောက ာော်ဂျ ျီသညော် က ွေဦ်း၏ 

ကျကော်သကေ ှစော်ခိုမြစော်ကသာ ကေချမော််း  ို်းတညော်မခငော််း ှငံ့ော်  ွေ ်းကဘ်းမွဲံ့လွှတော်မခငော််း 

 ကကကာငော််းက ို  စ၊  လယော်၊  ဆ ို်း  ဆကော် စေော် မ မ မြငံ့ော်   ဝငော်ခွေငော်ကျ 

တ ိုတ ိုကျဉော််းကျဉော််းကေ်းထာ်းကေသညော်။ က ွေဦ်းတွေငော် ကတွေွေ့ေ၊ မမငော်ေကလံ့ေှ သညံ့ော် 

ကေချမော််းစငော်  လျှူဒ္ါနက ို စာကေ်းသူ မမတော်  ို်းသညော်။ တနော်ြ ို်းထာ်းသညော်။ 

ကျကော်သကေေှ သညော်ဟို ခ ယူသညော်။ ထ ိုသ ိုို့မမတော်  ို်းတနော်ြ ို်းထာ်းခ ယူမှုက ို- 

“ထ ို မ ူောမျ  ြို်းသညော် က ွေဦ်းကျကော်သကေ”တစော်ခို မြစော်ကလသညော်။ 

ထ ို မူ ောမျ  ြို်းက ို မမနော်မာ  ိုငော်င သာ်းတ ိုို့၏ ကေချမော််းစငော်ယဉော်ကကျ်းမှု 

ဟို ကခေါ်ထ ိုကော်ကလသညော်။ တစော်ြနော်လူထို တွေကော် လထူိုက 

မေြို  ိုငော်ကသာ  မူ ောမျ  ြို်းမြစော်သမြငံ့ော် လူထိုယဉော်ကကျ်းမှုဟူ၍လညော််း 

ဆ ို  ိုငော်ကလသညော်။”   (၂၀ ၁၂၊ ၁၇) 

ဟူ၍ ကေ်းသာ်းထာ်းသညော်။ ထ ိုစာတစော်ကွေကော်တညော််းမြငံ့ော် ကေချမော််းစငော်  လှျူဒ္ါန 

 ကေေါ်ထာ်းေှ ကသာ ဆောက ာော်ဂျ ျီ၏စ တော်သကဘာထာ်း၊ စ တော်ကစတန က ို 

ကွေကော်ကွေကော်ကွေငော််းကွေငော််း ကတွေွေ့ေကေသညော်။  
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ထ ိုို့ တ ူ ွေ ်းလွှတော်ေွေွဲကျငော််းေမခငော််းသညော်လညော််း  ကေျာော် သကော်သကော် 

ကျငော််းေသညံ့ော်ေွေွဲမဟိုတော်ကကကာငော််း  သဒ္ဓါကစတန မြငံ့ော် မေြိုလိုေော်သညံ့ော်ေွေွဲ 

မြစော်ကကကာငော််း ဆောင်္ကျီ်းခ ယူသညော်။ ထ ို ွေ ်းလွှတော်ေွေွဲက ိုလညော််း ကျကော်သကေ 

ေှ သညံ့ော်ေွေွဲဟို မမငော်သညော်။ ထ ိုသကဘာက ို ဆောင်္ကျီ်းက- 

“.. ွေ ်းလွှတော်ေွေွဲကျငော််းေမခငော််းသညော် သဒ္ဓါကစတန  ှငံ့ော် မေြိုသညော်ဟို 

ဆ ိုလျှငော်လညော််း ဟိုတော်သညော်။ ကချငော် ခိုနော်ချငော်၍ မေြိုသညော်ဟို 

ဆ ိုလျှငော်လညော််း ဟိုတော်သညော်။ မမနော်မာေျီသေါကေသညော်။ 

ထ ို မူ ောမျ  ြို်း က ွေဦ်းကေါကော်တ ိုငော််း   ို၍ သစော်၍ ကေေါ်လာ 

တတော်သညော်။ ထ ို မ ူောမျ  ြို်းသညော် က ွေဦ်းကျကော်သကေတစော်ခို 

မြစော်ကလသညော်။ ထ ို မူ ော မျ  ြို်းက ို မမနော်မာ  ိုငော်င သာ်းတ ိုို့၏ 

 ွေ ်းလွှတော်ေွေွဲယဉော်ကကျ်းမှုဟိုလညော််း ကခေါ်ထ ိုကော်ကလသညော်။ တစော်ြနော် 

လူထို တွေကော် လူထိုကမေြို  ိုငော်ကသာ  မူ ောမျ  ြို်းမြစော်သမြငံ့ော် 

လူထိုယဉော်ကကျ်းမှုဟို၍လညော််း  ဆ ို  ိုငော်ေါ သတညော််း”   (၂၀ ၁၂၊ ၂၀ ) 

ဟူ၍ ကေ်းသာ်းထာ်းေါသညော်။ ဤတွေငော် “ ို၊ သစော်”ဟူကသာ လ ို်းချငော််းင်္က ယာ 

 သ ို်းတ ိုို့က က ွေဦ်းကေါကော်တ ိုငော််း မရ ို်း  ိုငော်သညံ့ော် စ တော်ကစတန  ို၊  

စ တော်ကစတန သစော်တ ိုို့မြငံ့ော်  ွေ ်းလွှတော်ေွေွဲက ို မေြိုလိုေော်ကေ်းကသာ မမနော်မာတ ိုို့၏ 

စ တော်ကစတန သညော် လနော််းဆနော််းသစော်လွေငော် လာသညော်။  

ထ ိုို့မေငော် “ကေချမော််းစငော် ယဉော်ကကျ်းမှု” ၊  “ ွေ ်းလွေတော်ေွေွဲယဉော်ကကျ်းမှု” ၊ 

“လူထိုယဉော်ကကျ်းမှု”ဟကူသာ ဝ ကသသ သ ို်းတ ိုို့ကကကာငံ့ော်လညော််း သာမနော် 

 ကနမြငံ့ော်  မှုမွဲံ့ မတှော်မွဲံ့ သကဘာထာ်းကကသညံ့ော် ောမျာ်း၊  မေြို မူမျာ်း 

 ကေေါ်တွေငော်  ကလ်း နကော်တနော်ြ ို်းထာ်းကစလ ိုကသာ ဆောက ာော်ဂျ ျီ၏ 

ကစတန က ို ထငော်ထငော်ေှာ်းေှာ်း သ မမငော်န ်းလညော်လာကစေါသညော်။ 

တ ိုတ ိုကျဉော််းကျဉော််း ှငံ့ော် စာြတော်သူမျာ်း ထ ကတွေွေ့ခ စာ်းမ   ိုငော်ကစေနော် ကေ်းသာ်း 

  ိုငော်သညော်ဟို ဆ ိုေေါမညော်။ 

ထ ိုို့ကကကာငံ့ော်လညော််း ဆောမင်္ကျီ်း မမ ို်းကမမက- 

“ဆောင်္ကျီ်းကမူ မမနော်မာံ့ေတော်ဝနော််းကျငော်၌ မမငော်ကတွေွေ့ကနေကသာ 

 ကသ်း ြွေွဲ၊  ညတေ ောမျာ်းက ို  ကလ်း နကော်ထာ်း၍ 

ခ စာ်းရှုမမငော်သညော်။ မမနော်မာတ ိုို့၏ မမငံ့ော်မမတော်ကသာ  ှလ ို်းသာ်းမ ှ

ကေါကော်ေွော်းလာသညံ့ော်  လှဆ ို်း၊  ယဉော်ကကျ်းဆ ို်း  ောမျာ်းဟို 

ခ စာ်းရှုမမငော်သညော်။ ထ ိုသကဘာ၊ ထ ိုခ စာ်းမှုမြငံ့ော် “ကေချမော််းစငော် 

ယဉော်ကကျ်းမှု၊  ွေ ်းလွှတော်ေွေွဲယဉော်ကကျ်းမှု၊ လူထို ယဉော်ကကျ်းမှု”ဟို 

ခ ံ့ညာ်းထညော်ဝါကသာ စကာ်းသ ို်းမျာ်း မြစော် ချ ျီ်းမမြှငံ့ော်ြနော်တျီ်း 

ခွဲံ့ေါသညော်။”   (၂၀ ၀ ၈ ၊ ၆၈ ) 

ဟူ၍ သ ို်းသေော်ချ ျီ်းကျျူ်းခွဲံ့မခငော််း မြစော်ေါသညော်။ 

တစော်ြနော် ဆောင်္ကျီ်းသညော်  ွေ ်းလွှတော်ေွေွဲက ို ကကညံ့ော်၍ မြစော်ကေေါ်လာကသာ 

 မ မမနော်မာ  ိုငော်င ကတာော် ကေေါ် ထာ်းေှ ကသာ စ တော်ကစတန က ိုလညော််း 

တ ိုတ ိုကျဉော််းကျဉော််း ှငံ့ော် လ ိုေငော််းကောကော်က ာငော် ကေ်းသညော်။  မ မမနော်မာမေညော် 

 ကေေါ်ထာ်းေှ ကသာ ဆောင်္ကျီ်း၏ကစတန က ို- 

“မကတာော်ကလာဘ က ှ ငော် ြွေွဲွေ့မှ၊ မကတာော်ကဒ္ါသ က  ှငော် ြွေွဲွေ့မှ၊ 

မကတာော်မာန က ှ ငော် ြွေွဲွေ့မှ ခေော်သ မော််းကိုနော်ကသာ  ဓမမ က  ှငော် 

 ြွေွဲွေ့တ ိုို့မှ မမနော်မာမေညော်သညော် ကဘ်းမွဲံ့ ွေ ်းင်္ကျီ်းကွဲံ့သ ိုို့ လွေတော်ကမမာကော် 

ေါကစဟို ဆိုကတာငော််းမြစော်က ာငော် သတ လစော်၍ မကနချငော်ကသာကကကာငံ့ော် 

မြစော်ေါသညော်။”   (၂၀ ၁၂၊ ၂၀ ) 

ဟူ၍ ကေ်းသာ်းထာ်းေါသညော်။ လွေတော်လေော်ကေ်းမေမျီကလညော််း  ွေ ်းလွှတော်ေွေွဲက ို 

ကကညံ့ော်၍ သူူ့ကျွနော်ဘဝကောကော်ကနကသာ မမနော်မာမေညော် တွေကော် ဆိုကတာငော််း 

သညော်။ လွေတော်လေော်ကေ်းေမေျီ်းကန ကော်လညော််း မလွေတော်လေော်ကသ်းကသာ မမနော်မာ 

မေညော်သူမေညော်သာ်းတ ိုို့ တွေကော် ဆိုကတာငော််းသညော်။ ကျယော်မေနို့ော်လှကသာ 

 ကကကာငော််းတော်းတ ိုို့က ို သ မမငော်လာက ာငော် “မကတာော်ကလာဘ 

 က ှ ငော် ြွေွဲွေ့မှ၊ မကတာော်ကဒ္ါသ က  ှငော် ြွေွဲွေ့မှ၊ မကတာော်မာန က ှ ငော် ြွေွဲွေ့မ ှ

ခေော်သ မော််းကိုနော်ကသာ  ဓမမ က ှ ငော် ြွေွဲွေ့တ ိုို့မ”ှ ဟကူသာ  မေ ြိုငော်ြွေွဲွေ့ကာ 

ဟနော်ချကော်ညျီညျီမြငံ့ော် ကေ်းသညော်။ ထွေကော်ခွောောမေစကာ်းလ ို်း “မ”ှက ို 

ထေော်ကာထေော်ကာ သ ို်းထာ်းကသာကကကာငံ့ော်လညော််း မမနော်မာမေညော်သူ၊ မေညော်သာ်း 

တ ိုို့က ို  က  ှငော် ြွေွဲွေ့ ာ်းလ ို်းမှ လွေတော်ကမမာကော်ကစလ ိုသညံ့ော် ဆောင်္ကျီ်း၏ 

ကစတန ကလသ က ို ကကာ်းကယာငော်လာေသညော်။ 

 

၄ ၊  ၅။ စ ာဖတ္ သူက ိို န ှစ  သက  မှု သရပ္ ်းပြင ်း 

        ေသစာတမော််းတွေငော် စာကေ်းသူက မ မ ၏ ကတွေွေ့ ကက ြိုက ို မ မ မမငော်ေ 

ကကာ်းေ ခ စာ်းေသကွဲံ့သ ိုို့ စာြတော်သူလညော််း မမငော်ေ၊ ကကာ်းေ၊ ခ စာ်း 

ေလာက ာငော်ြွေွဲွေ့သညော်။ စာြတော်သူသညော် ေသစာတမော််းက ို ြတော်မေျီ်းကန ကော် 

 နညော််း ှငံ့ော် မျာ်း  ှစော်သကော်မှုေသက ို ခ စာ်းေ ကစေါသညော်။  

 “က ွေဦ်းကျကော်သကေ”ေသစာတမော််းတွေငော် ကေကဝသူတ ိုို့၏  မူ ော၊ 

က ိုကြတ ိုို့၏ မူ ောတ ိုို့က ို မမငော်ကယာငော်ကကာ်းကယာငော် ခ စာ်းလာေက ာငော် 

သရိုေော်ကြာော်ကေ်းသာ်းထာ်းေါသညော်။ စာကေ်းသူတ ိုို့ ကကျာငော််းသာ်းသူငယော်ချငော််း 

တစော်သ ိုကော် ကေငတော်ကနစဉော် ကကျ်းလကော်လ ိုမေျ  ြိုတစော်စိုက ကေကိုသ ိုလော် 

မေြိုလာသညော်။ ဤသညော်က ို စာကေ်းသူက- 

“လာ်းလာ်း မ နော််းမေျ  ြိုတစော်စိုသညော် ကေ  ို်းက ိုယော်စျီေွကော်၍၊ မျီ်းေထာ်း 

မေတငော််းကေါကော်မျာ်းဆျီသ ိုို့  လာ၍ ကေ လ ိုေှ ေငော် ယကူကေါေှငော်။ 

ကေလှျူေါတယော်ေှငော်”ဟိုဆ ို၍ ကေ  ို်းမျာ်းက ို ကမော််းကေ်းကကေါသညော်။” 

(၂၀ ၁၂၊ ၁၄) 

ဟူ၍လညော််းကကာငော််း။ 

“မျီ်းေထာ်းသညော် ကကာေှညော်ေေော်ကလံ့မေှ သမြငံ့ော် ထ ိုမ နော််းမတစော်စိုသညော် 

ကေလ ိုကသာမျီ်းေထာ်းခေျီ်းသညော်မျာ်း ကေ ကစံ့ ငေက ာငော် 

 ာ်းထိုတော်ကကသညော်။ ကနေူစေော်ခါ်းက ို သူတ ိုို့မသ  ကေလ ိုချငော်သူ 

ကေမေလ ိုကော်မညော်က ိုသာ သူတ ိုို့သ ကကဟနော်တူသညော်။ ထ ိုို့ကကကာငံ့ော် 

မ နော််းမသာ်းတနော်မွဲံ့  ကမေ်း လွှာ်း ကေလ ိုကော်ကေ်းကကမခငော််း မြစော်သညော်။”  

(၂၀၁၂၊ ၁၅) 

ဟူ၍လညော််းကကာငော််း သရိုေော်ကြာော်ထာ်းေါသညော်။ ဤတွေငော် ကကျ်းလကော် 

မ နော််းမေျ  ြိုတစော်စို၏  ယဉော်ကကျ်းစွောကမောေ ို၊ ကနေူစေော်ခါ်းက ို  မှုမထာ်းဘွဲ 

 ကမေ်း လွှာ်း ကေလ ိုကော်ကေ်းကာ ကိုသ ိုလော်မေြိုေ ိုတ ိုို့သညော် ကကညော် ူ်း 

 ှစော်သကော်ြွေယော်ကကာငော််းေါကေသညော်။  ဒ္ါနဝျီေေသက ို ခ စာ်းေေါသညော်။ 

 က ိုကြသညော်  ွေ ်းလွှတော်ေွေွဲက ို ဦ်းကဆာငော်သူမြစော်သညော်။  ကြာော် 

သ ို်းကလ်းကယာကော် ငှံ့ော် ေေော်ောွလှညံ့ော်ကာ  ျီဝတဒ္ါန တွေကော်  လှျူခ သညော်။ 

ေသမျှတ ိုို့က ိုစိုကာ  ွေ ်းသတော်ရ ိုမ ှ ွေ ်းက ိုဝယော်သညော်။ ထ ိုို့ကန ကော်  လှျူေငှော်တ ိုို့ 

ဝမော််းကမမာကော်ေကလက ာငော်  တျီ်း မှုတော်၊  က ခိုနော်တ ိုို့မြငံ့ော် ေေော်ေွာ 

လှညံ့ော်ကာမေသညော်။ ဤသညော်က ိုလညော််း ဆောက ာော်ဂျ ျီက- 

“. . .ထကော်လှစွောကသာ ဓာ်းက ာကော် လညော်ေငော််းကောကော်ကနကသာ 

 ွေ ်းက ို  ေေော်က လှျူလ ိုကော်ကသာ တစော်ေွဲစို  ှစော်မော်းစို ငှံ့ော် သူဝယော် 

သညော်။ ထ ိုို့ကန ကော် ချ  ြိုြျာ်းတွေငော် ေ ကတာကော်ေနော််းဆငော်သညော်။ 

 ွေ ်းတစော်က ိုယော်လ ို်းက ို သနေော်ခါ်း ကမွှ်း င်္က ြိုငော် လ မော််းကျ  ေကော်ြျနော််း 

သညော်။  ွေ ်းကကျာကေေါ်တွေငော်  လ ှေကကာော်က ာ လွှာ်းတငော်သညော်။ 

ထ ိုို့ကန ကော် ေကလွေသမာ်း၊   ို်းစညော်သမာ်းမျာ်း ှငံ့ော် ဒ္ိုတ ယမပ  ေေော်ေွာက ို 

လှညံ့ော်သညော်” (၂၀၁၂၊ ၁၈) 

ဟူ၍လညော််းကကာငော််း၊ 

“ကန ကော်ဆ ို်းက   ို်းစညော်ဝ ိုငော််း။   ို်းစညော်သ ၊ ေကလွေသ ၊ လငော််းကွေငော််းသ ၊ 

လကော်ခိုေော်သ ၊ သ ချေော်ထ ို်းသ တ ိုို့သညော် မမညော်၍လ ိုကော်လာကကသညော်။ 

  ို်းစညော်ဝ ိုငော််း  ကေွှေ့တွေငော် ကဘ်းမွဲံ့ ွေ ်းင်္ကျီ်း၊ ေ ကတာကော်ေနော််း ငှံ့ော်၊ 

သနေော်ခါ်း ှငံ့ော်၊ ကတတျီေါ ှငံ့ော်၊ ကကာော်က ာ ှငံ့ော်၊ ဣက္ ြေင်္ကျီ်း ှငံ့ော်၊ သ ကခာ ှငံ့ော်၊ 
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တစော်လှမော််းမခငော််း လမှော််း၍ေါလာသညော်။  ွေ ်းင်္ကျီ်း၏ကေွှေ့တွေငော် 

က ိုကြ၏ က၊ ကကွေ်း၍၊ ကကာံ့၍၊ ယ မော််း၍၊ ယ ိုငော်၍၊ ကေှွေ့ဆ ို်းက 

သွော်းသညော်။ ”  (၂၀ ၁၂၊ ၂၀ ) 

ဟူ၍လညော််းကကာငော််း မမငော်ကယာငော်၊ ကကာ်းကယာငော် ခ စာ်းလာေက ာငော် ကေ်းသာ်း 

ထာ်းေါသညော်။  သ ို်းမေစကာ်းလ ို်းမြစော်သညံ့ော် “ ှငံ့ော်”က ို ဆကော်တ ိုကော်သ ို်း 

ထာ်းကသာကကကာငံ့ော်  ွေ ်းင်္ကျီ်း၏ ဆငော်တနော်ဆာ  ာ်းလ ို်းတ ိုို့သညော် 

တစော်စိုတစော်စညော််းတညော််းမြစော်လာမေျီ်း တငံ့ော်တယော်ကသာ၊ ကျကော်သကေေှ ကသာ၊  

 ွေ ်းင်္ကျီ်း သွေငော်မှာ ေ ိုကေေါ်လာသညော်။ ထ ိုို့ တူ “၍”က ို ဆကော်တ ိုကော် 

သ ို်းထာ်းသညော်မှာလညော််း ကကွေ်းလ ိုကော်၊ ကကာံ့လ ိုကော်၊ ယ မော််းလ ိုကော်၊ 

ယ ိုကော်လ ိုကော်မြငံ့ော် လျငော်မမနော်စွောကကနကသာ က ိုကြ၏ဟနော်က ို မမငော်ကယာငော်လာ 

ကစသညော်။  ျီဝ တဒ္ါနမေြိုလ ိုကော်ေ၍ ကကျနေော်ကေျာော်ေွှငော်ကနကသာ က ိုကြတ ိုို့က ို 

ကကညံ့ော်၍ ကကညော် ူ်းမခငော််း၊ ကကျနေော်မခငော််း၊ ကကညော်ည ြိုမခငော််းမြစော်ေသညော်။ 

သ တေသခ စာ်းေသညံ့ော်  ြွေွဲွေ့ကကာငော််းေငော် မြစော်ေါသညော်။ 

        ဆောက ာော်ဂျ ျီ၏ “က ွေဦ်းကျကော်သကေ” စာတမော််းသညော် စာြတော်သူတ ိုို့ ှငံ့ော် 

ခ စာ်းမှု တစော်ထေော်တညော််းကျသမြငံ့ော်  ှစော်သကော်မှု ေသက ို ကေ်းစွေမော််း  ိုငော်သညော်ဟို 

ဆ ိုေမညော်မြစော်ေါသညော်။ 

 

၅။ ခြ  ုင ိုသ ို်း သပ္ ြ ျက   

“ဆောက ာော်ဂျ ျီ”၏စာကေလကော်ော ‘က ွေဦ်းကျကော်သကေ’ ေသစာတမော််း 

သညော်  ေသစာတမော််း၏ သွေငော်မေငော်လကခဏာမျာ်း ငှံ့ော် က ိုကော်ညျီမှု ေှ သညော်က ို 

ကတွေွေ့ေှ ေေါသညော်။      က ိုယော်ေညော်က ိုယော်ကသွေ်းကေေါ်ကနမခငော််းတွေငော် စာကေ်းသူ၏ 

ကကျ်း ူ်းေှ သူက ို ကကညော်ည ြိုတတော်ကသာစရ ိုကော်၊  မှာ်းက ို ဝနော်ခ တတော်ကသာ 

စရ ိုကော်၊ မမနော်မာမှုဓကလံ့တ ိုို့က ို မမတော်  ို်းကသာ၊  ာ်းကေ်းကသာစရ ိုကော်တ ိုို့ 

ကေေါ်လွေငော်ကနကကကာငော််း ကတွေွေ့ေေါသညော်။ 

 ကကကာငော််း ောထကော်  ကတွေ်း မမငော်ခ စာ်းမှုက ို  ာ်းမေြိုမခငော််းတွေငော် 

ဝတော်ကကာငော််းစာ်းလှ၊ ဂိုဏော်မဒ္ေော်တ ိုို့ထကော်  စာလ ိုသူက ို  စာ၊ ကေလ ိုသူက ိုကေ 

ကေ်းလျှူသညံ့ော်  မေြို မတူ ိုို့သညော်လညော််း စစော်မှနော်ကသာ ယဉော်ကကျ်းမှု 

တစော်ခိုမြစော်ကကကာငော််း ကတွေ်းမေ၊ ကေ်းမေထာ်းသညော်။  ွေ ်းလွှတော်ေွေွဲက ို ကကညံ့ော်၍ 

မ မ တ ိုငော််းမေညော်က ို ကျွနော်ဘဝမ ှ လွေတော်ကမမာကော်ကစလ ိုကသာ  ကတွေ်းခ စာ်းမှု 

က ိုလညော််း ကတွေွေ့ေသညော်။ 

စာြတော်သူက ို ဆွေွဲကဆာငော်  ိုငော်ကသာစကာ်းကမေ  ကေ်း ြွေွဲွေ့မျ  ြို်း 

မြစော်မခငော််းတွေငော် က ွေဦ်းကေါကော်တ ိုငော််း ကေချမော််းစငော်က ို တညော်ကဆာကော်ကေ်းကသာ 

မမနော်မာတ ိုို့၏စ တော်၊ မမနော်မာတ ိုို့၏ ကစတန  လှသညော်  ိုေျ  ြိုလနော််းဆနော််း 

သစော်လွေငော်ကနေ ိုက ို တငော်စာ်းမှု၊ ေ ိုစ တူဟနော်ချကော်ညျီဝါကျ၊ ဥေမာ လကဂာ၊ 

ဝ ကသသစကာ်းလ ို်း တ ိုို့မြငံ့ော် စာြတော်သူက ို ဆွေွဲကဆာငော်ကေ်းသာ်းထာ်းကကကာငော််း 

ကတွေွေ့ေေါသညော်။ 

တ ိုတ ိုကျဉော််းကျဉော််းကေ်းြွေွဲွေ့ထာ်းကသာ  ကေ်း ြွေွဲွေ့မျ  ြို်းမြစော်မခငော််းတွေငော် 

ကေချမော််း  ို်းတညော်မခငော််း ှငံ့ော်  ွေ ်းကဘ်းမွဲံ့လွှတော်မခငော််း ကကကာငော််းက ို   ဝငော်ခွေငော်ကျ 

တ ိုတ ိုကျဉော််းကျဉော််း ကေ်းထာ်းကေသညော်။ “ကေချမော််းစငော်ယဉော်ကကျ်းမှု” ၊ 

“ ွေ ်းလွေတော်ေွေွဲယဉော်ကကျ်းမှု”၊ “လူထိုယဉော်ကကျ်းမှု” ဟူကသာဝ ကသသ စကာ်းလ ို်း 

 နညော််းငယော်မြငံ့ော် ထ ိုယဉော်ကကျ်းမှုတ ိုို့ ကေေါ်ထာ်းေှ ကသာ ဆောင်္ကျီ်း၏ 

သကဘာထာ်းက ို လှစော်မေ  ိုငော်သညော်မှာ ဆောင်္ကျီ်း၏  ကေ်း သာ်း 

ကျွမော််းကျငော်မှုေငော် မြစော်သညော်။ 

စာြတော်သူက ို  စှော်သကော်မှုေသကေ်းမခငော််းတွေငော်  မ နော််းမေျ  ြိုတစော်စို၏ 

ကနေူစေော်ခါ်းက ို  မှုမထာ်းဘွဲ  ကမေ်း လွှာ်း ကေကိုသ ိုလော်မေြိုေ ိုက ို 

ကကညော် ူ်း ှစော်သကော်ြွေယော်  ဒ္ါနဝျီေေသ၊ က ိုကြတ ိုို့၏  ွေ ်းလွှတော်ေွေွဲလှညံ့ော်ေ ိုက ို 

ကကညော် ူ်းမခငော််း သ တေသတ ိုို့ ခ စာ်းေက ာငော် ကေ်းသာ်း  ိုငော်စွေမော််းေှ ေါကေသညော်။ 

ထ ိုို့ကကကာငံ့ော် ဆောက ာော်ဂျ ျီ၏ စာကေလကော်ောမြစော်သညံ့ော် ‘က ွေဦ်း 

ကျကော်သကေ’ ေသစာတမော််းသညော် ေသစာတမော််း၏ သွေငော်မေငော်လကခဏာမျာ်း 

မြစော်သညံ့ော်  ချကော်(၅)ချကော် ှငံ့ော် က ိုကော်ညျီသညံ့ော်  စာတမော််းကကာငော််းတစော်ကစာငော် 

မြစော်သညော်ဟို ဆ ို  ိုငော်ေါသညော်။ 

 

န ိဂ ို်း 

        ဤစာတမော််းသညော် “က ွေဦ်းကျကော်သကေ”ေသစာတမော််းမှ “ဆောက ာော်ဂျ ျီ၏ 

စာကေလကော်ောက ို ေသစာတမော််း ဂဂါေေော်မျာ်းမြငံ့ော်  ကလံ့လာတငော်မေထာ်းသညံ့ော် 

စာတမော််းတစော်ကစာငော်သာမြစော်ေါသညော်။  ကျနော်စာကေ်းဆော(၉)ဦ်း၏ စာတမော််း 

မျာ်းက ိုလညော််း ေသ စာတမော််း၏  ဂဂါေေော်မျာ်းမြငံ့ော် ကလံ့လာသိုကတသနမေြို  ိုငော် 

ေါကသ်းသညော်။ ဤ စာတမော််းက ို ြတော်ရှုကလံ့လာမခငော််းမြငံ့ော် ဘဝ သ ၊ 

ဘဝ မမငော်တစော်ခိုခို ေလ မံ့ော်မညော်ဟို ယ ိုကကညော်မ ေါသညော်။  

 

ရက ျ်း  ူ်းတ္င လ ာ 

ဤစာတမော််းက ို မေြိုစိုခွေငံ့ော်ေက ာငော် လမော််းမေခွဲံ့ကကကသာ သငော်ဆော၊ မမငော်ဆော၊ 

ကကာ်းဆော ကေါငော််းတ ိုို့ ာ်း ဦ်းခ ိုကော်ေူက ာော်ကာ ကကျ်း ူ်းတငော်ကကကာငော််း 

မှတော်တမော််းတငော် ေော်ေါသညော်။ 

 

က ျမ  ်းက ိို်းစ ာ င ်း 

ခငော်မငော်၊ ကမာငော်(ဓ ိုမြျူ)။ (၁၉၈၇)။ စ ာတ္မ ်းငယ စ ာရပ္ 

စ ာတ္မ ်းမ ျာ်း၊ ပ္ထမ တ္ွွဲ။ ေနော်ကိုနော်၊ စာကေဗ္ မာနော်ေ ို ှ ေော်တ ိုကော်။ 

က ာော်ဂျ ျီ ှငံ့ော် မျာ်း ငှံ့ော် မျာ်း။ (၂ဝ၁၂)။ က   ရက ာ မမိုင စ ာ တ္မ ်း။ 

ေနော်ကိုနော်၊ ောမေညံ့ော်စာ ိုေော်တ ိုကော်။ 

ဘကသာငော််း (ဗ္ ိုလော်မှျူ်း)။ (၂၀၀၂)။ စ ာဆိိုရတ္ ာ မျ ာ်း အတ္ထုပ္ပ တ္တိ 

(ေဉ္စင်္က မော်)။ ေနော်ကိုနော်၊ ောမေညံ့ော်စာ ိုေော်တ ိုကော်။ 

မ ို်းကမမ၊ မ။ (၂၀၀၈)။ ဆ ာရ ာ ဂျ ျီန ှင    သစ ာ တ္မ ်း ှင တ္ိိုို့၏  

ရတ္ွ်းဟန  န ှင  ရ ်း ဟန  မျ ာ်း။ ေနော်ကိုနော်၊ ကေွှက ံ့ကကာော်စာကေ။ 
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ပြည်နဝဒ ေးနှင ် နတရ်ငှ်ဒနောင်တ ုို့၏ မ ုေးဒတောရတုမ ောေးမှ ရသဒပမောက်အဖ  ွဲ့မ ောေး 

န ှိုင်ေးယှဉ်ဒလ လောခ က် 

ဒ ေါကတ်ာဒ ေးဒ ေးထွန်ေး၁ 

မြန်ြာစာဌာန၁, နည််းပညာတက္ကသ ိုလ် (မန္တဒ ေး)၁ 

Email: drayeayehtun11@gmail.com1  

စ ာတမ ်းအက ျဉ  ်း 

ဤစောတမ်ေးသည် ဒတောင်ငူဒခတ်စောဆ ု 

ပြည်နဝဒ ေးနှင ် နတ်ရှင်ဒနောင်တ ုို့၏ မ ုေးဒတောရတုမ ောေးမှ 

ရသဒပမောက်အဖ  ွဲ့မ ောေးက ု န ှိုင်ေးယှဉ်ဒလ လောတင်ပြထောေး 

ဒသော သုဒတသနစောတမ်ေး ပဖစ်ြါသည်။ ဒသော ခ က် 

ဒဝါဟောရမှော ရသပဖစ်သည်။ ရသသည် ဒရှေးဒဟောင်ေးဂနတဝင် 

ပမန်မောစောဒြနယ်ြယ်ရှ  ရတုကဗ ောမ ောေး၏ အသက် 

ဒသ ေးဒ ကောြမော အဒရေးြါြ ုက ု သ ရှ ဒစလ ုဒသော 

ရည်ရွယ်ခ က်ပဖင ် ဒရေးသောေးပြြုစုပခင်ေး ပဖစ်ြါသည်။ 

စောဒြနယ်ြယမ်ှော ရသစောဒြနယ်ြယ ် ပဖစ်သည်။ 

နဝဒ ေးရတု ဒြါင်ေးခ ြုြ်နှင ် နတ်ရှင်ဒနောင်ဆ ုရတုမ ောေး 

စောအုြ်တ ုို့က ု အဒလ လောခ အပဖစ် သတ်မှတ်ြါသည်။ 

ဤစောတမ်ေးက ု ဒလ လောတင်ပြရောတ င် အခန်ေး(၁) ရတု 

ဒဝါဟောရနှင ် သဒ ောသ ောဝ၊ အခန်ေး(၂) ရသသဒ ော 

ဖ င ်ဆ ခု က်၊ အခန်ေး(၃) ပြည်နဝဒ ေးနှင ် နတ်ရှင်ဒနောင်တ ုို့၏ 

မ ုေးဒတောရတုမ ောေးမှ ရသဒပမောက် အဖ  ွဲ့မ ောေး န ှိုင်ေးယှဉ် 

ဒလ လောခ က်ဟူ၍ အခန်ေး(၃)ခန်ေး ခ  ကော ဒလ လောတင်ပြ 

ထောေးြါသည်။ စောဆ ုတ ုို့၏ အဒတ ေးစ တ်ကူေး နှင ် 

အဒရေးအဖ  ွဲ့စ မ်ေး ထက်ပမက်ြ ုတ ိုု့က ု ဒလေးစောေးအတယုူဖ ယ် 

ဒတ ွဲ့ပမင်ရြါသည်။ ဤစောတမ်ေးသည် ဒရှေးပမန်မောစောဒြ 

နယ်ြယမ်ှ ရတုကဗ ောက ု စ တ်ဝင်စောေးဒလ လောလ ုသူမ ောေး၊ 

ပမန်မောစောအထူေးပြြု ဆရော၊ဆရောမမ ောေး၊ ဒက ောင်ေးသောေး 

ဒက ောင်ေးသမူ ောေး၏ ရတုကဗ ော သင် ကောေးဒရေးအတ က် 

တစ်စ ုတစ်ခုဒသော အက  ြုေးဒက ေးဇူေး ပြြုန ုင်မည်ဟု 

ဒမ ေ်ာလင ်မ ြါသည်။ 

အထူေးပြြုသုဒတသနနယ်ြယ် -  ရသစောဒြ၊ ရတု၊ 

ပြည်နဝဒ ေး၊ နတ်ရှင်ဒနောင် 

၁။ န ိဒါန  ်း 

      ပြည်နဝဒ ေးန္ှင ် နတ်ရှင်ဒနောင်တ  ို့သည် 

ဒတာင်ငူဒေတ် ရတ ကဗ ာဒ ာကက   ဦေးဒ ာင် 

ေ  ကကသူမ ာေး ပြစ်သည်။ ပြည်နဝဒ ေးကက ေးသည် မငေ်းမှုထမ်ေး 

စာ   ပြစ်၍ နတ်ရှင်ဒနောင်သည် မငေ်းြ  ျိုမင်ေး ွင် စာ    

ပြစ်သည်။ ဤစာတမ်ေးသည် ရာသ ဘွ ွဲ့ ြ   ်စ  ရတ မ ာေး 

ပြစ်သည ် မ  ေးဒတာရတ မ ာေးက   န္ ှုင်ေးယှဉ်တင်ပြထာေးပေင်ေး 

ပြစ်ြေါသည်။ ရာသ ဘွ ွဲ့ြ   ်စ  ရတ မ ာေး ပြစ်သည ်  ဒ  ာက် 

ြထမြ   ်တွင် ရာသ သဘာဝ ဒပေ ဒန၊   တ ယြ   ်တွင် 

ဒမာင်မယ်ဒဝေးကွာရသည ် ဒကကာင်ေး ရငေ်းန္ှင ် တတ ယ 

ြ   ်တွင် ဒမာင်မယ်တ  ို့၏  ေ စ်  ွမ်ေး  ဒတွေးေ စာေးေ က် 

တ  ို့ပြင  ်ဒရေးြွ ွဲ့ဒ  ရှ ြေါသည်။ 

 ပြည်နဝဒ ေးန္ှင ် နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးမှ ရသဒပမာက် ြွ ွဲ့မ ာေးက န္ ှုင်ေးယှဉ်ဒ   ာရာတွင် 

ရတ ကဗ ာ  မ်ေးဒကကာင်ေးက   စတင်ေ  ဒသာ နဝဒ ေးကက ေး၏ 

 ဒတွေးစ တ်ကူေးန္ှင ်  ဒရေး ြွ ွဲ့စွမ်ေးရည်တ  ို့က        

နတ်ရှင်ဒနောင်က နည်ေးမှ ေးကာြွ ွဲ့    ထာေးြ  ၊  ကက တူ 

ဒနောက် ူဒကာင်ေးစမမ     သည ် တ  င်ေး နဝဒ ေးထက် 

နတ်ရှင်ဒနောင်က မငေ်းြ  ျိုမင်ေး ွင်ြ ြ   ဒတွေးစ တ်ကူေး 

ဒကာင်ေးြ  ၊  ဒရေး ြွ ွဲ့စွမ်ေးရည်သာ ွန်ြ  တ  ို့က   န္ ှုင်ေးယှဉ် 

တင်ပြထာေးြေါသည်။ ဤသ ဒတသနစာတမ်ေးတွင် ဂန္တဝင် 

ရတ  စာ   ကက ေးန္ှစ်ဦေး၏ ရသဒပမာက် ြွ ွဲ့မ ာေးက   

န္ ှုင်ေးယှဉ်ဒ   ာ တင်ပြထာေးြေါသည်။ 

၂။ အခန်ေး(၁) ရတုဒဝါဟောရနှင ် သဒ ောသ ောဝ 

 ရတ ဟူဒသာ ဒဝေါဟာရသည် ပမန်မာဘာသာ 

စကာေးရတ   ည်ေးရှ သည်။ ြေါဠ ၊ သကကတဘာသာမှ 

 င်ေးသက် ာသည် ည်ေးရှ သည်ဟ  ြညာရှင်မ ာေးက 

 မ  ျိုေးမ  ျိုေး ကက  ကကြေါသည်။ 
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 ရတ ဟူဒသာ ဒဝေါဟာရန္ှင ်ြတ်သက်၍ ဒဝေါဟာရ 

  နတထြကာသန က မ်ေးတွင် -  

“ရတ ဟူသည်ကာေး သကကတဘာသာ၌ ရ  ကခရာ တွင် 

တ စြ်  က် (ရ တ )ပြစ်သည်။ ထ  ရ တ  သ ဒေါက   

ပမန်မာ    ရတ ဟ  ဒေေါ်သည်။” [၇] 

ဟူ၍ ြွင ်   ထာေးြေါသည်။ ကဗ ာဗန္ဓသာရက မ်ေးတွင် - 

“ရတ    သည်မှာ ပမန်မာဘာသာ ဒြေါရာဏ သက်သက် 

ရတ  ည်ေး ရှ သည်။ သကကတ ဘာသာ(ရ တ )မှ 

ြ က်ပြယ်ဒရ ွဲ့  ာေး ာဒသာ ပမန်မာဘာသာ 

ရတ  ည်ေး ရှ သည်။” [၂] 

ဟ  ြွင ်   ထာေးြေါသည်။ ကဗ ာသာရတထသမဂဂျိုဟ်တွင် - 

 “ရတ ဟူဒသာစကာေး၏  နက် ဓ ြပေါယ်  က ဉ်ေးမှာ 

ဂ မှန္တဥတ ၊ ဝသန္တဥတ ၊ ဒဟမန္တဥတ ဟူဒသာ 

ဒန္ွ၊မ  ေး၊ဒ ာင်ေး ကာ   ေ  န်မ ာေးက   ြေါဠ ဘာသာ၌ 

ဥတ ၊သသသကရ  ဋ် ဘာသာ၌ ရ တ ဟ  ဒေေါ်သပြင ် 

 ယ န်္ှစ်ရာသ ဘွ ွဲ့ ကဗ ာတ  ို့က   ရတ ဟ  ဒေေါ်သည်။” [၉] 

ဟ  ြွင ်   ထာေးြေါသည်။ ပမန်မာစာဒြသမ  င်ေးတွင် -  

“ရတ ဟူသည် သကကတဘာသာရ တ မှ ြ က် ာ ဒသာ 

ရတ  ည်ေး ရှ သည်။ ဒြေါရာဏသက်သက် ရတ  ည်ေး 

ရှ သည်။ သကကတဘာသာရ တ မှာ  ေေါရာသ  

 နက်ရ၍ ပမန်မာဘာသာ ရတ မှာ 

 ဒပေ ဒနဟူဒသာ နက်၊  ေ  န် ေေါ ဟူဒသာ 

 နက်၊  ေမ်ေး နောေးဟူဒသာ နက် သ  ေးမ  ျိုေး ရသည်။” 

[၅]  

ဟ  ြွင ်   ထာေးြေါသည်။ ပမန်မာ ဘ ဓာန်တွင် -  

“ရတ /ယ  /န - ဒ ေး   ေးတစ်ြ   ် ဒရေးြွ ွဲ့ဒသာ 

ကဗ ာတစ်မ  ျိုေး” (သ၊ရ တ ) [၈] 

ဟူ၍ ြွင ်   ထာေးြေါသည်။ 

 ဤသ  ို့ြညာရှင် သ ေးသ ေး၏  ဓ ြပေါယ်ြွင ်   ေ က် 

မ ာေး ရ ရတ ဟူဒသာဒဝေါဟာရမှာ သကကတဘာသာရ တ ၊ 

ြေါဠ ဘာသာ ဥတ တ  ို့မှ ာ၍  ေေါရာသ  နက်ရဒကကာင်ေး၊ 

ထ  မှ ေေါရာသ တ  ို့၏ တင ်တယမ်ှုန္ှင ် ဒမွွဲ့ဒ  ာ် 

ဒြ ာ်ြ  က်ြွယ်တ  ို့က   ြွ ွဲ့သ ထာေးဒသာ ကဗ ာ ကသာဟ  

   န္  င်ြေါသည်။ 

 တစ်ြန် ရတ ကဗ ာြွ ွဲ့   သည ်  ဒကကာင်ေး 

 ရာန္ှင ် ြတ်သက်၍ ဘ ရာေးတ  င်၊ ဒက ေးဒစ၊ စစ်ေ  ၊ 

မမ ျိုွဲ့ဘွ ွဲ့၊ မယ်ဘွ ွဲ့၊ ဒမာင်ဘွ ွဲ့၊ ရာသ ဘွ ွဲ့၊ ြန်ေးဘွ ွဲ့ 

စသည်ပြင ်  မ  ျိုေးစ   ြွ ွဲ့   ေ  ကကြေါသည်။ 

တစ်ြ   ်စြ်  င် ဧကြ   ်၊ န္ှစ်ြ   ်စြ်  င်  ပြည ်ေ ၊ 

သ  ေးြ   ်စြ်  င် ြ   ်စ  ရတ  ဟူ၍ ည်ေး ဒတွွဲ့ရြေါသည်။ 

စြ်   ရာတွင်  ေ  ၊  ေ ၊ ကာရန်၊  သတ် 

ည ရြေါသည်။ 

 ထ  ို့ဒကကာင ် ရတ ကဗ ာသည် စာ   ၏ 

 ာရ  (၆)ြေါေးတွင် ဒတွွဲ့ကက ျိုထင်ဟြ်ဒနသည်မ ာေးက   

 ဒပေေ ၍ စ တ်ကူေးဉာဏ် ကွနိ်ု့ပမ ေးကာ န္ှစ်သက်ြွယ် 

ပြစ်ဒ ာင် ဒရေးြွ ွဲ့ထာေးဒသာကဗ ာ ပြစ်သည်။ ထ  သ  ို့ 

ဒရေးြွ ွဲ့ရာတွင် ြ   ်ဒရ ရ ည်ေးဒကာင်ေး၊ ြ  ဒရ 

 တွက်  ရ ည်ေးဒကာင်ေး ကနိ်ု့သတ်ေ က် ရှ ဒကကာင်ေး 

ဒ   ာ ဒတွွဲ့ပမငရ်ြေါသည်။ 

၃။  အခန်ေး(၂) ရသသဒ ောဖ င ်ဆ ုခ က် 

 ရသ ဟူဒသာဒဝေါဟာရ၏  နက် ဓ ြပေါယ်က   

ြညာရှင် မ ာေးက  မ  ျိုေးမ  ျိုေးြွင ်   ေ  ကကြေါသည်။ 

   ကသာန သ က မ်ေးတွင် - 

“သာမဇ္ဇ ကာန ၊ ြွ ကကည ်ဒသာသူတ  ို့၏၊ 

ဗန္ဓထထာန္ ဿရ န ၊ သ ေ င်ေး၊ ရတ ၊ ကဗ ာ 

 စရှ က န်ဒသာ ြွ ွဲ့၏ နက်က   ဒ ာက်ဒမ  င်ပေင် 

က န်ဒသာသူတ  ို့၏၊ ဒယာ ာနဒန္ဒေါ၊  ကကင်န္ှစ်သက် 

 ြ်ဒသာ သဒဘာက  ၊ ရသ ယတ ၊ ြ ာေးဒထာြတ် 

 စရှ ဒသာ  ရသာတ  ို့က   စာေးရာ သာယာဘ သက  သ  ို့၊ 

သာယာ ြ်၏၊ ဣတ ၊ ထ  ို့ဒကကာင ်၊  ယ ၊ 

ဤသာယာ ြ်၊ န္ှစ်သက် ြ်ဒသာသဒဘာက  ၊ 

တည ဟ ၊ ထ  ရသက   သ ဒသာြညာရှ တ  ို့သည် 

ရဒသာနောမ၊ ရသမည်၏၊” [၆] 

ဟူ၍ ြွင ်   ထာေးြေါသည်။ ပမန်မာ  ကသာက မ်ေးတွင် -  

“သူဒတာ်ဒကာင်ေးတရာေးက   န္ှစ်သက်သာယာပေင်ေး၊ 

ြွ  မ်ေးသဘင်၊  က ေ န်၊  ဒပြာ ဒဟာ၊ 

ကဗ ာ ကသာ  သ  က  ေး  ဒရေး သာေးတ  ို့၌ 

န္ှစ်သက်သာယာမက်ဒမာပေင်ေးက   ရသဟ  ဒေေါ်သည်။” 

[၄] 
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ဟ  န္ှစ်သက်ပေင်ေးန္ှင ် ြတ်သက်၍ ရသက   ရှင်ေးပြ 

ထာေးြေါသည်။ ထ  ို့ဒကကာင ် ရသဟူသည် န္ှစ်သက်ပေင်ေးန္ှင ် 

ယှဉ်ဒသာ စာဒြ၊  န္ ြညာ ရသာြင် ပြစ်ြေါသည်။ 

       

၄။  အခန်ေး(၃) ပြည်နဝဒ ေးနှင ် နတ်ရှင်ဒနောင်တ ုို့၏ 

မ ုေးဒတောရတု မ ောေးမှ ရသဒပမောက်အဖ  ွဲ့မ ောေး 

န ှိုင်ေးယှဉ်ဒလ လောခ က် 

ဤသ ဒတသနစာတမ်ေးသည် ဒတာင်ငူဒေတ်တွင် 

ထင်ရှာေးဒက ာ်ကကာေးေ  ဒသာ ဂန္တဝငစ်ာ   ကက ေးန္ှစ်ဦေး၏ 

မ  ေးဒတာရတ  မ ာေးမှ ရသဒပမာက် ြွ ွဲ့မ ာေးက   

န္ ှုင်ေးယှဉ်ဒ   ာတင်ပြထာေးဒသာ စာတမ်ေး ပြစ်ြေါသည်။ 

သ ဂသေါရရသ၊ ကရ ဏာရသန္ှင ် ဘယာနက ရသတ  ို့က   

စာ   တစ်ဦေးေ င်ေးစ မှ  ဒတွေးစ တ်ကူေးေ စာေးေ က်တ  ို့ပြင ် 

ရသဒပမာက် ြွ ွဲ့မ ာေး ပြစ် ြန် င်ေးြွ ွဲ့န္ွ ွဲ့ေ  သည်က   

န္ ှုင်ေးယှဉ် တင်ပြသွာေးမည် ပြစ်ြေါသည်။ 

၄၊၁။  သ ဂဂါရရသ 

 သ ဂသေါရရသက   ပမန်မာ  ကသာက မ်ေးတွင် -  

“သူဒတာ်ဒကာင်ေးတရာေး၌ဒမွွဲ့ဒ  ာ်ပေင်ေး၊ 

ေ စ်ကက ျိုက်ပေင်ေး” [၄] 

ဟ  ြွင ်   ထာေးြေါသည်။ ပမန်မာ ဘ ဓာန်တွင် -  

“ေ စ်ေငန်္ှစ်သက်မှုရသ” [၈] 

ဟ  ြွင ်   ထာေးြေါသည်။ထ  ို့ဒကကာင ် သ ဂသေါရရသတွင် 

တရာေးဓမမ၌ ဒမွွဲ့ဒ  ာ်ပေင်ေး ဓမမသ ဂသေါရရသန္ှင ် ဒမာင်မယ် 

တ  ို့၏  ေ စ်၊  ွမ်ေး  ြွ ွဲ့တ  ို့ဒကကာင ် ေ စာေး ာရဒသာ 

န္ှစ်သက်မှုန္ှင ်ယှဉ်သည ် ကာမသ ဂသေါရရသ ဟူ၍ ရှ ြေါသည်။ 

ဓမမသ ဂသေါရရသက   ပမန်မာ  ကသာ က မ်ေးတွင် -  

“သူဒတာ်ဒကာင်ေးတရာေး၌ ဒမွွဲ့ဒ  ာ်ဒြ ာ်ြ  က်ပေင်ေး 

ဟူဒသာ သမထ၊ ဝ ြဿနော၊ ဘာဝနောသည် ဓမမသ ဂသေါရ 

ရသ မည်၏” [၄] 

ဟူ၍ ည်ေးဒကာင်ေး၊ ကာမသ ဂသေါရ ရသက   -  

“(က) က  ယ် က်ထ ြေါေးပေငေ်းမရှ ဒသေးဘ  ပမင်ရ  ၊ စကာေး 

ကမ်ေး ှမ်ေးရ  မ ဒ ာက်သာ ေ စ်ေငရ်ဒသာ  ဒယာဂ 

သ ဂသေါရရသ၊ 

(ေ) က  ယ် က်န္ှ ေးဒန္ှောထ ြေါေးပေင်ေးသ  ို့ ဒရာက်ဒ ာင် 

ေ စ်ေငရ်ဒသာ သဒမဘာဂသ ဂသေါရရသ၊ 

(ဂ) ဒြေါင်ေးသင်ေးမြ ေးမှဒသာ် ည်ေးဒကာင်ေး၊ 

မဒြေါင်ေးသင်ေးရဒသေးမ ဒသာ် ည်ေးဒကာင်ေး၊ ဒသကွ ၊ 

ရှင်ကွ  န္ှစ်မ  ျိုေးတွင် တစ်မ  ျိုေးမ  ျိုေးပြင ် ကွ ကွာ ရဒသာ 

ဝ ဒယာဂသ ဂသေါရရသ” [၄] 

ဟူ၍ ည်ေးဒကာင်ေး ေွ ပောေးြွင ်   ထာေးြေါသည်။ 

 ဒတာင်ငူဒေတ်တွင် ထင်ရှာေးဒက ာ်ကကာေးေ  ဒသာ 

စာ    နဝဒ ေးကက ေး၏ မ  ေးဒတာရတ မ ာေးတွင် 

 ဒယာဂသ ဂသေါရရသဒပမာက်  ြွ ွဲ့မ ာေးက   ဒတွွဲ့န္  င်ြေါသည်။ 

"တဒနကသည်”ေ   မ  ေးဒတာရတ  တွင်-  

 “ဒနောင ်တွင်ဒကကာင်ေးေ၊ ပေည်မယတည ်၊ 

စ တ်ကဒြ ာ်ဒပြ၊ တ မ်ပမြှြ်ဒန ည်ေး၊ ဒထွဒထွကက ဒရေး၊ 

မှာမှာဒသေးမူ၊ ဒဝေးသည် ြ၊ ဝမ်ေးကဒထွပြာေး၊ 

တြေါေး မှတ်၊ တ မ်ေးညွှတ်ထာေးြ ၊ မရှ မြ တည ်၊ 

စ တ်ည ဒဘာက်ပြန်၊ ကျွန် ည်ေးမ ာေး၊ သူတပောေးဝယ်၊ 

ြေါေး   က် င ်မှာ။ ။ ဒ  ာက်ဒစ ှာသည် 

ကကာ ှ၏” [၃] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် ေ စ်သူဒမာင်က 

မယ်ဒ ေး ဒြေါ် ဒမတတာသက်ဝငဒ်ကကာင်ေး ဒပြာကကာေး 

ေ  ြေါသည်။ မယ်ဒ ေးသည် ဒမာင်၏ဒမတတာက   မတ   ို့ပြန် 

ဒသေးဒသာ် ည်ေး  ပောေးတစ်ြေါေးသူ ဒြေါ် စ တ်တ မ်ေးညွှတ် 

ပေင်ေး ည်ေး မရှ ဒြ။ ထ  ို့ဒကကာင ် ေ စ်သူဒမာင် ဒနပြင ် 

မယ်ဒ ေးထ မှ တ  ို့ပြန်စကာေးက   ဒမ ာ် င ်ဒစာင ်စာေး 

ဒနရသည်မှာ ကကာဒညာင်ေးဒနမြ  ပြစ်ဒကကာင်ေး ြွ ွဲ့    

ထာေးြေါသည်။ ေ စ်သူဒမာင်၏ တစ်ြက်သတ် ေ စ်က   

ဒြေါ် ွင် ာဒ ာင် ြွ ွဲ့   ထာေးဒသာဒကကာင ်  ဒယာဂ 

သ ဂသေါရရသဒပမာက်ြေါသည်။ 

 မငေ်းြ  ျိုမင်ေး ွင်စာ   ပြစ်ဒသာ နတ်ရှင်ဒနောင်၏ 

မ  ေးဒတာရတ မ ာေးတွင် တစ်ြက်သတ် ေ စ်က   ြွ ွဲ့    

ထာေးဒသာ  ဒယာဂသ ဂသေါရရသဒပမာက်  ြွ ွဲ့မ ာေးက   

မဒတွွဲ့ရဒြ။ နဝဒ ေးကက ေး ၏ မ  ေးဒတာရတ မ ာေးတွင်သာ 

 ဒယာဂသ ဂသေါရရသဒပမာက် ြွ ွဲ့မ ာေးက   ဒတွွဲ့ရြေါသည်။ 

သဒမဘာဂသ ဂသေါရ ရသဒပမာက် ြွ ွဲ့က  မူ စာ   န္ှစ်ြေါေးစ   ေး၏ 

မ  ေးဒတာရတ မ ာေးတွင် မဒတွွဲ့ရဒြ။ 
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 ရတ ကဗ ာတ  ို့မည်သည် ဇ္ာတ် မ်ေး၊ ဇ္ာတ်ကွက် 

 င်၍ စ တ်ကူေးယဉ်ဒရေးြွ ွဲ့ထာေးပေငေ်းမ  ျိုေး မဟ တ်ဒြ။ 

စာ   တ  ို့၏  ဒတွွဲ့ ကက ျိုန္ှင ် စ တ်ေ စာေးေ က်က   ြွ ွဲ့   ဒသာ 

ကဗ ာမ  ျိုေးပြစ်သည်။ ထ  ို့ပြင် စာ   တ  ို့သည် ည်ေး 

စစ်သည်စာ   မ ာေး ပြစ်ကကဒသာဒကကာင ် စစ်ေ  ထွက် 

ရသည်။ ဒမာင်မယ်န္ှစ်ဦေး ကွ ကွာဒနရသည ် ေ  န်က 

မ ာေးသည်။ ထ  ို့ဒကကာင ် ဒမာင်မယ်န္ှစ်ဦေး ကကည်န္ူေးရွှင်ပမ ေး 

ဒနဒသာ  ဒကကာင်ေး ရာတ  ို့က   ြွ ွဲ့   ဒသာ သဒမဘာဂ 

သ ဂသေါရရသဒပမာက် ြွ ွဲ့မ ာေးက   မဒတွွဲ့ရပေင်ေး ပြစ်ြေါသည်။ 

 စာ    နဝဒ ေးန္ှင ်နတ်ရှင်ဒနောင်တ  ို့၏ 

မ  ေးဒတာရတ မ ာေးတွင် ဝ ဒယာဂသ ဂသေါရ ရသဒပမာက် ြွ ွဲ့ 

မ ာေးစွာက   ဒတွွဲ့ပမငန်္  င်ြေါသည်။ နဝဒ ေး၏ 

“တစ တ်စ တ်  င်”ေ   မ  ေးဒတာရတ တင်ွ -  

“ရှု  ဘွယ်တည ်၊ မြ ျိုေး င်ပြည ်သာေး၊ သ  ို့သည ်ေေါတွင်၊ 

ဒမွွဲ့ရာေွင်ဝယ်၊ မရွှင်ဒယာင်ေးန္ွမ်ေး၊ ဒနဒကကာင ် 

သမ်ေးသည ်၊ ဒရေ မ်ေးကာေးဒဝေး၊ ြန်ေးကကာဒမွှေးသ  ို့၊ 

မင မ ်ဒ ေးစ ှ၊  င်ေးပမပမသည်။ ။ဒြ ာင်ေးြ   

စက်ရာ ဒေွ  မ ်မည်” [၃] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် ဒကာင်ေးပေင်ေးငေါေးပြာန္ှင ် 

ပြည ်စ  ၍ ရှုမမင ေးဒ ာင် ှြဒသာ မယ်ဒ ေးသည် မ မ က   

 ွမ်ေးသည ်စ တ်ဒကကာင ် ဒရဒဝေးဒသာ ကကာြမာ န္ွမ်ေး  ကာ 

စက်ရာဒေွဒ  ာ ဒန  မ ်မည်ဟ  စစ်ဒပမပြင်ဒရာက် 

ေ စ်သူဒမာင် က ဒတွေးဒတာြူြန်ဒကကာင ်ကကစ တ် 

ပြစ်ဒြေါ်ရြ  က   ြွ ွဲ့   ထာေး ြေါသည်။ တစ်ြက်မှ ည်ေး 

မယ်ဒ ေး၏   ွမ်ေးေ စာေးေ က်က  ြေါ ဒြေါ် ွင်ဒ ာင် 

ြွ ွဲ့   ထာေးဒသာဒကကာင ် ဝ ဒယာဂသ ဂသေါရရသ 

ဒပမာက်ြေါသည်။ 

 တစ်ြန် စာ   နတ်ရှင်ဒနောင်၏ 

မ  ေးဒတာရတ မ ာေးတွင်  ည်ေး 

ဝ ဒယာဂသ ဂသေါရရသဒပမာက် ြွ ွဲ့မ ာေးက   ဒတွွဲ့န္  င်ြေါသည်။ 

“ေက်ပေည်   ဒဝ”ေ   မ  ေးဒတာရတ တင်ွ -  

“သ ဂသရည်ဒ ေး၊ ပြစ်မ  ျိုေးဒဝေးန္ှင ်၊ ြ  က်ဒထွေးတူစ  ၊ 

ဒြ ာ်ရတ  မူ၊ မခေ ျိုဒသာ် ည်ေး၊     ှဒတာ မည်၊ 

မှတ်သည်က  သာ၊ ဒဘာ်ကွာဒန္ှောင ်ဒန္ှေး၊ ေ စ်သူဒဝေးေ  ” 

[၁] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် သ ဂီဒရွှစင်၏ 

 ဒရာင်က  သ  ို့  သာေး ဒရဝင်ေးဝေါစ  ပြည်၍ 

 ပြစ်ဟူသမ ကင်ေးဒဝေးဒသာ ေ စ်သူ မယ်ဒ ေးန္ှင ် 

 တူတကွယ ယြ  က်ဒထွေးကာ ဒြ ာ်ရွှင်စွာဒနရြေါ က၊ 

မဒထွေးဒသာ် ည်ေးဒန္ွေး၊ မခေ ျိုဒသာ် ည်ေး   မည်ဟ  

ဒတွေးထင် ေ စာေးဒနမ ြေါသည်။ သ  ို့ဒသာ် 

ဒမာင်မယ်န္ှစ်ဦေး   စည်ေးရန် ဒန္ှောင ်ဒန္ှေးကကနိ်ု့ကကာ 

ဒနဒကကာင်ေး ြွ ွဲ့   ထာေးဒသာဒကကာင ် ဝ ဒယာဂ 

သ ဂသေါရရသဒပမာက်ဒကကာင်ေး ဒတွွဲ့ရြေါသည်။   

 စာ   ၏ “တာရက် က  ”ေ   မ  ေးဒတာရတ တွင် -  

 “စစ်တြ်ဒပမတာ၊ ရြ်ရာထူေးပောေး၊ ဒဝေးဒ  

ပငာေး ည်ေး၊ စက်ြေါေးတွင်ြင်၊ ထင်တ  ဒရေးဒရေး၊ 

ေ စ်စ တ်ဒပြေးသည်။ ။ မဒဝေး ရှုဒပမာ်မ ၏သ  ို့” [၁] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် ေ စ်သူဒမာင်သည် 

  ွန် ဒဝေး  သ ဒေေါင်ဒသာ စစ်ဒပမစေန်ေးတွင် 

ဒရာက်ဒနြေါဒသာ် ည်ေး ဒမာင်မယ်န္ှစ်ဦေး၏ ကူေး ူေး 

ယှက်န္ွယဒ်နဒသာ ဒမတတာစ တ် ဒကကာင ်  န ေး ြေါေးတွင် 

ရှ ဒနသက  သ  ို့ မှတ်ထင်ယ  ကကည်ဒနမ သည ်စာ   ၏ 

 ဒတွေးစ တ်ကူေးက   ဒြေါ် ွင်ဒ ာင် ဒရေးြွ ွဲ့ထာေးဒသာ 

ဒကကာင ် ဝ ဒယာဂသ ဂသေါရရသက   ေ စာေး ာဒစြေါသည်။ 

 နဝဒ ေးန္ှင ် နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးမှ ဝ ဒယာဂသ ဂသေါရရသဒပမာက် ြွ ွဲ့မ ာေးက   န္ ှုင်ေးယှဉ် 

ဒ   ာရာတွင် နဝဒ ေးကက ေးသည် စစ်ထွက်ေ စ်သူဒမာင် 

 ာေး ဒမ ာ် င ်ဒစာင ်စာေး ကာ ွမ်ေးဒနဒသာမယ်ဒ ေး၏ 

  ွမ်ေးေ စာေးေ က်မ ာေး၊ မ မ  ာေး  ွမ်ေးဒနမည ် မယ်ဒ ေး 

 ဒြေါ် ဒတွေးဒတာြူြန်ဒနသည ် ဒမာင်၏ ေ စာေးေ က် 

မ ာေးက   ဒြေါ် ွင်ဒ ာင် ြွ ွဲ့   ထာေးဒသာ ဝ ဒယာဂ သ ဂသေါရ 

ရသဒပမာက် ြွ ွဲ့က   ဒတွွဲ့ရြေါသည်။ စာ   နတ်ရှင်ဒနောင် 

ကမူ စစ်ဒပမပြင်ဒရာက် ေ စ်သူဒမာင်က  ဒနဒဝေး 

ဒသာ် ည်ေး ဒမာင်မယ်န္ှစ်ဦေး၏ ကူေး ူေးယှက်န္ွယဒ်နဒသာ 

ဒမတတာစ တ်ဒကကာင ်  န ေး ြေါေးတွင် ရှ ဒနသည်ဟ  

ထင်မှတ်ဒနမ ြ  ၊ ေ စ်သူမယ်ဒ ေးန္ှင ်  တူတကွ 

ယ ယြ  က်ဒထွေးကာ ဒြ ာ်ရွှင်စွာဒနရြေါက ဒန္ွေးဒထေွး   ခေ ျိုမှု 

ရှ သည်ဟ  ေ စာေးမှတ်ထင်မ ြ  တ  ို့ပြင ် ဝ ဒယာဂသ ဂသေါရ 

ရသဒပမာက်ဒ ာင် ြွ ွဲ့   ထာေးဒကကာင်ေး ဒတွွဲ့ရြေါသည်။ 

 မငေ်းမှုထမ်ေးစာ   ၊ စစ်သည်စာ   မ ာေး ပြစ်သည ် 

 ာေးဒ  ာ်စွာ မငေ်းဒရေးတာဝန်ပြင ်ပြစ်ဒစ၊ စစ်ဒရေး 
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တာဝန်ပြင ် ပြစ်ဒစ၊ ေ စ်သူန္ှင ်ေွ ေွာ၍  ဒဝေးတစ်ဒနရာ၌ 

ရှ ဒနစဉ် ေ စ်သူက    ွမ်ေး ွတ်တမ်ေးတဒကကာင်ေး၊ ေ စ်သူ 

မယ်ဒ ေးက ည်ေး မ မ က    ွမ်ေး ွတ်တမ်ေးတဒနမည် 

ပြစ်ဒကကာင်ေးတ  ို့ပြင ်  ေ စ်၊  ွမ်ေး ေ စာေးေ က်တ  ို့က   

ြွ ွဲ့   ထာေးသည ် ဝ ဒယာဂသ ဂသေါရရသဒပမာက် ြွ ွဲ့ မ ာေးက  မူ 

စာ   န္ှစ်ဦေး   ေး၏ မ  ေးဒတာရတ မ ာေးတွင်  မ ာေး   ေး 

ဒတွွဲ့ရပေင်ေးပြစ်ြေါသည်။ 

၄၊ ၁၊၁။ ကရုဏောရသ 

 ကရ ဏာရသက   ပမန်မာ  ကသာက မ်ေးတွင် -  

“စ  ေးရ မ်ဒကကာင ်ကက၊ သနောေးကကင်နောပေင်ေး"[၄] 

ဟ  ြွင ်   ထာေးြေါသည်။ ပမန်မာ ဘ ဓာန်တွင် -  

“သနောေးကကင်နောမှုရသ” [၈] 

ဟ  ြွင ်   ထာေးြေါသည်။ ထ  ို့ဒကကာင ် ကရ ဏာရသဟူသည် 

ေ စာေးရဒသာ   ကခဒဝ နော၊ စ  ေးရ မ်ဒသာက 

ဗ ာြေါရစ တ်တ  ို့ဒကကာင ် ဒ ာက်တည်ရာမရဒသာ ဒသာက 

ကရ ဏာတရာေးတ  ို့က   ပမင်ဒယာင် ာဒ ာင်၊ ကူေးစက် 

ေ စာေး ာရဒ ာင် ြွ ွဲ့   ထာေးပေငေ်း မ  ျိုေးပြစ်သည်။ 

စာြတ်သူ၌ သနောေးကရ ဏာသက် ာဒစ  င် ထ   ြွ ွဲ့ 

သည် ကရ ဏာရသဒပမာက် ြွ ွဲ့ ပြစ်ြေါသည်။ 

 ဒတာင်ငူဒေတ်တွင် ထင်ရှာေးဒက ာ်ကကာေး 

ေ  ကကဒသာ စာ   နဝဒ ေးန္ှင ် နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာ 

ရတ မ ာေးတွင် ကရ ဏာရသဒပမာက် ြွ ွဲ့မ ာေးက   ဒတွွဲ့န္  င်ြေါ 

သည်။ စာ    နဝဒ ေးကက ေး၏ “မွန်ေးေ က်ြ-ဒရှာင်”ေ   

ရတ တွင် - 

“ရာဇူ္သဘ၊ ဘူမစ  ေးရန်၊ ထွတ်ဘ န်ေးသန်မူ၊ ဒသွ ှန် 

ဒယာင်ဒယာင်၊ ေွာဒရှာင်      ၊    မမွက်ဘ ဒ ၊ 

ရက်ဒသာဒထွက  ၊ က ဒဋဒထာင်ရာ၊ န္ှစ်ရှည် 

ကကာ ည်ေး၊ ဘယ်မှာဒမ က န်၊ ကကင်  ွန်ေ  ၊ ထွတ်စွန် 

ဘ  ဒန၊ သူဇ္ာ ဒ ွ ည်ေး၊ ညွတ်ဒေွဝမ်ေးနည်ေး၊ မယ်ေ ည်ေး 

ဒဘာ်ကွာ၊ စက်ဘ  သာဝယ်၊ ဗ ာြေါညြှ ျိုေးသမ်ေး၊  ွမ်ေးသည် 

တေ က်၊ ရှက်သည်တဒကကာင်ေး၊ ဒ  ာင်ေး ည်ေးမသာ၊ 

ဒန ှည ်ရာက  ၊  ာကာဝန်ေးက င်၊ ရ ာရ ြ် င်သည်။

 ။ နတ်ရှင်ပမ ေးေ  န် ွ ဒသာဒကကာင ်” [၃] 

ဟူ၍ ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် တစ်ရာဒသာ 

ထ ေးဒ ာင်ေးမင်ေးတ  ို့၏  ရှင်သေင် ဘ န်ေးတန်ေ  ေး 

ကက ေးပမတ်ဒသာ ေ စ်သူဒမာင်သည် မယ်ဒ ေး ာေး 

ေ စ်ပမတ်န္  ေးေ  ြေါသည်။ သ  ို့ဒသာ် ယေ  ေေါတွင် 

မယ်ဒ ေး ာေး ဒသွြည်   ဟန်၊ ဒရှာင် ွ    ဟန်မ ာေးပြင ် 

ရက်စက်ဒသာစကာေးမ ာေး ဒပြာ   ေ  ြေါသည်။ ထ  သ  ို့ဒသာ 

စ မ်ေးကာေးသည ်စကာေးမ ာေးက   န္ှစ်၊ ၊မည်မ  ကကာပမင ် 

ဒသာ် ည်ေး မယ်ဒ ေးက မဒမ န္  င်ြေါ။ စ တ်မနောန္  င်ဘ  

ေ စ်ေငက်ကင်နောမှုမ ာေး တ  ေးြွာေး ာေ  ြေါသည်။ ေ စ်သူ၏ 

စွနိ်ု့ြစ်ပေင်ေးေ ရဒသာ မ မ  ပြစ်က   ဒတွေး၍ ည်ေး 

ရှက်မ သည်။ စ မ်ေးကာေးရက်စက်ဒသာ ေ စ်သူဒမာင် 

က   ည်ေး  ွမ်ေးဒနမ ြေါသည်။ မယ်ဒ ေး၏ ေ စာေးေ က်က   

သနောေးကရ ဏာသက် ာဒ ာင် ြွ ွဲ့   ထာေးဒသာဒကကာင ် 

ကရ ဏာ ရသဒပမာက်ြေါသည်။ စာ   နတ်ရှင်ဒနောင်၏ 

မ  ေးဒတာရတ တွင်  ည်ေး ကရ ဏာရသဒပမာက် ြွ ွဲ့မ ာေးက   

ဒတွွဲ့န္  င်ြေါသည်။ "တဒြေါင်ေးကစင်”ေ   မ  ေးဒတာရတ တွင် -  

 “ဒနို့ညဒရာက် ာ၊ ကကာေးကာေးကကာေးပြန်၊ မမှန် 

တ  ို့ဘူေး၊ ဒန္ွဦေးက  မ ၊ ဒနို့ညမပြည ်၊ ထင်တ   ညှ ်ရှင ်၊ 

ဘယ်သည ်ဒရေးရာ၊ စစ်ဒပမတာဝယ်၊ ဒကကာင်ေးေ ာရှ ဒထွ၊ 

ပမင ်ဒမာဒ ဟ ၊ မငေ်းဒနမှာသက်၊ မဒမေးရက်တည ်” [၁] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။  

ဤ ြွ ွဲ့တွင် စစ်ထွက်သွာေးဒသာ 

ေ စ်သူဒမာင်သည် မည်သည ် ေ  န်ဒရာက်  မ ်မည် 

ဟူသည ် သတင်ေးမ ာေးမှာ သတင်ေးမှာေးမ ာေးသာပြစ်ဒနသည်။ 

ေ စ်သူဒမာင်ဒရာက်မည်    ဒသာဒနို့၊ ဒရာက်မည်   ဒသာ 

ညတ  ို့မှာ ဒမ ာ် င ်ဒစာင ်စာေးရသူ မယ်ဒ ေး ြ  ို့ 

က န် ွယ် ွန်ေး ှြေါသည်။ မယ်ဒ ေး ဒနပြင ် 

ေ စ်သူဒမာင်ပြန်ဒရာက်မည ်ရက်က   ဒမ ာ်ရြန် 

မ ာေး ာဒသာ ေေါ ဒန္ွဦေးရာသ ပြစ်ြေါ  က် ဒနို့တာဒရာ 

ညတာြေါ  ေ  န်ပြည ်ပြည ်ဝဝ ရှ ြေါဒ စဟ  ဒတွေးထင် 

မ ြေါသည်။ စစ်ဒပမပြင်တွင်  ဒကကာင်ေးဘယ်သ  ို့ရှ ၍ 

ကကာပမင ်ဒနဒကကာင်ေးက   သ    ဒသာ် ည်ေး ေ စ်သူ 

ဒမာင် ာေး မဒမေးရက်ဒသာ မယ်ဒ ေး၏ ပြစ်က   စာနော 

သနောေးြွယ ် ြွ ွဲ့   ထာေးဒသာဒကကာင ် ကရ ဏာရသ 

ဒပမာက်ြေါသည်။ တစ်ြန် စာ   ၏ “ဒန္ွဒန္ှောင်ေးရက်  င်”ေ   

ရတ တွင် -  

“မည်ေးမ  က်   ို့ြ ၊ ဒပမာက်ရြ်က ည်ေး၊  စရ  က် င ်၊ 

က  ေး ာရင ်၍၊ ဒ န္ှင ်မ  ေးြေါ၊ ရ ာ ှာထြ်ဒ ာင်ေး၊ 
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မှ ဒ  ာင်ေး   ေးဝန်ေး၊ ပေ ေးြန်ေးြ   ၊ မစ မြ ျိုက်က ၊ 

ဒြ ာင်ေးြ သည်ေး ူေး၊ စ တ်က  န္ှ ေးသည်။ ။ 

က  ယ်ထူေးမတည်န္ွမ်ေးဘ သည်” [၁] 

ဟူ၍ ြွ ွဲ့   ထာေးြေါသည်။ ဒပမာက် ရြ်  မှ မ  ေးဒရာဒ ြေါ 

ရ ာသွန်ေးတ  က်ေတ် ာသပြင ် မှ    ေးထက်တွင် တစ်က  ယ် 

တည်ေး ဒပြမ ည်န္  င်ဒ ာင် န္ွမ်ေး  ဒနြ     ွမ်ေးသရ ြ်က   

ြွ ွဲ့   ထာေးြေါသည်။   ွမ်ေးဓာတ်ေ ရှ သူ မယ်ဒ ေး ာေး 

မ  ေးန္ှင ်ဒ ကြေါ ဝ  င်ေးကူ၍   ွမ်ေးစ တ်က   န္ှ ေးဒြေးသက  သ  ို့ 

ပြစ်တည်ဒနြ  တ  ို့က   ြွ ွဲ့   ထာေးဒသာဒကကာင ် ကရ ဏာ 

ရသဒပမာက်ြေါသည်။ 

 နဝဒ ေးန္ှင ်နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးမှ ကရ ဏာရသဒပမာက် ြွ ွဲ့မ ာေးက   န္ ှုင်ေးယှဉ်ဒ   ာ 

ေ  ြေါသည်။ ထ  သ  ို့ဒ   ာရာတွင် နဝဒ ေးကက ေးသည် 

ေ စ်သူဒမာင်၏ သစစာြ က်ယွင်ေးမှုဒကကာင ် ေ စာေးဒနရ 

ရှာဒသာ မယ်ဒ ေး၏   ွမ်ေး၊ စစ်ေ  သွာေးဒသာ 

ေ စ်သူဒမာင် ပြန်ဒရာက်ေ  န်တွင် ဒရာက်မ ာ 

ဒသာဒကကာင ် စ  ေးရ မ်ဒသာကဒရာက်ဒနရှာဒသာ မယ်ဒ ေး 

၏  ွမ်ေးတ  ို့ပြင ် ကရ ဏာရသဒပမာက်ဒ ာင် ဒရေးြွ ွဲ့ 

ထာေးဒကကာင်ေး ဒတွွဲ့ရြေါသည်။ စာ   နတ်ရှင်ဒနောင်ကမူ 

စစ်ထွက် ေ စ်သူဒမာင် ပြန် ာမည ်သတင်ေးက   ဒမ ာ် င ် 

ဒစာင ်စာေးကာ  ွမ်ေးဒနဒသာမယ်ဒ ေး၏ စ  ေးရ မ်ဒကကာင ်ကက 

စ တ်န္ှင ်ယဉှ်သည ်   ွမ်ေး၊ ဒ န္ှင ် တူ ရ ာသွန်ေး 

 ာဒသာမ  ေးဒကကာင ် မယ ်တစ်က  ယ်တည်ေး ဒ ာက်တည် 

ရာမရဒ ာင်  ထူေးတ ည်  ွမ်ေး ွတ် တမ်ေးတကာ 

န္ွမ်ေး  ဒနရှာဒတာ မည် ပြစ်ဒကကာင်ေး ကရ ဏာဒပမာက်စွာ 

ဒရေးြွ ွဲ့န္  င်စွမ်ေးရှ ဒကကာင်ေး ဒတွွဲ့ရြေါသည်။ 

၄၊ ၁၊၂။  ယောနက ရသ 

 ဘယာနကရသက     ကသာန သ က မ်ေးတွင် -  

 “ဒဘာက်ပြန်ဒသာ၊ ဒကကာက်မက်ြွယ်ရှ ဒသာ 

 သ ၊ ဘ  ူေး စရှ ဒသာ သတတဝေါတ  ို့ဒကကာင ် 

ဒကကာက် နိ်ု့ပေင်ေးသည်။ ဘယာနဒကာ၊ ဘယာနက 

ရသမည်၏” [၆] 

ဟူ၍ ည်ေးဒကာင်ေး၊ ပမန်မာ  ကသာက မ်ေးတွင် -  

“   ေးဝေါေးနက်က ယ်ဒသာ  သ မ  ျိုေးက   ကကာေးရ၍ 

ဒကကာက် နိ်ု့ပေင်ေးမ  ျိုေးသည် ဘယာနကရသမည်၏” [၄] 

ဟူ၍ ည်ေးဒကာင်ေး ြွင ်   ထာေးြေါသည်။ ထ  ို့ဒကကာင ် 

ဒကကာက်မက်ြွယ်၊ ထ တ် နိ်ု့ြွယ် ေ စာေးရြ  မ ာေးက   ြွ ွဲ့    

ထာေး၍ ြတ်ရှုကကာေးနောသူတ  ို့ ာေး ဒကကာက်ရ  ွဲ့ဒသာ 

ေ စာေးေ က်မ  ျိုေးက   ကူေးစက်ေ စာေး ာဒစန္  င်ဒသာ ြွ ွဲ့သည် 

ဘယာနကရသ ပြစ်ြေါသည်။  

 ဒတာင်ငူဒေတ်တွင် ထင်ရှာေးဒက ာ်ကကာေး 

ေ  ကကဒသာ နဝဒ ေးန္ှင ်နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးတွင် ဘယာနက ရသဒပမာက် ြွ ွဲ့မ ာေးက  မူ  နည်ေး 

ငယ်မ သာ ဒတွွဲ့ရြေါသည်။ စာ   နဝဒ ေးကက ေး၏ “မည်ေးဒ  

စွဒ ”ေ   မ  ေးဒတာရတ တွင် -  

“ထစ်ရင ်ဒ ကွေးဟစ်၊ ဒ ာင်မ ေးြစ်သ  ို့၊ ပမရစ်သ တာ၊ 

သွန်ေးေ ရ ာဒသာ်၊ ဒပမာက်မှာဒ မူ၊ မ  ေးကကူ၍၊ 

တ မ်ပြ မထင်၊ ဒမှာင်တ ြင်  င်” [၃] 

ဟ  ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် ဒကာင်ေးကင် 

တစ်ေွင်   ေး မည်ဒမှာင်၍ မ  ေးမေ မ်ေးသ မ ာေးက ည်ေး 

က ယ်ဒ ာင်စွာထစ်ေ ျိုန်ေး ပမည်ဟည်ေး  က် ရှ ြေါသည်။ 

  ြ်ဒရာင်မ ာေးက ည်ေး ဒ ာင်မ ေး က သက  သ  ို့   က် 

မပြတ် ပြက်သန်ေး  က်ရှ ြေါသည်။ မ  ေးက ည်ေး 

ြတ်ဝန်ေးက င်တစ်ေွင်   ေး စ မ်ေးည ျိုမည်ေးဒမှာင်ဒနဒ ာင် 

ရ ာသွန်ေး  က်ရှ ြေါသည်။ ဒြာ်ကွာဒဝေးဒနဒသာ ေ စ်သူ 

မယ်ဒ ေး ာေး ထ တ် နိ်ု့စ  ေးရ  ွဲ့ဒ ာင် ြန်တ ေးဒနသည ် 

ရာသ  သဘာဝ ဒပေ ဒနက   ဒကကာက်မက်ြွယ် 

ြွ ွဲ့   ထာေးဒသာဒကကာင ် ဘယာနက ရသဒပမာက်ြေါသည်။ 

 တစ်ြန် ဒတာင်ငူဒေတ်စာ   နတ်ရှင်ဒနောင်၏ 

မ  ေးဒတာ ရတ တွင် ည်ေး ဘယာနကရသဒပမာက် ြွ ွဲ့က   

ဒတွွဲ့ရြေါသည်။ စာ   ၏ “ ာကာတသွန်”ေ   မ  ေးဒတာ 

ရတ တွင် -  

“   ို့ြ မ ှုင်ေး န်ေး၊   ြ်ြန်ေးပြကာ၊ မ ာမရ ြ်၊ 

ေ  ြ်ေ  ြ်မည်ေးမည်ေး၊ ရ  က်ကကည်ေး   ေး င်ေး၊ 

ပေင်ေးပေင်ေးည ေးည ေး၊ ဒ ာင်မ ေးြွင ်ဝေါ၊  ငတ်  င်ေးြေါ၍” [၁] 

ဟူ၍ ြွ ွဲ့   ထာေးြေါသည်။ ဤ ြွ ွဲ့တွင် ြတ်ဝန်ေးက င် 

တစ်ေွင်   ေး   န်ေးတကကယ် မည်ေးဒမှာင်   ို့မ ှုင်ေးကာ 

မ  ေးမေ မ်ေးသ မ ာေးက ည်ေး က ယ်ဒ ာင်စွာ ထစ်ေ ျိုန်ေး 

ပမည်ဟည်ေး  က် ရှ ြေါသည်။   ြ်စ ေးမ ာေးက မ  ေးသာေး 

တ မ်ရ ြ်မ ာေး ဒရ ွဲ့  ာေးရာသ  ို့    က်ြေါဒနြ  ၊ ဒ ာင်မ ေးက  

သက  သ  ို့   က်မပြတ် ပြက်သန်ေးဒနြ  န္ှင ် က ယ်ဒ ာင် 
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ပြငေ်းထန်စွာ ထစ်ေ ျိုန်ေးဒနဒသာ မ  ေးမေ မ်ေးသ တ  ို့ပြင ် စာ   ၏ 

ဒကကာက်ရ  ွဲ့ထ တ် နိ်ု့စွာ ေ စာေးဒနရဒသာ ပြစ်က   

ဒြေါ် ွင် ာဒ ာင် ြွ ွဲ့   န္  င်ဒသာဒကကာင ် ဘယာနကရသ 

ဒပမာက်ြေါသည်။ 

 နဝဒ ေးန္ှင ်နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးမှ ဘယာနကရသ ြွ ွဲ့မ ာေးက   န္ ှုင်ေးယှဉ်ဒ   ာ 

ေ  ြေါသည်။ ထ  သ  ို့ ဒ   ာရာတွင် စာ   န္ှစ်ဦေးစ   ေးသည် 

မ  ေးမေ မ်ေးသ မ ာေး၊   ြ်ပြက်ဟန်မ ာေးန္ှင ်  ာကာတစ်ေွင်   ေး 

မည်ေးဒမှာင်   ို့မ ှုင်ေးကာ မ  ေးရ ြ် င်ဒနြ  တ  ို့ပြင ် 

ဒကကာက်မက်ြွယ် ရာသ သဘာဝတ  ို့က   ဘယာနက 

ရသဒပမာက်ဒ ာင် ြန်တ ေးြွ ွဲ့   န္  င်ဒကကာင်ေး ဒ   ာ 

ဒတွွဲ့ပမင်ရြေါသည်။ ရတ စာ   တ  ို့သည်  မ ာေး ာေးပြင ် 

ဒမာင်မယ်တ  ို့၏ ေ စ်၊   ွမ်ေးေ စာေးေ က်မ ာေး၊ 

 ွတ်ြ  ွဲ့ ွမ်ေးဒမာြွယ်ရာ  ဒကကာင်ေး ရာမ ာေးက  သာ 

ရတ ကဗ ာ  ပြစ် သ က  ေး ြွ ွဲ့န္ွ ွဲ့ဒ  ရှ ကကြေါသည်။ 

ထ  ို့ဒကကာင ် မ  ေးဒတာရတ မ ာေးတွင် ဘယာနက 

ရသဒပမာက်ဒသာ  ြွ ွဲ့က    နည်ေးငယ်မ သာ 

ဒတွွဲ့န္  င်ြေါသည်။ 

၅။ ခခ ြုင ုသ ုေးသြ်ခ က် 

. ပြည်နဝဒ ေးန္ှင ်နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ  

မ ာေးမှ ရသဒပမာက် ြွ ွဲ့မ ာေးက   န္ ှုင်ေးယှဉ်ဒ   ာရာတွင် 

စာ   န္ှစ်ဦေး    ေး၏ မ  ေးဒတာရတ မ ာေးတွင် 

မ  ေး၏ ဂသေါရြ်မ ာေးက   ထည ်သွင်ေးဒရေးြွ ွဲ့ဒ  ရှ ဒကကာင်ေး 

ဒတွွဲ့ရြေါသည်။ ရာသ ဘွ ွဲ့ ကဗ ာပြစ်သည ်  ာေးဒ  ာ်စွာ 

မ  ေးရာသ သဘာဝ  ဒပေ ဒနမ ာေးက ဒြာက်ွာဒဝေးဒနဒသာ 

ဒမာင်မယ်တ  ို့၏  ေ စ်၊   ွမ်ေး ေ စာေးေ က်တ  ို့က   

ရ ြ်   ေး ကွ ာဒ ာင် ြ  ြ  ေး ဒြေးဒန ဒကကာင်ေး ည်ေး 

ဒတွွဲ့ရြေါသည်။ ထ  သ  ို့   ွမ်ေး ေ စာေးေ က်မ ာေး ြ  မ   

ရ ြ်   ေး ကွ ာဒ  ရသမှာ ည်ေး ြ ပြင် ဒြေါ် ွင် ာဒ  

ပြစ်ဒကကာင်ေးဒတွွဲ့ရြေါသည်။ မ  ေးဒတာ ရတ မ ာေးမှ 

ရသမ ာေးက   ြန်တ ေးရာတွင် စာ   နဝဒ ေးကက ေး၏ 

 ဒတွေးစ တ်ကူေးက    ဒပေေ ၍ နတ်ရှင်ဒနောင်က 

 န်ေးသစ်ဒသာ စ တ်ကူေးဉာဏ် ကွနိ်ု့ပမ ေးကာ 

ထူေးပောေးဒကာင်ေးမွန်ဒသာ ရသဒပမာက်  ြွ ွဲ့မ ာေး ပြစ် 

ြန်တ ေးြွ ွဲ့    ထာေးဒကကာင်ေး ဒတွွဲ့ရြေါသည်။ 

 သ ဂသေါရရသ ြန်တ ေးရာတွင် စာ   နဝဒ ေးကက ေး၏ 

မ  ေးဒတာ ရတ တွင်သာ  ဒယာဂသ ဂသေါရရသ ြွ ွဲ့က   

ဒတွွဲ့ရြေါသည်။ မငေ်းြ  ျို မင်ေး ွင်ပြစ်ဒသာ နတ်ရှင်ဒနောင်၏ 

မ  ေးဒတာရတ တွင်မူ  ဒယာဂ ရသဒပမာက် ြွ ွဲ့က   

မဒတွွဲ့ရဒြ။ သ  ို့ဒသာ် ဒတာင်ငူဒေတ်တွင် 

ဂန္တဝငစ်ာ   ကက ေးမ ာေး ပြစ် ဒက ာ်ကကာေးေ  ကကဒသာ 

နဝဒ ေးန္ှင ် နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ မ ာေးတွင် 

ဝ ဒယာဂသ ဂသေါရ ရသဒပမာက် ြွ ွဲ့မ ာေးစွာက   

ဒ   ာဒတွွဲ့ရှ ရြေါသည်။ 

 တစ်ြန် နဝဒ ေးကက ေးသည် မ  ေးဒတာရတ မ ာေးမှ 

ကရ ဏာရသဒပမာက် ြွ ွဲ့က   ြန်တ ေးရာတွင် ေ စ်သူ 

မယ်ဒ ေးဘက်မှ မည်သ  ို့မည်ြ   ေ စာေးဒနရရှာ 

ဒတာ မည်   ဒသာ  ဒတွေးမ  ျိုေးပြင ် ရသက   

ြန်တ ေးြွ ွဲ့   ဒ  ရှ ဒကကာင်ေး ဒတွွဲ့ရြေါသည်။ စာ    

နတ်ရှင်ဒနောင်ကမူ မ မ ေ စာေးရသက  သ  ို့ ေ စ်သူမယ်ဒ ေး 

သည် ည်ေး တစ်က  ယ်တည်ေး ဒ ာက်တည်ရာ မရ 

ေ စာေးဒနရဒတာ မည်ဟ  ဒသာကန္ှင ်ယှဉ်ကာ ရသက   

ြန်တ ေးဒသာဒကကာင ် နဝဒ ေးကက ေးထက် နတ်ရှင်ဒနောင်၏ 

ရသြန်တ ေးမှုမှာ ြ  မ  ဒကာင်ေးမွန်ဒကကာင်ေး ဒ   ာဒတွွဲ့ 

ပမငန်္  င်ြေါသည်။ ဘယာနက ရသြန်တ ေးမှုက   န္ ှုင်ေးယှဉ် 

ဒ   ာရာတွင် စာ   န္ှစ်ဦေးစ   ေးသည် မ  ေးဒတာရတ  

ြ သစွာ မ  ေးမေ မ်ေးြ  ၊   ြ်ပြက်ြ  ၊ ဒကာင်ေးကင်တစ်ေွင်   ေး 

   ို့မ ှုင်ေးကာ မ  ေးရ ြ် င်ဒနြ  တ  ို့ပြင ် ဒကကာက်မက်ြွယ် 

ရာသ သဘာဝ  ဒပေ ဒနတ  ို့က   ဘယာနက 

ရသဒပမာက်ဒ ာင် ြွ ွဲ့   ထာေးန္  င်ဒကကာင်ေး ဒ   ာ 

ဒတွွဲ့ပမင်န္  င်ြေါသည်။ 

 ရတ စာ   တ  ို့သည်  မ ာေး ာေးပြင ် ဒမာင်မယ် 

တ  ို့၏  ေ စ်  ွမ်ေးေ စာေးေ က်မ ာေး၊  ွတ်ြ  ွဲ့ ွမ်ေးဒမာ 

ြွယ်ရာ  ဒကကာင်ေး ရာမ ာေးက  သာ ရတ ကဗ ာ ပြစ် 

သ က  ေးြွ ွဲ့န္ွ ွဲ့ဒ   ရှ ကကြေါသည်။ သ ဂသေါရရသသည် ရတ ကဗ ာ 

တ  ို့၏ ြန်ေးတ  င်ရသ ပြစ်ြေါသည်။ ထ  ို့ဒကကာင ် ဘယာနက 

ရသဒပမာက် ြွ ွဲ့မ ာေးက    နည်ေးငယ်မ သာ ြွ ွဲ့   ဒ   

ရှ သည်ဟ  ထင်ပမင်ယူ မ ြေါသည်။  

၄ ။ န ိဂ  ်း 

  ဤသ ဒတသနစာတမ်ေးသည် ပြည်နဝဒ ေးန္ှင ် 

နတ်ရှင်ဒနောင်တ  ို့၏ မ  ေးဒတာရတ မ ာေးမှ ရသဒပမာက် 
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 ြွ ွဲ့မ ာေးက   န္ ှုင်ေးယှဉ်ဒ   ာတင်ပြထာေးဒသာ 

စာတမ်ေးတစ်ဒစာင် ပြစ်ြေါသည်။ ဒနောက်ဒန္ှောင်ေးစာဒြ 

ဒ   ာသူတ  ို့ တွက် သ ဒတသန နယ်ြယမ် ာေးစွာ က န်ရှ  

ဒနြေါဒသေးသည်။ ဒရှေးဒဟာင်ေးဂန္တဝငပ်မန်မာကဗ ာ ဒ   ာ 

   က်စာေး   သူမ ာေးန္ှင ် သင်ကကာေးဒရေး  ရာ၊ ရာမ 

မ ာေး တကွ်  က  ျိုေးဒက ေးဇ္ေူး တစ်စ  တစ်ရာ ပြစ်ထွန်ေး 

မည်ဟ  ဒမ ာ် င ်မ ြေါသည်။  

 

က ျမ  ်းက ိ ်းစ ာရင ်း 

[၁] ေ မ်ေးပမ၊ဦေး၊(တည်ေးပြတ်)။ (၁၉၆၃)။ 

နတ်ရှင်ဒနောင်ဆ ုရတုမ ောေး။ မန္တဒ ေးမြ  ြို့။ တက်ဒန င်ေး 

ြ  န္ှ ြ်တ  က်။ 

 
[၂] တင်၊ဦေး၊(ြ ဂ ဝန်ဒထာက်မင်ေး)။ (၁၉၆၉)။ 

ကဗ ောဗနဓသောရက မ်ေး နှင ်ဒနောက်ဆက်တ  သ ုေးြ ုင်ေး။ 

ရန်က္ိုန်မြ  ြို့။  ယ်တ မဏ္ ျိုင် ြ  န္ှ ြ်တ  က်။ 

 

[၃] နဝဒ ေး။ (၁၉၆၄)။ နဝဒ ေးရတ ဒြေါင်ေးေ ျိုြ်။ ရန်က္ိုန်မြ  ြို့။ 

ဟ သာဝတ  ြ  န္ှ ြ်တ  က်။ 

 

[၄] ြဏ္ တဒထရ်၊ ရှင်၊(ဒရွှဟသသာ ရာဒတာ်)။(၁၉၇၅)။ 

ပမန်မာ   ကသာက မ်ေး၊(  -ကက မ်)။ရန်က္ိုန်မြ  ြို့။သင ်ဘဝ 

ြ  န္ှ ြ်တ  က်။ 

 

[၅] ဒြဒမာင်တင်၊ဦေး။ (၁၉၅၈)။ ပမန်မောစောဒြသမ ုင်ေး။ 

ရန်က္ိုန်မြ  ြို့။ တကကသ   ်မ ာေး ြ  န္ှ ြ်တ  က်။ 

 
[၆] ဘ  ေး  ှုင်၊ဦေး၊(ဒယာ တွင်ေးဝန်)။(၁၉၃၈)။အလကဂောန  

သ က။ ရန်က္ိုန်မြ  ြို့။ ဇ္မ္ ွဲ့မ တ်ဒ ွြ ဋကတ်စာဒြန္ှင ် 

ြ  န္ှ ြ်တ  က်။ 

 

[၇] မဟာဒဇ္ယ သေသယာ။ (၁၉၆၃)။ 

ဒဝါဟောရလီနတထြကောသနီ က မ်ေး ။ ရန်က္ိုန်မြ  ြို့။ 

ရန်က န်၊ဟ သာဝတ  ြ  န္ှ ြ်တ  က်။  

 

[၈] ပမန်မာစာ ြွ ွဲ့။ (၂၀၀၈)။ ပမန်မောအ  ဓောန်၊( ု-ကက မ်)။ 

ရန်က္ိုန်မြ  ြို့။ တကကသ   ်မ ာေး ြ  န္ှ ြ်တ  က်။  

 

 [၉]  ွန်ေး၊ ရာ၊(သေင်က  ယ်ဒတာ်မ ှုင်ေး)။ (၁၉၅၅)။  ကဗ ော 

သောရတထသင်ဂဂြုဟ်။ ရန်က္ိုန်မြ  ြို့။ ရန်ဒ ာင်မဂသ ာ 

ြ  န္ှ ြ်တ  က်။  
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စ ာတမ ်းအက ျဉ  ်း 

 ဤစာတမ ်းသည  မမန မာစာပေနယ ေယ  စကာ်းပမေကဏ္ဍလာ 
ပလာကနီတိကျမ ်းတွင  ပတွွေ့ရပသာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်းကိို 
ပလေ့လာသ ို်းသေ ထာ်းသိုပတသနမေြုထာ်းသညေ့  စာတမ ်းမဖစ ေါသည ။ 
ရည ရွယ ချက မ ာ ပလာကရ ိ လူသာ်းတိိုို့အပနမဖငေ့  လိိုက နာကျငေ့ သ ို်းသငေ့  
သညေ့  လူမှုပရ်းလမ ်းညွှန ချက မျာ်းကိို သိရ ိပစလိိုမခင ်းမဖစ သည ။ 
စ ပကျာင ်းဆရာပတာ ၏ ပလာကနီတိဖွငေ့  အကျယ လက စွ ကျမ ်းကိို 
အပလေ့လာခ အမဖစ  ထာ်းရ ိေါသည ။ ထိိုသိိုို့ပလေ့လာတင မေရာတငွ  
ဦ်းအိုန ်းပသာ ၏ စာပရ်းနည ်း ၄ မျြို်းကိို အပမခခ ကာ လူမှုပရ်းလမ ်းညွှန  
ချက မျာ်းကိို ေ ိုပေေါ်ပစပသာပရ်းသာ်းနည ်း စနစ မဖငေ့  တင မေထာ်းေါသည ။ 
အေိိုင ်းကဏ္ဍ (၇)ခိုကိို ပတွွေ့ရ ရိပေ်ီး ပလာကနီတိကျမ ်းအပ ကာင ်းကိို 
ပလေ့လာပနသမူျာ်းအတွက  မျာ်းစွာအပထာက အက ူမေြုနိိုင ေါသည ။ 

သ ာ ော့ချ က သ ေါ ဟာ ရ - ေဏ္ဍတိ၊ သိုဇန၊ ဗာလဒဇဇန၊ မတိတ၊ ဣတထ၊ိ ရာဇ၊ 
ေကိဏ္ဏတ 

၁ ။  န ိဒေါန  ်း 
      “နီတ”ိ ဟူသည်မ ှာ ပါဠိစကှာားဖြစ်ပပီား ဆ ှာင်ဖြင်ား၊ နည်ား 
ညွှန်လမ်ားဖပဖြငာ်းဟူ၍ အနက်ဆ ှာင်ပါသည်။ ဆလှာကနီတိသည် 
ဆလှာကအတွက် လိိုက်နာဆ ှာင်ရွက်ရန် နည်ားညွှန်လမ်ားဖပဖြငာ်း 
 ိိုင်ရှာ စှာစိုမ ှာားဖြစ်သည်။ ပလာကနီတိကျမ ်းကိို အဦ်းအစမေြုစိုခ ေ့ 
သူမ ာ ေင ်းယပခတ စာဆိို အမတ ကကီ်းစတိုရင်္ဂဗလ(၆၇၅ခနို့ -၇၂၅ 
ခနို့ ) [၅] (စာ-၄၁) ဖြစ်သည်။ ဆလှာကနီတိက မ်ားလှာ လူမှုဆရား 
လမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာားကိို ဆလေ့လှာတင်ဖပရှာတွင် အြန်ား(၇)ြန်ား 
ဖြစ်သညေ့် ပညှာရ ိကိို ြွ ွဲ့ ိိုဆသှာအြန်ား၊ သူဆတှ်ာဆကှာင်ားကိို ြွ ွဲ့ ိို 
ဆသှာအြန်ား၊ သူယိုတ်မှာကိို ြွ ွဲ့ ိိုဆသှာအြန်ား၊ မိတ်ဆ ွကိို ြွ ွဲ့ ိို 
ဆသှာအြန်ား၊ မိန်ားမကိို ြွ ွဲ့ ိိုဆသှာအြန်ား၊ မငာ်းကိို ြွ ွဲ့ ိိုဆသှာ 
အြန်ားန ငေ့ ်အဆ ွဆ ွကိို ြွ ွဲ့ ိိုဆသှာအြန်ားဟူ၍ အြန်ားကဏ္ဍမ ှာား 
ြွ ဖြှာားကှာ ဆလေ့လှာတင်ဖပ ှာားပါသည်။ 

၁၊၁။ ဆရာပတာ ၏ပထရိုေပတတိအကျဉ ်း 

 ဆညှာင်တိုန်ားဆရွှေဟသသှာဆတှာရ စံဆက ှာင်ား ရှာဆတှ်ာ 
အရ င်ဝါယမကိို ပ ြူားပမိ ွဲ့နယ၊် ဆက ှာက်တန်ားကကီားရွှာ၌ ြမည်ားဆတှ်ာ 
ဆလ သူကကီားဦားဆအှာင်လို၊ မယ်ဆတှ်ာဆ ေါ်ဆအှာင်တိိုို့က ၁၂၃၅ ြို 
တဆပါင်ားလ န်ား ၁ဝ ရက် (၂၅ ဆြဆြှ်ာဝါရီ ၁၈၇၄) ဗို ဓဟူားဆနို့ 

တွင် ြွှာားဖမငြ် ေ့ပပီား ဆမွားြ င်ား ၈ ဆယှာက်တွင် ၇ ဆယှာက်ဆဖမှာက် 
ဖြစ်သည်။ ငယ်မည်မ ှာ ဆမှာင် ဉှာဏ်ဖြစ်သည်။  ရှာဆတှ်ာသည် 
၇ န စ်သှာားအရွယ၌် ဆက ှာက ် တန်ားရွှာ ရွှာလယ်ဆက ှာင်ား 
 ရှာဆတှ်ာ ံ ပညှာသင်ယြူ ေ့သည်။ မင်္သလသိုတ်ပရိတ်ကကီား၊ 
နမကကှာရ၊ ဆလှာကနီတိ၊ ဇှာတ်အဋ္ဌက ှာ၊ ကစစည်ားသ ဒါ၊ 
ကိိုားဆ ကှာင်ား မကှာရနတဆဗ င်တိိုို့ကိို သင်ယူတတ် ဆဖမှာက်ြ ေ့သည်။ 
၁၈ ဝါရလှာဆသှာအြါ “စံဆက ှာင်ား ရှာဆတှ်ာ” အဖြစ် ြ ာီးဆဖမ ှာက် 
ဖြင်ားြံရသည်။  ရှာဆတှ်ာ ဖပ စိုြ ေ့ဆသှာက မ်ား မ ှာားမ ှာ ဆလှာက 
နီတြိွငေ့အ်က ယ်က မ်ား၊ အတွင်ားဆအှာင်ဖြင်ား၊ အဖပင်ဆအှာင်ဖြင်ား 
အြွငေ့်က မ်ား၊ ဆမတတှာအြွငေ့်က မ်ား၊ ယ ှာဘူတ ဝိနိစဆယက မ်ား၊ 
အလကသှာနိသ က မ်ား အစရ ိသည်တိိုို့ဖြစ်သည်။ သက ပတာ  ၇၃-
န စ ၊ သိကခာပတာ  ၅၄ ဝါအရ ၁၃ဝ၉ ခို ဝါပခါင  လမေညေ့ ပကျာ  ၁ 
ရက (၂ ဩင်္ိုတ  ၁၉၄၇) စပနပနို့ န နက  ၄ နာရ ီ ၂ဝ မိနစ တငွ  
ဇီဝိတိပ္နြေချြုေ ပငိမ ်းပတာ မူသည ။ [၂] (စာ-၁၃) 
 

၁၊၃။ နီတ ိဟူပသာပဝါဟာရအဖွငေ့  
 နီတိဟူဆသှာ အနက်အဓိပပှာယ်ကိို ဦားဟိုတ်စိန်၏ ပါဠိ- 
ဖမန်မှာအဘိဓှာန်တွင် “နီတိ (ေါဠိ)= ပဆာင မခင ်း၊ နည ်းမေပသာ 
ကျမ ်း၊ နီတိကျမ ်း” [၈] (စာ-၅၄၉) ဟူ၍ ြွငေ့် ိို ှာားသည်။ 
နီတိကိို ပင ် ဦား ွန်ားဖမငေ့်က ပါဠိသက်ဆဝါဟှာရအဘိဓှာန်တွင် 
“နီတ ိ = ကကီ်းေွာ်းတိို်းတက မခင ်းသိိုို့ ေိိုို့ပဆာင ပသာလမ ်းညွှန ။ ယင ်း 
တိိုို့ကိို ပဖာ မေ ပသာကျမ ်း” [၄] (စာ-၁၃၇) ဟူ၍ ြွငေ့် ိို ှာားပပီား 
“ပလာက” ကိို “ပလာက= ၁။ သက ရ ိသတတဝါမျာ်း။ အထူ်းသမဖငေ့  
လူအာ်းလ ို်း။ သတတပလာက။ ၂။ သတတဝါတိိုို့တည ပနရာဘ ို။ 
ဩကာသပလာက။ ၃။ မျက ပမ ာက ။ တမလွန ဘဝ” [၄] (စာ-
၂၇၈) ဟူ၍ ြွငေ့် ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။  

တင်စိိုား၏ ဖပည်သူူ့နီတိန ငေ့် လက်ဆတွွဲ့ဘဝစှာအိုပ်တွင် 
ဆလှာကနီတိန ငေ့်ပတ်သက်၍ “ပလာကနီတိ ဟူပသာ ေါဠိစကာ်း 
လ ို်း၏ “ပလာက” ဆိိုသည မ ာ မိမိတိိုို့ ပနထိိုင ကကီ်းမေင ်းရာ လူူ့ 
ပဘာင ပလာကကိို ရည ညွှန ်း၍ “နီတ”ိ ဆိိုသည မ ာ ပဆာင ရန / 
ပရ ာင ရန  လမ ်းညွှန ချက မျာ်းဟို ဆိိုလိိုသည ။ ထိိုို့ပ ကာငေ့  
“ပလာကနီတိ” ကျမ ်းဟူသည  လူူ့ပဘာင ပလာကအတွင ်း သွာ်း 
လာပနထိိုင  ကပသာ လူတိိုို့၏ ပနနည ်း၊ ထိိုင နည ်းန ငေ့  မေြူမူ 
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ပဆာင ရွက ဖွယ ရာ အမဖာမဖာကိို နည ်းပေ်းလမ ်းမေ ဆိိုဆ ို်းမထာ်း 
ပသာ ကျမ ်းမဖစ သည ။ ထိိုကျမ ်းကိို ပလေ့လာမ တ သာ်း လိိုက နာ 
ကျငေ့ သ ို်းလျှင  ပကာင ်းကျြို်းချမ ်းသာ အမျြို်းမျြို်းရရ ိနိိုင သည ။” [၃] 
(စာ-၅၇)  ဟို  ိို ှာားသည်။  ိိုို့ဆ ကှာငေ့ ် ဆလှာကနီတိက မ်ား 
ဟူသည် သက်ရ ိ သတတဝါလူအှာားလံိုားကိို ကကီားပွှာားတိိုားတက်ဆအှာင် 
နည်ားလမ်ားဖပလမ်ားညွှန်ဆသှာက မ်ားဟို  ိိုရမည်ဖြစ်ပါသည်။  
 

၂။ စာပေပလေ့လာဆန ်းစစ ချက  
 လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာားန ငေ့် ပတ်သက်၍ ဆညှာင် 
တိုန်ားပမိ ွဲ့၊ ဆရွှေဟသသှာဆတှာရ အင်္ဂမဟှာပဏ္ဍိတ စံဆက ှာင်ား ရှာ 
ဆတှ်ာဘိုရှာားကကီား ဖပ စိုစီမံဆရားသှာားြွငေ့် ိိုြ ေ့ဆသှာ “ဆလှာကနီတိြွငေ့် 
အက ယ်လက်စွ က မ်ား”၊ ဆလှာကနီတိန ငေ့်ပတ်သက်၍ ဦားဟိုတ်စိန် 
၏ ပါဠိ-ဖမန်မှာအဘိဓှာန၊် ဦား ွန်ားဖမငေ့၏် ပါဠိသက်ဆဝါဟှာရ အဘိ 
ဓှာန၊် အမ ှာဆတှ်ာဆရားဦားရ င်ကဆလား၏ ဆလှာကနီတိပ  ိွဲ့ ံိုားမစှာ၊ ဦား 
သိုြ၏ ဆလှာကနီတိ၊ တင်စိိုား၏ ဖပည်သူူ့နီတိန ငေ့် လက်ဆတွွဲ့ဘဝ 
အစရ ိသညေ့် စှာအိုပ်မ ှာားကိို ြတ်ရှုဆလေ့လှာြ ေ့ပါသည်။ 

 

၃။  သိုပတသနပမ်းခွန ်းန ငေ့  မေဿနာ 

. ဆလှာကနီတိက မ်ားလှာ လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာား 
ဆလေ့လှာြ က်စှာတမ်ားကိိုဖပ စိုရှာတွင် ဆအှာက်ဆြှ်ာဖပပါသိုဆတသန 
ဆမားြွန်ားမ ှာား  ွက်ဆပေါ်လှာနိိုင်ပါသည်။  
၁။ ပလာကနီတိကျမ ်းကိို အဘယေ့ ပ ကာငေ့  လူမှုပရ်းလမ ်းညွှန ချက  
ရှုပထာငေ့ မ  ပလေ့လာရသနည ်း။ 

၂။ ထိိုသိိုို့ပလေ့လာရာတွင  လူမှုပရ်းလမ ်းညွှန ချက မျာ်း ပေေါ်လွင မှုရ ိ 
ေါသလာ်း။ 

အ ိိုပါဆမားြွန်ားမ ှာားအတွက် စိစစ်ဆလေ့လှာြ က်အဆနဖြငေ့ ် အဆလေ့ 
လှာြ ံ ဆလှာကနီတိြွငေ့် အက ယ်လက်စွ က မ်ားကိို လည်ားဆကှာင်ား၊ 
လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာားကိို ဆပေါ်လွင်ဆစသညေ့် နည်ားနာမ ှာား 
ကိို လည်ားဆကှာင်ား သိုဆတသနအစီအစဉ်ဖြငေ့ ် ဤစှာတမ်ားတွင် 
သံိုားသပ်သိုဆတသနဖပ  တင်ဖပ ှာားပါသည်။ 
 

၄။  ပလာကနီတိကျမ ်းလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 ဆလှာနီတိက မ်ားလှာ လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာားကိို 
အပိိုင်ား (၇) ပိိုင်ားြွ ၍ ဆလေ့လှာတင်ဖပသွှာားပါမည်။ 
  

၄၊၁။ ေဏ္ဍိတကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန အဖွ ွေ့မျာ်း 

 ပဏ္ဍိတကဏ္ဍ(ပညှာရ ိကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ားညွှန် 
ြ က်မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ နီတိသင်ရဖြင်ား၏ 
အက  ိားဖပ ိိုဆ ကှာင်ားမ  ပညှာရ ိန ငေ့်ဆပါင်ားမိမ  ပညှာရ ိဖြစ်နိိုင် 
ဆ ကှာင်ား ိ အြ က(်၄ဝ)ဖပ ိို ှာားသည်။ ယင်ားကိို အက ဉ်ားမျှ 
 ိုတ်နိုတ်တင်ဖပပါမည်။ ပညှာရ ိအဆ ကှာင်ားဆရားသှာားရှာတွင်- 

“အလဿ ကိုပတာ သိေပ ၊ အသိေပဿ ကိုပတာ ဓန ၊ အဓနဿ 
ကိုပတာ မိတတ ၊ အမိတတဿ ကိုပတာ သိုခ ၊ အသိုခဿ ကိုပတာ 
ေိုည ၊ အေိုညဿ ကိုပတာ ဝရ ” [၇] (စာ-၂၁) ဟူ၍ ပ င်ားရဆိသှာသူ 
ကှာား အတတ်ပညှာ မတတ်နိိုင်ပံို၊ အတတ်ပညှာမရ ိသူကှာား ဥစစှာ 
မရနိိုင်ပံို၊ ဥစစှာမရ ိသူကှာား အဆ ွြငပ်ွန်ားမရနိိုင်ပံို၊ အဆ ွြင်ပွန်ား 
မရ ိသူကှာား ြ မ်ားသှာဖြင်ား မရ ိနိိုင်ပံို၊ မြ မ်ားသှာသူကှာား ကိုသိိုလ် 
ဆကှာင်ားမှု မဖပ လိုပ်နိိုင်ပံို၊ ကိုသိိုလ်ဆကှာင်ားမှု မဖပ နိိုင်သူကှာား ဗို ဓ 
ဘှာသှာဝင်မ ှာားကိို အက  ိားသငေ့် အဆ ကှာင်ားသငေ့် ဖပ ိို ှာားသည်ကိို 
ဆတွွဲ့ရပါသည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား၏ ဆလှာကနီတိပ  ိွဲ့ ံိုားမ 
စှာတွင်လည်ား “နိတ ိုပရွှေန ယ ၊ ပကျ်းဇူ်းကကွယ သာ်း၊ မ တ ဖွယ သိုတ၊ 
ဆည ်းေူ်း ကပလာေ့၊ ေျင ်းလ သည သူ၊ ဘယ မူအတတ ၊ 
ရတ ိုလတ အ ေ့၊ အတတ ကင ်းလျှင ၊ ဘယ တွင ဥစစာ၊ ရတိိုို့ေါလိမေ့ ၊ 
ဥစစာမရ၊ ရ ိလတ ကမူ၊  ကည မဖြူချစ ခင ၊ မိတ မမမင တညေ့ ၊ မိတ  
လျှင မရ၊ သိုခဘယ မ ာ၊ ေွာ်းတိိုို့ရ ာလိမေ့ ၊ ချမ ်းသာတစိ၊ မရ ိလတ မူ၊ 
အလ ြူပကာင ်းမှု၊ ဘယ ကိိုမေြုအ ေ့၊ ပကာင ်းမှုမသန ၊ နိဗဗာန ဘယ မ ာ၊ 
ရတိိုို့ေါအ ေ့၊ ပမ စွာမ တ ပလ၊ တတ ပမမာက ပချက၊ ပရွှေပငွမတူ၊ ခိို်းယူ 
မရ၊ ဤပလာက၌၊ ေညာေ့အရာ၊ မိတ ကကီ်းသာတညေ့ ၊ ခနဓာပမောင ်း 
ကကွ၊ ပနာင ဘဝလည ်း၊ သိုခမမာ်းပမမာင ၊ ချမ ်းသာပဆာင သည ၊ လူူ့ 
ပဘာင မ တ ပလာေ့-တသင ်းတည ်း” [၆] (စာ-၃၂၁) ဟူ၍ ပိို ်ဆရ 
(၁၅)ပိို ်ဖြငေ့် ပညှာကိို အပတ်တကိုတ်ရ ှာဆြွသငေ့်ဆ ကှာင်ား၊ ပ င်ားရ ိ
ဆသှာသူသည် အတတ်ပညှာမရနိိုင်ဘ  အ ံိုားတွင် နိဗဗှာန်မရနိိုင် 
ဆ ကှာင်ား ြွ ွဲ့ ိို ှာားသည်။  ိိုို့ဖပင် နှုတ်မှုပညှာကိိုလည်ားဆကှာင်ား၊ 
လက်မှုပညှာကိိုလည်ားဆကှာင်ား ငယ၏်ဟူ၍ မဆအှာက်ဆမေ့ဘ  ကိုန် 
စင်ဆအှာင် တတ်ဆဖမှာက်သငေ့်ဆ ကှာင်ား၊ အိိုားလိုပ်ဆသှာသူသည် မိမိ 
အိိုားကိို ကွ စိမေ့်င ှာ ပိုတ်ြတ်သည်မဟိုတ်ဘ  တငေ့်တယ်ဆစဆသှာင ှာ 
ပိုတ်ြတ်သက ေ့သိိုို့  ရှာဆကှာင်ားတိိုို့သည် တပညေ့်တိိုို့ကိို အတတ် 
ပညှာတတ်ဆဖမှာက်ဆစလိိုဖြင်ားင ှာ ရိိုက်န က်ဆပားဖြင်ားဖြစ်ဆ ကှာင်ား 
တိိုို့ကိို အဖပညေ့်အစံိုြွ ွဲ့ ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ ဤ လမ်ား 
ညွှန်ြ က်မ ှာားသည် လူူ့ဆလှာကတွင် လိိုက်နာက ငေ့်ကကံလိုပ်ဆ ှာင် 
သငေ့်သညေ့် လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့မ ှာားဟို  ိိုရပါမည်။ 

၄၊၂။ သိုဇနကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း  

သိုဇနကဏ္ဍ(သူဆတှ်ာဆကှာင်ားကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ား 
ညွှန်ြ က်အြွ ွဲ့မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ သူဆတှ်ာ 
ဆကှာင်ားတိိုို့န ငေ့်သှာ ဆပါင်ားဆြှာ်သငေ့ဆ် ကှာင်ားမ  သူယိုတ်ကိို န စ်သက် 
က အက  ိားပ က်စီားဆ ကှာင်ား ိ အြ က်(၂၆)ြ က်တိိုင်ြွ ွဲ့ ိို ှာား 
သည်။ သူဆတှ်ာဆကှာင်ားတရှာားန ငေ့်ပတ်သက်၍ သူဆတှ်ာဆကှာင်ားတိိုို့ 
ကိိုသှာ ဆပါင်ားသင်ား က် ံသငေ့်ဆ ကှာင်ား၊ သူဆတှ်ာဆကှာင်ားတိိုို့၏ 
စတိ်န လံိုားဖြ စင်မှုန ငေ့် သူဆတှ်ာဆကှာင်ားတရှာား လက်ကိိုင် ှာားသငေ့် 
ဆ ကှာင်ားကိို  ရှာဆတှ်ာက “ယထာေ,ိ ေနသ, ေကကာ၊ ဗဟိ, ကဏ္ဍ 
ကပမဝစ။ အနတာအမတ သမပနနာ၊ ဧဝ  သိုဇန ဟဒြေဟာ”[၁](စာ-
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၇၁) ဟူ၍ ပနိန သီားမ ညေ့်တိိုို့သည်ကှာား အဖပင်အပ၌  ူားတိိုို့သှာရ ိကိုန် 
ဆသှ်ာလည်ား အတွင်ားပိိုင်ားတွင်မူ အပမိန်အရသှာ ရ ိသည်ဖြစ်သက ေ့ 
သိိုို့ သူဆတှ်ာဆကှာင်ားတိိုို့၏ စိတ်န လံိုားသည်လည်ား  ပ်တူဖြစ် 
ဆ ကှာင်ား က  ိားဆ ကှာင်ားဖပရ င်ားလင်ား ှာားပါသည်။  ိိုို့အတူ ဆလှာက 
တွင် စနဒကူားပင်တိိုို့သည် ဆဖြှာက်ဆသွွဲ့ဆသှ်ာလည်ား အနံို့ကိို မစွနိ်ု့ 
ဆ ကှာင်ား၊  င်ဆဖပှာင်သည် စစ်ဆဖမဖပင်သိိုို့ဆရှာက်ဆသှ်ာလည်ား လူ 
တိိုို့၏ဆရ ွဲ့တွင် တငေ့်တယ်ဖြင်ားကိို မစွနိ်ု့ဆ ကှာင်ား၊ ကကံပင်သည် ယနတ 
ရှာားစက၏် ဆရ ွဲ့ကိိုဆရှာက်ဆသှ်ာလည်ား ြ  ိဆသှာအရသှာကိို မစွနိ်ု့ 
သက ေ့သိိုို့ပင် သူဆတှ်ာဆကှာင်ားတိိုို့သည် မည်သိိုို့ပင် င်ားရ ဖြင်ားသိိုို့ 
ဆရှာက်ဆစကှာမ ူ သူဆတှ်ာဆကှာင်ားတရှာားကိို မစွနိ်ု့ ကဆ ကှာင်ား 
ဖပ ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ 

အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား၏ ဆလှာကနီတိပ  ိွဲ့ ံိုားမ 
စှာတွင်လည်ား “ေိနန သီ်းမ ာ၊ ဆူ်းသာမေင ေ၊ အတွင ်းကျပသာ ၊ ချြိုမမ 
အ ေ့ချ်ီး၊ စာ်းမပငီ်းသိိုို့၊ မိတ ကကီ်းသူပတာ ၊ ပေါင ်းစပသာ မ၊ူ အပေေါ် 
ပလာကွတ ၊ ကျငေ့ ပမ ဝတ မဖငေ့ ၊ မချွတ ပသပခွ၊  ကာပလပလေင ၊ 
ပကာင ်းအင လွန ပေီ်း၊ ပကျ်းဇူ်းကကီ်း၏၊ သစ သီ်းန စ ေါ်း၊ ေမာထာ်း 
သည ၊ ထင ရ ာ်းယိုတ မမတ  န စ မဖာတည ်း” [၆] (စာ-၃၂၆) ဟူ၍ 
သူဆတှ်ာဆကှာင်ားန ငေ့် ဆပါင်ားဆြှ်ာလျှင် အက  ိားကကီားမှာားဆ ကှာင်ားလမ်ား 
ညွှန် ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ အပိို ်(၆)ပိို ်ဖြငေ့် ပိနန သီား၏ ြ  ိ 
ဖမပံို၊ အဖပငပ်န်ားတွင်  ူားမ ှာားဖြငေ့ ် ဖပညေ့်န က်ဆနဆသှ်ာလည်ား 
အတွင်ားပိိုင်ားတွင် ြ  ိဖမဆသှာအရသှာမ ှာားဖြငေ့ ် ဆစှာငေ့်ဆမျှှ်ာဆနပံိုကိို 
ဆလားလံိုားစပ်ပံိုစံအြွ ွဲ့ဖြငေ့် ြွ ွဲ့ ိို ှာားသည်။ 

သူဆတှ်ာဆကှာင်ားန ငေ့်ဆပါင်ားဆြှ်ာရှာတွင် ဆတှာင်ဇလပ် 
ပန်ားကိို ဆပါက်ြက်န ငေ့် ိုပ် ှာားလျှင် ဆပါက်ြက်ကိိုလည်ား အဆမွှား 
ရနံို့သင်ားကကိ င်သက ေ့သိိုို့ ပညှာရ ိသူဆတှ်ာဆကှာင်ားန ငေ့် ဆပါင်ားဆြှ်ာ 
လျှင် ဆကှာင်ားဖမတ်ဆသှာ င်္ိုဏ်သတင်ားကိို ရရ ိနိိုင်ဆ ကှာင်ား ဖပ ိို 
 ှာားသည်။ ဆလှာကတွင် အဆပါင်ားအသင်ားဆ ကှာငေ့ ် င်္ိုဏ်တက်ရ 
သည်ရ ိသက ေ့သိိုို့ င်္ိုဏပ် က်ရသည်လည်ားရ ိသည်။ ယင်ားဆ ကှာငေ့် 
ဆပါင်ားသင်ား က် ံဆရားသည်လည်ား အဆရားကကီားဆ ကှာင်ား နီတိ 
က မ်ားက ဖပ ိိုလ က်ရ ိဆတှာေ့သည်။ 

 ိိုို့ဖပင ် ဖမငေ့်ဖမတ်ဆသှာ၊ မ  ိားရိိုားင်္ိုဏ်ကိိုဆစှာငေ့် ိန်ားဆသှာ 
အမ  ိားဆကှာင်ားသှာား သူဆတှ်ာဆကှာင်ားတိိုို့သည်  င်ားရ ဖြင်ားသိိုို့ 
ဆရှာက်သညေ့်တိိုင် ယိုတ်မှာဆသှာအမှုကိို မဖပ ဆ ကှာင်ား၊ ဖြဆသသေ့တိိုို့ 
မည်သည် မည်မျှပင် ှာဆလှာင်မွတ်သိပ်ဆသှ်ာလည်ား သစ်ရွက်တိိုို့ 
ကိို မစှာားဆ ကှာင်ား၊  ိိုို့အတူ မည်မျှပင် ကကံ လ ီဆနဆစကှာမ ူ င်၏ 
အသှာားကိို စှာားဆလေ့မရ ိဆ ကှာင်ား၊  ိိုို့ဆ ကှာငေ့ ် အပမ အစဉ် သူဆတှ်ာ 
ဆကှာင်ားမ ှာားကိို ဆပါင်ားဆြှာ်သငေ့်ဆ ကှာင်ား လူမှုဆရားလမ်ားညွှန်ြ က် 
အြွ ွဲ့မ ှာားအဖြစ ်ဆတွွဲ့ရ ရိပါသည်။ 

၄၊၃။ ဗာလဒိုဇဇနကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 ဗှာလ ိုဇဇနကဏ္ဍ(သူယိုတ်မှာကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ား 
ညွှန်ြ က်မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ သူယိုတ်မှာ 

ကိို မြ စ်မြင်အပ်ဆ ကှာင်ားမ  ရန်ြက်မပပိ င် အနိိုင်ယူအပ်ဆသှာသူ 
ဆလားမ  ိားအဆ ကှာင်ား ိ အြ က်(၁၁)ြ က် ရ င်ားလင်ားဖပ ိို ှာား၏။ 
ယိုတ်မှာဆသှာသဆဘှာရ ိဆသှာသူသည် သူတစ်ပါားတိိုို့၏န မ်ားဆစေ့မျှ 
ဆသှာအဖပစ်တိိုို့ကိို ဖမင်တတ်ပပီား အိုန်ားသီားတမျှကကီားမှာားဆသှာ မိမိ 
အဖပစ်ကိိုကှာား မဖမင်တတ်ဆ ကှာင်ားကိို “တိလမတတ  ေပရသ ဝ၊ အေပ 
ပဒါသဉ္ဇ ေဿတိ။ နာဠိပတရမပိ သ,ပဒါသ ၊ ခလဇာပတာ  န ေဿ 
တိ။” [၇](စာ-၁၁၅) ဟူ၍ ဖပ ိို ှာားသည်။ ဤမည်ဆသှာသူတိိုို့ 
သည် မိမိအတွက်သှာသိပပီား သူတစ်ပါားအတွက် မသိတတ်ဆသှာ၊ 
လိုပ် ဆ ှာင်မဆပားတတ်ဆသှာသူမ ှာားဖြစ်ဖြင်ား ဆ ကှာငေ့ ်မဆပါင်ားသင်ား 
အပ်ဆသှာသူမ ှာား စှာရင်ားတွင်  ညေ့်သွင်ားရမည်ဖြစ်သည်။ ယင်ား 
ဆ ကှာငေ့ ်ဤလမ်ားညွှန်ြ က်မ ှာားသည် လူမှု က် ံရှာတွင် မည်သူ 
ကိို ဆပါင်ားဆြှာ်၍ မည်သူကိို မဆပါင်ားဆြှာ်သငေ့ဆ် ကှာင်ား ဖပ ိို ှာား 
သညေ့် လမ်ားညွှန်ဆကှာင်ားအြွ ွဲ့တစ်ြိုဟို  ိိုရပါမည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလားြွ ွဲ့ ိိုသညေ့် ဆလှာကနီတိ 
ပ  ိွဲ့ ံိုားမစှာတွင်လည်ား “သူယိုတ တိိုို့ကာ်း၊ တေါ်းသူဝယ ၊ န မ ်းငယ  
ခနို့ မျှ၊ အမေစ ရပသာ ၊ ကကီ်းလ ထင ပယာင ၊ မမာ်းပမမာင အမေစ ၊ 
ကိိုယ မမမင တညေ့ ”[၆](စာ-၃၃ဝ) ဟူ၍ တိိုတိိုရ င်ားရ င်ားန ငေ့် နာားလည် 
လွယက်ူဆအှာင် ဆရားြွ ွဲ့ ှာားသည်ကိို ဆတွွဲ့ရပါသည်။  ိိုို့ဖပင် 
သူယိုတ်မှာမ ှာားအဆပေါ်ကိို လွန်မင်ားစွှာ ြ စ်ြင ်ကင်နာမှု မဖပ  က 
ရန်၊ အဘယ်ဆ ကှာငေ့် ိို ဆသှ်ာ သူယိုတ်မှာတိိုို့သည် ဆြါင်ားဖြငေ့် 
ရွက် ှာားဆသှ်ာလည်ား ဆရ မဖပညေ့်သညေ့်အိိုားဖြစ်ဆနဖြင်ား ဆ ကှာငေ့် 
မိမိကိိုဖပန်၍ အက  ိားမဖပ နိိုင်ဆ ကှာင်ား ဖမင်သှာဆအှာင် ြွ ွဲ့ ိို 
 ှာားသည်။ သူမိိုက်၊ သူယိုတ်တိိုို့သည် မိမိဖပ လိုပ်ဆသှာ 
မဆကှာင်ားမှုအတွက် ဖပန်လည်မြံစှာားရဆသားြင် ပ ှာားရည်တမျှ 
ြ  ိပမိန်လ သည်ဟို အှာားရဆက နပ်တတ် ကသည်။  ိိုို့ဆ ကှာငေ့် 
သူမိိုက်၊ သူယိုတ်တိိုို့ အင်အှာားရ ိဆနပါက မဆကှာင်ားဆပ။ 
 ိိုအင်အှာားဖြငေ့ ် သူတစ်ပါား၏ စည်ားစမိ်တိိုို့အှာား အနိိုင်အ က် 
လိုယတူတ် ကဆသှာဆ ကှာငေ့ ် အင်အှာားရ ိဆအှာင် အှာားမဆပားသငေ့် 
ဆ ကှာင်ား လမ်ားညွှန် ှာားသည်ကိို ဆတွွဲ့ရသည်။ 

၄၊၄။ မိတတကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 မိတတကဏ္ဍ(မိတ်ဆ ွကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ားညွှန်ြ က် 
မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ ဆ ွမ  ိားန ငေ့် သူစိမ်ားကိို 
ြွ ဖြှာား၍ဖပဆ ကှာင်ားမ  မိတ်ဆ ွမ ှာားဖပှာား၊ နည်ားပါားတစ်ြံို၊ ဆတွွဲ့ကကံ  
အ ိ အြ က်(၁၅)ြ က်ဖပ ိို ှာားသည်။ မိတ်ဆ ွန ငေ့်ပတ်သက်၍ 
အဆ ွြင်ပွန်ားဆကှာင်ားတိိုို့သည် အနာဆရှာင်္ါ န ိပ်စက်ဆသှာကှာလ 
၌လည်ားဆကှာင်ား၊ ငတ်မွတ်ဆြါင်ားပါားဆသှာကှာလ၌လည်ားဆကှာင်ား၊ 
စည်ားစိမ်ပ က်စီားဆသှာကှာလ၌လည်ားဆကှာင်ား၊ ရန်သူမ ြမ်ားမိဆသှာ 
ကှာလ၌လည်ားဆကှာင်ား၊ မင်ားအိမ်တံြါား၌လည်ားဆကှာင်ား၊ သိုဿန် 
တစဖပင၌်လည်ားဆကှာင်ား အနာားမ မြွှာဘ  ရပ်တည်ဆပား ကသည်။ 
 ိိုြင်ပွန်ားတိိုို့သှာလျှင် အဆ ွြငပ်ွန်ားဆကှာင်ားဖြစ်ဆ ကှာင်ားကိို 
“ပရာင်္ါ-တိုပရစ ဒို-ဗဘိပကခ၊ ဗျသပန သ တြု-ဝိင်္ဂ ပဟ။ ရာဇ- ဒွာရ 
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သိုသာပန စ၊ ပယ တိဋ္ဌနတိသို-မိတတ ကာ။” [၇](စာ-၁၄၉) ဟူ၍ 
ြွငေ့် ိို ှာားသည်။ မိမိအဆပေါ်ဆကှာင်ားမွန်ဆသှာ မိတ်ဆ ွဆကှာင်ား 
တိိုို့ကိို  က်လက်ဆပါင်ားဆြှ်ာသငေ့်ဆ ကှာင်ား လမ်ားညွှန် ှာားသညေ့် 
လူမှုဆရား လမ်ားညွှန်ြ က်အြွ ွဲ့ဆကှာင်ားတစ်ြိုဖြစ်ပါသည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား ြွ ွဲ့ ိိုသညေ့် ဆလှာကနီတိ 
ပ  ိွဲ့ ံိုားမစှာတွင်လည်ား “မမမတ ရန သူ၊ အတူမပကွ၊ ပေါင ်းရပလ 
ပသာ ၊ စိတ ပနပမ မမ ၊ အကက ချနိ ပထာက ၊ မပမမာက ပသ်းမ၊ူ ရန သူ 
ကိိုလျှင ၊ ေခ ို်းတင ၍၊ ပငိြုမငင လျက သာ၊ ရွက ပဆာင ရာ၏။ အခါ 
ပရာက ပသာ ၊ ပကျာက ဖျာမေင ၌၊ ရိိုက ၍အိို်းကိို၊ ခွ လိိုက ဆိိုသိိုို့၊ ထိို 
ရန သူအာ်း၊ ခွ ဖျက မငာ်းပလာေ့”[၆](စာ-၃၃၁) ဟူ၍ ြွ ွဲ့ ိို ှာားသည် 
ကိိုဆတွွဲ့ရသည်။  မိတ်ဆ ွစစ် မိတ်ဆ ွမ န်တိိုို့သည် မိမိတွင် 
မည်သိိုို့ဆသှာ အြက်အြ ရ ိဆစကှာမ ူြ ြွှာမသွှာား ကဘ  “ဆအားအတူ 
ပူအမျှ” ဖြစ်လှာသမျှ  ိုကခကိို အတူြံယူ ကသည်။ ရန်သူကိို 
ရင ်ိိုင်ရှာတွင်လည်ား အတူတကွပူားဆပါင်ားဆဖြရ င်ား ကသည်။ ယင်ား 
ဆ ကှာငေ့ ် မိတ်ဆ ွစစ်ကိို အ ူားဆပါင်ားသင်ား က် ံရန်လိိုအပ် 
ဆ ကှာင်ား လူမှုဆရားလမ်ားညွှန်ြ က်အြွ ွဲ့ဆကှာင်ားတစ်ြိုအဖြစ် ဆတွွဲ့ရ 
ပါသည်။  ိိုို့ဖပင် မိတ်ဆ ွအတိုအဆယှာင်တိိုို့သည် မိမိဆရ ွဲ့တွင် 
တစ်မ  ိား၊ မိမိကွယရ်ှာတွင်တစ်မ  ိား ဆဖပှာ ိိုတတ် ကသည်။  ိို 
သူမ  ိားကိို ပ ှာားက အ ိပ်အိိုားကိို ဆရ ှာင်သက ေ့သိိုို့ ဆရ ှာင် ကဉ်ရမည် 
ဖြစ်ဆ ကှာင်ားလည်ား သိမ တ်ရပါသည်။ 

၄၊၅။ ဣတထိကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 ဣတထိကဏ္ဍ(မိန်ားမကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ားညွှန်ြ က် 
မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ သတတဝါအလိိုက် 
အ င်ားဆလားမ  ိားအဆ ကှာင်ားမ  အဘိိုားအိို မိန်ားမငယ်ကိိုယလူျှင် 
ပ က်စီားဆ ကှာင်ားအ ိ အြ က်(၂၅) ြ က်ဖပ ိို ှာားသည်။ မိန်ားမ 
ကိိုြွ ွဲ့ ိိုရှာတွင် မိန်ားမတိိုို့၏ ဥစစှာကှာား အ င်ားဖြစ်ဆ ကှာင်ား၊ 
အ ကင်မိန်ားမသည် ဖငင်ားြံိုတတ်ဆသှာအဆလေ့ရ ိလျှင်၊ ဖင စူဆစှာင်ား 
ဆဖမှာင်ားဆဖပှာ ိိုတတ်ဆသှာအဆလေ့ရ ိလျှင်၊ ဖမင်သညေ့်အရှာအှာားလံိုား 
ကိို ပိိုင် ိိုင်တပ်မက်တတ်လျှင်၊ အမ ှာားအဖပှာား ြ က်ဖပ တ် စှာား 
ဆသှာက်တတ်လျှင်၊ လင်ဆယှာက် ှာား၏ အဦားအြ ှာားကိို 
စှာားဆသှာက်တတ်ဆသှာ အဆလေ့ရ ိလျှင်၊ သူတစ်ပါားအိမ်သိိုို့ လ ညေ့် 
ပတ်သွှာားလှာတတ်ဆသှာ အဆလေ့ရ ိလျှင်  ိိုမိန်ားမသည် 
သှာားတစ်ရှာပင ် ြွှာားဖမင်ဆသှ်ာလည်ား လင်ဆယှာက် ှာားက စွနိ်ု့ပစ် 
အပ်ဆ ကှာင်ား မိန်ားမတိိုို့လိိုက်နာက ငေ့်ဆ ှာင်အပ်သညေ့် အဆ ကှာင်ား 
တရှာားတိိုို့ကိို လမ်ားညွှန်ြ က်ဆပားကှာ ရ င်ားလင်ား ှာားပါသည်။ ယင်ား 
မ ှာ “ဝိဒါသီလိံ ဥဿူယဘာဏ္ိနိံ၊ သမပဿတဏ္ိံ ဗဟိုေါကဘိုတတိနိံ 
အင်္ဂနတဘိုတတိံ ေရပင်္ဟဝါသိနိံ၊ နာရိံစပဇ ေိုပတတသတမပိ ေိုမာ” 
[၁](စာ-၂၂၅) ဟူ၍ ဖပ ိို ှာားသည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား ြွ ွဲ့ ိိုသညေ့် ဆလှာကနီတိ 
ပ  ိွဲ့ ံိုားမစှာတွင်လည်ား “ အ ကင မိန ်းမ၊ ပဒါသမကင ်း၊ မငင ်းခ ို 
တတ ပရ ာင ်း၊ ပစာင ်းပမမာင ်းမငြူစူ၊ ပမောထူမျာ်းစွာ၊ မမင တိိုင ်းမ ာေင  

လိိုချင တေ မက ၊ မျာ်းစွာချက တညေ့ ၊ စာ်းတ ိုလ ညေ့ လျက ၊ လင ၏ 
ပရ ်းဦ်း၊ ခူ်းခေ စာ်းပသာက ၊ ပရာက ရက မပငိမ ၊ သူူ့အိမ သွာ်းလာ၊  
မေစ ပမခာက မဖာတညေ့ ၊ ကယ ၍ရ ိမူ၊ သူန ငေ့ ပမွ်းဘွာ်း၊ သာ်းတရာစင ၊ 
ရ ိတ ိုကျင လည ်း၊ ချစ ခင မသာ၊ စွနို့ လိိုက ခွာပလာေ့။  ။ ကျမ ်းလာ 
သည တိိုင ်း-အမ န တည ်း” [၆](စာ-၃၃၄) ဟူ၍ ြွ ွဲ့ ိို ှာားပါသည်။ 
ဆလှာကတွင် မိန်ားမတိိုို့အတွက် လင်ဆယှာက် ှာားသည်သှာ အင်အှာား 
ဖြစ်ဆသှာဆ ကှာငေ့ ် မိမိတိိုို့အိမ်ဦားနတ် စိတ်ရွှေင်လန်ားဆက နပ်ဆစရန် 
မည်သိိုို့ဆန ိိုင်စှာားဆသှာက်ရမည်ကိို လမ်ားညွှန် ှာားသညေ့် လူမှုဆရား 
လမ်ားညွှန်ြ က်အြွ ွဲ့တစ်ြိုဖြစ်သည်။ ဥဩင က်တိိုို့၏ အ င်ားသည် 
အသံဖြစ်၍ မိန်ားမတိိုို့၏အ င်ားသည် လင်ကိိုဖမတ်နိိုားဖြင်ားဖြစ် 
ဆ ကှာင်ား၊ ယင်ားဆ ကှာငေ့် မိမိ၏ြင်ပွန်ားလင်ကိို ြ စ်ဖမတ်စွှာဆန ိိုင်ရ 
မည်ဖြစ်ဆ ကှာင်ားလည်ား ဖပ ိို ှာားသညေ့် လူမှုဆရားလမ်ားညွှနတ်စ်ြို 
ဖြစ်သည်။  ိိုို့ဖပင် မိန်ားကဆလားမ ှာား မည်သိိုို့ဆန ိိုင်ရမည်ကိိုလည်ား 
ဥပမှာဆပား လမ်ားညွှန် ှာားသည်။ ဖမစ်သည် ဆကွွဲ့ဆကှာက်တတ် 
သည်။ ဆတှာတိိုို့တွင်  င်ားမ ှာားဖြငေ့်ဖပညေ့်တတ်သည်။  ိိုို့အတူ 
မိန်ားမတိိုို့သည်  ိတ်ပငိမ်ဆသှာအရပ်တွင် ဆန ိိုင်ရသည်ရ ိဆသှ်ာ 
ကကီားစွှာဆသှာမဆကှာင်ားမှုကိို ဖပ တတ်ဆ ကှာင်ား၊  ိိုို့ဆ ကှာငေ့ ်  ိတ် 
ပငိမ်ဆသှာအရပ်တွင် မဆန ိိုင်သငေ့်ဆ ကှာင်ား ညွှန် ိို ှာားသည်ကိို 
လည်ားဆတွွဲ့ရသည်။ 

 

၄၊၆။ ရာဇကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 ရှာဇကဏ္ဍ(မငာ်း၊ ရ င်ဘိုရင်ကိို ြွ ွဲ့ ိိုဆသှာ) လှာ 
လမ်ားညွှန်ြ က်မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွင်ေ့် ိိုရှာ၌ ညဥေ့် 
ဆလားယှာမ၌်  င်ဖြင်၍ အိပ်သငေ့်ဆ ကှာင်ားမ  မ ီရှာမရ ိဆသှ်ာ မတငေ့် 
တယ်အ ိ အြ က်(၂၆)ြ က်ဖပ ိို ှာားသည်။ မငာ်းန ငေ့်ပတ်သက်၍ 
မင်ားန ငေ့်အပပိ င် ကှာမစည်ားစိမ်ကိို မြံစှာားသငေ့်ဆ ကှာင်ား၊ အသွင် 
ဟန်ပန်ပံိုသဏ္ဍှာန်မ ှာလည်ား မင်ားန ငေ့်တဆူအှာင် မဖပ သငေ့်ဆ ကှာင်ား၊ 
အရသှာစှာားရှာတွင်လည်ား မငာ်းန ငေ့်အတူအပပိ င် မစှာားရဆ ကှာင်ား၊ 
ပန်ားပန်ဖြင်ား၊ နံို့သှာလိမ်ားက ံဖြင်ားတိိုို့လည်ား မငာ်းန ငေ့်အပပိ င် မဖပ ရ 
ဆ ကှာင်ား၊ အဝတ်အ ည်ဝတ်ရှာတွင်လည်ား မငာ်းန ငေ့်အပပိ င် မင်ား 
 က်လွန်က ကှာ မဝတ် င်ရဆ ကှာင်ား၊ တန် ှာ င်ရှာတွင် 
လည်ား မငာ်းန ငေ့်အပပိ င် မဖပ လိုပ်ရဆ ကှာင်ား၊ အရှာအှာားလံိုားအလံိုားစံို 
ကိို မငာ်းန ငေ့်မပပိ င်ရဆ ကှာင်ား လမ်ားညွှန်ြ က်ဆပား ှာားသည်ကိို ဆတွွဲ့ 
ရသည်။ ယင်ားကိို “န ရညာ သမက  ဘိုဉ္ဇ၊ ကာမပဘာင်္  ကိုဒါစန ။ 
အာကေပ  ရသ ဘိုတတိံဝါ၊ မာလာ င်္နဓ ဝိပလေန ။ ဝတထ  သဗဗအလကဂာ 
ရ ၊ န ရညာ သဒိသ  ကပရ” [၁](စာ-၃၃၇) ဟူ၍ ဖပ ိို ှာားသည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား ြွ ွဲ့ ိိုသညေ့် ဆလှာကနီတိ 
ပ  ိွဲ့ ံိုားမစှာတွင်လည်ား “တတည မ တ  က၊ မင ်းန ငေ့ မျှပအာင ၊ ကာမ 
ချမ ်းသာ၊ မခ ရာတညေ့ ၊ န ို့သာေန ်းပေါင ်း၊ ဝတ ပကာင ်းေိုဆိို်း၊ 
မင ်းစိို်း တန ဆာ၊ မင ်းမ ာဟန လိို၊ မိနို့ ဆိိုမူယူ၊ မင ်းန ငေ့ တူပအာင ၊ 
ေ ိုမပဆာင န ငေ့ ၊ ပရ ာင  ကဉ သငေ့ ၏” [၇](စာ-၃၄ဝ) ဟူ၍ ြွ ွဲ့ ိို ှာား 
သည်။ ဆရဆဖမေ့အရ င်မင်ားကကီားန ငေ့် တိုပ၍ ကှာမစည်ားစိမ်ြ မ်ားသှာကိို 
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မြံစှာားသငေ့်ဆ ကှာင်ား၊ နံို့သှာ၊ ဝတ်ဆကှာင်ားပို ိိုားတိိုို့ကိို တိုပ မဝတ် 
 င်သငေ့်ဆ ကှာင်ား၊ မငာ်းန ငေ့်တူဆအှာင် မဆနသငေ့်ဆ ကှာင်ား၊ အလိိုက် 
တသိ ဆရ ှာင် ကဉ်သငေ့်ဆ ကှာင်ားတိိုို့ကိို ဆလှာကသိမ တ်ြွယရ်ှာမ ှာား 
အဖြစ် ပံိုဆ ှာင်ဆရားြွ ွဲ့ ှာားသည်ကိို ဆတွွဲ့ရသည်။ ဤသည်တိိုို့မ ှာ 
ဆလှာကနီတိက မ်ားက ဆပားဆသှာ လူမှုဆရားလမ်ားညွှန်ြ က်တစ်ြိုဟို 
 ိိုနိိုင်ပါသည်။ 

 

၄၊၇။ ေကိဏ္ဏတကဏ္ဍလာ လူမှုပရ်းလမ ်းညွှန ချက အဖွ ွေ့မျာ်း 

 ပကိဏဏတကဏ္ဍ(အဆ ွဆ ွကိို ြွ ွဲ့ ိိုဆသှာ) လှာ လမ်ား 
ညွှန်ြ က်မ ှာားကိို  ရှာဆတှ်ာက အက ယ်ြွငေ့် ိိုရှာ၌ သီလ စသည် 
မရ ိနိိုင်ဖြင်ားအဆ ကှာင်ားမ   ိုတ်ကပ်ကှာလ၌ ဥစစှာကိိုသှာ ပဓှာနဖပ  
ဖြင်ားအ ိ အြ က်(၃ဝ)ဖပ ိို ှာားသည်။ အဆ ွဆ ွကိို ြွ ွဲ့ ိိုဆသှာ 
အြန်ားကဏ္ဍတွင် ဆလှာက၌ ဖြဆသသေ့သည်လည်ားဆကှာင်ား၊ သူဆတှ်ာ 
ဆကှာင်ားသည်လည်ားဆကှာင်ား၊  င်သည်လည်ားဆကှာင်ား၊ ဤသူတိိုို့ 
သည် အက  ိားမရ ိဆသှာအရပ်ကိိုစွနိ်ု့၍ သွှာား ကကိုန်သည်။ 
က ာီးသည်လည်ားဆကှာင်ား၊ ယိုတ်မှာဆသှာဆယှာက် ှာားသည် လည်ား 
ဆကှာင်ား၊ သမင်သည်လည်ားဆကှာင်ား၊ ဤသတတဝါတိိုို့သည် မိမိဖြစ်ရ ိ 
က င်လည်ရှာအရပ်၌သှာလျှင် ပ က်စီားဖြင်ားသိိုို့ဆရှာက်ကိုန်ဆ ကှာင်ား 
ကိို “ပဒသ  ဩသဇဇ င်္စဆနတိ၊ သီပဟာ သေပြုရိပသာ င်္ပဇာ။ တပတထ - 
ဝ နိဓန  ယနတ၊ိ ကာပကာ ကာ-ေိုရိပသာ မိပင်္ါ။” [၁](စာ-၃၉၆) 
ဟူ၍ ဖပ ိို ှာားသည်။ ဆလှာကရ ိလူသှာားတိိုို့သည် မိမိတိိုို့အတွက် 
အက  ိားမရ ိသညေ့်ဆနရှာတွင် ဆန ိိုင်၍မသငေ့်ဆ ကှာင်ား “တစ်ရွှာ 
မဆဖပှာင်ား သူဆကှာင်ားမဖြစ်” ဟူသညေ့်အတိိုင်ားပင် မိမိဆန ိိုင်ရှာ 
အရပ်ကိို စွနိ်ု့ြွှာသငေ့်ဆ ကှာင်ား လမ်ားညွှန်ြ က်ဆပား ှာားသည်။ 

 အမ ှာဆတှ်ာဆရား ဦားရ င်ကဆလား ြွ ွဲ့ ိိုသညေ့် ဆလှာကနီတိ 
ပ  ိွဲ့ ံိုားမတွင်လည်ား “ဆင န ငေ့ မခပသဂေ့၊ မမတ ပမွွေ့သပူတာ ၊ ဤသ ို်း 
ပဘာ ကာ်း၊ မပတာ ရေ ရွာ၊ ပရ ာင ပလေါ၏။ ယိုတ မာသူေျက ၊ ကျ်ီး 
နက သမင ၊ ထိို ၃-အင ကာ်း၊ အ ကင ရေ မ ာ၊ မပကာင ်းေါလည ်း၊ 
ပရ ာင ခွာမသွာ်း၊ လွန ပေျာ ေါ်း။” [၇](စာ-၃၄၃) ဟူ၍ ြွ ွဲ့ ိို ှာား 
သည်။ ဆလှာကရ ိလူသှာားတိိုို့သည် ကကီားပွှာားတိိုားတက်ြ မ်ားသှာလိို 
လျှင် မိမိန ငေ့် အက  ိားမဆပားဆသှာ ဆနရပ်ဌှာနီကိို စွနိ်ု့ြွှာရမည်ဟူ 
ဆသှာအသိကိို ဆပားစွမ်ား ှာားသည်။ သိရ ိလိိုက်နာြွယ်ရှာဆကှာင်ား 
ဆသှာ လူမှုဆရားလမ်ားညွှန်မှုတစ်ြိုဟို မ တ်ယူနိိုင်သည်။ 
 

၅။ မခ ြုင ိုသ ို်းသေ ချက  
  ဆလှာကနီတိက မ်ားလှာ လမ်ားညွှန်ြ က်မ ှာားမ ှာ မ တ်သှာား 
၍ပင ် မကိုန်နိိုင်ဆအှာင် မ ှာားဖပှာားလ ပါသည်။ ပညှာရ ိကိိုြွ ွဲ့ဆသှာ 
အြွ ွဲ့တွင် ပ င်ားရိဆသှာသူမ ှာားသည် အတတ်ပညှာမရနိိုင်သညေ့် 
အဖပင် အ ံိုားတွင် နိဗဗှာန်မရနိိုင်ပံို ိ ပညှာတတ်ဖြင်ား၏အဆရားပါပံို 
ကိို ရ င်ားလင်ားဖပ ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ သူဆတှ်ာဆကှာင်ား 
အဆ ကှာင်ားကိို ြွ ွဲ့ ိိုရှာတွင် ပိနန သီားတိိုို့၏ ြ  ိဖမမှုကိို အဖပင်ပန်ားတွင် 

မဖမင်ဆတွွဲ့နိိုင်ဆ ကှာင်ားန ငေ့် သူဆတှ်ာဆကှာင်ားတိိုို့ကိိုသှာ ဆပါင်ားဆြှ်ာ 
 က် ံသငေ့်ဆ ကှာင်ား စှာြတ်သူမ ှာား နာားလည်လက်ြံလှာဆစရန် 
တစ်ြ က်ြ င်ား ရ င်ားလင်ား လမ်ားညွှန် ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ 
သူယိုတ်(သူမိိုက်)အဆ ကှာင်ားကိို ြွ ွဲ့ ိိုရှာတွင် ယိုတ်ညံေ့ဆသှာစိတ် 
 ှာားရ ိဆသှာသူမ ှာားသည် မိမိဖပ လိုပ် ှာားသညေ့် မဆကှာင်ားမှု အဖပစ် 
မ ှာားကိို အိုန်ားသီားလံိုားဆလှာက်ပင်ရ ိဆသှ်ာလည်ား မဖမင်တတ် က 
ဆ ကှာင်ား၊ သူတစ်ပါား၏အဖပစ်ကိို န မ်ားဆစေ့တစ်ဆစေ့သှာသှာရ ိသည်ကိို 
ပင ် ဖမင်တတ် ကဆ ကှာင်ား လူမှု က် ံဆရားန ငေ့်ပတ်သက်၍ 
လူမ ှာားကိို အဆကှာင်ားဖမင် ဖမင်တတ် ကဆစရန် လမ်ားညွှန် ှာားသည် 
ကိို ဆတွွဲ့ရပါသည်။ မိတ်ဆ ွအဆ ကှာင်ားကိို ဆရားသှာားရှာတွင် 
မိတ်ဆ ွစစ် မိတ်ဆ ွမ န်လျှင် မည်မျှပင် အြက်အြ ရ ိဆနဆစကှာ 
မ ူ မိမိကိို စွနိ်ု့ပစ်မသှွာား ကဆ ကှာင်ား၊ မိမိအနာားတွင်  ိုကခမ န်သမျှ 
ြံယပူပီား ဆသသည်အ ိ အတူရ ိဆနဆပားတတ်ဆ ကှာင်ားန ငေ့် ဆလှာက 
တွင် မိတ်ဆ ွစစ်မ ှာားသှာလျှင် တန်ြိိုားအရ ိ ံိုားအရှာဖြစ်ဆ ကှာင်ား 
လမ်ားညွှန်ဖပ ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။  အမ  ိားသမီား (မနိ်ားမ) 
အဆ ကှာင်ားကိို ဆရားသှာားရှာတွင် မိန်ားမမ ှာား မဖပ လိုပ်အပ်သညေ့် 
အရှာမ ှာားကိို တစ်ြ က်ြ င်ား ရ င်ားရ င်ားလင်ားလင်ားဖပ ိိုလမ်ားညွှန် 
 ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ မငာ်း(ရ င်ဘိုရင်) အဆ ကှာင်ားကိို 
ဆရားသှာားရှာတွင် တိိုင်ားဖပည်အိုပ်ြ  ပ်သညေ့် အှာဏှာအရ ိ ံိုားဖြစ် 
သညေ့်ရ င်ဘိုရင်န ငေ့် တိုပပိ င်၍ မည်သညေ့်အရှာမ  မဖပ လိုပ်သညေ့် 
ဆ ကှာင်ား ဖပ ိို ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ အဆ ွဆ ွ 
အဆ ကှာင်ားကိို ဆရားသှာားရှာတွင် ဆလှာက၌ လူအမ ှာားလိုပ်သငေ့် 
လိုပ် ိိုက်သညေ့်အရှာမ ှာားကိို ဖပ ိိုလမ်ားညွှန် ှာားသည်။ မိမိတိိုို့န ငေ့် 
အက  ိား က်စပ်သညေ့်ဆနရှာတွင်သှာ ဆန ိိုင်ရမည်ဖြစ်ဆ ကှာင်ား 
န ငေ့် မိမိတိိုို့န ငေ့် မအပ်စပ်သညေ့်ဆနရှာတွင် ဆန ိိုင်ရန် မသငေ့်ဆလ ှ်ာ 
ဆ ကှာင်ား လမ်ားညွှန် ှာားသည်ကိို ဆတွွဲ့ရပါသည်။ အြ  ပ်အှာားဖြငေ့် 
 ိိုရပါမ ူ ဆလှာကနီတိက မ်ားသည် ဆလှာကရ ိလူသှာားတိိုို့ မည်သိိုို့ 
ဆန ိိုင်ဖပ မူ  က် ံသငေ့်ဆ ကှာင်ား လမ်ားညွှန်ဖပသ ှာားသညေ့် 
က မ်ားဆကှာင်ားတစ်ဆစှာင်ဟို  ိိုရဆပဆတှာေ့မည်။ 

န ိဂ ု်း 
  ဤစှာတမ်ားသည် ဆညှာင်တိုန်ားဆရွှေဟသသှာဆတှာရ 
စံဆက ှာင်ား ရှာဆတှ်ာဘိုရှာားကကီား ဆရားသှာားစီမံြ ေ့ဆသှာ “ဆလှာက 
နီတြိွငေ့ ် အက ယ်လက်စွ က မ်ား” ကိို ကိိုားကှာား၍ ဖပ စို  ှာားသညေ့် 
ဆလှာကနီတိက မ်ားလှာ  ံိုားမဩဝါ မ ှာားအဆ ကှာင်ား သိဆကှာင်ား 
စရှာမ ှာားကိို ဆလေ့လှာတင်ဖပ ှာားဆသှာ စှာတမ်ား တစ်ဆစှာင် 
ဖြစ်ပါသည်။ ဆလှာကနီတိန ငေ့်ပတ်သက်၍ ပညှာရ င် အမ ှာားစိုက 
ဆရားသှာားြွငေ့် ိိုြ ေ့ ကဆသှာဆ ကှာငေ့် မိမိန စ်သက်ရှာ ဆလှာကနီတိ 
က မ်ားအြွငေ့်မ ှာားကိို  က်လက်ဆလေ့လှာ သိုဆတသန ဖပ  ကပါရန် 
တိိုက်တွန်ားအပ်ပါသည်။ 
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က ျ မ ်း က ို်း စ ာရင ်း 

[၁] စံဆက ှာင်ား၊  ရှာဆတှ်ာ။ (၂ဝ၁၈)။ ပလာကနီတိဖွငေ့ အကျယ  
လက စွ ကျမ ်း။ ရန်ကိုန်၊ စိတ်ကူားြ  ိြ  ိပံိုန ိပ်တိိုက်။ 
[၂] စိိုားညွနိ်ု့၊ ဦား(ရှာဖပညေ့်)။ (၂ဝ၁၄)။ ၂ဝ ရာစို မမန မာစာပရ်းဆရာ 

၁ဝဝ အတထြုေပတတိအကျဉ ်း ၊ တတိယအိုေ ။ ရန်ကိုန်၊ 
ရှာဖပည်ေ့စှာအိုပ်တိိုက်။ 
[၃] တင်စိိုား။ (၂ဝ၂၃) ။ မေည သူူ့နီတိန ငေ့  လက ပတွွေ့ဘဝ ။ ရန်ကိုန်၊ 
 ကည်ဖြ နိိုင်စှာအိုပ်တိိုက်။ 
[၄]  ွန်ားဖမငေ့၊် ဦား။ (၂ဝ၁၆)။ ေါဠိသက ပဝါဟာရအဘိဓာန ။ 
ရန်ကိုန်၊ စိတ်ကူားြ  ိြ  ိပံိုန ိပ်တိိုက်။ 
[၅] ဘ ဆသှာင်ား၊ ဗိိုလ်မ  ား။ (၂ဝဝ၂)။ စာဆိိုပတာ မျာ်းအတထြုေပတတိ။ 
ရန်ကိုန်၊ ရှာဖပညေ့်စှာအိုပ်တိိုက်။ 
[၆] ရ င်ကဆလား၊ ဦား။ (၁၉၆၂)။ ပလာကနီတိေျြိုွေ့-ဆ ို်းမစာ။ ရန်ကိုန်၊ 
ဟံသှာဝတီပံိုန ိပ်တိိုက်။ 
[၇] သိုြ၊ ဦား။ (၂ဝဝ၇)။ ပလာကနီတိ။ ရန်ကိုန်၊ ဆအှာင်ပါရမီ 
ပံိုန ိပ်တိိုက်။ 
[၈] ဟိုတ်စိန်၊ ဦား။ (၁၉၅၄) ေါဠ-ိမမန မာ အဘိဓာန ။ ရန်ကိုန်၊ 
ဖပည်ဆ ှာင်စိုဖမန်မှာနိိုင်ငံဆတှ်ာအစိိုားရစှာပံိုန ိပ်ဆရားန ငေ့် စှာဆရား 
ကိရိယှာဌှာန။ 
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စ ာတမ ်းအက ျဉ  ်း 

      အင််းဝခေတ် စာဆ ိုရငှ်မဟာရဋ္ဌသာရ၏ က ို်းေန််းပ   ျို့မှ 

ရရှ ခသာ ခ ာကိုတတရာဗဟိုသိုတမ ာ်းက ို ခ ေ့ ာတင်ပပပါမည်။ 

အေန််း(၁)တွင် ရှင်မဟာရဋ္ဌသာရ၏ ခေဂိုပပတထ အက ဉ််း၊ အေန််း(၂)တွင် 

ပ   ျို့ခဝါဟာရနှငေ့် သခဘာသဘာဝသမ ိုင််းအက ဉ််း၊ အေန််း(၃)တွင် 

က ို်းေန််းပ   ျို့မ ှ ခ ာကိုတတရာသိုတမ ာ်းက ို ခ ေ့ ာတငပ်ပပါမည်။ 

က ို်းေန််းပ   ျို့တွင ် ူငယ် ူရယွ်မ ာ်းက ို ဆ ို်းမော်းသည်က ို ခတွျို့ရပါသည်။ 

အဆ ို်းအမမ ာ်းက ို   ိုက်နာက ငေ့်ကက ပေင််းပြငေ့ ် တ ိုင်ပပည်အက   ်း၊ 

န ိုင်င အက   ်းက ို သယ်ပ ိုန ိုင်ခသာ သာ်းခကာင််းရတနာမ ာ်းပြစ ်ာ 

န ိုင်ခသာ အက   ်းခက ်းဇူ်းမ ာ်းက ို ရရှ န ိုငပ်ါသည်။ ဤစာတမ််းမှ 

စာဆ ိုရငှ်မဟာရဋ္ဌသာရ၏ ခ ာကိုတတရာ်းဗဟိုသိုတမ ာ်းက ို ခ ေ့ ာ 

တင်ပပခသာ သိုခတသနစာတမ််း ပြစ်ပါသည်။ 

ခသာေ့ေ က်ခဝါဟာရ။     ။၊  ခ ာကိုတတရာ သိုတ၊ 

 န ိဒါန  ်း 

မြန်ြာစာပေပေစ ီးပကကာင်ီးက ို ပလေ့လာကကညေ့်လျှင် 

မြစ်ဖ ာီးခံောမဖစ်ပ ာ ေိုဂံပခတ်ြှစ၍ စကာီးပမေနှငေ့် ကဗ ာဟူ 

 ညေ့် ေ စာပေြ ာီး စတင်ထွန်ီးကာီးခ ေ့ပကကာင်ီး ပတွွေ့ေ ည်။ 

ေိုဂပံခတ်တွင် ပေီးထ ိုီးခ ေ့ပ ာ အလှှူြှတ်တြ်ီးတင်ပက ာက်စာ၊ 

ြငစ်ာြ ာီးြှတစ်ဆငေ့် မြန်ြာစာပေအပေီးအ ာီး စတင် 

ထွန်ီးကာီးခ ေ့ေါ ည်။ အင်ီးဝပခတ်  ိုို့ ပောက်ပ ာအခါ စကာီးပမေ 

အပေီးအ ာီးြ ာီးထက် ကဗ ာအဖွ ွေ့အနွ ွေ့မဖစ်ပ ာ ေ   ွေ့ကဗ ာြ ာီး 

အင်တ ိုက်အာီးတ ိုက် ထွန်ီးကာီးလာပကကာင်ီး ပတွွေ့ေေါ ည်။ 

စာဆ ိုြ ာီး ည် ေဟန်ီးစာဆ ို ြ ာီးမဖစ် ညေ့်အာီးပလျှာ်စွာ 

ဗိုဒ္ဓစာပေက ို အပမခခံ၍ပေီးဖွ ွေ့ပ ာ ေ   ွေ့ကဗ ာြ ာီးစွာ ပေေါ်ထွန်ီးခ ေ့ 

ေါ ည်။ 

ထ ိုေ   ွေ့ကဗ ာြ ာီးတွင် အြ ာီးအာီးမဖငေ့် ပလာက  

ပလာကိုတတောဆ ိုင်ောြ ာီး၊ ဓြမပေီး၊ ောဇပေီးဆ ိုင်ောြ ာီးက ို 

အပမခခံ၍ ပေီးဖွ ွေ့ပလေ့ေှ ပကကာင်ီး ပတွွေ့ေေါ ည်။ စာဆ ိုေှင် 

ြဟာေဋ္ဌ ာေပေီးဖွ ွေ့ခ ေ့ ညေ့် ေ   ွေ့ကဗ ာြ ာီးအနက် က ိုီးခန်ီးေ   ွေ့ 

 ည်လည်ီး ထင်ေှာီးပ ာ ေ   ွေ့ကဗ ာအမဖစ် မြန်ြာစာပေပလာက 

တွင် ြှတ်တ ိုင်စ ိုက်ထူန ိုင်ခ ေ့ေါ ည်။ က ိုီးခန်ီးေ   ွေ့တွင် ဇာတ်လြ်ီး၊ 

ဇာတ်ပဆာင်၊ ကာလပဒ္ ပနောက်ခံဝန်ီးက င်၊ ဘိုောီးပဟာ 

ဇာတ်န ေါတ်က ို အပမခခံ၍ နှစ် က်ဖွယ်ပကာင်ီးပအာင် 

ပေီးဖွ ွေ့ထာီးပကကာင်ီး ပတွွေ့ေေါ ည်။ 

ဖခင်ေိုဏ္ာီးကက ီးြှ  ာီးဟတထ ေါလပတာထွက်ြည်က ို 

စ ိုီးေ ြ်၍ တာီးမြစ်ပ ာအခန်ီး ည် တောီး အဆ အနှစ်၊ ပလာက  

ေညာေေ်ဆ ိုင်ော  ိုတြ ာီးက ိုေ ို၍ ဖန်တ ီးပေီးဖွ ွေ့ထာီးန ိုင်ပ ာ 

အခန်ီးအမဖစ် ပတွွေ့ေ ည်။ အဓ ကအာီးမဖငေ့်  ာီးပလီးဦီးအာီး 

ေိုဏ္ာီးနှငေ့်ြင်ီးကက ီးတ ိုို့က ငယ်ေွယ်စဉ်တောီးြေှာပဖွြ  ပလာက  

ေညာေေ်ြ ာီးက ို ပလေ့လာလ ိုက်စာီးပစလ ို ညေ့် ဖခင်ေိုဏ္ာီးကက ီး၏ 

အယူအဆ ပဘာြ ာီးက ို  ာီးဟတထ ေါလနှငေ့် ည ပနောင်ပလီးဦီးက 

ပလာကိုတတောတောီးအ  နှငေ့် န ှိုင်ီးယှဉ်မေကာပေီးဖွ ွေ့ထာီးခ ေ့ ည်။ 

ပနောက်ဆံိုီးတွင် တောီးအဆ အနှစ် ည် ပလာက လူ ာီးြ ာီး 

အပေေါ်  လွှြ်ီးြ ိုီးအန ိုင်ယူခ ေ့ေံိုမဖငေ့် ပေီးဖွ ွေ့ထာီးပ ာပကကာငေ့် 

က ိုီးခန်ီးေ   ွေ့ ည် တန်ဖ ိုီးြမဖတ်န ိုင်ပ ာ ေ   ွေ့တစ်ပစာင်မဖစ် 

ပကကာင်ီး  ေှ ပစေန် ပလာကိုတတော ိုတြ ာီးက ို ထိုတ်နှိုတ် 

ပလေ့လာတင်မေ  ွာီးြည်မဖစ်ေါ ည်။ 

အေန််း(၁) 

ရှင်မဟာရဋ္ဌသာရ၏ခေဂိုပပတတ အက ဉ််း 

ေှင်ြဟာေဋ္ဌ ာေ ည်  ကကောဇ်(၈၃၀)မေညေ့်နှစ်တွင် 

အင်ီးဝပနမေည်ပတာ်၌ ဖွာီးမြင်ခ ေ့ ည်။ ဖခင်ြှာ ဓြမေါလ 

အြတ်မဖစ်ပေ ီး၊ ြ ခင်ြှာအင်ီးဝပြ  ွေ့တည်  တ ိုီးြင်ီးဖ ာီး၏ 

 ြ ီးပတာ် ပစာနန်ီး၏ မြစ်မဖစ် ည်။ ေှင်ြဟာေဋ္ဌ ာေ၏ 

ငယ်အြည်ြှာ ပြာင်ပြာက်မဖစ် ည်။ အဖြ   ီးရ ိုီး၊ အြ ြ   ီးရ ိုီး 

ဘက်ြှပ ာ်လည်ီးပကာင်ီး ောဇပ ွီးေါပ ာ ြ   ီးရ ိုီးမဖစ်ေါ ည်။ 

ငယ်စဉ်ြှစ၍ နန်ီးပတာ်တွင်ီး၌ ကက ီးမေင်ီးလာ ူဟိုဆ ိုန ိုင် ည်။ 

နန်ီးပတာ်တွင်ီး ကက ီးမေင်ီးခ ေ့ေ ူေ ေ  စ တ်ခက်ထန် ည်။ 

က ို်းေန််းပ   ျို့မှ ခ ာကိုတတရာဆ ိုင်ရာခ ေ့ ာေ က် 

  တာနှငီ်း ၁, ပအီးပအီးထနွ်ီး ၂ 
      တွ ဖကေ်ါပြာကခ, မြန ်ြာစ ာ ဌ ာန ၁, န ည််းပညာ တ က္ကသ ိုလ ် (ြနတပလီး)၁ 

ေါပြာကခ မြန ်ြာ စာ ဌာ န ၂, န ည််း ပညာ တ က္ကသ ိုလ ် (ြနတပလီး)၂
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ြာန်ြာနကက ီး ည်။ ငယ်စဉ်ကေင ် ကဗ ာ၊ လကကာအဖွ ွေ့အနွ ွေ့၌ 

ကျွြ်ီးက င်ေ ိုင်န ိုင် ည်။ က ြ်ီးကက ီးက ြ်ီးငယ်အပစာင်ပစာင်တ ိုို့က ို 

ပလေ့လာဆည်ီးေူီးမခင်ီး၊ နန်ီးတွင်ီးေညာေှ  ေိုဂ္  လ်ြ ာီး၊ 

က ြ်ီးတတ်ြပထေ်ဆောမြတ်တ ိုို့ထံြှ ပလေ့လာဆည်ီးေူီးမခင်ီး၊ 

ဖခင်ဓြမေါလအြတ်ထံြှ စာပေအေေ်ေေ်တ ိုို့က ို  င်ကကာီးတတ် 

ပမြာက်ခ ေ့ ည်။ အေှင်ဝေစကကေါလဆောထ ံ  င်ရ ိုီးက ြ်ီးဂန်ြ ာီး 

က ို ဂရိုတစ ိုက်ပလေ့လာ  င်ကကာီးခ ေ့ေါ ည်။  

တစ်ခါက ပြာင်ပြာက်(၁၀)နှစ် ာီးအေွယ်တွင် 

ဖခင်မဖစ် ူဓြမေါလအြတ် ည်  ာီးငယ် ပြာင်ပြာက်က ို 

လက်ကဆွ ၍ နန်ီးပတာ်တွင်ီး  ိုို့ ဝင်ခ ေ့ ည်။ ထ ိုအခ  န်တွင် 

နန်ီးပတာ်တွင်ီး အ ြ်ပေှြင်ီးြဟာ  ဟ ူ၏ ပတာင်ပဆာင်စံ 

ပမြာက် ာီးပတာ် ြ ီး “ေှင်ြင်ီးစ ိုီး၊ ပမြာက်ပဆာင်စံပမြာက် 

 ာီးပတာ် ြ ီး ြငီ်းလှမြတ်နှငေ့် ြငီ်းဘိုန်ထွတ်တ ိုို့ နောီးထွင်ီး 

ြဂကလာ ဘင် ဆင်ယင်က င်ီးေခ ိုက်မဖစ် ည်။ အ ြ်ပေှွေ့ြင်ီးက 

ဓြမေါလာအြတ်ကက ီးအာီး ြ ီးပတာ် ံိုီးေါီးနှငေ့် စေ်ဆ ိုင်ော ေ   ွေ့၊ 

ကဗ ာလကကာ၊ ေတိုြ ာီး ဖွ ွေ့ဆ ိုပလျှာက်ထာီးေြည်ဟို အြ နိ်ု့ပတာ် 

ြှတ်ော  ာီးပြာင်ပြာက်က ဖခင်အစာီးဖွ ွေ့ဆ ိုပလျှာက်ထာီးကာ 

ရိုတ်မခည်ီးြင်ီး ြ ီးပတာ် ံိုီးေါီးက ို - 

“အ ိုဘ ေ့ဘယ်၊ အ ိုဘ ေ့သမ ်းခတာ်၊ ေင်ခပေါ်ြိုန််းပ  ျို့သင််း” 

“အ ိုဘ ေ့ဘယ်၊ အ ိုဘ ေ့သမ ်းခတာ်၊ နတ်ခသာ်ပ ိုမယွင််း 

“အ ိုဘ ေ့ဘယ်၊ အ ိုဘ ေ့သမ ်းခတာ်၊ စနဒာ သွယ်ဝင််း” ဟူ၍ 

အေွယ်နှငေ့်ြလ ိုက်ပအာင် ကာေန်၊ ဝါက ည ညွတ်စွာမဖငေ့် 

ဖွ ွေ့စေ်ပလျှာက်ထာီးခ ေ့ ည်။ ေညာေှ အြတ်ကက ီး၏  ာီးမြတ် 

မဖစ် ညေ့်အမေင ် က ိုယ်တ ိုင်နန်ီးတွင်ီး၊ နန်ီးမေင်ဗဟို ိုတ 

ကျွြ်ီးဝင်ြှို၊ ထ ိုီးထွင်ီးဉာဏ်ထက် န်ြူတ ိုို့ပကကာငေ့် စာပေအော 

တွင် ထူီးချွန်ခ ေ့ မခင်ီးမဖစ်ေါ ည်။ ပြာင်ပြာက် ည် 

ဘူေ ဒ္တ်လကကာကက ီးက ို  ကကောဇ် ၈၄၆ခိုနှစ်  က်ပတာ်၁၆နှစ် 

အေွယ် ေှင် ာြပဏပဘာင်  ိုို့ ြပောက်ခငဖ်ွ ွေ့နွ ွေ့စေ်ဆ ိုခ ေ့ေါ ည်။ 

ပေှီးအက ဆံိုီး အပဟာင်ဆံိုီးလကကာမဖစ်ပ ာ ဘူေ ဒ္တ်လကကာကက ီး 

က ို အလကကာအြ   ီးြ   ီးမဖငေ့် တန်ဆာဆင်၍ မြန်ြာမေန်ဆ ို 

ပေီး ာီးခ ေ့ ည်။ နန်ီးတွင်ီးပြ  ွေ့တွင်၌ ကက ီးမေင်ီးခ ေ့ေ ူမဖစ် 

ပ ာပကကာငေ့် လူြှိုပေီးော၊ ပလာကပေီးောြ ာီးက ို ကျွြ်ီးက င် 

ေ ိုင်န ိုင်စွာ စေ်ခ ေ့ေါ ည်။ ေှင်ြဟာေဋ္ဌ ာေ ေဟနိ်ု့ဘဝ  ိုို့ 

ပောက်ပေ ီးပနောက် ဘူေ ဒ္တ်ဇာတ် ပေါင်ီးခန်ီးေ   ွေ့က ို  ကကောဇ် 

၈၅၆ခို  က်ပတာ်၂၆နှစ်တွင် ပေီး ာီးမေ စိုခ ေ့ ည်။ ၈၆၈ခိုနှစ် 

တွင် ဂြဘ  ာေေ   ွေ့၊ ၈၉၁ခိုနှစ်တွင်  ံဝေေ   ွေ့၊ တံဦီးတည် 

ပြာက်ွန်ီး ံိုီးပစာင်နှငေ့် အမခာီးပ ာ ပတာလာီး၊ လကကာ၊ ကဗ ာ၊ 

ေတိုြ ာီးက ို ပေီး ာီးခ ေ့ေါ ည်။ ေှင်ြဟာေဋ္ဌ ာေ ည် 

 ကကောဇ် ၈၉၂ခိုနှစ်  က်ပတာ် ၆၂နှစ်တွင် မေည်ပြ  ွေ့၌ 

ေ ံလွန်ပတာ်ြူခ ေ့ပလ ည်။ ၁(၂၀၀၂၊ ၆၃၊၆၄) 

၁၊၁။ ပ   ျို့ခဝါဟာရ၊ သခဘာသဘာဝနှငေ့် သမ ိုင််းခ ကာင််း 

မြန်ြာစာပေအပေီးအ ာီး ည် ဗိုဒ္ဓစာပေပေေါ်ထွန်ီးလာ 

 ညေ့် ေိုဂပံခတ်ြှစ၍ ထွန်ီးကာီးလာခ ေ့ေါ ည်။ စကာီးပမေ၊ 

ကဗ ာဟူ ညေ့် ေငစ်ည်ြှ ပေါက်ေွာီးလာပ ာ စာပေြ ာီး ည် 

အြ   ီးအစာီးစံိုလင်စွာမဖငေ့် ပခတ်အလ ိုက် ပေေါ်ထွန်ီးခ ေ့ေါ ည်။ 

ဗိုဒ္ဓစာပေတ ိုို့က ို ေါဠ ဘာ ာြှ မြန်ြာဘာ ာမေန်ဆ ိုမခင်ီးမဖငေ့် 

မြန်ြာစာပေလြ်ီးပကကာင်ီး ည် ေိုဂပံခတ် ပက ာက်စာ၊ ြင်စာ 

ကဗ ာြ ာီးြှ တမဖည်ီးမဖည်ီးစတင်၍ တ ိုီးတက်လာခ ေ့ေါ ည်။ 

အင်ီးဝပခတ်ပောက်ပ ာအခါ ပက ာက်စာ၊ ြင်စာြ ာီးအမေင် 

ေ   ွေ့ကဗ ာအလကကာ၊ ေတို၊ ပတာလာီးစ ည်မဖငေ့် မြန်ြာစာပေ 

 ည် အေှ န်အဟိုန်မဖငေ့် တ ိုီးတက်လာခ ေ့ေါ ည်။ အင်ီးဝပခတ်၏ 

ြှတ်တ ိုင်ဟိုဆ ိုေြည်မဖစ်ပ ာ ေ   ွေ့ကဗ ာ လြ်ီးပကကာင်ီး ည် 

ေ ို၍ထင်ေှာီးခ ေ့ေါ ည်။ 

ေ   ွေ့ကဗ ာြ ာီးဟူ ည် “တရာ်းအဆ အနှစ်မ ာ်းနှငေ့် 

ပပညေ့် ျှမ််း၍ခနခသာ ကဗ ာသည် ‘ပ ိုို့’မည်၏ဟို ဆ ိုရမည် 

သာတည််း”ဟူ၍ လည်ီးပကာင်ီး  

“သဒ္ဒါ ကကာရ၊ အတထာ ကကာရ တ ိုို့နှငေ့် ပပညေ့်စ ိုခအာင် 

ြွ ျို့နွ ျို့ော်း၍ နှစ်သက်ြွယ်ခကာင််း ခသာခ ကာငေ့် ည််း 

ပ   ျို့မည်၏” “ပ   ျို့သည် တရာ်းသခဘာနွယ် ခသာ ကကာ ပြစ်၏” 

ဟူ၍ မြန်ြာစာပေီး ြ ိုင်ီးတွင် ဦီးပဖပြာင်တင်က 

ဖွငေ့်ဆ ိုခ ေ့ကက ည်။ ၂ (၂၀၀၃၊ ၉၂) ထ ိုမေငေ်   ွေ့နှငေ့်ေတ် က်၍ 

မြန်ြာအဘ ဓာန် တွင်- 

“ပ   -န-ပ ိုဒ်္ခရခပါင််းမ ာ်းစွာ ြွ ျို့ဆ ိုခသာ 

ခ ်း  ို်းစပ်အ ကကာရှည်တစ်မ   ်း” ဟူ၍ အဓ ေပာယ်ဖွငေ့် 

ဆ ိုခ ေ့ ည်။ ၃ (၂၀၀၈၊ ၂၃၁) 

ေ   ွေ့ပဝါဟာေနှငေ့်ေတ် က်၍ ေညာေှင်အ  ီး  ီးက 

အနက်အဓ ေပာယ် အြ   ီးြ   ီးတ ိုို့က ို ကကံဆ မေ ခ ေ့ကက ည်။ 

“ပ   ျို့သည် ပိုဒ်္ခရခပါင််းမ ာ်းစွာပါဝင်ခသာ ခ ်း  ို်းစပ် 

ကဗ ာပြစ်သည်။ ခရ်းြွ ျို့သညေ့် အခ ကာင််းအရင််းက ို စကာ်း 

တန်ဆာ၊ အနက်တန်ဆာမ ာ်းပြငေ့် နှစ်သက်ြွယ်ခကာင််းခအာင် 

ခဝခဝဆာဆာ ခရ်းြွ ျို့သညေ့်အတွက် ေ ိုကဗ ာမ   ်းက ိုနှစ်သက်ြွယ် 
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ဟို အဓ ပပာယ်ရခသာပ   ျို့ဟူ၍ ခဝါဟာရပြငေ့် အမည်သညာပပ ော်း 

ပေင််းပြစ်သည်။” ဟူ၍ ဖွငေ့်ဆ ိုထာီး ည်။ ၁ (၂၀၁၈၊ ၉) 

ထ ိုို့ပကကာငေ့်ေ   ွေ့ကဗ ာက ို ပလေ့လာောတွင် ေ   ွေ့ ည် 

ပလီးလံိုီးစေ်လကကာ တစ်ြ   ီးေင်မဖစ် ည်။ ဘိုောီးပဟာ 

က ြ်ီးဂန်လာ ဗိုဒ္ဓဝင်ဇာတ်န ေါတ်ပတာ်ကက ီးြ ာီးြှ ပကာင်ီးန ိုီးောော 

ဝတထ ပကကာင်ီးက ို ထိုတ်နှိုတ်၍ ကဗ ာလကကာမဖငေ့် တန်ဆာဆင် 

ပေီးဖွ ွေ့ထာီးမခင်ီးမဖစ် ည်။ အင်ီးဝပခတ် ည် ေ   ွေ့ကဗ ာြ ာီးစွာ 

ပေေါ်ပေါက်ပ ာ အခ  န်မဖစ်၍ ပေီးဖွ ွေ့ပ ာေိုဂ္  လ်ြ ာီးြှာ 

ေဟန်ီးစာဆ ို က ြ်ီးတတ်ေိုဂ္  လ်တ ိုို့ မဖစ်ကက ည်။ ပေီးဖွ ွေ့ပ ာ 

အပကကာင်ီး အောြ ာီးြှာ ပလာက၊ ဓြမ၊ ောဇပေီး 

အပကကာင်ီးြ ာီးက ို ထညေ့် ွင်ီးပေီးဖွ ွေ့ခ ေ့ကကေါ ည်။ အြ ာီးစိုြှာ 

ဓြမအပကကာင်ီးနွယ်ပ ာ စာြ ာီးမဖစ်ကက ည်။ ေ   ွေ့ကဗ ာြ ာီး 

အနက် ဆောပတာ်ေှင်ြဟာေဋ္ဌ ာေ၏ က ိုီးခန်ီးေ   ွေ့ပခေါ် 

စတိုဓြမ ာေေ   ွေ့ ည် အင်ီးဝပခတ်၏ထင်ေှာီးဆံိုီး 

ေ   ွေ့တစ်ပစာင်အမဖစ်ေေ် တည်န ိုင်ခ ေ့ပကကာင်ီးပတွွေ့ေေါ ည်။ 

အေန််း(၂) 

က ို်းေန််းပ   ျို့မှ ခ ာကိုတတရာဆ ိုင်ရာခ ေ့ ာေ က် 

၂၊၁။ ခ ာကိုတတရာဆ ိုင်ခ ေ့ ာေ က်မ ာ်း 

        မြတ်စွာဘိုောီး ခင် ည် န ကခြေါေြ က ို 

အပကကာင်ီးမေ ၍ ဟတထ ေါလဇာတ်က ို ပဟာပတာ်ြူခ ေ့ ည်၊ 

ဟတထ ေါလဇာတ်က ို စာဆ ိုေှင်ြဟာေဋ္ဌ ာေက ေ   ွေ့ကဗ ာအမဖစ် 

ပေီးဖွ ွေ့ခ ေ့မခင်ီးမဖစ်ေါ ည်။ ေ   ွေ့ကဗ ာတွင် ပလာက စည်ီးစ ြ်က ို 

ဖယ်စွနိ်ု့၍ ခ ြ်ီး ာောအြှန်မြတ်န ဗဗာန်က ို ေည်ြှန်ီးကာ 

ေဟန်ီးမေ န ိုင်ကကေန် ေည်ေွယ်ထာီးပ ာ ေ   ွေ့မဖစ်ေါ ည်။ 

ထ ိုို့အပကကာငေ့် စာဆ ို ည်က ိုီးခန်ီးေ   ွေ့တွင် ပလာကိုတတောပေီးောနှငေ့် 

ပလာက ပေီးောတ ိုို့က ို အာီးပေ  င်ကာတညေ့် ွင်ီးပေီးဖွ ွေ့ထာီးေါ ည်။ 

စာဆ ိုက ိုယ်တ ိုင် ည် ေဟန်ီးစာဆ ိုမဖစ်ပ ာပကကာငေ့် ဓြမပကကာင်ီး 

နငှေ့် ဆ ိုင် ညေ့်တောီးအဆ အနှစ်ြ ာီးက ို ေ   ွေ့တွင် ကျွြ်ီးက င်ေ ိုင်န ိုင် 

စွာ ပေီးဖွ ွေ့တင်မေထာီးန ိုင် ည်က ို ပလေ့လာပတွွေ့ေှ  ေေါ ည်။ 

ဟတထ ေါလ ည် ေိုဏ္ာကက ီးနှငေ့်ြင်ီးကက ီးတ ိုို့ ေပ ေ့ပယာင် 

ပဆာင်၍ ကကွလာပ ာအခါ ဆွြ်ီးစာီးေငေ့်ဖ တ် ပကျွီးပြွီးခ ေ့ ည်။ 

 ဒ္ဓါတောီးနှငေ့် အလှှူဒ္ါနြ   ီးပစေ့က ို တစ်ကက ြ်တစ်ခါြျှ မေ ခ ေ့ဖူီးေါ 

ပ ာ်လည်ီး  ဒ္ဓါစ တ် ည် ြ ြ မေ ခ ေ့ဖူီးပ ာ အလှှူဒ္ါနအပေေါ်၌ 

အကက ြ်ကက ြ်ကကည်နူီးေွာီးြ ာီးပနလျှင် ကို  ိုလ်ဒ္ါနအက   ီးဆက် 

 ည် အ ပခက အနနဒ ြပေြတွက်န ိုင်ပအာင် ေွာီးြ ာီးပစန ိုင် 

ပကကာင်ီး က ို -  

    “သဒ္ဓါ ှှူမ   ်း၊ တစ်ကက မ်ပ   ်းက၊  

     ခကာင််းက   ်းသခေက ၊ ပွာ်းတက်ခစသည်”ဟို 

ဖွ ွေ့ဆ ိုထာီးော ဗိုဒ္ဓဘာ ာဝင်တ ိုို့၏ ယံိုကကည်ြှိုအမဖစ် ပလေ့လာ 

ပတွွေ့မြင်လာေေါ ည်။ 

ပဗဒ္င်ေညာြတတ်ပ ာ်လည်ီး ေဟန်ီးက ငေ့်ဝတ် 

တစ်ေါီးေါီးက ို ာ တတ်ပမြာက်ေါက လူနတ်တ ိုို့၏ ခ  ီးက ှူီးေူပဇာ် 

ခံေပကကာင်ီး၊ ကြမဌာန်ီးတောီးက ို က ငေ့်ကကံအာီးထိုတ်ေါက 

ဘိုောီးတ ိုို့ကေင် ခ  ီးြွြ်ီးကကပကကာင်ီး ပဖာ်မေထာေါ ည်။ 

ထ ို ပဘာက ို စာဆ ိုက-  

“က သ ို်းပါ်းပြငေ့်၊ ပပစ်မှာ်းမရှ ၊ သမာဓ နှငေ့်၊ သတ သမပဇဉ်၊  

ယှဉ်သာ်းကမမဌာန််း၊ စ ်းပြန််းတ ို်းတ ို်း၊ နှ  ို်းသ ပ်သ ပ်၊      

မ  ပ်မ ည််း၊ ကိုသ ို ်ေ ည််း ျှင်၊ ဆည််းသည်သူအာ်း၊ 

ဘိုရာ်းပခစေကဗိုဒ္ဓါ၊ ရဟနတာတ ိုို့၊   မမာမှတ်ပ ိုက်၊       

နှစ်အင်ခေ  က်၏” ဟူ၍ ပေီးဖွ ွေ့ထာီးေါ ည်။ ေဟန်ီးတ ိုို့ ည် 

ကံ ံိုီးေါီးမေစ်ြှာီးြှိုြေှ ဘ   ြာဓ က ို တောီးအ  မဖငေ့်ယှဉ်၍ 

ကြမဌာန်ီးတောီးစ ီးမဖန်ီး ငေ့်ပကကာင်ီးတ ိုို့မဖငေ့် ပေီးဖွ ွေ့ထာီးော 

ပလာကိုတတောဆ ိုင်ော ဗဟို ိုတက ို ေေှ ပစပ ာအဖွ ွေ့ 

ပကာင်ီးတစ်ခို အမဖစ် ပတွွေ့မြင်လာေေါ ည်။ 

တစ်ဖန်ဟတထ ေါလက ပလာက ေစစည်ီးဥစစာတ ိုို့ ည် 

ေန် ူြ   ီးငါီးေါီးပကကာငေ့်ေ က်စ ီးပစတတ် ည်။ 

ေစစည်ီးဥစစာြည်ြျှေှ ပစကာြူ၊ ကကာလာပ ာအခါ ဥစစာေစစည်ီးက 

လူက ိုစွနိ်ု့ခွာ ွာီးတတ် က ေ့  ိုို့ လူကလည်ီး ေစစည်ီးဥစစာြ ာီးက ို 

စွနိ်ု့ခွာ ွာီးေတတ်ပကကာင်ီးစာဆ ိုက- 

        “ ပစေည််းပ ိုယင်၊ ဥစောရှင်တ ိုို့၊  ကည််းငင်ြမ််းဆွ ၊    

        ခသမင််းမ ခသာ်၊ အေ အပ၊  

        ေ ိုမျှဥစော၊ အ မ်ေန််းဝါက ို၊ 

       စနွို့်ကာ ည််းခကာင််း၊ သွာ်းရခရှာင်ေ ေ့” ဟူ၍ 

ဖွ ွေ့ဆ ိုထာီးေါ ည်။ ၂ (၁၉၇၀၊ ၂၂-၃၂) 

ထ ိုို့မေငေ်စစည်ီးဥစစာြ ာီးက ို တေ်ြက်စွ လြ်ီးစ တ်မဖငေ့် 

ပ လွန်ပ ာအခါ အစွ အလြ်ီးပကကာငေ့် ပေ တတာဘဝ ပောက်န ိုင် 

ေါ ည်။ ပလာက ေစစည်ီးဥစစာြ ာီးက ို ခင်တွယ်မခင်ီး ည် ေစစ ေပန်၊ 

 ံ ောနှစ်ဘဝစလံိုီး ဆံိုီးရံှိုီးန ိုင်ပကကာင်ီးက ို စာဆ ိုက-  

         “ က ကတတာ်းကာ်း၊ တစ်ပါ်းမ ာ၊  
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          က ိုယ်သာ ည််းခကာင််း၊ တပ်ခဟာင််းမပပယ်၊  

          ေနဓာကွယ ်ည််း၊ မပါယတ် ိုို့ရွာ၊ 

            မွတ်သ ပ်စွာသာ်း၊ ခပ တတာတ ိုို့ခဘာင်၊ 

           ဥစောခဆာင်၏၊ ခနာင်တမ ွန်၊  

           ပစေ ပပန်ဟို၊ နှစ်တန်ကာ ၊  

           နှစ်ဘဝ  ို်း၊ နစှ်ပါ်းရ  ်းကက ်း၊  

           အေ ည််းနှ ်းက ို”ဟူ၍ ဖွ ွေ့ဆ ိုထာီးေါ ည်။ 

ထ ိုို့ပကကာငေ့်ဆောပတာ်က တစ်ေါီး ူေ ိုင်ဆ ိုင်ခ င်၍ြေ၊ 

လိုယက်ခ ိုီးယူမခင်ီးလည်ီးြေ၊ ပေီးကြ်ီးပဝမခြ်ီး၍ ပလ ာေ့နည်ီး ွာီး 

မခင်ီးြေှ ၊ အစဉ်အပြ အဖ ိုီးထ ိုက်ပ ာ ပလာကိုတတောအပြ  က်ဥစစာ 

က ို ာ ေှာပဖွေန် တ ိုက်တွန်ီးထာီး ေါ ည်။ တောီးေှာ ူတ ိုို့ 

အတွက် ပလာကိုတတောဗဟို ိုတက ို ေေှ ပစပ ာစာဆ ို၏ 

အပေီးအဖွ ွေ့ စွြ်ီးေည်က ို ဂိုဏ်ယူဖွယ်ော ပတွွေ့မြင်န ူင်ေါ ည်။ 

ေိုပောဟ တ်ေိုဏ္ာီးကက ီးက ြ ြ ၏ ာီး ဟတထ ေါလအာီး 

အ က်အေွယ်ကက ီးြှ ပတာထွက်မခင်ီးမေ ေန် တာီးမြစ်ခ ေ့ ည်။ 

  ိုို့ောတွင် ဟတထ ေါလက ဖခင်က ို အ က်အေွယ်ကက ီး၍ ဇော 

ပထာင်ီးခ  န်ြှ တောီးအာီးထိုတ်လျှင် စ တ် ွာီးတ ိုင်ီးက ိုယ်ြေါန ိုင် 

ပတာေ့ပကကာင်ီး၊ ခွန်အာီးကိုန်ခြ်ီးပနပေ မဖစ်၍ တောီးက ိုပကာင်ီးစွာ 

အာီးြထိုတ်န ိုင်ပကကာင်ီး မေန်လည်ပခ ေ၍ ပမောဆ ိုထာီးေါ ည်။ 

တောီးအာီးထိုတ်ေြညေ့်အေွယ် ည်- 

“ခတာင်ညွနို့်ကိုန််းေက်၊ ကမ််းရ ို်းသက်ဝယ်၊ 

အနှက်အခြ  ်း၊ ခရပပညေ့်အ ို်းက ို၊ 

ကက  ်းကက  ်းပမ််းပမ််း၊ မြ တ်ေမ််းသည်၊ 

 ူစွမ််းသြွယ်၊ ပ   နိုနယ်က၊ 

စင် ကယ်သ မ်ခမွျို့၊ ရခသေ့ရဟန််း၊  

ပြစ်ေွန််းခ ပငာ်း”ဟူ၍ ပတာင်ဆင်ီးပတာင်တက် 

က န်ီးြာ န်စွြ်ီး ညေ့် အေွယ်ြှ တောီးအာီးထိုတ်လျှင် တောီး 

ေန ိုင် ညေ့်အမေင် န ဗဗာနခ် ြ်ီး ာက ို တက်လှြ်ီးန ိုင်ြည်မဖစ် 

ပကကာင်ီး၊ ဆောပတာ်၏ ပလာကိုတတောအမြငက် ို ဟတထ ေါလ 

ပတာထွက်ခန်ီးတွင် ပေီးဖွ ွေ့တင်မေထာီးေါ ည်။ 

ဆောပတာ် ည် ဟတထ ေါလြှ ဖခင်ေိုဏ္ာီးကက ီးအာီး 

ပတာထွက်မခင်ီးနှငေ့် ေတ် က်၍ မေန်လည်ပခ ေပမောဆ ိုခန်ီးတွင် 

ပလာကိုတတောီးအဆ အနှစ်ြ ာီးက ို ထညေ့် ွင်ီးဖွ ွေ့ဆ ိုထာီး ည်က ို 

ပတွွေ့ေေါ ည်။ ြ ဘတ ိုို့က ို အ က်ထက်ဆံိုီးမေ စိုပစာငေ့်ပေှာက်၍ 

ပက ီးဇီူးဆေ်ပ ာ်လည်ီး ြပက န ိုင်ပေ။ ြ ဘတ ိုို့အာီး ြဂ်ဖ ိုလ်  ိုို့ 

ပောက်ပစန ိုင်ပ ာ ကို  ိုလ်တောီးက ို က ငေ့်ကကံပမောကကာီးန ိုင်ြှ 

ြ ဘပက ီးဇီူးက ို ဆေ်န ိုင်ော ပောက်ပကကာင်ီးက ို ဆောပတာ်က- 

“ခရာက်တ ိုင်မဂြ် ို ်၊ ကိုသ ို ်တရာ်း၊ 

 ကာ်းစခပ ှ၊ တ ိုို့ရခေ ဟို၊ 

ခ ာကတ ေွန်၊ ပိုဂ္   ်မွန်တ ိုို့၊ 

ခဟာညွန်နည််းမှ ်း၊ ခတာေွက်ခပ ်းခသာ်၊  

ပွာ်းစ ်းပညာ၊ ခဒ္သနာပြငေ့်၊ 

မာတာပ တို၊ သခဂဂ ဟ်မ က ို၊ 

ပပ အ ေ့မရွ ျို့၊ ခကာင််းအာ်းသ သည်” ၁ (၁၉၇၀၊ ၃၃-

၄၈)ဟူ၍ ပေီးဖွ ွေ့တင်မေ ထာီး ည်။ တောီးဘာဝနောက ို 

က ိုယ်တ ိုင်က ငေ့်ကကံမခင်ီး၊ ြ ဘပဆွြ   ီးြ ာီးက ို တောီးအာီးထိုတ်ေန် 

စွြ်ီးပဆာင်ပေီးမခင်ီး  ည်၊ ပက ီးဇီူးဆေ်ောတွင်ေ ို၍ 

ထ ပောက်ပစပကကာင်ီး ပလာကိုတတောဗဟို ိုတက ို ေေှ ပစေါ ည်။  

လူတ ိုို့ ည် ပ မခင်ီးတောီးနှငေ့် ြည် ူြျှြယှဉ်ပေ  င် 

န ိုင်ကကပေ။ ပ မခင်ီးတောီးြလာြ ကာလကကာီးတွင် တောီး 

ဘာဝနောစ ီးမဖန်ီးြှ ာ ပ မခင်ီးကင်ီးပ ာ မြတ်န ဗဗာန်  ိုို့ 

တက်လှြ်ီးန ိုင်ြည် မဖစ်ေါ ည်။ ဆောပတာ်က 

ပ မခင်ီးတောီး ည် လူတ ိုင်ီးထံ  ိုို့ အ က်အေွယ်ြပေွီး 

အခ  န်အခါြပေွီး ဝင် ပောက်လာန ိုင်ပကကာင်ီးက ို- 

“အန စေကာ်း၊ တကာဘ ို်းဘွာ်း၊ 

ခပမ်းသာ်းမခကွ၊ ခနပခစဟို၊  

ခရှာင်ခေွကက  ်း ကာ်း၊ ဘယ်သူူ့အာ်း ျှင၊် 

ခဆွဝါ်းမှတ်ခပတ ိုအ ေ့နည််း”၄ဟူ၍လည်ီးပကာင်ီး 

“ဤရပ်ဤရွာ၊ဤေန််းဝါ၌၊ 

ဣရ ယာပေ၊ ဤက စေပြငေ့်၊ 

နှစ် ရက်ခနို့၊ ဤခရွျို့ဝယ်သာ၊ 

ခသက န််း ာ၏၊ ဤေါမခရာက်၊ 

သက်မခပ ာက်ဟို၊ မခြာက်မ ှ ၊ 

ခမ သာ်းအယူ၊ ပ ိုင််းပော်းမူ၍၊  
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ဘယ်သူသ ခေ ၊ တ ိုအ ေ့နည််း”ဟူ၍လည်ီးပကာင်ီး ပေီးဖွ ွေ့ 

ထာီး ည်။ ဆောပတာ် ည် ပလာကတွင် က င်လည်ပန ညေ့် 

လူ ာီးတ ိုို့အာီး ပ မခင်ီးကင်ီးပ ာ မြတ်န ဗဗာန်က ို ပောက်ပစေန် 

ပလာကိုတတောတောီးက ို က ငေ့်ကကံပစလ ိုဟန် တူေါ ည်။  

ထ ိုို့မေင်ဆောပတာ် ည် ပဂါေါလပတာထွက်ခန်ီးတွင် 

ပဂါေါလ တ ိုီး ာီးထံ ေိုဏ္ာီးကက ီးနှငေ့် ြငီ်းကက ီးတ ိုို့ ည် ေဟန်ီး 

အ ွင်ပဆာင်၍ ြငီ်းစည်ီးစ ြ်က ို အေ်နှင်ီးေန် ွာီးပောက် 

ခ ေ့ေါ ည်။ ပဂါေါလက ပနောင်ပတာ်ြ ာီးနည်ီးတူ ြင်ီးစည်ီးစ ြ်က ို 

မငင်ီးေယ်ကာ ပလာကိုတတောတောီးမဖငေ့် ဖခင်တ ိုို့အာီး ပဟာပမော 

ညွှန်မေခ ေ့ ည်။ လူူ့ပလာကတွင် က င်လည်ပနကကပ ာ 

လူတ ိုို့ ည် ဝြ်ီးစာေေှ ေန်အတွက်၊ အစာီးေ က်၊ အအ ေ်ေ က်ကာ 

စစ်ြှိုထြ်ီးေမခင်ီး၊  ူတစ်ေါီးထံအပစအေါီးလိုေ်ေမခင်ီး၊ လယ်လိုေ်၊ 

ကိုန် ွယပ်ောင်ီးဝယ်မခင်ီးမဖငေ့် ေှာပဖွစာီးပ ာက်ေ ည်ြှာ 

ေငေ်န်ီးဆင်ီးေ လှပေ ည်။ ေပ ေ့တ ိုို့ြှာ- 

“ပညာေွန််းတ ို်း၊  ကည်  ို်းေမ််းပ ို်း၊ 

ေွန်ညင််းပ ို်း  က်၊ စွ ကက  ်းက ိုင်ပ ေ့၊  

ပန််းဘွ ျို့အဟန်၊ ခမ စ တ်မွန်ပြငေ့်၊ 

ေွန်သန်ေွန်က ိုင််း၊ တိုန  င််းဟ ရ ၊ 

သတ တရာ်း၊ ေွန်သွာ်း ှင်ကန်၊ 

သငေ့် ကန်စ ိုခပ ်း၊ တက်စ ်းကမမဋ္ဌာန််း၊ 

ခဆာ်သ မွန််း  က်၊ ရဟန််းဝ ရ ယ၊ 

ေွန်နွာ်းက၍၊ သ  ပဇဇ န်၊ 

မ ို်းရွာဟိုန်ဝယ်၊ မအိုန်မခအာက်၊ 

ခသွျို့ခပောက် မ််းမာ၊ သဒ္ဓါမ   ်းခစေ့၊ 

ကက ေွန်ပ   ်းမှ၊ ခြ  ်းခြ  ်းပပညေ့်ဝှန်၊ 

ပမတ်န ဗဗာန်” ၁(၁၉၇၀၊ ၄၉၊ ၆၇)  ိုို့ ပောက်န ိုင်ပကကာင်ီး 

တင်မေထာီး ေါ ည်။ ဆောပတာ်က ေဟန်ီးတ ိုို့ 

လိုေ်ပဆာင်ေြညေ့်က စစက ို  ာဓကမေ၍ လြ်ီးညွန်ီးထာီးေါ ည်။ 

ေညာတည်ီးဟူပ ာ ထွန်တံိုီး၊  ြာဓ ဟူပ ာကက  ီး၊ 

ထွန် ံက ိုင်ီးနှငေ့်တပူ ာ ဟ ေ တောီး၊ နှင်တံနှငေ့်တူပ ာ 

 ိုတတောီးတ ိုို့မဖငေ့် ကြမဋ္ဌာန်ီး စ ီးမဖန်ီးမခင်ီးက ိုမေ ကာ 

 ဒ္ဓါတောီးတည်ီးဟူပ ာ ြ   ီးပစေ့က ို စ ိုက်ေ   ီး၍ 

န ဗဗာန်မေည်ကက ီးနှငေ့်တူပ ာ   ီးနှံတ ိုို့က ို ထွက်ပစ ပကကာင်ီး၊ 

ပလာက ဥေြာနှငေ့် ပလာကိုတတောတောီးတ ိုို့က ို ယှဉ်တွ ၍ 

လြ်ီးညွှန်မေခ ေ့ေါ ည်။ ဆောပတာ်ေှင်ြဟာေဋ္ဌ ာေ ည် 

အြ   ီးပလီးေါီးတ ိုို့အာီး  ဒ္ဓါတောီးြ   ီးပစေ့ြ ာီးခ ၍ န ဗဗာန်မေည်ကက ီး 

  ိုို့ တက်လှြ်ီးပစန ိုင်ေန် တ ိုက်တွန်ီးပမောဆ ိုထာီးမခငီ်းမဖစ်ေါ ည်။ 

ပကာင်ီးြူကို  ိုလ်မေ  ူ ည်  ဒ္ဓါြ   ီးပစေ့က ို ခ ေန် 

ေည်ေွယ်လျှင် ယပနို့နက်မဖန်စ ည်မဖငေ့် အခ  န်ကာလြပေွီး ငေ့် 

ပကကာင်ီးက ို ဆောပတာ်က-  

“ြ န််းနွ ြ န််းေါ၊  ကာေ ေ့ခရွျို့ခရွျို့၊ 

တစ်ခနို့တစ်ပါ်း၊ ခရွျို့စမ ာ်းခသာ်”၃ဟူ၍လည်ီးပကာင်ီး 

“ကိုသ ို ်မှာကာ်း၊  ကာ ကာခနှ်းခနှ်း၊  

အေါခမ်း  က်၊ ခတွ်းခတွ်းဆဆ၊ 

ေ ိုင််းပ ဉ် ှသည်” ၂(၁၉၇၀၊ ၇၂) ဟူ၍လည်ီးပကာင်ီး 

အြ   ီးပလီးေါီး တ ိုို့ လ ိုက်နောပစေန် လြ်ီးညွှန်ထာီးပ ာ 

ဆောပတာ်၏ ပလာကိုတတောောကျွြ်ီးက င်နှံို့စေ်ြှိုက ို   ေှ ေေါ 

 ည်။ 

က ိုီးခန်ီးေ   ွေ့တွင် ည ပနောင်ပလီးဦီးပဟာကကာီးပ ာ 

တောီးအဆ အနှစ်ြ ာီး ည် ဖခင်ေိုဏ္ာီးကက ီးနှငေ့် ြင်ီးကက ီးတ ိုို့ 

အတွက် ာြက ပလာကေှ အြ   ီးပလီးေါီးတ ိုို့ေါ လ ိုက်နောက ငေ့်ကကံ 

ပစေန် ဆောပတာ်ေှင်ြဟာေဋ္ဌ ာေက ညွန်မေဆံိုီးြထာီးမခင်ီးမဖစ် 

ေါ ည်။ တောီးအာီးထိုတ်မခင်ီး အြှို ည် အ က်အေွယ်ကက ီး 

ြှ ာ ြဟိုတ်ဘ  ငယ်ေွယ်စဉ်ကေင ် တောီးအာီးထိုတ် 

 ငေ့်ပကကာင်ီး၊ လူူ့ဘဝခဏတာတွင် ပ မခင်ီးတောီး ည် 

အလျှင်အမြန်ဝငပ်ောက်လာန ိုင် မဖငေ့် ဆင်ီးေ ခေ်  ြ်ီးမခင်ီးကင်ီး 

ပ ာ မြတ်န ဗဗာန်  ိုို့ တက်လှြ်ီးန ိုင်ေန် ဒ္ါနြ   ီးပစေ့ြ ာီး ခ ၍ 

တောီးအာီးထိုတ်န ိုင်ေန် အပေီးကက ီးပကကာင်ီးဆောပတာ်၏ ဆနဒက ို 

ေ   ွေ့ကဗ ာတွင် ထိုတ်ပဖာ်မေခ ေ့ေါ ည်။          

   

ခေ  င ိုသ ို်းသပ်ေ က် 

 

စာဆ ိုေှင်ြဟာေဋ္ဌ ာေ ည် က ိုီးခန်ီးေ   ွေ့တွင် 

ပလာကိုတတော တောီးအဆ အနှစ်ြ ာီး ာြက၊ ပလာက ဆ ိုင်ော 

အပကကာင်ီးအောြ ာီးက ို ကျွြ်ီးက င်ေ ိုင်န ိုင်စွာ ဖွ ွေ့စေ်န ိုင်ပ ာ 

ေိုဂ္  လ ် မဖစ်ေါ ည်။ ပလာကိုတတောပေီးနှငေ့် ေတ် က်၍ 

ေဟန်ီးတ ိုို့၏ ပနထ ိုင်ကကံြှို၊ တောီးဘဝနောက ို အာီးထိုတ်ောတွင် 

“ပြှူက ာ်းဆ ခရာက်၊ အ ိုရိုပ်ခပါက်မှ” တောီးက ို အာီးြထိုတ် 
 

၃။ေဋ္ဌ ာေ၊ ြဟာ၊ ၁၉၇၀။ ၇၁။ 
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 ငေ့်ပကကာင်ီး၊ ေ   ေွယ်နိုငယ်ပ ာအေွယ်တွင် တောီးအထိုတ်မခင်ီး 

 ည် ဉာဏ်ေညာအေေါေ ို၍ ထက်မြက်န ိုင် ညေ့်အမေင် 

လူနတ်ကစ ခ  ီးြွြ်ီးကကပကကာင်ီး တင်မေထာီး ည်။ အ က်ကက ီးြှ 

တောီးအာီးထိုတ်လျှင် “ညစ်ကက တ်ယနတရာ်း၊ ကက ြက် ာ်း” 

 က ေ့  ိုို့မဖစ်တတ်ပကကာင်ီး၊ ထ ြ မြင် ာပ ာ ဥေြာြ ာီးမဖငေ့် 

တောီးအဆ အနှစ်က ို ပေီးစွြ်ီးခ ေ့ ည်။ ြငီ်းစည်ီးစ ြ်ေစစည်ီးဥစစာ 

တ ိုို့ ည် ြပြ ပ ာတောီးြ ာီးမဖစ်ကက ည်။ ြ ဘပြာင်နှြ 

 ာီး ြ ီးတ ိုို့ ည်လည်ီး တောီးက ို ပြေ့ပလ ာေ့ပနေါက ပ မခင်ီး 

တောီး ည် ယပနို့နက်မဖန် တာီးဆ ီး၍ ြေန ိုင် ပ ာပကကာင်ီး 

တောီးက ို  လူတ ိုင်ီးြပ ြ စေ်ကကာီးတွင် အာီးထိုတ်  ငေ့်ပကကာငေ့် 

တင်မေထာီး ည်။ ပ မခင်ီးတောီး ည် 

“သာ်းက ို ွှတ်ပငာ်း၊ သာက ိုယ်စာ်း ျှင၊် 

သာ်း၏မ ဘ၊ ခသေ င်စွဟို၊  

ဂူတ ှညေ့်ကာ၊ ခြွရှာမပမင်” န ိုင်ကာ 

 ာီးက ို ပ ြငီ်းကပခေါ်လျှင် ြ ဘတ ိုို့က  ာီးက ိုယ်စာီး ပ ခ င်၍ 

ြေန ိုင်။ ြ ခင်ဖခင်တ ိုို့က ိုယ်စာီး  ာီး ြ ီးတ ိုို့ကလ  ပ ပေီး၍ 

ြေပ ာ ပ မခင်တောီး ည် ြည် ူြျှ ြလွတ်ကင်ီးန ိုင်ကကပေ။ 

ထ ိုို့ပကကာငေ့် ပ မခင်ီးကင်ီးပ ာ မြတ်န ဗမာန်  ိုို့ပောက်ပအာင် 

ကက ီးငယ်ြပေွီးတောီး အာီးထိုတ်ပနထ ိုင် ငေ့်ပကကာငေ့် ဆောပတာ် 

က အြ   ီးပလီးေါီးတ ိုို့အာီး တောီးဆ အနှစ်ြ ာီး မေညေ့်ဝ ညေ့် 

ပလာကိုတတောဗဟို ိုတတ ိုို့မဖငေ့် ဆံိုီးြခ ေ့ ည်။ က ိုီးခန်ီးေ   ွေ့ ည် 

စာဆ ိုအ က်အေွယ်ကက ီးြှ မေ စိုထာီးပ ာပကကာငေ့် ဗဟို ိုတ 

မေညေ့်စံိုပ ာ၊ ပလာကိုတတော ဓြမအေ ာတ ိုို့နှငေ့်လည်ီး မေညေ့်စံိုပ ာ 

က ြ်ီးကက ီးတစ်ပစာင်ေင် မဖစ်ေါပတာေ့ ည်။  

န ိဂ  ်း 

  က ိုီးခန်ီးေ   ွေ့ ည် စာဆ ိုေှင်ြဟာေဋ္ဌ ာေပေီး ာီးပ ာ 

ေ   ွေ့ြ ာီးထ တွင် ထင်ေှာီးပ ာေ   ွေ့တစ်ပစာင် မဖစ်ခ ေ့ေါ ည်။ 

၅၅၀ဇာတ်ြှ ဟတထ ေါလဇာတ်က ို အပမခခံဖွ ွေ့ဆ ိုထာီးပ ာ ေ   ွေ့မဖစ် 

ေါ ည်။ ဆောပတာ် ည် ေိုဏ္ာီးကက ီး၊ ဧ ိုကာေ ြင်ီးကက ီးနှငေ့် 

ဟတထ ေါလတ ိုို့ အမေန်အလှန်ပမောဆ ိုကက ညေ့်အခန်ီးတွင် ပလာက  

ဆ ိုင်ောြ ာီးက ို ငယ်စဉ်အေွယ်ြှ  င်ယူပလေ့လာ၍ အ က် 

အေွယ်ကက ီးြှ ာ ပလာကိုတတောတောီးက ို အာီးထိုတ် ငေ့်ပကကာင်ီး 

တင်မေထာီးေါ ည်။ ဆောပတာ်က ိုယ်တ ိုင် ေဟန်ီးမဖစ် 

ပ ာပကကာငေ့် တောီးနှင်ေ့ဆ ိုင်ပ ာ ပဆာင်ေန်ပေှာင်ေန်၊ က ငေ့်ဝတ်၊ 

 ွာီးလာပနထ ိုင်ြှို၊ တောီးမဖငေ့် န ဗဗာန်တည်ီးဟူပ ာ 

ပအီးခ ြ်ီး ညေ့် အပြ  က်ခွင်က ို ပလျှာက်လှြ်ီးကကပစေန်၊ 

ဟတထ ေါလ ည ပနောင်ပလီးေါီးတ ိုို့၏ တောီးအပေေါ်ထာီးေှ ပ ာ 

ခံယခူ က်၊ တောီး ပဘာက ို အြ   ီးပလီးေါီးတ ိုို့   ေှ  

လ ိုက်နောက ငေ့်ကကံပစေန် ပေီးဖွ ွေ့တင်မေထာီးပ ာ ေ   ွေ့တစ်ပစာင်မဖစ် 

ေါ ည်။ ထ ိုေ   ွေ့ထ ြှ ပလာကိုတတောဆ ိုင်ော  ိုတြ ာီးက ို 

ပဖာမ်ေမခင်ီးမဖငေ့် ပကာင်ီးန ိုီးောော အက ငေ့်  လြ ာီးက ို တိုေ 

ဆင်မခင်တတ်ပစေန် ေည်ေွယ်ပလေ့လာ တင်မေပ ာ စာတြ်ီး 

တစ်ပစာင်မဖစ်ေါ ည်။ 

 

ခက ်းဇူ်းတင် ွှာ 

                     ဤစာတြ်ီးပေီး ာီးေန် တ ိုက်တွန်ီးပေီးေါပ ာ 

ဒ္ိုတ ယေါပြာကခခ  ေ်(တာဝန်ခံ) Dr.စိုယဉ်ဝငီ်း၊ စာတြ်ီးက ို 

ကက ီးကကေ်ပေီးေါပ ာ မြန်ြာစာဌာနြှ ဌာနြှှူီး Dr.ပအီးပအီးထွန်ီး 

အာီး အထူီး ပက ီးဇီူးတင်ေှ ေါ ည်။  

 

ကျမ ်းကိ ်းစာ ရင ်း 

ပဖပြာင်တင်၊ ဦီး။ (၂၀၁၃)။ မြန်ြာစာပေ ြ ိုင်ီး၊ 

(ဧကဒ္ ြအကက ြ်)။ ေန်ကိုန်၊ ဝင်ီးတ ိုီးပအာင်ပအာေ့ဖ်ဆက်။ 

ြငီ်းပက ာ်၊ ၂၀၀၈။ ြလ ခ၏ေ   ွေ့အညွန်ီး၊ ( ဒ္ိုတ ယအကက ြ်)၊ 

ေန်ကိုန်၊   ေ ပြပောင်ေံိုနှ ေ်တ ိုက်။ မြန်ြာစာအဖွ ွေ့။ (၂၀၁၈)။ 

မြန်ြာအဘ ဓာန်။ ဒ္ိုတ ယအကက ြ်၊ ေန်ကိုန်၊ ပနလင်ီးေံိုနှ ေ်တ ိုက် 

ေဋ္ဌ ာေ၊ ြဟာ၊ ေှင်။ ၁၉၇၀။ က ိုီးခန်ီးေ   ွေ့၊ ေန်ကိုန်၊ 

စ တ်ကူီးခ   ခ   စာပေ။ 

 ိုတ၊ ပြာင်(ဗ ိုလ်ြှှူီးဘပ ာင်ီး)။ (၂၀၀၂)။ 

စာဆ ိုပတာ်ြ ာီးအတထ ေပတတ ။ ေဥစြကကက ြ်။ ေန်ကိုန်၊ 

ောမေညေ့်စာအိုေ်တ ိုက်။ 
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Abstract— Within the limitations set by the designated well 

and reservoir, the goal of artificial lift design is to optimise the 

production process and guarantee the most cost-effective 

method of fluid production. Sucker rod pumped well 

production testing is a crucial diagnostic technique for 

identifying possible production issues and tracking reservoir 

performance. Furthermore, the production system is 

integrated with the well test data and the inflow performance 

relationship (IPR). A sucker rod pumping system's whole 

design is the result of extensive trial and error. The engineer 

must select the pump type and size, the sucker rod string size, 

taper, and material, the surface unit type and size, the gear box 

rating, the beam rating, the stroke length, and the prime mover 

type and size in order to create a "optimum" design. A 

fundamental responsibility in the design of a rod pumping 

system is to balance the downhole pump's capacity with the 

well's inflow rate. Checking for overload situations on the 

pumping unit is the next stage. Additional operating 

characteristics, including lifting efficiency, Economic Index 

(EI), Performance Index (PIX), and polished rod horse power 

(PRHP), are calculated. From the pumping modes, the optimal 

one is selected by comparing the various performance rating 

concepts. Using the geological configuration and the historical 

production data from the Mann Oil Field in Myanmar, 

detailed computations are finished while taking into account 

the actual well conditions. The majority of wells in the Mann 

Oil Field use artificial lift techniques to create fluid, with 

sucker rod pumping systems being the most popular kind. 

Keywords—artificial lift, sucker rod pumping system, IPR, 

performance rating concepts 

I. INTRODUCTION  

To select the appropriate equipment and determine the 
operating parameters of a sucker rod pumping system in 
order to meet the operator's objectives and guarantee 
economical liquid production, all significant calculation 
methods for determining operating conditions in sucker rod 
pumping are examined. Accurate information of the 
maximum fluid flow that the specified well can produce is 
necessary for the proper design of the sucker rod pumping 
system. The design and selection of the sucker rod pumping 
installation require a thorough understanding of both 
surface and subsurface equipment. 

Sucker rod pumping systems are mechanically 
straightforward and have a long history of being 
economically viable when used, but designing an effective 
system requires careful consideration of a number of 
variables. An optimal rod pumping installation from a 
technical and financial standpoint is the goal of good design. 
Complex rating systems, including as EI, PIX, and lifting 
efficiency, which should incorporate a number of crucial 
sucker rod pumping operating factors, are necessary to get 

optimal performance. Using the well data of MF-1 in the 
Mann Oil Field of Myanmar, the problem can be addressed 
to illustrate the design technique proposed in this study. 

II. HISTORY BACKGROUND OF MANN OIL FIELD 

The central Myanmar Basin's Salin basin is home to 
Mann Oil Field. Approximately 330 kilometres north of 
Yangon, in Minbu Township, on the west bank of the 
Ayeyarwaddy River, is where you may find this oil field. 
The Burma Oil Company first surveyed the field in the late 
1960s while conducting seismic and gravity operations. The 
total area of Mann Field is 5623 acres. Drilled more than 
650 wells since the production began in 1970. In the early 
stages of the field's growth, the operational mandate was to 
maximise primary output, with little regard for long-term 
developmental techniques. As a result, tracking production 
from the various producing intervals was not done, nor was 
optimal well spacing a consideration. The location of the 
deposits that remain is uncertain, and the effects of these 
practices are poorly understood in terms of the depletion of 
the various layers. Main production formations are 
Kyaukkok, Pywaebwe, Okhmintaung and Padaung. Total 
net pay thickness is 664 ft. [5] 

 

Fig. 1. Myanmar Basin Map. [5] 

III. INFLOW PERFORMANCE OF PUMPING WELLS 

A production engineer needs to be well-versed in the 
factors that control the flow of fluid into a well. Establishing 
a link between bottomhole pressure and related production 
rates is necessary to accurately describe the behaviour of 
wells. The Inflow Performance Relationship (IPR) for a well 
is the function that is produced, and it is often acquired by 
conducting well testing. The producing bottomhole pressure 
must to be lower than the reservoir pressure or static 
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bottomhole pressure in order to achieve maximum 
withdrawal. [4] 

The productivity index is; 

 PI = 
q

Pws−Pwf
 () 

Vogel's idea of IPR is used as follows: 

 
qo

(qo)max
 = 1 − 0.2(

Pwf

͞pr
) − 0.8 (

Pwf

͞pr
)2 () 

 wherein 

 PI is the productivity index, expressed as bpd/psi, and q 
is the observed liquid production rate, expressed as bpd. 

 The variables Pws and Pwf represent the static and 
production bottomhole pressures in pounds per squared, 
while (qo)max represents the theoretical maximum 
production rate, respectively. [3] 

IV. DETERMINING PRODUCING AND STATIC BOTTOMHOLE 

PRESSURE 

The producing rate efficiency of a well can be 
determined using the IPR curve, although doing so 
necessitates understanding both the producing and static 
bottomhole pressures. in wells with minimal gas production. 
The pressure resulting from the annulus's fluid column and 
the surface casing pressure add up to the producing 
bottomhole pressure. The gas gradient adjustment factor is 
used to adjust the surface casinghead pressure to depth. [4] 

 Cg = 1 / e0.0000347GL () 

The producing bottomhole pressure will be; 

 Pwf = Pc / Cg + 0.433 × SG × H × Fx () 

It is possible to calculate static bottomhole pressure 

using the following formula: 

Ps is equal to Psc / Cg plus the pressure in the oil and 
liquid columns  (5) 

wherein 

Gas gradient correction factor, or Cg 

e is the natural logarithm base. 

G is the gas's specific gravity. 

L is the gas column length, in feet 

Pc is the casing head pressure, in psig 

SG is the liquid's specific gravity. 

H is the gaseous liquid column's height, in feet. 

Fx is the gradient correction factor for a column of gaseous 
liquid. 

Psc stands for shut-in casing pressure, in psg [4] 

V. SUCKER ROD PUMPING SYSTEM 

There are two main categories into which the parts of a 
sucker rod pumping system can be separated: downhole and 
surface. The polished rod, wellhead assembly, gear reducer, 
and prime mover are examples of surface equipment. The 
working barrel, pump plunger, and rod string are all part of 
the downhole apparatus. [3] 

A. Pumping Unit 

Speed reducers, also known as gear reducers, are 
designed to reduce the high spinning speed of the prime 
mover to the required pumping speed. As a result, peak net 
torque (PT) is within the speed reducer's rating. [1] 

B. Speed Reducer 

The purpose of speed reducers, also known as gear 
reducers, is to lower the prime mover's high spinning speed 
to the necessary pumping speed. Peak net torque (PT) as a 
result is within the speed reducer's rating. [4] 

C. Prime Mover 

Since PRHP directly affects the system's overall energy 
need, the pumping mode requires the least amount of prime 
mover power. One of the more crucial elements is choosing 
a prime mover correctly so that the required amount of 
energy is minimised. Commonly utilised prime movers are 
of two types: (i) internal combustion engines; (ii) electronic 
motors. The rated mechanical power needed at the shaft of 
the electric motor can be computed using the formula 
below:  

 Pnp = 
PRHP

nmech
×CLF () 

where; 

Pnp is the necessary horsepower for the nameplate, in hp 

PRHP stands for polished rod power, in hp 

nmech represents the pumping unit's mechanical efficiency. 

Mechanical cyclic load factor is CLF. [4]  

D. Subsurface Pump 

 The pump's duties include lifting the fluid that is 
admitted to the surface and admitting fluid from the 
formation into the producing string. Four components are 
required for a pump: a working barrel, a plunger, a 
stationary valve, and a travelling valve. The fluid is 
displaced from the tubing at the surface during the upstroke. 
The plunger's motion lowers the pressure above the standing 
valve, allowing fluid from the formation to be admitted. The 
plunger starts to fall through the fluid in the tubing at the 
start of the downstroke. As a result, the fluid load is moved 
from the plunger to the tubing, the travelling valves open, 
and the standing valve closes. [2] 

E. Pump Size Selection 

 The optimum pump design cannot be overestimated the 
minimum energy requirements. The main factor in selecting 
the right pump size is the amount of fluid the pump displaces 
every inch of stroke. It may be necessary to calculate the 
required pumping speed by using the following approached 
formula; 

 PD = 0.1166Dp
2SpN () 

where; 

PD stands for total pump displacement, in bpd 

Dp denotes the plunger diameter, in inches 

Sp represents the effective plunger stroke, in inches 

 N is the plunger speed in number of stroke per minute. [1] 

F. Sucker Rod String 

 Since it connects the subsurface pump to the surface 
pumping unit, the sucker rod string is the most crucial 
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component of the pumping system. Individual sucker rods 
that are attached to one another until the necessary pumping 
depth is reached make up the rod string. [4] 

G. Design of Sucker Rod String 

 The decision of (a) the rod sizes to be utilised in the 
string, (b) the lengths of the separate taper sections, and (c) 
the rod material to be used are the three main goals of rod 
string design. [6] 

I. DATA ON SUCKER ROD [4] 

Dimensions 

of the Rod 

(in) 

Area of 

Metal (sq.in) 

Weight in Air 

(pound per feet) 

Elastic Constant 

(inch per pound-

feet) 

½  0.196 0.726 1.99 × 106 

5/8 0.307 1.135 1.27 × 106 

¾  0.442 1.634 0.883 × 106 

7/8 0.601 2.224 0.649 × 106 

1 0.785 2.904 0.497 × 106 

 

VI.  SELECTION IN PUMPING MODE 

 The real combination of pump size, polished rod stroke 
length, pumping speed, and rod string design is known as 
the sucker rod system's pumping mode. Additionally, there 
are a variety of typical API pump sizes and stroke lengths 
available. [4] 

A. Performance Rating Concepts 

 The intended production rate and fluid lift are the two 
main design parameters taken into account while creating a 
sucker rod pump. The lifting efficiency, PT, PRHP, and 
PPRL values are all included in the economic index. [4] 

 EI = 10-7×
PPRL×PT×PRHP

ηlift
 () 

 In order to assess a pumping system's overall economy, 
the Performance Index (PIX), which is defined as: 

 PIX = 10-9×
PPRL×PT×Pnp×CLF

ITE×ηlift
 () 

where; 

EI stands for economic index 

 ηlift is the lifting efficiency, in % 

PPRL represents the peak polished rod load, in pound 

PT denotes the peak net torque on speed reducer, in inch-
pound, PIX is the performance index and ITE (index of 

torsional effectiveness) is equal 6.3×106×
𝑃𝑅𝐻𝑃

 𝑁×𝑃𝑇
  

 As before, optimal rod pumping economy is ensured by 
the lowest EI and PIX value. [4] 

B. Optimising the Efficiency of Lifting 

 Every technique places a strong value on lifting 
efficiency and works to maximise it. It has the following 
definition: 

  ηlift = 
Phydr

PRHP
 () 

where; 

Phydr is the hydraulic horsepower needed to raise fluid, in hp. 
[4] 

C. Reduction in Operating Costs 

 It is impossible to overstate how crucial it is to choose a 
pump design that minimises energy consumption. Polished 
rod horsepower (PRHP) and the pumping system's overall 
energy are intimately correlated. [4] 

VII. DESIGN PROCEDURE FOR PUMPING WELL 

The step (I) is determined the producing bottomhole 

pressure. 

 Px = 
Pc+14.7

Cg
 + 0.433 × SG × (Dx − FL) × Fx () 

Determining the shut-in bottomhole pressure is the step 

(II). 

Pr = 
Pc+14.7

Cg
 + oil column pressure + mixed column pressure

  () 

Step (III) uses Vogel's equation for the generalised IPR 

curve to determine the necessary rate and pump setting 

depth. The design of the sucker rod string and the 

determination of the operational characteristics are steps 

(IV) and (V). 

 PPRL = Wrb + (
F1

SlKr
 × SlKr) () 

 MPRL = Wrb + (
F2

SlKr
 × SlKr) () 

 PRHP = 2.35 × 10-6 × 
F3

SlKr
 × Sl2NKr () 

 PT = 
2T

Sl2Kr
 × 

S2

2
 × Kr{1 + (

Wrb

SlKr
 – 0.3)

Ta

10
}  () 

 Phydr = 7.36 × 10-6 × Q × γg × Lhydr () 

where; 

MPRL denotes the minimum polished rod load, in pound 

Sl represents the polished rod stroke length, in inches 

Kr is the spring constant of the rod string, in pound per inch 

Wrb stands for buoyant rod string weight, in pound 

γg is the specific gravity of the produced fluid 

Ta is the torque adjustment factor 

Performance rating concepts is the step (VI). These steps 

are the design procedure for sucker rod pumping wells. [6] 

VIII. RESULTS AND FINDING 

 In this paper, by using the well data from MF-1 in Mann 
Oil Field are shown in table 2. It is being produced with a 
conventional sucker rod pumping unit. To determine the 
desired rate and pump setting depth, by using Vogel’s 
equation for generalized IPR curve, (qo)max is 356 bpd at 
7200 ft. This pressure is the first point for the well’s 
performance curve. Bottomhole pressure is divided into the 
reservoir pressure by 0.5 psi/ft is 4946 ft and by subtracting 
4946 ft from the depth of the well to obtain the height of the 
liquid column at zero production rate is 2254 ft. Then, zero
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rate at 2254 ft becomes the second point. According to the 
behavior of Vogel’s curve, 70 percent of maximum 
production at the one-half of the static column, 70% of 
(qo)max is 249 bpd at 4727 ft. This pressure is the third point. 
These three points are plotted on the same graph the “Fig. 
2”, together with the pump capacity available from various 
pumps setting depth of API units. From the intersection 
points it can be obtained one possible rates and pump setting 
depth for the well. The results of 315 bpd with a pump 
setting depth of 6050 ft are presented in the “Fig. 2”. 

 From optimum design, pump plunger sizes 
recommended for this result can be determined by the API 
and it is found that 1.75 inches pump size can be selected. 
To obtain the desired production rate of 315 bpd from the 
pump setting depth of 6050 ft, the pumping unit with the 
structural capacity of 21300 lb, reducer rating of 320000 in-
lb and maximum stroke length of 84 inches must be used 
from pumping unit size ratings of API units. From 
preciously described procedure, the similar calculations 
with the variable value of stroke length, pumping speed and 
rod strings are made. The output results are presented in the 
table 3. From output results, the optimum pumping mode 
with the higher lifting efficiency of 93%.; lower Economic 
Index of 5696 and lower Performance Index (PIX) of 6.5 
will be selected. 

II. WELL DATA FROM MANN OIL FILED 

Production data Well # MF-1 

Well Depth 7200 ft 

Pump Setting Depth 6550 ft 

Pumping Fluid Level 4700 ft 

ID of 5 ½ in Casing 4.95 in 

OD of Tubing 2.875 in 

Sucker Rod String 5/8 in, 3/4 in, 7/8 in  

Pumping Speed 18 spm 

Stroke Length 74 in 

Pumping Unit Installed Salzgitter (226-246-86) 

Pump Size 1.5 in 

Production 219 bpd 

Bottomhole Pressure 2473 psi 

Pwf 1435 psi 

 

III. CALCULATED RESULTS OF PUMPING MODE DESIGN ON WELL MF-1 (MANN OIL FIELD) 

Well 

No. 

Pump 

Depth 

(ft) 

Liqui

d 

Rate 

(bpd) 

Pum

p 

Size 

(in) 

Rod 

No. 

Stro

ke 

Len

gth 

(in) 

Pump

ing 

Speed 

(spm) 

Rod 

Size 

(in) 

Rod 

Lengt

h (ft) 

PPR

L (lb) 

MPR

L (lb) 

PT (in-

lb) 

PRH

P 

(HP) 

Lift 

𝜼% 
EI PIX 

MF-1 6050 315 1.75 

75 

74 15 

5/8 

3/4 
7/8 

1250 

2575 
2225 

18577

.00 

58839

.64 

221397

.58 
15.26 73% 8595.7 8.50 

84 12.5 

5/8 

3/4 
7/8 

950 

2350 
2750 

18694

.73 

6623.

27 

236455

.59 
11.98 93% 5696 6.50 

76 

74 15 
3/4 

7/8 

3725 

2325 

19653

.37 

6098.

65 

239364

.17 
16.38 68% 11331 11.29 

84 12.5 
3/4 

7/8 

3600 

2450 

19181

.29 

6693.

90 

236202

.50 
12.75 87% 6614.8 7.10 

86 

64 10 
3/4 
7/8 

1 

2700 
1775 

1575 

23244

.28 

6520.

70 

261214

.40 
26.86 41% 39397 30.13 

74 15 
3/4 
7/8 

1 

2475 
1900 

1675 

21879

.91 

7252.

42 

254060

.49 
17.59 63% 15448 14.63 

84 12.5 
3/4 
7/8 

1 

2325 
1975 

1750 

21358

.43 

7951.

41 

291765

.50 
13.80 81% 10616 12.78 

  

Finally, the selection of optimum pumping mode can be 
accomplished by the pump size is 1.75 inches, stroke length 
is 84 inches, pumping speed is 13 spm (12.5 spm), API rod 
number is 75 and rod sizes and lengths are (5/8 inch and 950 
ft), (3/4 inch and 2350 ft) and (7/8 inch and 2750 ft). By 
studying the selection of pumping mode for sucker rod 
pumping well, not only the pumping unit would be choosing 
the optimum mode and most safety unit for well but also the 
oil production would economic and profitable. 

IX. CONCLUSION 

The sucker rod pumping design depends on the best 
choice of pumping mode in order to enhance production 
methods and guarantee the most cost-effective way to 
produce liquids. Among the several pumping modes, the 
selection of optimum pumping mode will not only assure 
minimal operating cost. To selected the optimum pumping 
mode, it must be necessary to calculate the lifting efficiency 
and performance rating concepts such as Economic Index 
(EI) and Performance Index (PIX). In this paper, several 
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pumping modes are calculated by using the well data of MF-
1 in Mann oil field. If one pumping mode has the highest 
value of lifting efficiency and higher value of EI and PIX, it 
cannot be selected as optimum condition. Because, these 
value of EI and PIX are high compare to the other pumping 
mode and consequently the investment cost and the 
operating cost will not be minimum and the pumping system 

will not be economy. These optimum pumping modes are 
the lower EI, PIX and higher efficiency in each well. These 
pumping modes are the most cost-effective and energy-
efficient ones. 

 

 

Fig. 2. Well Producing Capacity and Equivalent Capacity and Depth for Producing MF-1 Well. 
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Abstract— The Myogyi-Ywangan car road ran 
alongside the study area. The main rock types found in the 
research area are metagreywacke, slate, phyllite, quartzite, 
limestone, dolomite, siltstone, and mudstone. A relationship 
between field observations and microscopic investigations has 
been attempted to be understood, given the significant 
influence of geology and rock weathering on instabilities. The 
two primary techniques utilized to assess the weathering of 
the rocks in the study area were laboratory testing and field 
surveys. Large and complicated landslides have been found to 
be related to slope features, rock weathering, and the 
intervention of geological structures such as faults, joints, and 
fractures. The research as a whole led to this result. Most of 
the rock units in the study area are highly jointed, and 
brecciated. Debris flow occurred in the Lebyin Group.  In the 
microscopic study, the rock of weathering grade may be 
ranged from moderate to high, and engineering behavior of 
rock strength is decreased. 

Keywords—weathering, fault, joint, fracture, geological 
structure, rock strength 

I. INTRODUCTION 

The study area is located in western part of the 
Southern Shan State, tracing a path along about 49.6 
kilometer mountainous route stretching from Myogyi to 
Ywangan. This road spans from 21° 27' 42.28'' N to 21° 
28' 17.74'' N in longitude and 96° 19' 48.43'' E to 96° 21' 
08.09'' E in latitude, encompassing a rugged terrain within 
the Shan Plateau. Originating 46 miles southeast of 
Kyaukse, the road winds through the undulating slopes and 
valleys of the Shan Plateau. The research area is readily 
accessible by cars and motorbikes using this road the 
whole year. The location map of the study area is shown in 
(Fig. 1). 

Fig. 1. Location map of the study are. 

In general, the study area is a rugged terrain made up 
of NNW-SSE trending ranges with a maximum elevation 
of over 1360 meters above sea-level. The northwestern and 
western parts of the area are generally low in relief, 
occupying around 100 meters above sea-level. The rugged 
terrain in the area is mainly due to the predominance of 
limestone formation. Physiolgraphically, the Ywangan area 
may be subdivided into four main provinces. The eastern 
province is characterized by the abundant knolls separated 
by valleys and gullies which are deep and steep. It is a 
result of long-term denudation on fairly resistant 
metasedimentary rocks. The individual hillocks gain in 
height towards north and west of the study area, attaining 
more than 1666 meters above sea-level (Fig. 2). 

Fig. 2. Three dimensional terrain map showing physiographic features of the 
study area. 

Over the course of 24 years (2000-2023) climatic 
observations recorded in Ywangan Township, the mean 
monthly temperature ranged from 18° to 25° C with a 
mean annual temperature of 22.5°C. The mean annual 
rainfall was 2048 mm, ranging from 2800 to 4900 mm. 
August and September are the most rain falling months in 
the annual year. The rock units of the study area are 
increased in pore water pressure during these months. In 
the study area, the Zawgi river is a perennial stream, but its 
tributaries are of ephemeral streams. In the eastern 
province, fairly spaced tributaries join the major stream at 
various angles, assuming a medium dendritic pattern. The 
areas of limestone units with prominent joint sets have 
given rise to fine rectangular and trellis patterns. Some 
sink holes are present in the western part (Fig. 3). 
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Fig. 3. Drainage pattern of the study area. 

 A. Purposes of Study 

The aim of the present study is to assessment the 
weathering grade of the rocks and to identify the rock 
strength in the study area.  

 B. Methods of Study 

There are two kinds of methods: field method includes 
systematic collection of soil and rocks samples for 
laboratory tests and collecting of the joints, and laboratory 
method includes thin section for microscopic study to 
determine the mineral composition of the rocks, 
cementation, dolomitization and other diagenetic features. 

. 

 II. REGIONAL REOLOGY  

Regionally, the study area is located along Myogyi and 
Ywangan car road which consists of the Chaung Magyi 
Group, Lokepyin Formation, Wunbye Formation and Nan-
on Formation of Pindaya Group, Lebyin Group, 
Nwabangyi Formation of Plateau Limestone Group, and 
recent younger alluvium. The Precambrian Chaung Magyi 
Group widely observed the inner part of a major anticline 
(Yechanzin Anticline), lied in the North of Ye-U, 
Ywangan Township. There, the Permian-Triassic sequence 
of the Plateau Limestone Group unconformably had 
overlain the Lower Paleozoic rocks. [7] 

 A.  Rock Units of the Study Area 

 The study area and its environ can be mainly cropped 
out into four types of rock units such as (1) Upper 
Chaungmagyi Group consists of phyllites, slate, 
metagreywacke, and low-grade schist, (2) Pindaya Group 
consists of Lokepyin Formation and Wunbye Formation, 
(3) Lebyin Group consists of mudstone and greywacke, (4) 
Plateau Limestone Group consists of Nwabangyi 
Formation, and recent younger alluvium. These rock units 
are NNW-SSE trending. Their brief descriptions are as 
shown in Table (I). [6]   

I. ROCK UNITS OF THE STUDY AREA  

Rock Unit Lithology Age 

Alluvium Reddish-brown 
color, massive 
soil with gravels 

Quaternary 

 

Plateau 
Limeston 
Group 

Nwabangyi 
Formation 

Reddish-grey to 
dark-grey color, 
massive, 
brecciated 
dolomite 

Permian to 
Middle Triassic 

Lebyin 
Group 

Indurated 
Mudstone 
and 
Greywacke 

Brown color, 
medium-  to-
very thick -
bedded, 
greywacke 
intercalated with 
mudstone 

Carboniferous 
to Middle 
Permian 

 

Pindaya 

Group 

Wunbye 
Formation 

Bluish-grey 
color, medium- 
to - very thick -
bedded, 
limestone with 
silt patches 

Middle 
Ordovician 

 

Lokepyin 
Formation 

Bluish-grey 
color,medium 

bedded to 
massive 

limestione and 
yellow color 

massive 
siltstione 

Early 
Ordovician 

 

Upper 
Chaung 
Magyi 
Group 

Thin-
bedded silty 
limestone 

Light-grey color, 
medium-to-thick 
bedded limestone 

 

Precambrian 
Phyllites 
and slate 

Brown color, 
medium-to-thick-
bedded phyllite, 
metagreywacke, 
slate, quartizite 

 

 B.  Geological Structures of the Study area and its 
Environ 

Generally, it is a south plunging anticline, however the 
range of the northern half is very complicated, having 
overturned and recumbent folds, and faults systems at 
diagonal directions. At the northwestern part of the range, 
the whole sequence from the Pindaya Group to the Plateau 
Limestone Group, extending over the distance of five miles 
in width, had been overturned, and dips eastwards instead 
of westwards. The Pindaya plain is located between the 
Pindaya Anticline and the Bawsaing Anticline apparently 
as syncline, which in detail appears to be complex. The 
collision between the Indian Plate and the Eurasian Plate is 
resulting from complex tectonic activity in Shan State. The 
geological structures of the study area are complex. The 
Paulaung Fault is a major fault in the southwestern part of 
the study area which passed through the nearly N-S 
trending. Mae Pin Fault passed through the southwest part 
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of the Ywangan area. Minor faults and folds were observed 
in the study area. Minor faulted are traced by slickenslides. 
Minor faults occurs in the meatgreywacke of the Upper 
Chaung Magyi Group (Fig. 4), minor folds occurs in the 
quartzite of the Upper Chaung Magyi Group (Fig. 5) and 
joints are well-observed in the study area. Most of the rock 
units are highly jointed and brecciated. [5]   

 

 
Fig. 4. Minor fault occured in metagreywacke of Upper Chaung Magyi 
Group. 

 
Fig. 5. Minor fold structure occurred in quartzite of Upper Chaung Magyi 
Group. 

 III.PETROGRAPHY  

Based on the constituent mineral assemblages and 
textures, the major rock types of the study area are 
metasedimentary rocks and sedimentary rocks. For the 
petrographic criteria of the mineral assemblages, more than 
32 thin sections were cut from various representative rock 
samples.  

Petrographic techniques have been used to evaluate 
successive stages in mineralogical and textural changes 
brought about by weathering. The rock mass rating can be 
assessment from the amount of discoloration, 
decomposition and disintegration. In a microscopic study, 
the mineral composition, degree of alteration and 
frequency of microfractures can be used to identify the 
strength of rocks. 

 A. Implication of Petrography on the Engineering 
Properties of Metamorphic Rocks along Myogyi-
Ywangan Road 

Metamorphic rocks of the quartzite, phyllite, and slates 
along the Myogyi-Ywangan road are collected and made 
the thin section on microscopic study. Quartzite is poorly 
compaction due to their grain boundaries. Cement is 
detrital quartz and mica, sometimes mica altered to clay. 
Some quartz grains are deformed due to the high strain and 
pressure solution occurs between the grains.There are 
many microfractures between the grain boundaries and 

iron minerals are well-observed. The poorly compaction, 
alteration, high strain, and microfractures caused to the 
strength of rock in decrease. Iron minerals may be oxidized 
that effect rapidly weathered the rocks. Weathered the rock 
increased, the strength of rock decrease. [3]    

Biotites in the metagreywacke altered to chlorite or 
vermiculite are clearly noted. Most of the grains are 
deformed due to high strain occurred in quartz grain in len-
shape. Mineral grains are foliated and the cleavage plane is 
the weakness of the rocks. Mica and other clay minerals 
are occurred along the cleavage plane and affected the 
strain and weathered these minerals easily slip in its. Thus, 
opaque minerals are well-observed and caused the easily 
weathering and may decrease its strength. Phyllite includes 
the quartz; feldspar and mica are the major constituents. 
These are foliation and biotite has inclusions. 
Recrystallization also occurred and changes the bulk 
volume of the rock. Opaque minerals are clearly observed. 
These factors may be caused to the instability to the slope 
and strength of rock in decreased. [1]   

 B. Implication of Petrography on the Engineering 
Properties of Sedimentary Rocks along Myogyi-
Ywangan Road 

Mineral grains in the mudstone are folded due to strain. 
In mudstone contains high clay mineral which may possess 
the weak strength and their durability may be suspect. The 
mudstone becomes physically more stable which decrease 
in the percentage of expandable clay minerals. Clay 
minerals have swelling effect to the absorption of free 
water by certain clay minerals and fraction which 
extremely detrimental to the integrity of many engineering 
structures. The mudstone is rich in iron minerals; it rises to 
reduce stability on weathering. Greywacke in the Lebyin 
Group is poorly sorting; many pore spaces laminated in 
varieties and are invariably jointed. Greywacke is indicated 
to immediate surface deterioration on out corps. 
Especially, the amount of rock fragments occupying the 
pores influenced the porosity of greywacke. Its porosity, 
amount and type of cement and/or matrix material, as well 
as the composition of the individual grains controlled the 
compressive strength of greywacke. If cement binds the 
grains together a stronger rock is produced. However, the 
amount of cementing material is more important than the 
type of cement; siliceous cementation is stronger than 
calcareous cementation. The compressive strength and 
deformation characteristics of a greywacke are very 
significant role by pore water. The grain size, porosity, and 
density play a major role for the degree of induration and 
strength in the engineering properties of carbonate rocks. 
The grain size and those post-depositional changes in 
carbonate rocks that bring about induration and it can 
sustain high overburden pressures. High overburden 
pressures creep and recrystallization produces crystalline 
limestone with very low porosity. The age related with 
increased in density and porosity is decreased. Older 
limestones are lower porosities due to the diagenetic 
processes. When limestones are dolomitized in the 
Nwabangyi Formation, it takes place high porosity and 
possesses a lower compressive strength than limestone. 
The significant effect of dissolution in limestone is 
increased in the pores, which make water circulation 
thereby encouraging further solution and increase in stress 
within the remaining rock framework that leads to 
increasing stress corrosion and the rock instability. 
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Furthermore, rain water is susceptible to solution the 
carbonate rocks, which commonly dissolved out the shell 
fragments in the Lokepyin Formation, and ooids in the 
Wunbye Formation. [2]   

 C. Results and Discussion 

Metamorphic rocks of the Upper Chaung Magyi Group 
in the study area, alteration intensity moderate to high as 
the result of microscopic characteristics. In microstructural 
-ly, increased in microfractures or microcracks in the 
mineral grains and between the grains, decreased in 
strength. Quartzite of the Upper Chaung Magyi Group is 
clearly observed in numerous microfractrures. The mineral 
composition, grain size, and packing (amount and type of 
cement/matrix), degree of grain interlock are influenced by 
rock strength and fracture. Carbonate rock is perhaps more 
prone to pre- and post-consolidation changes than any 
other rock type. Carbonate rocks take place many changes 
during transformation from soft and generally porous 
carbonate sediment to a dense, hard limestone with a low 
porosity. The limestone of Lokepyin Formation is 
contained fossil fragments. These fragments are reacted 
with the acid in the rainwater and may be dissolved. 
Siltstone of the Lokepyin Formation is iron-staining, and 
may be oxidized which leads to readily weathering. The 
limestone of the Wunbye Formation is well-observed in 
ooid grains and porosity is 50% of the total volume 
between the grains. The porosity is higher, the strength is 
lower.  The greywacke of the Lebyin Group composed of 
ununiformed grains lead to poor compaction and increase 
in porosity. The mudstone of the Lebyin Group is 
composed of the clay mineral predominantly. Clay 
minerals have swelling in saturated condition. The type of 
cement/matrix is important, not only influencing strength 
and elasticity, but also density, porosity and permeability. 
Neomorphism and dolomitization are observed in 
dolomites of the Nwabangyi Formation. The original 
calcite forms the newly dolomites and bulk density 
decreased. It is significant to identify the mode of 
preservation from complete solution of fragments leading 
to mould formation and consequence infilling with cement 
to occur a classic casts. The weathering of the rocks in the 
study area may range from moderate to high. Not only the 
chemical or mineralogical composition but also the texture 

and bonding depend on the engineering properties of the 
rocks. 

 IV.CONCLUSION 

The rock units of the study area are highly jointed and 
brecciated in the field investigation. In the microscopic 
study, the metagreywacke and phyllite are foliation, 
minerals alteration, grain size changing, porosity, ore 
minerals including, and numerous microfractures within 
and between the grains limestone contains shell fragments, 
siltstones are iron-staining, and dolomites are 
neomorphism and dolomitization. The geology of the study 
area is complex in tectonically. These factors that lead to 
the easily weathering of the rocks and rock strength in 
decreased. The weathering grade of the rock units in the 
study area may range from moderate to high as result of 
the field and laboratory methods. 
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