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OPTIMIZING NUTRIENT MANAGEMENT
FOR DIABETIC DIET MEAL PLAN COST
USING LINEAR PROGRAMMING

Nang Wai Wai Phyo?, Khaing Myint? and Nyo Mar Min?
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ABSTRACT

Linear programming is relevant in developing for
diabetic patient’s diet decision problem by
dietician in health maintenance. Human diet
scheme done by optioning relevant food points that
fulfil the sustenance requirements into meal
formulation. Linear programming is a scientific
approach to select proper food points, which
demands to depreciate the meal costs. This paper
illustrates effectiveness of LP in diet decision. To
make the optimal health pattern, first, the study
area was found nine specific nutrients Calories,
Fats, Sodium, Carbohydrate, Fibre, Protein,
Vitamin A, Vitamin C and Calcium work together
to support balance blood glucose and promote
weight loss. The person who have diabetes can
create daily diabetic meal plan by selecting one
breakfast, one AM snack, one lunch one PM snack
and one dinner, plus. This paper predicts
minimization of daily need meals cost for a diabetic
person. Performance of this paper is operating a
food solution that satisfies the daily meals
requirements of a diabetic person and it depreciate
possible dietary food cost.

KEYWORDS

Diabetics, Minimization, Nutrients, Costs, Simplex
Algorithm, Linear Programming

1. INTRODUCTION

Over the centuries, foods and nutrients have
been the important resources for human
healthy. The diseases that have characterized
of high levels of sugar in the blood and
chronic disease is called diabetes disease [1].
Diabetes is a deep-rooted condition that causes
an individual's glucose level to end up

excessively high [2]. There are four main
patterns of diabetes: pattern 1 diabetes, pattern
2 diabetes, gestational diabetes and pre-
diabetes [3]. Pattern 1 diabetes is usually
identified in childhood. Sometime there are no
symptoms. Patient needs insulin daily to
survive in the pattern 1 diabetes. In pattern 2
diabetes when the insulin-producing cells in
the body are unable to produce enough insulin,
or when the insulin that produced does not
work properly. Gestational diabetes s
sustained period destroy to body, including
heart and circulatory system. Pre-diabetes
causes with unhealthy eating habits and
inadequate exercise [3]. Pattern 1 and pattern 2
signs are closely equal, but usually come on
more quickly in people with type 1. It
comprises a set of mathematical optimization
and simulation methods and models, such as
linear programming and non-linear
programming [4]. Nowadays, with the help of
popular software’s such as Win QSB, LINDO,
MS OFFICE EXCEL and other, linear
programming has funded its application in a
large number of scientific disciplines and areas
of human activities such as foods and
agriculture, production, distribution and,
telecommunication, manufacturing, financial
advice and scheduling, employee scheduling
and other [5]. This paper introduces
application of linear programming on the
example of reduction the costs of meals with
nine nutrition aim at healthy and variety diet
requirements. The aim of this work is to
minimize the costs of diet with the criteria for
daily intake of a sufficient quantity of all
nutrients required for the normal functioning
of the human are fulfilled [5]. The simplex
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algorithm developed by Dantzing in 1947 [6].
For LP model with =or = type constraints, the
problem of obtaining first basic possible
solution is difficult as these problems lack
feasibility at origin [6]. Linear Programming
was developed as a mathematical pattern
during World War 11 to plan expenditures and
returns in order to reduce costs to the army and
increase losses to the enemy [7]. In
mathematical formulation, simplex algorithm
(or simplex method) is a popular algorithm
search for solution of linear programming.
First, redevelop the problem into the standard
form in which all constraints are expressed as
equalities. Lingo with the LP Solve
programming language was used to solve the
problem [8].

2. CARBOHYDRATE

2.1. Why Carbohydrate Counting is
Important?

Counting carbohydrate is essential part of any
diet. If you get the suitable amount of
carbohydrate, you can control your blood
glucose level; you can stay in good health and
feel nicer. Take account of carbohydrate can
also support you scheme your meals.

2.2. Food Lists for Carbohydrate
Counting

In general, Carbohydrates are the main source
of energy that is ingested by the human body
[9]. Carbohydrates are the sugars [10]. For diet
and weight loss, you must choice the best
carbohydrate amount. The name of
carbohydrate derived from the elements that
make up its  molecular  structure.
Carbohydrates are a type of micronutrients
[10]. Carbohydrate counting be helped to
control sugar in the blood [11]. Diabetic
patients take care how many you eat with a
little simple habit. Carbohydrate is one of meal
schedule so the person who have diabetes use
it for manage their blood sugar level. Daily
requirement target range of carbohydrate
depending on as part of an individualized each
meal plan. Diabetes is not curable type of
disease but carefully management of medical
condition in which the body struggles to
regulate blood sugar. The people may cause
diabetes when the body cannot produce
enough insulin, or when insulin does not work

correctly. Body weight and blood glucose
level controlled if diabetic patients have eating
and drinking the right amount of food [11].
Consuming an excess of certain foods might
lead to persistent increase blood sugar level. If
you want to know some carbohydrate counting
of food, you can see as table 1:

Sample Carbohydrate Counting

Nutrients Carbohydrate Count
% large baked Potato 30g
1 cup Non Fat or Reduce-Fat-Milk  15g
1 Tiny new Fruit 15¢g

1 tablespoon of Peanut Og
Table 1. Food Lists for Carbohydrate Counting

Table
Starches Starches t
1 Slice Bread (1 '3 cup Noddle or
ounce) Cooked Rice

1 Pancake (size 6
in)

% cup Nuts, Roasted

Potatoes

Y4 Large Bagel (1
ounce)

Large Baked Potato
(3 ounces)e

2 Tacos (size 5-
in)

3 cups Maize

Y Hamburger (1
ounce)

% cup Ready-to-
Eat Cereal

% cup Cooked
Cereal

1 cup Soup

4-6 Biscuits

Fruits

Fruits

1 Tiny new Fruit
(4 ounces)

1 cup Lemon,
Blueberry

2 Tablespoons
Grapes

Y cup Tiny Fruit
Y, cup Dried Fruit
(2 tablespoon)

17 Tiny Grapes (3
ounces)

% cup Fruit Juice

Milk

Milk

1 cup Non Fat or
Reduce-Fat-Milk
1 cup of Soy

% cup (6 ounces)
non-fat yoghurt
sweetened with
sugar-free

Other Foods

Other Foods

Count 1 cup of
Raw Vegetable




i
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

3. METHODOLOGY

C#, C++, Java and Visual Basic are
programming languages but linear
programming is not programming language
[12]. Linear Programming is a mathematical
method to allocate scare resources to
competing activities in an optimal manner
when the problem can be expressed using a
linear objective function and linear inequality
constraints [12]. A linear programming
consists of a set of variables, a linear objective
function indicating the contribution of each
variable to the desired outcome and a set of
linear constraints describing the limits on the
values of the variables. The objective of linear
programming problem will be to maximize or
minimize some numerical value. Linear
programming is an extremely general
technique, and its applications are limited
mainly by our imaginations and our ingenuity.
The objective function indicates how each
variable contributes to the value to be
optimized in solving the problem. The
objective function takes the following general
form:

n

Maximize or Minimize Z= E €;X;

i=1

€i = the objective function coefficient
corresponding to the i variable and

*j= the j™ decision variable

A linear programming problem with “n”
resolution variables and “m” constraints
can computationally model. The following
form is a linear function:

Minimize I =r,x; +CaXa +C0gXg + o, +0pky

Constraints define the possible values that
variables of a linear programming problem
may take. They typically represent resource
constraints, or the minimum or maximum level
of some activity or condition. They take the
following general form:

Subject to (D)

n
ZAi}'x_:l'Ebf i =12, ....,m
=1

Ay ¥y +appxs Fag;zxg o tagx, = by

Qz1X + Qo3Xy +aAggxg+ . Faapx, = by

Am1X1 T QpoXa T ApaXz T F Ay = bm

Where,

x;=the j"™ decision variable

A;;=the coefficient on x; in constraint i

b= the right-hand-side coefficient on
constraint i

This can be written as,

MinZ=CtX

Subject to (2)
AX >D,

X >0

From the model above explanation,

X represents the vector of variables (to be
determined). C and b are vectors of known
matrix of coefficient.

The demonstration to depreciate is known as
the intention function (C'Xin this case). The
equation is the constraint which indicates an
explosive polytope over which the intention
function is to be perfected. The factors are
the unit returns for the coming from each
production process x;. xs. Xg... Xy,

4. PROBLEM FORMULATION

To formulate a problem systematically, the
following are used. Generally, the calculation
patterns usually use the form:

Z= the objective function to be minimized.
*i= input variables.

ci= cost factors of the depreciate function Z.
b i = minimum limit of the constraints.

Aij= factors of operations limit equations.
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n

Minimize Z = E C;Xj

i=1
Subject to 3
i
Zﬂu-xj = b; i=12,....,m
i=1
(4)
x=0 j=12,..,n (5)

A-iz[ﬁlﬂm XM Xj=[a ] X 1 ,bi=[bl-j-]'” ® 1
By using Slack Variables as we can convert
in standard form for the above G.L.P.P

n

Minimize £ = E X}
i=1

Subject to

n
ZHEJ%+ .‘x.’,HE-:bE- 1.: 1_12_.---.._,'”]
=1

X = 0 j=123, .. ..n

Figure 1 shows the amount of each nutrient for
breakfast and AM snack, figure 2 shows lunch
and PM snack and figure 3 shows dinner
accessible in foods and their daily need for
good health conditions. The aim is to calculate
the lowest diabetes diet meal plan cost and see
the need of nutritional limitation.

Food tems
Breakfast AM Smack
34 cupbran |lcupskm (6ounces |3 (2%:-nch)
Nutrients |} grepefiuit cerelal. ol atcily (gahin | aibttd
“ I slice whole | 1 teaspoon |sweetened |cracker
wheat bread [marganne |yogut  |squares
Calonies (cal) Ll 1773 M4 1734 903 8014
Fats (g) 0 P 138 18 1] 198
sodnm(g) 0 133 1033 984 964 4134
Carholydrates (z) 13 38 131 24 163 1306
Fiber(g) 2 43 0) 0 07 ]
Protein(g) ! 111 § 14 4 B9
Vitamin A(TU) 104893 1 10006 612 041) 21121
Vitamin C(img) % 0 14 12 0 94
Caleium(mg) ] 123 0 B84 162 6611

Figure 1. Nutrition and the Requirements for
Breakfast and AM Snack

Food Items
Lunch PM Snack
. 1 small
1/2 chicken
o Cg—
o preast, leup green llm]]__ 1% |4-3 whole aPple: sub total
Nutrients . T |milk, 1 |wheat [ cup
1 cup white | beans
. apple  |crackers |green
tice
beans
Calories (cal) 316 43 28 08 733 7763
Fats (g) 48 4 32 2 04 144
sodium(g) 396 6.6 313 98.6) 33 461.1
Carbohydrates (g) 433 10 66 9.7 18.8 1498
Fiber(g) 0.7 27 6 14 37 143
Protein(g) 2.1 2 12 13 13 369
Vitamin A{TU) 25 690 502 0 M7 1564
Vitamin C(mg) 0 122 8 0 11 343
Caleium(mg) 28 37 301 5 174 3842

Figure 2. Nutrition and the Requirements for
lunch and PM Snack

Food Items
Dinner
;;1_11;“5 Tossed
hiek Lmal | sladwtn | - Miniom
Nutrients prueken whaole teasp.oon 1 cup light Daily
2smallnew | | margatine - -
. |wheat roll salad Requirement
potatoes (3 .
dressing
ounces)
Calories (cal) 1323 9% 1004 85 4137 2000
Fats (g) 27 L7 113 12 229 7
sodium(g) 34 188 03 01 343 2300
Carbohydrates (g) 1452 13 0.1 37 36.62 300
Fiber(g) 114 2] 0 1§ 24 A
Protein(g) 1211 il 0 12 1751 100
Vitamin A(TU) 194 0 1147 314 1653 3000
Vitamin C{mg) 1565 0 0 Il 2935 1300
Calejum(mg) 6.34 29 04 15 114 1000

Figure 3. Nutrition and the Requirements for
Dinner

4.1 Objective Function

To underestimate the absolute diabetic
starvation cost and identified by the food and
cost price corresponding manner. The cost
function (Z) is linear function of cost of
variety food items (X1, Xo, ...... X14).

4.2 Constraints

Let we assume that the constraints are:

b

x, =0

Calories = EEIEIEI, Fats = ?8’ Sodium = 23[][],
Carbohydrates = 300 Fibre = 28

Protein = 'J.[IEI, Vitamin A = EUUU,
Vitamin € = 'J.EEIEI, Calcium = 'J.EI[IEI'

Where, x,= % grapefruit

x,= 3/4 cup bran cereal,
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1 slice whole wheat bread
x;= 1 cup skim milk, 1 teaspoon
margarine

x,= 6 ounces artificially sweetened
yogurt

x5= 3 (2%-inch) graham cracker
squares

x,= 1/2 chicken breast, 1 cup white
rice

x;= 1lcup green beans
xg= 1 roll, 1% milk, 1 apple
x5= 4-5 whole wheat crackers
x,,=1 small apple, ¥ cup green beans
x,,= 3 ounces baked chicken
2 small new potatoes (3 ounces)
x,.= 1 small whole wheat roll
x,,= 1 teaspoon margarine
x,,= Tossed salad with 1 cup light
salad dressing

The absolute volume of Calories in this plan
should equal or greater than 2000cal. Facts
content should greater than or equal 78g,
Sodium content should greater than or equal
2300g, Carbohydrates content should greater
than or equal or equal 300g, fibre content
should greater than or equal 28g, Protein
content should greater than or equal 100g,
Vitamin A content should greater than or equal
3000 IU, Vitamin C content should greater
than or equal 1300mg, Calcium content should
greater than or equal 1000 mg.

4.3 Total Formulation of Problem
Sample calculation:

Min Z= 2x,+ 10x, + 8x4

R S o

x.+2x, =8

—x; 4+ 2x, +3x; =24

Solution:

The augmented matrix corresponding

1 1 1 &
0 1 2 8
-1 2 2 4
2 10 8 0

Thus, the matrix corresponding to the dal
maximization problem is given by following
transpose.

1 0 -1 2
11 2 1 [I]
1 2 2 8
6 8 4 0

Dual Maximization problem:

Z = 6y, + 38y +4n

Y-y =2

v+ +2y; =10

»wtivn+2y =8

Z |y1 Y2 |Ys|Va|Ys |V |D
1| 0|-1|] 1| 0| O] 2|Rs
1| 1| 2| 0| 1| 0]10|R;
21 2| 0| 0] 1| 8|Rs

6|-8/-4, 0] 0] 0| O|Rs
Y1, Y2, Y3 are not basic so y1=y,=y3=0

ya=2/1=2, ys=10/1=10, ys=8/1=8
First step operation O1: select column 3 of Ty

o0 O -
-

-8 0
2 8
1 10
0 2

8/2=4, 10/1=10, 2/0= undefined
Choose Row 3 the pivot is 2.

Operation O2: eliminate by the row operations.
R, - .J'frz R:, R, + 4R,

Z|ly:i |Ya|Yys |ValYs|Yys |Db

1| 10} 1|10 0| 2|R:

0| 12,0 11 01|12 | 6|R:
0| 12]1]12] 0] 0] 12| 4|Rs

0] 2|10 4,00 4132 | Ry

Second step operation Oa: select column 2 of
Ty

-2 32
1 8
1/2 4
1 2

8/1=8, 4/1/2=8, 2/1=2
Operation Os: eliminate by the row operations.

R, - .J'frz RL’ Ry — 1.3(2 RL’ R, + 2R,



i
& Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

Z|yi1|Y2|Ys |Ya [Ys|Ye | b

1110} -1 1| 0| 0| 2|Rs

0| 0] 032|112 1|12| 5|R:

0] 0] 1|1 |12 | 0] 0] 3|Rs

0l 0] O 2 21 0 4|36 | Ry
X1 X2 X3
So, Min Z= 36.

By using the above dataset (Figure 1, Figure 2,
Figure 3) to evaluate the following LP model.

Mn Z2=X+5L+5+ 5L+ 515G+
X+ X+ X+ X+ X+ X+,
Subject to,

Calories:

60x, + 277.5x, 4+ 200 4x,+ 173 42, +90.3x
+316x, + 432, + 284 x5, + 59825 + 73.0x,
+132.3x,, + 96x,, + 100.4x,, + 85x,, = 2000
Fats:

Oxy 4+ 22,4+ 13.8x; 4+ 1.8, 4+ 222+ 4.8
iy, + 32w + 2o+ 0oy + 2720, + 1725
+11.3x,, + 7.2x,, = 78

Sodium:

0x, + 123.3x, + 105.3x; + 98.6x, + 96.4x
+39.6x, + 6.6x- + 313x, + 98.6x,+ 3.3x,,

+35.6x,, + 188x,, + 0.3x 5 + 101x,, = 2300
Carbohydrates:

152, + 53.8x, + 13.1x; + 3242, + 16.3x;
44532, + 10x; 4+ GBxg + XTxg + 18.8x
+14.82x,, + 18x . + 0.1x; + 3.7x,, = 300

Fibre:

2y +43x, + 0xg+ 0y + 072+ 0.7x,
+27x;+6x+ L4y 4+ 372, + L14x,
+27x 4+ 0x5 + L6z, = 28

Protein:

x, + 11 1x, + 8x5 4+ 74x, + Ldx. + 20.1x,
+2x, 4+ 12x, 4+ L5xg 4+ 132, + 12,21,
+3.1x 4+ Oxyp + 2.2, = 100

Vitamin A:

1048.95x, + x4+ 1000.6x; + 61.2x, + 0.41x¢
+25x; +690x; + 5022, + 0xg+ 347 2y

+10.4x,, + Ox,o + 114.7x,5 + 3L4x,, = 3000

Vitamin C:

O0x, + 0xo 4+ 2 4%, + 122, + 0xc 4+ 0xg
+12.2x- 4+ 8xp + Oxg + 14.1x,, + 25.65x,

+0xy. + 0xyy + 372y, = 1300

Calcium:

S0z, +32.5x, + 310x; + 258.4x, + 16.2x¢
41238, 4+ 3V, + 300w + Sxg+ 174
+6.34x, + 2.9x,, + 0.4x,, + 182, = 1000

Applying the simplex approach for getting the
perfects the diet costs through LINGO
computer based software:

Global optimal solution found.

Obijective value: 23.85997
Infeasibilities: 0.000000
Total solver iterations: 4
Elapsed runtime seconds: 0.12
Model Class: LP
Total variables: 14
Nonlinear variables: 0
Integer variables: 0
Total constraints: 10
Nonlinear constraints: 0
Total nonzeros: 126
Nonlinear nonzeros: 0

Variable Value Reduced Cost

X1 11.97505 0.000000
Xz 0.000000 0.5583222
X3 1.972154 0.000000
X 0.000000 0.6340116
Xs 0.000000 0.6746019
Xs 0.000000 0.5316772



i
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

X7 0.000000 0.6363749
Xg 5.146902 0.000000
Xo 0.000000 0.6792483
X10 0.000000 0.8080944
X1 0.000000 0.4188221
X12 0.000000 0.4927806
X13 0.000000 0.4322435
X1 4.765860 0.000000
Row Slack or Surplus Dual Price
1 23.85997 -1.000000
2 980.5411 0.000000
3 0.000000 -0.5018748E-01
4 0.000000 -0.2126671E-02
5 262.7902 0.000000
6 34.45690 0.000000
7 0.000000 -0.7124717E-02
8 14267.96 0.000000
9 0.000000 -0.1103195E-01
10 1767.916 0.000000

The data set in this study is collected from the
physicians by surveying them about the
diabetes. The level of diabetes is remained
stable is found in some patients who consumed
according to the sample nutrition. The result
shows that the reliability of the diet pan may
be correct about 80%.

5. CONCLUSIONS

This paper has produced a suitable one-day
menu plan and has minimized costs that
people can use as a guide for diabetic’s
patients. This algorithm run with the various
data set in about 10 times. Simplex algorithm
olds fewer several iterations as compared to
graphical method. In health centre, linear
programming may be effected to problems
related to the best resource allocation through
mathematical  modelling.  This  survey
displayed order to best cost to the 9 critical

nutrients proposed by LP way. According to
simplex algorithm, we get the outcome of diet
that cost $ 23.85997.
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ABSTRACT

Face identification system is to identify the
people from the input image or video. This
paper presents an approach to recognition of
people by comparing with known faces. For
gray scale image conversion, this paper uses
luminance algorithm. Then, face detection is
done from the gray scale image using Haar-like
features. It is unavoidable preprocessing step of
face recognition system and presents its own
difficulties and challenges, sometimes quite
different from face recognition. The detected
face region is cropped and aligns to improve the
accuracy of the face recognition process. For
face alignment, the system detects eyes from the
detected face region and uses the degree of the
line between the detected two eyes. OpenCv
library provided the Haar features training set
of frontal face and eyes. This paper uses these
features set to detect face and eyes. To enhance
contrast of the detected face, this paper uses
histogram equalization method. In this paper,
principal component analysis approach is used
for face recognition. In face recognition
process, 80 principal components are used. In
PCA, weight vectors of input face and training
faces are calculated and compare using
Euclidean distance method.

KEYWORDS

Face Detection, Face Recognition, Luminance
Algorithm, Haar-like features, Principal
Component Analysis, Histogram Equalization

1. INTRODUCTION

Face recognition is to identify the faces
existed in the image and video. Developing
face recognition system is very difficult.
It’s a true challenge to build an automated
face recognition system which can

recognize faces as human ability. Face
recognition is still as a demanded
technology and an unsolved problem.

Face recognition could offer many different
industry areas. Some examples include law
enforcement, virtual reality, photo cameras,
human-computer interaction, and video
surveillance.

Face recognition system can be classified
into two categories, namely face
identification and face authentication. One
to one matching method is used in face
authentication and face identification is one
to many matching method [1, 2].

A face recognition system can mainly be
divided into three components, namely face
detection, feature extraction and face
recognition. Face detection algorithm is
used to localize the location of the face in
the input image and outputs the location of
the face using bounding box [3, 4].

Feature extraction is performed after face
detection is done. The extracted features
should be effective so that it is useful to
distinguish between faces of different
persons.

For face matching, the extracted feature
vector of the input face is matched against
the feature vectors of the faces in the
database. In face matching process, it
provides the identity of the face if there is a
matching one, otherwise it identifies the
input face as unknown face.

There are various algorithms for face
recognition. In PCA approach, the entire
face is used as a feature for recognition
process. The whole faces are used in
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matching process but ignores common
features [5, 6].

In  computer vision, developing face
recognition system is famous research area.
This paper aims to develop simple, fast face
recognition system with high accuracy rate.

2. RELATED WORKS

By wusing principal component analysis
method, Liton Chandra Paul, Abdulla Al
Sumam proposed a face recognition system.
Their system is implemented with
MATLAB and tested with image database
ETE-07 series, RUET and gave very good
classification results [7].

By using Eigenfaces algorithm, Matthew A.
Turk and Alex P. Pentland proposed a face
recognition system. They tested their
system under know variation of lighting,
scale and orientation. At low threshold
value, many images will be rejected as
unknown and at high threshold value most
images will be recognized [8].

M.Nandini, P.Bhargavi, and G.Raja Sekhar
proposed a face recognition system. In this
system, recognition is performed by Neural
Networks  using Back  Propagation
Networks and Radial Basis Function
networs. The recognition accuracy of the
system is very high [9].

3. ARCHITECTURE
SYSTEM

Image acquisition needs to be done as a first
step of the system and then gray scale
image conversion needs to be done to
convert gray scale image from the color
image. In gray scale image, intensity value
of each pixel is stored as 8-bit integer.

OF THE

There are many gray scale conversions
algorithms. For gray scale conversion, this
paper uses luminance algorithm [10].

Luminance algorithm uses the following
formula to obtain the gray value:

Grayvalue = 0.3R + 0.59G¢ + 0.11B )

Where, Grayvalue is intensity value of the
grayscale image, and R, G, and B are red
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channel, Green channel and Blue channel
intensity value of RGB color image.

Then, face detection needs to be done from
the gray scale image. OpenCv library
provided Haar features training set of
frontal face. This paper uses these features
set to detect face.

OpenCV (Open Source Computer Vision
Library) is an open source computer vision
and machine learning software library.
OpenCV was built to provide a common
infrastructure ~ for ~ computer  vision
applications and to accelerate the use of
machine perception in the commercial
products. The library is used extensively in
companies, research groups and by
governmental bodies. It has C++, Python,
Java and MATLAB interfaces and supports
Windows, Linux, Android and Mac OS.

All human faces share some similarities.
For example, the eye region is darker than
the bridge of the nose and the cheeks are
also brighter than the eye region. A simple
way to find out which region is lighter or
darker is to sum up the pixel values of both
regions and comparing them.

:- E (a) Edge Features
| . E (b) Line Features

o

Figure 1. Haar-like Features

(c) Four Rectangle Features

Figure 2. Sample Haar Features
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All sub
windows

Classified
as

Reject sub windows

Figure 3. Haar Cascade Classifier

A Haar-like feature is represented by taking
a rectangular part of an image and dividing
that rectangle into multiple parts as shown
in figure 1. A simple rectangular Haar-like
feature can be defined as the difference of
the sum of pixels of areas inside the
rectangle [11].

In figure 2, top row shows two good Haar
features. The first feature selected seems to
focus on the property that the region of the
eyes is often darker than the region of the
nose and cheeks. The second feature
selected relies on the property that the eyes
are darker than the bridge of the nose.

From a lot of negative and positive images,
Haar cascade classifier is trained. Then, it
can be used to detect face from the image.

In figure 3, Haar features from the sub
windows are generated and match these
features in each stage. If the features are
matched, then others Haar features are
matched against in the next stage otherwise
reject the current sub window. If Haar
features are matched against in the final
stage, classifier determines the sub window
is face.need to be done from the cropped
image to align the face region. Also,
OpenCv provided Haar features training set
of eyes and this paper uses these features
set to detect eyes.

The next step is to align the face to improve
accuracy in face recognition stage. Firstly,
the system draws a line between detected
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two eyes. Then, the system estimates the
degree of the line. The angle of the line
means that angle between the line and x-
axis of the plane.

Let, the line end points are (x1, y1) and (x2,
y2). The degree of the line can be calculated
by as follows:

8 = Arctan(x2 — x1,y2 — y1) # % (2)
Once the angle is obtained, it is easy to
align the face image by using rotation.
Rotation of the cropped face region is done
through Affine Transformation.

sin &

) (2%, %2 ()

Where 7 is the detected skew angle (x, y) is
original pixel location and (x’, »’) is the
new location of original pixel after rotation.
If the detected angle is positive, the
detected face region is rotated with negative
angle with the same angle value and vice
versa.

cosd
—sin#

Input Image

Gray Scale Conversion

v

Face Detection using Haar Features

v

Crop Face

v

Align Face
v

Histogram Equalization

'

Face Recognition using PCA

;

Face Identification

Figure 4. Architecture of the System

Then, gray scale face region has to be
enhanced. This paper uses histogram
equalization to enhance the aligned face
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region. By using histogram equalization,
lower contrasts become higher contrasts
that means light pixel lighter and dark pixel
darker [12].

Let A be an image with p rows and ¢
columns with intensities ranging from 0 to
M-1. M is the number of possible intensity
values, 256.

Let b denote the normalized histogram of
An image with a bin for each possible
intensity value [13]. So

numberof pixelswith intensity n
by = (4)

total number of pixels

where, nis 0 to M-1.
Let H be an equalized histogram image and
H can be derived as follows:

H(i, /) = floor((M — DI b)) (5)

where Ajj is the intensity value of An image
at (i, j).

Then, detected aligned face region is
resized into 100*100 dimensions. Finally
face recognition is done using the resized
image. In face recognition PCA method is
used. PCA method works as follows:

Step 1: Load the training set. There are
M images in the training set and they are
size of 100*100 dimensions.

Step 2: Convert each image to column
vectors. So, an image becomes a 10000
dimension vector. These column vectors are
called face vectors and are represented by
Ti.

Step 3: To remove common features,
face vectors should be normalized. First, the
average face vector (V) has to be calculated
as follows:

1
W= M E‘;f:l Ty (6)

where, T, is training face image and M is
number of training face images. By using
the following formula, Normalized face
vectors can be calculated.

¢, =T, - ¥ (7)

where @; is normalized face vector of i
face image.
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Step 4: Covariance matrix C must be
calculated.

C = AT 4 )
where, 4 = [B, &, Dyl
Step 5: By using covariance matrix C,

eigenvectors V; can be calculated. There are
M eigenvectors for M images.

Step 6: select K principal components
(eigenvectors) such that K << M.

Step7: convert to higher dimensional
principal components:

u = A (9)
where, u; is i high dimension principal

component and w; is i low dimension
principal component.

Step 8: Calculate weight vectors for

each image. Weight vectors can be
computed as follows:
w, = ul (I — ¥) (10)

where, ulis the i" eigenvector and i = 1, 2,
3,..., 80. The weight vector for each image
is obtained as 80 dimensional vector [7]:

ﬂ;‘r = {:H-’- y Wa, Wog, l""’rBI}}(ll)

Step 9: By using Euclidean distance
formula, compare weight vector of input
face image and the weight vectors of all
face images that are stored in the database.
The purpose of a measure of similarity is to
compare two lists of numbers (i.e. vectors),
and compute a single number which
evaluates their similarity.

Euclidean distance is the square root of the
sum of squared differences between
corresponding elements of the two vectors.

The Euclidean distance between the weight
vectors p and q of the two faces is

VEL, (P q:)* (12)

dip.q) =

If distance value is small, the two vectors
are similar and if distance value is large, the
two vectors are different.

Finally, the system identifies the people in
the input image with the name of training
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face image associated with minimum
Euclidean distance value.

4. EXPERIMENTAL RESULTS OF
THE SYSTEM

Input face image is needed to be accepted
by the system and convert it into grayscale
image using luminance algorithm as shown
in figure 6.

Then, face detection has to be done from
the gray scale image. OpenCv library
provides Haar features training set of
frontal face. This system uses these Haar
features to detect face. The system outputs
the detected face with the bounding box
around the detected face region as shown in
figure 7.

And then, the system crops the detected
face from the original input image. The
system has to align the cropped face to
improve accuracy of the face recognition.
So, the system detects eye from the cropped
face image. The system uses Haar features
training set of eyes provided by OpenCv
library. Then, the system draws a line
between the two detected eyes as shown in
figure 8. Then, the system calculates the
angle of the line and aligns the cropped face
image using the angle of the line as shown
in figure 9.

Then histogram equalization needs to be
done to enhance contrast of the aligned face
region. Then, the system resizes the
cropped face image into 100*100
dimension image. Finally, the recognition
process is done for detected face and
outputs the identity of the input face as
shown in figure 10.

Figure 5. Input Image
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55 Face Detection And Recognition

File Detection Recognition

Figure 6. Grayscale Image
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s Face Detection And Recognition

File Detection Recognition

Figure 7. Detected Face

ition

59 Face Detection And Recognition [=lE )

File Detection Recognition |

Figure 9. Aligned Face
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W5 Face Detection And Recognition =

| File Detection Recognition

Figure 10. Recognized Face

In face recognition, weight vector of
detected face and training face images
stored in the database are generated. Then,
Euclidean distance value of the weight
vectors of training face image are computed
and identify the face which has minimum
Euclidean distance value.

The system accepts the input image as in
figure 5 and then figure 6 to figure 10 are
the results of each stage of the system.

5. CONCLUSIONS

Face recognition is also providing other
research  areas, like body motion
recognition, or expression recognition.
Overall, face recognition algorithms can be
used in other areas. Therefore, face
recognition is the source of challenges and
new applications. Face recognition system
is to identify the people from the image or
video.

This paper aims to develop simple, fast face
recognition system with high accuracy rate
by using Histogram equalization for
varying lighting condition and face
alignment for frontal upright face using
affine transformation.

This system can be divided into four main
components, namely face detection, eye
detection, face alignment and face
recognition. OpenCv library provided Haar
features training set of frontal face and
eyes. For face detection and eye detection,
this paper uses the features set of OpenCv
library. In face alignment, the system uses
the line between the detected two eyes and
calculates the degree of the line. After the
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degree of the line is calculated, the system
uses affine transformation to align the
detected face region.

Finally, the face recognition is done by
using PCA approach. This system
transforms training face 1images into
principal components also called eigen
faces. In this system, 100 training face
images are stored in the database. This
system is tested in two modes, one for
testing the image without face alignment
and histogram equalization and the other for
testing the image by using face alignment
and histogram equalization. The accuracy
rate of the system without using face
alignment and histogram equalization is
only 50 % obtained and the accuracy rate of
the system using face alignment and
histogram equalization is improved up to 70
% accuracy.

The system is assumed the face image has
no occlusions such as makeup, thanatkhar,
eye glass. So, if the input face image has
occlusion the system’s accuracy rate is
degraded and it is to be solved as further
extension of the system. Also, this system
assumes that the input image has only one
face. For group photo that has many faces,
it is to be solved for further extension of the
system.
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ABSTRACT

At the present time, the solar energy is
important role in local human life. The amount
of solar radiation arriving on the surface of the
Earth can change with respect to the change of
atmospheric situation and variation of the Sun’s
position along the day. There are many facts
that controlling by the solar radiation. They are
the solar cells efficiency, the properties of soil
for agricultural fields and so on. In the country
side of the Myanmar, the solar energy has been
used to produce the electricity. We can divide
into three categories of radiation; they are
beam, diffuse and solar radiation. In this work,
these three types of radiation are used as
models and calculated by using daily data of
Mandalay. The effect of direction on the
incident solar radiation fluxes was expressed
transmittance with hour-pair of day for solar
radiation collection in Mandalay, Myanmar.
The outcome data are presented in this paper to
be absolutely useful for fast estimation of solar
radiation for calculations of solar collector

performance and the soil’s system condition of

agricultural fields.

KEYWORDS

Solar energy, transmittance, incident solar
radiation, radiation fluxes, beam, diffuse and
solar radiation

1. INTRODUCTION

The solar energy or solar radiation reaching
the Earth relies on the geometry of the earth
relative to the Sun. Mean solar time and
true solar time are very important in solar
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irradiation [1]. Average solar radiation
reaching upon the Earth's atmosphere is
nearly 1361 W/m2 [2]. The attenuation of
solar radiations can be caused by passing
through the Earth’s atmosphere. At sea
level on a clear day, leaving maximum
normal surface irradiance at approximately
1000 W /m2. Because of radiation reaching
with 1361 W/m2 above the atmosphere, the
direct sun light is nearly 1050 W/m2, and
global radiation on a horizontal surface at
the lowest ground level is about 1120
Wim2 [2,3,4].

In this paper, the hourly terrestrial solar
radiation was estimated from daily solar
radiation. The estimation of solar radiation
and transmittance for calculations of solar
collector performance has performed and
the soil’s system condition of agricultural
fields.

2. BACKGROUND THEORY OF
SOLAR RADIATION

2.1. Planck’s radiation Law and Solar
Constant

Electromagnetic radiation has a wave
nature, because of characterization with its
wavelength A. The EM radiation can move
by the speed of light ¢ (3x 108 m/s) in a
space (or ¢/n in a material with refractive
index n) and has a frequency v such that
c=Av[5]
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The photon energy with a certain
wavelength A in electromagnetic radiation
has

E =hv or E= hc /A (1)

Where, h = Planck’s constant (6.626x10—34
Js).

In the Planck’s radiation law, the
wavelength distribution of a black-body
radiation with temperature T is

G =$ (2)
A5 [eTRT-1)
Where, k = Boltzmann’s constant
(1.380x10-23 JK-1).

The unit of Gy, is Wm™2um™?. Photon flux
divided by the emitted power at individual
wavelength by the corresponding photon
energy is

i
Dy, = G 3)
The solar constant

That is the measurement of the energy flux
density per unit area at the distance | from
the Sun:

_ oT* xdmr?

Gi= LI 6T (D). (4)

The solar constant (Gsc =1367 W/m?) is a
flux density measuring average solar
irradiance per unit area.

2.2. Classification of Radiation

The three types of radiation are beam,
diffuse and solar radiation. Figure 1. shows
some common wavelength bands in the
spectrum of EM radiation.

Beam Radiation

The solar radiation received from the sun
without having been scattered by the
atmosphere.

Diffuse Radiation

The solar radiation accepted from the sun
after its way has been changed by scattering
by the atmosphere.

Solar Radiation
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Solar radiation is part of worldwide solar
radiation that is reflected by the collecting
surface.

10t 10°

K ! 10° 10!

UV 0.01-0.4 -

Visible 0.4-0.8 .

Solar 0.3-3 -
IR 0.8-1000

Figure 1. EM radiation spectrum with
some common wavelength bands.
2.3. Solar Time

The solar time is a calculation of the time
interval depended on the location of the Sun
in the space.

ts = tst _4(Lst _Lloc) + E(d) (5)

where, tst is the standard time after
midnight, Lst is the standard meridian and
Lloc is the location’s longitude.

E(d) is the time equation for day d of the
year.

E(d) = 229.18(0.000075) + 0.001868cosB — 0.032077
sinB — 0.014615 cos2B—0.04089 sin2B (6)

Where,
B = (d—1) 360 /365 @)

2.4. Solar Angles
Declination Angle
_ R IB4+n
0=23.45 5 Sin [27 ( . )] (8)

36.2

Where, & is symbol for declination angle
(rads) and n is the day number [6].

The hour Angle

It is a one cycle over 24 hours. Because of
the rotation of Earth around its axis, since
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the Sun is taken 15¢ Westwa_rd each hoyr
and is zero at solar noon, -180 = @ = 180"

o = 15(t/ 60 —12) (9)

where, ts is the solar time of the day and it
expresses in minutes.

Angle of incidence

The angle between the perpendicular to the
inclined plane and the beam radiation on
that surface, —180° < 6 < 180e.

B is slope of the plane concerning with the
horizontal, 0° < 3 < 180-.

y is azimuth angle of the inclined plane,
—180° <y < 180e.

o is latitude of the location, —90° < @ < 90-
0z is the zenith angle ,

cos0z = cospcosd cosm + singsind  (10)

Sun O e/_ﬂ

(b)

Figure 2. In (a) Solar angles (B, y and ¢)
used in the calculations with the location
and orientation of the tilted plane. In (b)
The declination ¢ and the hour angle @ with
respect to the position of Sun relative to
Earth and the celestial sphere.

2.5. Extra-terrestrial Radiation

Extraterrestrial radiation is the solar
irradiance of the Sun at the top of the
Earth’s atmosphere.

Go = Gse(1 + 0.033cos 360d /365) cosd, (11)

3. CALCULATION FOR RADIATION

3.1. The Relation of the Angle of
Beam Radiation
cosB =sind sinpcosP —sind cosesinf cosy +
c0sd cos@cosP cosm + cosd singsinf cosy
cos® + cosd Sinp siny sin® (12)
cosO = cosBzcosP+sin OzsinPcos(ys—y) (13)
gin $ain & _

COSMS= - = -tandtand (14)

cos d cos &

3.2. The Extraterrestrial Radiation on
a Level Surface

lo = =222 Gy (1+0.033 cos™-

) (15)
lon= Gsc (1+0.033 cos™.7) (16)
G o= G (1+0.033 cosT) cosd;  (17)

c0s0; = cosd cosd cosw+ sin ¢ sind (18)

Since, lo = Go

3.3. Average Daily and Clean Sky
Solar Radiation

a0'= 0.4237-0.00821(6-A)? (19)
a;"= 0.5055-0.00595(6.5-A)2 (20)
K*= 0.2711-0.0858(2.5-A)? (21)

Where, A is the height of the absorber.

a,a:", and K " are used as correction
factors that are allowing for changes in
climate types.

Be0d

8= 23.45 cos (7 +10) (22)

Tb=a, + a1 & (-k / cos0z)

1¢= 0.27-0.294 13
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Genb = Gon o

Geb = Gon v c0s6;
Ged = Gon 14 cosb;
Gie= Gept Geg

lenb = lon T

Ieb = lon To cOSO;
lea = lon Td cos6;
= lept leg

Abreviations

Gew = The clear sky normal beam
irradiation (W/m?)

G = The clear sky horizontal beam
irradiation (W/m?)

Ged = The clear sky horizontal diffuse
irradiation (W/m?)

Go = Extra-terrestrial irradiation
(W/m?)

Gon = Normal extra-terrestrial irradiation

(W/m?)

Gsc = Solar constant ~ W/m?

I, = Hourly direct beam solar irradiation
on Horizontal surface  (MJ/m?)

Ic = Total clear sky irradiation (MJ/m?)

Ieb = The clear sky beam irradiation for
hourly (MJ/m?)

lca = The clear sky diffuse irradiation for
hourly (MJ/m?)

leno = The clear sky normal beam
irradiation for hourly
(MJ/m?)

Itc = Total clear sky irradiation

ls = Hourly diffuse solar irradiation on
level Surface (MJ/m?)

lo = Hourly extra-terrestrial solar
irradiation on level surface
(MJ/m?)

lon = Normal extra-terrestrial irradiation
for hourly MJ/m?

T, = The atmospheric transmittance for
beam irradiation
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¢ = The atmospheric transmittance for
diffuse irradiation

4. RESULTS AND DISCUSSIONS

4.1. Estimation of the Solar Radiation
for Mandalay

Latitude (for Mandalay) = ¢ = 21.95°
For March 5, at  Mandalay
n=121+i=121+5=126

Table 1. Relation of Hour-Pair of Day and
Hour Angle for Mandalay

Hours ™ b o
7-8am -75 -60 -70.36
8- 9am -60 -45 -55.36
9-10am | -45 -30 -40.36
10-11am | -30 -15 -25.36
11- 12am | -15 0 -10.36
12-1pm | O 15 10.36
1-2 pm 15 30 25.36
2-3pm 30 45 40.36
3-4 pm 45 60 55.36
4-5pm 60 75 70.36

Where

waand wp are hour angle . is the solar
angle.

The measurement of solar radiation falling
on specific locations at different times of
the year are pointed as total solar radiation
on a horizontal surface, or as total solar
radiation on a surface tracking the sun. We
estimate the amount of radiation falling on
regions at the same latitude with similar
climates.
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Table 2. Zenith Angle and Transmittance
with Hour-Pair of Day for March 5,

Mandalay

Hours Cos 0z To Td
7-8am | 0.14358 | 0.81653 | 0.02993
8-9am | 0.34241 | 1.99261 | -0.31582
9-10am | 0.50808 | 2.26956 | -0.39725
10-11am | 0.62930 | 2.37983 | -0.42967
11- 12am | 0.69782 | 2.42521 | -0.44301
12- 1pm | 0.69782 | 2.42521 | -0.44301
1-2pm | 0.62930 | 2.37983 | -0.42967
2-3pm | 0.50808 | 2.26956 | -0.39725
3-4pm | 0.34241 | 1.99261 | -0.31582
4-5pm | 0.14358 | 0.81653 | 0.02993

Table 3. The Solar Radiation with Hour-
Pairs for March 5, Mandalay

Hour Genb Geb Ged Gre=
S (W/m?) Gebt Ged
7-8 | 1403.69 | 201.555 | 6.069 |207.624
am 8

8-9 | 1456.55 | 498.740 | -152.691 | 346.049
am 6

9-10 | 1469.00 | 746.326 | -284.963 | 461.363
am 3

10-11| 1473.95|927.571 | -381.781 | 545.790
am 9

11-12| 1475.99 | 1029.99 | -436.496 | 593.496
am 8 2

12-1 | 1475.99 | 1029.99 | -436.496 | 593.496
pm 8 2

1-2 | 1473.95 | 927.571 | -381.781 | 545.790
pm 9

2-3 |1469.00 | 746.326 | -284.963 | 461.363
pm 3

3-4 | 1456.55 | 498.740 | -152.691 | 346.049
pm 6

4-5 |1403.69|201.555| 6.069 |207.624
pm 8
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Figure 3. The Solar Radiation with Hour-
Pairs for March 5, Mandalay

We used equation no. (18)

cosB; = cosd cosd cosw+ sin § sind,

= Qo + a1 & (K792 and 14= 0.27-0.294
T

to calculate zenith angle and transmittance.
And then we investigate the solar radiation
with hour- pair G...

To find the hourly radiation with hour-
pairs, firstly we have calculated the clear
sky normal beam irradiation for hourly
according to the following equations;

lenb = lon To

leo = lon T cOs0;

ch = Ion Td COS@z.
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Table 4. The Hourly Radiation with Hour-
Pairs for March 5, Mandalay

Hour

lenb lco led Irc
S (MJ/m
2hr)
7-8 1.095 0.157 0.005 0.163
am
8-9 2.673 0.915 | -0.145 0.770
am
9-10 | 3.044 1546 | -0.270 1.276
am
10-11 | 3.192 2.009 | -0.362 1.646
am
11-12 | 3.253 2270 | -0.414 1.855
am
12-1 | 3.253 2.270 | -0.414 1.855
pm
1-2 3.192 2.009 | -0.362 1.646
pm
2-3 3.044 1.546 | -0.270 1.276
pm
3-4 2.673 0.915 | -0.145 0.770
pm
4-5 1.095 0.157 0.005 0.163
pm
—a— |cb
257 e lcd
2.0
E
S 15-
5
8 10
g
2 051
z
0.0 o __ e
. s
-05

Hour (hr)

Figure 4. The Hourly Radiation with Hour-
Pairs for March 5, Mandalay.

5. CONCLUSIONS

In this paper presents the beam, diffuse and
solar radiation on surface to calculate the
hourly solar radiation on surface of various

T T T T T T T T T T
7-8am 8-9am 9-10am 10-11amil-12am12-1pm 1-2pm 2-3pm 3-4pm 4-5pm -
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orientations. Theory of the solar radiation is
necessary for most applications and studies
involving solar systems. The method to
calculate the radiation on the surface at an
hourly is necessary.

In this paper, the estimation of hourly
terrestrial solar radiation on a horizontal
surface: beam and diffuse from daily solar
radiation. Table (3) and (4) are quite useful
for quick estimation of solar radiation and
transmittance for calculations of solar
collector performance and for estimation of
the soil’s moisture to give water of the
fields. The daily radiation with hour-pairs is
593.496 W/m2and the total clear sky
radiation with hourly for March 5,
Mandalay is 1.855 MJ/m2. The results are
presented in this paper to be quite useful for
quick estimation of solar radiation for
calculations of solar collector performance
and the soil’s system condition of
agricultural fields.

Therefore, this paper can help to estimate
the solar irradiance for the chosen location
that the solar radiation with the presented
equations can be used anywhere.
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CLASSIFICATION TECHNIQUES
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ABSTRACT

The aim of this system is to forecast the heart
disease with minimum number of attributes
using machine learning techniques. The
healthcare industries are collecting massive
quantities of data containing some secret

knowledge, which is useful for making
successful decisions. Some advanced data
mining techniques are used to provide

appropriate results and to make effective
decisions on data. Analysis of data is useful to
predict more information and it helps the
medical centre to predict different diseases.
Depend on time, blood glucose is high that
damage blood vessels and the nerves, so
diabetes-induced which control heart and blood
vessels. The longer time diabetes, the greater
chances of heart disease. The person with
diabetes more approximately heart disease at a
younger age than non-diabetes individuals. This
system is to classify the diagnosis of heart
disease by using Gini Index classification
method. And then, the evaluation of classifier
accuracy is calculated by using the hold-out
method on the testing data set.

KEYWORDS

classification, diseases prediction, Gini Index,
blood vessels, diabetes

1. INTRODUCTION

There is an old say in “Arawja parama
Laba” which means good health is a
blessing. In fact, life is the most valuable
possession of man and the next is "Health"
in the order of value Heart and diabetes are
rapid increasing diseases and the horror
diseases for human beings. Heart disease is
the No.1 killer which is imperative and can
cause sudden death.
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The use of data mining approaches in the
medical domain is growing increasingly
due to improved classification and
prediction method effectiveness of those
approaches. This system is presented as the
implementation of diagnosis system for
diseases using Gini Index decision tree
algorithm. This system takes the symptoms
as input, classifies them and states whether
disease is possible or not and presents the
accuracy of prediction. This system is
leaded to apply Gini Index algorithm for
learning the symptoms and the producing
prediction.

2. RELATED WORKS

In this section we present the associated
health care system papers and classification
techniques. Predicting the survival of heart
disease was a complex research problem for
medical society. The author used SVM,
neural network, and decision-tree models to
build the prediction models. The best result
indicated that the SVM and second is neural
networks and then the worst is the decision
tree by comparing with their accuracy [1].

This paper analyzed the various application
of data mining in the healthcare domain to
discover new spectrum of pattern
information. In this paper, the authors were
clearly defined that the comparative study
used health care testing tools is available in
a number of data mining instruments and
techniques [2].

The author divided the dataset into training
and testing and employs Naive Bayes
technique to obtain relatively higher
prediction accuracy. They have been done a
combination of Genetic and Naive Bayes
Technique, the experiment would be
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developed a Hybrid model of both these
techniques and called it Hybrid Genetic
Naive Bayes Model for predicting high
accuracy in results [3].

3. CLASSIFICATION TECHNIQUES

Classification is the process of assigning
objects to one of many predefined groups, a
large issue that includes several different
applications.

A technique of classification is a systematic
method used to build classification models
from a collection of input data. Types
include Naive Bayes decision tree
classificatory, rule-based classifiers, neural
networks, vector supporting machines, and
classifiers. That technique uses a learning
algorithm to define a model that best suits
the relation between the set attributes and
the input data class label. The model
created by a learning algorithm should
match the input data as well as predict
record class labels that have never been
seen correctly. Consequently, the learning
algorithm's main objective is to construct
models with a strong generalization
capability; i.e., models that predict the class
labels of previously unknown records with
precision.

Tid Aftribl  Attib2  Aftrib2  Class.

Yes Large 125K Ho

Learning

algorithm

Won
Learn

Model

1
2 Wedum | 100K [Ho
3 smal 70K |Ho
4 Medum | 1206 [Ho
5 Lage |BK  |Ves
8 Medum | 60K (o
7 Lage | 20K [Ho
2 Small 8K Yes
9

Medum | 75K Ho

g F 8 5y  F g § F

/

Small 80K Yes

Training Set

/ Model

Apply
Model

id  Attribi  Attib2  Atrib2

L

eduction

Test Set

Figure 1. Building a Classification Model

Figure 1 reveals general
problem solving classification.

approach to
First, a
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training set must be provided consisting of
records which are known as class labels.
The training set is used to construct a model
of classification that is then applied to the
test set, consisting of records with unknown
class labels [4].

3.1 Gini Index

Measurement of data imperfection counted
by the Gini index. For each attribute in the
given data the Gini index is estimated. If
the target variable has m classes, with the
probability of the ith class being Pi, then the
Gini Index is defined as:

Gini Index = 1-y1%,  Pi?

The dividing attribute referred to as the
attribute has the largest reduction in the
Gini Index counted value. [5]

Algorithm for Gini Index Decision Tree

A decision algorithm called Gini Index
Decision Tree is displayed in the Figure 2.
The input to this algorithm is indeed a
Training database D.

Input: D

Output: Tree

1%t: Develop a node Nd

If D are all of the same class C then return a
leaf node Nd with the class C. If D has no
Non-label attribute then return a leaf node
Nd with the most common class.

2" - Select an attribute with minimum Gini
index value, Label node Nd with A.

3 : Partition D into subsets D1, D2 with
respect to the attribute A.

4% - For each value ai of A Grow a branch
from node Nd for the condition A;

If D; is empty then attach a leaf
labelled with the most common class

in D.
Else attach the node returned by Gini
Index (Dj)

Figure 2. Gini Index Decision Tree

Algorithm

3.1.1 Attribute Selection
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Consider a N labelled class pattern
partitioned into sets of patterns belonging to
classes Ci, i=1, 2, 3, ..l.

The population in class Ci is ni. Each
pattern has n features and each feature can
take two or more values.

For each attribute the Entropy is calculated
by using the formula:

Entropy (C) = H(C) = -}, P(C =c¢) log.
P(C=c)

Entropy can be used to measure gain in
information about class by branching on
attribute a compute reduction in entropy of
class c caused by knowing a value.

3.1.2 Procedure of Rule Learning

The learning of if-then rules involves a
repeated process of attribute-value pairs. In
particular, an attribute-value pair is selected
to be appended to the left hand side of a
rule, to its left hand side until the stopping
criterion is satisfied.

When a rule being learned reaches its
maximum length, all the attributes have
been examined for specialising this rule but
the training instances covered by this rule
still belong to different classes.

In this system, two class for prediction are
diabetes disease Yes or No.

When the target class is ‘Yes’, the first
attribute, i.e. Age, is selected and the
attribute-value pair (Age >40 or colored
=flu and diabetes = yes) with the
maximum conditional probability is
chosen. Of the three attribute-value
pairs, Age > 40 has the maximum
conditional probability, i.e. P(Class
=Yes|Age >40) = 1.

3.2 Classification Accuracy

In the Hold-out method, the given data is
partitioned into two independent sets
randomly, a training set and a test set.
Typically, two-thirds of the data is used for
training, and one-third of the data is used to
the test set. The training data is used to
develop the model which is estimated to be
accurate with the test set. This estimation is

25

pessimistic because the model is derived
using only a portion of the initial data as
shown in Figure 3. In this paper, we are
using the hold-out method to test the
accuracy of the rules for generating

decision.

Training

Figure 3. Classification Accuracy by Hold-
out Method

4. EXPERIMENT

The main purpose of the system is to
choose good attributes for the creation of a
decision tree. Datasets collected from the
Mandalay City hospital and these used to
evaluate the system performances on Heart
and Diabetes. Heart and Diabetes Disease
datasets are classical datasets which can be
easily used for decision trees.

Table 1. Training and Test Set Size of Heart

Disease
Datasets | Training | Testing | Total
set set
Heart 140 69 209
(Seti)
Heart 160 80 240
(Setii)

Accuracy is measured using the hold-out
method of a given datasets into disjoint
train and test sets. An algorithm is trained
on the training dataset in each experiment,
and the induced theory is assessed on the
test set. Table 1 indicates the size of the
train and test set used for heart and diabetes
illness. There are 209 and 240 instances for
heart disease dataset. These dataset has ten
features.
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4.1 Symptoms of a Heart Disease

The common symptoms of heart disease
will be vary from individual to individual:

e Chest Pain
e Shortness of breath
e Abnormal heartbeat

e Ankles swelling

To assess the risk, it is necessary to take an
EKG (electrocardiogram).

Many signs of heart disease can include:

e Comfort, pressure, heaviness or
chest pain, arm pain or under the
breastbone

e Rear, jaw, throat or arm radiating
discomfort

e Fullness, indigestion or a sense of
shock (may feel like a heartburn)

« Nausea,
dizziness

sweating, vomiting or

o Extreme breath failure, anxiety or
shortness

o Heartbeats rapid or irregular

Symptoms typically last 30 minutes or
longer during a heart attack and are not
eased by rest or oral medication. The initial
symptoms can begin as a mild discomfort
which leads to great pain [6].

4.2 Connection between Heart
Disease and Diabetes

If an individual has diabetes or pre-diabetes
that person has an increased risk of heart
disease. Coronary heart disease (CHD),
heart failure and cardiomyopathy with
diabetes may be a diabetic heart condition.
Some people with diabetic cardiac disease
do not have signs or symptoms of heart
disease. Others have some or all of the
symptoms of heart disease. By itself,
diabetes puts you at risk for cardiac disease.
Other risks include

e Family history of heart disease
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o Carrying extra weight

e Level of cholesterol abnormal
o Blood pressure is high

e Smoking

Experts of heart disease recommend that all
people with diabetes have their heart
disease risk factors treated as violently as
person who have already had heart attack. [
6]

4.3 Features Description

For classification, this system considers 10
features and listed in Table 1.

Table 2. Important Order of Features and
Descriptions

Important Name of Features
Order of
Features
1 Thalassemia
2 Chest Pain
3 Colored Fluoroscopy
4 Shortness of Breath
5 Resting Blood
Pressure
6 Fasting Blood Sugar
(diabetes)
7 Old Peak
8 Age
9 Serum cholesterol
10 Ankles swelling
A rule generation cantered by an

informative attribute produces a compact
rule. The Gini index is used as filter to
reduce the number of sets of candidate
items. The best attribute is picked with it.

Those features are selected for rule

generation with minimum Gini index.
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Attribute Age is discretized as age 0-40 and
age>40. Attribute age>40 is chosen as
information centred attribute based on
computing Gini index. Some of the
example rules generated predicting the
Heart diseases are:

1. Age>40, colored flu ,diabetes =>
Heart disease

2. Age>40,thalassemia, SOB, diabetes
=> Heart disease

3. Age>40, pain in the chest, diabetes
=> Heart disease

4.4 Comparison with C4.5

In this section we compare our result with
C4.5 algorithm. C4.5 is an extension of ID3
is a very popular decision tree building
method | data mining. Entropy and Gini
index are two different criteria used in ID3
while there is quite little work in privacy
preserving 1D3 using entropy and not much
has done for Gini index.

Table 3. Comparison Result

Classification | TP FP Class
Gini 96% 52% Yes
65% 12% No
C45 92% 50% Yes
35% 6% No

The comparison of result of Gini and
C4.5 as shown in Table 3.

5. SYSTEM ACCURACY

In this paper, 449 instances of data are
taken that include affected individuals with
healthy and unhealthy heart disease. 10
features are initially taken for classification.
Later, some attributes which produce better
results are removed. This result described in
table 4;
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Aeedracy Result

no. of features

correctly classified

Figure 4. Accuracy Result of Prediction

Table 4. Classification Results

No. of
features Correctly classified
1 45%
2 52%
3 67%
4 86%
5 79%
6 80%
7 66%
8 50%
9 49%
10 46%

From the result of accuracy, the above
figure shows that 86 per cent accuracy was
achieved by the prediction system. Initially
the classification accuracy increases as a
number of features increase. This will fall
beyond a point. The number of features is
4, giving 86 percent of the highest
classification accuracy.

Table 5. Evaluation Result for Heart and
Diabetes Disease Datasets

Disea | Total | Train | Testin | Accu
se Tupl ing g racy
es | Tuple | Tuples
S
Heart 209 140 69 86%

(Seti)
Heart | 240 160 80 89%
(Set
i)
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The algorithm's prediction accuracy is
determined by means of the test data set.
Heart dataset and diabetes data sets are
collected to test the device performance.
Table 3 shows better accuracy overall for
the system.

5.1 Evaluation using Confusion
Matrix

Using confusion matrix can make correct
and incorrect classifications. A n*n matrix
is generated in which 'n' represents the class
numbers. Within this article, two classes are
taken within confusion matrix, Normal (N)
and Heart Disease (HD).

Table 6. Confusion Matrix

Actual (Actual) (Actual)
(A)/P{S?'th Heart Normal
Disease
(Predicted) TP (195) FN (20)

Heart Disease
(Predicted) FP (7) TN (18)
Normal
True positive rate = sensitivity =
TP/(TP+FP)= 96%
False Positive rate = specificity =

FN/(FN+TN)=52%
6. CONCLUSION

This paper explores the utility of Gini index
algorithm in classifying the disease and
predicting it. Diverse heart disease
symptoms are fed into the system. The user
precedes the processes by checking for the
specific heart disease details and symptoms.
The performance of the system is analyzed
on the basis of the prediction of the exact
result. The learning phases of the decision
tree and the classification are usually quick.
Experimented with medical benchmark
Dataset shows comparable results when
selecting attributes using Gini Index in
decision tree construction. This system
achieved True Positive rate = 96% and
False Positive rate = 52% accuracy result.
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ABSTRACT

This paper examines relations between the
Consumer Price Index (CPI) and its theoretical
explanatory variables using a Structural Time
Series (STS) model in order to take into account
unobserved components (trend, cycle, seasonal and
irregular) of the CPI. The system analysis Time
series method and least square method for
consumer price index (CPI) prediction. These
methods focus on the prediction of events and can
capture the fact that time flows forward. The output
will be approximate and show that there is a close
agreement between the predicted and actual CPI.
The system finds the results of deseasonalized value
for CPI using time series method and will use least
square method for CPI prediction and also
compares these with the actual CPI results in
Myanmar Country.

KEYWORDS

Consumer Price Index, Unobserved components
models, Time series method and Least-square
method

1. INTRODUCTION

The Consumer Price Index is an electronic
instructor which expresses and executes a
change in consumer good price and cost of
living. The rate of inflation and the economic
results are examined with CPlL. CPl is
generally used by index numbers, policy-
makers, businessmen, investors and other
users. In many countries around the world CPI
is calculated and reported to note changes in
living costs [1].

A price index is a measure of time-
proportionate or percentage changes in a
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set of prices. A consumer price index
(CPI) calculates increases in the quality of
the households buying goods and services.
Such changes have an effect on the true
buying power of consumers ' income and
welfare [2]. Considering that the prices of
different goods and services do not always
change at the same rate, does a price index
simply reflect their average move?

Consumer price indices can be structured
to calculate either the inflation rate
experienced by households or their cost of
living increases (i.e. adjustments in the
amounts that households need to pay to
maintain their living standards).

During this paper, we study the capability of
Time series and least square method in CPI
prediction using historical CPI data. We apply
Time series and least square method for
consumer price index in Myanmar country.
We also forecast the future consumer price
index and inflation rate in Myanmar using
Time series and least square method. Finally,
this paper solves consumer price index (CPI)
prediction problems for economic condition in
Myanmar [3].

The remainder of this paper is organized as
follows. In Section 2, time series method and
least square method are explained. In Section
3, conclusion is presented.

2. TIME SERIES METHOD

A time series is a time-indexed data sequence
consisting mostly of uniformly spaced
observations. It is created by gathering data
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over a long period of time at a constant time
interval, so that a time series is a compilation
of data collected over a period of time —
weekly, monthly, quarterly, or yearly.

We may have used a regression model to
forecast but the standard errors can become so
high that the coefficients are negligible and the
unreasonably large standard forecast error [4].
Time Series generally uses two main folds: (i)
obtain an understanding of the underlying
forces and structure that produced the
observed data; (ii) fit a model and proceed to
forecast, monitor or even feedback and feed
forward control. The moving-average (MA)
model is a common approach to modelling
univariate time series models in time series
analysis. Not only is the moving average
method useful for smoothing a time series to
see its trend, it is also the basic method used to
measure the seasonal fluctuation. MA
expresses the trend in terms of a mathematical
equation (Y' = a + bt), the moving-average
method merely smooth the fluctuations in the
data [5].

2.1. Component of a Time Series

Standard There are four components [2] in a
time series; the secular trend (T), the cyclical
variation (C), the seasonal variation (S) and
irregular variation (1).

2.1.1. The secular trend (T)

The long-term trends of sales, employment,
stock prices, and other business and economic
series follow various patterns. Some move
steadily upward, others decline, and still others
stay the same over time. For example;
population of Myanmar is increasing as an
upward trend.

2.1.2. The cyclical variation (C)

A cyclical variation is recurrent upward or
downward movement in a time series but the
period of the cycle is greater than a year. But
the variations are not regular as seasonal
variation. For example, the sales of a
commodity in 10 years in which there are
periods of recovery, prosperity, recession, and
finally the cycle bottoms out with depression.

2.1.3. The seasonal variation (S)
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The seasonal variation is short term fluctuation
in a time series which occur periodically in a
year. This continues to repeat year after year.
For example; weather conditions, customs of
the people, sales of the warm clothes etc.

2.1.4. The irregular variation

The irregular variations are fluctuations in
time series that are short in duration, erratic in
nature, and follow no regularity in the
occurrence  pattern. For example: the
irregularities due to the floods, earthquakes
and other disasters.

in additive or
the variations

The time series can be
multiplicative model with
mentioned above.

T.S = Trend + Cyclical + Seasonal + Irregular
(Additive model)

T.S = Trend * Cyclical * Seasonal * Irregular
(multiplicative model)

2.2. The Smoothing of the variations

The collection of data over time is usually
influenced by some form of random variation.
In order to be a good analysis, the effect due to
the random variation should be reduced or
cancelled. A common method to reduce the
random variation is called "smoothing". This
technique, when properly applied, reveals
more clearly the underlying trend, seasonal
and cyclic components.

2.2.1. Smoothing Methods

The two distinct groups of smoothing methods
are averaging methods and exponential
smoothing methods. The simplest way to
smooth data is taking average. In an example,
the average is used as an estimate. Now we
want to investigate that the average is good or
bad estimate. We have to estimate the Mean
Squared Error (MSE).

MSE = SSE / number of sample

where SSE is sum of square error (where error
= estimate — true value)

The estimator with the smallest MSE is the
best. In some situation, the mean is a best
estimator as its MSE is the smallest compared
to other estimators. However, someone can
raise a question such as “Can we use the mean
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to forecast our interesting variable (e.g.
income) if we suspect that there is a trend in
the data we collected?” The answer for this
guestion is that if the data is in a trend, then it
is clear that the mean is not an appropriate
estimator. As a visible example, consider the
average gives equal weights to all observation
or data (e.g. 3, 4 and 5 are with mean 4. It
means - 1/3 *3 + 1/3 *4 + 1/3 *5 is also 12 —
all data are given the weight 1/3s) provides the
lower MSE. Similarly “X bar = i/n Y xi” (all
the xi value are with equal weights 1/n). Here
notice that the sum of all weights is equal to 1.

In this paper a relatively simple yet powerful
and versatile technique for forecasting time
series data — simple exponential smoothing is
described. The simple exponential smoothing
(SES) is a short-range forecasting method that
assumes a reasonably stable mean in the data
with no trend (consistent growth or decline). It
is one of the most popular forecasting methods
that uses weighted moving average of past
data as the basis for a forecast. The procedure
gives heaviest weight to more recent
observations and smaller weight to
observations in the more distant past. The
accuracy of the SES method strongly depends
on the optimal value of the smoothing constant
a. To determine the optimal a value in the
paper was used a traditional optimization
method based on the lowest mean absolute
error (MAE), mean absolute percentage error
(MAPE) and root mean square error (RMSE)

[6].
2.2.2. Single average moving method

It is sometimes called rolling average. A
moving average is commonly used with time
series data to smooth out short-term
fluctuations and highlight longer-term trends
or cycles. The simplest way of smoothing
technique is taking a moving average. If the
interval is 3, then the average of the smaller
set is calculated and the smoothing process is
continued by advancing one period and
calculating the next average of the first 3
numbers, dropping the first number. Example:
The number of publication of monthly
bulletins of LSB is given and fined 3 moving
average (M.A) of the LSB’s publication
(120+150+240)/3=170 in the following table.
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Table 1. The Number of Publication of
Monthly Bulletins of LSB

Month Publication M.A

1 120 —

2 150 ——170
3 240 — 310
4 540 — 1330
5 210 377
6 380 237
7 120 457
8 870 413
9 250 740
10 1100 767
11 950 850
12 500

Due to the moving average, the trend of the
publication becomes smooth compared to the
original publication line. Sometimes, the
interval is even number, then we need to carry
out a cantered moving average (CMA) (the
interval is 4).

1200

1000 IT\‘

800 1 ; ..
—&— Publicatio

600 - n

400 - » M.A

200
L ad

0\\\\\\\\\\\\
1 357 911

Figure 1. The Moving Average Trend

To apply the moving-average method to a time
series, the data should follow a fairly linear
trend and have a definite rhythmic pattern of
fluctuations (repeating, say, every three years).
The data in the following example have three
components—trend, cycle, and irregular
variation, abbreviated T, C, and I. There is no
seasonal variation, because the data are
recorded annually. What the moving-average
method does, in effect, is average out C and I.
The residual is trend. If the duration of the
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cycles is constant, and if the amplitudes of the
cycles are equal, the cyclical and irregular
fluctuations can be removed entirely using the
moving-average method. The result is a line.
For example, in the following time series the
cycle repeats itself every seven years, and the
amplitude of each cycle is 4; that is, there are
exactly four units from the trough (lowest time
period) to the peak. The seven-year moving
average, therefore, averages out the cyclical
and irregular fluctuations perfectly, and the
residual is a linear trend.

Table 2. The Time Series Cycle

Year | Sales M. T M.A.
1994 1

1995 2

1996 3

1997 4 22 3.143
1998 5 23 3.286
1999 4 24 3.429
2000 3 25 3.571
2001 2 26 3.714
2002 3 27 3.857
2003 4 28 4
2004 5 29 4.143
2005 6 30 4.286
2006 5 31 4.429
2007 4 32 4571
2008 3 33 4.714
2009 4 34 4.857
2010 5 35 5
2011 6 36 5.143
2012 7 37 5.286
2013 6 38 5.429
2014 5 39 5.571
2015 4 40 5.714
2016 5 41 5.857
2017 6

2018 7

2019 8

Sales, production, and other economic and
business series usually do not have (1) periods
of oscillation that are of equal length or (2)
oscillations that have identical amplitudes.
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Thus, in actual practice, the application of the
moving-average method to data does not result
precisely in a line. For example, the
production series in the following table repeats
about every five years, but the amplitude of
the data varies from one oscillation to another.
The trend appears to be upward and somewhat
linear. Both moving averages—the three-year
and the five-year—seem to adequately
describe the trend in production since 1994,

Table 3. The Two Moving Averages

Year | Sales M. T M.A.
1994 1

1995 2

1996 3

1997 4 22 3.143
1998 5 23 3.286
1999 4 24 3.429
2000 3 25 3.571
2001 2 26 3.714
2002 3 27 3.857
2003 4 28 4
2004 5 29 4.143
2005 6 30 4.286
2006 5 31 4.429
2007 4 32 4571
2008 3 33 4.714
2009 4 34 4.857
2010 5 35 5
2011 6 36 5.143
2012 7 37 5.286
2013 6 38 5.429
2014 5 39 5.571
2015 4 40 5.714
2016 5 41 5.857
2017 6

2018 7

2019 8

To summarize the technique of using moving
averages, its purpose is to help identify the
long-term trend in a time series (because it
smooth’s out short-term fluctuations) [7]. It is
used to reveal any cyclical and seasonal
fluctuations. The number of data values to
include in a moving average depends on the
character of the data collected. If the data are
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quarterly, since there are four quarters in a
year, then four terms might be typical. If the
data are daily, since there are seven days in a
week, then seven terms might be appropriate.
You might also use trial and error to determine
a number that best levels out the chance
fluctuations.

2.3. Least Square Method

In the discussion of simple linear regression in
the previous training, we showed how the least
squares method is used to find the best linear
relationship  between two variables. In
forecasting methods, time is the independent
variable and the value of the time series is the
dependent variable [8]. Furthermore, we often
code the independent variable time to make
the equation easier to interpret. In other words,
we let t be 1 for the first year, 2 for the second,
and so on. After the coding of the time (years),
we can estimate the slope and intercept of the

line regression by using the following
formulas;
Yi=a+ bTi+e
_ XTiYi—nTY
~ XTi*— nl?
a=Y—->bT
If the sales, production, or other data

approximate a linear trend, the equation
developed by the least squares method can be
used to estimate future values. Many
researchers suggest that we do not project
sales, production, and other business and
economic series more than n/2 time periods
into the future where n is the number of data
points. If, for example, there are 10 years of
data, we would make estimates only up to 5
years into the future (n/2 = 10/2 = 5). Others
suggest the forecast may be for no longer than
2 years, especially in rapidly changing
economic times.

2.3.1. Seasonal Variation

The short definition of the seasonal variation,
a component of a time series, has been
mentioned above. Most of the business,
particularly the automobile sales, shipments of
construction materials, supply some raw
materials; have periods of above-average and
below-average activity each year. In the area
of production, one of the reasons for analysing
seasonal fluctuations is to have a sufficient
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supply of raw materials on hand to meet the
varying seasonal demand. For example, the
production scheduling department of Beer Lao
must know how many bottles to produce and
when to produce each kind, tin or small glass
bottle or big glass bottle etc. A run of too
many bottles of one kind may cause a serious
storage problem. Production cannot be based
entirely on orders on hand, because many
orders are telephoned in for immediate
shipment. Since the demand for many of the
bottles varies according to the season, a
forecast a year or two in advance, by month, is
essential to good scheduling [9]. An analysis
of seasonal fluctuations over a period of years
can also help in evaluating current sales. The
typical sales of department stores are
expressed as indexes in the following table.

Table 4. The Typical Sales of Department

Stores
Indexes of the department
Sales

store

January 87
February 83.2
March 100.5
April 106.5
May 101.6
June 89.6

July 86
August 99.7
September 101.4
October 105.8
November 111.9
December 126.8

Each index represents the average sales for a
period of several years. The actual sales for
some months were above average (which is
represented by an index over 100.0), and the
sales for other months were below average.
The index of 126.8 for December indicates
that, typically, sales for December are 26.8 per
cent above an average month; the index of
86.0 for July indicates that department store
sales for July are typically 14 per cent below
an average month.

Suppose an enterprising store manager, in an
effort to stimulate sales during December,
introduced a number of unique promotions,
including bands of carollers strolling through
the store singing holiday songs, large
mechanical exhibits, and clerks dressed in
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Santa Claus costumes. When the index of sales
was computed for that December, it was
150.0. Compared with the typical sales of
126.8, it was concluded that the promotional
program was a huge success [10].

2.3.2. Determining a Seasonal Index

A typical set of monthly indexes consists of 12
indexes that are representative of the data for a
12-month period. Logically, there are four
typical seasonal indexes for data reported
quarterly. Each index is a per cent, with the
average for the year equal to 100.0; that is,
each monthly index indicates the level of
sales, production, or another variable in
relation to the annual average of 100.0. A
typical index of 96.0 for January indicates that
sales (or whatever the variable is) are usually 4
per cent below the average for the year. An
index of 107.2 for October means that the
variable is typically 7.2 per cent above the
annual average. Several methods have been
developed to measure the typical seasonal
fluctuation in a time series. The method most
commonly used to compute the typical
seasonal pattern is called the ratio-to-moving-
average method.

It eliminates the trend, cyclical, and irregular
components from the original data (). The
numbers that result are called the typical
seasonal index. We will discuss how to
calculate the typical seasonal indexes using the
ratio-to-moving-average method. The given
data set is the production of the year 2014 to
2019 by quarterly production of the
manufacturer.

Table 5. The Data Set Table During 5

Years

Jan, | Apr, | July, | Oct,
Year Feb, | May, | Aug, | Nov,

Mar | June | Sep | Dec
2014 6.7 4.6 10 12.7
2015 6.5 4.6 9.8 | 13.6
2016 6.9 5 104 | 141
2017 7.0 55 10.8 15
2018 7.1 5.7 11.1 | 145
2019 8 6.2 114 | 14.9
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To be able to calculate the moving average, we
will use the interval as 4 and rearrange the
table as follows;

Table 6. Rearranging Data Set Table

Season

Prod: Index

Year 4 M.A

Qtr.

Jan,
Feb, 6.7
Mar
Apr,
May,
June
July,
Aug,
Sep

Oct,

Nov,
Dec

Jan,

Feb, 6.5
Mar
Apr,
May,
June
July,
Aug, 9.8
Sep

Oct,
Nov,
Dec
Jan,
Feb, 6.9 8.9
Mar
Apr,
May, 5
June
July,
Aug,
Sep

Oct,
Nov,
Dec
Jan,
Feb, 7 9.3
Mar
Apr,
May, 55
June
July,
Aug,
Sep

2014

2014 4.6

2014 10.0 | 8.475 1.18

2014 12.7 8.45 1.503

2015 8.425 | 0.772

2015 4.6 8.513 0.54

2015 8675 1.13

2015 13.6 8.775 1.55

2016 0.775

2016 9.038 | 0.553

2016 104 | 9.113 1.141

2016 141 | 9.188 1.535

2017 0.753

2017 9.463 | 0.581

2017 10.8 | 9.588 1.126
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Oct,
Nov, 15
Dec
Jan,
Feb, 7.1
Mar
Apr,
May, 5.7
June
July,
Aug,
Sep
Oct,
Nov,
Dec
Jan,
Feb, 8
Mar
Apr,
May, 6.2
June
July,
Aug,
Sep
Oct,
Nov,
Dec

2017 9.625 | 1.558

2018 9.688 | 0.733

2018 9.663 0.59

2018 11.1 | 9.713 1.143

2018 145 | 9.888 | 1.466

2019 9.888 | 0.801

2019 10.075 | 0.615

2019 114

2019 14.9

The season index is available dividing the
production by the moving average for each
quarter. (e.g. for the first quarter of 2014,
10.0/8.475 = 1.180).

After having the seasonal index, we need to
find adjusted seasonal indexes. For this
calculation we can find the mean values of the
seasonal  index according to their
corresponding quarter.

Table 7. The Mean Values of The
Seasonal Index According to Their
Corresponding Quarter

Year |Index | Inde | Inde | Inde [Total
-Qtr | x- X - X -
Jan, | Qtr | Qtr | Qtr
Feb, | Apr, | July, | Oct,
Mar | May, | Aug, | Nov,
June | Sep | Dec
2014 1.180 | 1.503
2015 | 0.772 | 0.540 | 1.130 | 1.550
2016 | 0.775 | 0.553 | 1.141 | 1.535
2017 | 0.753 | 0.581 | 1.126 | 1.558
2018 | 0.733 | 0.590 | 1.143 | 1.466
2019 | 2005 | 0.801 | 0.615
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Total | 3.834 | 2.879 | 5.720 | 7.612

Mean | 0.767 | 0.576 | 1.144 | 1.522 | 4.0
09

Adju | 0.765 | 0.575 | 1.141 | 1.519 | 4.0

sted 00

Index | 76,5 |57.5 |114.1 | 151.9

(%)

The four quarterly means (0.767, 0.576, 1.144,
and 1.522) should theoretically total 4.00
because the average is set at 1.0. The total of
the four quarterly means may not exactly equal
4.00 due to rounding. In this problem the total
of the means is 4.009. A correction factor,
4.000/total of four means, is therefore applied
to each of the four means to force them to total
4.00. The adjusted first quarterly index is,
therefore, 0.767(0.997755) =0.765. Each of
the means is adjusted downward so that the
total of the four quarterly means is 4.00.
Usually indexes are reported as percentages,
so each value in the last row of the above table
has been multiplied by 100. So the index for
the first quarter is 76.5 and for the last quarter
are 151.9. How are these values interpreted?
Productions for the fourth quarter are 51.9 per
cent above the typical quarter, and for the first
quarter they are 23.5 below the typical quarter
(100.0 - 76.5).

2.3.3. Deseasonalizing Data

A set of typical indexes is very useful in
adjusting a sales series, for example, for
seasonal fluctuations. The resulting production
series is called deseasonalized production or
seasonally adjusted production. The reason for
deseasonalizing the production series is to
remove the seasonal fluctuations so that the
trend and cycle can be studied.

Table 8. Deseasonalizing Data Set Table

Pro Seaso | Deseasonali
Year | Qtr q: nal zed
" | Index | production
Jan,
2014 | Feb, 6.7 | 0.765 8.76
Mar
Apr,
2014 | May, | 4.6 | 0.575 8
June
July,
2014 | Aug, 10 1.141 8.76
Sep
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Oct,
Nov,
Dec

12.7

1.519

8.36

2015

Jan,
Feb,
Mar

6.5

0.765

8.5

2015

Apr,
May,
June

4.6

0.575

2015

July,
Aug,
Sep

9.8

1.141

8.59

2015

Oct,
Nov,
Dec

13.6

1.519

8.95

2016

Jan,
Feb,
Mar

6.9

0.765

9.02

2016

Apr,
May,
June

0.575

8.7

2016

July,
Aug,
Sep

10.4

1.141

9.11

2016

Oct,
Nov,
Dec

141

1.519

9.28

2017

Jan,
Feb,
Mar

0.765

9.15

2017

Apr,
May,
June

55

0.575

9.57

2017

July,
Aug,
Sep

10.8

1.141

9.46

2017

Oct,
Nov,
Dec

15

1.519

0.88

2018

Jan,
Feb,
Mar

7.1

0.765

9.28

2018

Apr,
May,
June

5.7

0.575

9.92

2018

July,
Aug,
Sep

111

1.141

9.72

2018

Oct,
Nov,
Dec

145

1.519

9.55

2019

Jan,
Feb,
Mar

0.765

10.46

36

Apr,
2019 | May, | 6.2 0.575 10.79
June

July,
2019 | Aug, (114 | 1141 9.99
Sep

Oct,
2019 | Nov, |14.9 | 1.519 9.81
Dec

To remove the effect of seasonal variation, or
deseasonalised the manufacturing amount for
each quarter (which contains trend, cyclical,
irregular, and seasonal effects) is divided by
the seasonal index for that quarter. The
following chart shows both the actual
production and the deseasonalized production.
It is clear that removing the seasonal factor
allows us to focus on the overall long-term
trend of production. We will also be able to
determine the regression equation of the trend
data and use it to forecast future production.

16
14
12
10

o N B O

I T I T O 1 T O 1 1 O 1
—e—Prod: Deseasonalized

Figure 2. Determine the Regression Equation
of the Trend

2.3.4. Using Deseasonalized Data to
Forecast

The procedure for identifying trend and the
seasonal adjustments can be combined to yield
seasonally adjusted forecasts. To identify the
trend, we determine the least squares trend
equation on the deseasonalized historical data
[11]. Then we project this trend into future
periods, and finally we adjust these trend
values to account for the seasonal factors. The
following explanation will help to clarify.
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Table 9. The Trend Values to Account for
the Seasonal Factors

Y
(Des
easo
Year | Qtr | T ”Z‘é‘z TY | T
Prod
uctio
n)
Jan,
2014 | Feb, 1| 876 8.76 1
Mar
Apr,
2014 | May, | 2 8 16 4
June
July,
2014 | Aug, | 3 | 8.76 | 26.28 9
Sep
Oct,
2014 | Nov, | 4 | 836 | 33.44 16
Dec
Jan,
2015 | Feb, 51 85 42.5 25
Mar
Apr,
2015 | May, | 6 8 48 36
June
July,
2015 | Aug, | 7 | 859 | 60.13 49
Sep
Oct,
2015 | Nov, | 8 | 8.95 71.6 64
Dec
Jan,
2016 | Feb, 9 | 9.02 | 81.18 81
Mar
Apr,
2016 | May, |10 | 8.7 87 100
June
July,
2016 | Aug, |11 | 9.11 | 100.21 | 121
Sep
Oct,
2016 | Nov, |12 | 9.28 | 111.36 | 144
Dec
Jan,
2017 | Feb, |13 | 9.15 | 118.95 | 169
Mar
Apr,
2017 | May, |14 | 9.57 | 133.98 | 196
June

July,
Aug, |15
Sep
Oct,
Nov,
Dec
Jan,
Feb, |17
Mar
Apr,
May, |18
June
July,
Aug, |19
Sep
Oct,
Nov, |20
Dec
Jan,
Feb, |21
Mar
Apr,
May, |22
June
July,
Aug, |23
Sep
Oct,
Nov, |24
Dec

2017 9.46 | 142.05 | 225

2017 16 | 9.88 | 157.92 | 256

2018 9.28 | 157.76 | 289

2018 9.92 | 178.38 | 324

2018 9.72 | 184.87 | 361

2018 9.55 191 400

10.4

2019 219.66 | 441

10.7

2019 237.16 | 484

2019 9.99 | 229.77 | 529

2019 9.81 | 235.44 | 576

Total 221.6 | 2873.4 14900

OO w

According to the least square method;
_ XTiYi—nTY
"~ YTi%2 — nT?

_ (2873.40 — 24+ 12.5 % 9.23)

4900 — 24 % 12.5%12.5
= 0.0899

a=Y—bT
a= 9.23-0.089912.5=18.11
The trend equation is

Yi =a+ bTi
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Yi =811+ 0.0899T

For the forecasting, we can insert the relevant
value of the “T” in the trend equation. For
example, if we need to forecast the production
of the first quarter of 2016, the “T” value will
be 25 and after insertion in the trend line, the
forecasting value will obtain.

3. CONCLUSIONS

Consumer price index (CPI) is one of the
greatest challenges facing the world today,
which have become economic condition
prediction. This paper will use Time Series
method and least square method in Data
mining and statistics. Further analysis is still
needed for determining the efficiency of the
method, for sensitivity of number of evidence
variables in particular. This system is going to
compare the result with actual CPI results.
This method can predict the results on
historical data. It can be used in business such
as food production, other products and various
services. We also intend to update and predict
Inflation rate using CPI data.

ACKNOWLEDGEMENTS

We thank the staff and our colleagues from the
University of Computer Studies (Meiktila),
Myanmar. This paper is supported by Daw
Thu Zar Htet, U Thaung Naing Oo, and by
Daw Myat Myat Moe, Head of Natural
Language in University of Computer Studies
(Meiktila). I’d like to thank them for their
constructive data and supporting.

REFERENCES

[1] S.O0. Adams 2 A. Awujola 3A.lL
Alumgudu (2014), “An Introduction to Consumer
Price Index Methodology”.

[2] Baldwin.A (1990), “Seasonal Baskets in
Consumer Price Indexes”, in Journal of Official
Statistics, Vol.6, No.3, pp.251-273.

[3] V.Vapnik (1998), “Statistical Learning
Theory” New York: Wiley.

[4] H. D. Ridha (2018), “Review of least
squares procedure”.

[5] G.E.P Box, G.Jenkins (1970), “Time
Series Analysis, Forecasting and Control”, Holden-
Day, San Franciso, CA.

38

[6] R. Adhikari and R. K. Agrawal, "An
Introductory Study on Time Series Modeling and
Forecasting”, 2013.

[7] B. F. Aka and P. Pieretti (2008),
“Consumer Price Index Dynamics in a Small Open
Economy: A Structural Time Series Model for
Luxembourg”, University of Luxembourg and
Centre de Recherché en Economies Appliqué
(CREA).

[8] Reid, F. (2000), “The Mathematician on
the Banknote”, Carl Friedrich Gauss, Parabola,
36(2), 2-9, MultiChoice Africa Foundation FET
Maths Educator Programme, Unit20 [CD-ROM].

[9] Yugang Fan, Ping Li and Zhihuan Song
(2006), “Dynamic least square support vector

[10] S.O0. Adams 2 A. Awujola 3A.L
Alumgudu (2014), “Modeling Nigeria’s Consumer
Price Index Using Arima Model”, Department of
Statistics, University of Abuja, Abuja Nigeria,
Vol.2, No. 2, pp. 37-47.

[11] J.A.K. Suykens and J. Vandewalle (1999),
“Least Squares Support Vector Machines
Classifiers”, Neural Processing Letters, Vol. 9, No.
3, pp- 293-300.

[12] “Myanmar Consumer Price Index data”,
2014/2019,link:https://tradingeconomics.com/myan
mar/consmer-price-index-cpi.

Authors

Biography

Daw Aye Aye Moe is a
Lecturer at University of
Computer Studies
(Meiktila). She graduated
B.Sc. (Hons:) in
1999 and M.1.Sc
i (Computer  Science) in
2003 at Mandalay Computer University.

Daw Tin Tin Soe is a Lecturer at University of
Computer Studies (Meiktila). She graduated B.Sc
(Maths:) in 2001 at Mandalay University and
M.1.Sc in 2003 at UCSY.



iR
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

SETTING UP THE PA O-MYANMAR
BILINGUAL CORPUS OF THE MEANINGS
OF WORDS

Yuzana?!, Yi mon Shwe Sin?, Sandar Khaing?, Sharo Paw*

1234 University of Computer Studies, Hinthada
lyuzana.yzn@gmail.com

ABSTRACT

The data from the corpus should be accessible,
programmable, readable, reliable, utilizable
and comprehensive in order to perform
especially for the rare resource language
processing tasks. We proposed the preparation
of the Pa O language and Myanmar language
bilingual corpus of the static model as a sample
corpus. Instead of keyboarding, and using OCR
optical character recognition software, we set
up the corpus by using converter software which
received programmable text rendering for
UTF8 encoding. Our corpus consists of 26K of
Pa O words and 33K of corresponding
Myanmar words altogether 59K of words
contained in the corpus size of 1724KB. We
tested with 2 online converters that were
ThanLwin Soft and Burmese font converters and
1 offline converter that named MMNLP
converter and we have seen that Burmese font
online converters went error in conversion of all
words. We performed the time analysis that was
ThanLwin Soft online converter took 0.00435s
and MMNLP offline converter took 24.76s. We
explained the conversion accuracy of the offline
converter, the overall accuracy declined with
the Pa O words which contain tone marks
(rhythms) whereas for the case without the
rhythms, the converter performed good results.

KEYWORDS

Natural Language Processing,
Corpus, Static Model, General Corpus

Bilingual

1. INTRODUCTION

Pa O languages contain consonants, medial,
vowels like Myanmar language, but the
different things were containing the tone
marks or rhythms (3 oo, oo @) in the

words. It is important that those rhythms
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include in the words that entirely change
the meaning of the words. Most of the Pa O
language words contain these rhythms.
There are 82% of the Pa O words which
contains rhythms among the 26 K of Pa O
language words in our proposed corpus.
The question rose why we used conversion
method in this proposed task? The problem
statement is obviously seen because of the
encoding problem. Before Unicode, the
documents used for our proposed corpus
were written in the old win family font of
the wynn Pa O font and win-researcher font
that not easily accessible by the program.
The data used in this proposed corpus the
collection took 3 years and then data
insertion will take another extent of time is
not feasible for the implementation for the
dictionary. Our contribution was we
proposed this paper in set up the corpus by
using the Unicode converter software
convinced for the time requirement.

Our proposed bilingual corpus contains
machine readable words of two languages
such as Pa O language and Myanmar
Language. Our future work will be intended
to design for the multilingual corpus that
will contain  machine readable and
accessible words of multi languages such as
Myanmar language, Pa O language, Shan
language, Karen language and English
language. This was the partial part of the
NLP research work of the University of
Computer Studies, Hinthada meant for the
construction of dictionary for the
aforementioned languages and this corpus
will be used for the linguistics research and
machine translation in the future.
Nevertheless, the data resources are
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important in such cases because there was
no ready-made corpus and no existing
corpus in the previous, the documentations,
and printed dictionary book is in infancy
stage.

This paper is organized as follows, the
section 2 is related work, the section 3 is
models of corpus, section 4 is setting the
proposed corpus, the section 5 is
experimental results and the section 6 is
conclusion.

2. RELATED WORK

The author et al, K.T.Nwet, their system
proposed alignment system of English-
Myanmar texts at word level in parallel
sentences. They constructed the bilingual
corpus by using hybrid approach that is
combination of corpus based approach and
dictionary lookup approach for English-
Myanmar translation. The three IBM
models and Expectation Maximization
(EM) algorithm used in corpus based
approach and used the bilingual Myanmar-
English Dictionary for the dictionary
lookup approach. They tested with 1000
sentences pairs and 250 sentence pairs for
testing in the Myanmar-English corpus.
The accuracy tested with precision, recall
and f-measure among three methods of
corpus based approach, dictionary lookup
approach, and the combination of corpus
based and dictionary lookup based
approach. The results showed the precision
increased in the combined approach [3].

Researchers T.Kajiwara, constructed the
monolingual parallel corpus for text
simplification of English text that was used
for machine translation system. In this
paper they used sentence similarity based
on alignment between word embeddings.
They proposed an unsupervised method that
automatically builds the corpus. They used
a many to one aligning method for each
word in the complex sentence with most
similar word, and then compute sentence
similarity by averaging. And also they
extracted sentence pairs with the threshold,
trained SMT model using parallel corpus
and later translated sentence from complex
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to simple. Their results showed superior
accuracy and performance [7].

The author proposed COMPARA a
translation tool of bidirectional parallel
corpus of English and Portuguese language.
They explained the parallel corpus that is
computerized collection of texts in one
language aligned with their translation into
another language. The data are three million
words in 2006, the 69 records of published
fiction dating from 1837 to 2000. The texts
are aligned with 72 published translations
dating from 1886 to 2002. The COMPARA
gave the functions of simple search and
complex search and features of the case
insensitive and diacritic insensitive. The
result showed with parallel concordance the
search word. This paper stated their studies

can be wused to improve bilingual
dictionaries and machine translations
programs. Their studies carried out to
compare translated and un-translated

language; they found that while translated
Portuguese words contained more loan
words than original Portuguese word, un-
translated English words had more loans
than translated English words [1].

The author built standard system for
Myanmar English Bilingual Corpus. Their
objective was to provide students learning
in English easily. Their proposed system
was combination of corpus based approach
and dictionary lookup approach. The corpus
based approach is based on the first three
IBM models. They described their findings
of the word aligned corpora is the good
source of translation related knowledge.
The training on word-aligned data was
dramatically better than when training on
sentence-aligned data [4]. Our proposed
corpus consists of Myanmar words and Pa-
O words in bilingual. Most of the words
almost covered the meaning of Pa-O words.
Dictionary lookup approach in machine
translation system they used bilingual
dictionary for languages. So we proposed
the preparation of the bilingual corpus by
converter software that will support for
constructing dictionary.
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3. MODELS oF CORPUS

The researchers from [5] suggested that
aspect of representativeness is change over
time becomes unrepresentative, it requires
regularly updated. Thus, corpus can be
outlook as a static model as a sample corpus
and dynamic language model as a monitor
corpus.

3.1. Static Model as a Sample Corpus

A sample corpora design a static of a
particular language variety at a particular
time. Our proposed corpus is such a kind of
corpus. The LOB (Lancaster-Oslo-Bergen
Corpus of British English 1978) and Brown
corpora contain written British and
American English in the early 1960s. Their
recent updates of corpus FLOB (Freiberg-
LOB update in 1998) and Freiberg-Brown
in 1999. So, the sample corpora change
over the intervening three decades [5].

3.2. Dynamic Model as a Monitor
Corpus

The monitor corpora needs annually,
monthly or even daily updated with new
words. The Bank of English corpus is such
a kind of monitor corpus it has enhanced in
size since 1980s and is around 524 million
words in present [5].

.3.3. Kinds of Corpus

There are three kinds of corpus explained in
[5] that are monolingual, multilingual and
multimodal corpus. A corpora only consists
one language which may be text
designation depends on the researchers [5].
A corpora consist of two languages is called
bilingual corpora but more than one
language is also called multilingual corpora.
The purpose of corpus creation aims for the
language teaching, machine translation, and
lexicography, used by the NLP research
work and information retrieval and
extraction. The source texts in one language
translate into the target language is called
translation corpora, while different native
languages assembled into  different
components sampled by using comparable
sampling techniques were called parallel
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corpora [5]. Our future work plan will be
multidirectional corpus (Myanmar, Pa O,
Shan, Karen, English) but this paper
proposed on the creation of bidirectional
corpus (Pa O to Myanmar) as the first step.

For the multimodal corpus the annotated
transcripts are aligned with digital
audio/video clips attached with the
timestamps. This timestamp permits the
user to access the segments of recordings
corresponding to the search results. The
examples are Nottingham Multi Modal
corpus, Singapore Corpus of Research in
Education, Padova Multimedia English
Corpus and the Spoken Chinese Corpus of
Situated Discourse [5]. They are not widely
used because they are technically more
challenging to create than text-based
corpora [5].

3.4. Data Capture and Copyright of
the Corpus

The data sources of the corpus can be
categorized into three groups. The first is
the persistent data resources (CD, data set
from the internet, books, and published
dictionary) the second is the ephemeral data
(billboards, websites, speech) and the last
one is digital origin documents (as email,
chatting text, message) [6]. Our proposed
corpus structure encloses lexicography and
infrequent linguistic words of persistent
data sources. The language expert collected
all of these data took time of 3 years and
willingly transfer the data for the natural
language processing of the research work
for the Pa O language that satisfied for the
copyright issue.

4. SETTING PROPOSED CORPUS

The purpose of creating our proposed
bilingual corpus intended for Pa O -
Myanmar dictionary. We described the
overview of the system, size of the corpus,
data format and converter in this section.

4.1. Overview of the Proposed System

The data collection and data entry state in
the square box eliminated by converter
process that reduced the daunted time of the
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tasks, the system overview illustrated in
figure 1.

Document

Data Collection

Data Entry

Converter

Bilingual
Corpus

Figurel. Overview of the Proposed System

4.2. Size

The size of corpus depends on the reason of
the plan as fit as the usage for the concern.
The time and space complexity is not the
matter in this IR 4.0 era; we can create and
utilize the good performance searching
algorithm. But the matter was the material
we collected would be comprehensive. Our
proposed corpus size is 1742 KB with the
number of Pa-O words related with
Myanmar words total of more than 59200
(59K) words. There is no existing corpus
for the Myanmar-Pa O dictionary so our
system used the documents of 3 years
manually collected the documents. The data
in the corpus, constituted to all categories in
daily use words, Pali words, technical,
verbatim.

4.3. Data format

The format of the corpus is sometime
textual content but it may be the metadata
such as category documents and words and
headwords [6]. The proposed corpus built
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with semi automated method by using
converter software. The texts in the corpus
need to be rendered machine readable and
enable to process by the program. Most of
the researchers prepared the corpus by
using two methods such as printed material
can be converted into digital text by using
OCR Optical Character Recognition
software. The later method was
keyboarding. But we proposed conversion
method for preparing of the corpus.

4.4, Converter

Many developers from the various
organizations freely launched the converters
downloaded from the online. We all know
that the MMNLP converter, ThanlwinSoft
converter, Burmese font Unicode converter,
KaNaung converter, NLP converter V2,
MMfont converter[10] which converts Win,
CE, Matrix font, ZawGyi, and Myanmar
3.,etc. The attribute or criteria of the corpus
are the Pa O words placed in headword
orthography of ka to A. The topology of
words arranged like Myanmar alphabetical
order. The input as all of the words which
were written wynn Pa O and win researcher
fonts into the converter and then the output
received converted words of the corpus.

Among the various coverter, we chose with
2 online converters and 1 offline converter
because they can convert old win family
font to Unicode. Online converter is the
Thanliwn Soft converter created by Keith
Stribley [9] illustrated in figure 2 and
Burmese font Unicode converter [11] in
figure 3. Another was the offline converter
like MMNLP Unicode converter [8] is
created by Myanmar Computer Federation
(MCF) is shown in figure 4. The Thanlwin
Soft works well with all the data 59K in the
corpus whereas the Burmese font Unicode
converter only covert limited amount of
words as shown in figure 3. If it tested with
59K works it did not work and stop the
entire process. As a consequence, we did
not explain this Burmese Unicode converter
in this paper.
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Convert from old Myanmar fonts to Unicode
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Figure 2. Results of ThanLwin Soft
Converter
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Figure 3. Results of Burmese Font
Converter
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Figure 4. Results of the MMNLP Converter
The results of our proposed corpus can be
seen in figure 5.
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Figure 5. The Results of the Poposed
Corpus

The example results of the three converters
with examples of 4 words as shown in table
1. In this table the three converters not
absolutely converted into the corrected
results. All of the rhythms words in
example word of 1, 2 and 4 have errors in
the output whereas example word 3
converted correctly because it did not
contain rhythms in the word. The error
analysis will be carried out in the future.
We spotlighted the accuracy for the
MMNLP converter in this paper, because
there was 59 K of words coexisted in two
types of different languages, converted of
the two types of fonts into the Unicode.
Consequences, we performed analysis on
the Pa O words include rhythms and
exclude rhythms in section 5.

The limitation of our proposed corpus the
words which contain such rhythm (oo

converted incorrectly as (3) and the rhythm

(o) converted error prone as ( [ ) can be

seen in No 2 and 4 of MMNLP Unicode
converter results in table 1. Therefore the
accuracy reduced the corpus consist of Pa O
words with rhythms.
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Table 1. Example of Converted Results

Thanlwin Soft MMMNLP Unicode Burmese Font
Orginal Text Converter Results Converter Results Converter Results
NO |Pa0 Words Myanmar Words |[Pa0 Words Myanmar Words Pa0 Waords Myanmar Words| |Pa0 Words Myanmar Words
1 mn{iﬁ%& 030:3:1)%@15 mo?:ng mrre:.o@. 030:3:1)% mrre:.o@. mo?:ng
2 meé];m@sag E medeim(gden |elyotadke(goed ||medlmlgd. |e[gofelgned ||medlm(gs.  |e[drdelgred
3 m:%%: m%@: §:ué]§: m%é: §:l(ﬂ§: m%é: §:l(ﬂ§:
4 mem?go')té] menE W mem‘)éq_gc'] m@m‘)éaaa: O’)GC\)‘JEO’)@ mem‘)éaao: memﬁé@c’] memﬁf:aga:

5. EXPERIMENTAL RESULTS

Our proposed corpus was the initial stage of
building the corpus, instead of keyboarding the
word we used the converter software to
convert the machine accessible UTF8
rendering of the words. And we analyzed the
accuracy of the conversion and the time it took
to convert the words. We saved a lot of times
and that eliminated the tedious work chores.
The accuracy comparison of the online and
offline converter will be explored in the future
work. We focused on the analysis of accuracy
of the MMNLP converter founded on the
conversion of Myanmar language and Pa O

language tone marks. We tested with
precision, recall and f- measure of the
following (1), (2) and (3).
Precision P= —= @
We
Recall R= == 2)
Wt
F-measure = 2:(B-R) 3

P+ER
Where, the Wx is the number of correctly

converted words. The Wc is the number of
converted words by the converter, the Wt is
the total number of words.

The collection documents consisted of two
kinds of fonts from the win family fonts. Our
corpus consists of 26K of Pa O words in wynn
Pa O font and 33K of corresponding Myanmar
words in win researcher font altogether we
could say 59K of words contained in the
corpus. Firstly, the accuracy of conversion
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from win-researcher font to the Unicode for
the meanings of the corresponding Myanmar
Language words conversion received good
results. There was more than 33k of the words
the precision is 99.96% and recall is 99.55%
and f- measure is 99.75% can be seen in figure
5and 6.

| WinResearcher WynnPao 1. Overall Accgraw
Descrigtion Font Font of Conversion
(with rhythms words) | (with thythms words)
Precision 99.96% 17.74% 58.83%
Recall 99.55% 17.61% 58.57%
F-measure 99.75% 17.67% 38.70%

Figure 5. Accuracy of MMNLP Converter
with Rhythms words

WynnPao 1. Overall Accuracy
Font of Conversion
(without rhythms words) | (without rhythms words)

Win-Researcher

Description
Font

97.91%
97.711%
97.81%

99.96%
99.55%
99.75%

95.87%
95.87%
95.87%

Precision

Recall
F-measure

Figure 6. Accuracy of MMNLP Converter
without Rhythms words

We tested the conversion of wynn Pa O font to
Unicode with two cases. The first one was
wynn Pa O font with rhythms Pa O words and
the latter was wynn Pa O font without the
rhythms Pa O words. So we have the results of
the overall conversion accuracy of the corpus
with rhythms and without rhythms illustrated
in figure 5 and 6. The overall conversion
accuracy meant the testing contained the both
of the win family font.
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The accuracy of conversion from wynn Pa O
with rhythms into the Unicode for the Pa O
words, the precision is 17.61%, the recall is
17.74% and f-measure is 17.67%. The overall
accuracy for the whole corpus is degraded to
58.70%in figure 5. Otherwise, the accuracy of
wynn Pa O without rhythms, the converter
performed good result with the overall
accuracy of the corpus is highly received with
97.81% in figure 6.

In this circumstances, the accuracy of
conversion of the wynn Pa O into the Unicode
font, the nature of Pa O words consist of a lot
of rhythms that differentiate the meaning of
the words. The converter converted these
entire rhythms but displayed with wrong
format. The conversion accuracy of win-
researcher font was high because the Myanmar
language did not have rhythms.

The time analysis for the conversion of the
converter is as follow. ThanLwin Soft
converter converted all of the 59K words in
0.00435 s whereas the MMNLP converter
performed all of the 59 K words in 24.76s.

6. CONCLUSION

The core obstacles is the accessibility of
machine readable data, perhaps some of the
resources either be paper based texts or digital
form. The data prepare with keyboarding and
OCR software, but it may error prone, costs
time and money. In our case, the data is not in
machine accessible Unicode UTF8 rendering.
We performed the preparation of a bilingual
corpus by converter. The corpus contained of a
collection of words in two languages
Myanmar and Pa-O languages, one of which
was the meanings of words equivalent of the
other. The number of 59 K words with the
corpus size of 1742 KB, ThanLwin Soft online
converter outperformed faster than the offline
MMNLP converter. Both performed in a short
period of time. We tested the accuracy of the
MMNLP converter whether it was inclined or
declined based on the existence of the rhythms
of words and the types of the fonts.
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ABSTRACT

Image processing is an essential technique in much
application which is precisely desired information
in wide area. Image enhancement is one of the
most important steps in image pre-processing in
which it is distortions of input images and
reduction of image noise. In this paper, we propose
the various filtering techniques and filtering
algorithm for image enhancement. These filtering
methods are median filter, Gaussian high filter and
Gaussian low pass filter. Smoothing filter is used
for blurring image and it is widely used in medical
image application. This filter is noise reduction
and improvement of the image quality. Median
filter is used to reduce unwanted noise on an
image, and is a nonlinear technique. Gaussian
High pass filters is used to image sharpening.
Median filter has been evaluated at low level
window size 3*3. In these filtering methods,
median filter gives effective results with higher
PSNR for medical images de-noising. The
performance of these techniques was evaluated
with two quantitative measures, Peak Signal-to-
Noise Ratio (PSNR), and Signal-to-Noise Ratio
(SNR) using Matlab 2016a.

KEYWORDS

Gaussian high pass filter, Median filter, Gaussian
low pass filter, PSNR, SNR, MSE

1. INTRODUCTION

Various image techniques have been
developed in image processing during the last
five decades. There may be various types of
noise in medical images. Noise can be divided
as a random variable with a specific
probability distribution function [4]. This
noise is usually divided into Gaussian noise,
the balanced noise and the impulse noise. In
image processing, noise is raised the
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challenges. Noises present in the images have
to be removed and unclear objects have to be
enhanced. Pre-processing technique was
implemented for enhancing the quality of the
image. Image processing techniques are
classified in many methods such as image
representation, image preprocessing, image
enhancement, image analysis, and image
compression. Enhancement of the image
quality is obtained by implementing filtering
technique, removal of noise and contrast
enhancement methods. Smoothing image is to
reduce noise and improve the visual quality of
the image. For noise removal we use various
filters such as median filter, Gaussian filter
etc. The main purpose of filtering is to
improve the visual quality of image. Median
filters use median value in its filtering process.
Furthermore, this filtering algorithm has good
noise-reducing effects.

There may be linear filters and nonlinear
filters. Low pass filter, high pass filter, high
boost filter and derivative filters are linear
filters. Linear filtering is used to remove
certain types of noise. Maximum filters,
minimum filters and median filter are
nonlinear filters. Furthermore, low pass filter
and high pass filter are the types of frequency
domain filters. Image processing is applied in
various applications such as remote sensing,
medical imaging, textiles, material science etc.
The proposed system describes the median
filtering, Gaussian high pass filtering and
Gaussian low pass filtering in pre-processing
techniques. Gaussian high pass filtering is
used for sharpening the image. It attenuates
the low frequency components and preserves
the high frequency components. The median
filter used to remove noise and it is a nonlinear
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digital filtering technique. Gaussian low pass
filters are used for smoothing the image. It
attenuates the high frequency components and
preserves the low frequency components. This
paper is organized as follows. Section 2,
discusses about related works. Section 3,
explains about filter techniques. Section 4
addresses research  methodology carried
throughout the pre-processing process. Section
5 address the performance evaluation. Section
6 addresses the experimental results of the
system. Finally, section 7, presents the
conclusion.

2. RELATED WORK

Jyoti Rani in [1] proposed Noise Removal in
Medical Images Using Filters. This paper
described linear filter and median filters.
These two methods were used to remove noise
and the results of both are compared. The
median filter is the best to use for removing
noise.

P.Deepa et al.in [2] proposed Performance
Evaluation of Various De noising Filters for
Medical Image. This paper explains various
filter and the quality and accuracy is measured
by PSNR and MSE value. Author evaluated
the best demised image and their value.

Mohd Tahir et al.in [3] addressed A Review
Paper of Various Filters for Noise Removal in
MRI Brain Image. Median filter performs
better result and it remove noise in medical
image. The further work of this modified
median filter technique and will be achieved
30-40% increase PSNR and 1015% reduce
MSE. Furthermore, median filter is efficient in
removing salt and pepper noise.

Alamuru Susmitha et al.in [4] discussed
performance Analysis of Average and Median
Filters for De noising Of Digital Images.

Median filter is efficient in removing salt and
pepper noise and it preserves the sharpness of
image edges while removing noise.

Iza Sazanita Isal et al.in [5] proposed
performance of three different filtering
methods. These filters tested with different
noises on MRI images. In this result, median
filter is the most performance as compared to
other filters methods.

3. FILTERING TECHNIQUE
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Filtering technigue for many medical images,
pre-processing becomes an important step. As
it removes the noise and reduces distortion of
an input image, it increases image quality. To
remove noise, the spatial domain and
characteristics of frequency need to be
understood [3]. Impulse (Salt & Pepper) noise,
Gaussian noise, Rayleigh noise, Gamma noise,
Exponential noise and Standard noise are the
most commonly used in noise model. De-noise
can be achieved by filtering, which can be
either linear filtering or non-linear filtering [3].
Low pass filter, high pass filter, high boost
filter and derivatives linear filters are used for
the elimination of such noise types. In these
filters, averaging or mean filter and median
filter are the two main filters. An image
contrast is used for the distribution of dark and
light pixels of an image. An also, a low-
contrast image arises small differences
between its light and dark pixel values. Image
enhancement techniques can be categorised
such as spatial domain and frequency domain
methods. Low pass filter is smooth the image
and it’s involving the elimination of the high
frequency components.

This paper proposes performance of Gaussian
high pass filtering, Gaussian low pass filtering
and median filtering.

4. RESEARCH METHODOLOGY

Image filtering techniques enhance the quality
of image and increase visibility of details. So
that helps in the diagnostic and accurate
information in medical care [2]. Gaussian high
pass filter, medial filter and Gaussian low pass
filter are used in medical image pre-
processing. The proposed pre-processing
methods are implemented using Matlab 2016
software.

Proposed pre-processing technigques
+« input RGB images
< input is converted to gray scale image
+«+ Gaussian high pass filter
+ Gaussian low pass filter
«  Median filter

4.1 Gaussian filter

(Sharpening)

high  pass

Gaussian function is defined as:
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Where a is the distance from the origin in the
horizontal axis, b is the distance from the
origin in the vertical axis, and ¢ is the standard
deviation of the Gaussian distribution.
Gaussian noise is statistical noise that has a
probability density function (PDF) of the
normal distribution, also known as Gaussian
distribution [2]. High-pass filter promotes high
spatial frequencies and enhances within the
image contrast. Also, the high-pass filter is
characterized by the presence of a core which
surrounds the central pixel of image with
negative values. High pass filters are usually
used for sharpening. The function of high-pass
filter is represented by HPFF.

HPFF = 1 — LPFF Where; LPFF represents
the low-pass filter.

Algorithms of Gaussian high pass filter pseudo
code as following:

Function high pass (real [0...n] x, real dt, real
RC)

var real[0..n] y

var real a := RC/ (RC + dt)

a[0] :=b[0]

Forifrom1lton

b[i] := a x b[i—1] + a x (a[i] — a[i—1])
Returny

Where, dt= time interval, RC= time constant

a =smoothing factor

4.2 Gaussian low pass filter (smoothing)

Lowpass filter are usually used for a smooth
image. it will eliminate noise better. But it is
more blurred the original image.

Algorithm of Gaussian low pass filter pseudo
code as following:

Function lowpass (real [0...n] x, real dt, real
RC)

var real[0..n] y

var real o= dt /
y[0] := o * x[0]
forifromlton

y[i] := o * a[i] + (1-a) * y[i-1]

Returny

(RC + di)
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Where, dt= time interval, RC= time constant
a =smoothing factor

4.3 Median Filter

A Median filter is efficient to remove impulse
noise and it is a non-linear filter. Median filter
works by moving through the image pixel by
pixel. The pixel is calculated by first sorting
into numerical order all the pixel values from
the neighbouring set, and then replacing the
pixel known as the median pixel value [3].
Median helps to maintain the acutance edge of
the image while reducing the noise. Function
of median filtering is defined as following:

q(x,y)= med{ f(x-a, y-b) ,a,b € W }
Where f(x,y) is ordinary image and q(x,y) is
output image.

1 3 0] 1 2 1
2 2 3 1 1 3
1 0] 1 0] 1 0]
1 2 1 0 2 2
2 3 5 1 2 5
1 1 4 3 2 0]
Input
0 1 1 1 1 0
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 2 2 2 2 2
0 1 1 2 1 0
Output

Figure 1. Median Filtering usinga 3 X 3
Sampling Window

5. THE PERFORMANCE EVALUATION

The performance of all the filtering techniques
was evaluated using Peak Signal Noise Ratio
(PSNR) and Signal to Noise Ratio (SNR).
Peak Signal to Noise Ratio (PSNR) and SNR
are the two-error metrics used to compare
image quality. PSNR represents a measure of
the peak error. To compute the PSNR, the
block first calculates the mean squared error
using the following equation:
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MSE- -2 X5l ) — B, D)2

Where m x n is the size of the image, A
represents the original image, B denotes the
de-noised image, (i, j) represents the processed
pixel in the window size of m x n.

R is the | psnr = 10|ogm(£5) 3| value of the
image. Ir lique, we take
3 x 3 windows and find out the median value
and replaced center pixel by the median value
and then move pixel to pixel and cover all
pixel. Median filtering technique used at
removing the salt and pepper noise from the
image. In our paper we have considered
PSNR, SNR and MSE values. When SNR and
PSNR increase, the noise will be reduced and
if the noise level increases, the PSNR value
decreases.

Algorithm of median filter

Void {int A=mask*mask;

float B = new float[A];

for (i=0; i< A; i++)

Calculate median value

for(k = 0; k < (A+1)/2; k++)

if (B[K]<B[1])

swap(B [K],BI[I]);
Desti[y*width+x] = B[(A+1)/2];

6. EXPERIMENTAL RESULT

In this experimental work, five different
natures of brain images are used. The different
medical brain images have been tested on 100
image of bakery dataset. Many image filtering
algorithms can be effectively implemented
with a reduced number of operations per pixel.
Lowpass filter are usually used for smoothing
images. For image sharpening, Gaussian High
pass filters are usually used in medical image.
The median filter used to removal of noise.

Performance of median filter has been
evaluated at low level window size 3*3. Low
level window size gives better performance in
low noise densities. If SNR and PSNR
increase, the noise will be reduced.
Furthermore, the noise level increases the
PSNR value decreases. In experimental result,
the median filtering technique, which provides
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greater PSNR, reduces more noise from the
corrupted image. Median filtering technique is
more suitable method to remove Salt and
Pepper noise from the noisy images. The
experiment of an image is done by Matlab
R2016a. Figure (1) represents the median
filter using window size 3*3. Input RGB
images are shown in figure 2(a),3(a),4(a), 5(a)
and 6(a). Figure 2(b),3(b),4(b), 5(b) and 6(b)
images are using median filtering. Gaussian
low pass filter images are shows in figure
2(c),3(c),4(c), 5(c) and 6(c). Figure 2(d), 3(d),
4(d), 5(d) and 6(d) show using Gaussian high
pass filter. Figure (7), figure (8) and figure (9)
depict the performance of filters in terms of
PSNR, SNR and MSE. The SNR and PSNR
value at different filtering methods are shown
in table 1 and PSNR and MSE value are
shown in table 2.

medin fiter using 33 mask

Low pass filtered image

(b) © (@)

Figure 2. (a) Input RGB image (b) Median
Filter Image (c) Gaussian Low pass Filter
Image (d) Gaussian High pass Filter Image.

median fle using 33 mask low passfilered mage

Sharpened image

Figure 3. (a) Input RGB Image (b) Median
Filter Image (c) Gaussian Low pass Filter
Image (d) Gaussian High pass Filter Image
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median fiter using 3 3 mask

Low pass fitered image

Figure 4. (a) Input RGB Image (b)
Median Filter Image (c) Gaussian Low
pass Filter Image (d) Gaussian High pass

Filter Image
@) (b) () (d

Figure 5. (a) Input RGB Image (b) Median
Filter Image (c) Gaussian Low pass Filter
Image (d) Gaussian High pass Filter Image

Original ima

Low pass fitsred image

median filer using 33 mask

Fig:6(a)

Figure 6. (a) Input RGB Image (b) Median
Filter Image (c) Gaussian Low pass Filter
Image (d) Gaussian High pass Filter Image

The following table shows the PSNR and SNR
value and PSNR and MSE value of three filter
technique using salt& pepper noise.

Table 1. Performance of Three Filtering
Techniques for PSNR and SNR

Median
filter

Gaussion low pass
filter

(Gaussian high pass

image filter

PSNR
21.16%9
217851
21.6296
20.7962
216171
21.3936

SNR
12.3173
14.9655
15.35%4
9.9887
13.9710
13.5204

PSNR
21.0356
21.6400
21.7456
207074
21.2036
21.2670

SNR
12.8173
14.9655
16.0521
10.0806
12.2464
133123

PSNR
20.1458
21.6414
2171120
209919
214589
21.1908

SNR
12.7208
14.6771
15.8274
98172
12.1135
13.0352

imagel

image2
image3

image4

image$

Average
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Table 2. Performance of Three Filtering
Techniques for PSNR and MSE

Median
filter

Gaussion low pass
filter

(aussian high pass

image filter

PSNR | MSE | PSNR | MSE | PSNR | MSE

image! | 21.1699 | 529.02 | 21.0396 | 660.75 | 20.1498 | 628.48

image2 | 21.7851 | 450.96 | 21.6400 | 649.10 |21.6414 | 609.87

image3 | 21.6296 | 535.78 | 21.7496 | 634.34 | 21.7120| 632.50

image4 | 20.7962 | 53820 | 20.7074 | 635.47 | 20.9919 | 635.61

image5 | 21.6171 | 49322 | 212036 | 632.61 | 214589 | 649.61

Average | 21.3936 | 509.436 | 21.2670 | 642.454 | 21.1908 | 631.214

Comparing for three Filtering Techniques
22

215

imagel

-
=

2

=
in

(=]
=

1

o
in

image2 image3 imaged images Average

mMedian filter PSNR m Gaussian high passfilter PSNR m Gaussion low pass filter PSNR

Figure 7. Comparison of Three Filtering
Techniques for PSNR

Comparison of three Filtering Techniques for SNR

imagel

[
[T =)

[=J0 I SR -

image2 image3 imaged image5 Average

m Median filter SNR  m Gaussian high passfilter SNR - m Gaussion low pass filter SNR

Figure 8. Comparison of three filtering
techniques for SNR

In this result, median filter is the best
performance of the two other methods and has
higher PSNR value.
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B Median filtter
M Gaussian high pass filter

Gaussion low pass filter

imagel image2 image3 imaged imaged

Figure 9. Comparison of Three Filtering
Techniques for MSE Image

7. CONCLUSIONS

In this paper, the system was proposed the
comparison of the performance of
Gaussian high pass filter, median filter and
Gaussian low pass filtering. The system
was tested with brain image using bakery
dataset. The main purpose of this paper is
analysing the comparison of PSNR and
SNR value which is adding the salt &
pepper noise. Median filter removes to
artefacts. Gaussian filtering is produced
sharpening image, and smoothing image.
Performance of each image -evaluated
using Matlab 2016a. Median filtering
techniques improve image quality,
increase visibility of details, help in the
diagnostic and accurate information in
medical care because this filtering reduces
the unwanted noise in human brain image.
In future work, we would task to perform
segmentation of human brain image using
thresholding method.
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ABSTRACT

Various application areas of engineering and
science used a very powerful mathematical tool
which is called “Laplace transform”. Laplace
transforms help in solving complex problems with a
very simple approach to solve ordinary differential
equations. New technological approaches to solve
various Ordinary differential equations (ODEs) are
considered and analyse in this paper. The initial
value problem with homogeneous, the initial value
problem with non-homogeneous and the Heaviside
condition of Laplace Transforms are studied and
analysed in this paper. By this techno-logical
approach paper, we can carry out the application
of mathematical theorem for the purpose of
technology and engineering also by the software
tool, MATLAB.

.KEYWORDS

Laplace Transform; ODEs; Initial Value Problem;
Heaviside Function; MATLAB.

1. INTRODUCTION

An extremely diverse function, Laplace
transform, can transform to the frequency
domain function complex s plane from time
function. It is similar and related to the Fourier
transform with different purposes. Also, the
Laplace transform is second only to the
Fourier transform in terms of being used in
many different situations. The different is that
the Laplace transform is a complex transform
of a complex variable, while the Fourier
transform is a complex transform of a real
variable. [1].Laplace transforms are frequently
used in solving physical problems which
involve integral and ordinary differential
equations (ODEs) with constant coefficients as
those arising in the analysis of electronic
circuits. These transform methods are used to

facilitate its handling and even force the
general solving methods compare to the most
commonly used mathematical software. One
of such powerful software packages is
MATLAB that contains many easy to use tools
and built-in functions to solve or simulate
differential equations by Laplace transform.
[2]. As they make solving linear ODEs and
related initial wvalue problems, Laplace
transforms are very useful and much easier for
any mathematical toolbox, as well as systems
of linear ODEs. Applications that abounded by
Laplace Transform are electrical networks,
springs, mixing problems, signal processing,
and other areas of science and engineering.
Figure 1 shows the process of solving an ODE
using the Laplace transform method with three
steps.

Stepl. Transform the given ODE into an
algebraic equation, called the subsidiary
equation.

Step2. The subsidiary equation is solved by
purely algebraic manipulations.

Step3. The solution in previous step: Step 2 is
transformed back and it will result the solution
of the given problem.

IVE AP
Inttial Valne |uesll  Algebra
Problem Problem
Solving Solving
Initial Value  je AP by
Problem Alzebra
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Fig. 1. Three Steps of Laplace Transform
Method

2. METHODOLOGY

For solving problems related to Laplace
Transform in different engineering fields,
some useful properties including definition of
Laplace Transform are to be studied in this

paper.[3][4][5].

2.1. Definition and Linearity of Laplace
Transform

Let f(t)be a function defined for all t = 0,
then the integral of f(t) times e ™" from t=0
to2, It is a function s, say, F(s) and is denoted
byL[f(t)], i.e.

F(s) = LIf(D] = [ e~ f(t)dt (1-a)
The inverse function of F(s) and is denoted by

L™(F) e,

f(e) = L7(F) (1-b)
If a and b are any constants while f (t) and g (t)
are functions whose transforms exist, then the
linearity of the Laplace transform is

L{af(t) + bg(t)} = aL{f ()} + bL{g(t)}(2-a)

If £(t) has the transform F(s), then e~ ="f ()
has the transform F(s-a). The first shifting
theorem is

L{e"f(t)} =F(s—a) (2-b)
Or if we take the inverse on both sides,
e®f(t) =L7HF(s—a)) (2-¢)

To study the Laplace transform of Derivatives,
the transforms of the first and second
derivatives of f (t) satisfy
L(f") = sL(f) — £(0) (3-a)
L(f") = s*L(f) — sf(0) — £'(0) (3-b)
Generally the Laplace transform of nth —order,
L(f™) = s"L(f) — s™1£(0)
_Sn—ﬂff (l:l) e fl:n—i} (0:] (3-0)

2.2. Heaviside Functions

The unit step function or Heaviside function
u(t— a)is 0 for t < a,has a jump of size 1 at
t = a (where we can leave it undefined), and
1 for t = a,in a formula:

a(t—a) =[0 fr<a

1 ift>a az0) )
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ulf) ult—al

1 —

|

|
0 t 0 a t
Fig. 2. The Unit Step Functions

The transform of
u(t—a)is 0 fort < a And hence

L{u(t—a)} = ET (s> 0) (5-a)
The first shifting theorem (“s-shifting”) will
concerned  transforms F(s) = L{F(D)}
andF(s —a) = L{e*f(D}. The second shifting
theorem will concerned transforms f (t) and f
(t-a). If f () is a function of exponential order
in t then

L{f(t —a)u(t —a)} = e *F(s) (5-b)
Or if we take the inverse on both sides,
flt—a)ul(t —a) =L e ™™ F(s)} (5-c)

2.3. Functions for Laplace Transform in
MATLAB

We can study how our calculations of Laplace
transform can easily be illustrated using
MATLAB. The following functions are to be
used for our analysis and visualization of
Laplace transform.[6]

e syms: ‘syms’ does not create
variables with the following: clear,
integer, positive, rational, and real. For
example, ‘syms’ integer created the
symbolic variable integer. To create
these variables now, use sym. For
example, use: integer = sym (‘integer"),
to create the symbolic variable integer.

o laplace(ft,s): Laplace(f,t,s) computes
the Laplace transform of the
expression f = f(t) with respect to the
variable t at the points. It returns an
unevaluated function call if
Laplace cannot  find an explicit
representation of the transform. If f is
a matrix, ‘laplace’ applies the Laplace
transform to all components of the

matrix.

e S=solve (egn, var): This function
solves the equation ‘eqn’ for the
variable var.  The ‘symvar’ function


../../../../Program%20Files/Matlab/MATLAB%20Production%20Server/R2015a/help/symbolic/symvar.html
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determines the variable to be solved if
you do not specify ‘var’. For
example, solve (x+4 = 6, x) solves the
equation x + 4 = 6 for x.

o llaplace (F,s,t): This function
computes the inverse Laplace
transform of the expressionF =
F(s) with respect to the variable s at
the pointt. The inverse Laplace
transform can be done by a contour
integral in the complex plane. To
compute the direct Laplace transform,
it can be used ‘Laplace’.

o Heaviside(x): Heaviside (x) returns the
valueOforx < 0,1forx > O,
and 1/2 for x = 0. The function
‘Heaviside” returns one of these
values: 0,1, or% depending on the
argument value. This function returns
floating-point results if the argument is

a floating-point number (not a
symbolic object). The
function Heaviside (x) returns 0 when
x<0.

o  Pretty(X): The function

‘pretty(X)’ print the symbolic output
of X in a format which is resembled
type set mathematics.

e ezplot(fun,[xmin,xmax]): The Easy to
plot  functions ‘ezplot (fun,
[xmin,xmax])’ is used to plot function
(x) with xmin < x < xmax.

3. IMPLEMENTATIONS
ANALYSIS RESULTS

For examples of our interested area, the

Laplace transform method is to be applied for:

o Initial value problem of homogeneous
ODE.

e Initial wvalue problem of

homogeneous ODE.

e Unit step function (Heaviside) ODE.
The main Contribution of our research was
carried out in this article. By calculating,
implementation and analysis using MATLAB,
performances of three ODE problem are easily
solved. By this contribution, the authors hope

AND

non-
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it become fast to solve ODEs and effective
approaches of Laplace’s Transform are done.

3.1. Laplace Transform in
Homogeneous ODE

Firstly, we considered the initial value
problem of homogeneous ODE. All

considerations are based on basic Laplace
transform steps and as example, to solve the
following ODE using Equation (3):
y' =3y +2y=0,y(0)=-3y(0)=5  (p)
The calculation process can be simplified as
the followings:
y'—3y'+2y=0y(0)=-3,y'(0)=5
L(y) =3L(y) +2L(y) =0
YV —sy(0) —y'(0)— 3s¥ +3y(0) + 2V =0
¥Y(s?—3s+2)=14—3s

_ 14-3s 14— 3s

T s2-3s4+2 (s—1)(s—2)

14—3s A B

(s—lHS—ZT_s—l+s—2
14—3s=A(s—2)+B(s— 1)
Coefficients of s:4+B =-3
s —24-B=14—-A=-11,B=38
~y(t) = L7YY)

1 1
Y0 = -1 (=) + 87 (=)
s y(t) = —11e® + 8e™*
Fig.3 shows its plotting result that can be
analysed. The m-script to implement these
steps in MATLAB is also shown in this
Figure.

syms 8 t Y

£f=0;

F = laplace(f,t,s);

Y1 =38 %Y +3;

Y2 =35 * Y1 -5;

S0l = solve(Y2 - 3*Y1 +2*Y - F, Y);
sol = ilaplace(Sol,s,t);
pretty(Sol)

pretty(sol)
ezplot (sol, [0,10])
grid on, title('SCLUTION OF Homogeneous
xlabel('time'),ylabel('f(t)")
legend('laplace tr

ODE')

anaform')
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>> homogeniousl
38 - 14
2
s -3s8+2
exp(2 t) 8 - 11 exp(t)
« 108 SOLUTION OF Homogeneous ODE
I
5F |
J |
=3r
.1
i
. -
0 1 2 3 4 5 E; 7 8 9 10
time

Fig.3. MATLAB works for Equation (6)

3.2. Laplace Transform in Non-

Homogeneous ODE

Example of solving non-homogeneous initial
value problem can be considered with the
following ODE wusing Equation  3:
Y" + 4y’ 4 5y = 50t ¥(0) = 5y'(0) = -5 (7)
The calculation process can be simplified as:
Y" + 4y" + 5y = 50t,

y(0) = 5,y'(0) = —5.

Ly )+ 4L(y )+ 5L(y) = 50L(t)

%Y —sy(0) —¥'(0) + 4sY

1
—4y(0) +5Y = 50—
2

. 50
Y(s° +45+5) =—
2

_ 50+ 5s° + 1557
 s¥(s?+4s+5)

A B Cs+D

s s sj+j‘4s+5 i

50+ 55% +155° = As(s* + 45+ 5) +

B(s*+ 4s+5) +s*(Cs+ D)

Coefficients of s®: 4+ c=5-=Cc =13

s5©444B+D=15-D=37

sh:544+4B=0—2A4=-8

s:5B=50—=B=10
135 + 37
s2l44s4 5

+ 55+ 15

g8 10

s st
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_ _ 8,10 (s+2) 11
T s + = + j'3(;:+2)=+1 + (z42)%+1
~y(t) =L7HY)
y(®) = -8 (2)+ 10072 (3)

1 (s+2) -1 1
+13L (&+:P+1)+_11L {G+ZF+1}
A y(t)=—8+ 10t +13e ¥ cost + 11le Fsint

Fig.(4) shows the solving Equation (7)
calculation results and Graphical display in
MATAB.

syms s t ¥
£f = 50*t;
F = laplace(f,t,s):

Y1 =8 Y - 5; sy (0)
Y2 = s * Y1 + 5; ty' (0)=-5%

N

sol = ilaplace(Sol,s,t):
pretty(sol)
ezplot (sol, [0,10])

grid on,

title ('SOLUTION OF Non-Homogeneous QODE®
xlabel('time'),vlabel('£f(t)")
legend('laplace transform'

Sol = solve (Y2 + ¢4 * Y1 + 5 Y - F, Y):

>> Non_homogeneous

/ 11 sin(t) \
| cos(t) +
\ i3 /

10 t + exp(-2 t)

SOLUTION OF Non-Homogeneous ODE
100 F T T T v T v v v T 3
80 r //’ 1
/"
80 /,//
70+ it
7
60 e
= S0 A
= e
e
40F g
e
ks i
/’ g
20 F rai
,/l'
0 -
-
ok
L L L L L L
0 1 2 3 4 5 6 7 1 9 10
time

Fig.4. MATLAB works for Equation (7)

3.3. Laplace Transform with Heaviside
Function

It is needed to use the function ‘Heaviside’ for
the application of unit step function. The
considerations are done for the following
equation as an example:
v +9y =8sint f0<t<m0ift>m,
y(0)=0,y (0)= 4. (8)
The detail calculation process of mathematical
solving can be expressed as:
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v +9y =8sint f0<t<mOift>m,
y(0)=0,y(0)= 4
vy +9y =8sint [u(t—0)—u(t— )]
y +9y =8sint [1—u(t—m)]
y 4+ 9y =8sint 4+ 8sin(t —m)u(t — )
L[y + 9y] = L[8sint + 8 sin(t — m) u(t — )]
s*L(y) — sy(0) —y'(0) + 9L(¥)

8 Be™™

TPt P+ D

L(y)(s*+9) = ° 4 fe © +4
Y TS+l (2 + D)
8 + Be ™ 4

YO =i Deire) T2 50

The partial fraction expansion of Y(s)
given us

1 1 .
V=@ et I a5

1
y(t) = sint — 3 sin3t — sin(t — m)ul(t — )

1 4
— gsinE (3t— 3m)ult—m) + 3 sin3t

sint + sin3t, D<t<m
y(t) = 4
y(®) —sin3t, Tt
3
syms = ¢ ¥

£ =20+ ((8%3in(t))-0)*heaviside (t-0) 1+
{0-(B*=in(t))) *heaviside (t-pi):;
precty(f)

F = laplace(f,t,=):

Y1 s * Y - 0;

¥2 = * Y1 -4;

S50l = solve (Y2 +9%Y¥-F, ¥);

so0l = ilaplace (Sol,s,t);

pretcty(Sol)

pretctyi(sol)

subplot (211)

ezplot (£, [0:pi:5%pi])

grid on

subplot (212)

ezplot (so0l, [O:pi:5*pi])

grid on, title({'SCLUTICH CF CDE EBY Heaviside')
xlabel('time'),ylabel {"£(c) ")

legend('laplace transform')

Fig.5 shows calculation results and Graphical
display in MATAB for solving Equation (8).
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8 heaviside(t) sin(t) - 8 sin(t) heaviside(t - )

S ]

0 5 10 15
t
GRAPHIC DISPLAY OF SOLUTION OF ODE BY LAPLACE TRANSFORM

: f\ I N\ N N laplace transform |, |
"“I“-‘:"““‘I“‘\.“‘“““\‘I\'w\l\"

time

Fig.5. MATLAB works for Equation (8)

4. APPLICATION EXAMPLES OF
LAPLACE TRANSFORM

The previous solutions mentioned in above
mainly focus on the mathematical approaches.

But it can be proved with the real world
applications by the following examples of
Engineering Fields.

4.1. Laplace Transform Applied in
Mechanics

For the case of a particle P of mass 4 grams
moves on the X axis and is attracted toward
origin 0 with a force numerically equal to 16 X
and X = 10 is to be assumed as initial value. To
find its position at any subsequent time
assuming

(a) No other forces act,

(b) A damping force numerically equal to 8
times the instantaneous velocity acts.

X

0 P
Fig.6. Position of a particle P

The Solution for (a) is as follows:

e Choose the positive direction to the
right as shown in Fig.6.

e When X > 0, the net force is to the x
left (i.e. is negative) and must be given
by -16X.

e When X <0 the net force is to the right
(i.e. is positive) and must be given by
-16X.

e Then by Newton's law, F= ma.
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-

dt?
TE T =0 ©
This mechanics system is a homogeneous
ODE and the initial point is at 0 position, then
x(0) =10, x'(0)=0
Now, applying the Laplace transform,
L(x")+4L({x)=0
s*X —sx(0)—x"(0) +4X =0
X(s*+4)=10s

10s

5244
After simplifying, by Laplace Inverse
Transform, it can get:
=~ x(t) =10 cos 2t
The solution for (b) can be calculated as
follows:

e When X >0 and dX/dt > 0, P is on
the right of 0 and moving to the
right.

e Then the damping force is to the
left (i.e. is negative) and must be
given by -16 dX/dt.

e Similarly when X < 0 and dX/dt <
0, P is on the left and moving to the
left so the damping force is to the
right and must also be given by -16
dX/dt.

e The damping force is also -16
dX/dt for the cases X > 0, dX/dt <
0and X <0, dX/dt > 0.

The homogenous ODE becomes

-

4

= —16X

dX
+16—+ 16X =10

4
dt? dt

X + 4':“ +4X=0

dt? dt B (10)

With the initial values:

x(0) =10, x'(0)=0

The Laplace Transform:

Llx )+ 4L(x)+4L(x) =0

52X —sx(0) — x'(0) + 4sX —4x(0) +4X =0

¥ = 40+ 10s 40 +10s
sP+4s+4  (s+2)°

40+ 10s A N B

(s+2) s+2 (s+2)°

404+ 10s=A(s+2)+B

Coefficients of

st:A =10
s:244+B=40-EF =20
The Laplace Inverse Transform:
wox(t) = L7HX)
1
t) = 1DL‘1(—) + an‘l(
x(t) s+2

=~ x(t) = 10e™ 4 20te™*F

o)

4.2. Laplace Transform Applied in
Automatic Control

Suppose that servomechanism of a missile M
is tracking down enemy aircraft as shown in
Fig.7. If at time t the enemy turns through
some angle @(t), the M must also turn through
this angle, if it is to be catch with and destroy
it. Some steering mechanism to produce
required turns, but since the missile is must be
accomplished  automatically. In  this
application, let us assume that the desired
angle of turn as indicated by the radar beam is
at. Also let 0(t) denotes the angle if turn of the
shaft at time t. Because the things are
happening so fast we must except to have an
error between two.

Radw Waeres ftom
Lanching Pane

R

-
v

Fig.7. Enemy Aircraft Tracking Missile

Error = 0(t)-at. (11)
If the error is small the torque needed will be
small. So that requires torque is proportional to
the error

Torque: If:—rf (12)
Since torque is directly proportional to error:
!d:q [2(t t]
K —_

d;j [: ] o

d°q
I— = —K[6(t) — at] whereK = 0

dt? (13)

With initial values:
6(0)=0,8'(0)=0
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The solution using Laplace transform of

Non-homogeneous ODE gives:
K o<

L] =+ l——%l
I 2f2 1 K

g (.S‘ + T)

Then, by applying Laplace

Transform, the final solution is:

||? - |IE
—sin( (— t)
VKOOI

Inverse

B(t) = t—ox

5. CONCLUSIONS

Laplace transforms have become an integral
part of modern science, being used in a variety
number of different disciplines. In this paper,
Laplace transform are applied for solving ODE
examples. Then, MATLAB program are used
to programming Laplace transformation for
initial value problem, second order ODESs with
constant coefficient. MATLAB function are
constructed, this estimates exact solution in
less than a second, which makes easy and
useful for researcher, and generates the graph
of exact solution. MATLAB program is
possible to simulate the Laplace transformable
equations directly which has made a good
advancement in the research field. The main
analysis results show that our contribution
“Laplace Transform for ODEs” can overcome
the complex mathematical solutions using
computing software, MATLAB by the help of
understanding its implementation processes.
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CIRCULARLY-POLARIZED SQUARE
PRINTED MONOPOLE ANTENNA
WITH WIDE BANDWIDTH AND
SIMPLE CONFIGURATION
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ABSTRACT

This paper proposes a square printed monopole
antenna with wideband circular polarization and
a simple structure. The square monopole patch is
fed by a microstrip line which is offset from the
center to generate two electric fields with equal
amplitude and 90° phase shift required for
circular polarization. In addition, for a wideband
circular  polarization  performance, the
placement of the simple rectangular-shaped
ground plane with respect to the microstrip feed
line and the square patch is optimized. Simulated
fractional bandwidth (10-dB return loss with 3-
dB axial ratio) of 60% (1.69 — 3.14 GHz) is
achieved.

KEYWORDS
Square monopole antenna, Printed monopole
antenna, Circular polarization, Wideband

antenna, Simple configuration

1. INTRODUCTION

Circularly-polarized (CP) antennas are
preferable to linearly-polarized (LP)
antennas because, in addition to having the
ability to receive a nearly-fixed signal power
irrespective of the antenna position, CP
antennas are less susceptible to the Faraday
rotation effect and the fading effect than LP
ones [1]. Over a few decades, microstrip
antennas have been desirable in microwave
communications because of ease of
implementation, small size and light weight
[2]. Among different realizations of
microstrip antenna, printed monopole
antenna is a popular one because of its wide
bandwidth performance. Therefore,
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researchers have paid attention to wideband
CP printed monopole antennas. A
microstrip-fed CP rectangular monopole
antenna is proposed in [3] and broadband
operation is achieved by asymmetric feeding
technique and by introducing a slitand a stub
in the ground plane. In [4], a tilted
rectangular monopole antenna  with
asymmetric feed and the modified ground
plane is designed for wideband circular
polarization. A printed square monopole
antenna in [5] enables a wideband circular
polarization through asymmetric feeding of
hemicycle ground plane with respect to the
square monopole. Although all these
antennas achieve wideband CP operation,
their configuration is fairly complex. To the
best of author’s knowledge, there has been
no report in the literature for a wideband CP
printed square monopole antenna with a
simple ground plane structure. Therefore,
this paper sets out to propose a square
printed monopole antenna having wideband
CP operation and a simple configuration.
Then, performance of the proposed antenna
is compared with the above-mentioned
published antennas. All simulations are
carried out using FEKO software.

2. ANTENNA DESIGN

Figure 1 illustrates the design procedure of
the proposed printed sqguare monopole
antenna. The conventional square monopole
antenna (Ant.1) cannot produce two 90°
phase-different electric fields and thus
circular polarization is not possible with this
configuration. Then, in order to enable
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circular polarization, the antenna (Ant.2) is
asymmetrically fed (offset feeding). Figure 2
depicts the axial ratio performance which
characterizes circular polarization property
of the antennas. As seen in Figure 2, 3-dB
axial ratio of Ant.2 becomes better than that
of Ant. 1. However, its bandwidth is narrow.
Finally, in Ant.3, by properly arranging the
placement of the ground plane with respect
to the square monopole and the microstrip
feed line, wideband axial ratio performance

is obtained.
)
Ant.1 l Ant.2

Ant.3

Figure 1. Design Procedure of the Antenna

wn
=

840
2 —-Ant.1
£30.,, mAnt.2
3 " —Ant.3
&0
E ",
# *
<10 A e
I -
1 1.5 2 25 3 35 4
Frequency (GHz)

Figure 2. Axial Ratio Comparison of Three
Antenna Configurations

The geometry of the proposed Ant.3 is
shown in Figure 3. The square printed
monopole antenna of length L is fed
asymmetrically by the 50Q-microstrip line
of width w. The feed line is positioned at a
distance p from the center of the square
patch. The square patch and the microstrip
feed line are laid on the top layer of the FR-
4 (flame retardant) dielectric substrate
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material having thickness of 1.6 mm,
dielectric constant of 4.4 and loss tangent of
0.02. The ground plane of length C lies on
the bottom layer of FR-4. There is a gap g
between the two edges of the patch and the
ground plane. The left and right side of the
ground plane are placed at a distance of B
and A respectively from the center of
microstrip feed line. The overall size (area)
of the antenna is U x V.

u

-« L &

<1— square monopole

l by e

[——

\Y p $ T
feed | T
line ground plane C
—] |
] w
-—B— A

Figure 3. Antenna Geometry

Initial design equation for the square
monopole is [6]:

_0.75%3x10°

yer ~ 23 mm (D

where fo is the center frequency of the
bandwidth being 2.415 GHz. However,
when the designed antenna is simulated by
FEKO software, due to the finite substrate
simulation in FEKO, the optimized value of
L is finally adjusted or tuned to be 22 mm
instead of 23 mm. The width w of the 50Q-
microstrip feeding line [7] can be designed
as follow:

_dx 8 xexp(A)
~ exp(RA) =2

Z e +1 e —1 0.11
where A = p / —+ T (0.23+ N )and
Z =50 Q, d = 1.6 mm (thickness of FR-4)
and e = 4.4 (dielectric constant of FR-4).
From Equation (2), w is taken as 3 mm in

FEKO simulation. Dimensions in millimeter
scale of the antenna are described in Table 1.

—3.06mm  (2)
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Table 1. Dimensions (mm) of the Antenna

UJ70] g 2] C 26
V | 50 | p | 55| B | 205
L | 22 | w | 3 | A |495

3. PRINCIPLE OF CIRCULAR
POLARIZATION

Surface electric current distributions at four
time instants are discussed in this section to
prove circular polarization property of the
proposed antenna. Simulated current
distribution at four time instants at wz = 0°,
90°, 180° and 270° for 2.36 GHz frequency
is illustrated in Figure 4 (a) — (d). At w? =0°,
electric currents at the right side of the
ground cancel each other and currents at the
square patch and the left side of the ground
which flow to the bottom-left direction
produce radiation. At wt = 90°, all the

currents at the square patch and the ground
which flow to the bottom-right direction are
the sources of electric field radiation.

0.0
-8.0
16.0
-24.0
-32.0

-40.0
-48.0

Figure 4. Surface Current Distribution
(dBA/m) at 2.36 GHz

Surface current distribution at w¢ = 180° is
the reverse of wt = 0°. Similarly, electric
currents at wr = 270° is also the reverse of w¢
= 90°. Therefore, it is obvious that electric
field rotates with time in counter clockwise
direction and a right hand circularly
polarized (RHCP) wave is generated in the
positive z direction. On the other hand, a left
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hand circularly polarized (LHCP) wave is in
the negative z direction.

4. PARAMETRIC STUDIES

Parametric studies on the feed position (p),
the ratio of the right width to the left width
of the ground plane (A/B), the gap between
the patch and the ground (g) and the square
patch length (L) are carried out to tune the
desired antenna performance (higher than
10-dB return loss and lower than 3-dB axial
ratio). Simulated return loss and axial ratio
by changing various feed positions p are
depicted in Figure 5 (a) and (b). As p is
moved farther away from the center, return
loss performance gets better. However, for
3-dB axial ratio bandwidth, it becomes the
widest at p = 6.5 mm.

=

Return Loss (dB)
]
=

1 1.5 2 2.5 3 35 4
Frequency (GHz)

() Return Loss

18
=-p =0 mm
15 \ —p = 6.5 mm
ey = 9.5
12 p=9.5mm

Axial Ratio (dB)

2 25 3 35 4
Frequency (GHz)

(b) Axial Ratio

—
—
wm

o W o e
P
N,
N\
hY
AY

Figure 5. Simulated Return Loss and Axial
Ratio for Different Feed Positions p (Other
parameters are the same as Table 1.)

The ratio of the right width to the left width
of the ground plane (A/B) is also the
important tuning parameter. As illustrated in
Figure 6 (a) and (b), the larger the A/B ratio,
the better the return loss performance. In
terms of axial ratio, A/B = 2.41 gives the
widest bandwidth. Figure 7 (a) and (b) shows
return loss and axial ratio performance by
varying different gaps g. The gap ¢
influences return loss impedance matching
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and fairly affects the axial ratio bandwidth.
For both cases, the optimum condition is g =
2 mm. Simulated return loss and axial ratio
performance for various square patch
lengths L are depicted in Figure 8 (a) and (b).
Obviously, increasing the length L decreases
the resonant frequency and vice versa. For
axial ratio, increasing L flattens the axial
ratio bandwidth. Therefore, it is found that
the widest bandwidth satisfying both 10-dB
return loss and 3-dB axial ratio is achieved
atL =22 mm.

=

—_
=

=-A/B=1.98
—A/B =241
==A/B = 3.83

Return Loss (dB)
[ 3
= =]

1 15 2 25 3 35 4
Frequency (GHz)

(a) Return Loss

9 % |—=-A/B=1.98
) —A/B =241
36 B +A/B =3.83
2 %
=
=1
&
=3
=
<

0

1 15 2 2.5 3 35 4
Frequency (GHz)
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Figure 6. Simulated Return Loss and Axial
Ratio for Different A/B ratios (Other
parameters are the same as Table 1.)
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Figure 8. Simulated Return Loss and Axial

Ratio for Different Square Patch Lengths L

(Other parameters are the same as Table 1
except for V)

5. RESULTS AND DISCUSSIONS

Drawing of the antenna geometry and
parameter declarations is performed in
FEKO as shown in Figure 9.
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Figure 9. Drawing antenna geometry in
FEKO

After the entire antenna geometry has been
formed, simulation is performed in FEKO as
depicted in Figure 10. Figure 11 (a) and (b)
illustrates the optimized return loss and axial
ratio respectively of the proposed antenna.
Starting from 1.65 GHz and higher, the
antenna exhibits return loss higher than 10
dB. From 1.69 GHz to 3.14 GHz, the axial
ratio of the antenna is lower than 3 dB.
Therefore, wide simulated bandwidth (10-
dB return loss with 3-dB axial ratio) of 60%
(1.69 — 3.14 GHz) is achieved in this
research. Figure 11 (c) depicts the gain
performance of the antenna. Approximately,
the gain of 1.75 dBi is obtained between 1.69
GHz and 3.14 GHz.

Figure 10. Simulation running status in

FEKO
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Figure 11. Optimized Results of the
Antenna

(b) 3.14 GHz

Figure 12. Normalized Radiation Patterns
(solid: RHCP, dashed: LHCP, unit: dB)

Simulated radiation patterns at 1.69 GHz and
3.14 GHz are shown in Figure 12 (a) and (b)
respectively for both x-z plane and y-z plane.
Radiation patterns clearly indicate that
RHCP is generated in the positive z direction
and LHCP in the negative z direction.
Performance comparison with the reference
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antennas is described in Table 2. For
simulated fractional bandwidth (10-dB
return loss with 3-dB axial ratio), this
antenna has the widest bandwidth with 60%.
Furthermore, in terms of the electrical size
(area), this antenna is the smallest one with
0.227 Ao®> where Lo is the free-space
wavelength which corresponds to the center
frequency of the fractional bandwidth.

Table 2. Performance Comparison

Fractional Electrical
Bandwidth Size
Ref [3] 39% 0.231 A?
Ref [4] 54.8% 0.378 Ao?
Ref [5] 56.2% 0.334 A¢?
This 60% 0.227 Ao?
Antenna

6. CONCLUSION

In this paper, a wideband and simple printed
monopole antenna with a square shape was
designed for circular polarization. The
antenna was based on the asymmetrical
arrangement of the feed line, the patch and
the ground plane. Wide simulated bandwidth
covering both 10-dB return loss and 3-dB
axial ratio of 60% (1.69 — 3.14 GHz) was
obtained. Performance comparison with
other reference antennas was made and it
was found that the proposed antenna had the
widest bandwidth, the smallest size and the
simplest structure. This antenna is suitable
for wireless communications with circular
polarization over 1.69 — 3.14 GHz band.
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As the limitation, since this is the printed
monopole  type, it cannot radiate
unidirectional pattern. It radiates to both top
and bottom sides of the antenna and hence its
gain becomes lower. As for the future work,
size reduction and more bandwidth
enhancement might be carried out.
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ABSTRACT

Population projection for the region or state is
one of the most important activities and it
provides future estimation of population sizes
needed by policy makers and planners. To
project the future population, we need to
examine the influence of demographic
components, such as birth rate, death rate and
migration of population of a region. Normally,
censuses are carried out for every one decade.
So, in this paper, the population of Kachin State
is projected for the next one decade (2021 to
2030) using two mathematical models, namely,
the Logistic Growth Model (LGM) and Method
of Least Square (MLS). The population history
of Kachin State from 1983 to 2013 is used by
referring the 1983 Myanmar Population and
Housing Census (1983 MPHC). On the other
hand, the actual and projected population from
2014 to 2030 is referred to the validated results
of the 2014 MPHC. Moreover, the accuracies of
the projected results of two models are
compared with results from 2014 MPHC using
Mean Absolute Percentage Error (MAPE). The
objective of this paper is to analyze previous
data, compare the population models and
project for the population of Kachin State for
next decade.

KEYWORDS

Carrying capacity, Logistic growth model,
Method of Least Square, MAPE.

1. INTRODUCTION

Kachin State is the third largest in
Myanmar with an area of 89041.8 km?, it
covers 13% of Myanmar’s area and CONSists
of 5 districts and 19 townships. The capital

hnu7065@gmail.com,
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city is Myitkyina. The population is 1.6
million (3.3% of country’s population),
with population density 18.9 person per
Km?[1]. Kachin State is the northernmost
state of Myanmar and bordered by China
and India, and bounded by Sagaing Region
and Shan State [2]. As population history,
there were only three censuses (1973, 1983,
and 2014) carried out in Myanmar. By
studying the previous censuses data, the
total populations of Kachin State were
737939 in 1973, 904794 in 1983, and
1689441 in 2014. The population of Kachin
State has increased from 22.6 percent in
1983 to 86.7 percent in 2014 [3]. The
population rank is 10" among other States
and Regions. In this case, the mathematical
and statistical analysis and projection for
State’s population is very important for
development because the population size in
a region directly influence the situation of
economy, policy, culture, education,
environment and natural resources [4].

This paper is arranged as follows: firstly, in
section 2, historical population and
resources for projection methods are
explored. Then derivations for two
population growth models are introduced.
Again, in section 3, the projected results
and discussion for accuracy of two models
are presented and finally, this work is
concluded in section 4.

2. HISTORICAL POPULATION AND
METHODOLOGY

It is important to know the population
growth rate, historical and present
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population to forecast future population
sizes of a given Region or State. In this
paper, the historical and predicted
populations are explored from the 1983
MPHC [5] and the 2014 MPHC Report
Vol.3-A [3] and Census and Economic
Information Center (CEIC) data website

(6].

Table 1. Historical Population of Kachin
State from 1983 to 2020

Year | Population | Year | Population
1983 930264 2002 1430352
1984 955680 2003 1454066
1985 981574 2004 | 1477439
1986 1007875 | 2005 1500518
1987 1034508 | 2006 | 1523148
1988 1061415 | 2007 | 1541196
1989 1088146 | 2008 | 1558815
1990 1114686 | 2009 | 1581820
1991 1141042 2010 1600766
1992 1167050 | 2011 | 1621060
1993 1192713 2012 1642767
1994 1218804 | 2013 1665956
1995 1245296 | 2014 | 1730222
1996 1272163 2015 1762901
1997 1299375 | 2016 | 1796122
1998 1327003 2017 | 1829848
1999 1353943 2018 1864045
2000 1380199 | 2019 1898678
2001 1405702 2020 1933705
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Figure 1. Historical Population of Kachin
State from 1983 to 2020

In this work, the 1983 MPHC is used to
explore the historical population from 1983
to 2013 and for the previous population
from 2014 to 2020, the 2014 MPHC [3] is
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referred. The population of Kachin State is
gradually increased year by year. This is
because of infant mortality rate and under-5
year mortality rate are lower than the Union
level. On the other hand, life expectancy is
higher than the Union level. A person in
Kachin State lives on average until the age
of 68.9 years, and it is higher than the
Union life expectancy of 66.8 years.
Moreover, Kachin State is enriched in
natural resources and the weather is good in
nature. The 2014 Census results show that
64% Kachin State population live in rural
areas while 36% live in urban areas [3].
Kachin State has the second highest
proportion of urban population compared to
other States/Regions.

2.1. Related Works

There are many works that related current
research. Some of them are Mallick studied
the population trend and commented that
the possibility of zero population growth in
1980. Again, Kabir and Chowdhury
investigated the relationship  between
population growth and food production in
1982. Then Beekman (1984) developed
exponential growth models and models
utilizing a Markov chain to reflect lower
birth rates caused by rural-urban movement
etc.

2.2. Problem Definition

Kachin State population is round about 1.4
million at the end of 20th century.
According to the 2014 MPHC, population
of Kachin State is over 1.7 million. A
projection of population may be defined as
a prediction of a future population based on
the past and present data. The results from
population  census and  population
projections are able to be applied for
planning of future social security and
Medicare obligations, determining of future
water demands, estimating of the needs for
new public schools and predicting the
demand for housing [6].

2.3. Models Development

There are several methods and techniques
to carry out population projections and the
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choice of method depends on the
availability of key data [7]. In this paper,
the most successful models for estimating
the growth of population, namely, Logistic
Growth Model and Method of Least Square
are applied to estimate the future population
size of Kachin State as a case study.

Logistic model was considering limitation
of resources so that the population is always
less than some number known as carrying
capacity. Least Square Method is required
to determine the parameters by minimizing
the sum of squared residuals. Mean
Absolute Percentage Error (MAPE) is used
to compare the accuracy of the projection
results of these two models [8].

2.3.1. Logistic Growth Model

Verhulst, a mathematician from Belgium,
proposed Logistic model in the 1840s and
this model described the population growth
of a Country/State/Region does not only
depends on the population size but also on
how far this size is from its maximum limit
of that places. The logistic growth model
can be stated as follows
ar P(l P) L

dr K M
where r,K >0, and K is the maximum
number of population, also known as
carrying capacity. And r is the growth rate
that denotes the difference between its birth
rate and death rate. The values of r and %

are called vital coefficients. The solution of
the differential equation (1) can also be
solved as follows;

dP

m = rdt
K

P(t) K _rt
fPo PP dP = [ rdt

flf;“) +-=|dP = [, rat.
Simplification yields,
POK=P) _ r¢
Po(K~P(D))
Rearrangement gives,
K
T ?

Po

P(t) =
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Taking a limit of (2) gives carrying
capacity,

Brax = Ill_l}(}op(t)

— i K
— Mee | E )
0

= K = Carrying capacity

To determine the parameters r and K,
suppose that the values of P, are
Prand P,pattime t =t, =0, t =T and
t = 2T respectively. From (2),

1 1 T
—[1-e]=—- 3
gli—eM=p-5- G
1 1 e
—_1 = 21T — _—_ _ ]
gll-e?T=p-——F—. (b
By dividing (3b) to (3a) gives
— PO (PZT - PT)
S P =By )
ZT( T 0)
This implies that, if 0 < 2f2r=Pr) o ¢
P, (PT—Po)
then
= L1y (PoPar—Pr)
r=gln (PZT(PT—PO))'
By direct substitution into (3) yields;
Py (PoPy — 2Py Py + PrP.
K = T(OT2 04 2T TZT) (5)
PT - POPZT
Logistic model originated from

observations of biological re-production
process.

2.3.2. Method of Least Square (MLS)

Adrien-Marie  Legendre  (France-1805)
introduced this model. The method of least
squares is a well-known algorithm in
regression analysis [9]. It is also the most
important application in data fitting. It
involves minimization of sum of squared
residuals. For given data (to, Py),
(ty,P1), ..., (ty—1,Py_1), then the error
associated with P(t) =at; +b may be
defined as follows:

n—1
E(ab) = Z(Pi —(at; +b))°. (6)
i=0

For n — 1 times the variance of the data set
{Py — (aty + b), (Po_y — (atp_q + b))}
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The goal is to determine the value of a and
b by minimizing the error. Applying the
concept of Calculus,

0E OE

da  db
Differentiating E from (6) with respect to
a and b yields,

OE n—-1
3 = 2 Z(Pi — (at; + b)) (—t;)
W70

0E

5= ZZ(;(Pl — (at; + b))
o0E o0E

Since T 0, then
n-—1

Z(Pi — (at; + b)) (~t) = 0
i=0

n-1
i=0

By rearrangement it gives

|(<1§(ti)2> a+ (nz_f ti> b= nz_:l Pit;

i i=0 i
i=0

=0
n—1 n—1

We have obtained that the values of a and b
which minimize the error easily. After
determining constant values a and b, the
estimation for required population can be
done by using the formula with variable t;;

P(t) = at; + b. (8)

2.3.3. Mean Absolute Percentage Error
(MAPE)

MAPE is to measure the accuracy in
prediction of population as a percentage,
and is defined by the formula:

At—P¢
At

MAPE =~ ¥, x 100 %

where A; is the actual population and P; is
the projected population of respective time
(years). The summation is for absolute
value of each and every projected point in
time and divided by the number of years
that we consider in projection process as a
fitted point n. The total sum is multiplied by
100% and so it is called percentage error.
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This error cannot be evaluated without
actual population because it can only be
calculated by using the actual population
and projected population for each year.
MAPE is used to compare for the accuracy
of projection models. The smaller MAPE
percent means the better accuracy of
projection model [8].

3. RESULTS AND DISCUSSION

Logistic growth model and method of least
square are used to project future population
of Kachin State. Logistic model is required
to find carrying capacity and least square
method is needed to determine the values of
a and b coefficients for predicting future
population.

3.1. Carrying Capacity for Logistic
Growth Model

Carrying capacity for the human population
of a State is the maximum number of
people who can live using the resources
available from that State. It is not a fixed
number and it depends on available
resources and per capita consumption. If the
number of people exceeds over carrying
capacity, the population declines because its
environment can no longer support the
excess numbers of population [10]. The last
three consecutive actual populations should
be used to obtained possible maximum
population (carrying capacity) of the State.
Hence, in this work, we used t = 0 in year
2018 as Py, t =T in year 2019 as Py,
and t = 2T in year 2020 as P,y . The
populations of these three years are
1864045, 1898678  and 1933705
respectively. The maximum number of
population that people can live in Kachin
State can be estimated using (5),

_ Pr(PyPr — 2PyPyr + PrPyr)

PTZ - POPZT

_3.1861735 x 10'°

T 465010959
= 6851824 people.
From (4),

v _ PoPar —Pr) _ 6.52919042
Pyr(Pr —Py)  6.697000527
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= 0.9749.
The values of vital coefficients are
rT = —1n(0.9749) = 0.0254 = 2.54%.

Then the logistic growth model for
projected population (2), is

. 6851824
= 6851824 -
1+ ( 1581820 1) (0.9749)

For 2009 population, t =0 in above
formula, we obtained,

P(0) - 6851824
= 6851824 ;
1+ (—1581820 _ 1) (0.9749)

= 1581820 people.

Similarly, by inserting various values of t
=1,2,..,21, the projected populations
from 2009 to 2030 can be obtained for
respective years and can be seen in Table 2.

3.2. Determination of Parameters for
Method of Least Square

In projection process the population of
Kachin State from 2009 to 2020 are used to
determine each term of (7) as follows:

21 (t)? =3311, Y&t =231,
211=22, Y21 P, = 42235933,
21 Pit; = 474463527,
Equation (7) becomes
3311a + 231b = 474463527
231a + 22b = 42235933.
Simplifying two equations two unknowns,
a =34992 and b = 1552389.

Then the population projection model for
Least Square Method from (8) yields,

P(t) = 34992 t; + 1552389. 9)

The best fit values of a and b are obtained
and by substituting the values of ¢; in (9)
which are 0,1,2,3,...,21 , projected
population for Least Square Method can be
obtained for respective years from 2009 to
2030 and listed in Table 2.

3.3. Comparison and Recommendation
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Two mathematical models have been
applied to project the population of Kachin
State from 2021 to 2030. The 2014 MPHC
and CEIC estimates results are used for
reference data. Moreover, the projected
populations from the 2014 MPHC and two
mathematical models have also been
compared visually by using vertical bar
graph in Figure 2. Population density
estimated by two projection models and the
2014 MPHC forecasted results have been
listed in Table 3 and visualized by Figure 3.

Table 2. Actual and Projected Population of
Kachin State

2014 Projected Population
MPHC

vear (Actuall Logistic | Method

Projection) growth of Least
model Square

2009 1581820 1581820 1552389
2010 1600766 1612958 1587381
2011 1621060 1644519 1622373
2012 1642767 1676499 1657365
2013 1665956 1708897 1692357
2014 1730222 1741711 1727349
2015 1762901 1774937 1762341
2016 1796122 1808573 1797333
2017 1829848 1842615 1832325
2018 1864045 1877059 1867317
2019 1898678 1911901 1902309
2020 1933705 1947137 1937301
2021 1969048 1982761 1972283
2022 2004666 2018770 2007285
2023 2040510 2055155 2042277
2024 2076531 2091913 2077269
2025 2112673 2129037 2112261
2026 2148855 2166519 2147253
2027 2185012 2204354 2182245
2028 2221078 2242533 2217237
2029 2256988 2281048 2252229
2030 2202682 2319892 2287221

MAPE 0.972% 0.517%
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Figure 2. Comparison of Results by Two
Projection Methods with 2014 MPHC

3.4. Comparison of Population Densities

The population density (PD) of a
State/Region is the population of each year
per total area of the State as follows;

_ Population
" Total Area of the State’

For instance, PD of logistic model in 2021
is

1982761
©89041.8

Similarly, PDs of 2014 MPHC and MLS
can be calculated for each year and listed in
Table 3.

22.2.

Table 3. Predicted Population Density of
Kachin State

Population Density

Year

N? |(:J’|l-|4c; Logistic MLS
2021 22.1 22.2 22.1
2022 225 22.6 225
2023 22.9 23.0 22.9
2024 23.3 234 233
2025 23.7 239 23.7
2026 241 24.3 24.1
2027 24.5 24.7 24.5
2028 24.9 25.1 24.9
2029 25.3 25.6 25.2
2030 25.7 26.0 25.6
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Figure 3. Comparison for Population
Densities of Kachin State

Actually, the results that obtained by two
projection methods are not big different.
But, according to the percentages of MAPE
in Table 2, Method of Least Square gives
the more accurate projection results than
Logistic Growth Models. Based on the
above comparison of results, it is
recommended that the Method of Least
Square provides a good projection result for
coming one decade (ie., 2021-2030).
Kachin State is one of the developing States
and the State government should try to
develop the region in various sectors, such
as health care, education and
industrialization etc.

3.5. Comparison of Errors for Two
Models

The errors for the two population growth
models can be calculated year by year using the
MAPE formula. But, in this case, we consider
only for each year and not for mean of total
years. Hence total number of years n and
summation sign are left out from MAPE
formula. Then absolute Percentage Error (APE)
becomes

A, —P
APE = [—*

X 100 %.

t

For example, the error % of logistic model in
2021 is

1969048 — 1982761
1969048

= 0.69%.

APE = | | X 100%
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In the same way, the error percent of each year
for logistic model and MLS can be found and
listed in Table 4.

Table 4. Comparison of Errors for Two

Projection Models

Year Error (%)
Logistic MLS
2021 0.69 0.16
2022 0.70 0.13
2023 0.71 0.09
2024 0.74 0.04
2025 0.77 0.02
2026 0.82 0.07
2027 0.88 0.13
2028 0.96 0.17
2029 1.05 0.21
2030 1.17 0.24

From this Table, we can also see obviously the
method of least square (MLS) provides more
accurate results than logistic model.

4. CONCLUSIONS AND FUTURE
WORKS

Based on the actual populations from the
2014 MPHC, estimated populations from
CEIC data and estimated populations from
2021 to 2030 by the two population
projection models have been projected and
visualized by using XY scatter graphs.
Method of Least Square (MLS) forecasted
projected Kachin State’s population to
2287221 in the year 2030 with a MAPE
0.517% while Logistic Growth Model
projected the population of Kachin State to
2319892 in the year 2030 with a MAPE
0.972%. According to the MAPE percent, it
can be concluded that Method of Least
Square gives more accurate results than
Logistic Growth Model. The population
density of Kachin State will be 26 people
per km? in 2030.

As the future works, the applications of two
population models can also be extended to
predict the growth rates of some population
dynamics such as colonies of bacteria,
animal populations, and other biological
species with constrained or unconstrained
resources. Decaying of radioactive
substances and other  monotonically
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decreasing processes can be estimated.
Other sectors with dynamic populations
such as policy, culture, education, industrial
and environmental management can also be
applied by these models. In this paper, we
have emphasized the manual calculation
results for projection process and in order to
achieve the best accuracy of the projection
results, one of the computer programming
languages such as MATLAB, C** or Python
can be applied with the above two
projection models.
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ABSTRACT

Data confidentiality and authentication are
normally  provided using  cryptographic
techniques. Cryptography is either based on
symmetric keys or asymmetric keys. There are a
variety of different types of encryption methods,
they can be classified according to the way in
which the plaintext is processed (which can be
either stream cipher or block cipher), or
according to the type of operations used for
transforming plaintext to ciphertext. This system
intends to analyse and implement the symmetric
cryptographic algorithms Data Encryption
Standard (DES), Advanced Encryption Standard
(AES), and Triple Data Encryption Standard
(3DES). Based on implementation and study,
runtime comparison between the symmetric
cryptosystems has been made.

KEYWORDS
Symmetric Key Cryptography, AES, DES, 3DES

1. INTRODUCTION

Cryptography is a tool that can be used to
keep information confidential and to ensure
its integrity and authenticity. While
cryptography is the science of securing
data, cryptanalysis is the science of
analyzing and breaking secure
communication  Classical cryptanalysis
involves an interesting combination of
analytical ~ reasoning, application  of
mathematical tools, pattern finding,
patience, determination, and luck.
Cryptanalysts are also called attackers.
Cryptology embraces both cryptography
and cryptanalysis [1].

Cryptographic algorithms can be divided
into symmetric-key algorithms and public-
key algorithms. Symmetric-key algorithms
mangle the bits in a sequence of rounds
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parameterized by using the key to flip the
plaintext into the ciphertext. Cryptographic
algorithms can be divided into symmetric-
key algorithms and public-key algorithms.
Symmetric-key algorithms mangle the bits
in a sequence of rounds parameterized by
using the key to flip the plaintext into the
ciphertext. Triple DES and AES are the
most famous symmetric-key algorithms at
present. These algorithms can be used in
digital code e book mode, cipher block
chaining mode, stream cipher mode,
counter mode, and others [2].

Public-key algorithms have the property
that distinctive keys are used for encryption
and decryption and that the decryption key
can't be derived from the encryption key.
These properties make it possible to publish
the public key [3]. This paper analyses and
studies  between the most popular
symmetric cryptographic algorithms such as
data encryption standard, advanced
encryption standard and triple data
encryption standard. Based on analyse and
by doing experiment, runtime comparison
between the symmetric cryptosystems have
been made [4].

This paper is organized with five sections.
The first section is introduction of the
system. Section two explains symmetric
algorithms used in this paper. Section three
describes the implementation of the system.
Experimental result is explained in section
four. Finally section five includes
conclusion of the system.

2. SYMMETRIC ALGORITHMS

The Symmetric algorithms use the same
key for encryption and decryption while
asymmetric algorithms use a different key
for encryption and decryption, and the
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decryption key cannot be derived from the
encryption key. Symmetric algorithms can
be divided into stream ciphers and block
ciphers. Stream ciphers can encrypt a single
bit of plaintext at a time, whereas block
ciphers take a number of bits (typically 64
bits in modern ciphers), and encrypt them
as a single unit. There are many
cryptographic algorithms [4]. This paper
analyses and studies three of the most
common symmetric algorithms AES, DES

=
P

encryption
plaintext

Figure 1. Symmetric Encryption [1]

plaintext

ciphertext

2.1 Advanced Encryption Standard
(AES)

EXPAND KEY

A A y
ADD ROUND KEY —‘ w[0.3)
=
v
I Add Round Key I‘——l W41 4i+3] J
4— Round 10
Add Round Key

Figure 2. AES Encryption and Decryption
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The Advanced Encryption Standard (AES)
is formal encryption method adopted by the
National Institute of Standards and
Technology of the US Government, and is
accepted worldwide. The algorithm can use
a variable block length and key length; the
latest specification allowed any
combination of keys lengths of 128,192, or
256 bits and blocks of length 128, 192, or
256 bits [5, 7]. This system is implemented
of key length 128 bits. Figure 2 shows the
overall structure of AES.

2.2. Data Encryption Standard (DES)

DES encrypts and decrypts data in 64-bit
blocks, using a 64-bit key although the
effective key strength is only 56 bits, as
explained below. It takes a 64-bit block of
plaintext as input and outputs a 64-bit block
of cipher text [4, 6].

| Tnput (54 bits) |

C Initial P:::Lttatia: )

=

ofe——— ——

=

=

| Rz = LiROR fR1.K) |

| Output {64 bits) |

Figure 3. Flow Chart of DES



Al _ :
L Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

The basic building block of DES is a
suitable combination of permutation and
substitution on the plaintext block 16 times.
Substitution is accomplished via table in S-
boxes as shown in figure 4. Both encryption
and decryption use the same algorithm
except for processing the key schedule in
the reverse order [4, 6, 8].

48-Dit input

Array of S-Boxes

ufwa,wﬂ‘:i

I.JI output

bit1 bit2 bit3 bit-1 bit 5 bit 6

S-box

bitl bit2 bit3 bit4

Figure 4. S-Box and S-Box Rules

64-bit Plaintext 6 Key
Wi [E RN -\V (WLW\
It]iﬁ al (AR ER ]
Dermut ati o Permuted Choice 1
| Round |e/—| Permuted Choice 2 |64-| Rot'ne L:ft |
e Vs
| Round 2 |¢J-| Permmuted Choice 2 |€’-| Rotate Left |
84 ,{ 5
4/ 56 v

K
| Round 16 |&4/8-| Permuted Choicellé—l Rotate Left |
Vs

32:Dit swap
m
Tnverse Initial

Permufation

Wl e |V
64-bit Ciphertext

Figure 5. DES Encryption Algorithm
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2.3. Triple DES (3DEYS)

3DES cryptography method is the
development of DES cryptographic method.
The difference between the two methods is
3DES using triple times the DES process
step used in encryption process and
decryption process by using three key
combinations [2, 7, 9]. 3DES encryption
process block diagram is shown in Figure 6.

Encryption

» DES | DES'|* DES |
Plaintext K1 K2 K3 Ciphertext
| DES [ DES'}*— DES |«

Decryption

Figure 6. 3DES Encryption Algorithm

inter- inter-
mediate mediate

DES rosut DES result DES
Algorithm Algorithm Algorithm

Z
Plaintext
s

1st part 2nd part
of key of key

(5?) (56 bits)

Figure 7. 3DES Encryption Process Block
Diagram

3rd part
of key
(56 bits)

Secret Key
(168 bits)

3. IMPLEMENTATION OF THE
SYSTEM

This system describes the comparison of
encryption time and decryption time of
three popular symmetric key algorithms.
The file formats testing are pdf and doc
type. The tested file sizes are 30 KB, 79
KB, 157 KB and 226 KB with pdf format.
Another tested file size are 73 KB, 151 KB
and 233 KB with doc format.

The present work center of attention on
cryptography to impervious the facts whilst
transmitting in the network. Firstly the

Ciphertext

—_—
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statistics which is to be transmitted from
sender to receiver in the community ought
to be encrypted the usage of the encryption
algorithm in cryptography. Then, by means
of the use of decryption method the receiver
can view the authentic data.

4. EXPERIMENTAL RESULT OF THE

SYSTEM
Table 1 shows comparison result of
encryption and table 2 shows decryption

with pdf format. Four different file sizes are
tested in this table.

Table 1. Comparison Results for Encryption

Time (pdf)

Method(pdf) | 30KB | 79KB | 157KB | 226KB
AES 23 16 24 26
DES 5 17 35 80

3DES 8 15 35 90

In most of the time DES technique is faster
than other techniques in decryption time.
3DES can work in slower than other two
methods. AES method is faster than other
two methods in encryption time with pdf
format. Though 3DES consumes more time
in encryption than other methods,
decryption time is not too different for
various files with different sizes of doc
format.

Table 2. Comparison Results for Decryption

Time (pdf)
Method 73KB 151KB 233KB
(doc)
AES 11 26 59
DES 12 20 46
3DES 20 45 48

Comparison Results for Encryption Time

mAES

60 EDES
W0 3DES
20
o ol e
30KB

T9KB 157KB 226KB

Encryption Time(ms)

File Size

Figure 8. Comparison Results for
Encryption Time (pdf)
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The comparison result are encryption and
decryption time of various file sizes using
AES, DES and 3DES of symmetric
algorithms and then shows comparison
results in graph.

Comparison Results for Decryption Time

90

mAES

W DES

3DES

Deccryption Time(ms)

30KB 79KB 157KB
File Size

226KB

Figure 9. Comparison Results for
Decryption Time (pdf)

Figure 8 and 9 are Comparison results for
three algorithms with graph. Table 3 shows
comparison result of encryption and table 4
shows decryption with doc format.

Table 3. Comparison Results for Encryption

Time (doc)

Method(pdf) | 30KB | 79KB | 157KB | 226KB
AES 7 12 67 79
DES 11 9 64 58
3DES 17 15 67 111

Table 4. Comparison Results for
Decryption Time (doc)

Method (doc) | 73KB 151KB | 233KB
AES 35 40 47
DES 43 42 57
3DES 45 55 57

Figure 10 and 11 are Comparison results for
three algorithms with graph.
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Comparison Results for Encryption Time
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Figure 10. Comparison Results for
Encryption Time (doc)

Comparison Results for Decryption Time

60 =

50 ~

30

=4=AES

=#-DES
3DES

20

10

Deccryption Time(ms)

73KB 151KB 233KB

File Size

Figure 11. Comparison Results for
Decryption Time (doc)

Table 5 shows comparison result of
encryption and table 6 shows decryption
with pdf format. Another Four different file
sizes are tested in this table.

Table 5. Comparison Results for Encryption

Time (pdf)
Method | 415KB| 1106KB| 1574KB| 2025KB
(pdf)
AES 46 48 75 84
DES 49 46 50 58
3DES 58 59 78 81
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Table 6. Comparison Results for
Decryption Time (pdf)

'Végtdhf‘))d 415KB | 1106KB |1574KB | 2025KB
AES | 120 100 100 129
DES | 100 109 117 130
3DES| 112 114 118 135

5. CONCLUSION

This system has examined the comparison
among the most popular symmetric
algorithms. Among several algorithms, this
system designates the comparison of
encryption and decryption time of AES,
DES and 3DES methods. After making
several testing and comparing three
techniques,  encryption time is distinctly
different but decryption time is not very
different.

It can be used to learn cryptography and
popular symmetric key algorithms, to learn
comparing encryption and decryption time
of these algorithms. It can be used for only
text files format. So, it can be extended for
audio file and image file formats and also
compare for security point of view of four
symmetric algorithms. By using symmetric
algorithm of these algorithms for data
encryption, data integrity and
confidentiality can be provided. This
system can extend efficiency, flexibility and
security, comparison for these algorithms.

Comparatives of three algorithms are
shown in following.
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Table 7 .Comparatives studied of AES, DES and 3DES .

Factors AES JDES DES
Key Length 128,192, or 256 bits (k1,k2 and k3) 168 bits 56 bits
(k1 and k2 is same) 112bits
Cipher Type Symmetric block cipher | Symmetric block cipher Symmetric block cipher
Block Size 128, 192, or 256 hits 64 hits 64 hits
Developed 2000 1978 1977

Cryptanalysis resistance

Strong against differential,
truncated differential,
linear, interpolation and
square attacks

Vulnerable to differential,
Brute Force attacker could
be analyze plaint text using
differential cryptanalysis.

Vulnerable to differential
and linear cryptanalysis;
weak substitution tables

Security Considered secure one only weak which is Proven inadequate
Exit in DES.

Possible Keys 215 2132 gy 2550 21 gy 2103 280

Possible ASCII printable character keys 9516, 0524, or 953 0514 gr 0571 057

Time required to check all possible

For a 128-hit key: 5x 102!

For a 112-bit key: 800 For a 56-bit key: 400

keys at 50 hillion keys per second** years Days Days
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ABSTRACT

The system is designed and constructed by using
Arduino microcontroller UNO board, SIM900
GSM module, mobile phone, ULN 2003, 2 x 16-
line Liquid Crystal Display (LCD), LEDs,
5VDC regulated power supply and other
electronic components. Arduino is the brain of
this system and GSM wireless communication is
used for controlling the home appliances. The C
programming language is implemented to
operate the microcontroller. Two LEDs
represent for demonstration which indicates fan,
light and TV. The relative result can be
displayed on liquid crystal display by using
appropriate commands. This circuit can be used
to reduce the waste of electricity and to prevent
the damage by the heat to the home appliances.

KEYWORDS

Arduino microcontroller, GSM module, mobile
phone, control system, electrical component

1. INTRODUCTION

Nowadays, most of the people are leaving
their home without switch off the electrical
appliances. It causes the result as energy
consumption and ineffectiveness. It is not
always possible to be physically present or
near the vicinity of the home environment
but whatever be the case, much effort
should be done to moderate energy
wastage. These wastages are very
detrimental to industrial development.
Therefore, available technologies need to be
widened to exclude or reduce these
wastages in electricity usage. Carelessness,
with regards to leaving TV, air conditioner
and other electrical appliances on can lead
to outrageous electricity bills, wastage of
much needed power (electrical energy) and

80

easily made damage of electrical devices or
appliances. Furthermore, the homeowner is
in danger. This paper presents the design of
the centralized remote lighting and
appliances control system for smart home
application by using GSM technology and
also implement this application in order to
reduce the cost of power consumption
significantly. This system is instrumented
using an individual user-friendly mobile
application.

The home appliances would be controlling
the  microcontroller based on the
information given to the microcontroller.
The proposed application is developed
based on android application therefore users
can easily control the home appliances. And
also, it is simple, easy to use, secure, and
robust.

2. RESOURCES OF DEVICES USED

The design of this system makes used of the
following devices: Arduino UNO, SIM900
GSM module, cell phone, ULN2003, 2x16
line LCD display, relay 5V, fan, two LEDs,
and power supply. Figure 1 shows the block
diagram of the whole system.

. 2x 16 line
Mobile Phone > LCD
Arduino
A 4 —> Light
GSM Module —» UNO
T Microcontr |—p Fan
oller
Power Supply >
pply TV

Figurel. Block Diagram of the Whole
System



15! _ :
& Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

2.1. Arduino UNO Board

For programming the microcontrollers, the
Arduino project provides an integrated
development environment (IDE) based on a
programming language named Processing,
which also supports the languages C and
C++. The AT mega 328P is used main
device of Arduino UNO microcontroller
board. Figure 2 show the pin diagram of AT
mega 328P.

/

(PCINT14/RESET) PC6 [] 1 281 PC5 (ADC5/SCL/PCINT13)
(PCINT16/RXD) PD0 [} 2 27 [3 PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD)PD100 3 26 1 PC3 (ADC3/PCINT11)
(PCINT18/INTO) PD2 (| 4 251 PC2 (ADC2/PCINT10)

(PCINT19/0C2B/INT1) PD3 [} 5 24 O PC1 (ADC1/PCINT9)
(PCINT20/XCK/T0) PD4 O] 6 231 PCO (ADCO/PCINT8)
veeq7 22[1GND
GND[] 8 21 [J AREF
(PCINTE/XTAL1/TOSC1) PB6 [ 9 20[JAVCC
(PCINT7/XTAL2/TOSC2) PB7 [ 10 190 PBS (SCK/PCINTS)
(PCINT21/0C0OB/T1) PD5 ] 11 18 |1 PB4 (MISO/PCINT4)
(PCINT22/0COA/AIND) PD6 ] 12 17 [J PB3 (MOSI/OC2A/PCINT3)
(PCINT23/AIN1) PD7 [0 13 16 [0 PB2 (SS/OC1B/PCINT2)
(PCINTO/CLKO/ICP1) PBO ] 14 15[ PB1(OCIA/PCINT1)

Figure 2 Pin Diagram of ATmega328P

The Arduino UNO board consists of 14
digital input/output pins, 6 analog inputs, a
16 MHz quartz crystal, an ICSP header and
a reset button. Arduino Software IDE
version 1.0 and UNO board are referenced
the versions of Arduino, the newer versions
of are evolved now [1]. The pin description
of Arduino UNO board is shown in Figure
3.

Reset Button T/Rx LED

Digital I/O pins
[
UsB chk
Power LED
USB to Serial IC .
i |CSP Header

16 MHz Crystal /

Resettable Fuse
Y| Afmel Atmega328

DC Power Jack

; Il J
Power Pins  Analog I/0 Pins

3.3v Voltage Regulator

Figure 3. Pin Diagram of Arduino UNO
Board
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2.2. GSM Mobile Handset

Communication in mobile phone occurs
through a specific number in the SIM card.
A wireless GSM technology is applied for
communication. Instruction from user to
control appliances are sent as SMS with the
help of android application [2]. Then the
SMS is accepted by receiver GSM handset.
The AT modem and a valid SIM are
required for the receiver to work. A built-in
Al modem with URAT interface supports
most of the AT modem instruction. With
URAT appliances are controlled with the
microcontroller connected to handset. An
AT modem command is actually a series of
short text strings which later assemble to
form a complete commend such as dialling,
hanging up or changing the parameter of
conduction [3],[4]. Figure 4 shows the
photograph of GSM module.

Figure 4. Photograph of GSM Module

3.CIRCUIT CONSTRUCTION AND
OPERATION

The system has two parts, namely; software
and hardware. The hardware construction
consists of an embedded system that is
based on 8-bit microcontroller
(ATMega328), a GSM handset with GSM
Modem (SIM900), LCD and relay. A 2 x
16 line LCD display is very basic module
and is very commonly used in various
devices and circuits [6] ,[7]. The software
system consists of programming in Arduino
and an android based application run on
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android phone. The communication media
between the home owner and the system is
provided by the means of SMS. The SMS
consists of commands to be executed. The
format of the message is predefined [6]. By
using GSM public network, the text
message is sent by using GSM modern with
a certain predefined format. The sent
commands will be extracted and executed
by the microcontroller when GSM modern
receives the message. The commands turn
the appliances ON/OFF accordingly
through the switching module can be
translated by this system. The explanation
about the hardware and software is what
follows:

3.1 Circuit Construction

It is very simple and easy to construct this
system circuit. The displaying condition of
home appliances used a liquid crystal
display. LCD is directly connected to
Arduino microcontroller in 4-bit mode.
Data pins of LCD namely 4, 6, 11 to 14 are
connected to Arduino digital pin number Dg
to D;1. And Rx and Tx pin of GSM module
is directly connected at Dy and D; pin of
Arduino respectively. And GSM module is
powered by using a 12V adaptor. 5V SPDT
3 relays are used for controlling LIGHT,
FAN and TV. And relays are connected to
Arduino digital pin D5, D, and Dg through
relay driver ULN2003 for controlling
LIGHT, FAN and TV respectively. Figure 5
shows the circuit diagram of GSM based
energy waste control system for home
appliances and flowchart of the whole
operation system is shown in Figure 6.
Arduino IDE processing is shown in Figure
7. This program is embedded into the
Arduino. The Arduino programming flow is
shown in Figure 8.
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Figure 5. Circuit Diagram of GSM Based
Energy Waste Control System
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ame of sketch

Using the Arduino IDE

7 s e | 145 r

T Edt. Setch Too Heb.

ICompile sketch

[Upload to sketch

void loop() |

{/ put your main code here, to un repeatedly:

Program area .

\ Software Version

Com

Messages
Errors

Figure. 7 Using the Arduino IDE

Write C Arduino Program

Computer USB Via
Arduino Uno Board

Check Board & Port COM

Compile to Verify

Upload Cade

Code Executes

Figure. 8 Arduino Programming Flowchart

3.2 Circuit Operation

The whole process in this system is
controlled by Arduino microcontroller
controlling home appliances is via the help
of GSM wireless communication. The
commands used to control AC home
appliance are sent “#A.light on*”, “#A.light
off*” and so. After the commands have
been received by Arduino through GSM,
Arduino microcontroller sends signal to
relay to switth ON or OFF the home
appliances through a relay driver. In this
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process, the applied prefix is “#A.”. This
prefix serves as an identification that the
main command is coming next to it and *at
the end string shows that the message has
ended.

When SMS is sent by homeowner. GSM
receives and sent the signal to Arduino
microcontroller, which interpret the SMS to
main command of the received string are
compared after word. Should match
encounter, signals to relay to ON and OFF
have appliances are sent by Arduino
microcontroller. In addition, relative results
are printed on 2 x 16 line liquid crystal
display by using suitable commands. Here
in this project have used three LEDs for
demonstration which indicates Fan, Light
and TV. The list of messages which can be
send via SMS, to turn On and Off the Fan,
Light and TV are shown in Table 1. Figure
9, Figure 10 and Figure 11 show the
photograph of test circuit on project board.

Table 1. List of Messages

s.no Message Operation
1 #A.fan on* Fan ON
2 #A .fan off* Fan OFF
3 #A.light on* Light ON
4 #A.light off* Light OFF
5 #A.tv on* TV ON
6 #A.tv off* TV OFF
7 #A.all on* All ON
8 #A.all off* All OFF

Figure. 9 Photograph of Test Circuit on
Project Board (Light ON)
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can control manually. In addition,
installation of safety and security system
can be performed with case. This controller
is extremely handy at place where the
circuit have to control the ON and OFF
switching of the devices as no wired
connection is required between the switch.
Today, the home appliances can be
controlled from any place in the world. The
owner controls in the case of energy waste
and theft even when the owner is not in the
house. Figurel2, Figure 13, Figurel4,
Figure 15 and Figure 16 show the
photograph of circuit operation by Printed
Circuit Board (PCB board).

Figure. 10 Photograph of Test Circuit on
Project Board (TV ON)

Figure. 11 Photograph of Test Circuit on
Project Board (All ON)

Figure. 12 Photograph of Circuit Operation

(All ON)
4. RESULT AND DISCUSSIONS

The whole project and testing are coded in
C programming language using the Arduino
Sketch IDE software specifically designed
for programming the Arduino
microcontroller board and its peripherals.

In this paper we discussed the project on
GSM Based Energy Waste Control System
for Home Appliances which is very useful
and also very economical. Using an android
application to control the household
appliances may be simple and easy. The
main advantage is that this process not only
the appliance allows the application to Figure. 13 Photograph of Circuit Operation
control with safety features but also the user (All OFF)
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| —

Figure. 14 Photograph of Circuit Operation
(Fan OFF, Light OFF and TV ON)

Figure. 15 Photograph of Circuit Operation
(Fan OFF, Light ON and TV OFF)

Figure. 16 Photograph of Circuit Operation
(Fan ON, Light OFF and TV OFF)
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5. CONCLUSIONS

As conclusion, this paper discussed and
present the design of home appliance
system and implemented the remote access
control of appliances with intrusion
detection  functionalities.  We  have
developed a prototype of the design which
contains a mobile controlled and user —
friendly approach to the available home
appliance control system. The latter
provides solution to the problem of energy
wastage and appliance control. By using
this system, it can reduce wastage of
electricity and prevent heat damage from
household appliances in real time, proud an
enjoyable and standard of living to home
OwWners.
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ABSTRACT

Solar energy is a restored energy. It develops as an
available never-ending and low-carbon energy
foundation to be enough ever-growing power need.
Microcontroller based on precursor automatic
solar tracking system is mainly built by using
Arduino Uno. It contains four light dependent
resistor and three stepper motors. The system is
cooperated with hardware and software. In this
system, four light dependent resistors can be used
for trapping in most ray of light. To rotate the solar
Module consent to the most incident light
controlled by LDRs, three stepper motors are used.
The software controls the straight up incline angle
and straight variation of the Module. Thus the
solar Module trail can attain maximum brightness
and can save the cost of electricity causing by
needing least extends of solar Module. The
proposed system goals are to track the sun and
obtain maximum valuable at the advancement of
process by using Arduino Uno for storing energy.
Therefore, automatic solar racking system can be
used for countryside area usage.

KEYWORDS

Microcontroller, Light Sensor, LDR, Solar Panel,
Stepper motor

1. INTRODUCTION

Solar power is an enormous, unlimited power.
It is interesting energy source in the earth due
to increase in fuel prices and the
environmental issues side effects that regular
energy production cause. In this research, the
automatic solar tracker is structured by using
Arduino microcontroller. The four LDRs work

86

as light detectors. They are placed at each
sides of solar panel and three stepper motors
are used to rotate the solar panel. Solar panel
will rotate because of the stepper motor. If the
solar panel rotates, the LDR resistance will be
low. This means that the LDR on which light
is falling. If the same amount of light falls on
LDRs, then stepper motors will not rotate.
The Solar Tracker is used dual-axis tracking
technology and the structure of custom
designed which is saved of cost reducing. This
system can be stored on the maximum amount
of energy from the sunlight. The advantages of
solar tracking can directly use monitor
personal computer. Therefore, it’s convenient
for countryside area usage. In addition, the
sunlight is increment helpfulness of output
power which can collect energy [1][2].

2. ARDUINO BASED AUTOMATIC
SOLAR TRACKING SYSTEM

In this research, Arduino tracking system is
constructed by using the light dependent
resistors and stepper motors. Automatic Solar
Tracking is structured by three main parts;
build of hardware, tracking system and
microcontroller. The system contains open-
source microcontroller, three of stepper motor,
four of LDRs and four of resistors. The
proposed of the illustrate block diagram is
shown in figure 1 [4].
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Light = »| motor
sensor(x,y) = ps
position —> S Ny —
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Figure 1. Arduio Based Solar Tracking
System

Bank battery

3. SPECIFICATION OF CIRCUIT
COMPONENT

3.1. Microcontroller (MCU)

The Arduino Uno is a microcontroller board
based on the ATmega328P.In this research,
the microcontroller used for programming is
the Arduino compiler whose coding is done in
embedded C programming language [6]. The
pin diagram of AT mega 328 is as shown in
Figure 2.The features of the Arduino Uno
board table is shown in Table 1.

ATmega328P pin mapping

OO Arduino function Ardulno function OO

reset PC6 1 PCS analog input 5
digital pin 0 XD POO 2 v PCe analog input 4
digital pin 1 EED P01 PC3 analog input 3
digital pin 2 P02 4 PC2 analog ingut 2
digital pin 3 QI PD3 PC1 analog input 1
digital pin 4 P04 PCo analog input 0

vee vee 2 GNO GND

GND GND N AREF analog reference

crystal P86 ) »  AVCC AVCC

crystal o7 o I PBs @D dighalpin13
digital pin 5 @ POS P‘B«tm digital pin 12
digital pin 6 QIR P06 12| PSme digital pin 11
digital pin 7 P07 1 P82 { c“mzoqmrn'\m

digital pin 8 PBO

@I digital pin 9

Figure 2. Pin Configuration of AT mega
328
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Table 1. Feature of Arduino Uno Board

Arduino Uno ATmega328
Operating Voltage 5V

Input voltage 7-12V
(recommended)

Input Voltage (limits) | 6-20V

Input pins and output
pins of digital

14 (of which 6
provide PWM output)

Analog Input Pins 6

DC current per I/O 40mA

Pin

Clock 16MHz

SRAM 2KB (ATmega328)

3.2. Light Dependent Resistor (LDR)

The LDR is also known as a Photo resistor.
When the light hits LDR its can changes with
the strength or intensity. It is used in light
sensing device circuit. The LDR can be used
to detect day or night to control some device.
The photocell can be used for the tracker is
constructed on its dark resistance and light
saturation  resistance  [11].Generally the
resistance of an light dependent resistor is very
high, but when they are brightened with light,
resistance drips affectedly. When the light
level is low, the resistance of the Light
Dependent Resistor is high [8]. LDRs or photo
resistors are frequently used in circuits where
it is required to find the presence or the level
of light. The construction of the LDR is shown
in Figure 3.

clear coating over
entire top surface

1 st electrode 2 st electrode

cold weld
contacts

photoconductive material over
top surface
ceramic

wire terminals

Figure 3. The Construction of LDR

3.3. Light Sensor

Light Sensor is a passive component which
changes the light energy into an electrical
energy. It also called an analog sensor. Light
Sensor can discover the small light
differences. When the light hits the
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photoconductive material, it causes to drop its
resistance, allowing increased current to
stream between the electrodes. It is known as
voltage divider or potential divider. The value
of fixed resistor is 10kQ and the variable
resistors are used in circuit in the form of
LDRs [7]. In addition, the potentiometer can
be used in the system as voltage divider. The
input voltage is joined by the resistors [3].
The output voltage can be measured across
one of the resistors. If the sun light increases,
the output voltage is decreases. The output
values of LDRs with 5V as input voltage as
shown in Table 2.

Table 2.The output values of LDRs with 5V as
input voltage

Light | Ri(LDR) | Ry(fix Vout
Level resistor) | (LDR
voltage)

Darkest | 12k Q 10k Q 227V
25% 10k Q 10k Q 250V
50% 5k Q 10k Q 3.33V
75% 25kQ 10k Q 4.00V
Lightest | 0.12kQ | 10k Q 4,90V

3.4. Stepper Motor

Stepper motor is a electronic device which
controlled by electromagnetic coils. The speed
of the motor is determined between each
incremental movement. Its can operate in
either direction clockwise or anticlockwise. In
this system, can use three stepper motor, these
are stepper motor 1(left, right), stepper motor
2(up, down) and stepper motor 3(up, down).
The stepper motor resists external torque
applied to the shaft once the shaft has come to
rest with current applied[2]. This resistance is
called holding torque. These motors have been
used in computer hard drive, because they can
be moved and positioned with precision.
When it receives current, the rotor shaft turns
to a sure location. They have also been used in
various robot devices and as antenna rotators

(21181
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3.5. Stepper Motor Driver (ULN2003)

A stepper motor driver is the circuit
component that controls how the stepper
motor works. Stepper drives operated by
sending current pass various pulses to the
motor.ULN2003 stepper motor driver PCB
provides a direct drive interface between
Arduino and stepper motor. The PCB provides
4 inputs for connection to Arduino, power
supply connection for the stepper motor
voltage, and ON/OFF jumper, a direct
connect stepper motor header and 4 LEDs
to indicate stepping state [12]. Connect
stepper motor to this header. Step state LEDS
indicate which channel is active. ON/OFF
jumper isolates power to the stepper Motor.
The driver board accepts a four bit command
from Arduino and in turn applies the necessary
power pulse to step the motor. It also has a
bank of LED’s that correspond to the input
signals received from the controller [9].

Table 3. Input pins colour of unipolar stepper

motor
MCU IO Code Wire Color

In1 w Blue

In2 X Pink

In3 Y Yellow

In4 Z Orange
The Following codes define the step
commands.

8 step : W-Wx-X-Xy-y-yz-z-zw
4 step : WX-Xy-yz-zw

Table 4: Function of stepper motor

Step|Inl | In2 In3 In4
w 1 0 0 0
wx |1 1 0 0
X 0 1 0 0
Xy 0 1 1 0
y 0 0 1 0
yz 0 0 1 1
z 0 0 0 1
zw |1 0 0 1
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3.6. Solar Panel

Solar energy begins with the sun, solar panels
also known as PV panels are used to convert
light from the sum which is composed of
particles of energy called “photons” into
electricity. A typical solar panel converts only
30 to 40 % of the incident solar irradiation into
electrical energy [10]. The electrical energy
created from solar units, referred to as solar
power, is an example of solar energy.
Photovoltaic is the field of technology and
research connected to the practical application
of photovoltaic cells in making electricity
from light, through it is frequently used
exactly to refer to the generation of electricity
from sunlight [5]. The Photovoltaics array of
solar tracker is shown in Table 5.

Table 5.Solar Tracker

Module Type GD-35 WP
Peak Power 3.5W
Maximum Power 0.38A
Current

Maximum Power 9V
voltage

Short Circuit Current | 0.41A
Open Circuit Voltage | 11-25V
Maximum System 1000vDC
Voltage

Wind Resistance 2400 Pa
Dimensions 255*143*15

4. DESIGNING AND INSTALLATION
SYSTEMS
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Comparison the light of
four LDR

no
average

Stepper motor
stop

Stepper motor 1

(left),2,3 up

\ 4

Stepper motor 1(right)
2,3 down

Figure 4. Flow Chart of the System

4.1. Experimental Setup

Tracking system is structured by the used of
light dependent resistor and Stepper motor. It
contains into three steps, Hardware, Tracking
System and Microcontroller. The LDRs are
attached to the Microcontroller. One side of
the LDR1 is connected to the one side of the
10kQ. This node is connected to the AO of the
Arduino and another edge of that resistor is
joined to the ground. Another edge of LDR1 is
joined to the 5 voltage. In the sameway one,
end of second LDR?2 is joined to the one edge
of other 10kQ resistor and another edge of
LDR?2 is joined to 5voltage of microcontroller.
One edge of the LDR3 is joined to the one
edge of the 10kQ resistor. Another end of
LDR3 is joined to the 5V. In the same way,
the edge of LDR4 is joined to another end of
other 10k resistor and that node is joined to
the A3 of Arduino and another end of that
resistor is joined to ground base and the
another end of LDR4 is joined to 5V of
microcontroller.
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4.2. Design of Solar Tracking system

. SHOT ON Mi 5X
MI DUAL CAMERA

Figure 5. Hardware Implementation for
Solar Tracking System

4.3 Tracking System

Solar tracking system is a electronic device, It
helps the capture of energy follow the sum
path of the day. As this dual-axis solar tracker
follows the sum horizontally and vertically it
helps collect maximum energy [1]. The two
stepper motors will instantaneous help in
moving the solar panel for up and down
location.  Another stepper motor  will
simultaneously help in moving the solar panel
for left to right position. The circuit is
designed to get the simulated on the Proteus
software as shown in Figure 6.

Figure.6. Simulation of dual axis solar
tracking system
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5. RESULT AND DISCUSSION

Automatic Solar Tracking system is operated
by combination of hardware and software. The
values from the LDR1 pin, LDR2 pin,
LDR3pin and LDR4 pin will be read and
saved. If the stepper motor 1 is moved, the
LDR1 and LDR2 will be taken. If the stepper
motor 2 and 3 are also moved, the LDR3 and
LDR4 will be used. If the absolute value of the
calculated average voltage value is greater
than 0.733V, the rotating step will be
controlled by the program. If the absolute
value of the calculated potential difference
between LDR 1 and LDR 2 is less than equal
to -0.0977V, the stepper motor will be
controlled to move to left by the program. The
stepper motor can be revolved to the left 8step
as zw-d-yz-y-xy-x-wx-w. If the absolute value
of the calculated potential difference between
LDR 1 and LDR 2 is greater than equal to
+0.0977V, the stepper motor will be controlled
to move to right by the program. The stepper
motor can be moved to the right 8step as w-
WX-X-Xy-y-yz-z-zw. If the fixed value of the
calculated potential difference between LDR 3
and LDR 4 is less than equal to -0.0977V, the
stepper motor will be moved to down by the
program. If the fixed value of the calculated
potential difference between LDR 3 and LDR
4 is greater than equal to +0.0977V, the
stepper motor will be moved to up by the
program. The two stepper motor are work at
the same time by the core of the two stepper
motor. If the value of the voltage LDR 1 is
equal to that of the LDR 2, the stepper motor
is controlled to stop by the program. To stop
the core of stepper motor, all inputs must be
zero. The result of Arduino IDE analog pin
A0, A1, A3 and A4 are shown in Figure 9.

Figure 7. Tracking System left to right
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Figure 8. Tracking System up and down

@ Arduino_based_prototype_automatic_solar_tracker | Ard... — [m] X

File Edit Sketch Tools Help

Arduino_based_prototype_automatic_solar_tracker §

#include <Stepper.h> A
int LDRphotoPinl = A0; //define a pin for a

int LDRphotoPin2 = Al;
nt LDRphotoPin3 = A2;
int LDRphotoPin4 = A3;
int StepIN2Pin = 2;
int StepIN3Pin = 3;
int StepIN4Pin = 4;
int StepINSPin = 5;
int StepIN6Pin = &;
int StepIN7Pin = 7;
int StepIN8Pin = 8;
int StepIN9Pin = 9;
int StepIN10Pin = 10;
int StepIN11Pin = 11;
int StepIN12Pin = 12;
int StepIN13Pin = 13;

v
< >

18 Arduino/Genuino Uno on COMS

Figure 9. The result of Arduino IDE

6. CONCLUSIONS

Nowadays, tracking system can widely be used
everywhere. Solar tracking system is used for
tracking of maximum incident light. If the
radiation touch directly on solar panel,
electricity can be produced more and more..
The objects used in this project are easy to find
and cheap, and save to take the place for them.
Getting energy from the solar panels can be
stored in battery and can be used for the
electricity requirements in the houses. Despite
the fact that the solar system costs a little to
control the large solar panel, it is easy to use.
Simple Solar Panel Tracker will automatically
rotate towards the light. This research is
designed a low cost solar tracking system. In
this system, the optimization method can be
transmuted and implement by using solar
tracking System in other mechanical and
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electronic systems. Therefore, the solar tracker
supports more advantage for taking the
maximum sunlight source for household and
other utilizations. It is available to decline the
energy to some large extent. Thus, this system
can help to be very helpful in the environment.
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ABSTRACT

This paper presents the concepts of wind
energy and deals with the physics and
mechanics of operation. It describes the
changing of wind energy into rotation of
turbine. Turbine have one, two, three or
multiple blades based on the construction.
Rotor blade is actually effective for wind
turbine to extract efficient power. It is part of
the wind turbine that collect energy from the
wind. Three blades rotor is more balance and
generally used for electricity. Therefore,
computational method to analyze and optimize
the performance of the blades needs to be
developed. The program is calculated for three
blades rotor having 1.44m diameter and tip
speed ratio is 6.5. Maximum lift and drag
coefficient ratio for NACA 6409 airfoil was
observed at an angle of attack (a) 7 . This
paper is described the manipulation of
necessary parameters for the design of
horizontal axis wind turbine blade based on
Blade Element Momentum (BEM) theory by
using C# program. The program uses the
required power as inputs, and then evaluate the
required data of blade profile.

KEYWORDS
NACA 6409, Blade Radius, Tip Speed
Ratio, Blade Element Momentum Theory

1. INTRODUCTION

Energy is essential to human civilization
development. With progress of economics
and socialization, there is an expanding
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demand on renewable energy resources to
secure energy supply, such as solar power,
wind power hydro power etc. As a clean
renewable resources, wind power plays a
more and more important role in modern
life. It can help in reducing the dependency
on fossil fuels. It is a clean and free
resources which can replace a dirty energy
source with the turbine needing far less
maintenance as compared with
conventional power station [1, 2].

Wind turbine is a device which converts the
kinetic energy into mechanical energy and
then create electricity. There are two
primary types of wind turbines used in
implementation of wind energy
systems: horizontal-axis wind
turbines (HAWTS) and vertical-axis wind
turbines (VAWTS). HAWTSs are the most
commonly used type, and each turbine
possesses one, two or three blades (for
electricity) or a disk containing many
blades (for grinding grain or pumping
water) attached to each turbine. Among
them three blades are most popular because
it has more balance than others. VAWTS
are able to harness wind blowing from any
direction and are usually made with blades
that rotate around a vertical pole [3].

In the most powerful wind turbine that need
to great performance. Blade performance is
mainly depends on blade profile. Better
blade profile has higher lift to drag ratio. To
obtain higher lift to drag ratio, it is
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necessary to choose the optimized airfoil
profile. The selection of airfoil profile is
important to calculate the design of wind
turbine. When wind flows across the blade,
the air pressure on one side of the blade
decreases. The difference in air pressure
across the two sides of the blade creates
both lift and drag. The force of the lift is
stronger than the drag and this causes the
rotor to spin. For that purpose, a
computational method based on the Blade
Element Momentum (BEM) theory is
developed in the present study. In this
method, the propeller blade is divided into
several elements. The equations of BEM
theory are embedded in C# program which
are useful in blades design process.

2. METHODOLOGY

2.1. Blade Design Procedure

This paper describes  the calculation
method for wind turbine blade design
based on Blade Element Momentum
theory. Firstly, determines the diameter of
the rotor blade choose the value of tip speed
ratio. Electricity generation requires high
rotational speed. And then choose the
optimum airfoil profile. Most of the turbine
shape is irregular shape. To obtain the exact
design of blade profile, blade will be
divided into N elements. Typically 10 to 20
elements would be used. In this paper, the
blades are divided into 10 elements, then
calculate the value of blade radius, tip speed
ratio, chord length and blade pitch angle for
each section. In three blade wind turbine the
value of tip speed ratio (TSR) range should
be between 4 and 10.

2.2. Airfoil Selection

An airfoil means a two dimensional cross-
section shape of a wing that exposed to
generate lift or minimize drag when
exposed to moving fluid. When the air flow
over the upper and lower surface of the
airfoil creates distributed forces, which are
lift force and drag force. The force
perpendicular to the oncoming steam is
called lift force. When air pass through the
blade, wind wvelocity and pressure
differential is created between the upper
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and lower surface of the blade. The pressure
at the lower surface is greater than upper
surface and thus acts to lift the blade. Drag
force is the force parallel to the direction of
the oncoming air flow due to both viscous
forces at the surface of the blade and
unequal pressure on the blade surface
facing toward and away from the oncoming
flow.

To calculate aerodynamic forces the
coefficient of lift and drag force is
necessary. The lift coefficient (C.) is a
dimensionless coefficient that relates the lift
generated by a lifting. It equal to the lift
divided by the quantity; density times half
the velocity V squared times the wing area.
The drag coefficient (Cp) is dimensionless
quantity that is used to quantify the drag or
resistance of an object in a fluid
environment. It equal to the drag divided by
the quantity; density times half the velocity
V squared times the wing area. Better
performance wind turbines have higher lift
to drag ratio. Higher lift-powered wind
turbine have higher rotational speed and
therefore well suited for electricity
generation.

Figure 1 shows the geometrical parameters
of as airfoil, which are defined as the chord
line connecting the leading edge to the
trailing edge and the chord referring to the
distance from the leading edge to the
trailing edge [4]. The locus of point, located
halfway between the upper and lower
surface of airfoil is called the camber line
and camber is the maximum distance of the
camber line and the chord line [5]. The
distance between the upper and lower
surface is defined as thickness and the angle
subtended between the incoming wind and
the chord line. Blades of modern wind
turbine are made with airfoil section for the
efficient energy extraction.
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Figure 1. Airfoil Parameters

In this paper, the selected airfoil is
considered for maximum C_/Cp ratio at
different angles of attack from 0 degree to
12 degree by using Profili software at
Reynolds number 170000 and maximum
C./Cp ratio occurs at angle of attack 7
degree. The selected airfoil type is shown in
Table 1.

Table 1.Selected Airfoil Profile

Airfoil Thickness Airfoil Angle of C./Cp
Shape attack
NACA
6409 12.01% A 7 degree 63.359

2.3. Design of Wind Turbine Rotor
Sizing

Horizontal-axis wind turbines (HAWT)
consists of a rotor shaft and an electrical
generator at the apex of a tower and must
be pointed into the wind. The wind turbine
that collects energy from the wind is called
the rotor, it consists of one or more wooden,
fiberglass or metal blades which rotates
about an axis (horizontal or vertical) at a
rate determined by the wind speed and the
shape of the blade. The blades are attached
to the hub, which in turn is attached to the
main shaft [6]. The area of rotor can be
calculated by the following equation

1
Pe = EPAV 3 7o )
A= ';e 2
E/JV Cpo

Where, P, = generator output power
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p = the standard air density, 0.952
(kg/m®)
v = the designed wind speed, 6 (m/s)
C, = the performance coefficient of
three blade rotor, 0.35
Mo = overall efficiency, 0.85

The wind turbine swept area A is calculated
by substituting the known parameters in
Equation (1). The diameter D and radius R
can be obtained from area.

o= | ®
T

D
R=— 4
5 (4)
2.4. Blade Element Momentum
(BEM) Theory

Blade element momentum theory is a theory
that combines both blade element and
momentum theory. It is used to calculate the
local forces on a propeller or wind-turbine
blade. Blade element theory is combined with
momentum theory to alleviate some of the
difficulties in calculating the induced
velocities at the rotor. Blade element theory
relies on two key assumptions:

(1) There are no aerodynamic interactions
between different blade elements.

(2) The forces on the blade elements are
solely determined by the lift and drag
coefficients [8].

Figure 2. Rotating Annular Stream Tube
and Blade Element Model

2.5. Calculation of Blade Profile at
Each Section

The angle of attack is depending on the
linear speed of every local radius. The
twisted blade is more efficient than constant
blade due to the optimum angle of attack
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for each radius. The blade is divided into 10
equal sections.

o o] \(7) ’ (8)) ©

(10)

Figure 3. Element of Blade Section

The length 0.15 m at the root of blade is to
attach the blade and hub. The number 1 to
10 within parentheses are referring to the 10
elements and the numbers 1 to 11 are blade
sections number from root to tip of the
blade. Radius of rotor axis to each section
are denoted by r;, the subscript ‘i’ refers to
the section number. ‘dr’ is the length of
each divided section [11].

dgr—_ R-015
number of section

()

The radius of each section can be calculated
as follow;

r. = hub

I’2=I’1+dl‘
r3=r,+dr
ry=rz+dr
fs=1r,+dr
fe="rs+dr
r7=re+dr
rg=r7+dr
ro=rg+dr
lop=Trg+ dr
Mg = rio+ dr

2.6. Tip Speed Ratio

All the parameters which are related to the
aerodynamic such as the chord length(c),
relative angle (p ), local radius (r), angle of
attack (o), Reynolds Number (Re),
coefficient of lift (C.) and coefficient of
drag (Cp) (Corresponding to the Re) by
using the Blade Element Momentum
Theory. Blade is divided in ten elements.
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Table 2. Number of Blades with Various
Tip Speed Ratio

Tip speed Number of
ratio (1) blade (B)
1 8-24
2 6-12
3 3-6
4 3-4
More than 4 1-3

The tip speed ratio at each station is
calculated by the following equation [7].

A = Ax (6)
. = X —
! R

Where, A; = tip speed ratio at each section
radius r

2.7. Calculation of Chord Length

Chord length is the line distance between
the leading edge and trailing edge [7].
Chord length can be calculated by the
following equation ;
167R?

Where, ¢; = chord length (m)

R = radius of rotor, (m)

r ; = radius of specific

Cj

blade
element (m)
B = number of blade
A = blade tip speed

2.8. Calculation of Pitch Angle

To optimize angle of attack all along blade,
it must twist root to twist. The angle of
relative wind (¢ ; ) in each section is
expressed as
2. 4,1
¢ ==tan" (—) 8

3 2

The angle of twist or pitch (B; ) in each
section is expressed as

By = ¢ —ay C))
Where, aq = designed angle of attack ( *)
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3. IMPLEMENTATION

3.1 User Login Form and Menu List

The system provides the mechanism to
calculate the blade design parameters for
NACA 6049 airfoil by using C# program.
In this section, the values are evaluated
based on Blade Element Momentum (BEM)
theory. Firstly, user must login with
username and password that are shown in
figure 4.

- 1
& ogin - o x

DESIGN MANIPULATION OF THREE BLADES HORIZONTAL AXIS
WIND TURBINE BASED ON BLADE ELEMENT MOMENTUM THEORY

Username

Password [ ]

Login

Figure 4. Login Form

The following figure shows the menu bars,
there are four menu such as File, Tools,
and View and about us. That can choose
desired list for user.

o frmMenu - [n] X

File [ Tooks | View Help

Area and Diametes of Blade

Chord of Blade

Pitch Angle

Figure 5. Menu List

3.1. Calculation of Wind Turbine

In figure 6 displays the manipulation for
desired power for wind turbine. In this
section, user must input the power and then
the system automatically generate the
calculated result such as area, diameter for
wind turbine, radius and length of each
divided section for blade.
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& Calculation of Wiind Turtine - o x

Calculation of Wind Turbine

Power 50

Calculate

Area

Diameter

Radius

Blade Section(dr)

Figure 6. Design calculated result for wind
turbine

3.3 Calculation of chord length for
each blade

If the user want to see the chord length
result, user first choose the chord of blade
submenu in tools menu bar and then the
system displays the Figure 7. In the
calculation for chord length form, user
must input the power and then click
calculate button. The system evaluate the
result using the equation 7.

Calculation for each Blade

Power %0 Chord Length

Calculate

Radius of Blade ?

Figure 7. Chord length result for each
blade

3.4 Calculation for Pitch Angle

Pitch controls adjust the blades in wind
turbines by rotating them so that they use
the right fraction of the available wind
energy to get the most power output, all the
while ensuring the turbine does not exceed
its maximum rotational speed. This
maintains the turbine’s safety in the event
of high winds, loss of electrical load, or
other catastrophic events. Figure 8 displays
the calculation of pitch angle. To calculate
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the pitch angle the system use the equation
9.

| ® Calculation of Pich Angle - 0o X

Calculation of Pitch Angle

Power 50

Tip Speed Ratio (A) Relative Wind Angle Pitch Angle

Calculate

Figure 8. Manipulated result for pitch
angle

4. RESULT AND DISCUSSION

This system uses the C# program for
calculating required data. The advantages
of this system is more easily and
accurately evaluate than manual. In table 3
displays the calculation time comparison
between C# programs and manual.

Table 3. Time consuming between C# and

manual
Software Time
Program
CH 5 seconds
manual 45 minutes

5. CONCLUSIONS

In this paper, the system manipulate the
design parameters of NACA 6049 airfoil.
The system is developed by using Blade
Element Momentum (BEM) theory in C#
program. In the calculation for design wind
turbine, there are many forms of
calculations. The system supports the user,
who can fast and easily to know the
calculated result data for design better than
manual. When the user insert the desire
power to the text box and then calculate, the
system immediately output the necessary
radius, blade section, tip speed ratio, chord
length and pitch angle. To enable the
efficient implementations, it should be
calculated the value of lift and drag force,
moment force, power for each section by
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BEM theory and compared with different
airfoil profiles to produce better power
output of small wind turbine.
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ABSTRACT

In this paper, comparative study of an efficient
algorithm proposed by F. Ahmed and well-
known Ford-Fulkerson algorithm is performed
to estimate the maximum flow in water
distribution network. Then the iterative steps
and procedures from two algorithms are
compared. Moreover, the maximum flow
estimated by above two algorithms is validated
by formulating the problem as a linear
programming (LP) model with bounded
variable simplex method and then solved by the
LP solver from Microsoft Excels. The
implementations for the detail steps of
algorithms will be illustrated by considering the
maximum flow of proposed water distribution
network in Mandalay City as a case study. The
objective of this paper is to estimate the
maximum possible flow that can be sent from
source node (s) to another sink node (t) of given
proposed distribution network and to validate
the results by specializing the simplex method
for linear programming.

KEYWORDS

Digraph, Augmenting path, Maximum flow,
Distribution network. LP simplex method.

1. INTRODUCTION

Graph theory is a branch of mathematics
that concerned with networks of points
connected by lines [1]. There are four types
of network models in graph theory. They
are shortest-path model, minimum spanning
tree  model, maximal-flow model and
minimum-cost capacitated network model.
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This paper concerns with maximum flow
models. The goal of finding the maximal
flow problem is to search the possible
maximum flow that can be sent from started
node to target node through the edges of the
network. The maximum flow problem is a
type of optimization problem in the flow
graph theory [2]. The objective of the
maximal flow problem is to estimate the
maximum amount flow in a network with
less number of iterations and less number of
augmentations. A flow network is a
directed graph where each edge has a
capacity and receives a flow as weighted
values [3].

This paper is organized as follows: firstly,
awareness of related works on current
research is presented in section 2. Then, in
section 3, we introduce the resources and
problem definition of current research.
Again, three maximum flow models are
proposed in methodology section 4. Finally,
the discussion about results is described in
section 5 and this work is concluded in
section 6.

2. RELATED WORKS

In practice, the flow problems can be seen
in finding the maximum flows of water in
pipes, currents and voltages in an electrical
circuit, people in a public transportation
system, vehicles on roads, goods from a
producer to consumers, and traffic in a
computer network, and so on. These
problems can be solved by using various
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algorithms such as F. Ahmed algorithm,
Ford-Fulkerson algorithm, Edmonds-Karp
algorithm, and Goldberg-Tarjan algorithm
etc.

3. RESOURCES

The water source of Mandalay City is
groundwater that is recharged from the
Ayeyarwaddy River. It is recognized that
surface water is the main water source for
future water demand of the city. Daily
average water demand of Mandalay City is
estimated to increase 305000m%day (80.5
million gallons/day) in 2020 [4]. In this
case water distribution system plays vital
role for Mandalay City. A water
distribution system is a part of water supply
pipes network to supply water from the
service reservoirs to consumers in order to
adequately  deliver water to satisfy
residential, commercial and industrial etc.
Distribution network is a simple, connected
and weighted digraph G = (V,E) where V
is the set of vertices (or nodes) (reservoirs
and pumping systems) and E is the set of
edges (or arcs) (pipelines). The weighted
value associated with every directed edge in
G represents the capacity of the pipes [5].
District Metering Areas (DMA) at
reservoirs and pumping systems are
represented by vertices and lines which
given water flows through by edges and
capacities by weights.

3.1. Problem Definition

The maximization flow problem is to
determine the maximum amount of flow
that can flow per unit of time from source
to sink in a given flow network [6]. Each
edge has associated with a positive number
called its capacity [7]. The best example of
flow network is sending water from one
reservoir to other using different paths, the
sending reservoir is source and receiving
reservoir is destination. Each path is made
of pipe lines of different diameters.

4. METHODOLOGY
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4.1. F. Ahmed’s Algorithm

The steps of the F. Ahmed’s maximum
flow algorithm are summarized as follows

[8]:

Step-1: Initialize f;; = f;; =0, for each
edge (i,j) € E.

Step-2: Set flow value = 0.

Step-3: If there exist any cut [S,T]
such that cap (S, T) = flow value. Stop.
Else continue. (i.e., go to step 4).

Step-4: Select an augmenting path p from s
to ¢ in the residual network Gy.

Step — 5: Set ¢¢(p) = (ﬂi)relp{cf (i,j)}.

Step-6: For each (i,j) € p, if (i,j) € E,
set fi; = fij + ¢s(p),
else fj; = fji — cr(p).

Step-7: Set flow value = flow value +c¢(p)
and Return to step-3.

Step-8: The maximum flow = flow value.
Stop.

4.2. Ford-Fulkerson Algorithm

Ford, L. R. Jr. and Fulkerson, D. R.
introduced the Ford-Fulkerson Algorithm in
1955 [7]. The idea is to find the flow along
one of the paths from source to sink in a
network with available capacity called an
augmenting path [6]. For every edge
connected from node i to node j, we use
the notation (i, j):
A= cij — fij
Aij= fij

A= min4;; taken over all edges of a path.

for forward edges

for backward edges

There are two main steps in the Ford-
Fulkerson algorithm. The first step is a
labelling process to find a flow augmenting
path and the second step is to change the
flow accordingly. Otherwise, no augment-
ing path exists, and then we get the
maximum flow [3].

4.3. Residual Network and Residual
Capacity

The residual network, Gy, consists of edges
with capacities that represent available
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capacity that can be changed the flow on
edges of G. Whilst, the residual capacity c¢
of an edge is the difference between the
edge’s capacity and its current flow.

4.4. LP Formulation of Maximal-
Flow Model

In a flow network G = (V,E), let f be the
amount of flow and x;; be the flow from
node i to node j over the arc (i,j) The
procedure to obtain an optimum solution of
any LPP by bounded variable simplex
method consists of the following steps [9]:

Maximize: f
Subject to : szj - Z Xps = f
JEV kev
thj - Zxkt =-f
Jjev kev
inj — Zxki =0,foralli eV — {s, t},
JEV kev

0 < x;j <, forall (i,j) €E,

where c;; is the upper bound of the flow over
the arc (i, j).

5. RESULTS AND DISCUSSION

In this research, F. Ahmed algorithm and
Ford-Fulkerson algorithm are used to
estimate the maximum flow for proposed
water distribution network of Mandalay
City. Then the results obtained from two
algorithms will be validated by formulating
flow network as a LP model and solved by
bounded variable simplex method. The flow
network is a directed graph with two
different nodes; source and sink. Four
different pipe-sizes are used in this
distribution network. These include the
diameters of 150mm (=6"), 200 mm
(=8"), 250mm(= 10") and 300mm (= 12"
and the capacities of these pipes are
800 gal/min,1600 gal/min,3000 gal/min
and 4700 gal/min respectively. These
values with multiple of 102 scale can be
seen in the edges of graph. The total
amount of water coming into that junction,
anywhere those pipes meet, must be equal
to the amount going out.
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Figure 1. Proposed Water Distribution
Network in Mandalay City [4]

In practical distribution network, the
pipelines are not straight as in Figure 1.
They may be connected according to the
grids of townships and quarters. However,
to make a modelling as a connected
digraph, we represent a network with
straight line edges. Actually, the locations
of the nodes (junctions) in the networks are
the real places where the reservoirs and
pumping systems exist. In this pipeline
network, we denote the source node 1 as
“s” and the sink (target) node 9 as “t” as

shown in Figure 2.
30

30

S
Figure 2. Representation of Digraph for
Proposed Network with Respective
Capacities
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5.1. Estimated Result by F. Ahmed’s
Algorithm

The proposed water distribution network
and capacities of each pipe are represented
by Figure 2.

Table 1. Source-Sink Cut and Its Capacity

Source-Sink Cut [S, T] Cap
(C))
Source set (S) Sink set (T)

{1} {2,3,4,5,6,7,8,9} | 107

{1,2} {3,4,5,6,7,8,9} 101
{1,3} {2,4,5,6,7,8,9} 106
{1,4} {2,3,5,6,7,8,9} 109
{1,2,3} {4,5,6,7,8,9} 100
{1,2 4} {3,5,6,7,8,9} 103
{1,2,5} {3,4,6,7,8,9} 115
{1,3 4} {2,5,6,7,8,9} 100
{1,3,6} {2,4,5,7,8,9} 136
{1,47} {2,3,5,6,8,9} 117

{1,2,3,4} {5,6,7,8,9} 94
{1,2,3,5} {4,6,7,8,9} 130
{1,2,3,6} {4,5,7,8,9} 122
{1,3,4,6} {2,5,7,8,9} 114
{1,3,4,7} {2,5,6,8,9} 108
{1,4,7,8} {2,3,5,6,9} 148
{1,2,3,4,6} {5,7,8,9} 100
{1,2,3,5,6} {4,7,8,9} 120
{1,3,4,6,7} {2,5,8,9} 122

{1,2,3,4,5,6} {7,8,9} 98
{1,2,3,4,6,7} {5,8,9} 108
{1,3,4,6,7,8} {2,5,9} 123
{1,2,3,4,5,6,7 } {8,9} 106
{1,2,3,4,6,7,8} {5,9} 109
{1,2,3,4,5,6,7,8} {9} 107

The first step is to initialize the value of
current flow f for each edge to O in the
network as follows:

Figure 3. Distribution Network with their
Capacities and Initial Flow 0.

There are two numbers on each edge of
Figure 3, the first number represents the
capacity of a pipe on each edge and the
second number represents current flow (all
numbers x 102 gal/min). Assume that the
value of initial flow is zero. Then
cap (S,T) = 0 and there does not exist any
source-sink cut [S, T] in  Table 1. So, the
flow is not maximum.

Iteration -1:

The residual network G; (Figure 4) of the
initial flow network (Figure 3) is as
follows:

Figure 4. Residual Network

In this step, c¢;(p) = min {30,16,30} = 16
and so, flow value = 0 + c¢(p) = 16.

This value does not exist in source-sink cut
[S, T] in Table 1 such that cap (S,T) = 16.
So, the flow is not maximum. The new
resulting flow network is considered as in
Figure 5.

Figure 5. Resulting Flow after Increasing
16 Units of Flow along1 - 2 - 5 - 9.
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Iteration -2 :

The residual network G of the above
resulting flow network can be illustrated as
follows:

Figure 6. Residual Network

The flow values on the edges with
backward direction indicate the flow values
that have been considered on those edges.
And the dotted edges represent the pipelines
that have not performed yet at the current
iteration step.

In this step,cs(p) = min {14,8,30} =8
and so, flow value = 16 + c;(p) = 24. This
value does not exist any source-sink cut [S,
T] in Table 1 such that cap (S,T) = 24.
Therefore, the flow is not maximum. The
new resulting flow network can be drawn as
in Figure 7.

5 30,0

Figure 7. Resulting Flow after Increasing
8 Units of Flowalong1 -2 -6 -9
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Iteration -3
The residual network Gy of the resulting
flow network can be presented as follows:

14

30
Figure 8. Residual Network

In this step, c¢;(p) = min {47,16,22} =
16 and so, flow value = 24 + ¢¢(p) = 40.
This value does not include any source-sink
cut [S, T] in Table 1 such that cap (S,T) =
40. Therefore, it is not maximum. The new
resulting flow network can be visualized in
Figure 9.

5 30,0

Figure 9. Resulting Flow after Increasing
16 Units of Flow along1 -3 -6 -9

The same procedures for drawing figures on
residual networks and resulting flow
networks of corresponding paths can be
applied for the remaining steps.

Similarly, iteration for steps 4, 5, 6 and 7
can be performed for the residual networks
and resulting flow networks for the paths
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1-3-58-09, 1-4-57-58-09,
1-4-56->5-9 and 1-4-56-9
with increase flows 30 units, 8 units, 14
units and 2 units respectively. The detail
calculations for flow values in those steps
can be checked as follows:

For iteration- 4,

¢r(p) = min {31,30,47} = 30 and S0,
flow value = 40 + ¢¢(p) = 70.

For iteration -5,

cs(p) = min {30,8,16,17} =8 and  so,

flow value = 70 + ¢¢(p) = 78.

For iteration -6,

cr(p) = min {22,16,16,14} = 14 and so,
flow value = 78 + c¢(p) = 92.

For iteration - 7,

cs(p) =min { 8,2,6} =2 and so, flow
value = 92 + ¢¢(p) = 94.

In this case, we see that there exists a
source-sink cut [S, T] in Table 1, where
§S=1{1,2,3,4}and T = {5,6,7, 8,9} such
that cap (§,T) = 94. So, the algorithm
stops and the flow in iteration 7 is
maximum flow. The value of maximum
flow through the given distribution network
from source (s) to sink (t) is 9400 gal/min.

Figure 10. The Maximum Flow in Water
Distribution Network

It can be seen that there is no flow on the
edge (4,3) because the pipe size used on
that edge is relatively small compared with
neighboring pipelines to flow from
reservoir 4 to reservoir 6. So, we remove
this pipeline from the network.
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5.2. Estimated Results by Ford-
Fulkerson Algorithm

The iterations and procedure of Ford-
Fulkerson algorithm to find the maximum
flow of the current distribution network is
briefly summarized as follows:

Step-1. The augmenting pathis 1 - 2 =
5—-9 with residual capacity 16.
Flowvalue =16+0+0=16

Step -2: The augmenting pathis 1 - 2 =
6 -9 with residual capacity 8.
Flow value = 244+ 0+ 0 = 24.

Step -3: The augmenting pathis 1 - 3 -
6 -9 with residual capacity 16.
Flow value = 24 + 16 + 0 = 40.

Step -4: The augmenting pathis 1 - 4 -
6 -9 with residual capacity 6.
Flow value = 24 + 16 + 6 = 46.

Step -5: The augmenting pathis 1 - 4 -
6 —-5—9 with residual capacity 10.
Flow value = 24 + 16 + 16 = 56.

Step -6: The augmenting pathis 1 - 3 -
8 -9 with residual capacity 30.
Flow value = 24 + 46 + 16 = 86.

Step -7: The augmenting pathis 1 - 4 -
7 -8 -9 with residual capacity 8.
Flow value = 24 4+ 46 + 24 = 94.

Step -8: There does not exist any
augmenting path from source to sink. So
the algorithm stops and therefore the flow
in step 7 is maximum flow for the given
distribution network. The maximum flow
value is 9400 gal/min.

The resultant estimated maximum flow
from two algorithms is the same. But, in
iterations, the F. Ahmed’s algorithm takes
one less iteration step than Ford-Fulkerson
for the given small network. It will be faster
significantly than Ford-Fulkerson algorithm
if we consider big networks with large
numbers of nodes and edges. Therefore, the
more complex network problems we
considered, the lesser the iteration steps will
be provided by F. Ahmed’s algorithm.
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5.3 Results from LP Formulation
with Simplex Method

To validate the maximum flow values of
above two algorithms, we formulate water
distribution network flow problem as a
linear programming model and solve by
bounded variable simplex method. The
associated LP of given water distribution
network is summarized as in the following
Table 2.

Maximize:

(or)

Subject to: x4, — X35 — X34

Z=X12 t X131+ X14
Z = Xs9 t Xg9 T Xgg
=0
X13 + X43 — X36 — X35 =0
X14 = X43 — X46 — X47 =0
X25 + X5 — X59 =0

X6 T X36 + X46 — Xe5 — Xg9 = 0

Xa7 — X78 =0

X33 t X783 —Xgg =0
0 < x4, <30, 0 <x3 547,
0 < xq4 <30, 0 < x,5 <16,
0<x,6 <8, 0 < x36 <12,
0 < x35 < 30, 0<x4,3 <8,
0 < xy6 < 16, 0<x47, <8,
0 < x59 < 30, 0 < x45 < 16,

0$x69S30, 0Sx78S16,
0Sx89S4’7.

After solving the above LP Problem using
bounded variable simplex method and MS

Excel Solver, the optimal solution is
obtained as follows:

X1y = 24, X13 = 46, X14 = 24,
X,5 = 16, Xy6 = 8, X3¢ = 16,

x3g = 30, X43 =0, Xa6 = 16,

X47 = 8, Xg9 = 26, xg5 = 10,

Xg9 = 30, X7 = 8, Xgg = 38,

The associated maximum amount of flow
that is flowing out from the source node “s”
is
Z=X12 t X133+ X14
=24 + 46 + 24 = 94.
Similarly, we can check the maximum flow
that is entering to the sink node “t” is
Z = X59 t Xg9 T Xgo
=30+ 26 + 38 = 94.

According to the result from formulating
and solving as a Linear Programming
Problem with bounded variable simplex
method for the given water distribution
network of Mandalay City, the maximum
flow from source reservoir at Kan Daw Gyi
Lake to the sink reservoir at East of Palace
is 9400 gal/min. This flow value is the same
as the maximum flow values estimated by
F. Ahmed Algorithm and Ford-Fulkerson
Algorithm. So the result is validated.

Table 2. Formulation of Linear Programming Model of Given Distribution Network

X12 | X13 | X14 | X25 | X26 | X36 | X38 | X43 | Xa6 | Xa7 | X59 | X65 | X69 | X78 | X89
Maxz;| 1 1 1
Max z, 1 1 1
Node 2| 1 -1 -1 =0
Node 3 1 -1|-1|1 =0
Node 4 1 -1|-1|-1 =0
Node 5 1 -1]| 1 =0
Node 6 1] 1 1 -1 -1 =0
Node 7 1 -1 =0
Node 8 1 1 |-1|=0
Capacity | 30 | 47 |30 |16 | 8 |12 |30 | 8 |16 | 8 |30 | 16 | 30 | 16 | 47
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Solver Parameters

Set Objective: 818 E=]

To: @ Max Min Value Of:

By Changing Variable Cells:
$852:48816 (&=

Subject to the Constraints:
[s8520 = 50520 ."

([
\

Change
| $8526 = $DS26 { Delete
$8527 <= $D$27
$B8$28 <= $D$28

|$B$29 <= $D$29
|$B$30 <= $D$30
|$B$31 <= $D$31
|$B$32 <= $D$32

Reset Al

Load/Save

V| Make Unconstrained Variables Non-Negative

Select a Solving Method: Simplex LP Options

[ |

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.

‘ Help ] [ Solve

‘ Close |

Figure 11. Microsoft Excel Solver

Table 3. Microsoft Excel Solver Answer
Report

Microsoft Excel 14.0 Answer Report
Result: Solver found a solution. All Constraints and
optimality conditions are satisfied.
Solver Engine
Engine: Simplex LP
Solution Time: 0.016 Seconds.
Iterations: 14 Subproblems: 0
Solver Options
Max Time Unlimited, lterations Unlimited,
Precision 0.000001, Use Automatic Scaling, Show Iteration Results
Max Subproblems Unlimited, Max Integer Sols Unlimited,
Integer Tolerance 1%, Assume NonNegative

Objective Cell (Max)

Final
Cell Name Original Value  Value
$HS19 maximize 0 94

5.4. Comparison and Recommendation

There are many algorithms to find the
maximum flow problems; among them
Ford-Fulkerson algorithm, Edmond-Karp
algorithm and Goldberg-Tarjan algorithm
are the most popular algorithms. Other
modified algorithms are developed to
reduce computation time [2], [6].
Modification in any mathematical algorithm
is always required to find out more accurate
result. Actually, F. Ahmed’s algorithm is
one of the modified algorithms of Ford-
Fulkerson algorithm and the less iteration
steps are needed to estimate the maximum
flow values than F. Fulkerson. So, we
strongly recommend that Farugue Ahmed's
algorithm is guaranteed to reach the
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solution for maximum flow with the less
iteration steps.

6. CONCLUSION AND FUTURE
WORKS

In this paper, comparative study of F.
Ahmed algorithm and Ford-Fulkerson
algorithm in flow graph theory has been
performed to find the maximum possible
flow in proposed water distribution pipeline
network of Mandalay City. Then the result
flow estimated by two algorithms has been
validated by formulating and solving as a
LP problem using bounded variable
simplex method with the help of Microsoft
Excel Simplex Solver.

As the future works, this algorithm can
be applied to find the maximum flow in
water distribution network by considering
the pressure at each reservoir and pumping
system for perfect research. This algorithm
can also be used to model fluids in pipes,
traffic in a road system, currents in an
electrical circuit, or anything similar in
which something travels through a network
of nodes.
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ABSTRACT

Mode-locked lasers are used to generate
narrow optical pulses that are needed for the
high-speed TDM systems.DBR laser is that
there is a grating instead of a cleaved facet at
one or both ends of the laser structure. To
suppress any reflection from the end of grating
an antireflection(AR) coating is applied.
Monolithically integration of optical device
elements on a single semiconductor substrate
enables the fabrication of compact device
modules offering various kinds of reliable and
high performance functionalities at low cost.
Tuning characteristics of monolithic passively
Mode-Locked Distributed Bragg Reflector
(DBR) semiconductor lasers are investigated in
terms of center wavelengths. It is shown that the
centre wavelength of the pulses can be tuned
over a wide range by changing the injected
currents.

KEYWORDS
DBR (Distributed Bragg Reflector), TDM,
Mode-locked lasers, optical device, laser

material.

1. INTRODUCTION

The generation of ultrashort pulses using
semiconductor lasers are of great interest

and practical importance for the
developments of high-speed optical
communications including soliton-based

systems owing to their distint features over
other laser systems. Semiconductor laser-
based short pulses are also being used in
ultrafast switching, electrooptic sampling,
millimeter-wave signal generation, and
many other areas of ultrafast laser
technology. Over the past decades, there
have been many advances in ultrashort
pulse generation from semiconductor lasers
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to improve the performance of such pulses
in terms of pulse width, peak power,
repetition rates, spectral purity, and
temporal stability[5]. Tunability is another
key requirement for many applications. For
wavelength-division-multiplexed  optical
communications,  wavelength-  tunable
pulses are desired, while for time-division-
multiplexed systems, pulses with tunable
repetition rate are required in order to
satisfy the predetermined transmission line-
rates. Hence, how to generate ultrashort
pulses with tunable center wavelengths and
repetition  frequencies has been an
important issue. Two commonly used
techniques for generating short pulses from
semiconductor lasers are gain-switching
and mode-locking. Mode-locking s
realized by modulating the laser at an inter
cavity mode-spacing frequency in an
externally extended cavity configuration,
which can provide much shorter pulses at a
predetermine repetition rate. The nearly
transform-limited picosecond pulse
generation at 40GHz using passively mode-
locked semiconductor lasers that are
monolithically integrated with a phase-
control (PC) section and a distributed Bragg
Reflector (DBR) section are demonstrated.
One distinct feature of these devices is the
monolithic integration of the active regions
with a passive PC section and a DBR
section, which allow tuning of the
generated pulses in terms of center
wavelength and the repetition rates [7].

2. DEVICE STRUCTURE

The monolithic multisection semiconductor
laser was fabricated by using Metal Organic
Vapor-Phase Epitaxy (MOVPE) crystal
growth. The schematic architecture is
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shown in Figure-1. The mode locked multi-
section laser (MML) IC has four electrodes
corresponding to a saturable absorber, a
gain, a phase control, and a DBR section,
respectively. The active layers of the gain
and the absorber sections are composed of
strained multiple quantum-well (MQW)
structures having six InGaAsP wells and the
width of active layer is 1.2um and the
height is 122nm thick. The phase control
and the DBR sections consist of quaternary
bulk material with 1.24-um bandgap
wavelength. The DBR facet was AR-coated
and the corrugation depth is (80.5) nm and
the height of the 1.24pum waveguide is
440nm. Figure-2 shows the schematic cross
section of the MML IC.

Sat. absorber
\ Gain
A\

Phase DBR

/

AL,

I

InP substrate

I Active (Mow)

El Passive (phase, DBR )

Figure 1. Schematic architecture of mode
locked multi-section laser (MML) IC on
InP

p-contac- «—— P-GalnAs/GalnAsP

Currentblocking layers
P-InP

n*-InP barrier

4+—
«—  S1-InP:Fe

1

n"-InP buffer

- active (MQW)

n*.InP substrate

Figure 2. Schematic cross section of mode
locked multi-section laser (MML) IC

When the gain section was forward biased
and the absorber section was reverse biased,
the laser became passively mode-locked
and generated a nearly transform limited
pulse train at the cavity round trip
frequency of 40GHz. Depending on the
reverse bias voltage at the absorber, the
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pulse width will be varied. The injection of
currents into the phase-control section and
the DBR section result a tuning of
repetition  frequency and  emission
wavelength, respectively.

3. EXPERIMENTAL MEASURE ON
DISTRIBUTED BRAGG
REFLECTOR (DBR ) SECTION

To investigate the tuning and spectral
characteristics of DBR section, special test
device with DBR section were prepared and
investigated in optical transmission. The
lengths of the DBR section are 30um,
50um, 300um and 430um. The structure of
the test device is shown in Figure-3. The S-
bended waveguides were implemented in
order to reduce the impact of scattering
effects and substrate modes on the
transmission signal.

I

DBR

S-bend
wavegu

dl

Figure 3. The structure of the DBR section.

The measurement of transmission spectrum
is controlled by PC using LAB View
programs. Moreover, all key parameters of
DBR can be deduced utilizing fitting
routines of the program. The wavelength
tuning can simply be achieved by injecting
currents into the DBR section. Due to the
plasma effect, the refractive index of DBR
section will be decreased, which will shift
the Bragg wavelength toward the shorter
wavelength side. Figure-4 shows the
transmission spectra of the different length
of the DBR section under tuning currents.
The extinction ratio of the spectra is larger
for longer DBR length. This is due to larger
impact of longer DBR’s length. As can be
seen clearly since curve is applied, in all
cases, the Bragg wavelength shifts toward
shorter wavelengths side.
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Figure 4. Transmission spectra of DBR
section with different lengths at injection
currents OmA and 40 mA : (d) Lpgr =30
pm, ( Temp : 23°C, structure : Speedy 4).

Theoretical transmission curve is calculated by using the LabView program which is based on
the formula above. The key parameters of the investigated DBR’s were determined by fitting
the theoretical curve to the experimental transmission curve. They are shown in Table-1.

Table 1: List of the related parameters for different lengths of the DBR section

I—DBR K ( Kappa ) N eff A Bragg
30pum 86 3.21525 1533.674
50um 174 3.21600 1534.032

300pm 176 3.21595 1534.008
430pum 173 3.21610 1534.08
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From coupled mode theory there can be derived the equation, modeling the transmission
spectrum of a DBR.

(% sinh(y 1))’

(cosh(y- L)+ ]?/'8 sinh(y - L))

t =(cosh(y-L)— ESIDI’I(V L))+

(1)
The intensity of the transmission coefficient is
T(r)=t
K 2
" (L% sinh(y - L))’
T(A) = | (cosh(y - L) = 22 sinh(y - 1))+ A
4 (cosh(y- L) + 2= sinh(y - L)
4 (2)
where y*= «°— Ap?
AB = B-Po
2m]cff (/\) _ 2m1('ff (AB)
_ A Ay
2,
AB = — A
AB
AP = deviation of the propagation constant
1559 B from the Bragg propagation constant
ol n e S Mt = the effective refractive index
5 L Ag = the Bragg wavelength
5 "\ n :
= ¢ = the group index
g N o It can be seen that, the values of the effective
1532 4 e refractive index and the Bragg wavelength are
nearly the same for all length. This is because
o of the same structure. The value of the
T T T coupling coefficient was determined to be

Injected Current (mA)

fit with high accuracy theoretical transmission
curve. Hence longer DBR lengths are more

(@) suitable to be wused for finding out the

Figure 5.Wavelength- tuning characteristics of parameters _
DBR sections with the different length at Figure-5 summarizes the dependence of the
various injection currents:(a ) Lpsr= 430 Bragg wavelength on the DBR tuning current.
pm.(Temp : 23°C , Structure : Speedy 4). The maximum tuning current was 50mA and a

smaller in shorter DBR length. It is difficult to

total continuous tuning range is 3.5nm for

« = the coupling coefficient Logr = 300um and 2.5nm for Lpgr = 430pm.
L = the DBR length
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Figure 5. Wavelength- tuning characteristics of
DBR sections with the different lengths at
various injection currents :(b)Lpgr = 300
pm.(Temp : 23°C, Structure : Speedy 4).

4. CONCLUSIONS

In experiment on the DBR section, the
measurement of the transmission spectrum is
described. The tuning characteristics of
monolithic passively mode-locked DBR
semiconductor lasers in terms of center
wavelengths for four types of devices have
been investigated. The wavelength tuning can
be achieved by injecting currents to the DBR
section. These monolithic passively mode-
locked DBR lasers are expected to have many
applications in high-bit-rate time-division-
multiplexed  and/or  wavelength-division-
multiplexed optical communications as well as
in optical millimeter-wave signal generation
and distribution.

5. FUTURE WORK

Instead of Distributed Bragg Reflector ( DBR)
section, it could be replaced with Saturable
Absorber (SA) structure. The absorption
coefficient values are changed depending on
the length of the SA.
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ABSTRACT

The aim of this paper is to evaluate the
performance analysis of the arduino based
Laboratory used Nal Scintillation counting
system. It has been designed, implemented to
Arduino Mega2560 board with LCD Display
for Nal counting system and refurbished with
NIM module, (Canberra 2100) include (Nal
detector, High Voltage Power Supply, Pulse
Processing circuit, Timer & Counter with LCD
Display). The Arduino mega2560 is coded as
the counter timer and displayed on LCD.
External interrupt mode is used in Arduino for
counter timer operation. The random sample
from SCA output can be analyzed to show
statically significant by comparing Canberra
counter timer (model: 2071A). The statistical
analysis results of Chi-square test and Paired
sample T-test have been described by SPSS
(Statistical Package for the Social Sciences)
software for Gama ray Energy.

KEYWORDS

Nal Counting System, Arduino Counter Timer,
Chi-square Test, Paired Sample T-test, SPSS.

1. INTRODUCTION

Laboratory used Nuclear Counting Systems
are essential for gamma-ray spectrometry, a
well-established tool for basic research and
has a great variety of applications. All
Nuclear Spectroscopy Systems are based on
the single channel analyzer (SCA), or
multi-channel analyzer (MCA). Depending
on the various nuclear applications, Nuclear
Instruments (NI) are designed and
implemented with Detectors, Preamplifier,
Amplifier, High Voltage supplied, Pulse
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Height Analysis and Counting Techniques.
Radiation detectors such as Gaseous
lonization detectors, Scintillation detectors
and Semiconductor detectors are used to
detect the random nature of radiation
particles emit from radioactive sources. [1]

[3] [4]

In this work, an Arduino-based Nal
counting system has been refurbished with
Arduino based Counter & Timer and
analysed by SPSS especially for
experimental purposes and other nuclear
counting applications to monitor the events
statically significant.

1.1. Nal SCINTILLATION DETECTOR

There are three types of detector that most
frequently used for NI, gas filled detector,
scintillation detector and semiconductor
detector. The construction of a gas filled
detector is very simple, the scintillation
detector has very high efficiency, and
semiconductor detectors have very high
resolution according to various nuclear
applications. In this work, Nal detector is
used with NIM (Nuclear Instrument
Module) for radiation counting analysis by
constructed Arduino based counter timer.
Scintillation counting system is one of the
most sensitive and effective methods for
detecting radiation. It uses a photo-
multiplier tube coupled to a transparent
crystal called scintillator which produces
light by incidence of radiation. In radiation
measurements, there are two parameters
that should be measured. One is the energy
of individual particles and the other is the
number of particles. Radiation measure-
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ments should determine these two
parameters. When radiation enters the
scintillator, it produces light flashes in
response to each particle. The amount of
flash is proportional to the energy of the
incident radiation. In the case of thallium
activated sodium iodide, or Nal(Tl), which
is the most popular scintillator, head-on
type photomultiplier tube with a bialkali
photocathode is widely used. Nal (TI)
Scintillation Detector (Canberra, 802-3),
which is a monoline crystal assembly,
includes a high resolution Nal (TI) crystal, a
photomultiplier tube (PMT), an internal
magnetic light shield, and a chrome-plated
aluminum housing. [1] [4] [7] [14]

The photomultiplier tube detects individual
light flashes and provides the output pulses
which contain information on both the
energy and amount of pulses, as shown in
Figure 1. [2]

ton

Photo Cathode

Secondary
Photoelectron

oL High Voltage
- Source

Pulse discriminator,
0 digtal counter,
multichannel analyser
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oA A
T

Light Screen

N —TL

Photoslectron | High Vottage Divider
& OUTPUT

Pulse Amplifier

Photo multiplier

Light Guard Scintillation Counter

Optical Contact

Scintillator

Figure 1. Diagram of Sintillation
Detector with Photomultiplier Tube

2. COUNTING STATISTICS

The radioactive disintegration process is an
example of a natural phenomenon well-
suited to statistical analysis. The random
nature of nuclear radiations pulses which
are always emitting and decaying time by
time and so one can never predict exactly
how many will occur in a given amount
time. One can determine, however, the
probability that the number of disinter-
grations occurring in a given time period
will be within a specified range of values.
Thus, the counting stability and accuracy
are needed to show statistically significant
in nuclear laboratory counting appli-
cations. [3][5][6]
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2.1. Satirical
Science (SPSS)

SPSS is a commercially produced statistical
software package that is widely used in the
fields of Education, Psychology, Science,
Engineering, Marketing, Business & etc.
For this paper, counting analysis of
comparison between Canberra and Arduino
based Counter Timer are presented by using
SPSS. For nuclear counting statistics, data
are collected and analysis such as normality
test, pair t test and chi square test have been
done to compare for two counters with
SPSS, to evaluate and indicate statistically
significant in performance of counting
system for Gama ray Energy by Nal
detector. [8][9] [16]

Package for Social

2.2. Normality assumption in SPSS

Not all test statics normally distributed, but
most of them are either based on the normal
distribution directly or on distributions that
are related to and can be derived from
normal such as t test, F test or Chi-square
test. Typically, these tests require that the
variables analyzed are themselves normally
distributed in the population, that is, they
meet the so-called "normality assumption”.
Many observed variables actually are
normally distributed, which is another
reason why the normal distribution
represents a "general feature" of empirical
reality. [12][16] In this paper, before paired
t-test for counting statics, the normality test
must be the first analysis and also presented
in results and discussions, Table 1.

2.3. Chi-square test and T- test

The Chi-square characterizes the fluctuation
in the count rate data. To analysis the
counting precision, ten replicate counts of
Cs-137  photo-peak are taken and
calculated. If all count rate falls within an
expected deviation from a mean value, the
counting system must be regarded as stable.
The Chi-square test is an important test
which insures that the system does not have
intermittent problem. [4] [5] [8][9]

A t-—test is used to determine whether there
is a significance difference between two
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sets of score. In this paper, the paired t-test
is used for comparison between the mean
population of sample data from Canberra
Counter Timer and Arduino based Counter
Timer by Cs-137 and Co-60.[8][9] There
are three types of t tests and each is
calculated slightly differently. (1) one
sample t test (2) paired sample t test and (3)
independent sample t test. The paired
sample test compares two means that are
from the same individual, object, or related
units. In this work, paired sample t test is
used by SPSS and mathematically
analysis.[16] For evaluation of counting
statics on Arduino based counter timer
system, normality test, descriptive statics,
Chi-square tests for Gama ray Energy by
SPSS are expressed in Tables 1, 2, 3,4 and
Figure 6,7.

3. ARDUINO-BASED NAI COUNTER

Nowadays, one can hardly imagine any
nuclear measurement without the help of
computer and data acquisition system. In
this paper, constructed Arduino based
counter timer is refurbished and analysis
with NIM included (HV unit, Amplifier,
SCA and Counter Timer) to evaluate the
counting stability for Gama ray Energy.[8]

Power
Supply
(NIM)

¥

High -Voltage
Unit

Regulated

Power Supply

1

Arduino based

v

Nal Detector

Pulse

—>

Timer-Counter

—>

Processing

Figure 2. Block Diagram of Arduino based
Nal Counting System

High Voltage Power Supply unit (Canberra,
3102D) for Nal detector, Amplifier and
SCA (Canberra, 2015A) for Pulse
Processing unit and Counter Timer
(Canberra 2071A) are setup in this work.
Arduino based Counter Timer (Arduino
Mega2560 board) with LCD Display are
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used as a hardware part and Arduino IDE
1.8.5 is used to code for counter timer
interface unit, control desire applications.
Detector is used to sense the radiation
signals through interface with Arduino
board and the collected data can be
monitored on LCD. Nal Scintillation
Counting System can be used for nuclear
monitoring application in environment for
performing experiments with radioactivity
and nuclear energy. In this paper, counting
analysis is carried out by comparing
Canberra counter timer (Model:2071A)
with Arduino based counter timer as shown
in Figure 6 (a,b) and 7(a,b).[9][10]

3.1. Refurbishment of
Scintillation Counter Circuit

Nal

In this work, the Nal detector with pre-
amplifier is connected with 800 V H-V
power supply unit. The incoming radiation
signal from detector is passing through the
pulse processing unit  (pre-amplifier,
amplifier, SCA) for desire shaping,
amplifying and then convert to positive
logic 5Voutput pulse to give the Arduino
mega 2560 Board. The radiation passes
through the Nal detector during the pre-set
time by using external interrupt mode of
Arduino mega 2560, INT 5. These signals
are collected by counter timer and can be
coded to monitor on LCD display (D4, D5,
D6 and D7 (pin 2,3,4 and 5). The circuit
diagram as shown in Figure 3.[11] [13][15]

|& & ~9

Pulse
Process-
sing unit
for Nal
detector

Arduino mega 2560

Figure 3. The Circuit Diagram for
Arduino-based Counter Timer [9]

3.2. Step by Step Operation of
Arduino based Nal Counter

The flow diagram of Arduino based Nal
Counter Timer is as shown in Figure 4.
Experimental setup is as shown in Figureb.
Firstly, the signals from detector are needed
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to be amplified to get desired voltage and
then discriminate these pulses with pulse
height analyzer also called SCA Single
Channel Analyzer (Energy discriminator).
SCA has a lower and upper level
discriminator, and produces a standard logic
pulse whenever an input pulse falls between
the discriminator levels. These radiation
signal transformed into logic one can be
recorded and analyzed with Arduino-based
counter timer. [8]

Initialize Pin mode,
Timer Interrupt, LCD,
Serial communication

and some variahles:

ale
1 Bl
\ 4

pulse = 0:

pulse = 0, counter =0,
Get current time,
Display current pulse
onl Ch-

Check for
external timer
interrupt;

*Y

pulse ++;

A\ 4

Display current pulse,
count, value and time
onLCD

Check for
preset time ==
60 secs?

counter = pulse ;

Figure 4. The Flow Diagram for Arduino
based Nuclear Counting System
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Timer
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Figure 5. The experimental Setup View
for Nuclear Counting System [7]
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4. METHOD AND PROCEDURE

To compare the difference between
Arduino based Counter Timer and Canberra
Counter Timer, Pair T-test analysis have
been done by SPSS. The normality testing
of two counters’ different must be tested
before paired T-test sample analysis. [16]

4.1. Normality Testing of Two Data

The normality results of differences (diff)
and normality value of each source samples
are shown in Table 1. The normality of
different value (diff) between Arduino
based and Canberra Counter Timer for
3’Cs and Co-60 are as shown in Figure 6
(@) (b) and 7(a) (b) box plots and normal
Q-Q plots by SPSS.

4.2. Method and procedures for
paired t-test in SPSS

Hypothesis Testing — Testing the null
hypothesis that the mean population is same
for Canberra Counter Timer and Arduino
based Counter Timer; the alternative
hypothesis is difference mean population
between them. The significance level is
0.05. [10] [16]

Null Hypothesis Ho: (1 = Ho) or (U-Ho = 0)

Alternative Hypothesis Ha: (u# wo) or (u-
Ho # 0)

5. RESULTS AND DISCUSSION

In Table 1,2,3 and 4, the result shows the
normality test, Chi-square and their paired
t-test for Cs-137 and Co-60 by SPSS.
Table 1, 2, 3 and 4 shows the SPSS data
result of two counters by two sources. P
value (0.468, 0.810, 0.113, 0.520, 0.359,
and 0.996) shows all are more than 0.05 in
normality test of table 1 and there is no
significant departure from the normality
distributions.
e Mean difference are not too large for
mean value of two counters in Table 4.
e The p-value are 0.970/2 = 0.485 and
0.948/2 = 0.474 respectively.
P-value (0.312 and 0.474) are > 0.05.
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Therefore, fail to Reject HO. There is no
significant change in Arduino and
Canberra Model.

e The 95% Confidence Interval for mean
difference are [-11.578, 11.978] for Cs-
137 and [-26.272, 27.872] for Co-60 and
contains the value of zero. Thus,
indicate the overall changes in number
of counts value are equal to zero.

e Thus, we are confident 95% in accuracy
in Paired t-test and there is no significant
departure  between Canberra and
Arduino based counter timer.

In nuclear counting system, the counting

stability can be determined by Chi-Square

test, SPSS results are as shown in Table 2

and 3. Their Chi-Square value for ten data

samples are also lie between the acceptable

range of 3.325 and 16.919. [3] [4] [8] [17]

The more evidence data outputs of
normality test before Paired t-test are also
described in the box plot and normal Q-Q
plot (Figure 6 and 7) by using SPSS
analysis software.

By t-test analysis of SPSS, paired t-test
(table 4) also show 95% confident in
comparison between ten sample data for
Cs-137 and Co-60 in Canberra and Arduino
based counter timer.

Table 1. Normality test between
Canberra and Arduino based Counter —
Timer for Cs-137 and Co-60

1Y Kolmogorov-
. Shapiro-Wilk
(Ca-60 Smirnov? P
Statisti _ |Statist] .
df | Sig. | . df | Sig.
C IC
diff 156 |10 | .2007| .932 | 10| .468
160 |10 |.200°| .952 | 10| .810
Canbe .
196 |10 | .200 | .875 | 10| .113
rra
162 | 10 | .2007| .964 | 10| .520
Ardui N
178 |10 | .200 | .920 | 10| .359
no
145 | 10 | .2007| .981 | 10| .996

Table. 2.Chi-square of Arduino for Cs-137

Test Statistic
Arduino Canberra
Chi-Square 7.029° 6.848°
df 9 9
Asymp. Sig. .634 .653

Table. 3.Chi-square of Arduino for Cs-60

Test Statistic
Arduino | Canberra
Chi-Square 9.196° 8.233°
df 9 9
Asymp. Sig. 419 511

Table. 4. Paired sample t-test results
between Canberra and Arduino based
counter — timer for (Cs-137 and Co-60)

Paired Differences
Mean
; 95% Confidence
0

std. | sta. Interval of the Sig.
Cs137 ;

Deviat| Error Difference (2-
Co-60 | ion | Mean | Lower | Upper t | df |tailed)
0.200]16.464| 5.206| -11.578| 11.978| 0.038| 9| 0.970
0.800]37.844[11.967| -26.272| 27.872| 0.067[ 9| 0.948
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2 J_
T
it

Figure 6(a). box plot of difference C/T for
Cs-137
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Normal Q-Q Plot of diff

Expected Normal

Observed Value

Figure 6(b). normal Q-Q plot of difference
CIT for Cs-137

Figure 7(a). The box plot of difference
CIT for Co-60

Normal Q-Q Plot of diff

Expected Normal

Observed Value

Figure 7(b). The normal Q-Q plot of
difference C/T for Co-60

6. CONCLUSION

The radioactive disintegration process is an
example of a natural phenomenon well-
suited to statistical analysis. Because the
disintegration happens in a random manner,
one can never predict exactly how many
will occur in a given amount time. One can
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determine, however, the probability that the
number of disintegrations occurring in a
given time period will be within a specified
range of values.

therefore, more cost-effective to
design  Arduino-based  counter timer
produced and can be applied and
refurbished for laboratory used Nal counter
with less error percent as a standalone
system. The random data can be checked in
any nuclear counting applications by SPSS

It is,

for counting accuracy test such as
normality, chi-square test and t-test
statistics.

Therefore, the performance analysis of
event  counter  with  programmable
Arduino-based counter-timer has been
implemented. This unit and its fast version
together are experimental and general-
purpose laboratory (or) industrial used
applications by further optimizing with
modern technology for the future work.

The Parameter used for Arduino Mega
2560 Based Counter Timer with NIM

External Input: +5V, 40 mA
Resolving Time: 16bit resolution
Input Impedance: resistor of 20-50 kQ
Pre-set Time: software timer
Maximum number | 65535

of registered counts:

Power Supply: +5V
EHT(Canberra 800V

3102D)

Amp - Gain Setting | Corse(100) Fine(4)
Window Width 1V and 1.6V

Time Interval 60 sec

Sealed Source: Cs-137(1.050uCi)
(Aug, 2017) Co-60(1.050uCi)
Source distance 13 cm from Nal
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Figure 8(a). Photo of Experimental Setup
in DAE (NI Lab)

Figure 8(b). Photo of coding with Arduino
IDE for Mega 2560 board

Figure 8(c). Photo of test running with
Arduino IDE for Mega 2560 board
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ABSTRACT

Deep Learning has emerged as a new area in
machine learning and is applied to a number of
signal and image applications. Convolutional
neural network (CNN) is a class of deep, feed-
forward artificial neural networks, most
commonly applied to analyzing visual imagery.
A CNN is a class of deep neural networks and
uses a variation of multilayer perceptron
designed to require minimal preprocessing.
Object detection from repository of images is
challenging task in the area of computer vision
and image processing. This research paper
deals with proposed CNN which is to improve
the accuracy of object detection and
classification in real time. Background
subtraction is used for object detection and
binary morphology is also developed to be more
accuracy in this system. And moore neighbor
tracing is used for isolated object segmentation.
The main purpose of the work presented in this
paper, is to use CNN for classification of
stationary objects which are correction, eraser,
pen and stapler. In this paper, proposed CNN
an average accuracy of 96.43% is obtained for
object classification in tested images.

KEYWORDS

Convolutional neural network, Deep learning,
Deep neural network, Object Detection

1. INTRODUCTION

Image processing involves some basic
operations namely image rectification,
image enhancement, image classification,
images fusion etc. Image classification
forms an important part of image
processing. The objective of image
classification is the automatic allocation of
image to thematic classes. Two types of
classification are supervised classification
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and unsupervised classification. The
performance of image classification
algorithms crucially relies on the features
used to feed them [1]. It means that the
progress of image classification techniques
using machine learning relied heavily on
the engineering of selecting the essential
features of the images that make up the
database. Commonly, two independent
steps are required for image classification,
feature extraction, and learning algorithm
choice, and this has been widely developed
using support vector machines (SVM)
which is often wused for tasks as
classification, regression, and outlier
detection when considered as part of the
supervised learning approach [2]. It maps
training data to higher-dimensional feature
space and constructs a separation hyper
plane with maximum margin, producing a
nonlinear separation boundary in the input
space. Today, the most robust object
classification and detection algorithms use
deep learning architectures, with many
specialized layers for automating the
filtering and feature extraction process.
Deep learning is a subdivision of machine
learning algorithms, which are excellent in
identifying patterns, but usually require
more data. The Deep Neural Network
(DNN) is the latest advancement in the
deep learning made task simple for image
recognition by as deeply as possible
learning. The ability to learn the feature
extraction step present in deep learning-
based algorithms comes from the extensive
use of convolutional neural networks [3].
The most popular technique used in
improving the accuracy of image
classification is the CNN. CNN is a special
type of neural network that works just like
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the normal neural network, which initially
has a convolution layer. This work aims to
classify multiple objects based on
convolutional neural network.

2. RELATED WORK

Deep Neural Networks (DNNs) have as of
late indicated superb performances in image
characterization operations. Take above and
beyond in this paper author and resolve the
issue of location of object recognition
utilizing DNNs, not only the grouping but
rather the accuracy of various classes [4].
They show target location as an issue that
counteracts covers as a case that restrains
the question straightforward but effective
plan. Portray a multi-scale basic leadership
technique that produces minimal effort high
determination protest finders from some-
arrange applications. Convolution Neural
Networks (CNN) are generally utilized for
pattern and image acknowledgment issues
they have a few points of interest over
different innovations [5]. Samer Hijazi plot
the difficulties of utilizing CNNs in
installed  frameworks  and  should
demonstrate Cadence® Tensilica® Vision
P5 Digital Signal Processor (DSP) Key
Features in Imaging and Computer vision
and software that make it appropriate for
CNN applications in many image altering
editing programs and related to the tasks of
identification. Nishani, E etal., (2017) [6]
Deep Neural Networks for Eralda Nashani
Video Analysis. Profound models are more
viable and ordinarily utilized for PC vision
with the reassure structure. With the
presentation of Graphics Processing Unit
(GPU) to universally useful issues, GPU
has been centered on abusing preparing
power for profound learning calculations.
Moreover, high-dosage information online
can successfully prepare profound anxious
systems. They propose three distinct kinds
of research orders: to enhance momentum
CNN supplies, utilize human repeat neural
systems (RNNs) and at last rely upon the
unsupervised learning model to prepare
NNS. This paper focuses on the problem of
multiple objects classification in real time.
The problem of object recognition is based
on CNN. This system recognizes four types
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of stationary objects: correction, eraser, pen
and stapler. This paper is organized as
follow: Section Il presents the applied
methods of our proposed system. Section
IV shows experiments and results and the
last section is conclusion.

3. APPLIED METHODS

The details of underlying methods are
provided for each of steps in this section
which is described as following:

3.1. Object Detection

Obiject detection is a computer technology
related to computer vision and image
processing that deals with detecting
instances of semantic objects of a certain
class in digital images and videos. In this
research, image processing methods are
applied on acquired images and objects are
detected.

3.1.1. Background Subtraction

This method is also known as foreground
detection, subtraction is any technique
which allows an image’s foreground to be
extracted for further processing (object
recognition etc.). After extracting the
foreground objects, overflowing or missing
pixel issues were fixed by erosion and
dilation processes [8]. Dilation is used to
influence both by the size and shape of a
structuring element in our proposed system.
Background subtraction with morphological
processing is shown in figure 1.

$§_

(a) Background Frame (b) Current Frame (c) Foreground Frame

Figure 1. Object Detection Process
3.1.2. Moore Neighbor Tracing

It is used to find contour boundaries of
black and white objects from the
background subtraction method of proposed
system. Binary image is input process and
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mark start point from the leftmost pixel.
And then, find boundary in each neighbor
pixel by going a clockwise direction [7].
Finally, the boundaries of object’s pixels
are traced to detect minimized row and
column pixels and also maximized row and
column pixels. The input RGB image is
resized by object’s pixel of size 32x32 for
CNN. Process of moore neighbor tracing is
shown in figure 2.

Row Min

Column Min
Column Max

Row Max]

Figure 2. Process of Moore Neighbor
Tracing

3.2. Image Recognition

After detecting isolated objects with moore
neighbor tracing, they are used for input
data in CNN. CNN is used to classify the
objects precisely. Objects classification,
recognition faces, are some of the areas
where CNN are widely used. CNN takes an
input image, process and classify the certain
categories. CNN is one of the main
categories to process images recognition
and images classification. Basically, there
are four layers in a CNN: convolution,
activation (ReLU), pooling and full
connected layer and shown in figure 3.

Classified
Output Image

Input Data
(Image) ﬂ

Convolutional Layer

ReLU function
Pooling Layer
Fully Connect Layer

Figure 3. Basic Architecture of CNN

In this research paper, proposed CNN based
on AlexNet, in which the size of image
starts with 227x227x3 input images. The
next convolution layer applies 96 of 11 x 11
filter with stride of 4. The output volume
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reduce its dimension by 55 x 55. Next layer
is a pooling layer which applies max pool
by 3 x 3 filter along with stride 2. It goes on
and finally reaches FC layer with 9216
parameter and the next two FC layers with
4096 node each. At the end, it uses Softmax
function with 1000 output classes. It has 60
million parameters. The proposed network
starts with 32x32x3 input images and it
consists of 13 layers. Our proposed CNN
architecture is shown in figure 4.
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N FIRE g| |2 sl gl IE] |2
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) S ° <l |35 o )
z z s NEEIBE
<] o = 3
o =
0 0 0 oL||u

Figure 4. Architecture of Proposed CNN

3.2.1. Convolutional Layer

Convolutional layers apply a convolution
operation to the input. And then, this layer
generates new images called feature maps.
The feature map accentuates the unique
features of the original image CNN is based
on neuroscience research about the
processes that mammalian visual cortex
uses to recognize images. The formula for
calculating of feature map by the following
equation:

L (W—I;+2P)+l

w @)
Where, W’ is output image volume size
(feature map), W is input image volume
size, F is size of the filter, P is the number
of zero padding and S is the number of
stride. In convolution layer, the convolution
operation is illustrated in figure 5.

Stride 2

=T |
1l 1]1folo (3]l
L

1101
0(1]°0

0

0

ot L[] ot
0

Filter (kernel)
1(1)L0)+1(L)HO)+L(A)10)+0(L)+0(L)+1(0)= 3

| olo|
ol |k |~

Figure 5. Example of a Convolutional
Operation
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3.2.2. Nonlinear Activation Layer (ReLU)

ReLU is the abbreviation of rectified linear
unit, which applies the non-saturating
activation function. This layer applies the
non-saturating activation function f(x)=max
(0,x). It replace all negative pixel values in
the feature map by zero.

3.2.3. Pooling Layer

The pooling layer is organized as a number
of feature maps that is equal to the number
of the feature maps in the convolution layer.
The pooling function computes some
overall property of a local region by using a
simple function like maximization or
averaging. In our proposed system, the
pooling layer is applied with max pool by
2x2 filter along with stride 2 dimensions
and shown in figure 6.

8 2 : | Max Pooling 8

Filter Size
(2x2)

3 9 2 4 4 3 9|4 |4

5 4 1 2 2 4 Feature Map

Feature Map

Figure 6. Maximum Pooling Process

After the maximum pooling, we also used
average pooling with a filter of size 2x2 to
extract the image applied with a stride of 2
along the dimension and shown in figure 7.

avg(459,10=7
Stride (2)

2 3

I 5
Filter Size 8 ! Avg Pooling
(2x2) ' 9 10
8 8 11| 12

Feature Map

9 11| 9 8

Feature Map

Figure 7. Average Pooling Process

3.2.4. Fully Connected Layer

The fully connected layer is a traditional
multi-layer perceptron that uses a softmax
activation function in the output layer. The
softmax function takes a vector of arbitrary
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real-valued scores and squashes it to a
vector of values between zero and one that
sum to one. The purpose of the fully
connected layer is to use these features for
classifying the input image into various
classes based on the training dataset. In our
work, the proposed network starts with
32x32x3 input images and there are 13
layers in the network. There are two
convolution layers applied in this work. The
first convolution layer applies 3 filter of
size 5x5 with stride of 1, the second layer
with 32 filters and the third one with 64
filters. First and second convolution are
followed by a ReLU applied as an
activation function to threshold out negative
values. In this work, ReLU is used to speed
up training of the network and reduce the
sensitivity to network initialization. Then,
we used pooling function which are max
pool and average pool in pooling layer
applied size of filter 2x2 with a stride of 2.
The next layer is a flatten layer used to
adjust the tensor dimensions to the fully
connected layers. Then, it follows 2 fully
connected layers composed respectively by
64 and 5 neurons. The last fully connected
layer is used to provide the predicted
classification, using the Softmax activation
function. It enhances the discriminative
modeling power of the CNN, providing the
probability of the input to belong to each
possible class, namely: Correction, Eraser,
Pen, Stapler and Unclassified. The structure
of the proposed CNN is shown in figure 8.

(O
Iut Imee

Sofma
-

bk

o Diie]
0 154 L

Figure 8. Proposed CNN Architecture for
Objects Classification

4. EXPERIMENTAL RESULTS

In this section, we describe about the
dataset that we use for training and testing.
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Moreover, the object classification accuracy
of the system is also described.

4.1. Dataset

In the acquisition process with USB
webcam camera, the images are captured
with various angle. This system is used
USB webcam for taking real time images.
And all the original data or images are
different sizes and so all those data sizes are
needed to change to 32x32 as a result of
proposed CNN consists of 32x32 RGB
input image. The images are captured as the
format of .png files in the process of
training data. Table 1 shows the number of
images in training and testing dataset.

Table 1. Number of Stationary Images in
Training and Testing Dataset

Object Training Testing
Dataset Dataset
Correction 600 280
Eraser 550 250
Pen 800 300
Stapler 600 263
Total nymber 2550 1093
of objects

The dataset is split into 70% of training set
in which the size of dataset is 2550 images
and 30% of testing set in which the size of
dataset is 1093 images. We trained our
model on Intel Core i5-7200U processor.
The maximum number of epochs was 30
and the dropout was 0.10. The accuracy of
training dataset were achieved 99% in this
stage.

4.2. Evaluation Results

In this research work, CNN and GUI as the
user input are implemented in

MATLAB2018b on Windows platform.
The result of proposed CNN for object
classification is shown in figure 9.

(a) Position 1 I (b) Position 2

Figure 9. Result of CNN for Object
Classification
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The performance of image classification of
the proposed network is evaluated on
training dataset. A confusion matrix is used
for the performance of classification. The
effectiveness of the proposed system has
been analyzed by testing of training dataset
images. The results are summarized in
terms of overall accuracy and is outlined in
the table 2. The accuracy of classification
results are calculated by using the following
equation:
TP +TN

Accuracy = x100% (2)
TP+TN + FP+FN

Where, True Positive (TP) is predicted to be
positive, True Negative (TN) is predicted to
be negative, False Positive (FP) is predicted
positive and False Negative (FN) is
predicted negative. The calculation of the
accuracy for correction class is described
following:

Accuracy = 204790 x100=96.07%
260+790+23+20
The results of each object are higher than
95%. Average accuracy of 96.43% is
obtained for classification of tested datasets.

Table 2. Performance of Classification Results

Objects Positive Negative TP TN FP FN | Accuracy
Correction 280 813 260 790 23 20 96.07%
Eraser 250 843 239 820 23 11 96.89%
Pen 300 793 290 770 23 10 96.98%
Stapler 263 830 242 805 25 21 95.79%
Overall Accuracy 96.43%
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5. CONCLUSION

In this paper, proposed CNN for object
classification in images is presented and can
be enhanced by using single GPU with low
cost camera which has low power
consumption. It is only needed single GPU
as the size of 32x32x3 input image in our
proposed convolutional neural network
which consists of 13 layers and 316457
parameters. According to the experiments,
the result shows that the average accuracy
of the system is 96.43%. The limitations of
the system are: such as untrained
background, objects and illumination
changing. There is some future scope of
development algorithm and techniques for
motion detection, feature extraction and
classification of moving objects. The better
performance results would be generated by
performing more data and more
experiments in the future.
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ABSTRACT

This paper conducts to design and construct the
DC to DC converter using buck converter
topology for desired output voltage from
photovoltaic cells. Chopper circuit operates
with pulse-width modulation (PWM) technique.
PWM signals, given out from the Arduino UNO,
drive the MOSFET driver. LC filter is used for
generating signal at the particular frequency.
The voltage feedback stage is also used to get
the desired voltage. Design consideration,
software  implementation and hardware
construction of the system are also included in
this research paper. This system gives the
beneficial of the reduced power waste as heat
dissipation, reduction in cost, size and weight of
the converter.

KEYWORDS

Buck converter, PWM technique, MOSFET
driver, LC filter, Arduino UNO Microcontroller

1. INTRODUCTION

With the increasing demand for renewable
energy sources, solar power has become a
popular option for electricity power
generation, which is both environmentally
friendly and economically competitive. A
photovoltaic cell (PV cell) is a specialized
semiconductor diode that converts visible
light into direct current (DC). Some PV
cells can also convert infrared (IR) or
ultraviolet (UV) radiation into DC
electricity. Photovoltaic cells are an integral
part of solar-electric energy systems, which
are becoming increasingly important as
alternative sources of utility power.[1] A
DC to DC converter is a class of power
supply that converts a source of direct
current from one voltage level to another.
There are two types of DC to DC converter:
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linear and switched. A linear DC to DC
converter uses a resistive voltage drop to
create and regulate a given output voltage.
A switched-mode DC to DC converter
converts by storing the input energy
periodically and then releasing that energy
to the output at a different voltage. The
storage can be in either field component
such as a capacitor. Transformer-based
converters provide isolation between the
input and the output. [2]

According to the emerging technologies,
there is a growing need for high switching
frequencies and small size DC to DC
converters. The MOSFETSs used in DC to
DC converter has high switching speeds
and its frequency range 400 kHz to a few
MHz provides high efficiency. DC to DC
converters are widely used in regulated
switched-mode power supplies and DC
motor drive applications. They can be used
in regenerative braking of DC motors to
return energy back into the supply and this
feature results in energy savings for
transportation  system  with  frequent
stops.[3][4]

2. METHODOLOGY

The block diagram of the process of half-
bridge DC to DC converter is shown in
Figure 1. The input voltage ranging from
13V to 17V is supplied from the power
supply device. The power state MOSFETS
act as switch mode and control logic drive
in the driver circuit with pulse width
modulation signals (PWM). A switching
technique of PWM allows the control and
regulation of the output voltage. Filter was
designed to obtain smooth output voltage of
the rectifier.
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Figure 1. Block Diagram of the Half-bridge
DC to DC converter

2.1. High and Low Side Driver

IR2110 is high voltage, high-speed power
MOSFET and IGBT driver with
independent high and low side referenced
output channels. Proprietary HVIC and
latch immune CMOS technologies enable
ruggedized monolithic construction. Logic
inputs are compatible with standard CMOS
or LSTTL outputs, down to 3.3V logic. The
output drivers feature a high pulse current
buffer stage designed for minimum driver
cross-conduction. Propagation delays are
matched to simplify use in high-frequency
applications. The floating channel can be
used to drive an N-channel power
MOSFET or IGBT in the high side
configuration which operates up to 600
volts. The IR2110 comes in two packages —
14-pin through-hole PDIP package and the
16-pin surface mount SOIC package. Figure
2 shows two types of IR2110 packages [5].

Figure 2. IR2110 Packages [5]

2.2. 75N75 Power MOSFET

It is mostly used in switching applications.
It is also a low cost device with higher
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efficiency. This device has three basic
terminals: source, drain and gate. It reduces
the gate charge and input capacitance. It has
several different features including fast
switching applications, low gate charge,
very low reverse transfer capacitance, high
ruggedness and a lot more. It major
applications include fast switching and
general purpose amplifiers. The F75N75
power MOSFET pin diagram is shown in
Figure 3.

75NT75 Pinout

TN

Salirce
Draln

Drala

Source

Symbolic Form

T5N75 Animation TENTE

Figure 3. Pin Diagram of 75N75 [6]

2.3. Arduino UNO Microcontroller

Arduino UNO is a microcontroller board
equipped with ATmega328P. There are 14
digital input/output pins of which 6 pins can
be used as PWM outputs, 6 analog inputs, a
16 MHz quartz crystal, a power jack, a USB
connection, a reset button and an ICP
header. A USB cable is used to connect
Arduino UNO and a computer for
interfacing. An AC-to-DC adapter or
battery is used for powering Arduino. The
Uno board is the first in a series of USB-
based Arduino boards. The ATmega328 on
the board comes preprogrammed with a
bootloader that allows uploading new code
to it without the use of an external hardware
programmer. The pin diagram of Arduino
UNO microcontroller is shown in Figure 4.
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Microcontroller
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Power IN
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(0-5V 10-bit ADC)
or Digital IN/OUT
5V Power IN

Figure 4. Pin Diagram of Arduino UNO [7]

3. DESIGN CALCULATION

Necessary  calculations of  hardware
components are made before implementing
the entire system. Design calculation of
boostrap components and gate resistor of
MOSFET are implemented. The gate driver
circuit with bootstrap components is
designed for high frequency, high power
and high efficiency switching applications
using a power MOSFET.

3.1. Calculation of a Bootstrap
Capacitor

The bootstrap capacitor (Cgoot) is charged
every time the low-side driver is on and the
output pin is below the supply voltage
(Vpp) of the gate driver. The bootstrap
capacitor is discharged only when the high-
side switch is turned on. This bootstrap
capacitor is the supply voltage (Vgs) for the
high circuit section.

The gate driver circuit with bootstrap
components is designed for high frequency
switching applications using a power
MOSFET. The value of the bootstrap
capacitor is calculated by

2<2Qg EIqbs(;nax) F Qs chs(fleak))
)
Vcc_Vf_VLS_Vmin
Where, Q, = Gate charge of high-side FET
f = Frequency of operation
Bootstrap

Icosgeaky = capacitor
leakage current

lgos(maxy = Maximum VBS quiescent
current

Vcc = Logic section voltage source
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Vs = Forward voltage drop across
the bootstrap diode
Vs = Voltage drop across the low-
side FET or load
Vwuin = Minimum voltage between
VB and VS
Qi = Level shift charge required
per cycle
f=30kHz,Qg=72nC, QIs =5nC
Icos(eaky = 100 NA
Igbs(max) = 230 YA,
V=12V, V=13V,
Vis=15V, Vyin= 7.5V
By using the equation (1), the value of
capacitor was gotten.

C=C3=0.8 uF
Choose C; =10 pF (To hold sufficient
energy for switching devices) [8]

IR2110 gate driver 75N75 switching
MOSFETs and bootstrap diode are used
and implemented in the output power stage.

3.2. Calculation of Gate Resistor of
MOSFET

MOSFETs have proved to be the best
switch option for the converter because of
its switching speed. It is a majority carrier
device, its switching times in comparison
with other devices such as IGBT or BJT,
resulting in better converter efficiency and
linearity. In this system, 75N75 MOSFETs
are selected and gate resistor value, Rg is
calculated.

Output high short circuit pulsed
current los = 2A

Output low short circuit pulsed
current lo- = 2A

Driver supply voltage Vcc = 12V

Minimum gate resistor,
Driver supply voltage
RG =

=6Q

(2)

oy

Minimum value of Rg is 6 Q, therefore 10Q
resistor is selected as the gate resistance
because this value is enough for the
MOSFETSs in switching operation area. By
using the higher gate resistance, the gate
current will decrease and that can reliable
protect the over current.



R
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

3.3. Calculation for LC Filter

This circuit is composed of an output filter
which has an inductor and three capacitors.
In a half-bridge DC to DC converter, a filter
on the output of the converter is required. A
capacitor-inductor filter is used to improve
the filtering action of rectified voltage and
current. The function of the capacitor is to
smooth out the variations in voltage while
the inductor is used to smooth out the
variations in current. Output filter
inductance,

(Vimax - Vo) X Toff(est)

L =
© 1.41min

3)

Where, Torrest)= estimated off time of
power switches at highest input
voltage

If P =60W, Tofresy = 30% of (1/fop)
=0.3 (1/30k) =10 ps

lomax = 60W / 12V = 5A
lomin = 10% Of lomax= 0.5A

Vout

Vin (max)

(Vin(max) - Vout)(l -

1.4 X Iypin X fow
=70.03 pH
Choose L,,;, =100 pH

4

Linin =

Output filter capacitance is

CO = IOmax (1'6min) /(fsw x Vripple(pk-pk) ) (5)
where 8n,in = smallest estimated duty cycle
at high input line and light load (0.3 is
good)

Cominy = 5(1-0.3) /( 30k x 150m ) = 778 pF

Choose Co(miny = 1000 pF (Standard value)

4. SOFTWARE IMPLEMENTATION

The complete circuit diagram of Half-
Bridge DC to DC buck converter is shown
in Figure 5. In the flowchart, firstly
initialize the input, output, and pulse width
modulation (PWM). And then, the
switching frequency is 30 kHz and next
stage is to check the ADC feedback value.
If the feedback value is greater than 500,
duty cycle decreases. Then, duty cycle also
increases when the feedback value is less
than 480. Final stage is to check the system
ON or OFF. The flowchart is shown in

Figure 6.
@TL)

Initialize
Inpui output
& PWM

'

Set PWM
Frequency
30KHz
1

+

Read ADC

Duty cycle
+

Duty cyele - -—————————»

Figure 6. Flowchart of the System

il

ARDUINO1

!

]

¥ moowy

Figure 5. Complete Circuit Diagram of Half-Bridge DC to DC Buck Converter
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Output signal of PWM using Arduino UNO
is shown in Figure 7. It generates the PWM
waveforms by adjusting the reference
voltage adjusts the pulse width.

J

Figure 7. The Output Signal of PWM using
Arduino UNO

5. HARDWARE CONSTRUCTION

According to the design calculations and
software simulation results, hardware
design is implemented as show in Figure 8.
This system includes hardware components
such as 75N75 power MOSFETSs, IR2110
Gate driver IC, 1N4740 Zener diode,
Arduino Uno microcontroller, inductor,
capacitors and resistors.

obtained when the input is changing from
13V to 17V.

Figure 9. Test and Result of Output
Voltage when 13V Input Voltage is Applied

Figure 10. Test and Result of Output
Voltage when the Input Voltage is 14V

Figure 8. Hardware of the Half-Bridge
DC to DC Converter

6. EXPERIMENTAL TESTS AND
RESULTS

The experimental results of the Half-Bridge
DC to DC Converter are illustrated in the
Figure 9,Figure 10, Figure 11, Figure 12
and Figure 13. Experimental results are
shown that constant output voltage is

Figure 11. Test and Result of Output
Voltage when the Input Voltage is 15V




15!
& Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

Figure 12. Output Voltage of 12.3V is
obtained when 16V nput is supplied

Figure 13. Output Voltage of 12.3V is
obtained when 17V Input is supplied

7. CONCLUSION

The metal oxide semiconductor field effect
transistor (MOSFET) used in this DC to DC
converter has high switching speed and its
frequency ranges provide high efficiency.
High-frequency switching allows reducing
proportionally the size of filtering elements
like inductors and capacitors and thus, to
perform a quick control of DC output
voltage. The output voltage can be easily
controlled by controlling the duty cycle or
by adjusting the pulse width with Arduino
UNO. According to the emerging
technologies, there is a growing need for
high switching frequencies and small size
DC to DC converters. As future work, it is
essential to identify all the major loss
sources in order to perform a suitable
converter design where the losses are
minimized.
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ABSTRACT

Diabetic retinopathy (DR) is a retinal micro-
vascular disease which is caused by diabetes.
The diabetic retinopathy detection system in the
early stage is essential to avoid complete
blindness in diabetic patients. The main
objective of proposed system is to classify the
four different stages or grades of DR by using
support vector machine (SVM). There are four
main steps in the proposed system. They are
preprocessing, segmentation, feature extraction
and classification. After performing the three
steps of preprocessing, the Canny edge detector
is used to remove optic disc (OD) from the
fundus image. The five textural features are
extracted from the Canny edge detected image
by using gray level co-occurrence matrix
(GLCM). Finally, the SVM classifies the four
grades of DR by using the five extracted feature
values from the GLCM. The performance of the
proposed system is tested on the Methods to
Evaluate  Segmentation  and Indexing
Techniques in the field of Retinal
Ophthalmology (MESSIDOR) database. And
this system is implemented with the Matlab
programming language.
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Diabetic retinopathy, support vector machine
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1. INTRODUCTION

In the recent years, both developed and
developing countries in the world have been
faced with an increase number of diabetic
patients who are suffered from Diabetic
Retinopathy (DR). The International
Diabetes Federation (IDF) predicted that
around 629 million people by 2045 will
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suffer from the diabetes. The effect of
diabetes on human eye is called Diabetic
Retinopathy. It damages the small blood
vessel of the retina of diabetic patients and
then it may lead to loss of vision at later
stages [1]. The symptoms for diabetic
retinopathy do not show up in the early
stages, which make it even harder for the
ophthalmologist to prevent the patient from
being blind [2]. The DR can be classified
into two main categories which are normal
(grade 0) and abnormal (grade 1, grade 2
and grade 3) [3]. The grade 0 of DR
corresponds to the healthy eyes in diabetic
patients. The grade 1 and grade 2 of DR
correspond to the mild and moderate
conditions, respectively. The diabetic
patients with these grades do not have a
very bad prognosis. The grade 3
corresponds to the diabetic patients who
have severe condition and these patients
require immediate medical attention.
Therefore, the early detection and treatment
of diabetic retinopathy may be more
beneficial than aggressive control of blood
glucose, blood pressure and cholesterol [4].

This system is implemented in order to
assist the eye specialists in decision making
for the four grades of DR. Therefore, the
diabetic patients can easily get the
information about of their diseases. The
three steps of preprocessing are gray scale
conversion, noise removing and contrast
enhancing. First, the RGB color fundus
image is converted to gray scale image, and
then the noises are removed using median
filter in order to improve the quality of the
image. Adaptive histogram equalization
(AHE) is applied to enhance the contrast of
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image. Then, the Canny edge detector is
applied to remove the optic disc (OD) from
the fundus image. After applying the Canny
edge detector, the five textural features are
extracted by the GLCM. The multiclass
SVM classifies these extracted five feature
values into the four different grades of DR.

The remaining sections of this paper are
organized as follows. Section 2 describes
the overall methodology of the proposed
system. The experimental results are
projected in section 3. The performance
evaluation is calculated in section 4.
Finally, the conclusions are presented in
Section 5.

2. PROPOSED METHODOLOGY

In the proposed system, the fundus images
are achieved from the MESSIDOR
database. The images may be grade 0, grade
1, grade 2 and grade 3. The proposed
system involves four steps. The
producedual steps of the proposed system
are shown in Figure 1.

/ Input Images /

Preprocessing

A 4
Segmentation

\ 4
Feature Extraction

A 4
Classification

A 4

/ Grades of DR /

Figure 1. Block diagram of the proposed
system
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2.1. Preprocessing

The input color fundus image from the
MESSIDOR database [5] has got to be
preprocessed so as to correct the uneven
illumination and insufficient contrast of the
input image. The fundus image is an image
which is captured from a fundus camera. A
fundus camera or retinal camera is a
specialized low power microscope with an
attached camera designed to photograph the
interior surface of the eye, including the
retina, retinal vasculature, optic disc,
macula, and posterior pole (i.e. the fundus).
The methods of preprocessing are gray
scale conversion, noise removing by
median filtering and contrast enhancing by
adaptive histogram equalization.

2.1.1. Gray Scale Conversion

The input fundus image is converted to gray
scale image. The RGB to gray scale
conversion performs the reduction of three
dimensional color data into one one
dimension [6]. The gray scale image has
many reminders gray in between 0 to 255
values which changes by value of the pixel.
The grey scale image are often calculated
as,

Gray=0.299R+0.587 G+ 0.114B (1)
Where, R is red, G is green and B is blue
channel, respectively. The original RGB
image with optic disc (OD) is shown in
Figure 2. The gray scale image is shown in
Figure 3.

Optic Disc (OD)

-

Figure 2. Original RGB image with optic
disc (OD)



R
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

Figure 3. Gray scale image of the proposed
system

2.1.2. Median Filtering

The gray scale converted image is then
filtered to urge obviate the noise a bit like
the salt and pepper using median filter. The
median filtering could also be a standard
nonlinear method for noise suppression that
has unique characteristics. It doesn't use
convolution to process the image with a
kernel of coefficients [7]. Rather, in each
position of the kernel frame, a pixel of the
input image contained within the frame is
chosen to become the output pixel located
at the coordinates of the kernel center. The
kernel frame is centered on each pixel (m,n)
of the primary image, and thus the median
of pixels within the kernel frame is
computed. The pixel at the coordinates
(m,n) of the output image is close to this
median. Features that are smaller than half
the size of the median filter kernel are
completely removed by the filter. Large
discontinuities like edges and massive
changes in image intensity aren't affected in
terms of gray level intensity by the median
filer, although their positions could even be
shifted by a few of pixels. The median filter
allows the various reduction of specific
kind of noise. The salt and pepper noise
could even be removed completely from an
image without attenuation of great edges or
image characteristics. The median values
are often calculated as,

f(x,y)=medianig(s,t)}  (2)

Where, f(x, y)is the output image and
g(s,t) is the input image and Sy, is a local
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mxn window. In this proposed system, the
local 3x3 window or filter size is used. The
median filtered image is shown in Figure 4.

Figure 4. Median filtered image of the
proposed system

2.1.3. Adaptive Histogram Equalization

After filtering the fundus image, adaptive
histogram equalization (AHE) is performed
for contrast enhancement, which improves
the standard of the fundus image. The AHE
is taken into account as a picture
enhancement  technique  capable  of
improving an image’s local contrast,
bringing out more detail within the image
[8]. During this method, a picture is split
into sub-blocks or tiles and therefore the
histogram equalization is completed
separately for every of the block. After
applying the adaptive histogram
equalization, the entire image is reproduced
by combining the results of the sub-blocks
with interpolation method. The
interpolation smoothly combines the sub-
blocks into an entire image in order that the
junctions of the sub-blocks aren't visible.
The contrast enhanced image is shown in
Figure 5.

Figure 5. Contrast enhanced image of the
Proposed System
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2.2. Canny Edge Detection Algorithm

The optical disc is brightest part of the eye
in fundus images and approximately its
shape is just like oval or elliptical. In color
images optical disc appears like yellowish
or white part region. The other symptoms of
diabetic retinopathy in the fundus image
have similar intensity value like optical
disc. So, it is very essential to remove the
optical disc from fundus image. To remove
or eliminate the optic disc (OD) from the
fundus image, the Canny edge detector is
used. The Canny edge detector is one of the
most widely used edge detection methods in
reducing images to information [9]. The
Canny edge detector is an edge detection
operator that uses a multi-stage algorithm to
detect a wide range of edges. It has been
widely applied in various computer-aided
systems. The three main criteria of Canny
edge detector include:

= Good detection: Good detection is the
ability to locate and mark all real
edges.

= Good localization: Good localization is
the minimal distance between the
detected edge and real edge.

= Clear response: Clear response is the
only one response per edge.

2.3. Gray Level Co-occurrence

Matrix

After performing the Canny edge detector
within the fundus image, the image is
resized to 256x256 pixels to urge the right
feature values. Within the proposed system,
the five Gray Level Co-occurrence Matrix
(GLCM) features like correlation, energy,
entropy, homogeneity and contrast are
extracted.

Energy: Energy returns the sum of squared
elements within the GLCM. It measures the

textural uniformity that's pixel pair
repetitions [10]. Energy is calculated as,

N-1
Energy = > (R, f 3)

i.j=0
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Entropy: Entropy measures the disorder or
complexity of fundus image. Entropy is
calculated as,

N-1
Entropy = Z(PUXIn Pi,j)

i.j=0

(4)

Contrast: Contrast measures the spatial
frequency of image and is difference
moment of the GLCM. Contrast are often
calculated as,

N-1
Contrast = ZPi'j(i —-jy (5)

i,j=0

Homogeneity: Homogeneity measures the
closeness of the distribution of elements
within the GLCM to the diagonal GLCM.
Homogeneity is calculated as,

N-1 P
H . i,j (6)
omogeneity i;—1+(i Sy

Correlation: The correlation feature may be
a measure of gray tone linear dependencies
within the image. It is calculated as,

N-1 R
Correlation=»"PR ; w )
ij=0 cizcr?’
2.4. Multiclass Support Vector
Machine

After extracting the five textural features
from the GLCM, these feature values are
fed to the multiclass support vector
machines (SVM). The standard support
vector machine (SVM) classifier could also
be a well-liked supervised machine learning
that produces a linear boundary to
understand maximum separation. When the
number of classes are more than two (N>2)
classes, a multiclass SVM with kernel
function is used to classify these classes.
There are basically two kinds of approaches
like One-Versus-One (OVO) or One-
Against-One (1A1) and One-Versus-All
(OVA) or One-Against-All (1AA) to
unravel multiclass classification problems.
The 1AA approach represents the earliest
and commonest SVM multiclass approach
and involves the division of an N class
dataset into N two-class cases. The 1Al
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approach on the other hand involves
constructing a machine for each pair of
classes resulting in N(N-1)/2 machines [11].
When applied to a test point, each
classification gives one vote to the winning
class and thus the purpose is labeled with
the category having most votes. This
approach are often further modified to
supply weighting to the voting process.
From machine learning theory, it's
acknowledged that the disadvantage the
1AA approach has over 1Al is that its
performance are often compromised
because of unbalanced training datasets,
However, the 1Al approach is more
computationally intensive since the results
of more SVM pairs got to be computed.

3. RESULTS AND DISCUSSION

In this proposed system, the Gaussian or
radian basic function (RBF) kernel of SVM
is used for DR classification. A total of 600
color fundus images, which consists of 300
images for grade 0, 100 images for grade 1,
100 images for grade 2 and 100 images for
grade 3, are wused. To make the
classification model more robust, 10-fold
cross validation is applied. In the 10-fold
cross-validation method, the input data is
randomly split into 90% (540 images) for
training and the remaining 10% (60 images)
for testing. A 90% from the 600 images,
which total to 540 images, are used for the
training part, dividing 270 images for grade
0, 90 images for grade 1, 90 images for
grade 2 and another 90 images for grade 3.
A 10% from the 600 images, which total to
60 images, are used for the testing part,
dividing 30 images for grade 0, 10 images
for grade 1, 10 images for grade 2 and
another 10 images for grade 3. The 10
iterations of training and testing processes
are performed and the average result is
evaluated to produce a single estimation.

Figure 6 shows the graphical representation
of confusion matrix containing the four
different grades such as grade 0, grade 1,
grade 2 and grade 3. It represents the
visualization of the performance of the
proposed system.
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Accuracy: 96.33%

78%

True Class

Grade 3

Grade 1
Predicted Class

Grade 2 Grade 3

Figure 6. Confusion matrix for the proposed
system

According to the confusion matrix, the
proposed system finds that the actual grade
0 which is predicted as grade 0 is 292 in
300 images, the actual grade 1 which is
predicted as grade 1 is 94 in 100 images,
the actual grade 2 which is predicted as
grade 2 is 100 in 100 images and the actual
grade 3 which is predicted as grade 3 is 92
in 100 images. Therefore, the four grades of
DR can be classified clearly.

4. PERFORMANCE EVALUATION

For performance evaluation of the
classification model, performance metrices
such as accuracy (Acc), sensitivity (Sen)
and specificity (Sp) are evaluated from a
confusion matrix. Accuracy (Acc) is
calculated as the number of all correct
predictions divided by the total number of
the dataset. The equation of accuracy can be
computed as,

TP +TN

Acc =
TP +TN + FP + FN

x100 (8)

where, true positive (TP) is actual DR grade
(s) which is predicted as DR grade (s), false
negative (FN) is actual DR grade (s) which
is predicted as not DR grade (s), false
positive (FP) is not actual DR grade (s)
which is predicted as DR grade (s) and true
negative (TN) not actual DR grade (s)
which is predicted as not DR grade (S).

Sensitivity (Sen) is calculated as the
number of correct positive predictions
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divided by the total number of positives.
The sensitivity (Sen) value is evaluated as,

(9)

Specificity (Sp) is calculated as the number
of correct negative predictions divided by
the total number of negatives. The
specificity (Sp) value is computed using the
following equation:

TP

Sen=——-x
TP + FN

100

TN

~TNFP (10)

Sp %100

Table 1 illustrates the performance metrics
of the proposed system. These performance
metrics are calculated from confusion matrix.
According to the following table 1, the
proposed system achieves in 97.3% of
sensitivity for grade O (normal). The
average sensitivity for abnormal (grade 1,
grade 2 and grade 3) is 95.3%. Therefore,
the four grades of DR are classified well by
the proposed system.

Table 1. Performance metrics for
classification model

Grades _ .

of DR Sensitivity | Specificity | Accuracy

Grade | 97.3% 98% 97.6%
0

Grade 94% 98.4% 97.6%
1

Grgde 100% 98.4% 97.3%

Grgde 92% 100% 92%

5. CONCLUSIONS

The noises in the fundus image are initially
preprocessed. The optical disc is segmented
by wusing the Canny edge detector
algorithm. The five features are extracted
from the input images using GLCM
algorithm. Based on the extracted feature
values, the input image is classified to be
grade 0, grade 1, grade 2 and grade 3. The
performance of the proposed system is
measured using specificity, sensitivity and
accuracy. The accuracy of the system for

140

the normal (grade 0) is 97.6%. The average
accuracy for abnormal (grade 1, grade 2 and
grade 3) is 95.6%. The overall accuracy of
the proposed system is 96.3%. The results
show that an automated diagnosis of
diabetic retinopathy is feasible to help the
doctor  (ophthalmologist) in  decision
making the grades of DR. Therefore, the
earlier diagnosis of this diabetic retinopathy
helps the diabetic patients to take proper
treatment to decrease the severity of this
disease.
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ABSTRACT

Internet of Things (IoT) is an insight of a
connected objects through wired and wireless
networks without user interference and that can
communicate by exchanging information. loT
based garbage level monitoring is the best and
heading apologies for avoiding malodorous
around the surroundings that leads in spreading
some deadly diseases and human illness. The
system is constructed a combination of sensors
and microcontroller for control process and Wi-
Fi module for sending data to Firebase server.
Whereas an Android application is developed to
express the situation of bin to the user who
monitors it. The dusthin is automatically open
the lid when it detects the people who want to
throw out their garbage is designed. It also can
detect the level of the garbage in dustbin and
situations of the dustbin. This system also
describes whether the garbage bin is fallen
down or not. This system keeps an eye on the
situation of garbage bins and shows the level of
garbage collected in the garbage bins via
display screen of an Android phone.

KEYWORDS

10T, Microcontroller, Sensors, Wi-Fi Module,
Firebase Server.

1. INTRODUCTION

Now a day human is alive in an era where
jobs and technologies are combining
together with awesome of IOT power to
have a more effective system to operate
quickly. With all the efficiency of human’s
finger touching this is what they have been
accessible with. The Internet of Things
(10T) is able to integrate with delicately and
eternally a wvast amount of various
computing devices, while provision data for
billions of people to utilize and realize. The
0T can expand to a combination of various
technologies, machine learning, real-time
analytics,  embedded  systems  and
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commodity sensors. Embedded systems,
wireless sensor networks, control systems,
automation and others are all supplement to
enable the loT [3]. Material waste
management which affects the physical
condition and civilization environment, is
the main important matter of an
environment. The tracking, continuous
watching and arrangement of wastes is the
difficulties of the current day. The manually
watching the wastes in dustbins is a
weighty process and laborious work that
can solve with modern technologies. The
system is a way out, the method in which
waste management is lunch countered. loT
depended garbage watching system, an
adventurous technique that can facilitate to
maintain the clean urban with healthy
condition.Garbage monitoring system with
10T is an extremely adventurous system can
assist to maintain the clean cities. The
proposed system watches continually the
situation of dustbins and the level of
garbage collected in the dustbins are
informed to the wuser via a mobile
application. Mounting over the bin to
identify the level of wastes and judge it
against with the dustbin’s depth is utilized
with the ultrasonic sensor. The system is
constructed a combination of
microcontroller and Wi-Fi modem for
sending data. Whereas an Android
application is developed to express the
situation of bin to the user who monitors it.
The application describes a visualization
graph with the garbage bins and shows the
collected garbage in percentage which is
the level of garbage collected. Thus the 10T
based garbage monitoring system facilitates
to maintain the clean city by notifying
about the levels of garbage bins by offering
graphical forms of the bins via an Android
mobile phone.
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This paper is organized into sections as:
Section 2 will be described related works,
Section 3 will be described system
architecture and design, Section 4 described
material necessaries. Section 5 described
implementation and experimental results.
Finally, Section 6 we conclude the paper
and followed by references.

2. RELATED WORKS

A number of studies have been conducted
on the area of IloT based garbage
monitoring system.

The authors in [4] proposed system
contains garbage bins with embedded
device and unique ID. Only when the level
garbage

meets the threshold limit, the device will
transmit about the level of bin along with
the unique ID provided.

In [5], this system monitors the garbage
bins and the level of garbage collected in
the garbage bins is notified through a web
page. Also the status of toxic gas
information inside the bin is specified as
well as the weight of the bin. To fulfil this,
the ultrasonic sensor is placed over the bins
to detect the garbage level and compare it
with the level of the garbage bin’s depth.
The system is constructed with a
combination of advanced virtual reduced

(AVR) instruction set microcontroller,
organic light emitting diode (OLED)
screen, global system for mobile

communication (GSM) modem for sending
data.

The system [6] makes use of
microcontroller, LCD screen, and signee
methodology for sending data. Ultrasonic
sensors are used to detect the level of
garbage collected in the bins. The level of
garbage in the bins is displayed on the LCD
screen.

In [7], the level of the garbage is detected
with the help of ultrasonic sensor and sent
to the authorized agency for garbage
collection through GSM system. To sense
the motion of the people who come to the
garbage bin with trash it is used PIR motion
sensor while the bin is at full status and
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block adding of any more garbage. A
Graphical Information is developed to
monitor the desired information related to
the garbage bins for different locations. It is
displayed on LCD about the received
messages through the GSM at control room
and the authorized person notifies the
drivers to collect the garbage on time.

In this research, “loT based situation of
garbage monitoring system using Arduino”
is constructed a combination of sensors,
Arduino microcontroller, Node MCU Wi-Fi
module. To store the sensing data of
garbage bin’s situation, Firebase server that
is real time database, a next-generation app-
development platform on Google Cloud
Platform is used. The situation of garbage
bin is described on smart phone via android
application that is developed with Java
programming language as a graphical
information. This system informs the user,
situation of bin such as; temperature,
humidity, the incline angle of bin which is
fallen down or normal and every level of
garbage in dustbin with percentage in real
time. The dustbin is also automatically
opened the lid when it detects the people
who want to throw out their garbage. The
benefit of this system is that situation and
every level of garbage in dusthin is
informed the user in real time.

3. SYSTEM ARCHITECTURE AND
DESIGN

In this section the structure of the system is
designed and the block diagram is
described in figure 1. Arduino Uno used in
this system includes many components:
analog to digital converter, 16 MHz clock,
shift registers, etc.

In this system the ultrasonic sensors are
mounted over summit and in front of the
dustbin. Ultrasonic sensor, front sensing
device is processed by the Arduino and the
output is to drive the servo motor to open
the lid. The measurable signal of the top
ultrasonic sensors is operated and the
output is then sent to the Wi-Fi module
which launches to the Firebase sever. The
sensed signals of the humidity sensor and
that of the tilt sensor are also sent to the
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Arduino and the output is then also passed
to the Wi-Fi module which transmits to the
Firebase sever. Whereas an android
application is developed to express the
situation of the bin to the user. The
application illustrates a graphical vision of
the dustbins’ situation and emphasizes the
percentage of collected garbage. This
system also describes whether the dustbin is
fallen down or not and display the
temperature and humidity inside the
dustbin. Thus this system facilitates to
maintain the city dirt free by reporting
about the dustbin situations providing
graphical vision of the bins via an Android
phone.

Firebase
Sever

. Made
Arduino ™ pen

Uno

= Serve Mator

Androld
Phone

Ultrasanic

Y

Ultrasanic
L +* Rl

Dusthin Humidity

Tilt{Angle)

Figure 1. Block Diagram of loT based
Garbage Monitoring System

4. MATERIAL NECESSARIES

All materials are available with basic
required knowledge about electronics. The
following systems are needed for building
object components.

4.1. Ultrasonic Sensor

It is utilized to detect the garbage level that
filled in the dustbin and to detect the people
who throw out their garbage. The garbage
level will be measured with distance
between the sensor and waste in the
dustbin. This sensor is 4 pins-module which
are VCC (5V), Trig, Echo and GND.
Ultrasonic high level pulse is generated by
the trigger pin with the pulse width at least
10us and the returning pulse will be
received automatically by the Echo pin. The
released time interval between transmitting
the signal and receiving the echo to
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determine the distance is evaluated by the
sensor. 40 kHz, working frequency of
ultrasonic sensor is used. 4m and 2cm
maximum and minimum range of
measurable distance and 15 degree
measuring angle are used. [9]

Figure 2. HC-SR 04 Ultrasonic Sensor

4.2. Humidity Sensor

To watch the situation of garbage, the
temperature and humidity sensor are used.
For this function DHT22 sensor will be
used. The DHT22 is an above average
precision sensor that detects humidity and
temperature. An effective humidity sensor
and a thermistor are utilized for the
adaptation of the environmental space and a
digital signal can be read on the data input
pin. The data generated by the sensor will
receive every 2 seconds. It will be excellent
2-5% in accuracy for 0-100% humidity
sensing and +£0.5°C in accuracy for -40 to
80°C temperature sensing. [13]

4
DHT22 pins ~. &y
1 vee ~ . Y
2 DATA Wy Vs S
3 NC Yl e,
Ve Vs N
4 GND v, &
~

Figure 3. HDT-22 Humidity Sensor

4.3. Tilt Sensor

The tilt sensor module is provided with a
tilt sensor and a potentiometer. Any object
attached with tilt sensor will check whether
the object is tilted or not. Tilt sensors
exploits tilt angle or movement of objects
and it can be implemented using mercury
and roller ball technology. [12]
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/— SW-520D Tilt Sensor
/—-Scnsirivi(y Adjust

/7 PWR LED

S

LM393

Status LED

Figure 4. SW-520D Tilt Sensor

4.4. Arduino Uno

Arduino is an opened source raised board
utilized  for  constructing embedded
microcontroller  projects.  Arduino is
constructed with both a programmable
material circuit board which includes a
microcontroller and  operated IDE
(Integrated Development Environment) on
a computer is used to run and control code
to the hardware board is upload.

The Arduino Uno constructed on the
ATmega328 is a microcontroller board. 14
digital input/output pins in which 6 can be
used as PWM outputs, 6 analog inputs,
containing 16 MHz ceramic resonator, a
USB connection, a power jack, an ICSP
header and a reset button. A computer
connected to a microcontroller with a USB
cable or power it with a battery or an AC-
to-DC adapter to get started. Arduino is
easily used to build with a combination of
hardware and software and it is a
prototyping open-source platform. [9]

Digital Ground

Digital 170 Pins (2-13) Serial Out (TX)

Serial In (RX)

Analog Reference Pin

Reset Button

In-Cireuit
Serial Programmer

ATmega328
Microcontroller

Figure 5. Features of the Arduino Uno

45. Node MCU

ESP-12E module containing ESP8266 chip
having Tensilica Xtensa 32-bit LX106
RISC microprocessor are included in the
Node MCU ESP8266 development board.
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This microprocessor approves RTOS and
works at 80MHz to 160 MHz adjustable
clock frequency. 128 KB RAM and 4MB of
Flash memory to store data and programs
are included in Node MCU. Built-in Wi-Fi /
Bluetooth and Deep Sleep Operating
functions accomplish it ideal for IloT
projects are strong processing in Node
MCU. Power using Micro USB jack and
VIN pin (External Supply Pin) are also
used. UART, SPI, and 12C interface are
connected with other devices. Arduino IDE
which is comfortable to use in programme
with Node MCU Development Board.

ESP-12E Chip 3.3V Voltage Regulator

s USBto TTL Converter
2.4 GHz Antenna On-Board LED

D0 Pin

Figure 6. Feature of Node MCU Module

Node MCU is associated with different
sensors to their controllers wirelessly via
Wi-Fi. Since updated ESP8266 module
which is superior and programming in node
MCU is better and easy. The voltage
stability is enhanced and more reliability.
[15]

Table 1. Pin out of Node MCU Module

10 Index | ESP 8266 Pin | 10 Index | ESP 8266 Pin
0[+] | GPIO16 7 | GPIOI13
1 | GPIOS 8 | GPIOI1S
2 | GPIO4 9 | GPIO3
3 | GPIOO 10 | GPIO1
4 | GPIO2 11 | GPIO9
5 | GPIO14 12 | GPIO10
6 | GPIO12

4.6. Servo Motor

It is a controllable motor that works on
implementation in many applications.
Although servo motors come with many
different speeds, sizes and torque abilities,
but all have 3 wires, power, ground and
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control. Even though there are several ways
to drive the control signal to the motor, this
system uses to send the desired PWM
signal to the servo motor using the Arduino
UNO microcontroller. [16]

In this system it is used to open and closed
the lid of the garbage by checking the
people whether who want to throw out their
garbage or not.

Figure 7. Feature of Servo Motor

5. IMPLEMENTATION OF THE
SYSTEM

This system checks the situations of
garbage bins and displays the level of
collected garbage in the garbage bins by
using the Android application. Sending data
is done via a combination of Wi-Fi modem
and Arduino family microcontroller.
Whereas an Android application is
developed to offer the situation of bin to the
user monitoring it.

St

Iniizleaton of the
Sysem

e rgfmrt e rgmp Semsing Ear ng tilt
uﬁam s2nsod Llﬁyﬂrt sensof h.ﬂ:l!.ﬂ‘\- sEnsof

Proceszing snsing dam
by embeddad syEt=m

l

DPushing datz © the
Firzbazz cloud

I

Exiracting datz fomFirsbase
cloud and display Android

phons

Servo motor

Figure 8. Flowchart of The System
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Ultrasonic sensor with the Arduino is a
simple and easily to interface. VCC and the
ground of the ultrasonic sensor are
connected to the 5V and the ground of the
Arduino. TRIG and ECHO pin of
ultrasonic sensor are connected to the
digital I/O pin of Arduino and Node MCU.
I/0 pin of Aduino and Node MCU are
interfaced with the data pin of HD22
Humidity sensor and the data out pin of tilt
sensor. PWM (Pulse Width Modulation)
signal which is provided by the control pin
of Arduino connected to the servo motor.
The proposed system uses the ultrasonic
sensor housed over the bin to identify the
garbage level and compare it with the
dustbins depth. Detecting the people who
want to throw the garbage is done by the
front ultrasonic sensor.

= busibin |

Figure 9. Garbage Bin and Android Display

When power supply is given to the main
processing unit Arduino, it runs the
program and activates all sensors. Sensors
detect the garbage level and situations in
the bins and the result is provided to the
server. Android application displays the
garbage level and situations in the bins via
sever by using internet connection. When
the front ultrasonic sensor detects the
people who want to throw out their
garbage, dustbin can automatically open the
lid. The application describes a graphical
vision of the garbage bins and highlights
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the garbage collected in percentage in order
to show the level of garbage collected. The
construction and installing of physical
hardware to any dustbin is flexible and
developing software to instruct the physical
hardware is easy and reliable. To use this
system, user easily install the application on
any android phone and quickly access the
information of garbage bin in real time.

6. CONCLUSION

In this paper, an integrated system of Node
MCU, I1oT, Arduino Uno, Ultrasonic
Sensors, HDT22 Humidity Sensor, Tilt
Sensor and Servo Motor is introduced for
efficient and economic garbage collection.
This paper is proposed how the smart
garbage bin monitoring using loT can be
implemented. The percentage of garbage
level can be seen on the display screen.
Providing the accurate reports improves the
efficiency of the system. This system also
assists to watch exact garbage level that can
contribute to the urbanization management.
The total number of half ways of garbage
collection vehicle is decreased and hence
reduced the overall expenditure associated
with the garbage collection. It also helps to
keep clean society.

The limitation of this system is only sense
the motion of the people who come to the
garbage bin with trash and lid is opened up,
but is not block adding of any more garbage
while the bin is at full status.

If we were to further our research, the level
of the garbage is detected in real time and
this system provides to the authorized
agency for efficient and economic garbage
collection through Android system.
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ABSTRACT

Data mining is used to search ever wider
repositories and to  improve  market
segmentation. Classification is a model finding
process which is used according to some
constraints to divide the data into different
classes. Naive Bayesian Classifier predicts the
probabilities of membership for each class, such
as the probability that a given record or data
point belongs to a specific class. Weka makes
building classifiers really easy. We can either
apply the algorithm to a dataset, or call it from
our own java code. This contain tools for data
pre-processing,  classification,  regression,
clustering, association rules and visualization.
It is also good for the development of new
machine learning schemes. This paper uses nine
attributes, to identify seven types of glasses: (1)
build wind float, (2) build wind non-float, (3)
vehic wind float, (4) vehic wind non-float, (5)
container, (6) headlamps and (7) tableware. In
this paper, we present the classification by
using Naive Bayesian Classifier with glass data.

KEYWORDS

Data Mining, Classification, Naive Bayesian
Classifier, Glass data, Weka

1. INTRODUCTION

Data mining also referred to as the
discovery of knowledge in databases, is a
process of non-trivial extraction from a
large volume of data of implicit, previously
unknown and potential useful information.
Data mining is a multidisciplinary
methodology that includes database
technology, high-performance computing,
machine learning, computational
mathematics, statistics and visualization. It
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is the process of analyzing data as useful
information from different perspectives and
summarizing the results. Discovery of
information requires more than gathering
and processing data; it also includes
prediction and analysis. Knowledge
discovery helps to derive information from
large sets of data [1]. Most useful data
mining techniques are Classification,
Clustering, Regression, Association rules,
Outlier detection, Sequential Patterns, and
Prediction. In business, the discovery of
knowledge is useful in finding patterns and
relationship that will make more decisions

[1].

Data mining techniques and algorithms are
being extensively wused in Artificial
Intelligence and Machine learning. The DM
algorithms should be computationally
feasible for data analysis but requires low
human intervention. Data mining can be
done by using many techniques.
Classification is very popular among those
techniques and this technique is being used
intensively now-a-days in many real
business applications.

Classification begins with the induction
reasoning process from cases in datasets
and subsequently applies those reasoning to
predict decision. One of the most popular
data mining techniques for classifying the
big data set, is the Naive Bayesian
Classifier. It has been applied successfully
to various problem areas of the
classification tasks such as weather
forecasting, intrusion detection, image and
pattern recognition, medical diagnosis, loan
approval and bioinformatics, etc. The
classification task is to map the set of
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sample data attributes onto a set of data
labels, and the Naive Bayesian Classifier is
particularly appropriate as proven universal
approximates.

Naive Bayesian Classifier is a statistical
classifier based on the theorem of the Bayes
and the maximum hypothesis posterior.
Some of the reason why this classifier is so
common and simple that it is easy to

implement and quick as the Naive
assumption of class conditional
independence  reduces the cost of

computation. Naive Bayesian Classifier has
largely helped to solve many complex DM
problems but much more needs to be done
to improve its performance and accuracy.
Naive Bayesian Classifier often applied
efficiently in  the collection and
classification of features on the network.

In this paper, the data set consists of 214
samples with nine attributes for each of
type of glass. The use of nine attributes are :
RI (Refractive Index of Silica Glass) , NA
(the amount of Sodium), MG (the amount
of Magnesium), AL(the amount of
Aluminium), Sl (the amount of Silicon), K
(the amount of Potassium), CA (the amount
of Calcium), BA (the amount of Barium),
FE (the amount of Iron).There are seven
types of glass are:

(1) build_wind_float (Type 1)

(2) build_wind_non-float (Type 2)

(3) vehic_wind_float (Type 3)

(4) vehic_wind_non-float (Type 4)

(5) container (Type 5)

(6) headlamps (Type 6)

(7) tableware. (Type 7)

We discuss about Naive Bayesian Classifier
in data mining based on Identification of
Glass with weka tools. The next section will
show about Naive Bayesian.

2. THEORY BACKGROUND
2.1. Bayes’ Theorem

Naive Bayesian Classifier is a statistical
classifier based on the Bayes’ Theorem and
the maximum posterior hypothesis. This
classifier is so common and simple that it is
easy to implement and fast since the Naive
assumption of class conditional
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independence reduces its’ computational
cost. Experiential studies comparing
classification algorithms have found that
the Naive Bayesian Classifier is comparable
in performance with decision tree and
selected neural network classifiers.

Let X be a data tuple. In Bayesian terms, X
is considered “evidence”. As usual, it is
described by measurements made on a set
of n attributes. Let H be some hypothesis
such as that the data tuple X belongs to a
specified class C. For classification
problems, we want to determine P (H|X),
the probability that the hypothesis A holds
given the “evidence” or observed data
tuples B. In plain English, using Bayesian
probability terminology, the above equation
can be written as

prior x likelihood

posterior = -
evidence

PiX|HYWP(H)
PiX) '

P{HIX)

Bayesian classifier, works as follows:

1. Let D be a training set of tuples and their
associated class labels. As usual, each tuple
The Naive Bayesian classifier s
represented by an n-dimensional attribute
vector, X =(.x1, X2, : : :, Xy), depicting n
measurements made on the tuple from n
attributes, respectively, A;, A,, ..., A

2. Suppose that there are m classes, Cy, Cy, :
.1, Cp. Given a tuple, X, the classifier will
predict that X belongs to the class having
the highest  posterior probability,
conditioned on X. That is, the na“ive
Bayesian classifier predicts that tuple X
belongs to the class Ci if and only if,

PICIX) = POGIX) for l =j=mj#L
Thus, we maximize P (Ci|X). The class C;
for which P(Ci|X) is maximized is called
the maximum posteriori hypothesis. By

Bayes’ theorem
PUX| GG

P(CiX)
(Gl P(X)
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3. As P(X) is constant for all classes, only
P(X|C)/P(C;) needs to be maximized. If the
class prior probabilities are not known, then
it is commonly assumed that the classes are
equally likely, that is, P(C1) = P(C2)= ...=
P(C.), and we would therefore maximize
P(X|C).

4. Given data sets with many attributes, it
would be extremely computationally
expensive to compute P(X|C;). To reduce
computation in evaluating P(X|C;). the
naive assumption of class-conditional
independence is made.

1
PYIC) = | PlalC
k=]
= (x| C) % Py |Gl - Pl G

We can easily estimate the probabilities
P.(x1|Ci), P(xCi),...,P(xn|C;) from the
training tuples. Recall that here x, refers to
the value of attribute A, for tuple X. For
each attribute, we look at whether the
attribute is categorical or continuous-
valued. For instance, to compute P.(X|C))
we consider the following:

(a) If A is categorical, then P.(x,|C;) is the
number of tuples of class C; in D having the
value x, for A,, divided by |C;D]|, the
number of tuples of class C;in D.

(b) If A is continuous-valued, then we need
to do a bit more work, but the calculation is
pretty straightforward. A continuous-valued
attribute is typically assumed to have a
Gaussian distribution with a mean u and
standard deviation a, defined by

] _kx ul”

— ozt
2T )

glx g o) =

so that

Plag|Cid = glog, po o).
5. To predict the class label of X, P(X|C),
P(C;) is evaluated for each class C; . The
classifier predicts that the class label of
tuple X is the class C; if and only if
P(X|CIPIC) = PIX|CHPIC) for 1<j=<m,j#i.

3. RESULT AND DISCUSSION

3.1. Naive Bayesian Classifier on
Training Set

£ Weka GUI Chooser = | E ||

Program Visualization |Tools| Help

- Applications
WEKA [ e
The University
of Waikato Experimenter

e

Waikato Environment for Knowledge Analysis KnowledgeFlow
Version 3.6.9

(€} 1585 - 2013

The University of Waikato
Hamilton, New Zealand

Simple CLT

Figure 1. Starting Weka tools to identify
glass data. We choose “Explore” button.

£ Weka Explorer

SR

Preprocess | classify | Cluster | Associate [ Select attributes | visualize|
o o) (o) )
Filter
Current relation Selected attribute
Relation: Glass Mame: RI Type: N...
Instances: 214 Attributes: 10 Missing: ... Distinct: Unique: 1...
Attributes Statistic Value
Minimum 1.511
(I | I B vy L53
Mean 1.518
MNa. Name StdDev 0.003
2 |Na
3 Mg
4 al r 1 "
ER ] Class: Type (Mom) - | Visualize Al
A3
7|Clca 24
8[ga
g[CFe
10[ | Type
Remove
Status
QK

Figure 2. This figure shows the data;
glass.arff file to classify. These have nine
attributes: RI, NA, MG, AL, SI, K, CA and

BA.
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ﬁ Weka Explorer

| Preprocess | Classify | Cluster | Associate

Classifier

Choose  |MaiveBayes

Test options Clg

) Supplied test set Set...

“) Cross-validation  Folds |10
) Percentage split %L |66
I More options. ..

Figure 3. We choose “Classify” and then
the next chosen is classifier type “Naive
Bayes”. We select the option “use training
set”. We classify overall training data by
Naive Bayesian Classifier

Correctly Classified Instances 119 55.6075 %
Incorrectly Classified Instances 95 44,3925 %
Kappa statistic 0.4026

Mean absolute error 0.1389

Root mean squared error 0.3143

Relative absolute error 65.6441 %

Root relative squared error 96.8758 %

Total Number of Instances 214

Figure 4. This figure shows summary of
evaluation on overall training set. Among
214 instances, Correctly Classified
Instances is 119 (55.6%) and Incorrectly
Classified Instances is 95 (44.39%).

Detailed Accuracy by Class

For class label “built wind float”: TP rate
= 0.857, FP rate = 0.438, Precision = 0.488
and Recall = 0.857.

For class label “built wind non-float”: TP
rate = 0.171, FP rate = 0.08, Precision =
0.542 and Recall = 0.171.

For class label “vehic wind float”: TP rate
= 0.353, FP rate = 0.8, Precision = 0.429
and Recall = 0.353.
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For class label “vehic wind non-float”; TP
rate = 0, FP rate = 0, Precision = 0 and
Recall = 0.

For class label “containers”: TP rate =
0.308, FP rate = 0.025, Precision = 0.444
and Recall = 0.308.

For class label “tableware”: TP rate = 1,
FP rate = 0.29, Precision = 0.6 and Recall =
1.

For class label “headlamps”: TP rate =
0.931, FP rate = 0.011, Precision = 0.931
and Recall = 0.931.

In summary of accuracy, TP rate and Recall
are the same for every class label but others
are distinct. For class “vehic wind non-
float”, TP rate, FP rate, Precision and recall
are all zero.

=== Confuzicn Matrix ===
a b cde £ g <-classified as
60 3 5 0 0 2 0| & =build wind float
3213 3 0 4 3 1| b= build wind
10 0 6 0 0 1 0] c=vwvehic wind float
0 0 000 0 0| d=vehic wind
0 8 00 4 0 1| e=containers
000 00 8 0| f=tableware
1 00 0 1 027 | g =headlamps

non-float

non-float

Figure 5. Confusion Matrix for Glass data

3.2. Classify by WEKA Tools on Test
Set

& Weka Explorer

‘ Preprocess| Classify | Cluster I Associate | Select attributes | Visualize|

Classifier |£| Test Instances l =NASh X
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Figure 6. This figure shows to classify by
supplied test set. We selects the option
“Supplied test set”, these test set is user

specified set. After running this test set, the
result is also the same with classify by
training set.

3.3. Classify by WEKA Tools upon
10-folds cross validation

Preprocess | Classify | Cluster | Assodate | S

Classifier

| Choose | MaiveBayes

Test options

Use training set

() Supplied test set Set

Folds |10

() Percentage split %

| Mare options... |

Figure 7. This figure shows to classify by
cross-validation on 10 folds. We can select
the folds by 5, 10, etc. We use this paper by

10 folds cross-validation.

Correctly Classified Instances 104 48.5981 %
Incorrectly Classified Instances 110 514019 %
Kappa statistic p.3168

Mean absolute error 0.1541

Root mean squared error 0.3399

Relative absolute error 72.7766 %

Root relative squared error 104.7431 %

Total Number of Instances 214

Figure 8. This figure shows the summary
of evaluation on 10 folds cross-validation.
In this figure, Correctly Classified Instances
is 104 (48.5%) and Incorrectly Classified
Instances is 110 (51.4%).
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TPRate FPRate Precision Recall F-Measure ROC Area  Class

0729 044 0455 07129 036 0708 buld wind float

0481 0171 0232 budd wind non-float

|ehic wid float

0.717

0.086 0.1 0235 021 0.723

0 0 0 0 0 ? veltic wind non-float

0333 0308 03 0841 containers

0.029 0.5M 0.889  0.69 0985 tableware

0.022 0857 0828 0842 0928 headlamps

Figure 9. Detailed Accuracy by Class

For class label “built wind float”: TP rate
=0.729, FP rate = 0.424, Precision = 0.455
and Recall = 0.729.

For class label “built wind non-float”: TP
rate = 0.171, FP rate = 0.101, Precision =
0.481 and Recall = 0.171.

For class label “vehic wind float”: TP rate
= 0.235, FP rate = 0.086, Precision = 0.19
and Recall = 0.235.

For class label “vehic wind non-float”; TP
rate = 0, FP rate = 0, Precision = 0 and
Recall = 0.

For class label “containers”: TP rate =
0.308, FP rate = 0.04, Precision = 0.333 and
Recall = 0.308.

For class label “tableware”: TP rate =
0.889, FP rate = 0.029, Precision = 0.571
and Recall = 0.889.

For class label “headlamps”: TP rate =
0.828, FP rate = 0.022, Precision = 0.857
and Recall = 0.828.

In summary of accuracy, TP rate and Recall
are the same for every class label but others
are distinct. For class “vehic wind non-
float”, TP rate, FP rate, Precision and recall
are all zero.
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g beocde g <--classified as

a1 311 00 2 1] &=hbuild wind float
4813 ¢ 0 5 3 11| b=nhbuild wind non-float
1204001 0] c=vehicwind float
000000 0] d=vehic wind non-float
080040 1] e-=containers
000008 1| f=tablewars
11003 02| g=headlanps

Figure 10. Confusion Matrix

Table 1. This table shows sample data set for Glass data. The data set contains 214 instances,
with nine attributes: Rl means Refractive Index of Silica Glass, NA means the amount of
Sodium, MG means the amount of Magnesium, AL means the amount of Aluminium, SI means
the amount of Silicon, K means the amount of Potassium, CA means the amount of Calcium,
BA means the amount of Barium, FE means the amount of iron. The glass type are Type (1) is
build wind float, Type (2) is build wind non-float, Type (3) is vehic with float, Type (4) is
vehic with non-float, Type (5) is container, Type (6) is headlamps and Type (7) is tableware. At
instances (1): R1 =1.51793, NA =12.79, MG = 3.5, AL =1.12, SI =73.03, K=0.64, CA =
8.77,BA=0,FE=0 The Glass is Type (1) - build wind float.

[4o. Rl Ma Mg Al Si K Ca Ba Fe Type

1 1.51733 1273 35 142 7303 064 877 0.0 0.0 build wind float

z 1.51643 12,16 3.52 135 72.89 057 B.53 0.0 00  yshigwind float

3 1.51793 1321 348 141 7264 059 843 00 00 build wind flost

4 1.51299 144 174 154 7455 00 759 00 00  tablewars

5 1.53333 123 00 10 7046 042 1619 0.0 0.24  build wind non-float

& 1.51655 1275 2.85 144 73.27 057 879 011 0.22 buildwind nonflost

7 1.51779 1364 365 065 730 006 893 00 00  yehicwindflost

] 1.51837 1314 284 128 72.85 055 907 00 00 build wind float

] 1.51545 14.14 0.0 z68 T73.3%9 008 9.07 061 005 hezdlzmps

10 1.51789 1319 39 13 7233 055 844 00 028  buildwind non-flost
1.51625 1336 3.58 143 7272 045 821 00 00 build wind non-float
1.51743 122 325 116 7355 062 88 0.0  0.24 buildwind nonflost
1.52223 1321 377 079 7199 013 1002 00 00O build wind flost
1.52121 1403 376 O58 7179 011 965 00 00  yehicwindflost
1.51665 13.14 345 176 7248 0.6  B.38 0.0 017  wshigwind float

210 1.51707 1348 348 171 7252 062 783 00 00 build wind non-flost

211 151719 1475 0.0 z0 7302 00 853 159 008 hezdlzmps

212 1.51629 1271 333 143 73.28 067 524 00 00 build wind non-float

213 1.51934 13.27 0.0 176 7303 047 1132 0.0 0.0 containers

214 151811 1296 296 143 7282 06 8573 014 00 build wind non-float
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4. CONCLUSIONS

In this paper, we present the glass
identification using Naive Bayesian Classifier
by weka tools. It shows how a Naive Bayesian
Classifier was constructed by using Glass data
By reading this paper, people can know about
Naive Bayesian Classification in data mining
and also known about glass data. We will
detail extend the comparison of efficiency and
performance  accuracy between  Naive
Bayesian and other classification algorithms.
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ABSTRACT

Uterine fibroids are more common morbidity in
women of a reproductive age. Uterine fibroids
are noncancerous growths in the uterus. Uterine
fibroids may occur in various regions of the
uterus. Uterine fibroids is effected on the
women’s menstrual cycle. Nowadays, most
women became more likely to get this disease.
Decision Tree algorithm is widely used for
predicting fibroids diagnosis. So, this paper will
be used as a classification for this disease. For
classify the system use age, status, heavy
bleeding, pelvic pain, lower back pain, frequent
urination and pain during intercourse. Total 7
parameters are used in this paper. The overall
aim of this paper is to develop knowledge about
to this health disease. We mainly used algorithm
average accuracy of 91.66% from the
experiments made on the data taken from
Gynecologist and Radiologist in Loilem hospital
datasets.

KEYWORDS

Data Mining, Fibroids affected in women,
classification, Decision tree (C4.5) algorithm,
Naive Bayesian algorithm.

1. INTRODUCTION

Uterine fibroids are the commonest benign
uterine tumors, with an estimated incidence
of 20%-40% in women during their
reproductive age. Fibroids are muscular
tumors that grow in the wall of the
uterus(womb). Medical term for fibroids is
“myoma”. Fibroids are almost always
benign (not cancerous). Fibroids can grow
as a single tumor, or there can be many of
them in the uterus.[1] They can be small as
an apple seed or as big as a grapefruit.
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Fibroids are classified relative to their

location within the uterus, as follows:

a. Subserosal - towards the outside of the
womb / uterus

b. Intramural - in the wall of the womb /
uterus

¢. Submucosal fibroid - towards the middle
of the womb / uterus.

Figure 1. Fibroid

2.WHo CouLD IT BE?

It usually occurs in women between the
ages of 30s and 50s. After menopause, the
disease usually goes away. This disease is a
family borne disease, it happens in different
generations. Black women (African) are
more likely to be occur than white women.
Obese women can also more likely than
other women for this disease. It may also be
due to the high consumption of red meat
and caffeine.

3. RELATED WORK

Classification is a form of data analysis that
extracts models describing important data
classes such models called classifier. The
accuracy of a classifier on a given test set is
91.66% and 59.25% respectively in this
paper. The paper approached the aim of
diagnosis by using data mining and
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demonstrated the need for preprocessing
and replacing missing values in the dataset
being considered. Classification is a two-
step process consisting of a learning step
and classification step. For this
classification of fibroids disease based on 7
symptoms was created with implementation
using Weka software. By using Weka
software, it delivers the results quickly and
accurately.[2] It is also illustrated with the
decision tree of data mining. We can also
try and add as many datasets as possible.
The aim of analysis, to describe the
patient’s true condition by using c4.5
algorithm.

4. THE FIBROIDS DISEASE STEPS

Data is collected by the guidance of a
specialist. This paper explores and applies
the conditions that prevail among women.
The disease studies know different
symptoms by different age patterns. The
medical condition for the disease is divided
into three stages or there are three kind of
patients:

1. None(there is no fibroid)

2. Mild(mild condition or starting
state of fibroid)

3. Severe(suffering from fibroid)

In this research using two data mining
algorithms Decision Tree C4.5 and Naive
Bayes to classify the result.

41. Decision Trees and C45
Algorithm
Decision tree builds classification or

regression models within the type of a tree
structure. It breaks down a dataset into
smaller associated smaller subsets whereas
at identical time an associated decision tree
is incrementally developed. The ultimate
result's a tree with decision nodes and leaf
nodes. A decision node (e.g., causes) has 2
or a lot of branches (e.g., Mild, None,
Severe). Leaf node (e.g., heavy bleeding)
represents a classification or decision. The
uppermost decision node in a very tree that
corresponds to the simplest predictor
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referred to as root node. Decision trees will
handle each categorical and numerical
information [2].

PP

/\

no  =yes
n

FU

/\

= yes

=no i
mild (2.0) severe (3.0)

none (4.0)

Figure 2. Decision Tree

C4.5 is a well-known algorithm used to
generate a decision trees. It is an extension
of the ID3 algorithm used to overcome its
disadvantages. The decision trees generated
by the C4.5 algorithm can be used for
classification, and for this reason, C4.5 is
also referred to as a statistical classifier.
The C4.5 algorithm made a number of
changes to improve 1D3 algorithm. Some of
these are:

Handling training data with missing
values  of attributes

Handling differing cost attributes

Pruning the decision tree after its creation
Handling attributes with discrete and
continuous values

Let the data be a set S = s1, s2 ... of already
classified samples. Each sample Si = xl,
X2... is a vector where xl, X2 ... represent
attributes or features of the sample. The
training data is a vector C = c1, c2..., where
cl, c2... represent the class to which each
sample belongs to [3]. At each node of the
tree, C4.5 chooses one attribute of the data
that most effectively splits data set of
samples S into subsets that can be one class
or the other. It is the normalized
information gain (difference in entropy)
that results from choosing an attribute for
splitting the data. The attribute factor with
the highest normalized information gain is
considered to make the decision. The C4.5
algorithm then continues on the smaller
sub-lists having next highest normalized
information gain.
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Input  : S where S= set of classified instances
Output : Decision Tree

Require: S£0, num_attributes > 0
procedure Build Tree
repeat

maxGain <—20

splitA <— 0
e <— Entropy(attributes)
for all attributes a in S do
gain <— Information Gain(a,e)
if gain> maxGain then
maxGain <— gain
splitA&<— a
end if
end for
Partition(S, splitA)
until all partitions processed
end procedure

Figure 3. C4.5 Algorithm

4.2. Naive Bayesian Classification

The naive Bayesian classifier makes the
assumption of class conditional
independence, that is, given the class label
of a tuple, the values of the attributes are
assumed to be conditionally independent of
one another. When the assumption holds
true, then the naive Bayesian classifier is
the most accurate in comparison with all
other classifiers. The naive Bayesian
classifier works as follows:

1. Let D be a training set of tuples and their
associated class labels. As usual, each tuple
is represented by an n-dimensional attribute
vector, X=(x1,x2,......xn), depicting n
measurements made on the tuple from n
attributes, respectively,Al, A2,...... , An.

2. Suppose that there are m classes, C1, C2,
Cm. Given a tuple, X, the classifier will
predict that X belongs to the class having
the highest posterior probability,
conditioned on X. That is, the naive
Bayesian classifier predicts that tuple X
belongs to the class Ci if and only if

P(Ci | X)>P(Cj | X) for 1<j<m, j #1i.

Thus, we maximize P(Ci | X). The class Ci
for which P(Ci| X) is maximized is called
the maximum posteriori hypothesis. By
Bayes’ theorem,

P(Ci| X) = P(X | Ci) P(Ci).

P(X) [4]
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The Naive Bayesian classifier relies on
Bayes’ theorem with independence
assumptions between predictors.

5. SYSTEM DESIGN

Calculate Entropy &Gain
Ratio

Choose the highest Gain
Ratio

Figure 4. System Design

This system contains four main steps.
Firstly, the input 7 attributes is accepted in
this system: HB, PP, LBP, PDI, FU, Age
and status. Secondly, this system is
calculated Entropy for all attributes. Then
in the third steps is calculated and choose
the highest gain ratio. After choose the high
gain ratio draw the tree by using c4.5
algorithm. A decision tree is a flow-chart
like tree structure, where each internal node
(non-leaf node) denotes a test on an
attribute, each branch represents an
outcome of the test and each leaf node
holds a class label. Decision tree can handle
multidimensional data.

Entropy
The probability s1, s2, ..., sn, Where _si=1,
Entropy is defined as:

m
Info(S)= -
i=1

O

S log; S
S

[4]

Information Gain

The difference between the entropy of the
original dataset and the weighted sum of the
entropy from each of the subdivided
datasets. The formula is:
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v
Info,(S) =X

Syt...+S
j=1 S

Info(S))

mj

Gain (X) = Info (S) - Info, (S)

[4]
Attributes

The datasets are consists of 7 attributes (in
Tablel).

6. BAsiC CONCEPTS OF

CLASSIFICATION

Classification is a form of data analysis that
extract models describing important data
classes. Data classification is a two-step
process, consisting of learning step and
classification step. Learning: Training data
are analyzed by a classification algorithm or
classifier is represented in the form of
classification rules. Classification: Test data
are used to estimate the accuracy of the
classification rules. In this paper,108
records will be used for model assessment.

Table 1. Description of 7 parameters used

No | Attribute Description values
1 Age Age in years Continues
2 Statues Married or Not Married or
Single
3 HB Heavy Bleeding | High
No
4 PP Pelvic Pain Yes
No
5 LBP Lower Back Pain | Yes
No
6 PDI Pain During Yes
Intercourse No
7 FU Frequent Yes
Urination No

Table2: Sample of Symptoms of Diseases

Age | Statues | HB | PP | PDI | LBP | FU | Class

15 | single low | no | no | no | no | None

30 | married | high | yes | yes | no | no | Mild
25 | single high | no | no | no | yes| None
27 | single high | yes | no | yes | yes | Severe

Severe

32 | married | low | yes | yes | yes | yes
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6.1. Experimental setup

The data mining methodology want to build
the model is classification. A classification
algorithm builds the classifier by analyzing
“learning form” or a training set made up of
database tuples and their associated class
labels. This will use DT (decision tree)
C4.5 algorithm to indicate the patient’s
condition. It is written the patient’s data by
csv file format. In this paper mainly discuss
the stage of the fibroids disease. Total 7
attributes of this disease symptoms apply in
this experiment.

Instancea: 108
Attributes: 7
Lge
Status
HB
EFP
LBF
FDI
)

Figure 5: The Attributes and Dataset

It has been 7 attributes and 108 records
data. We can display result three types of
symptoms (none, mild and severe). In this
experiment the PP is yes, PDI is yes, HB is
yes and Frequent Urination is yes, we can
see the serious condition(severe) of the
patient.

6.2. Weka Software as Data Mining
Tool

The basic idea is to extend a set of data
mining tools by integrating into a larger
extendible platform, such as Weka [4]. The
Weka software is widely accepted, also
used commercially and has a great
community for support and is very well
documented. In this paper the dataset is
experimented through the algorithms like
supervised learning C4.5 algorithm. Data
mining has been tested using Weka to
detect disease status. To test the exact
condition of the disease, we use c4.5
algorithm of data mining.[3] Use this
software (MS-Excel and CSV) formats to
record information. Weka tools process is
as follows:

1.0pen the Weka software.
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2.Load the Open File from Preprocess
menu and set the fibroid data set to the file.

3.Then choose the algorithm we want to
compute.

4.Click the start button, then the final result
came out after the test was like this.

Classifier output

severe (13.0/1.0)

| 1 sStatus — married: mild (6.0)
| 1 Status - single: nene (6.0)

ried: mild (6.0)
single: none (7.0)

ne
Status = married

| PP = yes

I 1 = e
| PP = no: none (11.0)
Status = single: none (22.0)

|
LBE =
|
|
|
|
|
|

Number of Leaves : 11

Size of the tree : 21

Time taken to build model: 0.01 seconds

Figure 6. Using the C4.5 Expression

Algorithms | TP | FP
Rate | Rate

Recall F- MCC | ROC | PRC
measure Area

Precision Correctly

Classify

C45 0593 | 0421 0.593 0.593 0393 0.171 | 0.647 | 0.643 | S1.66%

Naive 0917 | 0.074 0.921 0917 0917 0.836 | 0.960 | 0957 | 39.25%
Bayes

Figure 7. Compare Two Algorithm
In this experiment we are going to test all
data set by various rules.

It can see that the calculation by the
confusion matrix is the following:

C4.5 algorithm Naive Bayes
== Confusion Matrix === === Confusion Matrix ==
a b <-- classified as a b <-- classified a3z
45 2 | & = yes 25 22 | a = yes
75 | b=no 22 3% | b=no

Figure 8. Compare Two Confusion Matrix

We can look at the confusion matrix above
in classifier output box by using C4.5 and
naive Bayes algorithm. And then we can
see the decision tree will appear like this.
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Tree View

" T
Lep Lo
=ws =no _=ys

severe (55.20) PP Fu Status
A

P . - ~ -
seere (13010) mpaus seere (120) atatus s none (22.0)

- .
= maried= single = marriea= single syes =no
, \ L ,

mild .03 nane 6.0) mild (5.0) none (7,03 i none (11.0)
b

=ws  =no

mild (6.0) none 5.0y

Figure 9. Decision Tree

7. CONCLUSION

We can notice that decision tree (C4.5)
algorithm showed the highest accuracy for
this research. It is intended to use the
decision tree of data mining to eliminate the
common fibroids disease in women. Mostly
women became infected this disease. It
aims to have a healthier and happier life
between women. Data mining applied in
health care using different algorithm in
medical research. So, we want to apply
computer system in medical diagnosis and
improve the knowledge on fibroid uterus
and care on fibroid uterus among women.
To evaluate the performance of uterine
fibroids by using c4.5 algorithm. Although
the disease is not harmful, it can occur
again and again like cancerous, anemia,
female infertility.
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ABSTRACT

When the waves impinge on a surface of the
materials, the reflection and transmission
parameters are occurred. In this paper,
materials such as ground which is dry and wet
and brick wall and glass that the smooth
homogeneous interfaces are studied. To
calculate the reflected and transmitted fields,
the Fresnel coefficients of reflection and
transmission are used. From the simulation
results, the transmission coefficient is the
highest value in dry ground at incident angle 0
degree. Different material properties, such as
relative permittivity and conductivity are
considered. It can be shown that the
transmission and reflection coefficients depend
on the material properties and the angle of
incidence. For transmission coefficient, the
angle of incidence is increased, the value of
coefficient is slightly decreased in all materials.
However, the angle of incidence is increased,
the value of reflection coefficient is slightly
decreased in all materials.

KEYWORDS

Reflection Coefficient, Transmission Coefficient,
Dry Ground, Wet Round, Brick Wall, Glass

1. INTRODUCTION

When wave propagation impinges on
medium, the wave reflects and transmits
through  medium. In  dissipative
homogeneous isotropic media, the plane
wave reflection/transmission at planar
interfaces was studied. Although the
problem was simplified considerably by
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assuming planarity as well as the mediums
homogeneity, it may find wider applications
even in more realistic situations [1]. The
calculation of coefficients in reflection and
transmission is complex and the
characteristics of impedance of ground’s
estimation are required. There are broadly
divided the reflection coefficients into three
types: plane-wave, sphere wave and
incoherent wave. In the estimation of
reflection coefficients for ground, the
normal surface impedance is required as the
characteristics of impedance. When the
thickness of the materials is very large
compared with wavelength, the multiple
reflection can affect the reflection and
transmission coefficients. The brick wall
can act as a dielectric material having the
permittivity ~and  conductivity.  The
properties of dielectric are different
between the wet concrete and dry concrete.
The Fresnel equation can use to determine
the reflected and transmitted light when
incident angle on an interface between
optical media. The transmission coefficient
is described the amplitude, intensity or
transmitted wave related to an incident
wave. In this paper, the reflection and
transmission  coefficients for different
materials are implemented by using Matlab
programming.

2. REFLECTION AND
TRANSMISSION COEFFICIENT
FORMAT GUIDE
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When seismic waves encounter a sudden
change in material properties, part of the
energy will be transmitted and the rest of
the energy will be reflected by the
discontinuity. It is relatively simple to
derive how large the transmitted and
reflected amplitudes will be if the incoming
wave is a plane wave. At a discontinuity the
wave field has to satisfy two boundary
conditions:  the displacement has to be
continuous, and the components of stress
that act on the boundary also have to be
continuous. These two conditions lead to
expressions that relate the amplitudes of the
reflected and transmitted wave to the
amplitude of the incoming wave. The
transmission  coefficient and related
reflection coefficient are used to describe
the behaviour of wave’s incident on a
barrier. A transmission coefficient describes
the amplitude, intensity, or total power of a
transmitted wave relative to an incident
wave. The amplitudes of the reflected and
transmitted waves depend on the amplitude
of the incoming wave, the change in elastic
constants and density, and the angle of
incidence [2].

In the propagation medium, the wave is
travelling through different medium, the
dimensions are greater than the wavelength
and the transmission and reflection are
occurred. In such a case, the wave follows
Snell’s laws of reflection and refraction [3].
The law of the reflection means that the

angle of the reflected field ©,, is equal to
the angle of the incident field, 6;,where

these angles are referred to the surface’s
normal. The most common definition of
Snell’s law is given by:

kysin 6; =k, sin 6,

(D)

kiis the wavenumber for the
incident wave with angle 6; and K, is the
wavenumber of the reflected wave with
angle 0, . Snell law of refraction states the
angle, 0., is a function of the incidence

angle and the materials of the two media,
and is given by the following formula,

where

163

Sin(ei) — €2H2 :k_2 (2)
sin(6,) ey kg
where g, and €, are permittivity values, and
py and p,are permeability values. The
refraction index of a medium is the ratio of
the free space velocity, ¢, to the phase
velocity of the wave in the medium,

C
kK=—= B Verky
V. VeoHo

3)

The reflection and refraction of a uniform,
linearly polarized, homogeneous plane
wave at a horizontal interface is shown in
Figure 1. This paper considered the
materials such as two types of ground: dry
and wet and brick wall. The incident wave
is confined to the xz-plane. Light and other
electromagnetic waves are transverse waves
made up of mutually perpendicular,
fluctuating electric and magnetic fields.
Moreover, if light strikes an interface so
that there is a 90° angle between the
reflected and refracted rays, the reflected
light will be linearly polarized. The
direction of polarization (the way the
electric field vectors point) is parallel to the
plane of the interface. The light is re-
emitted by the atoms to form both the
reflected and refracted rays. The electric
field vectors in the light match the direction
the electrons were oscillating, and they
must be perpendicular to the direction of
propagation of the wave. When light comes
in at the Brewster angle the reflected wave
has no electric field vectors parallel to the
refracted ray, because the electrons do not
oscillate along that direction. The reflected
wave also has no electric field vectors
parallel to the reflected ray, because that's
the direction of propagation of the wave.
The only direction possible is perpendicular
to the plane of the picture, so the reflected
ray is linearly polarized. The refracted ray
is partly polarized because it has more light
with electric field vectors in the plane of the
picture than perpendicular to it [6]. Figure 2
illustrates the definition of the parallel and
perpendicular electric fields, which are
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taken with respect to the plane containing
the incident, reflected and transmitted rays.

b

Figure 1. Geometry for Snell’s law [4]
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Figure 2. Polarizations in Reflection and
Transmission [5]

The B; and P, parameters, the phase

constants for both media, are related to the
refraction indexes through the angular
frequency, o, i.e.,

B:CO\/H_:CO\/MOSO VHrEr :(D% (4)

To calculate the reflected and the
transmitted fields, the Fresnel coefficients
of reflection and transmission can be used.
These coefficients depend on the
constitutive parameters of the materials, the
polarization of the incident field and the
angle of incidence. The coefficients are
different for the parallel (||) and
perpendicular (L) polarization. For
reflections on non-perfectly conducting
surfaces, the plane wave Fresnel reflection
coefficients are [7], [8] given by

- <
\ A
\ transmitted wave
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n _Cos(0) — & —sin?(0)
=

)
cos(0) + & —sin(0)
and
o & cos(0) — & —sin2(0) ©)
=

& c0s(0) ++/& —sin2(0

The transmitted field can be expressed in
the same way. The transmission coefficients
are given by the formulas

T, - 2c0s(6;) ™
cos(8;) ++& —sin?(6;)

And

T - 24/€ cos(6;) ®)

€ c0s(0;)++/& —sin?(6,)

where R is reflection coefficient and T is
transmission  coefficient for different
material.

3. RESULTS AND DISCUSSION

In this study, the different materials such as
dry ground, wet ground and brick wall are
analyzed. The following material properties
[ 9] are used in this simulation.

Frequency =1GHz

Relative permittivity of dry Ground = 3
Conductivity (S/m) of dry Ground = 7e-4
Relative permittivity of wet Ground = 15
Conductivity (S/m) of wet Ground = 4e-1
Relative permittivity of brick wall = 4.26
Conductivity (S/m) of dry Ground = 0.01
Relative permittivity of glass= 3.8

Conductivity (S/m) of glass = 0.001

Incident Degree step is started from 0 to 90
with increment 10 degree. Coefficients
value of different materials depends on
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the constructive parameters of the
materials, the polarization of the angle
of incident. Therefore, the coefficients
are different for parallel and
perpendicular polarizations are
proposed. The results are given of a
systematic series of calculations on the
coefficients of reflection and
transmission for plane wave’s incident
on dry ground, wet ground and brick
wall and glass. In Figure 3, we have
plotted the reflection and transmission
coefficients for very dry ground at 1GHz.
According to the simulation results, the
reflection and transmission coefficient
values depend on the incident angle. This
paper proposes the polarization;
perpendicular and parallel. From the results,
when incident angle is more increased, the
transmission  coefficient ~ value  of
perpendicular and polarization is increased
at dry ground. In addition, the reflection
coefficient value is decreased when incident
angle is increased at dry ground. At incident
angle 60 degree, the reflection coefficient
value is nearly zero. After 60 degree, the
coefficient value is increased. The
reflection coefficient value is one at 90
degree.

Reflection and Transmission coefficients-Very dry ground
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Figure 3. Reflection and Transmission
Coefficients at Dry Ground

Figure 4 does the same for wet ground. The
value of reflection coefficient perpendicular
for wet ground starts 0.6 at O degree is
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higher than the value of dry ground.
According to the simulation results, the
reflection and transmission coefficient
values also depend on the incident angle.
From this simulation, the value of
transmission coefficient is more
significantly decreased for perpendicular.
From the simulation results of dry and wet
ground, the reflection coefficient value is
higher in wet ground but the transmission
coefficient value is lower in dry ground.

Reflection and Tr

ion coeffici Wet ground

Reflection Coefficient Parallel

0.9 = = :Reflection Coefficient Perpendicular
""""" Transmission Coefficient Parallel

0.8 ====: Transmission Coefficeint Perpendicular

|Coefficient|

7

0 10 20 30 40 50 60 70 80
Incident angle 6 (degrees)

Figure 4. Reflection and Transmission
Coefficients at Wet Ground

The transmission and reflection coefficients
of brick wall are shown in Fig.5. The value
of reflection coefficient perpendicular for
brick wall starts 0.35 at 0 degree. At
transmission coefficient, the magnitude
value of brick wall is 0.65 slightly higher
than other wet and dry ground. The
reflection coefficient of brick wall at 60
degree is nearly to 0.1. This value is higher
than others coefficient value of wet and dry
and glass. The reflection and transmission
coefficient of glass is shown in Fig 6. The
value of reflection coefficient perpendicular
for glass starts 0.35 at O degree. Therefore,
the coefficient value of brick and glass are
not significantly different. In this Figure,
the maximum transmission coefficient
value is 0.69 at 0 degree and the minimum
value is zero at 60 degree. For the reflection
coefficient, the maximum value is 1 at 90
degree and the minimum value is 0.57 at 60
degree. This is highly remarkable and can
be strong evidence for discriminating brick
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wall and glass surfaces from each other
through medium. However, the reflection
coefficient is increased when the incident
angle is increased. It can be seen that the
coefficient value of different materials is
changed according to the incident angle.

Reflection and Transmission coefficients-Brick Wall
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Figure 5. Reflection and Transmission

Coefficients at Brick Wall
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Figure 6. Reflection and Transmission
Coefficients at Glass

The transmission and reflection coefficients
of brick wall are shown in Figure 5. At
transmission coefficient, the magnitude
value of brick wall is 0.65 slightly higher
than other wet and dry ground. The
reflection coefficient of brick wall at 60
degree is nearly to 0.1. This value is higher
than others coefficient value of wet and dry
and glass. The reflection and transmission
coefficient of glass is shown in Figure 6. In
this Figure, the maximum transmission
coefficient value is 0.69 at O degree and the
minimum value is zero at 60 degree. For the
reflection coefficient, the maximum value is
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1 at 90 degree and the minimum value is
0.57 at 60 degree.

4. CONCLUSIONS

This paper is analyzed the transmission and
reflection coefficient of different materials.
The value for relative permittivity and
conductivity (S/m) of different materials are
considered. According to the simulation
results, the transmission coefficient of dry
ground is the highest among others
materials. Moreover, the transmission
coefficient value is decreased when the
incident angle is increased. According to
the simulation results, the results of
transmission coefficient are decreased when
the incident angle is increased. This paper
did not consider the cross polarization for
different materials. These results can be
used to predict the characteristics of
materials. Materials properties effect the
propagation in medium for Physics and
Electrical Engineering Applications.
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ABSTRACT

This work examines the numerical Fourier
analysis of harmonic sinusoidal waveform
especially for its applications in electric circuits
and representation of periodic functions as
infinite trigonometric series in sine and cosine
terms. In electrical and electronic engineering,
alternating current and voltage are periodic in
nature, and can be analyzed into their
components using of Fourier series. The electric
periodic signals are decomposed into sum of a
set of oscillating functions of complex
waveform. However, most of the irregular
waveforms are difficult to represent by
mathematical expressions and hence the
Fourier coefficients cannot be determined by
using analytical methods. In this paper,
numerical method, namely, the trapezoidal rule
is used to evaluate the Fourier coefficients in
constructing sinusoidal wave function. The aim
of this study is to analyze the behavior of the
harmonics of unknown sinusoidal wave function
and to approximate the voltages of the resulting
waveform based on the given trigonometric
wave using Fourier series with the aids of
numerical method.

KEYWORDS

Fourier series, Harmonic analysis, Numerical
method, Electric circuits, Sinusoidal waveform.

1. INTRODUCTION

Mathematics is used in every field, every
phenomenon, every technology, every
observation, every experiment and more.
Therefore Mathematics is everywhere in the
world [1]. In modern technology,
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engineering and natural science, some of
the existing things and phenomena are
periodic in nature, such as alternating
voltage and current, slider-crank
mechanism, rotations of earth to sun and
moon to earth etc. It is important to analyze
the harmonic of sinusoidal waveform and
approximation because, nowadays, the AC
electrical power system harmonic issues are

encountered time by time due to
technological advances. Most of the
electrical and electronic devices are

composed by circuits and in this situation;
the issues are frequently experienced when
we use of power electronics circuits and

devices, power electronic or micro-
processor controllers. Such equipment
creates load  generated  harmonics

throughout the electrical power system.
These harmonic phenomena and functions
or signals can be analyzed into
fundamentals and harmonics by means of
Fourier analysis [2]. The process of
resolving a periodic and non-sinusoidal
quantity into a series of sinusoidal
components of ascending order of
frequency is called Harmonic analysis [3].

This paper is arranged as follows:
methodology for the research is presented
in section 2. In section 3, the approximate
results and discussion for accuracy of
method is described. It also contains
comparison and recommendation of method
and this work is concluded in section 4.
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2. METHODOLOGY

In this work, Fourier series with well-
known  numerical method, namely,
trapezoidal rule is mainly applied to analyze
and approximate for harmonics and
voltages of sinusoidal waveform. Fourier
series plays vital role in engineering and
natural science and hence they are of
greatest importance to the engineer and
applied mathematician. Most of the
electrical waveforms are periodic in nature
but not sinusoidal. Such a waveform can be
represented in series form through analysis
process. To represent by Fourier series, we
first need some background material and
resources [4]. Fourier series decomposes
non-sinusoidal waveform into series of
sinusoidal ~ components  of  various
frequencies [5]. Generally, a sinusoidal
function can be written in the form

v =Vsin(wt + a),

where Vis amplitude (the maximum or
peak value of a sine wave), w is angular
velocity and ais the angle of lead or lag
compared with v =V sinwt. Then from
above expression we can find periodic time
T =2n/w seconds and frequency f=
w/2m hertz. The phase of an alternating
guantity at any instant in time can be
represented by a phasor diagram. A
complete sine wave can be constructed by a
single vector rotating at an angular velocity
of w = 2nf. Generally, angular velocity of
a sine wave is always assumed to be w
rad/sec when constructing a phasor
diagram. Consider the phasor diagram
shown in Figure 1.

,,,,, /fg’\ v, = Asin(wt + ¢)

T T N H i i
30 60 90 120 150 184 210 240 270 300 330 £60
wt' \ | ‘s/

Sinusoidal Waveform in the
Time Domain

Figure 1. Phasor Diagram of a Sinusoidal
Waveform [6]

Rotating Phasor

169

As the single vector rotates in an anti-
clockwise direction, its tip at point A will
rotate one complete revolution of or 2m
radian representing one complete cycle [6].
Again, a sinusoidal function A sin(wt + )
may be expanded using compound-angle
formula;

V sin(wt + a) = V|[sin wt cos a
+ cos wt sina].
=V sinwtcosa
+V coswtsina
= (V cos a) sin wt
+(V sina) cos wt
= asinwt + bcoswt (1)

where a=Vcosa and b =Vsina (a
and b are constants), then by Pythagoras
theorem:

b
V=+a%+b%? and a = tan -
Many of the waveforms met in practice can
be represented by the following
mathematical expression,

v = Vi sin(wt + a;)
+ Vo sinQRwt + ay) +
o + Vo sin(nwt + a,),

and the magnitude of their harmonic
components together with their phase may
be calculated using Fourier series. In this
paper, numerical methods, namely,
Trapezoidal rule is used to analyze
waveforms for which simple mathematical
expressions cannot be obtained.

2.1. Fourier Series

Fourier series was introduced by French
Mathematician Joseph Fourier (1768-1830)
[7]. It is an infinite expansion of function in
terms sine’s and cosines and provides a
method of analyzing periodic functions into
their constituent components. Alternating
currents and voltages, displacement,
velocity and acceleration of slider-crank
mechanisms and acoustic waves are typical
practical examples in engineering and
science. In these problems, periodic
functions are involved and often requiring
analysis [3]. Fourier series is applied to
estimate a periodic waveform, in which
amplitude verses time characteristic is
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repeated in a period, T [2]. These series
represent almost any periodic waveform
f(t) with fundamental frequency w can be
expanded as an infinite series in the form

f() = ag + Xy=1(a, cosnwt +
b, sinnwt) (2)

Equation (2) is called the trigonometric
Fourier series and the constants a,, a,,, and
b,, are dependent on f(t). The sine and
cosine functions are harmonic functions,
and the series (2) contains a possibly
infinite set of harmonic functions with
discrete frequencies w, = nw, n=1,2, ....
The frequency w; = w is known as the
fundamental frequency, and w,, n > 1 are

the harmonics. All the oscillatory
components are integer multiple of
fundamental angular frequency w or

harmonics [5]. Most of the practical
waveforms to be analyzed are periodic. Let
the period of a waveform be 2m, then (2)
becomes

f(t)=aqg+ Z(an cosnt + b, sinnt)

n=1
(3)
where

1 2T
0
21
1
a, = ;f f(t)cosntdt
0

. 21
b, = ;.[ f(t) sinnt dt.
0

Actually, a, is mean value of f(t) and a,
and b, are twice the mean values of
f(t) cosnt and f(t) sinnt over the range
0 to 2m respectively. Fourier series are
fundamental in connection with periodic
phenomena and periodic functions. In
applications, these functions may have any
period, not just 2m.

2.2. Numerical Method

The Fourier coefficients for irregular
waveforms cannot be determined by using
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analytical  methods  because  these
waveforms are not usually defined by
mathematical expressions. In these cases,
numerical methods, such as the trapezoidal
rule, the mid-ordinate rule and Simpson’s
rule can be used to calculate the Fourier
coefficients. The period of a waveform
2mcan be divided into p equal parts, the
width of each interval is 2m/p. Let the
ordinates be labeled as vy, vy, vy, ..., 1p .
(note that, for one period of wave,vy, = vp).
In this paper, we use the trapezoidal rule to
approximate the Fourier coefficients and it
states:

Area = (width of interval)[1/2 (first + last
ordinate) + sum of remaining
ordinates]

z%ﬂ[%(vo+vp)+v1+vz+v3+

N

. 1
Since vy = vy, then E(UO + vp) = Vo = Vp.

Hence

4
2w
Area = — ) v.

k=1
And we need to find the mean values of

area between wave function and horizontal
axis to calculate the coefficients.
darea

M lue = ——«—
ean vaiue length of base

p
1 (Zn)z
T 2m p Vk

p

2
=— Vg.
P K

k=1
However, for the finite terms of Fourier

series, Fourier coefficients can be
represented by summation signs as follows:
Hence

1 ¢p

Similarly, a, = twice the mean value of
f(t) cosnt inthe range 0 to 2m.

()

2
an ~ Y _4 Vi COS Tty
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and b, = twice the mean value of
f(t) sinnt in the range 0 to 2.
2 .
b, = - £=1 Vi Sin nty. (6)
Other numerical methods such as the mid-
ordinate rule and Simpson’s rule can also

be applied to determine the Fourier
coefficients by similar way as above.

3. RESULTS AND DISCUSSION

In practice, many circuits are driven by
non-sinusoidal periodic function. The
application of Fourier series, ac phasor
analysis and superposition principle are
required to obtain the steady state response
of the circuit to a non-sinusoidal periodic
function [5]. In electrical and electronic
engineering, it is very important to
determine the operating wave function of
voltage or current from the given period of
waveform. After constructing the wave
function formula, we can estimate or
calculate the value of voltage or current for
any harmonic of waveform. In this paper,
for simplicity, we construct the Fourier
series expansion of given period of
waveform of wvoltage into sinusoidal
waveform up to the third harmonic only by
using 12 ordinates (ie., divided the given
period of waveform into 12 partitions). The
values of the voltage v volts at different
moments in a cycle are given by the
waveform as in Figure 2.

16 - N
14 - o

12 A

£10 - A

Q8 A

26 TN A

%4 . i ;Vs 1 ! ! ‘V7 !

22 - Yoo 0 0 0 6 degrees

S0t AL L S L T N
29 2 90 180 276 vy, 360
-4 Wil
6 - L
-8 -

Figure 2. The Waveform of Voltage v
(volts) Against Angle 6 (degrees)

From the given waveform of voltage, the
range 0 to 2m is divided into 12 equal
intervals giving an interval width of 2 /12,
i.e.m/6 rad or 30° From the given
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waveform, we can determine that the values
of the ordinates vo, vi, V2, V3, Vs, Vs, Vs, V7, Vs,
Vg, Vio, Vi1, Vviz are —5.0, —1.5, 6.0
12.5,16.0, 16.5, 15.0, 12.5, 6.5, —4.0,
—7.0, —7.5and — 5.0 respectively. If a
larger number of intervals are used, the
greater accuracy results are achieved. To
determine the Fourier coefficients a,, a,
and b, for up to third harmonic, we
substitute the values of voltages above v,

Vo,..., Viz, and angles@4,6,,...,0., (=
%g% ..., 2m), into the formulas (4), (5),
and (6), we obtained the Fourier

coefficients for three harmonics as follows:
From (4),

ao ~ 7; Eivi =1;(60) =5.
From (5),
an = 12—2 Yk 1 vy cos by
a, ~ %Z}cilvk cos 0, = % (—64.658)
= —10.78
a, ~ 12—22,1(11 vy cOs 20, = % (0.75)
=0.13
a; ~ %Z}cilvk cos 30, = % (3.5)
= 0.58
From (6), b, =~ 12—2 YEZ vy sinnby
by ~ Yi2, vy sin 6 =— (40.98)
= 6.83
b, ~ Y12 v, sin 26, =%(4.763)
= 0.80
by =~ Y12 v, sin36, = % (—6.5)
= —1.08.

Substituting these values into the Fourier
series (3):

f(6) =ag + Xn-1(a, cosnb + b, sinnh)

In this paper, the function of waveform is
voltage and t is the angle 6 and the Fourier
series up to and including the third
harmonic gives:
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v =5.00 —10.78 cos 8 + 6.83 sin 0
+0.13 cos 26 + 0.80sin 260
+0.58cos 30 — 1.08sin 36 + ---
()

It can be noted that in (7), (6.83sin6
—10.78 cos 8) comprises the fundamental,
(0.80sin 26 + 0.13cos 26) comprises the

second harmonic and (—1.08sin36
+0.58cos30) comprises the third
harmonic of Fourier series. These

harmonics are in the form of (1), so we can
change those in sinusoidal form as follows:

For the fundamental,

A=,/(6.83)2 + (—10.78)%2 = 12.77

6.83
Ifa= Acosa,then cosa = =22
i . . A 12.77
which is positive.
. . b —10.78
Ifb= Asina,then sinoa = - =——,
A 12.77

which is negative. The only quadrant where
cos a is positive and sin a is negative is the
fourth quadrant. Hence

_1b _1 —10.78
a=tan 1= =tan™?!
a 6.83

= —57.64°(or) —1.0 rad.

Thus the sinusoidal form of fundamental is
6.83sin8 — 10.78 cos 8

= 12.77 sin(@ — 1.00)

Similar calculation steps can be used for
second harmonic;

0.80sin 26 4+ 0.13cos 26
=0.81sin(20 + 0.16)
and the third harmonic;
—1.08sin 36 +0.58 cos 36
= 1.23sin(30 + 2.65).

Hence equation (7) can be re-written as:
v = 5.00 + 12.77 sin(6 — 1.00)
+0.815sin(26 + 0.16)
+1.23sin(36 + 2.65). (8)

Equation (8) is a sinusoidal wave function
of given waveform for alternating voltage.
The relationship of the sinusoidal
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waveform to the trigonometric sine function
is useful in determining the instantaneous
value of asinusoidal voltage or current
waveform at any electrical degree point [8].
The harmonic content in electrical power
systems is an increasingly worrying issue
since the proliferation of nonlinear loads
results in power quality problems as the
harmonics is more apparent. In this paper,
we analyze the behavior of the harmonics in
the electrical circuit. The results of the

proposed model are validated by
experimental tests which gave good
results. Similar  researches fields are

explored by E. Hernandez in 2017 [8], John
Clayton Rawlins M.S. in 2018 [9], Hugo
Jorge Cortina Marrero in 2018 [10] and
Jason Murphy in 2019 [11]. The result
obtained in this paper is very useful in
constructing sinusoidal wave function and
approximate voltages with better accuracy
of sinusoidal waveform.

3.1. Comparison and Recommendation

To perform a comparison of the voltages
from given waveform to resulting voltages
of wave function, we can substitute the

values of angle 6 (radian) 0,=,%,%,.. 2%

6’3’2
in the resulting sinusoidal wave function
(8). Then corresponding values of
alternative  voltages, —5.0, —1.2, 5.6,
12.9,16.2, 16, 15.3, 12.7, 5.6, -3.1,
—7.7, —7.3 and —5.0 have been achieved.
The comparison of the given waveform and
the resulting sinusoidal waveform of
alternating voltage can be seen in Figure 3.
According to the resulting data and
waveform graphs, we recommend that
trapezoidal rule is reliable to get the
accurate result in determining unknown
sinusoidal wave function using Fourier
series.

In this paper, only three harmonics for
sinusoidal waveform are considered for
simplicity. However, by using this method
and approach, n-harmonic of complex
sinusoidal waveform can be estimated using
computer programs with the best accuracy.
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Table 1. Comparison of the Voltages

Error
Itages
Given | Approx. E
voltage | voltages =|G
(radial —A|
0 -5.0 -5.0 0.0
/6 -1.5 -1.2 0.3
n/3 6.0 5.6 0.4
/2 12.5 12.9 0.4
2m/3 16.0 16.2 0.2
5m/6 16.5 16 0.5
T 15.0 15.3 0.3
/6 12.5 12.7 0.2
41/3 6.5 5.6 0.9
3m/2 —-4.0 -3.1 0.9
51/3 —-7.0 7.7 0.7
11r/6 -7.5 -7.3 0.2
2 -5.0 -5.0 0.0

16.3 -

143 -
123 -
103 -
8.3 -
6.3 -
43 -
23 -
03 -
1.7 -
3.7 -
5.7 -
7.7 -

Its

Voltage (vo

Given voltaaes I Approx. voltages

Figure 3. Comparison of the Voltages v
(volts) Against Angle 6 (radians)

4. CONCLUSION AND FUTURE
WORKS

In this paper, the numerical Fourier series
analysis has been applied to construct the
resulting sinusoidal waveform and the
approximate voltages of sinusoidal function
that can be found in electrical circuits have
been carried out. The resultant voltages
with corresponding errors have also been
listed in Table 1 and comparison for
voltages has been visualized with bar
graphs. Therefore, the objective of current
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research has been successfully fulfilled.
There are many numerical approximation
methods and transform methods to solve
the practical problems that are difficult to
solve by analytical methods. In this paper,
one of the well-known numerical methods,
trapezoidal method, has been applied to
determine the coefficients of Fourier series
in analyzing harmonic waveform. It can be
used to express non-sinusoidal periodic
functions into a fundamental and
harmonics. Based on this procedure with
the aid of computer languages such as
MATLAB or Python can be used to solve
extensively for various periodic waveforms
and desired number of harmonics.

For further studies, the numerical method
and solution procedure presented in this
work can also be extended to determine the
Fourier series expansion of the periodic and
non-sinusoidal  waveforms  such  as
rectangular wave, triangular wave, sawtooth
wave, and to analyze in vibration analysis,
signal processing and quantum machines
etc.
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ABSTRACT

The sun is the most powerful energy source for life
and it is mainly used for heat and lighting by
combining with developing technology. Solar
energy can be collected from sun, wind and hydro
as renewable energy. This paper proposed the
prototype of grass cutter and the energy applied to
this grass cutter is solar energy. This system aims
to reduce air pollution due to fuel and develop the
design of household materials by applying solar
energy. Arduino UNO board is proposed for this
grass cutter and GSM smart phone is used as
controller. This grass cutter can operate more than
three hours when the battery is fully charged.
Ultrasonic sensor is used to detect obstacle and
avoid damage. This system can be applied to rural
area where have no electricity. The purpose of this
paper is to present the model for Arduino based
grass cutter by using solar energy.

KEYWORDS

Arduino Uno, Grass cutter, Solar Energy, GSM
module

1. INTRODUCTION

Air pollution can occur by using manual grass
cutter that need to be applying a lot of energy
for grass cutting. Moreover, this type of grass
cutter creates a noise with high level vibration
which noise is very loudly for environment.
To overcome this problem, a new design of a
grass cutter with solar energy is proposed in
this paper. The proposed system can be
powered by the solar energy and control with
the GSM phone smartly.

Based on the survey results of National air
space association (NASA), 1.361kwW/m2 of
solar radiation were received at the top of
Earth’s atmosphere [4]. Many researchers
proposed autonomous and non-autonomous
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solar application system for human daily life.
By combining the technology and natural
resource renewable energy will reduce the
work hard of human being in daily life
activity. People can reduce their time, get
more efficient results and improve life quality.

In this proposed system, solar energy is
applied as main power source for grass cutter
and developed the design position of blade
using the technology. This system design is
semi-automatic device in which GSM smart
phone is used as remote controller to control
for movement.

2. RELATED WORK

When cutting the grass with manual cutter
which can make air pollution, noise and
energy loss. Therefore, automatic or
semiautomatic grass cutter with solar energy
will reduce the most effort for cutting grass in
the fields. B.P. Dilip and N.b.Pagar proposed
the design for automatic solar cutter [1]. To
cut the grass solar power applied the driving
force and sensors are used to detect and avoid
the obstacles during cutting. This system
contain microcontroller Arduino ATmega328p
is used to work the device.

F.B.Ismail and N.F.O.Al-Muhsen developed
the semiautomatic smart solar grass cutter [2].
In their proposed design 12V solar panel and
7Ah Dbattery is used to drive the cutter.
Arduino UNO is used to evaluate the
semiautomatic grass cutter. Three motors with
12V 1100RPM is used for the proposed
system. Solid Works software is used to
analyze the prototype body by
numerically.S.P.Jena and S.K.Acharya
analyzed the structure of smart grass cutter
based on solar power [5]. 12 Volt 10 Watt
solar panel is used for power in this project.



i
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

The proposed system is automatic and does
not require the human involvement for the
operation of the machine. Once the machine is
started it will work by itself.

3. OVERVIEW OF PROPOSED

SYSTEM

3.1. Components of the System

The main components of the Solar Grass cutter
are 12V solar panel to emit 10W, solar charger
controller, blade, battery, Arduino UNO board,
GSM smart phone, three motors and motor
driver. The blade dimension for grass cutter is
important and it volume can be calculated by
using Eq (1).
W=mg ... (D)

After getting the weight of the blade, the blade
power can be calculated by applying Equation
(2. P = work/time= F.As/60s
2w X N 5

0 R )

P =T, = Fdx

P=VI 3)

The general block diagram for grass cutter
show in figure 1.

12V Solar
panel

Rechargeable
battery12V,J AR

—t

Arduing UNO
élmm"’SP

Ultra sonic Motor Driver GSI\-I Module
Sensor HC Sr04 L203D SINM 200
t DC motor ﬂ DC motor }
3

Rotor for Blade for
Zrass cutter grass cutter

Figure 1. General Block diagram of the
Proposed Model

Blade power calculation is important because
it used to check the power consumption for the

grass cutter and can choose the types of motor.
The power of the motor should be higher than
the blade power, so that the motor is able to
rotate the blade in the grass cutter. The total
power for this system can be calculated by
using Equation (3).

3.2. Solar Energy

Solar energy is very important for many
agricultural works because electricity is not
get everywhere in rural area of Myanmar.
Solar based water purification systems design
is efficient and simple structure. Solar energy
is renewable, clean, and secure and does not
require electricity.

By combining solar energy and technology,
such as solar photovoltaic (PV), solar heating,
solar thermal electricity, and solar architecture,
which can provide global energy demand
significantly. To develop solar based system,
solar radiation data is the main factor that can

B

Current —»

“
v

Voltage —» \7 Vix
be used to design solar PV system.

Figure 2. Current-Voltage characteristics of
photovoltaic cell (Theoretical value)

Pm — related maximum power
Vm — Voltage at maximum power
Im — current at maximum power
Voc — Open circuit voltage

Isc — short circuit current

These data can be applied to estimate solar
energy for various application systems without
installing solar energy measuring tool [1]. The
amount of power generated by a PV generator
is based on its operating voltage. A
characteristic of a PV’s Maximum Power
Point (MPP) is measured on the nonlinear
volt-ampere curve. It depends on solar
irradiation and temperature. At the MPP, the
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PV generator operates at its highest efficiency.
Therefore, many methods have been
developed to determine the MPPT (Maximum
Power Point Tracking) operating conditions.
Alghuwainem [3] employed a step up
converter with current-locked loop to match
DC motor to PV generator.

3.3. Arduino UNO Board

Arduino UNO is single-board microcontroller
and ATmega328P microcontroller chip is
applied. This board contain 14 digital 1/O pin,
6 analogue I/O pins and programmable with
Arduino IDE. This type of microcontroller is
shown in Figure 3.

Figure 3. Arduino UNO Board

3.4. DC Motor

DC motor is used to convert from direct
current electrical energy into mechanical
energy. Three DC motors are used for this
proposed system, two for rotation of grass
cutter wheels and one for cutter. 12 Volt and 2
A is applied to rotate the wheel and then the
require power is obtained according to the
Equation 3.

Figure 4. DC Motor

3.5 Motor Driver

L293D motor driver is used to drive the DC
motor. It shown in Figure 5 and permit to
drive the DC motor to drive the desire
direction.
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Figure 5. Motor driver

3.6. Battery

Sunlight for solar panel can be obtained in the
daylight. Therefore, grass cutter requires to
store electricity in low light condition and
rechargeable battery is used to solve this
problem. Li-lon Battery 12V with the capacity
of 7Ah is used for this system. By connection
the battery with solar panel and charger
controller, the required energy for grass cutter
is obtained.

3.7. GSM Module

Simcom SIM900 GSM module is used to
connect Arduino Uno board to send and
receive message. This is shown in Figure 6.

Figure 6. GSM Module

3.8 Sensor

HC Sr04 ultrasonic sensor is used to detect the
obstacle and to detect the distance [7]. This
type of sensor is small, inexpensive, do not
require high power and easy to use. It contains
two ultrasonic transmitter and work with 5V.
The sample picture of this sensor is shown in
Figure 7. It can be protect from damage
measuring distance between 2cm to 80cm.
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Figure 7. Ultrasonic Sensor

3.9. Specifications of the System

Tablel. Output Current and Output Voltage of
the Components

Components Output outpu
p Voltage Current
Solar panel 12v/10W 0.6A
Three DC 12V 2A
Motor (each) (each)
1.2A(peak
Current)
Motor Driver 45V to | 600mA(conti
(L293D) 36V nuous
Current)
Rechargeable 12V 7Ah
Battery

Table 2. Input Current and Input Voltage of
the Components

compon | operating | input input
ents Frequenc | voltage | Curre
y nt
Ultrason
ic <15m
Sensor( 40Hz 5V A
HC-
Sr04)
850MHz/
mGojL'J\fe ( 900MHz/
iV | 180OMHz | 5y, <5iOm
900) /19OZC;MH
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4. EXPERIMENT AND DISCUSSION

This paper proposes a semi-automated solar
grass cutter prototype by combining Arduino
UNO and GSM module. In this system, solar
panels are mounted at angle of 45 degrees; this
position is well received sun light from the
sun. Solar panels are transformed from their
solar energy into required electrical energy in
order to operate this system. After getting the
electrical energy, this energy is stored in
battery. DC motor is connecting to the battery.
Motor driver is placed between the three
motors in order to perform start and stop
operation of the motor. These motors transmit
power and operate the blade of grass cutter
with high speed and cutting the grass easily.
When the obstacle is situated in front of grass
cutter, ultrasonic sensor is detected and avoids
these obstacles by controlling GSM smart
phone.

Power consumption for motor and solar panel
power is calculated by using Eqg. (3).
According to this equation the required power
for each motor is 14.4W. By using 12V and
7Ah battery in this design, this can support
84Wh and required 8.43 hours to be fully
recharged. If the solar panel is supplied 1.1
hrs. and battery is provided 1.5 hours, this
grass cutter can operate 2.6 hours.

It will be easier and simple to make
modification in the future design. The solar
panel is used for charging the battery which
make clean and pollution free, reduce using
fuel, can be applied by renewable energy, less
effort to work hard for grass cutting. It can be
handled easily and it can be operated in day
and night time also.

4.1 Overall Circuit Design

The circuit connection for the proposed system
iS made by using Fritzing software. Solar
panel, battery, Arduino UNO microcontroller,
motor driver, motor is connected to each other.
This circuit diagram is shown in Figure 8.
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Figure 8. Overall Circuit Diagram

5. CONCLUSIONS

In this paper, solar energy is used as a charger
for grass cutter by controlling with an Arduino
to control the system. In this system, (12 V, 10
Watt) solar panel is applied to charger battery
(12V,7Ahr). The output power of this system
(solar panel and charger) is nearly 16 watts.
The charging circuit has voltage regulator and
12 V battery for entire circuit and next one 12
V for cutting blade. To avoid damage the
cutter, a sensor, ultrasonic HC Sr 04 is used to
detect the obstacles and distances. The
specification of the system is also presented in
this work. This project is easier for user who
are going to apply by further modifications.

Grass cutter with solar energy system gives the
save time for grass cutting with less human
monitoring and reduces the cost. The
advantage of the system is more suitable for
grass cutting system and also user friendly
application by charging the battery in day light
and can be used at night although without
sunlight. The structure and operation of the
proposed model is very simple and can be
modified by future modern technology for end
user.
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ABSTRACT

Queues (waiting lines) are occurring in our
everyday lives. Queueing models are used to
represent various types of queueing systems.
Moreover, queue models are an important part
of the business world since they help to
determine how to operate a queueing system in
the most effective way and provide so many
service facilities to operate the system with
excessive costs. This paper uses (M/M/s)
queueing model. In this model, both inter-
arrival times and service times have an
exponential distribution and that the number of
servers is “s” (any positive integers,S>1).
The result of our analysis is reducing the
waiting times for each customer and finding the
minimum expected total costs.

KEYWORDS

Costs, FCFS, M/M/1, M/M/s,
distribution, Queue, Queueing model

Poisson

1. INTRODUCTION

The total number of customers requiring
service exceeds the number of service
facilities that cause a queue [1]. To provide
SO many service capacities to operate the
system involves excessive costs and how to
operate a queueing system in the most
effective way is determined by the aid of a
queueing model [2]. Designing and
evaluating the performance of queueing
systems is analyzed by the queueing
models. It means that the time that the
customer has to wait in line [3]. Queueing
models can approximately describe many
real-life systems such as healthcare systems
[4], telecommunication networks [5], and
many other service systems [6]. This paper
is the study of how the queueing theory is
applied to find the minimum expected total
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costs of solving the waiting lines at the
supermarket.

2. QUEUE THEORY AND ITS

MODEL

One of the oldest and most widely used
quantitative analysis techniques is called a
queueing theory, the study of waiting lines
[7]. Containing the maximum permissible
number of customers signifies the queue.
Queues are called limited or unlimited,
according to whether this number is limited
or unlimited [8].

2.1. The Basic Queue Process

An input source generates customers
requiring services over time. After which
the customer leaves the queueing system,
the service mechanism performed the
required service for the customer [9].

2.2. Input Source

The collective customers who are receiving
or requiring services mean the input
sources. The size is defined to be the total
number of customers that will require
service at any time, i.e. the total number of
distinct potential customers. Input sources
are generated according to a Poisson
process; i.e. the number of customers
generated any specific time has a Poisson
distribution [10].

2.3. Queue Discipline

The order in which members of the queue
are selected for service such as first-come-
first-served (FCFS) discipline, last-come-
first-served (LCFS) discipline, service in
random order (SIRO), according to any
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priority procedure, or some other orders [8],
[10]. Among them, we will apply the first-
come-first-served (FCFS) discipline.

2.4. Service Mechanism

The service mechanism can be classified by
the number of service channels or service
facilities, each of which contains one or
more parallel service channels, called
servers. The customer may receive service
from a sequence of service channels in
series when there is more than one service
facility. A customer may enter one of
parallels services channels and is
completely serviced by that server at a
given facility. A service time (or holding
time) may be defined as the elapsed time
that performs from the commencement of
service to its completion for a customer at a
service facility. Most frequently, the
service-time distribution is assumed to be
an exponential distribution in practice, [7],

(8].

2.5. Elementary Queueing Process

Many types of waiting-line situations have
applied in queueing theory. Queueing
theory still gives the average number of
waiting, the average waiting time, and so on

[8].

2.6. Terminology and Notations

The following standard terminology and
notation will be used [8], [11]:

State of system = the number of customers
in the queueing system.

Queue length = the number of customers
waiting to be served.

= state of a system minus a number of
customers being served.

N (t) = the number of customers in the
queueing system at times “t”(t > 0).
P(t)= the probability of exactly “n

customers in a queueing system at a time
“t”, given amount of time.

i3]

s = the numbers of servers (parallel service
channels) in a queueing system.
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A, = mean arrival rates when “n”

customers are in the system.

M, = mean service rate (when “n”

customers are in the system expected
number of customers completing service
per unit time).

If the system is in a steady-state condition,
the following notation would be assumed:

P, = the probability of when “n” customers
in the queueing system.

L, = the average number of customers in
the queueing system (including customers
being served).

Lq= the average number of customers

waiting in the queue (excluding customers
being served).

W, = the average waiting time in system

(including service time) for each individual
customer.

Wq = the average waiting time in the queue
(excluding service time) for each individual

customer.
2.6.1. Materials and Methods

In this article, we will discuss by the M/M/s
gueueing models, one of many kinds of
queueing models according to their
behaviour, based on M/M/1 queueing
models.

2.6.2. The M/M/1 Model

The M/M/1 Queueing model is the concept
of the arrival, and service times are
exponentially distributed (Poisson process).

A = The mean customer arrival rate

4 = The mean service rate

p= i; Utilization factor
U

The probability of zero customers (unit) in
the system is:

P=1-p.

1)

)
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The probability of (n) customers (unit) in
the system is:

P.=Rp". (3)

The average number of customers (unit) in
the system is:

A
=P - *
1-p u—-2
The average number of customers (unit) in
the queue is:

(4)

1-p pu-41

The average waiting time in the system
(including waiting time before the service
begins) is:

L, 1

W, =—=
A u-i

The average waiting time in the queue
(excluding the service times) is:

q S

()

(6)

(7)

2.6.3. The M/M/s Model

The M/M/s queueing model, in which all
inter-arrival times and all service times are
independently and identically distributed
according to an exponential distribution
(i.e. the input process is Poisson, and the
number of servers is “s”

s”, any positive
integers) [8].
A= The mean customer arrival rate

M = The mean service rate

A A
p =— Utilization factor
Sy

The probability of zero customers (unit) in
the system is:

AN
gl

The probability of (n) customers (unit) in
the system is:

(8)

(9)
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(%Jn P,if0<n<s
)

sis™

P,,ifn>s

The average number of customers (unit) in
the system is:

L, =Lq+i.
y2]

The average number of customers (unit) in

the queue is:
MJ

The average waiting time in the system
(including waiting time before the service
begins) is:

(11)

n=s

- (12)

W, =W, + 1
Y7,
The average waiting time in the queue

(excluding the service times) is:

(13)

Lq
Wq = 7 . (14)
2.7. Expected Total Costs
The costs of equipment (including

maintenance), materials, labor, etc. involve
in operating each service facility. The
opportunity costs such as waiting costs, the
customer has to wait to begin the service
facility. Total of these two basic types of
costs may be a minimum of any specific
number of facilities. We must evaluate the
expected total cost in order to determine the
optimum number of servers in the system.
Thus, the total costs, including waiting
costs and service costs can be calculated as
follows [2], [7], [12], [13]:
Expected service cost:

E(SC)=sC, (15)

Expected waiting costs in the system:
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E(WC)=(aw,)Cc, =L.C,  (16)
Expected total cost = E(TC) =TC (17)
E(TC)=C, + E(sC)+E(WC)(18)
TC=C,+sC,+L.C,,.
Where

s = the number of servers

(19)

C,=The fixed cost of the operating
system per unit times.

C, =The service costs, of each server

L, =The expected number of customers

in the queueing system (excluding being
served).

C,= The waiting costs by each
customer.

2.8. Optimization
Queue

in  Supermarket

By using the queueing theory to study the
supermarket queueing model problem as
the following aspects. Moreover, we also
used to excel templates and calculators to
compute the performance measures of this
gueueing model. According to the data we
collected from a supermarket before
COVID-19. We just used the most likely
number of the collected data for six weeks.
Consider the input data into the following
(Here, we used the unit time such as
parameter data by one minute to be more
precise.):

The system capacity, N = 150 customers.

The inter-arrival times for 150 customers, T
= 600 minutes.
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The time taken for 150 customers to be
served, S = 720 minutes.

Then, we have

Arrival rate:
N 150 .

A =—=—==0.25 customers per minute.
T 600

Service rate:

H= N = 150 =0.2083 customers  per
S 720

minute.

The number of servers we will consider
maybe 1, 2, 3,4,5,6, 7, or 8.

The average service cost
C, =13.89kyats per minute.

may be

The average waiting cost of each customer
may be C, =133.33kyats per minute.

The fixed cost of the operating system per
unit times may be C,=10kyats per

minute.

P = i : The system busy state (utilization
SH
factor)

P, : The probability of the system is idle or
the vacuum system.

The performance measures of
M/M/s/FCFS/o/  queueing model, the
summary of the fixed cost of the operating
system, the average service costs, the
average waiting costs, and the suitable
number of servers for the supermarket, and
also the summary analysis of this queueing
model of the supermarket cashed deposit
units are described in the following tables.
The unit of all costs is measured by
Myanmar Kyats per minute.
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2.9. Empirical Results

Table 1. Performance Measures of M/M/s/FCFS/o/ Queueing Model

S| =

Q 7]

3 ] A H L, Lq W, Wq P R
< >

O N
1 1 0.25 |0.2083 |5.9952 | 7.1954 | 23.9808 | 28.7816 | 1.2002 | 0.2002
2 2 0.25 |0.2083 | 1.8756 | 0.6754 | 7.5026 | 2.7018 0.6001 | 0.2499
3 3 0.25 |0.2083 | 1.2944 | 0.0942 |5.1775 | 0.3767 0.4001 | 0.2941
4 4 0.25 |0.2083 | 1.2161 | 0.0159 | 4.8643 | 0.0636 0.3000 | 0.3001
5 5 0.25 |0.2083 | 1.2028 | 0.0026 | 4.8112 | 0.0104 0.2400 | 0.3010
6 6 0.25 |0.2083 | 1.2006 | 0.0004 | 4.8023 | 0.0016 0.2000 | 0.3011
7 7 0.25 |0.2083 | 1.2002 | 0.0001 | 4.8010 | 0.0002 0.1715 | 0.3011
8 8 0.25 |0.2083 | 1.2002 | 0.0000 | 4.8008 | 0.0000 0.1500 | 0.3011

Table 2. Summary of the Fixed Cost of the Operating System, Service Costs, Waiting Costs
and Number of Servers for the Supermarket.

>z

(@] S

g g 2 W, L. |C,| C, C, sC, | LC, | TC

© n

)
1 |1 [025 [239808 [59952 |10 |13.89 |133.33 |13.89 |799.36 |823.25
2 |2 J025 |75026 |1.8756 |10 | 13.89 | 133.33 |27.78 | 250.08 | 287.86
3 |3 [025 [51775 |[1.2944 |10 |13.89 |133.33 | 4167 |17259 |224.25
4 |4 [025 |[48643 |[1.2161 |10 |13.89 |133.33 [ 5556 |162.15 | 227.70
5 |5 [025 |[48112 [1.2028 |10 |13.89 |133.33 [69.44 |160.37 | 239.82
6 |6 |025 |4.8023 |1.2006 |10 |13.89 |133.33 |83.33 | 160.08 | 253.41
7 |7 ]025 [48010 |1.2002 |10 |13.89 |133.33 | 97.22 |160.03 | 267.25
8 |8 [025 [48008 |[1.2002 |10 |13.89 |133.33 |111.11 | 160.03 | 281.14

Table 3. Summary Analysis of the M/M/s/FCFS/«/ Queueing model of the Supermarket
Cashed Deposit Unit

s q W W, P P TC

Cate gory
server(s)
>
=
—
—

0.25 |0.2083 [5.9952 | 7.1954 | 23.9808| 28.7816 | 1.2002 | 0.2002 | 823.25

0.25 |0.2083 |1.8756 | 0.6754 | 7.5026 | 2.7018 | 0.6001 | 0.2499 | 287.86

0.25 [0.2083 |1.2944 | 0.0942 | 5.1775 | 0.3767 0.4001 | 0.2941 | 224.25

0.25 10.2083 | 1.2161 | 0.0159 | 4.8643 | 0.0636 0.3000 | 0.3001 | 227.70

0.25 10.2083 | 1.2028 | 0.0026 | 4.8112 | 0.0104 0.2400 | 0.3010 | 239.82

0.25 [0.2083 [1.2006 | 0.0004 | 4.8023 | 0.0016 | 0.2000 | 0.3011 | 253.41

0.25 [0.2083 |1.2002 | 0.0001 | 4.8010 | 0.0002 0.1715 | 0.3011 | 267.25

0N |DIWIN|F-
(N0 WIN|F-

0.25 10.2083 | 1.2002 | 0.0000 | 4.8008 | 0.0000 0.1500 | 0.3011 | 281.14
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Figure 4. Summary Analysts of the Expected
Total Costs of the Supermarket

2.10. Economic Analysis of Queueing
Systems

We can get the comparison results of the
process of the queueing system in the
supermarket by our tables and figures stated
above. Table 1 show the results of the main
articles of the queueing system such

asL,, L,,\W,,\W,, 0, andPF,. From that, we

can determine the system is either busy or idle.
And then, Table 2 indicates specific amounts
of each cost and the optimal number of servers
of the supermarket. Finally, Table 3 realized
that a summary analysis of the
M/M/s/FCFS/o/ Queueing model of the
supermarket to the expected total costs with
proper servers.

Also, we have expressed the state of the
system busy in Figure 1; we may know that
the probabilities of the system idle for each
server from Figure 2; again, we can compare
how will the system busy and the system idle
by Figure 3. From that result, the clients may
satisfy that they may not wait in the queue for
a long time by comparing the balance states
that the probability of the system busy, and
that of the system idle. After that, we can see
the expected total costs by using the individual
servers in Figure 4.

Finally, we have recommended the result of
this paper according to our above observations
such as tables and figures, we should assign
four servers if the inter-arrival rate and the
service rate will not chain. If we assign four
servers, the expected waiting time in the queue
may not exceed 3.816 seconds, and the
expected number of waiting customers (in the



B!
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

gueue) may not exceed 0.945. Thus, we may
be needing four servers and it will be a
balanced state for that supermarket. We found
that so many customers were waiting to be
served at the counters because the manager of
the supermarket assigned only two servers in
the existing system. If they use our system,
they may be escaped from the problem of so
many customers waiting at the counter to be
served. So, they should use our system to
advantage for their benefit.

3. CONCLUSIONS

These analytical results can profess that the
gueueing theory is a powerful mathematical
technique and proffer innovative solutions at
an optimal service level. We can get the
advantages of this paper are know the
workload of each service facility, reducing the
waiting time for a customer, prediction the
waiting costs of individual customers by
waiting at a service facility, assigning the
needed services’ facility to balance the ratio of
the servers, and the customers, and analyzing
the expected total costs of the supermarket.
The goal of this paper by applying the
gueueing model is therefore to reduce the
waiting times of both servers and customers,
but also to minimize the total costs of the
system. Moreover, this model can solve the
(nonnumerical) results for other similar
problems such as a barber shop, bank teller
service, cafeteria line, etc.

ACKNOWLEDGEMENTS

We would like to thank Dr. Mie Mie Khin,
Rector, UCS (Meiktila). We thank Dr. San San
Tint, pro rector, University of Computer
Studies (Mandalay), Editor-in-Chief, Journal
of Information Technology, Research and
Innovation. Also, we would like to thank all
the organizers of the Technology Program
Committee & the Editorial Board of Journal of
Information  Technology, Research and
Innovation, and the experts who have
contributed towards the development of The
Journal of Information Technology, Research,
and Innovation. We are indebted to an
excellent group of reviewers that will provide
sage advice about our paper. We also thank to
the authors that write the reference paper. We
just wished to recognize the valuable help of
all provided for our research.

187

REFERENCES

[1] Cooper, R. B.: Introduction to Queueing
Theory, 2d ed., Elsevier North-Holland, New York,
1981. (Also distributed by the George Washington
University Continuing Engineering Education
Program, Washington, DC.)

[2] http://www.ijser.org International Journal
of Science and Engineering Research, Volume 9,
Issue 1, 2018.

[3] Cooper, R. B.: “Queueing Theory,” Chap.
10 in D. P. Heyman and M. J. Soble (eds.),
Stochastic Models, North Holland, Amsterdam and
New York, 1990. (This survey paper also is
distributed by the George Washington University
Continuing  Engineering  Education  Program,
Washington, DC.)

[4] E. Almehdawe, B. Jewkes, and Q.-M. He,
“Analysis and optimization of an ambulance
offload delay and allocation problem,” OMEGA -
Te International Journal of Management
Science, vol. 65, pp. 148-158, 2016.

[5] F. R. Cruz, M. A. Santos, F. L. Oliveira,
and R. C. Quinino, “Estimation in a general bulk-
arrival Markovian multi-server finite queue,”
Operational Research, pp. 1-17, 2018.

[6] Hindawi, Mathematical
Engineering, Volume
https://doi.org/10.1155/2018/3280846.

[7] IOSR  Journal of Business and
Management (IOSR-JBM), Volume 10, Issue 1,
2013.

[8] Frederick S. Hiller, Stanford University,
and Gerald J. Lieberman, Late of Stanford
University.: Introduction to Operation Research,
Seven Edition, McGraw-Hill Higher Education.

Problems in
2018,

[9] Walrand, j.: An Introduction to Queueing
Networks, Prentice-Hall, Englewood Cliffs, NJ,
1988.

[10] International Journal of Mathematics and
Statistics  Invention  (IJMSI):  www.ijmsi.org
Volume 2, Issue 1, January 2014.

[11] Sheldon M. Ross, University of Southern
California, Los Angeles, California. Introduction to
Probability Models, Tenth Edition.

[12] International  Journal of Innovative
Research in Science, Engineering and Technology:
www.ijirset.com Volume 6, Issue 9 September
2017.

[13] http://mpra.ub.uni-muenchen.de/
92579/MPRA 7 March 2019.



http://www.ijser.org/
http://www.ijmsi.org/
http://www.ijirset.com/
http://mpra.ub.uni-muenchen.de/%2092579/MPRA%207%20March
http://mpra.ub.uni-muenchen.de/%2092579/MPRA%207%20March

i
& Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

Authors
Biography

Khin Ma Ma Moe got
her M. Sc degree of
Mathematics in March
2002 from Mandalay
University. And then,
she got D. C. Sc degree
in Computer Science in
December 2003 from
University of Computer
Studies (Meiktila). She worked as a tutor in the
Department of Mathematics, University of
Computer Studies (Hinthada) in June 2004. She
served from June 2004 to Dec 2007 at Hinthada.
And then, (1st Jan 2008 -15 Sep 2009) at UCS
(Pakokku), from that (16 Sep 2009 - 20 Jan 2013)
at UCS (Meiktila). And then, (27 Jan 2013 - 31 Oct
2017) at UCS (Panglong). Continuing, (1 Nov 2017
- 13 Dec 2019) at UCS (Pakokku). Currently, she is
a Lecturer at the Faculty of Computing, University
of Computer Studies (Meiktila). One of her papers
(as a co-author) was published by the 2nd
International ~ Conference  on  Engineering
Education, Innovation and Educational Exhibition
(2nd ICEEI 2019), and one of another her papers
(as a 1% author) was published by The Annual
University Journal on Innovative Research and
Products 2019. Her research areas include
Operation Research and Engineering Mathematics.
She is a member of the Myanmar Association of
Mathematicians.

188



5!
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

GATE SECURITY SYSTEM BASED ON
FINGERPRINT AUTHENTICATION

Hay Man Oo?, Khin Thandar Tun?

! Department of Electronic Engineering, Technological University (Meiktila), Myanmar

2 Department of Electronic Engineering, Technological University(Mandalay),Myanmar
lhaymannoo@tumeiktila.edu.mm,’khinthandartun27@gmail.com

ABSTRACT

This paper presents a gate security system based
on fingerprint authentication. Gate security system
includes Arduino, Bluetooth module, (Liquid
Crystal display) LCD, fingerprint scanner,
ultrasonic sensor, (Direct current) DC motor and
buzzer. In this system, Bluetooth module is used to
send the data from the fingerprint scanner to the
computer monitoring. LCD is displayed the
information of the user. The fingerprint scanner
compares an input fingerprint to the enrolled
fingerprint of the user to determine the same
fingerprint. The ultrasonic sensors are used to
detect person within the desired range or not. DC
motor is used to open or close the door. Buzzer is
used alarm system for unauthorized person. The
gate security system can be monitored by (Personal
Computer) PC. For the transmission and receiving
system, the range of Bluetooth module is 10m for
this research.

KEYWORDS

Arduino, Bluetooth module,
Scanner, Ultrasonic Sensor

LCD, Fingerprint

1. INTRODUCTION

The security system with lock key, password
and RFID card have been provided for the
recent years. However, because of their
limitation: lost, stolen and duplication, the
more secure and safe technologies are become
providing. Among them, biometric is reliable
one as the authentication is by the user [3].
The most secured system is fingerprint
recognition because a fingerprint of one
person never matches the other. Fingerprint
based identification is one of the most
important biometric technologies. Fingerprint
technology is so common in personal
identification that it has been well established.
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Each human has unique owns fingerprint, even
the twin have different fingerprint. So,
fingerprint recognition is useful in security law
application [4]. Authentication is the process
of giving someone the identity that user can
enable for access that particular application or
data. So, many organizations are trying to
identify accurate, safe and reliable techniques
to protect access rights to their existing
services or operations [2]. Failure of keeping
authentication leads to increasing theft or
insecurity to the lives and properties.
Therefore, authentications for security systems
are getting important and more essential [1].

2. COMPONENTS OF GATE
SECURITY SYSTEM

2.1. Arduino Nano

The Arduino Nano is a small, complete and
breadboard friendly board based on the
ATmega328 (Arduino Nano 3.0) or
ATmegal68 (Arduino Nano 2.x). It has more
or less the same functionality of the Arduino
Duemilanove but in a different package. It
lacks only a DC power jack and works with a
Mini-B USB cable instead of a standard one.
The Nano was designed and is being produced
by Gravitech [7].

Figure 1. Arduino Nano
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2.2. Bluetooth Module

Bluetooth is a radio communication protocol
that was created as a wireless alternative to the
RS-232 serial protocol. This is an essential
component in this work. This module connects
the microcontroller. The module used here is
Bluetooth module. Bluetooth module is a
simple wireless communication device based
on the Bluetooth protocol. It is an easy to use
Bluetooth Secure Simple Pairing (SSP) with
typical -80 dBm sensitivity up to +4 dBm
Radio Frequency (RF) power, low power 1.8V
operation and several software properties that
facilitates the connectivity. The Bluetooth
module receives data and transmits it to
Arduino where it checks the determinant value
and moves the robot accordingly. The input to
the application is the direction of movement of
hand of the user. Bluetooth is a wireless
technology standard for exchanging data over
short distances (using short wavelength Ultra
High Frequency (UHF) radio waves in the
Industrial Scientific and Medical (ISM) radio
band from 2.4 GHz to 2.485 GHz) from fixed
and mobile device and building Personal Area
Networks (PANSs). Range is approximately 10
m (30 feet). These modules are based on the
Cambridge silicon radio BC417 2.4 GHz
Bluetooth radio chip. This is a complex chip
which uses an external 8 Mbit flash memory

[5].

Figure 2. Bluetooth Module

2.3. Liquid Crystal Display (LCD)

Liquid Crystal Display (LCD) is an electronic
device that has been used to show numbers,
texts and measurement data device. The two
main types of LCD display are numeric
display and alphanumeric text display. The
display is made up of a number of shaped
crystals. In numeric displays, these crystals are
shaped into bars and alphanumeric displays
are shaped into dots. The LCDs are widely
used devices that come in different forms that
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differ in sizes, shapes and many features. LCD
displays are easily connected with
microcontroller and microprocessors. LCD
displays are complete embedded system
because it includes microcontroller, RAM and
ROM. A 16%x2 LCD display is very basic
module and is very commonly used in various
devices and circuits. LCD modules are
preferred over seven segments and other multi
segment LEDs. LCD modules are widely used
because its cheap price, availability and
programmer friendly. The 16x2 LCD is named
so because i has 16 columns and 2 rows[6].

Figure 3. 16x2 Liquid Crystal Display

2.4. Fingerprint Scanner Module

This optical fingerprint reader device uses
high powered DSP chip that does the image
rendering, calculation, feature finding and
searching. It provides TTL serial out hence
can be connected to any microcontroller or
system. The DSP processor has on board
FLASH memory which can store 100 finger
prints [4].

(=4

Figure 4. Fingerprint Scanner

2.5. Ultrasonic Sensor

Ultrasonic sensor ranging module HCSR04
provides 2 cm to 400 cm non-contact
measurement function, the ranging accuracy
reach to 3 mm, the module includes ultrasonic
transmitter, receiver and a control circuit. The
ultrasonic distance sensor provides precise,
noncontact distance measurements from about
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0.8 inches to 120 inches. The ultrasonic sensor
emits short bursts of sound and listens for this
sound to echo OFF of nearby objects. The
frequency of the sound is too HIGH for
humans to hear it is ultrasonic. The ultrasonic
sensor measures the time of flight of the sound
burst. A user then computes the distance to an
object this time of flight and the speed of
sound 91,126ft /s [8].

Figure 5. Ultrasonic Sensor

3. CIrRcUIT OPERATION

The first ultrasonic sensor is placed front of
the gate and the second ultrasonic sensor is
also placed at the back side of the gate. The
trigger pin of the first ultrasonic sensor is
connected to digital pin 10 and echo pin is
connected to digital pin 9 of the Arduino for
the user distance. Also again, the trigger pin of
the second ultrasonic sensor is connected to
digital pin 13 and echo pin is connected to
digital pin 11 of the Arduino. Fingerprint
scanner Tx pin is connected to digital pin 2
and Rx pin is connected to digital pin 3 of
Arduino for testing the user’s fringerprint. The
DC motor is connected to the L298N motor
driver. IN 1 and IN 2 pins of motor driver are
connected to digital pin 5 and 8 of Arduino for
the door open or close. The SDA and SCL
pins of LCD connected to analog pin A4 and
A5 for displaying the data. And then, the
whole system is based on software
programming to operate the hardware
structure. Program for the gate control system
is based on Arduino Nano with C++ language.
The main function of design is Arduino Nano.
The one pin of buzzer is connected to pin no
12 of Arduino Nano. The other pin is
connected to ground. If an unauthorized
person tries to scan fingertip, LCD shows "Not
a Match" and the buzzer is alarm. The serial
monitor shows "do not find a match”. If an
authorized person tries to scan fingertip, LCD
shows "Access Granted" and the door open.
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The serial monitor shows user information. In
the receiver circuit, Arduino Nano and
Bluetooth Module are used to view user data
on serial monitor of PC. Serial monitor shows
user data and condition of fingerprint scanner.
Bluetooth module pin Tx and Rx connected to
Arduino Nano digital pin 5 and 6.
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Figure 6. Circuit Diagram of Transmitter
Section
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Figure 7. Circuit Diagram of Receiver Section

4. SYSTEM BLOCK DIAGRAM AND
FLOWCHART
The block diagrams of transmitting part and

receiving part of the gate security system are
shown in Figure 8 and Figure 9.
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For implementation of the system, the
flowchart is considered to simulate the circuit
is include the parts of the system. When the
system is started, the ultrasonic sensor 1 will
be activated to detect whether the person or
obstacle is having within the range or not.
When the person or obstacle is detected within
the range from the ultrasonic sensor 1, LCD
will show "WELCOME" and the distance of
the person obstacle. If the person is not exited
within the range from the ultrasonic sensor 1,
LCD shows "No Person”. The fingerprint
scanner is detected user ID by Arduino
controller. If an authentication operation is
received by fingerprint scanner, stored images
will be verified with the scanned images. If an
unauthorized person tries to scan his
fingerprint image, an indication will be given
by a buzzer which is interfaced to the
controller and also send to the PC with
Bluetooth  wireless  transceiver. The
identification (ID) number of the user that is
taken out from the fingerprint scanner, for the
normal operation will send to the control unit
via by wireless device and will check this ID
to detect who is user. If the user is identified,
that will show this record together with the
name of the user that is match with ID from
normal authentication user. When the
authentication is success and the gate will be
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opened. The ultrasonic sensor 2 will be
activated by deactivating  fingerprinted
scanner. The function of ultrasonic sensor 2 is
to open and close the gate. After over 3
seconds not detecting the person or obstacle, it
will make to close the gate. When the person
or obstacle is not detected within the rang
from the ultrasonic sensor 2, it will make to
close the gate after delay 3 seconds and the
ultrasonic sensor 2 will be deactivated by
reactivation ultrasonic sensor 1 for the next
process.

Start

Initializing the
ystem

Activate Ultrasonic
Sensor 1

%)
-

LCD Show Welcome
And User Distance

LCD Show
No Person

P

LCD Display
Not a Match

LCD Display
User 1D Number

Door Close

END

v

Figure 10. System Flowchart

5. TESTS AND RESULTS OF THE
SYSTEM

5.1. Test and Results for Ultrasonic
Sensor 1

The function of ultrasonic sensor 1 is detected
person in front of the gate. If the person
detects within the range, the LCD shows
"WELCOME", the person of the distance and
"Scan Fingerprint”. If the person is not
detected within the range, the LCD shows "No
Person".
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Figure 11. Testing System Start Condition

Figure 12. Testing Obstacle in Range
Condition

Figure 13. Testing no Person Condition

5.2. Testing Results for an Authorized
Person Tries to Scan Fingertip

The fingerprint scanner compares an input
fingerprint to the enrolled fingerprint of the
user to determine the same fingertip. When the
fingertip is same, LCD show "Access
Granted" and the door is opened. The door is
automatically closed after 0.5 second.
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Figure 14. Testing Fingertip Match Condition

Figure 15. Automatically Door Close

- o x

I

Figure 16. Testing Fingertip Match Condition
on Serial Monitor

Bluetooth module is used to connect the gate
and PC. If the fingertip is match, the serial
monitor in PC shows user information.

5.3. Testing Results for an Unauthorized
Person Tries to Scan Fingertip

If an unauthorized person tries to scan
fingertip, LCD shows "Not a Match" and the
buzzer is alarm. The serial monitor shows "do
not find a match".
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Figure 17. Testing Unauthorized Person Scan
Fingertip

When the fingertip is not match, the serial monitor
on PC shows "Do not find a match".

) masscred ) Show tmastary e 540 bt Coar oupt

Figure 18. Testing Fingertip not Match
Condition

5.4. Tests and Results for Ultrasonic
Sensor 2

The function of ultrasonic sensor 2 is to open
and close the gate. When a person is detected
within the range, it allows the gate to remain
for opening the gate.

| o g ©

Figure 19. Testing Ultrasonic Sensor 2

6. CONCLUSIONS

This paper includes many concepts of
controlling system, transmission and receiving
system using Bluetooth module,
microcontroller based automatic gate control
system. Arduino Nano use for all controlling
system of this research. In the system, the
ultrasonic sensors are used to detect the
obstacles or person by connecting with the
controller. The detecting range of the
ultrasonic sensor can be adjusted so that the
detection within undesired distance can be
avoided. For authorized and unauthorized
conditions into the gate is classified by the
fingerprint scanner. Bluetooth is used for
wireless communication to receive signal from
the sensor, which are normal authentication
and sensor signal for status.

7. LIMITATIONS

The gate security system is implemented on
wire based system. But, in practical use wired
based system is expensive and the power loss
and distribution are needed to consider.
Therefore, Bluetooth communication is
implemented on in two spaces of the gate
security system. The operation different DC
voltages for the sub system of the gate security
system are supported with the power supply,
which can give regulated DC voltages and
high output currents.

8. FURTHER EXTENSION

Different type of communication ways from
sensors and Arduino to user interface can be
used such as Bluetooth and Wi-Fi. Both have
advantages and disadvantages depending on
the application, location and requirement of
the system. Different sensor such as metal
detector, infrared or motion sensor with more
accurate data can be used instead of ultrasonic
sensor. However, there was a limitation of this
sensor that prevented from using them in the
first place for this thesis. Overcome the
limitation or wuse the appropriate sensor
according to the usage of the system. A more
interesting and attractive voice command can
be developed instead of using only LEDs to
indicate the status of the gate security system.
Fingerprint scanner can be connected with
data base for large number of users for
authentication. Multiple gates can be
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controlled one GUI interface for
effective and efficiently apply.
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ABSTRACT

The aim of this research is to calculate the binding

energy of 42He hypernucleus as a two body

system. The X -hypernuclei is considered as a two-
body composed of X and a core nucleus. In order

to determine the binding energy of gHe

hypernucleus system, we have solved the
Schrodinger equation which describes the two body
system consisting of one sigma and alpha core
nucleus. Wood-Saxon potential is transformed the
Gaussian potential. The Gaussian basis wave
function is used to solve the Schrodinger equation.
The norm matrix elements, Kinetic energy matrix
element and potential energy matrix elements are
analytically obtained by using Gaussian standard
integral form. The energy eigen-value which give

the binding energy of gHe

calculated by diagonalizing

is numerically
the Hamiltonian
matrix. The binding energy of 42He hypernucleus
is obtained 2.82 MeV. The experimental value of
the binding energy for %He hypernucleus is 3.2
0.3 MeV. Therefore, the theoretical result is nearly

agreement with the experimental result.
KEYWORDS

Hypernucleus, Core nucleus, Binding energy,
Wood-Saxon potential, Gaussian wave function,
Schrodinger equation.

1. INTRODUCTION

1.1 Background
Hypernucleus

History of

Hypernuclear physics was born in 1953, when
the Polish physicists M. Danysz and J.
Pniewski [1] observed the hypernuclear event.
It appeared in a stack of photographic
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emulsions exposed to cosmic rays at around 26
km above the ground. All the nuclear
fragments stop in the emulsion plate after a
short path except for one fragment which
disintegrates at B. This disintegrating process
reveals that the particular fragment contains an
unstable particle stuck among the nucleons.
The unstable particle decays weakly and the
nuclear fragments were called hyperfragments
or hypernuclei.

A hypernucleus is a bound system of neutrons,
protons and at least one hyperon. Single

hypernucleus denoted by % zhas one hyperon.

Double hypernucleus, % Zconsists of two

hyperons. A hypernucleus is a nuclear system
which is composed of nucleons freedom.
Hypernuclei attract wide attention of
physicists since hyperon embedded in the
nuclear medium is not forbidden by Pauli’s
exclusion principle. A hypernucleus is a bound
system of neutrons, protons and one or more
hyperons.

Elementary particles were also discovered
from the cosmic rays experiment by using the
nuclear emulsion detector [2]. They are
heavier than the nucleons and very short life
time. Hyperons, A,Z X andQ particles and
K mesons are called strange particles with
various strangeness numbers. Hyperons which
have the mass value between neutron and
deuteron are a special class of baryons.
Hyperons have the life time of the order 10%
and they decay weakly with the mean free
path- 10cm while their formation time is 1073s
which is typical for strong interaction.

The X -hypernuclei is considered as a two-
body composed of ¥ and a core nucleus. A
hypernucleus consists of one or more hyperons
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bound to a nuclear core. The X -hyperon can
stay in a nucleus deeply without having to
obey the Pauli Exclusion Principle, due to the
strangeness number. The strange particle,
hyperon is a good probe to study deep inside
of nuclei. One can study nuclear matter by the
energy levels of hyperon in nuclei and its
decay. In the same time, the property of
hyperon inside is also an interesting subject.
From the theoretical side, there is a problem to
fit all S-shell £ -hypernuclei consistently by
using the free space two-body X -N
interactions which reproduce the low energy
scattering data. If the S-shell is three-body and
four-body, X -hypernuclei binding energies are
fitted to experimental data.

1.2 Background Theory of X ypernuclei
There are three Z-hyperons, =*,=° and =~

J— —0 —_—
; their antiparticles are 2+,2 and X .

The =" hyperon was first identified in a
cloud chamber in 1953. Next year, the

negative counterpart, >~ was observed in a
diffusion chamber exposed to negative pion

beam of Brookhaven cosmotron. The =™
hyperon which is composed of u,U and s
quarks. It has 1189.4 MeV mass and 7.99x10

L life time. = hyperon which is composed
of u,d and s quarks. It has 1192.6MeV mass

and 7.4x10%s life time. X~ hyperon which is
composed of d,d and s quarks. It has
1197.4MeV mass and  1.48x10%% life time.
It also possesses the new quantum number S =
-1, which is not contained normally in
nucleons. In the hyperon family, sigma
hyperon is the second lightest particle. It is
impossible to decay with strong interaction
due to the strangeness conversation law.
Therefore, it decays weakly into nucleon and
pion.

The X-hypernuclei is considered as a two-body
composed of ¥ and a core nucleus. A
hypernucleus consists of one or more hyperons
bound to a nuclear core. Single X -hypernuclei
are nuclei in which only one 2 particle
bound to a nucleus. A X -hypernucleus is
represented by ’;Z where £ means that there
is one X -hyperon and A is the total number of
baryons. The X -hyperon can stay in a nucleus
deeply without having to obey the Pauli
Exclusion Principle, due to the strangeness
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number. The strange particle, hyperon is a
good probe to study deep inside of nuclei. One
can study nuclear matter by the energy levels
of hyperon in nuclei and its decay. In the same
time, the property of hyperon inside is also an
interesting subject. From the theoretical side,
there is a problem to fit all S-shell X-
hypernuclei consistently by using the free
space two-body X -N interactions which
reproduce the low energy scattering data. If
the S-shell is three-body and four-body, X -
hypernuclei binding energies are fitted to
experimental data.

In our research, we are going to calculate the
binding energy of hypernucleus system where
the binding energy sigma particle is defined as

B, (sHe) = M, + M(5He) — M(;He)

Where, Mz = mass of the sigma
M(2*He) = mass of the core nucleus
M(z*He) = mass of the system.

Our purpose is to calculate the binding energy
for with Gaussian basis treatment by using
Schrodinger  equation. The  Schrédinger
equation is generalized equation and the
mathematical relation between an electron's
wave function and total mechanical energy.
The interactions between one sigma and alpha
core nucleus are described as follow.

2. INTERACTIONS

2.1 Hyperon-Nucleon Interactions

The hyperon-nucleon interaction is an
important place to check the models. The
hyperon-nucleon interaction can be studied by
hyperon-nucleon scattering experiments. The
objective of the nuclear physics is to
understand nuclear structure and nuclear
forces consistently. The properties of baryon
many-body systems which contain not only
nucleons but also hyperon with strangeness,
link closely to the underlying hyperon-nucleon
(Y) (N) and YY interaction. It is a
fundamental problem in the ordinary nuclear
physics, of course, to understand nuclear many
body phenomena on the basis of realistic
nuclear interactions. Although there exist rich
data on free space NN interactions, relations to
nuclear properties are quite complicated
because of their singular characters such as
repulsive cores and tenser components. It is
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very convenient to derive effective interactions
on nuclear medium from free space ones. The
G-matrix [3] gives a good starting point for
such approach, though it should be
renormalized by taking further many body
correlations into account. In the case of
hyernuclear physics, our knowledge of YN
and NN interactions is quite incomplete
because the free-space scattering data are
extremely limited. It is possible and important
to explore properties of YN and YY
interactions and test their theoretical models
by analyzing hypernuclear phenomena.
Especially the recent experimental finding
(heavy X hypernuclei, a bound hypernucleus
and a double sigma hypernucleus, etc..) are
very useful for such purpose. The study of the
behavior of a hyperon embedded in the nuclear
medium, through the theoretical analysis of
level spectra, sheds light on the nature of the
hyperon-nucleon YN effective interactions.

For X -nucleus interactions, we will use
phenomenological Gaussian basis wave
function.

One of the basic subjects of strangeness
nuclear physics is to study hyperon-nucleon
and hyperon-hyperon interaction. We have a
long history of the systematic study of
nucleon-nucleon scattering. The nucleon-
nucleon interaction is  well  known
phenomenologically.

The hyperon-nucleon interaction is an
important place to check the models. The
hyperon-nucleon interaction can be studied by
hyperon-nucleon scattering experiments. The
objective of the nuclear physics is to
understand nuclear structure and nuclear
forces consistently. The study of the behaviour
of a hyperon embedded in the nuclear
medium, through the theoretical analysis of
level spectra, sheds light on the nature the of
hyperon-nucleon (Y-N) effective interactions.
For X -nucleus interaction, we will use
phenomenological Woods-Saxon potential [4].

2.2 Woods-Saxon X—;He Interaction

In our calculation, we use the
phenomenological potential between X and

SHecore nucleus which has Woods-Saxon
form [5] as follows.
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V,
Vs (1) (r = R) (1)
1+exph @

where Vz(r) = interaction between
the core nucleus.

and

V, = strength of Woods-Saxon potential
r = radial distance from the centre

R = nuclear radius

a = density fall-off at the surface

In the Woods-Saxon potential, the parameters
are Vs=-24 MeV, r;=1.33 fm, a=0.75 fm ,
A=3,r=1.33 fm,

— 3
R_rOA : 2

If the potential has a Gaussian form, it would
be more convenient to evaluate the matrix
element with Gaussian basis wave function.
Thus, we transform the Woods-Saxon
potential into Gaussian form which is
mentioned in the next section.

Gaussian potential between X and core nucleus
has the following form.

2
V()= glvi e 3)
i =

where Vis' are expansion coefficients and bis'
are range parameters.

The transformation equation can be expressed
as

2
| £
\Y N b
—S: Z Ve 1
r=RY) =1
%)

Therefore, we have obtained the following
equation,

(4)

1+e

2
0 V. b N 0
[—3— e Vildr=3 V. [
0 { i=1 "0
1+exp
®)
The left hand side of the above equation was

numerically solved and the right hand side was
solved by using standard integral form.
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The above equation becomes

Where, j goes from 1 to N

V. +....

A.=B._V
3 3

BV
i~ i1

B
2V2 "5

A1 = Bllvl + BlZVZ + 813V3 +o

A2 = 521V1+822V2 +823V3+ ........

AN = BN1V1+BN2V2 +BN3V3 +on

Then the above N linear equations are
obtained.

At N = 20, b;=0.1 fm and by=10 fm, the
transformed Gaussian potential reproduces the
original Woods-Saxon potential which can be
seen in figure (1).
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= = Woods-Saxon

— Gaussian

V(MeV)

-15 4

220 4

25 4

304

r(fm)

Figure 1. The Potential BetweenX and Core
Nucleus, Dotted Curve is for the Woods-
Saxon and Solid Curve is for the Gaussian
Potential, Respectively
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3. Two-BobDyY CALCULATION

) 4
3.1 Two-Body Calculation for s HE
Hypernucleus System

In order to calculate the structure of two body
guantum system, we used the Schrodinger
equation. The two-body quantum system
Schrédinger equation is

(T+V¥Y=E¥Y (8)
Where, H = Hamiltonian operator
E = energy eigen value
Y= Eigen vector
T= kinetic energy operator
V = potential energy operator.
Since, the interaction between> and core

nucleus is central force, so we choose the
spherical coordinate for the wave function.

#(r)=R(r)e(0)o(o) )

We have to solve only the radial part R(r). By
using the separable method, the following
radial equation is obtained.

{_h_zi M I(ES ) V(r)} w(r)=Ev(r)

2 g2 P g2
(10)

To solve the above equation, we will use the
Gaussian basis wave function,

~(r/b.)?

‘F(r):rl’LlZ_C.e

11
“c, (11)

Where ¢j’s are expansion coefficients and bj’s
are range parameters.

The Schrédinger equation becomes
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2
{_hzdz Lh2+1) (r)}z_cjr”le[bj]

2ugr2 2p g2 j

(12)

Z|:T +V|+VIJCJ—EZN .C. (13)

i
i I J i ]

Tjj is the Kkinetic energy matrix element.

S (ff{_

Vij is the potential energy matrix element.

2
el o

r

:
Var.  (15)

2

J4r
H+1 bi H+1
Vijzfr e V(Nr e

N is the norm matrix element,

2(|+1)e

NIJ =[r dar . (16)

Hj; is the Hamiltonian matrix element,

H.. =T. +V..I +V..

poon oy I (17)

YH.C. =EXN.C.

: : (18)
Ty

Equation (18) can be expressed as follows,

Fori=1,j=
The above N can be written as a matrix

equation as follows,

[H][c]=E[N][c]
IN]*[H][c]=E[c]

(19)

(20)
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HiyHpp Higeo Hyy C, Ny Ny Ny C,
22 Hage:Hoy C, N Noy . Noy |1 G,
=E|.

NI
I

NNlNNZ""NNN CN
(21)

The above equation is an eigenvalue equation
with[B]=[N]?[H]. [H]is a Hamiltonian
matrix. [N] is called the norm matrix. ‘E’ is an
eigenvalue. Where, [H] and [N] are square
matrices. [C] is column matrix which is the
expansion coefficient A - By diagonalizing

HN].HNZHN3 """ HNN CN

the matrix B, the eigen value is obtained. The
lowest energy eigen values is the ground state
binding energy of the two-body system. The
Gaussian basis wave function is used in our
calculation. For ground state | = 0, the
potential energy matrix element V' is neglect.
The Nij, Ty, Vi, and V4 can be solved by
using standard integral form. We are going to
use the power inverse iteration method to
calculate eigenvalues E with corresponding
eigenvector and hence we will discuss the
following section.

3.2 Power Inverse Iteration Method

We introduce an operator B=(A-E,l)™

where Eo is an arbitrary parameter. ¢ is
written as  ouy, + oLy, + oY+ ALY,

where y'is are eigenvectors of A and OL;S
are expansion coefficients.

Ay, =B,y,(n=12,3,....), where p's are

eigenvalues of A . Then ¢ is operated from the
left by B,

é(l) = (A— EOI)_l{ocly1 +o,Y, +0,Y, +..0, Y, }
(22)

Bd) =(B- Eo)71a1y1 +(B- Eo)71a2y2
+(Bs - Eo)_la3y3 +

Then the above equation is operated by B
iteratively as follow, we obtain

B 0=, - —Ep) %oy, + (B, —E

(23)

Eo) *auy; + (B, 0) C0gYg F e

Ep) Z0tgYs o
(24)

B 0= (B, ~Eo) "oy, + (B, —Eo) ", + (B -
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If Eo value is the closest to an eigenvalue
Bj(i'e Eo zBj)' then

(B;—Ep) ™" >> (B, —E,) "where i=jfor n —

Bnd):(Bj_Eo)_najyj (25)
Bn+l¢ = (B] _Eo)inilajyj (26)
an)d) =B —E (27)
B,— =E, +§n—r:lzb . (28)

Thus the eigenvalue E which is closest to Eg is
obtained by

AN

E=Bj=E0+§+ﬂ> : (29)

We define C" =B’ ¢ and C"* = B"" )

Cn

+ o (30)

E =E,

We apply this method to evaluate the
Schrédinger equation

[H][c] = E[N] [c].
The value of E from Equation (30) is
substituted in the Schrodinger equation,

n

el e S o] @

[Hlc |-ENJeJ+[er] @2
H11_E0N11 Hu_Eole Hll_EONlN CiHl
H21_E0N21 H21_E0N22 Hll_EONZN C;+l
HNl_EONNl HNZ_EONNZ HNN_EONNN C?\jﬂ
Nu N12 NlN C'f

N21 sz NZN Cg

NNl NNz NNN CR,

(33)
These equations are N linear equations with
unknown C"**, where N is the number of basis
and n is the number of iterations.
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As the first step Ci(l)'s are given as,

o=

i 5

1
N
and c®'s are obtained from the above N linear
Equation (33). Similarly, C® are obtained
after getting C®. By repeating this procedure
up to sufficiently large number of N, we obtain
the energy eigenvalue E and the corresponding
eigen vector C'*. These linear equations can

be solved by using Gauss elimination method
which is the fundamental one for solving
linear systems.

The norm matrix elements, kinetic energy
matrix element and potential energy matrix
elements are analytically obtained by using
Gaussian  standard integral form. By
diagonalizing the Hamiltonian matrix, the
energy eigen-value is obtained with the help of
FORTRAN CODE.

4. RESULTS AND DISCUSSION

Our purpose is to calculate the binding energy
of $Hehypernucleus system. We have

obtained the energy eigenvalue of §He in
two body system. The structure of s-shell
*He is investigated within the framework of

two-body calculation. The X -hyperon can stay
in a nucleus deeply without having to obey the
Pauli Exclusion Principle, due to the
strangeness number. The strange particle,
hyperon is a good probe to study deep inside
of nuclei.

From the theoretical side, there is a problem to
fit all S-shell X=-hypernuclei consistently by
using two-body X -N interactions which
reproduce the low energy scattering data. We

calculate the ground state energy of ‘Z‘He by
diagonalizing the Hamiltonian with energy
matrix elements and norm matrix elements
which are obtained by employing the Gaussian
basis wave function. For above mention, §He
hypernucleus system is considered as two-
body system which consists of one sigma-
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hyperon and one helium core nucleus. In our
calculation, we have used the wave function
parameters, the number of expansion
coefficient N=40, range parameter b; = 0.1 fm
and by = 20.0 fm. The calculated result of

binding energy for 3He hypernucleus is 2.82
MeV. The experimental value of binding
energy for $He hypernucleus is 3.2+0.3MeV
[6]. These results are shown in table (1).

Table 1. Comparison of experimental and the
calculated results for $He hypernucleus.

System Binding energy (MeV)
Our calculated result 2.82
Experimental result 3.210.3

5. CONCLUSION

We have calculated the structure of §He -
hypernucleus system. To find the binding
energy for §He -hypernucleus system, we use

the phonological Woods-Saxon potential. This
is transformed into Gaussian potential. We
calculate the Hamiltonian and norm matrix
elements by employing the Gaussian basis
wave function. To get the ground state energy,
we have to solve the Schrddinger equation by
using the Gaussian basis wave function. Our
calculated result of ground state binding

energy of ;He hypernucleus is 2.82 MeV.

The experimental value is 3.2+0.3 MeV.
Therefore, our calculated result is nearly
agreement with the experimental value. It is

concluded that if 42He-hypernucleus system

for S-shell can be investigated as three-body or
four-body, X -hypernuclei binding energies
will be good agreement to experimental data.
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ABSTRACT

This paper is prepared to determine the optimal
solution using linear programming model, and it
analysed for profit optimization of a farm located
at Yinmarbin Township in Sagaing Division during
raining paddy. Linear programming is a method to
achieve the best outcome in a mathematical model
whose requirements are represented by linear
relationships. The profits varied considerably
depending on objective. In linear programming
model, a theoretical perspective undertaking for
the present study reviews various different
applications. Collected data is analysed to
determine the decision making and to solve the
problem defined. By using decision variables of
production, sales and profit over a period,
objective function is constructed. So, a linear
programming model is developed for profit
optimization of company. But production cost is
considered for minimum. In this paper, the profit
optimal solution is calculated by using simplex
method and dual simplex method.

.KEYWORDS

Linear programming model, Profit optimization,
simplex method, dual simplex method

1. INTRODUCTION

Linear Programming (LP) is developed the
decisions for solving problem. Today, linear
programming application can be researched in
many environments. In linear, both constraints
and objective function are assumed.

LP is widely used in industry, business,
economics  and engineering. Linear
Programming is not a new modeling
technique, and is mainly concerned with a
method of finding the optimum value of a
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function of "n" variables. It is assumed that
optimal value is maximum or minimum. The
constraints would be used by amount of raw
materials available.

Linear Programming is not only special
techniques but also improving management
decisions. This method can solve well the
production planning, allocating resources,
inventory control, and advertising. Linear
programming model considers dependent
variable and independent variables. The value
of dependent variables is obtained by solving
the problem, and the value of independent
variables is upon dependent variable. The
dependent variables are usually set as
objective function which may be one of the
economic concepts. These concepts are profit,
cost, income, production, sales, distance and
time, etc. In linear programming model, the
independent variables are known as variables
of unknown value. In this system, the value of
variables is calculated by solving the problem.

Key functions in organizations which collected
the input resources are essential in production.
Using of these facts, the  desire output is
calculated. In this paper, production system is
categorized into four products: Ayeyarmin,
Lonethwemhwe, Manawthukha and
Pawsanmhwe. Furthermore, three materials
such as Fertilization, Insecticide and Herbicide
are used for each product.

2. RELATIVE WORK

Vishwa Nath Maurya et.al [1] proposed Profit
Optimization Using Linear Programming
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Model of Ethiopian Chemical Company. The
aims of this paper are to find profit
optimization of Ethiopian Chemical Company.
The maximum profit Birr 107,353.17 per day
for company was found.

Amit Kumar Jain et.al [2] explained Bank and
the Investor find Profit Maximization using
Linear Programming model. Author proposed
optimize (maximize) the net return of Central
Bank of India. Maximum profit of investor is
Rs. 13,420 by investing the amount of Rs.
40,000 to saving account, Rs. 1, 20,000 to
fixed deposit, Rs. 40,000 to SCSS and none of
the amount is for PPF.

Akpan et.al [3] discussed optimal solution of
row material in bakery using Linear
Programming Application. In this research
work, the decision variables are the three
different sizes of bread and" six raw materials.
Any organization set up aims at maximization
of profit from its investment from minimum
cost of objective function.

Fagoyinbo,1.S et.al [4] proposed maximization
of profit and minimum cost of objective
function. Author explains the production of the
different sizes of the product. Contribution
values and maximum profit of production
capacity explained in this paper.

Vishwa Nath Mauryal et.al [5] proposed the
profit optimization of an Ethiopian chemical
company. Author discussed the forecast of
production capacity and sales volume of
different quantitative and linear programming
model can be used for other companies.

3. BAasic CONCEPT OF LINEAR
PROGRAMMING PROBLEM

Decision variables are variables which will
be used in the objective function. To desire
output, decision maker can apply the
decision variables because the value of an
objective function is determined. So, the
decision variable will be needed to identify
by solving any linear programming
problem. A sign restriction must be
combined with each decision variable.

e Constraints are depending upon the value
of decision variables. Constraints can be in
equalities or inequalities form.

e Objective function is a profit function
which is maximizes value or also cost
function which is minimizes value. The
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decisions making is important for linear
programming problem.

e Optimal solution is the best value of the
objective  function which is either
maximum or minimum. This solution is
one of the feasible solutions. For objective
function, maximum value is profit or
minimum value is cost.

4. DATA COLLECTED

To analyze the propose system, data (a farm
located at Yinmarbin Township in Sagaing
Division) are collected for production using
available raw materials. The farmers are
interviewed to get information. The decision
making of the farm can be achieved via the
interviews. And then, the data on the unit costs
of production of the products, product of unit
selling price and units of raw materials are
collected. These data were also analyzed by
using linear programming model.

5. METHODOLOGY

Linear Programming (LP) is one of the best
solutions for a given objective function, and
mathematical technique for generating and
selecting is optimal solution. An optimal
solution is the largest value of objective
function for maximization problem, and also a
point in the feasible region. Similarly, it is the
smallest value of objective function for
minimization problem, and also a point in the
feasible region. A general form of LP is as
follow:

Maximize or Minimize:

Z = 5.8, + S + + sna, (Objective

function),

Subject to the linear constraints:
CiiaptCpaxt...... +cepan (£,52)by
Copai+Cpart...... +eman (£,5,2)b,

Cmi 81+ Cr2 824 ... + Cmn an (£, =,>) by
where sy, S,,....s, represent the per unit profit
(or cost ) of decision variable a;, ay, ....,a, to
the wvalue of the objective function.
C11,C12,...... ,C1m;,C21,C22,. . ...,Cos e« +++sCmM1,Cim2s e v - - - -

.. Cmn represent the amount of resource
consumed per unit of the decision variables.
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6. THE PROPOSED MODEL

Linear Programming (LP) is one the best
solutions for a given objective function, and
mathematical technique for generating and
selecting the optimal solution. An optimal
solution is the largest value of objective
function for maximization problem. The
model has been employed to develop crop
plans system in Yinmarbin Township area in
Sagaing Division. For possible optimization of
cropping systems, was used to develop farm
production plans under different set of goals
and available opportunities under different
cropping systems. In this paper, we analyze
crop allocation problem. A farmer grows four
types of paddies ( Lonethwemhwe,
Ayeyarmin, Manawthukha and Pawsanmhwe
). The production estimate cost are 180
thousand per acre, 160 thousand per acre, 180
thousand per acre and 150 thousand per acre
for Lonethwemhwe, Ayeyarmin,
Manawthukha and Pawsanmhwe. The selling
estimate cost are 600 thousand per acre, 500
thousand per acre, 600 thousand per acre and
450 thousand per acre for Lonethwemhwe,
Ayeyarmin, Manawthukha and Pawsanmhwe.
The profit estimate cost are 420 thousand per
acre, 340 thousand per acre, 470 thousand per

acre and 300 thousand per acre for
Lonethwemhwe, Ayeyarmin, Manawthukha
and Pawsanmhwe. Three materials

(Fertilization, Insecticide, and Herbicide) are
used for four paddies. We use three materials
(Fertilization, Insecticide, and Herbicide) of
which 250, 1.00 and 0.5kg are available. These
materials requirements per acre of four
products are given below table (1).

Assume that profits per acre of four paddies
are 1530 thousand kyats.

Tablel. Materials used in the production

Material Product Available
Lone | Aye Ma Naw | Paw San | quality
Thwe |yar Tha  |[Mhe | perraining
Myee | min Kha paddy

Fertilizaton | 120 | 100 80 Mo 250
kg/acre | kgfacre | Kg/acre | Kg/acre | ke/acre

Insecticide | 0.5 04 05 04 100

ke/ acre kgf ace | Kgfacre | kg/acre | kglacre
Hetbicide | 025 | 0.1 025 kg/| 0.1 03
ke/acre | kgfacre  |ace | kglacte | kglacre
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Table 2. Estimate Cost of each product

Product Estimate  cost | Estimate selling | Estimate profit
Production an | price of an acre | on an acre
acre

LoneThweMyee | 180000K= 600000K= 420000K=
180 thousand K | 600 thousand K | 420 thousand K

AveYar min 160000K= 500000K= 340000K=
160 thousand K | 300 thousand K | 340 thousand K

MaNaw Thu Kha | 180000k = 650000K = 470000K=
180 thousand K | 650 thousand K | 470 thousand X

Paw San Mhe 150000K = 450000K = 300000K =
150 thousand K | 430 thousand K | 300 thousand K

Total profit 1530000 =
1530 thousand

Subject to constraints:
Ciyd;+Crpd+Czaz+Cuuay < by
Coai+Cprdp+CpaztCuas < b,
C31 81+ C3 8+ Cyzd3+ Cyudy < by

Where: Z = total
production

s; = profit contribution coefficients expressing
per unit contribution to the profit equation,

a; = the set of unknowns to be determined.

b; = the amount of resource i that is available
for allocation to activities.

cj = the amount of resource | consumed by
each units of decision variable (for i = 1,2,3
and j =1,2,3,4)

profit contribution of

Let a;= number of acre of Lonethwemhwe to
produce for raining paddy.

a,= number of acre of Ayeyarmin to
produce for raining paddy.

a;= number of acre of Manawthukha to
produce for raining paddy.

a,= number of acre of Pawsanmhwe to
produce for raining paddy.

Z = the profit to be maximize.

The LP model for the above data is given
by

Maximize (Profit) Z= 420 a;+ 340 a, +
470 az+ 300 a,
Subject to constraint.
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120 a; +100 a, + 80 as+ 140 a, < 500
(Fertilization)
0.5a;+0.4 a,+ 0.5 az+ 0.4 a4 < 2 (Insecticide)
0.253,+0.1a,+0.25a83;+0.1a, < 1
(Herbicide)

a;>0, a,> 0, a3 >0, a; > 0 (Non Negativity)
Simplex method is a method that used to solve
the large number of variables. This method
used concepts of slack variables, surplus
variables and artificial variables.
Standard form of the linear programming
problem is:
Maximize:

Z-420a; - 340 a,- 470 a3- 300 a4 =0

Subject to the constraints:
120 a; +100 a, + 80 az+ 140 a, + as =500
05a,+04a,+05a3+04a,+ ag= 2
0.25a;+0.1a,+0.25a;+0.1a,+ a; =1

84>0(=123456,7)
Initialization a;-0, a, =0, a3 =0, a,- 0,
500,as=2,a;=1
as, a5, ay are slack variables.
The initial basic feasible solution (0, 0, 0, 0,
500, 2,1)

as =

Let, Equation number=R, Right size=E,
Ratio= 3

Table 3. Iteration 0, initial simplex tableau

Bt Coffet of verate

Vil | )3 | & & |a|%|&|®

R T I
y R

I

The method can be applied:
(i) Choose nonbasic variable which is
increasing in Z.
(if) Consider the entering basic v ariable a;
,( '@ = not zero and negative)
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(iii) Calculate the ratio test (B),
where :E_
aj
Choose the minimum ratio test
(6.25,4,4)=4

R3 is entering and pivot is 0.25
Table 4. Iteration 1, new simplex tableau

Basic 1 Coffeentofvanele g
Vaek| I o | & |5 a|&|g|®
TIEEEFEREE
BIEEEERRE R
IR EEER
T EEAEVERERER

Choose the minimum ratio test
(2.65, 10) = 2.65
R1 is entering and pivot is 68.
Table 5. Iteration 2, new simplex tableau

Basic ; Cofficent o varible Al
Ve | (2] 3 &% % | & |%| @
1N 0 198007 138600
R I I i
10/ 27/ _80/ 45/
y RO T 00 g 0 7
! 1 |_68 W
o o | o e T
ji] TR TR
y jj 0 /17 0 1 /17 /5 0 /‘17 /17

If coefficient of variable in Z roll > 0, an
optimal solution has been reached.

Thus the optimal solution of: a,=45/17,
a;=50/17 is maximum Z=38800/17.

(In this result, Z=38800/17 thousandK)

The basic idea of LP duality can be seen in
standard form:
z+=minc'x (primal problem)

s.t. Ax>b , x>0.
Z+=max b'y (dual problem)
sit. Aly <cy,y>0.

Step by step Dual Simplex Method.

1. Pick an optimal basis.

2. If basic values are > 0, then return optimal
else get basic variable value a < 0.
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3. Find non-basic variable, find preserves
optimality. If does not exist, then return
infeasible, else swap chosen non-basic
variable with violating basic variable.

4. Go to step 2.

We solve the dual simplex method as follow:
Minimize W = 500b; + 2b, + b

Subject to constraints:

120b; +1/2b, + 1/4b; > 420

100b, + 2/5b, + 1/10bs > 340

80b; + 1/2b, + 1/4h; > 470

140b, + 2/5b, + 1/10b3 > 300 and

b1 >0,b,>0,b3>0.

Standard form:
Maximize -W = - 500b; - 2b, - b,
Subject to constraints:
-120b; - 1/2b, - 1/4b; < - 420
- 100b, - 2/5b, - 1/10b; < - 340
- 80b; - 1/2b, - 1/4b; < - 470
- 140b;, - 2/5b, - 1/10b5 < - 300 and
b;>0,b,>0, b;>0.
-W + 500b; + 2b, +b3;=0
- 120b1 - 1/2b2 - 1/4b3 + b4 =-420
- 100b; - 2/5b, - 1/10b3+ bs = - 340
- 80b1 - 1/2b2 - 1/4b3 + bs =-470
- 140b1 - 2/5b2 - 1/10b3 + b7 =-300

Table 6. Iteration 0, initial dual simplex
tableau

Basic Coffictent of variable

Variable W bl b] b3 b4 b;‘ bé b:

wolRo| 4l s 2 1 o o of of o
b | ool Yol Vel o o o o
b | of 00 <% Yo o 1 o o 3w
b [ o s | <Yl o o o o 4n
b e | o o e | Yol o o of 1 s

Table 7. Iteration 1, new dual simplex tableau

Basic 2 Cofficient of variable :

Vaidle | [ W[ by | b | b | b bs| b |
wolRo| 4 ol o of o of 4 ol
b Ri| o 4 o of 1 o 4 o %
O I 2 I B I Y I T
noRa| oo w2 1| o o 4 o w0
b R | oo <Yl o o =% 1 an
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Table 8. Iteration 2, new dual simplex tableau

Basic Cofficient of variable

R E
Vaile | | W[k | b |b|n| b | % b
w ol 4 o Y| o o el | o
b, [RU| of 0 Y | ol 7% 7B o0 By,
b R | o 1 Va0 0 Vs, Yin of P
AR R I E R

bR | ol of Y| o o Thl Y| o 2%

The sequence of basic solutions in original
simplex method and complementary basic
solutions in dual simplex method are identical.

7. RESULT ANALYSIS

The production planning problem of a farm
located at Yinmarbin Township in Sagaing
Division was formulated during raining paddy.
The proposed system used

o Fertilization120 kg/acre, Insecticide 0.5

kg/acre , Herbicide 0.25 kg/acre  for
Lonethwemhwe;

e Fertilization100 kg/acre, Insecticide 0.4
kg/acre, Herbicide 0.1 kg/acre for
Ayeyarmin;

e Fertilization 80 kg/acre, Insecticide 0.5
kgl/acre, Herbicide 0.25  kg/acre  for
Mawnawthukha and

e Fertilization140 kg/acre, Insecticide 0.4
kgl/acre, Herbicide 0.1  kg/acre  for
Pawsanmhwe.

In table (3)1st iteration, the columns for the
non-basic and leaving variables change. Then
move to next simplex table (4) for further
process. In table (5) columns for the non-basic
and leaving variables change. Table (5) is
completed in last iteration, optimal solution
can be obtained.

In dual simplex method table (6) initial
iteration can see that the variable b; is entering
and the basic variable bg is leaving. Similarly,
in table (7), second iteration can see that the
variable b, is entering and the basic variable bs
is leaving. Proceeding the dual simplex
method and after few iterations get the table
(8). In table (8) all the values are positive and
the optimum solution is obtained as follows:
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If Ayeyarmin = 45/17 (2.65) acre and
Mawnawthukha = 50/17 (2.94) acre were
grown in a farm, the maximize (profit)
Z=38800/17 (2282.35) thousandK was
calculated by using simplex method.

8. CONCLUSION

Today many business and factories want to get
maximum profit for their products, so they use
many optimum resource allocation methods
for decision variables or slack variables (Eg.
By using Simplex method, Dual simplex
method and so on). From the above analysis,
the four paddy ( Lonethwemhwe, Ayeyarmin,
Manawthukha and Pawsanmhwhe ) was
grown and three materials were used in this
paper.The maximum net profit is Ks 2282.35
by growing Ayeyarmin 2.65 acre and
Mawnawthukha 2.94 acre. The optimal
solution can be calculated by using simplex
method and dual simplex method. The study
concludes that linear programming can be
used in solving any regional planning. The
dual simplex algorithm and simplex algorithm
are the most suitable for many problems. It is
observed the input raw materials and products
from the results. The study makes the farmers
know how to grow and which paddy is grown.
And, the study intends to find them the
different profits according to the materials that
they used. The linear programming model will
be analysed using Matlab 2018b.
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ABSTRACT

Data analysis is defined as a process of
cleaning, transforming, and modelling data to
discover useful information for business
decision-making. There are five methods of data
analysis. This paper uses Predictive Analysis
method. Predictive Analysis shows "what is
likely to happen™ by using previous data. This

survey analysed the results of dataset
information for about 100 women. It used
WEKA, a collection of machine learning

software written in java. WEKA is a kind of
Graphical User Interface (GUI) tool. It is
developed at the Waikato University in New
Zealand. Many visualization tools and
algorithms for data preprocessing, data
classification, clustering, and association
algorithms are contained in WEKA. In this
paper, we proposed three classification
algorithms such as Naive Baye, j48 and random
forest which are implemented to compare the
accuracy and precision of the algorithms by
predicting the empower woman’s performance
level and then choose the best classification
algorithm.

KEYWORDS

Data Analysis,
Classification

Predictive Analysis, WEKA,

1.INTRODUCTION

Most researchers have worked on the
evaluations and prediction using data
mining techniques. They used different
machine learning algorithm to evaluate and
predict the performance of people. The
different data sets including databases, data
warehouses, and multimedia data can be
accessed by using different datamining
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techniques. It can be applied in any area
including education, banking and insurance,
medicine, security and communication and
affordable to many businesses.

In this paper, the attributes of women
dataset have Age, Graduate, income,
Management skill, Attitude and Social
dealing. When focusing on classification
algorithms for data analysis with an
experimental approach, Random Forest has
more accurate result compared with Naive
Bayesian and J48 classifiers. Jiawei Han,
Micheline Kamber and JiamnPei discussed
Data Mining Concepts and Techniques [1].
Data Mining in Educational System using
WEKA are discussed By the authors, Sunita
B Aher and Mr. LOBO [2]. P. Sanjeev ve
J. M and Zytkow proposed “Discovering
Enrollment Knowledge in  University
Databases, at 1995. It is one of the first
study of educational data mining [3]. K.
Becker and C. Ghedini ve E.L. Terra
proposed “Using KDD to analyze the
impact of curriculum revisions in a
Brazilian university”. It is another study of
educational ~ datamining  [4]. Many
researchers have been already done in the
field of educational data mining and
predicted performances of the teachers
using data mining techniques [5], [6], [7],
[8]. S.Erdogan and M. Timor proposed
Data Mining Application in a student
database [9]. M.Vrani¢, D. Pintar and
Z.Skoéir discussed the use of data Mining
in educational environment [10].

2. METHODOLOGY

Here we used WEKA tool for analyzing our
dataset. The University of Waikato in New


mailto:myintmyintthanthan29@gmail.com
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B! _ :
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

Zealand developed WEKA that implements
data mining algorithms. In a real-world
datamining problems, WEKA is a state-of-
the-art facility for developing machine
learning (ML) techniques and applications.
WEKA is an open source software and it is
a collection of different machine learning
algorithms for data mining tasks and
predictions.

2.1. Classification Analysis

Commonly use of data analysis type is
classification analysis. It defines models to
describe important data classes. These
models are called classifiers. Many type of
classifiers in machine learning are decision
trees, Bayesian, Linear Regression , Neural
Networks, K-Nearest Neighbour, Support
Vector Machines, and Logistic Regression.

They predict class label by using
classification algorithm.

Researchers  have  proposed  many
classification  algorithms in  machine

learning, pattern recognition, and statistics.
Most algorithms are memory resident, used
a small data size. Recent data mining
research has built on such work to develop
scalable classification and prediction
methods capable of handling large amounts
of disk-resident data. Fraud detection, target
marketing, performance prediction,
manufacturing and medical diagnosis are
applications in classification.

Classification analysis is used to map data
sets into predefined groups and classes. As
the classes are determined before
examining the datasets, it is considered to
be the supervised learning. Supervised
learning tells which class each training
tuple belongs. The supervision in the
learning comes from the labeled examples
in the training data set.

2.1.1. Bayes Classification Method

Bayesian classifiers is statistical classifiers.
It can predict class membership
probabilities that a given tuple belongs to a
particular class. Bayesian classification is
based on Bayes’ theorem. Naive bayes are
groups of probabilistic classifiers built on
the Bayes’s theorem.
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2.1.2. Decision Tree Induction

One of the classification methods is
decision tree induction. It is frequently used
by the data analysts to classify the data.
The decision tree is easy to build, requires
less domain knowledge and scalable for
large database. Therefore it is so popular.
Iterative Dichotomiser (ID3) is the first
algorithm for decision tree. It is developed
in early 1980s. C4.5, the successor of ID3,
is presented by Quinlan and Kaufmann
(1993). Classification And Regression Tree
is also called CART. It is developed at 1984
and supports for the binary tree
classification. These three algorithms ( ID3,
C45 and CART)  adopt the greedy
approach and its learning time complexity
is O(nlog2n). The decision tree can be
converted a set of symbolic rules
(IF....THEN). The path starting from the
root node to the leaf is called rules and it
can be represented the outcome of a
decision tree. IF ---THEN rule can be easily
understandable and compared  with
available data. It can also provide useful
information. A decision tree contains nodes
and leaves, where nodes represent a test on
the values of an attribute and leaves
represent the class of an instance that
satisfies the conditions. The outcome may
be ‘true’ or ‘false’.

3. SYSTEM ARCHITECTURE
3.1. Data set

In this study, the attributes of women
dataset has Age, Graduate, income,
Management skill, Attitude and Social
dealing. Training data are analyzed by a
classification algorithm. The class label
attribute is Performance. It has three
attribute values: poor, fair and good. This
paper predicts the core values of women
empower by using the naive Bayesian
classification algorithm, J48 and Random
forest classifiers. The ARFF file (or) csv
(comma delimited) data file is provided for
WEKA tool.
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Table 1. The List of Attribute Values

Attribute name data type value

Age Nominal {young, Adault, old}
Graduate MNominal {yes, no}

income Mominal {low, medium, high]
Management skill Mominal {poor, fair, good}
Attitude Nominal {positive, negative}
social dealing MNominal {poaor, fair, good}
performance MNominal {poor, fair, good}

Table 2. Women Information Dataset

No|[Age Graduate [income  |Managem|Attitude |Social degPerformance
1{old Yes low fair positive  |fair fair
2|Adault Yes low poor negative |poor poor
3(adault No medium  |fair negative |poor poor
4|young No medium  |poor negative  |fair poor
5({old Yes high good positive  |fair good
6{adault Yes high fair negative |poor fair
7|young Yes high good positive  [good good
alold No low good positive  |fair fair
9|Adault No low poor negative |poor poor

10)young No low poor negative |poor poor
11|old Yes medium  |fair negative  |fair fair
12 (adault Yes medium  |good positive  |fair zood
13|young Yes medium  |good positive  |fair good
14|old No high good positive  [good good
15|young No high fair negative |poor fair
ig|old Yes low poor negative |poor poor
17|Adault Yes low fair positive  [good fair
18|young Yes low fair positive  |good fair
19|0ld No medium  |fair positive  |fair zoad
20|Adault No medium  |fair negative  |poor fair

3.2. Data Preprocessing Step

The collected data from the real world is
insufficient, not adequate and not
compatible. It consists of unwanted data
and overlapped groups. They can reduce the
mining quality. Data preprocessing is very
important for a prerequisite step in the data
mining process. Poor collected data may
cause poor quality mining analysis results.
Therefore, the data can be preprocessed to
increase the quality of the data. The
gualification data must be accurate,
complete and consistent. Data
preprocessing reconstructs the data into a
better format that will be very easy to
access and effective for further processing.

The major objective of data preprocessing
is removing of unwanted data, adding of
required values, decreasing the repeated
data and formalize the data. There are five
steps for preprocessing. The first step is
removing noisy and inconsistent data, data
cleaning. The second step is data
integration, the third is data transformation,
the fourth is data reduction and finally step
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is data discretization. After preprocessing,
the data will be ready for classification.
There are experimental data preprocessing
steps in WEKA. Firstly open the Weka
software. Then start the Explorer and select
the “Preprocess” tab. And open the women
data set. The Explorer window should now
look like figure 1. The figure shows the
data set information, such as number of
instants, attributes and classes.

Q weka Exporr - o x
Puspsvsass | Cassdy | Couser [ socte | swoctarouts | vsualas |

openie Open URL openoe Generae Eat sae

| e
Gnssee tee sty

Corrent retation Seinctod siibure
s

Retsfon papar_2020-c6¢ Atbutes: 7
mstncas: 100 Sumorwugns. 100

Name: Parormance
Missng 0(0%) Dianat 3

Atrtules [T Labal Court weight
T -

. - \

Figure 1. Data preprocessing step

At the bottom of the window, there should
be a graph which visualizes the data set.
“Class: class(Nom)” is selected in the drop-
down box . Then click “Visualize All”. The
window show as shown in Figure 2.

@ i atrtnes - o x

e | Gretuate meome
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Figure 2. All Attributes Visualization
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u

2
I I |

Perfomance

4. CLASSIFICATION ANALYSIS

In the classify tab, choose the classification
algorithm.
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4.1. Naive Bayes classifier

The naive Bayesian classifier is simple
Bayesian classifier.

Which states that: Consider X and H

X :isanevident, X = Xy, X,....... Xn

H: is the hypothesis. P (H \ X) is the
posteriori probability, of H conditioned on
X.

ThenP (H/X) = (P (X/H)x P (H)) /P (X)

Classification by Naive bayes classifier
using WEKA tool is as follows:

Select Classify tab and click  Choose
button. And then choose Classifiers and
click Bayes. And then choose Naive Bayes
classifier. Then we set the Percentage split
of data, 70% of training and 30% for
testing. Figure 3 shows the obtained results
from applying Naive Bayes classifier on
selected dataset which shows 93.333 %
accuracy, 28 true positive instances, 2 false
positive instances with Recall value of
0.933 and Precision of 0.943.

Figure 3. Naive Bayes classification results

4.2. J48 Decision Tree classifier

J48 ( C4.5) is an algorithm used to generate
a decision tree developed by Ross Quinlan
mentioned earlier . C4.5 is an extension of
Iterative Dichotomiser (ID3) algorithm. The
decision trees generated by C4.5 can be
used for classification, and for this reason,
C4.5 is often referred to as a statistical
classifier.

Classification by J48 classifier
WEKA tool is as follows:

using

213

Select Classify tab and click Choose button.
And then choose Classifiers and select
Trees. And then choose J48. Then we set
the Percentage Split of data, 70% of
training and 30% for testing. Figure 4
shows the obtained results from applying
Decision Tree classifier on the selected
dataset which shows 89.4737 % accuracy,
26 true positive instances, 4 false positive
instances with Recall value of 0.867 and
Precision of 0.900.

o 9 | g
Figure 4. J48 classification results

£ Weka Classifier Tree Visualizer: 01:16:34 - trees. )48 (mmt_e... - a x

Tree View

Figure 5. J48 visualize tree

J48, decision tree classifier build a decision
tree as shown in figure 5. We extract
classification rules from a decision tree, one
rule is created for each path from the root to
a leaf node.
The rules extracted from decision tree can
be converted to IF-THAN rules(R) are :
R 1: IF Management = poor
THEN Performance = poor
R 2: IF Management = fair
THEN Performance = fair
R 3: IF Management = good AND
Graduate =
THEN Performance= good

yes
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R 4: IF Management = good AND
Graduate = no
THEN Performance = fair

4.3. Random Forest classifier

One of ensemble learning methods for
classification and Regression is Random
forest. It randomly selected subset of
training data and generates a set of decision
trees. Classification by Random forest
classifier using WEKA tool is as
follows:

Select Classify tab and click Choose button.
Choose Random Forest classifier and then
we set the Percentage Split of data, 70% of
training and 30% for testing. Figure 5
shows the obtained results from applying
Random Forest decision tree classifier on
the selected dataset which shows 96.6667%
accuracy, 29 true positive instances, 1 false
positive instances with Recall value of
0.967 and Precision of 0.969.

Figure 6. Random forest classification
results

Table 3. Comparison of accuracy measure

Calculation critetia Classifiers
Naive Bayes J4§  |Random Forest
TP 0.933 0.867 0.967
FP 0.044 0.089] 0.022
precision 0.043 0.9 0.969
recall 0.933 0.867 0.967
correct instances 28 26 20
incorrect instances 2 4 1
accutacy 0333%| 8647% 96.67%

120
100 W Accuracy (%)
80 - m Correct

60 Incorrect
40

20

0 -

Fandorm Forest Hafre Bayes T48

Figure 6. Comparison of classifiers

5. CONCLUSIONS

Comparison  results  between  three
classification algorithms are shown in table
3 and Figure 6. According to the resulting
factors, Random Forest decision tree
classifier is more accuracy and more precise
than Naive Bayes and J48 classifiers. The
women should have good management,
positive attitude, good social dealing and so
on. According to the data analysis, the
graduate woman with good management
skill is a good performance empower
woman.
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ABSTRACT

Road extraction from low resolution image is
important that it is especially used in the city
planning, automated map making, trajectory
planning for unmanned aerial vehicles,
cartography and to update previously detected
roads in Geographic Information Systems (GIS)
environment. In this paper, Yangon region images
from Google Earth satellite are used as data set.
These input images are divided into sub images
with related latitude and longitude positions and
stored in database. Firstly, defined the latitude and
longitude point of the current and destination
region to find in the data sets and then generating
the wide range view image. These views displayed
as wide view image based on the modified image
mosaicing approach. Morphological operation is
made in order to remove the other non-road parts
features like building and parking are detected. By
applying the nonlinear bilateral filtering method,
the given image may be smooth for the system.
Then, extract the road parts by using Canny edge
detection.

KEYWORDS

Mosaicing, Low Resolution Images,
filtering, Edge detection, Road Extraction

Bilateral

1. INTRODUCTION

Extraction of road parts from satellite images
is very popular and attracting for researchers.
Road extraction with semi automatic and
automation system are developed with various
methods. This extraction is very important for
many application systems such as creating
map, planning the urban roads and other traffic
monitoring system and so on.
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Yang and Wang [5] proposed main roads
detection methods from satellite images.
Straight lines and homogenous regions are
firstly detected and then linked together these
road primitives. However, they proposed
system cannot detect urban roads and small
roads. Maet al. [6] developed to detect road
segments and parallel in panchromatic images.
In his system, road segments are linked by
applying perceptual rules. Rianto and Kondo
[9], presented Canny edges and Hough
transformation to classify straight line
segments in SPOT satellite images. But the
system cannot detect most complex roads in
urban areas. Baumgartneret al [2] and
Unsalan and Boyer surveys in aerial and
satellite images to detect the road parts. This
report containing the arbitrary view for large-
scale virtual environment. S.E Chan and
Williams [7] proposed the method for images
interpolation by wusing image morphing
technique T.L.L.Thein and M.M.Sein [8]
described reconstructing the multiple objects
to view as large scale image.

The main contributions of this paper are road
extraction system is developed for user
service. Generating the own database with the
sub images and its parameters. When
integrating the sub images, we use the non-
overlapping sub image. The proposed system
can apply to other application system such as
optimal path finding system, information
management for public transportation, map
creating system and so on. The developed
system can be used not only connecting the
network access but also without network
access.
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This paper organizes as following. In section
2, single scale image extrapolation method is
proposed to generate the wide view image. In
section 3, describes proposed method and
apply to some application images. Section 4
represents filtering the real low resolution
images and applied edge detection method.
The section 5 shows the design
implementation and evaluation.  Finally,
section 6 provides the conclusion for this

paper.

2. SINGLE SCALE EXTRAPOLATION

Image extrapolation is made when determine
the position of patches, how to locate this
patches and stitching process. Performing a
relatively small number of positions in a single
level of the Gaussian pyramid is known as the
single scale image extrapolation

Mosaicing is making the panoramic view by
reconstructing with many images. The overlap
region between the pictures is the main
important for mosaicing technique. Image
alignment is made by applying features in
overlap area of the images in order to view as
seamless stitching. But what happen when no
overlapping area exist, as illustrated in Fig 1?
Square jigsaw puzzle solver is reconstructed
with no overlap images [3]. Let A be a
rectangular region, assume right half side is
located in the image and the remaining part is
located at outside of the image. When the
extrapolation is made, find the similar patch
between inside and outside area. If the similar
patch is found, copy the colors of the
corresponding pixels.

To extrapolate an image by k pixels in each
direction we start by centering a patch of size
2k x 2k on every boundary pixel (we used
k=5). Most similar patch is search from all
scales images of boundaries as in Fig. 2. Patch
similarity is inversed to the sum of distances
of all corresponding pixels. The distance
between two pixels’ p and g is computed in the
LAB color space, and is based on the
difference in each of the L, A, and B color
components:

D(p.q) =+/(pr — )" + (Pa— 9 +(Pz— 95)"
1)
In the extrapolation area, each pixel is covered

by 2k patches. In this system, where k=5, each
pixel is covered by 10 extrapolation, each
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centered on a different boundary pixel. The
pixel’s extrapolation is calculated by
averaging in order to cover all overlapping
patches. With high weigh display the closet
point to center of patch. This method can

avoid sharp seams when apply non-
overlapping
patches.

B "
' L

(@) (b)
Figure 1. (a) Image Extrapolation

In this figure, figure (a) present the right side
of the patch A is inside the original image and
its left side is outside the image. To
extrapolate the left part of A. Find the most
similar part in patch B. When the most similar
part is found the left side of patch B is used to
paint the left side of patch A.

3. IMAGE EXTRAPOLATION

Cost function is applied to extrapolate two
extrapolated real images. This function can
reduce the overlap area with relatively small
amount. All images are located on top of each
other at the same location for multiple image
alignment. After that, global cost function
decrease by moving images repeatedly.

3.1. Cost Function

For two extrapolated images, weight is got by
summing their pixel distances in their related
color components. The distance between two
pixels p and g is now

Do(p,q)= =400 ~0)7+ (By =07+ (pe — e )
2

Where Alpha, ©X = 05 is applied. The
weighted sum overlapping area is divided by
the following equation; where Q=PNQ:
EieyreaDa(Plxy), Qlx,3) JWix,y)

CostlP.Q) = ol

®)
Where W (X, y) is the weight function can be
computed as follows:
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Wi, y) = 1~ BV, e ylllIvg G 0 )
where B was found to be best for values in the
range [0.1,0.3]. After processing the images
properly, to create seamless panoramic image
inpainting is needed between the gaps. For this
process, existing inpainting tools is used in
this system. The result of a panoramic image
created after inpainting the gaps is shown in
figure 2. The result of panoramic image with
alignment is shown in figure 3.

4 A RS T
Figure 3. Panoramic Image after Alignment.

4. BILATERAL FILTERING AND
CANNY EDGE DETECTION

Bilateral filtering method give the smooth
images by the combination of nonlinear
nearby image value while preserving edges
[4]. There is no iteration in this method and it
is simple. Based on geometric nearest and
photometric similarity, combines gray levels
or colors that is efficient near values to
distance value in both domain and range. In
bilateral filter, the spatial and photometric
distances between two pixels are taken into
account in separable fashion as follows:

K{IEJIJ'J.'J"[JFJ"} = .
el [~y
exp = exp =

The detection of road consists of other parts
such as roads, buildings, parking lots and other
objects which has similar feature like a road.
Preprocessing is needed in order to remove the
non-road area before road extraction. In this
system the road cluster filtering approach
based on the concept that roads usually appear

(5)
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as elongated area while the object similar to
the roads are usually open areas.

In this step the following operations are
performed.

1. Dilation-Dilation refers to expansion
i.e. add pixels to the boundary of
objects in an image. We use dilation to
fill the any gaps between the road
pixels so that we can perform the next
step efficiently.

2. Non-road area removal-in this step we
use the concept that road regions are
an elongated area that has largest
connected component and the building
and other non road has relatively
lesser area and is not connected to
road.

This step involves:

1. Find the connected components

2. Compute the area of each component
3. Remove on road parts.

4.1. Canny Edge Detection

In low resolution satellite images, road edges
cannot detect properly for edge detector.
Although the detector can search very small
noisy terms in the image, unnecessary edge
increases the search for unnecessary parts and
complexity problem. In this proposed system,
to overcome this weakness, firstly satellite
image is filtered with the nonlinear bilateral
filter in order to smooth on images. After that,
extract the possible road segment boundaries
by using Canny edge detector. The obtaining
result contain with magnitude, M (x, y), and
orientation, O(X, y) as gradient information for
each pixel. These results are shown in figure 4.

Figure 4. Test Images and its Canny Edges

5. DESIGN IMPLEMENTATION AND
EVALUATION
In this proposed system, roads features are

extracted form Google Earth low resolution
images for Yangon region. The first work is
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for creating the YANGON city data set, the
Downtown area of Yangon is divided into
43750 parts of sub images with the parameters
of latitude, longitude position coordinate is
also recorded as data set in database.
Downtown area is defined from left latitude 17
H 19' 56" N to right longitude 96 H 19 04" E.
The parameter of each part is approximately
0.15 square kilo meter. This database is
manually constructed to store the images in
order to uniform size and to be used in offline
condition. User defined the start and
destination of latitude and longitude point of
Yangon region is required to generate the
related images from the database. Wide range
view containing the current and destination
places is generated based on the modified
image mosaicing approach. The possible road
paths are extracted and displayed on the wide
view image.

Define the location of
latitude and longitude
position

D
Sets

-

Obtaining the related images

M

1]

Generating the wide view

image
0
| Roads filtering

Extracting the road parts

Figure 5. Flow Chart of the Proposed System

The performance of the proposed system is
measured by completeness, correctness and
guality measure evaluation. The quality of the
output results is mainly depending on the
reference date. The reference data is important
to get the good quality of output results.

5.1. Completeness, Correctness and

Quality
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In order to evaluate the derived road network
results the quality measures completeness,
correctness and quality is defined:

_ TP
Completeness=——-

(6)

Completeness € [0;1]. Where P=Positive,
N=Negative, TP= True Positive, FN=False
Negative. The optimal value for completeness
is 1. The completeness is the percentage of the
reference data which is explained by the
extracted data.

_length of matched extraction

Correctness =

length of extraction

_ TP
TTP+FP

()

Correctness € [0;1]. The correctness represents
the percentage of correctly extracted road data.
Where FP= False Positive.

. Length of matched extraction
Quality=

aq
TP

TTP+FP+FN

(8)

Quality € [0;1]. qg =length of extracted data
+length of unmatched reference. The quality is
a measure of the “goodness” of the extracted
data well as its correctness.

Tablel. Evaluation results

Im Complete Correc qualit
age ness tness y
1 0.884832 0.7720 0.636
95 354
2 0.543216 0.3406 0.479
92 582
3 0.502149 0.3387 0.479
21 582

In table 1 shows the evaluation results of three
test images by completeness, correctness and
quality measure. For this measurement, TP
(True Positive) is the number of extracted
parts of road pixels in the result and FP (False
Positive) is the extracted and unextracted road
part pixels in the reference image. FN (False
Negative) is the number of extracted road part
pixels in the image but detected as unextracted
as road part in the result.
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Test image 3 Output

Figure 6. Examples of Road Extraction Result

In figure 6, different regions of Yangon area
images are tested for the proposed system. In
test image 1, the start point is 16 H 51' 13" N,
96 H 12 40"E and the destination pointis 16 H
50 58" E, 96 H 12’ 55” N and the feature of
road parts in images can be extracted
successfully and clearly in the output image.
In image 2, the start point is 16 H50 00"N , 96

H 15 31"E and the destination point is 16 H 49

47"N, 96 H 15 45" E . For test image 3, the
start point is 16 H51'37"N, 96 H 12 13"E and

the destination point is 16 H 51'25"N, 96 H 12

31" E although the road parts are extracted
clearly, the part look like road feature is also
extracted. This point may confuse in the result.
Therefore in the future work many
postprocessing step will be done for perfect
result.

6. CONCLUSIONS

This system can extract road very rapidly and
gives very satisfactory results. However, the
area of larger and complicated building and
darker road similar other area still need to be
researched further. The proposed system is
effective and efficient for extracting road in
many application system by integrating the
image processing and road map. The
developed system can be used not only
concerning the network connection but also
without network access.
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SMART POULTRY FARM AUTOMATION
AND MONITORING USING IOT
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ABSTRACT

Now a days both of the chicken egg production
demand and population are increasing around
the world. Chicken farm monitoring system can
be helped to egg production and to meet the
demand of customers. However, climate
changed can be different environmental factors
that are affecting the egg laying and health of a
chicken that also affects the chicken food
consumption. This proposed system aimed to
define the different sensors and devices that can
be provided in the proposed system design for
smart chicken farming. This proposed system is
highlighted the internet of things (loT) based
technology for less cost, quality, save money
and monitoring of chicken farming. This
proposed system used embedded system and
smart phone to monitor and control the chicken
farm with environmental parameters using loT
technology. The sensor data is stored in google
cloud storage. This study consists temperature
sensor, water level sensor, gas Sensors,
humidity sensor, wireless module and Arduino
uno board to facilitate monitoring and
automation of poultry farm which used
combination of software, hardware and loT
platform.

KEYWORDS

Internet of Things,
parameters

embedded framework,

1. INTRODUCTION

The poultry farm operation is an important
role to control and monitor which is to use
modern technologies for a poultry farming.
Important fact in Myanmar as the chicken
products are important for human being.

Poultry is a business to large number of
people and which gives rich natural faeces

281

and resources gave to human. Chicken egg
is broadly meat in Myanmar. Chicken
health care need the weather changes
environment of poultry farm. If the
environmental condition is changed then
there may be problem to chicken and there
are health issues. Healthy chicken gives
huge amount of eggs. Poultry farm are
design that provided with environmental
conditions support fresh air around the
farm, light supporting and heat control,
farm  building comfort.  Alter the
conventional poultry from to smart farm is
a proposed method for this paper. The
chickens are surrounded by micro level
climate, the health of the chicken is very
much important.

The proposed model make smart farm is
used in Internet of Things and cloud
technology. Smart farm facility to
monitoring by use of sensors control such
as temperature, gas, humidity, food, water
and light monitoring everywhere iot
information values from smart phone and
computers [4].

The proposed model is connection with
smart devices like that the application
program, sensors, microcontroller and to
work automation of chicken poultry
farming.

The proposed system is using Internet of
Things devices sensors and controlled real
time applications which is easy to used user
at any time to checkup their poultry farm on
globe.
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2. LITERATURE REVIEW

This proposed model is one of the
monitoring systems for poultry farm. It can
be low cost and easy to made the proposed
model every farmer. It can be getting many
advantages use of smart farm technologies.

G. A. Chouk made smart poultry farm with
network sensors. It can be control
connection of wireless devices and sensors
to handle condition of farm. This is remote
monitor system to poultry farm. This
system is small range control to monitor to
poultry farm. The user can view warm,
moisture and related parameters. The user
must register to smart poultry farm account
individually [1].

Rupali B. Mahale made chicken farm
monitoring  from smart phone and
embedded system for monitoring devices.
This is also use intelligent system to
mention smart technologies users. The use
of system is low cost to user for chicken
farm  management. The user gets
environmental information management
control from their phones or computers.
This study is quality oriented and
productive management solution [2].

2.1 Related Work

G. A. Choukidar was described wireless
sensor and GPRS network to monitor the
environmental conditions of poultry farm.
The user can view and update the
environmental  information such  as
temperature, gas and water on the webpage.
The system initialized the pre-set value and
action control automatically operate when
the sudden change in weather which exceed
initial value. All sensors data are controlled
and monitored by raspberry pi [6].

Poultry farmer approached various method
to improve their benefits. Implement and
designed embedded poultry farm to
monitoring and control the environmental
values such as temperature, humidity, gas
and water. In this system use
microcontroller, actuator and sensors to
reduce the mortality rate of chickens. The
automated embedded system will help

282

productivity and environmental climate

conditions poultry farm [7].

Design and implementation of Automated
poultry farm with Distinguish Features
system will help life comfortable and
convenient to human life. This system
automated light, food, water, egg collection,
temperature, waste cleaning which used the
Arduino, water level sensor and
temperature humidity sensor [8].

Modular smart farm system developed with
embedded system. This system used
ATMEL ATMega328, LCD, Buzzer,
DHT22, MQ135, HC12RF, ESP8266 wifi
module. This system will help particularly
monitoring the poultry farm [9].

3. SYSTEM DESIGN

The proposed system is help for farmers to
reduced labour cost. Especially, Poultry
farm is essential for need labour and
environmental control to buildings, whereas
warm, air, food, water, light supporting
every time monitor. It can be high cost and
loss profit production of eggs and chicken
lives. This proposed is reduced expensive
and progress of farm production. Also
support quality of service to use of smart
poultry farm for farmers [3].

The traditional method of poultry farm need
feedings, water supply, lighting, cleaning
and egg laying. This model developed
Arduino uno board. It can be replaced
human with smart technology. Therefore,
labour cost is distinctly change. Then, eggs
production is gradually progress and
chicken dead rates is minimized.

Especially smart poultry farm is required
many sensor devices. This device can get
easy in the country. The studies of Internet
of Things method provided feeding,
cooling, lighting and heating to farm
automatically. It can be help to farmer
without labour heir.

Water level of tank is used float sensor to
monitor water level. If water tank gets
empty or desire level of water, the valves
will be open or closed automatically. Thus
It 's manually work replaced with smart
technology.
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Figure 1. Overview of the Proposed

System

3.1 Proposed Method of Smart
Poultry Farm

This proposed system can be monitor from
internet of tings viewer. The information
gives to user from things devices.
Monitoring the weather condition parameter
around the poultry farm, food service to
chickens, egg laying, water level, gas, air
circulation can automatically control by
smart technology without help for human.

Control system is completely connected
through access point computer and mobile
phone to send and get information. Input
sensors data is stored on google cloud using
google sheets. Thus, daily recorded poultry
data can be maintained on google cloud
storage.

All sensors read data concern with poultry
farm to maintain and control for poultry
farm automation. Detail environmental
update data are shown in LCD display.
Chicken food feed automatic controlled
with smart chicken food container. Their
foods are automatically filled by container.
Chickens food amount requirement can be
calculated. Chicken for water supply is
served by sensors. Water amount is
required for cleaning of farm and drinking
of chickens to be sufficient amount supply
to farm. Daily requirement of water supply
can be provided to health of poultry farm.
Water sufficient information gets from
floating sensors at real time. Therefore,
water level is low or high the sensors
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notification message sent to farmer. Alert
message can be received by phone or
computers.

Users can be received smart poultry farm
information on real time from mobile phone
of computer connected to internet. Proposed
system is recorded the whole activity of
poultry farm information values on cloud
for future used such as study or guide line
purpose.

3.2. Include Hardware Units

Inside the poultry farm is used the DHT11
which include humidity and temperature
commonly measurement. It is also protected
the from the various of chicken diseases.
Measurement of temperature and humidity
data maintain to cloud storage.  Poultry
farm is used the gas sensor MQ-135 to
measure NH3, NOx, CO2, Benzene level.

MQ-2 gas Sensor is used to detect smoke.
Water level sensor can detect water level
information. Soil Moisture sensor show
amount of water in soil. Google script can
generate its own Wi-fi network via
connection module ESP8266. Proposed
schematic circuit design shows in Figure 2.

Figure 2. Proposed System Circuit
Schematic Design of Poultry Farm
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Photograph of Proposed

Figure 3.
System Circuit
Figure 4. Soil Moisture Sensor

Figure 4 shows soil moisture sensor which
can be used to detect moisture of soil.

Figure 5. Water Level Sensor
Figure 5 shows water level sensors can be
used to identify the point at which water
falls below a minimum or raises above a
maximum level.

Figure 6. Gas Sensor MQ-135

Figure 6 shows gas sensor which sensitive
for benzene, alcohol, smoke.

Figure 7. Temperature and Humidity
Sensor DHT11

Figure 7 shows temperature and humidity
sensor to measure the temperature and
humidity in the atmosphere.

Figure 8. Smoke Sensor MQ-2
Figure 8 shows gas sensor which sensing
the concentration of gases in the air such as,
LPG, propane, methane, hydrogen and
carbon monoxide.

Figure 9. Arduino UNO

Figure 9 shows Arduino uno open source
microcontroller board.

Figure 10. ESP 8226 Wireless Module

Figure 10 shows esp8266 nodemcu wireless
module to connect internet.

Figure 11. LCD Display
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Figure 11 shows liquid-crystal display to
show the output of sensors values.

3.3. Software

Software system is developed with web
page and android mobile application with
java language. Current updated information
is shown in web page and android mobile
phone application. Poultry farm application
users can be used current information from
computers and android mobile to control
their smart farm poultry system. Software
design of proposed system shows in Figure
12.

Establish Netwode
Connection

Send Messazs to Mobile

Figure 12. Proposed System Design
of Smart Poultry Farm
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In addition to this, Table 1 shown chicken
mortality rate data comparison between
smart poultry farm and conventional
poultry farm.
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Table 1. Chicken Mortality Rate Data
Chicken Mortality Rate Comparison
Week Smart Eoultry Conventional Poultry
Mortality No's Mortality No's
1 8 10
2 12 12
3 10 14
4 11 16
S 5 15
6 1 12
7 8 11
8 0 15
9 0 21

Chicken Mortality Rate Comparison

Mortality No's

Weeks

Figure 16. Graphicial Representation of
Mortality Rate Comparison

Fig 16 Shows graphical representation of
chicken mortality rate. The advantages are
found decrease the chicken mortality rate of
smart poultry than conventional poultry.

4. CONCLUSIONS

Modern chicken farming is used embedded
system which changes a traditional farming to
a "Smart Farm"”. In addition, this proposed
system helped to the farmer to monitor real
time information such as temperature,
humidity, ammonia gas, water level. The
proposed method designed an integration of
smart poultry monitoring with  cloud
computing technique in the 10T environment.
Real time monitoring system is important in
industry. This proposed system can be
provided not only increased industry
production but also reduce money, time, and
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men is advantages for farmers. This proposed
system will overcome the daily human manual
process for chicken food, water, temperature,
fresh air requirements by enhancing quality
and quantity of chicken. Air pollution
decreasing, increasing health of poultry
environment and chicken consumer is the
advantages of the use of proposed system.

This proposed system has some limitation
their implementation at commercial scale.
Sensor data collection refinement and
robustness equipment is still required. The
future study will be implemented with more
reliable equipment to provided at cost
effective development.
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ABSTRACT

Acoustic scene classification (ASC) is an audio
signal that has been classified to indicate the
context of the thorough environment. Acoustic
scene includes a combination of background
sound and a diversity of sound events. This
paper proposes to enhance acoustic scene
classification  technique,  which  adopts
Independent Component Analysis (ICA). Within
the Principle Component Analysis (PCA)
whitening stage, scene can be successfully
detected. A nonlinear ICA algorithm can be
capable of competently excerpt various
temporally related sources from their perceived
linear mixtures is applied in blind acoustic
scene extraction.

KEYWORDS
ASC, PCA, ICA

1. INTRODUCTION

The research in audio processing is
frequently motivated round speech and
music signals. Last year, the audio scene
classification received great attention due to
its varied application. Different scenes have
discriminatory physical activity in humans
and the environment, often producing
unique audio characteristics [1]. Most
researchers have been used audio features
to investigate acoustic scene classification.
Features are extracted based on Fourier
Transform to the one dimensional audio
data. In detecting and classifying acoustic
scene, machine listening tasks can also be
measured in this procedure. Computational
Auditory Scene Analysis (CASA) is the
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development of systems that collect
semantic information from audio data about
the environment around them [2]. The aim
of the study to classify the acoustic scene
constructed on the aggregation of principal
component analysis and independent
component analysis. The purpose of this
system is to estimate the class of acoustic
scene with blind source separation without
using supervised learning.

2. PROPOSED FRAMEWORK AND
DATA ACQUISITION

In this study, data are acquired from the
DCASE (2016) dataset. The data of 30-
seconds audio segments are extracted from
(15) acoustic scenes. These extracted
acoustic scene are as follow: vehicles are
Bus - traveling by bus in the city, Tram,
Train and Car - driving or traveling as a
passenger, in the city, indoor classes are
Cafe / Restaurant - small cafe/restaurant,
Home, Library, Office - multiple persons,
typical work day, Grocery store - medium
size grocery store, outdoor scene such as
Metro station, Lakeside beach, Forest path,
City center, Residential area, Urban park.

Independent component analysis (ICA)
attempts to distinct a set of perceived
signals. These signals are a set of signals
collected from a linear mixture of many
unconventional and non-Gaussian sources.
These signals contain independent sources.
The number of linear composite inputs
examined is at least equal to or greater than
the number of independent sources
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necessary in the proposed system. Mixture
signal are caused by adding observed signal
(X1) and original signal (X2) of audio file.

X=X+ X 1)

This signal is used for input data constraint
of nonlinear blind extraction algorithm,
robust batch ICA algorithm which is
utilized for acoustic scene classification
process. The proposed acoustic scene
classification scheme is shown in Figure 1.

Input mixture Signals X1, X2

i

Pre-processing
v
PCA Whitening Process

v

ICA Separation Process

!

Acoustic scene labeling

Figure 1. Block diagram of Proposed
System

3. RELATED METHODOLOGY

The goal of ICA is to evaluate a linear
illustration of non-Gaussian data in case the
components are statistically independent or
as independent as possible. The ICA is
closely correlated to a method called Blind
Source Separation (BSS) or Blind Signal
Separation. A robust batch algorithm based
on second-order statistics is used for the
detection of blind audio scene and for blind
extraction. Proposed System is constructed
on the combination of PCA whitening
process for acoustic scene detection and
ICA algorithm for acoustic scene
classification.

3.1 PCA Whitening

Standard Principle Component Analysis
(PCA) is often beneficial in preprocessing
strategy in ICA whitening the variables first
observed [3]. Since this transformation
vector £ is linearly observable, a new vector
of white is obtained £. Its components are
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not interrelated and their differences are
equally united.

E{zzT}=1 (2)

A popular method for whitening is to use
eigenvalue decomposition (EVD) of the
covariance matrix E{£#"} = EDET where E
is orthogonal matrix of eigenvectors of
E{xx"} and D is the diagonal matrix of its
eigen-  valuesD = diag(d, .....d,). Where
E{£x"} can be estimated in a typical way
from the variable sample x(1)....x(T)
whitening can now be done by

#=EDY:ETx

(3)

In this calculation, rank of D is equivalent
to two for acoustic scene audio signal,
meaning that observed and linear signal are
uncorrelated. On the other hand, if the
signal is similar acoustic scene, this
mixtures are actually the combination of
one signal only, hence, the rank of D will
be reduced to one.

3.2 ICA Algorithm, Acoustic scene
classification

After prewhitening process, ICA challenges
to estimate the matrix A, or equivalent to
find an unmixing matrix W [4].

vy = WAs

(4)
That give an approximation of the original
source signal where ¥™ = [¥; w..... 3y Jand W
is of size N x N. Two limitations can be
achieved, such as the matrix unmixing,
which cannot reinstate the order in which
the source signals are received and the
actual signals cannot be obtained in their
original size. Mixtures of signals always
supposed to be Gaussian and it is properly
safe to handle that non Gaussian signal
must therefore be source signal [3]. The
Gaussian-ness sum of the signal can be
identified in relations of its histogram,
which is an approximation to the
probability density function (pdf). The
degree of mutual independence between
signals can be specified in terms of their
joint (pdf). The cross-correlation matrix
R¢.x,computed in

R, =E[sx"]=w[R

Xk

—bTR

Fixi

)
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where
Ry = Elxx] and Ry, = E[FixT] = R}

i'l'J:'l"
Based on the principle of decorrelation, the
optimum w; .,..is obtained when the cross-

correlation matrix R, = 0.

, —p-1 5
Wiopr = Rz fap.bi

(6)
where Edenotes the estimated matrix of R;.

By applying standard PCA and
normalization of signals to unit variance
after each reduction procedure, the
autocorrelation matrix R, will be the
identity matrix. Hence, the optimum
w; ggeCaN be further simplified as

5.5 7)

For updating the vectors b;. the optimal
minimum means squared error E[z7]can be
written as

ELe?] = Bly?] + 5] Ry, by~ 2Ry BT

-

Wigpr = R_r

(8)
The gradient of this function related to
b;will be given by

'a"—'_[_sf:zzlrh b —

ab; Fi¥i™l ERJ:' i¥i (9)

By using the Wiener filtering, that has the
optimum vector b; .

by opt = R;% Ry

YV ¥i¥i (10)

Thus, in a heuristic algorithm is obtained
that the updating vector b;can be further
simplified by removing the matrix in verse
and obtain

'!JI'D;IE = Rﬁjﬂ-l. (11)

Hence, the optimum updating vectors for
w; and b; adopted in this algorithm are (10)
and (11).

4. ANALYTICAL RESULTS AND
DISCUSSION

In this study, evaluate the performance of
the proposed method on the Acoustic
scenes 2016 dataset. The pre-processing
step performs the input audio sequent signal
into frames. The value of sampling
frequency fs is 44.1 kHz, and the values of
window length and shift length are 40 ms
and 20 ms respectively. In framing, the
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number of frame (1499) is calculated
according to the signal length in equation
(12).

(12)

no:of fromes = %

Where L = length (signal), w = window
length and s = shift length. After framing,
the next step is used hamming window.
This window is commonly used because
they have the least distortion.

4.1 PCA Whitening Process

While the PCA whitening process estimate
the uncorrelated components, it is also
relatively useful to reduce the dimension of
the data. In this study, dimension reduction
means to detect the established acoustic
scene class. In the PCA stage, eigenvectors
and eigenvalues are calculated from the
incoming dimension of acoustic scene and
the extracted database of overall acoustic
scene audio file. Principal component of the
data set which have the eigenvector that
supposed to be a highest. The eigenvector
with the largest eigenvalues cuts the central
of the data.

This means the most substantial
relationship between the dimensions of the
data. In this stage, after the eigenvalue is
initialized from the covariance matrix, the
next step is to order it with the highest
eigenvalues. If the eigenvalue are small, the
information will be much more accurate. If
some components are excluded, the final
dataset will be smaller than the original
dimensions. In other words, do you have
the same information as the two vector
acoustic scenes? Figure 2 (@) and (b)
describe the one sample of acoustic scene
for PCA analysis. In the same acoustic
scene, the component of the vector is
combined to one component.
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03[
02

01

0.1

2nd Principal Component

0.2

03 L

0.1 o 0.1 0.2 0.3
1st Principal Component

-0.4 0.3 -0.2

Figure 2. (b) Principal Component analysis
of same acoustic scene

4.2 1CA Source Separation

After the PCA stage, the ICA performs
the resulting whitened sound decomposition
that assesses the audio scene category. ICA
used to separate the information of
incoming vector by making process on the
received observation. The optimum
learning rule in this algorithm is resulting
from an unrelated principle, where the
sources are expected to be statistically
independent meaning that cross-correlation
is nearly zero. However, in preparation the

signals are not perfectly independent;
therefore, the separation performance
decreases.
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Figure 3. Acoustic Scene Analysis with
ICA

Figure 3 show the outcomes of blind source
separation with ICA. ICA is to find the
unmixing matrix (W) and then prominent
the whitened data onto the matrix for
extracting independent signals. In this step,
matrix can be predictable created on
maximizing the non-Gaussianity. This can
be measured by kurtosis which can be find
independent components. Figure 4 defines
the mutual dependence of separated signals
across frequencies in acoustic scene
classification. In this analysis, high
correlation only with adjacent or harmonic
frequencies are the same source or
component. Typically, zero correlation with
different sources or components in acoustic
scene analysis.
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Figure 5. Classification accuracy on the
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Figure 5 illustrates that the performance of
this system approach is comparable with the
addition of the noise signals. In this
analysis, up to 30 % of noise levels are
considered to test the classification
accuracy for acoustic scene classification.
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According to this results, different type of
acoustic scene are classified with the
highest  accuracy  with  independent
component analysis.
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Figure 6. ROC curve analysis of Acoustic
Scene Classification

Figure 6 describes the best results in terms
of accuracy from the dataset with principal
component analysis and independent
component analysis. In this analysis, the
best discrimination results developed in the
office area which was silent region and
“train, term, metro station” were slightly
difficulties to separation with lower
accuracy.

5. CONCLUSION

In this study, proposed system investigated
acoustic scene classification based on
principal component analysis for signal
detection and independent component
analysis for source separation. Diverse
acoustic scene are evaluated and combined
with PCA and ICA. Frequency domain
approach for the separation of acoustic
scene can be performed effectively.
Acoustic scene classification is mostly
active for the observation time period. The
analytical results exposed that the
combination of PCA and ICA realized the
best classification performance in time
complexity than supervised learning based
systems from DCASE 2016.
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ABSTRACT

Today real-world applications need to transfer
massive amount of continuous stream data as a
transition for many domain fields including
education, business, health and governmental
processes. This phenomenon challenges the
researchers related to the information
technology to emphases on big data streams
mining problems. Ensemble classification is
proved as the better classifier among the
existing methods and Very Fast Decision Tree,
VFDT is the popular mining method for data
streams in current technology  world.
Furthermore, the detection of concept drift is
the ad hoc mechanism among the current
technology world. Hence, this paper proposes
an ensemble framework to handle data stream
problems by using drift detection technique and
very fast classifier based on misclassified data.
The VFDT act as the base classifier and Drift
Detection Method, DDM is used for detection of
drift. The experiments are implemented using
the real-world popular data streams from public
domain to show effectiveness of proposed
mechanism. The results of the tests clearly
indicate that the proposed framework provides
the better accuracy results than the existing
popular well-known mechanisms.

KEYWORDS

Big Data, Data Streams, DDM, Drift Detection,
Ensemble Classification, Misclassified Data,
VEDT

1. INTRODUCTION

Today real-world internet applications such
as web traffic monitoring system, fraud
detection system for credit card, sensing
system for networks, mining system for
user interest, and monitoring system for
network traffic and so on depend on heavily
on data streams. These Al application
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systems treat with the huge data patterns in
continuous way and become the challenge
problems for data streams from the real-
world domain [1, 2]. The problems of data
stream classification are affected from the
speed and size of the limited memory usage
and time, the learning algorithms
temporarily hold the incoming data to
operate the system, and the most crucial is
variability of the data streams’ evolving
nature. The occurrence of evolving
receiving data steams is defined as a
concept drift and its underlying distribution
change when the class labels change over
time [3].

Ensemble learning methods has successful
mechanism over multiple traditional
machine learning application algorithms by
fusing the output results using the various
voting strategies from them. Therefore, it
achieves the better performance than which
obtained from any based algorithm’s result
alone. Ensemble learning intends to
integrate the data modeling and the data
classification into a combine framework
and it becomes one of the research hot spot
areas in the current technology era [4].
Handling of stream classification in
ensemble way can also effectively remove
the previous items for limited storage and
can obtain better generalization capability
due to knowledge transfer. But the evolving
learning of ensemble algorithms in
traditional mechanism issues the concept-
drift problems because they can’t subsume
learning mechanisms and store the outdated
concepts. The advent of concept drift
changing in data streams brings to decrease
the classification accuracy and create
misclassification errors and degrade
performance of application system. The


mailto:phyothuthukhine@gmail.com

5!
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

data streams classification in ensemble
manner with the combination of concept
drift is the suitable idea for the today real-
world applications [1-3, 5].

Therefore, this paper proposed a framework
to classify data streams in ensemble manner
based on concept drifts by using the Very
Fast Decision Tree, VFDT and DDM
methods. The rest of paper is as follow;
section 2 describes the background theories
about the concept drift, section 3 discusses
the previous works that relates with
ensemble classification systems using
concept drift, section 4 discusses the brief
knowledge of the methods of the proposed
system, section 5 proposes the framework
for data streams, section 6 presents about
the experimental setup and results, and the
works are concluded in section 7.

2. THE BACKGROUND OF
CONCEPT DRIFT
Numerous real-world applications are

dynamic in an inconstant manner and the
change data stream distribution is defined
as non-stationary and the learning model of
this alterations in the distribution, referred
to as the concept drift. It appears when the
target concept alters in an abnormal manner
at the application environment. Assume C1
and C2 are the two concepts, and the
concepts among the instances is changing
between the C1 and C2. There are three
types of drift pattern based on the drifting
of instance distance: Sudden, Gradual and
Recurring as illustrated in Figure 1.

Sudden

Gradual

Recurring
,,,,,,,

holimsmvand

C1

Time Time Time

Figure 1. Concept Drift Patterns

There are four categories of Concept Drift

management  Mechanisms  for  these
patterns. They are
o« Data management of forgetting

mechanisms
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o Detection methods of Detectors

o Adaptation methods of Dynamic
Ensemblers

o Decision model of
management

contextual

(i) Data Management of Forgetting
Mechanism

These methods are characterized by the
information that is stored in the memory to
manage a consistent decision model with
the actual condition of nature. These
methods are for sudden drifts, blind and
there is unchanged detection explicitly. (e.g.
KNN)

(ii) Detection methods of Detectors

These methods are characterized by the
mechanisms of explicit drift detection.
These are for the sudden drifts. They
indicate when the change occurs with
change points or small windows. (e.g.
Hoeffding Trees)

(iii) Adaptation methods of Dynamic
Ensemblers

These methods are characterized by the
alterations in the decision model do adapt to
the blind methods and informed methods.
These are for the gradual drifts and the
adaptive fusion rules. (e.g., CVFDT)

(iv) Decision model of contextual

management

These methods are characterized by several
decision models required to keep in
memory. These are for the reoccurring
drifts, dynamic integration and meta
learning. The key issue of these
mechanisms is the assumption of data
generating that derives from multiple
distributions.  (e.g. DWM, Dynamic
Weighted Majority algorithm) [3, 6-8]

3. RELATED WORKS

There are many researches for the data
streams classification using concept drift in
ensemble manners.

The authors in [1] proposed Incremental
Ensemble framework using drift detection
for the data streams classification. Their
mechanism combines the concept-drift
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detectors for the distribution of concept
drifts and component updater, VFDT to
handle concept drifts. Their assembling
model enhances the capability of system
and suitable for sudden drift patterns and
slow drift patterns. The adaptive
mechanism can update the circumstances
and can suitable most the of concept-drift
scenarios. They show the experimental
results by using Synthetic Datasets, SAE.

The group in [2] presented a semi-
supervised framework in order to solve the
challenges of unlabeled data streams
problems and real drift problems of current
state-of-the-art approaches. They handle the
drift problems by directly monitoring
changes of probability distribution in earlier
stage and the estimation of the probabilities
from the two estimators of the overlapping
density areas. They proved the acceptable
results using Synthetic Datasets, SAE with
partially labeled stream data. Even they
used partially data streams, their invention
provides better results than the supervised
well-known algorithms.

The researchers in [3] also have done for
unlabeled data streams problems using the
concept drift mechanism in semi-supervised
way. Their new detector so-called
DMDDM-S is invented for the sudden
drifts and do not monitor the estimating
error and only monitor the diversity of the
ensemble classifier pairs. They used several
data set and variety of detector methods to
show their valuable results of their system
and multiclass classification for data
streams will be their extensive works.

The papers in [5-7, 9] are the works have
been done by the extensive researches for
the comprehensive reviews for the data
streams and concept drift. They analysed
the nature of concept drift, challenges and
management processes for data streams.
They explained the building difficulties of
traditional ~ existing  change-detection
mechanisms when they meet during scaling
the data dimension and different types of
approaches to handle such alterations in the
stream data by wusing real-world and
synthetic datasets.
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The data streams classification framework
with an innovative class detection technique
using Mahalanobis Distance is proposed by
the groups in [10]. They emphasized on the
similarity between instances and their
approach can check little sensitively for
changes between outliers. They compared
their results with KNN and MineClass
classifiers using KDD Cup 1999, Artificial
CDS datasets and Covertype available from
public domain. Their approach provides the
better performance in accuracy over those
traditional algorithms but take longer time
than.

4. THEORY BACKGROUND

This section describes the brief description
of the methods that are used in the proposed
system. The VFDT is used as base classifier
learner and DDM is used as the drift
detector of the proposed system.

4.1. Very Fast Decision Tree, VFDT

The very fast decision tree, called VFDT is
developed by Domingos et al. in [11]. It is
the incremental decision tree and it can
learn from large data streams where the
change does not occur in distribution in a
short period of time. The main idea of the
VFDT is that only the small instance needs
to split the attribute. The Hoeffding bound
guantify the observations. The most
theoretical attractive feature of VFDT is the
performance as the output result is nearly
identical to the non-incremental learners.

4.2. Drift Detection Method, DDM

The Drift Detection Method, DDM is
developed by [12] and it uses binomial
distribution to give the classifier errors in
the given samples. It calculates the
misclassification probability and standard
deviation of each instance in the stationary
stream  where the  misclassification
probability decreases as sample data
increases. If the error rate increases
significantly, DDM suggest changing the
class distribution and updating the
classification model. DDM produce good
performance for gradual changes and abrupt
change.
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5. PROPOSED SYSTEM

The proposed framework consists of four
main parts: Classification, Filtering, Drift

Detection and Ensemble Classification as
shown in Figure

—
o A

Data Stream Sets

e

/;y Clean /
Classification Data / ] l
{} Accuracy
Filtering Result
Misclassifica . . Ensemble
9/ tion Data /é> Drift Detection :> Classification

Figure 2. Proposed Framework for Data Stream Classification

5.1. Classification

Although several number of classification
algorithms for stationary datasets exist,
these algorithms are inappropriate for data
streams. Therefore, these classification
algorithms need to be adaptable to facilitate
resource constraints and issue of the data
streams’ nature. Let a data stream input as a
sequence of batches DS = {S1, S2 ..., St,},
where St = {S1..., SN} be the labeled data.
There is an assumption that the name of the
labels will be known early before the
classification process take place, so the
incorrect classification of this batch can be
predicted and clearly know the correct
instance data streams. The well-known very
fast decision tree, called VFDT, developed
in [11] by Domingos et al is used for
classification. It has been designed for
classification of data streams, takes batches
DS as the training and applies Hoeffding
inequality to find the right splitting point
from a leaf to a node. Once the model is
ready, the input stream data are identified
class label by the decision tree. The tree
uses a heuristic, Hoeffding Bound to
control the amount of tree produced by
using the following certain conditions.
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/Rzln(%)
E =
2n

Where, n is the independent observations
number, r is the real random variable whose
range is R, 1-3 is the confident level.

5.2. Filtering
The uncertain, ambiguous, incomplete, and
subjective data stream can reduce

performance of classifier and these types of
streams are not appropriate to be used
directly for some applications. Therefore,
the incorrect, misclassification data streams
are filtering out after the classification
process. This implies that there is a good
generating of incorrect data stream by the
base classifiers, in the way that early
classification process can reduce the
amount of data for the later processes. The
miss classified data streams, MDS = {S1,
S2... St} produced by VFDT results, are
separated from correctly classified streams
called clean data streams CDS= {S1, S2...,
St} from DS.

5.3. Drift Detection

In this module, a supervised drift detector is
applied for each misclassified data stream,
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MDS. The change detector explicitly solves
concept drifts problems of incorrect data
streams and assists the later processer by
providing useful descriptions about the
change such as location, width and
harshness of the drift. These unrecognized
drifts can be significantly degrading the
performance of classifiers. Drift Detection
Method, DDM developed by [12] is
proposed to use as a detector. It uses a base
learner to classify MDS instances and the
classification result from VFDT, is used to
find the online error-rates of the basic
learning process. Thus, if there is increasing
error-rate, it is indicated as a concept drift.

5.4. Ensemble Classification

This classification process after drifting can
provide the flexibility of the ensemble
classifiers which can cope with the different
categories of drifts. This step ensure that the
Drift Diversity Measure is a suitable
measure for ensembles that handle concept
drifts and can provide effective information
about change of drifts. There is a good
aggregation of base classifiers, VFDT and
DDM drift detector, in the ensemble
manner, in the way that a detector’s early
detection can improve the classification of
stream data and reduce the amount of
misclassified counts.

6. EXPERIMENTAL SETUP
6.1. Electricity Dataset

This dataset is the real-world data of the
electricity market of Australia and had been
used in common for data steams modelling
processes. It has 45312 data instances for
two years and each instance has eight
attributes and one of two classes: UP or
DOWN. This dataset is attainable in public
domain.

6.2. Experimental Result

To show the effectiveness of proposed
system, the experiments are conducted with
three options; the first option is for the
simple VFDT, second is the option for the
ensemble method of drift detection
classification using VFDT and drift detector
methods and finally, the third is for the
proposed framework.

Firstly, the experiment is started with the
existing prevalent data stream classification
tree, VFDT for the whole electricity data.
The acceptable results for VFDT, the first
option, are presented in table 1.

Then, the analysis is continued to find the
detail results of the normal Ensemble Drift
Detection Classification by using the VFDT
and various popular drift detector methods
on all the data streams. The detection
methods used in the experiments are DDM,
EDDM, ADWIN and EWMA to find the
best detector that can accompany with the
VEDT. As can be seen from the outcomes
in Table 2, DDM is the best detector to
ensemble with the VFDT classifier.

Table 1. Performance Results of Simple VFDT Classifier

Name of Data Classification . .. |Kappa Temporal .
Stream Algorithm | Accuracy (%) Kappa Statistic Statistic Elapsed Time (s)
VEDT 79.2 57.23 -41.82 0.25

Table 2. Performance Results of the Normal Classification of VFDT with Various Detectors

quametonte || lsifcaton cappa ] Ko7 et capseg i
DDM+VFDT 85.41 70.05 0.57 0.48
EDDM+VFDT 84.30 68.56 -10.56 0.48

ADWIN+VFDT 46.70 0.00 -275.35 26.39
EWMA+VFDT 88.80 77.51 21.13 0.78
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Finally, the last option is for the proposed
framework. The experiments are started for
the filtering process to separate the clean
data streams and noise data streams that is
correctly classified streams and incorrectly
classified streams, misclassified streams.
The errors of classified streams are detected
with various Detectors described above to

find the drift and examine that is the best
concept for the misclassified streams. The
results from Table 3 proved that DDM
provides the best performance with regards
to accuracy, Kappa Statistics among the
well-known detectors but the time taken is
little more than the EDDM for the miss
classified data streams.

Table 3. Performance Results of the Misclassified Data after Ensemble Classification

e o neastac og) _<appa sttt (2PEE TemPa eiapcg Time 9
DDM+VFDT 93.04 85.97 -42.44 0.16
EDDM+VFDT 81.80 60.16 -93.62 0.08
ADWIN+VFDT  |35.60 0.0 -585.11 6.66
EWMA+VFDT 83.40 63.84 76.60 0.19

Filtering process is done from the

The calculation for total accuracy and time
taken for all the mechanisms has been done
to consider the proposed framework and the
existing mechanisms for all the dataset and
shown in Table 4. Although the EWMA
result can give the better accuracy result
than EDDM, the time taken is much longer
than that and the ADWIN is the worst actor
for this data type. The results clearly stated
that DDM is the best detector concept and
that can accompany with the effective
VFDT classifier efficiently.

Table 4. Performance Results of Proposed
System with Various Detectors

Name of Data
Stream
Algorithm

Classification
Accuracy
(%)

Elapsed
Time (s)

Proposed FW
using DDM
Detector

98.0

041

Proposed FW
using EDDM
Detector

94.95

0.33

Proposed FW
using ADWIN
Detector

82.12

6.91

Proposed FW
using EWMA
Detector

95.34

0.44
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prediction result file and took 0.03 seconds.
As can be observed from Table 4, the
accuracy of classification of ensemble using
DDM is the best among the described
detectors and this paper used DDM as the
detector method for the proposed
framework. Therefore, to show clearly the
effectiveness of proposed framework, the
following charts in Figure 3 and Figure 4
are described in regards to accuracy and
classification time to compare the simple
classification of single VFDT, the
Ensemble drift detection and VFDT and the
proposed  framework  of  ensemble
classification of Drift detection after
filtering process.
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Figure 3. Comparison of Classification
Accuracy for Existing Normal Mechanism
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Figure 4. Time Taken Comparison of
Three Different Mechanisms

7. CONCLUSION

This paper proposed a framework for data
streams classification by using drift
detection method and ensemble
classification system with the advantage of
misclassification data streams. The VFDT
is proposed to use for classification
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mechanism and DDM is proposed for the
drift detection technique and filtering
approach performed as the assistance
member to generate the best framework for
streams. All the experiments for data
streams carried out in this paper show the
acceptable results and gain the better results
than the existing mechanism and therefore
they can prove that effectiveness of
proposed ensemble framework. However,
although the accuracy of proposed
framework is higher than both the simple
classification and drift detection
framework, the time is taken longer than the
normal VFDT classification and this point
need to be considered. Therefore, to
discover the better performance of
classification mechanism for big data
streams is the accountable and future works
for all the active researchers and necessary
for the big information world.
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ABSTRACT

Hydraulic systems are used in many areas such as; in
construction sites, in elevators and so on. In a
hydraulic system, a liquid or usually oil is used to
transmit force. This system works on the same
principles as other mechanical systems and trades
force for distance. The paper presents the design and
fabrication of the model hydraulic arm. The purpose
of this paper is to focus the operation principle of
hydraulic system based on the Pascal’s law. The
hydraulic arms can grip and pick things in industrial
purpose. They are also used in earth’s movers to pick
up heavy weight and keep them where required. A
hydraulic arm is a hydraulically operated system and
controlled by syringes filled with some fluid. This
constructed system is a simple hydraulic arm using
syringes for cylinders and small plastic tubing for the
hydraulic hose. It consists of five parts connected to
each other and five channels for each respective part.

KEYWORDS

Hydraulic, operated
cylinder, plastic tube

system,  syringe,

1. INTRODUCTION

The systems of Hydraulic Arm are employed in
both machines and medical fields and other
fields. The operation of hydraulic arm is
absolutely based on the pressure. The main part
of the hydraulic is either driver or transmission
system. Both of these two systems use
pressurized hydraulic fluid to power hydraulic
machinery [1]. A hydraulic drive system consists
of generator (hydraulic pump), engine, piping
and the actuator (hydraulic motor or hydraulic
cylinder) etc. For operation of step by step and
the motion smoothly, Fluid power is an essential
necessity ~ for  this  performance. Fluid
power provides force for controlling of the
system of arm. The smooth application can get
by the effective power of pump with

compression or stretching of fluid by pressure
due a force. This force supports in motion by
pushing, pulling, rotating, regulating, or driving.
Fluid power can get from liquid or gas. A
hydraulic type operates with liquid while
pneumatics type operates with gas. But the
operation of both liquid and gases are similar in
many cases [2]. There are three main parts in the
hydraulic drive system. First part is hydraulic
pump which is also called generator and it is
driven by an electric motor. Second part is a
combustion engine which consists of values,
filters and piping. The last part is the actuator
which is hydraulic motor or hydraulic cylinder,
and its function is to drive the machinery [3].

2. LITRACTURE REVIEW

A hydraulic arm is a hydraulically operation
which is controlled by syringes. The syringes are
filled with some fluid such as liquid or oil. For
this paper, the constructed arm with syringes is
used liquid as fluid.

Today, hydraulic power is used to operate many
different tools and mechanisms. In many
factories, the hydraulic arms are used for the
setting and installation of machine and to
assembly the various parts of product. It’s also
used for delivering the products from place to
place. In automobiles industries, most of
machines are automatic transmissions that are
hydraulically operated. For picking up the heavy
weight, hydraulic power is very useful. For
Aboard ship, construction workers rely upon
hydraulic power for the operation of various
components of their equipment; such as anchor
windlasses, cranes, and so on. Hydraulic power
driving system is essential for elevating and
training guns and rocket launchers [2].
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3. PARTS OF THE HYDRAULIC ARM

In a mechanism, there are generally two parts;
horizontal part and vertical part. These two parts
are needed to move freely within the certain
degree of freedom. The horizontal part is free to
forward-backward direction. The vertical part is
free to move up and down position which is
attached the horizontal part with hinge. Both of
parts are slot tube types in which they can move
and slide about its hinges. The whole system is
rack and pinion mechanism to enable degree of
freedom within 360 degree. As a hydraulic
actuation, movement of all parts is controlled
hydraulically with syringes. Each of syringes is
attached together and provides the required force
for pushing, pulling, turning, and lifting [4].

The required components for the mechanism
are;

(A) Hydraulic Cylinder
(B) Fluid line and Fitting
© Arms

(D) Gripper

(E) Chassis

2.1. Hydraulic Cylinder

A Hydraulic cylinder is also called a linear
hydraulic motor. This is used for a unidirectional
force through a stroke. The hydraulic cylinder
consists of a cylinder barrel with a piston that
can moves back and forth in the barrel by a
force.

A hydraulic cylinder is used for pushing and
pulling only by the piston rod. There is no
bending moment and for prevention from the
destroying of the rod seals, the slide loads
should be transmitted to the piston rod or the
cylinder barrel. For prevention of any
misalignment between the actuator and the load
when it is pushing, hydraulic cylinder should be
connected with a spherical ball bearing that
provides the hydraulic actuator to move
smoothly. In our project we have used Syringes
working as hydraulic cylinders [5].

The piston has sliding rings and seals. The
hydraulic pressure acts on the piston linearly
work and motion. The piston is a short,
cylindrical component that separates the two
parts of the cylinder barrel internally. They
prevent the pressurized hydraulic oil from
passing by the piston to the chamber on the
opposite side. This difference in pressure
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between the two sides of the piston causes the
cylinder to extend and retract.

The actuator or the motor side of this system is a
hydraulic cylinder. The "generator" side of the
hydraulic system is the hydraulic pump. It brings
in a fixed or regulated flow of fluid to the
bottom side of the hydraulic cylinder, by
pushing or pulling the piston rod upwards or
downward direction [6].

A hydraulic cylinder consists of the following
parts

Figure 1. Hydraulic Cylinder

Figure 2. Syringe Used for Cylinder

2.2. Fluid Lines and Fittings

For this system, Fluid lines are necessary to
transfer the fluid. Fittings are used as a tube
connector to connect the lines for the power
source and the points of application. The fluid
line is important to provide a fluid power. The
application of fluid power depends on the
transferring of fluid flow between the reservoir,
the power source, and the points of application.

There are three types of lines such as pipe
(rigid), tubing (semi rigid) and hose (flexible). In
the selecting the line for desired system, it
depends on the choosing of these three types of
pipe line for getting fluid pressure and the
location of the system [8].



5!
ﬁ Journal of Information Technology, Research and Innovation 2020, Vol-1, Issue-1, June, 2020

The fluid power and the selection of pipe and
tubing is relatively concern. A large stationary
fluid power system is required for large diameter
of pipe, but for a small diameter of pipe, it can
operate with a small fluid power. So, for a
particular fluid power, there are three important
dimensions to be considered in the selection of
pipe and tube such as outside diameter, inside
diameter, and the thickness of wall of pipe.
Among of these, the ID of a line is important,
because it determines the rate of flow of fluid.
To determine the flow rate, it is necessary to
know how much fluid can pass through the
inside of the line in a given time period without
loss of power due to excessive friction and heat.
The velocity of a flowing through a large
diameter line is less than through a small one.
But unnecessary cases such as loss of power
overheat in fluid can cause, if the ID of the line
is too small for the amount of flow, excessive
turbulence and friction heat [7].

The basic design requirements must be kept are

as follows:

1. To correct dimension of ID to provide the
required volume and velocity of flow with less
of turbulence as a demand on the system.

2. To select the line made up of proper material
and have the wall thickness for enough
sufficient strength during the exerting the
pressure.

2.3. Arm

Arm is the vital part of the system. There are
two arms; base arm and vertical arm. The whole
structure is attached to the base arm and so it
must be strong enough for supporting steadily
the whole of the structure of the system and the
vertical arm is fixed with all small part of arms
and gripper. Because of the fixing the gripper,
the load carrying capacity is depends on the
vertical base [9].

2.4. Grippers

For picking up the object is the task Grippers. In
grasping and holding objects, it can work by
hydraulic principle. The handling applications
include machine loading and unloading, picking
parts from a conveyor, and arranging parts into a
pallet. Although there are many types of
mechanism for gripper, this project uses
mechanical gripper which operates mechanically
with two fingers for holding, grasping,
removing, and replacing the objects [1].
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2.5. Chassis

The chassis is the base of the system which
including two arm, base arm and vertical arm.
The whole body of the system is attached or
fixed on the chassis. The driving handles are
fixed on the base or chassis [9].

3. WORKING PRINCIPLE OF

HYDRAULIC ARM

The construction of hydraulic drive system is
based on the Pascal’s Law. The law states that
when a pressure is applied on fluid contained in
a container, the pressure due to that force is
equally transmitted to all the points of the fluid
with the same pressure. The hydraulic pump is
based on this principle which applies for with a
small volume for a small torque, combined with
hydraulic cylinders with a large volume for large
torque. The hydraulic drive gives the power
density and less power loss. The ratio of
transmission can be change by adjusting the
swept volume.

Using the same principle, in this project, the
applied the pressure to fluid in syringe is
transmitted to another end next syringe which is
connected to another syringe. The applied force
on the first syringe causes the pressure and this
pressure is the same in all attached syringes.

4. MATERIAL USED FOR HYDRAULIC
ARM AND DESIGN

Table 1. The used Part of Material

Sr | Component | Specifica | Quanti Type of

no tion ty Used

1. | Hydraulic | 10cc 2 Based

cylinders |  5cc 2 éi/?ir[t)iszlr

(Syringes) ggg % Handle

5ce 2 Chassis

2. | Hydraulic 2ft 7 Transmis

Lines sion line

for fluid

3. | Aluminum 2.5 10 Handle
Panel inch

4. | Acrylic | 4ft x2ft 1 Structure

Board of body

5. Nut & 3/16 16 Joint

Bolt set
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5. IMPLEMENTATION OF HYDRAULIC
ARM

The calculations and designing are performed
using AutoCAD for laser cutting and solid
works and preparing the body of hydraulic arm.
The following figures are some of the stages of
Hydraulic arm construction.

For the implementation, some cardboard link,
Acrylic board, is taken and cut for it for parts of
the arms. The first vertical arm is fixed on the
base of the arm with screw. For the fixed arm, it
is required to make holes and also used some
washers for free movement. Then, the other
parts of the vertical arms are cut and make hole
of this arm for both poles to fix of the arms in
the base structure. The holes are measured by
the screw measurement. After that two syringes
are joined together by a pipe and the pipe is
fixed by the glue in the syringe’s nozzle. The
pipe is filled with water. In the filling the water,
it is important to do that the water in the syringe
is without any vacuum or bubble. By the
pressure of water provides the movement of the
arm according to the Pascal’s law. In the vertical
arm, it produces a force to move one of the arms
up or down when pressing on one of the syringe
and related to another syringe located between
the arms. For gripper structure, when pressing
the syringe that relates to the grasping hand, it
works to close and open the grasping hand to
hold things. In the base system, when pressing
on one of the syringes, which is related to
another syringe responsible for model rotation, it
produces a force to rotate the model.

Figure 6. Gripper of Arm

Figure 3. Structure of Constructed Hydraulic
Arm
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Y

Figure 7. Hand Controlled of Hydraulic Arm

6. CAUTION FOR HYDRAULIC ARM

- Part of the key to success with this project is
getting as many of the air bubbles out of the
lines as possible. In automobile brake lines
this is known as “bleeding the brakes”.

- Bring the actuator cylinder plunger down, pull
the line off and pull in some water into the line
with the larger cylinder.

- Put the line back on the small cylinder and
push water into it. When it is full, turn the
actuator cylinder upside down so the water
does not drain out.

7. RESULTS AND DISCUSSION

Our constructed design is very simple in ideas
and mechanisms to achieve a complex set of
actions and operations.

1. The mechanism increases its complexity,
efficiency, ability and area of coverage.

2. The advantage of using Pinion mechanism is
used in rotary motion and so it does its work
smoothly without any jerks or shocks and
giving degree freedom of rotation within 360
degree and thereby increasing the area of
effect.

3. Suitable counter weight should be used in the
base portion of mechanism to increase overall
stability and to avoid roll over or unbalancing
due to torque or extra weight in the front part.
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4. As a fluid in syringes, a little viscous water
having least compressibility and high
efficiency is used.

This model Hydraulic Arm can-

- Deliver an object in the proper distance.

- Pick up the object about 200g.

- Functioning as in an assembly line.

-Rotate as well as reach and grasp within the
range of 360 degree.

The design of the present model is easy and simple
for manufacturing and implementation. For this
model arm, low-cost and even recycling materials
can be used to produce this model. Due to its small
size and weight, this model can be used anywhere.
This model is an effective and simple tool to educate
the concept of hydraulic power to engineering
students.

9. FUTURE WORK

The constructed system is a sample model for
studying the function of hydraulic structure.
Instead of manual operation design, it could be
replaced with the electric drive system using
servo motor which can be controlled in excellent
way and accuracy in rotating hydraulic system
for desire degree and position. Therefore, as a
future plan, the system is going to be
implemented by using motor and
microcontroller for efficient power application
in real world.
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