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The study: E-governance in the Libyan institutions.
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statement of the most important requirements; and to identify
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the possibilities and constraints for the application of
electronic management in the health centers.

The study used a descriptive and analytical approach, the
questionnaire was also used as a tool to collect data

The study reached several conclusions, including: health
centers operate traditional system, and the lack of Internet
service out, and with a lack of use of statistical programs,
and lack of attention to employees and provide training

courses for workers health centers.
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Abstract

The Water is essential for life and indispensable for all living
things. The importance of water comes to man after air oxygen
directly, man needs some liters of it every day, so this must be
pure water within reasonable limits, otherwise the person will
suffer a lot of damage, For many known diseases such as cholera
and dysentery.

One of the problems facing the land is the pollution of water and
the consequent dangers and destruction of humans and the
environment and threatens to eliminate all aspects of life.
Water is the main constituent of all living organisms. It accounts
for between 50% - 60% of the objects of high organisms, up to
90% of the bodies of minimum animals, and covers about 80% of
the Earth's surface. These reasons reflect the true value of water
and its critical role in all biological processes. For all forms of life.

The great attention given by environmentalists and their cries of
distress to protect water resources from pollution and save what
can be saved. In this paper, we discuss the sources of water
pollution, such as human, plant, industrial and other wastes, as
well ‘as shed light on some methods and techniques of water
treatment. Then we discuss the state of water in Libya and the
experiences of some countries to reduce the process of water
pollution and we concluded for some guidance to reduce the water
pollution.
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Abstract

This paper aims to study the system of pressure vessels and
analyze the stresses the impacts them, which are the mechanical
design process how to get any product characteristics before staring
manufacturing load types applied to these pressure vessels,
investigating the horizontal and wvertical pressure vessels and
methods to strengthen and support them and analyze the membrane
stress clamshell vessels. Generally, elements or the contents of the
clamshell for the pressure vessel are the rotary planes axially
identical generated by rotating line or arcuate plane, which is called
Meridian, around hub. The plane has rotational axes known as
meridional plane and closed terminal might be hemisphere, elliptic
or conical.

The finite element method (FEM) has been used to analyze the
stresses because it provides finite accuracy for investigating the
stresses affecting the cylindrical vessel. The results of the analytical
study show that the elliptic limits are the most proper limits for the
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cylindrical vessel due to the fact that its thickness is closed to that
of the tank and thus shown more resistance for pressure

Key word: stresses, cylindrical vessel, finite elements.
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ol (san) deju yuat 8 oSail (Bl (gaa] dmay B Gadl sda adly
e oSl dalay clinkill 23 (40 (s OV el Ll @ilS s
1305 528 Dol dejug dalle Gl ClSaall 028 deju juas ) zlas
paaiud ) Sl 8 AslieY) (3l e Tawy PLC Jaaidl V) ol Y
Qo) & aadis (PLO) Ll dgdll o2 cpsall lapkill il b
Al QA Gllaaally aibiadl) 8 (50 cilanlal)

Abstract

This paper presents knowing how to program one of the
ways to control the change in the speed of one of these
types of motors because some of these applications,
especially the major ones need to change the speed of
these motors with high techniques and rapid response,
This can only be done by using PLC remote from the
usual control methods used in most small applications,
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This modern technology (PLC) is used in most major
applications such as factories, stations and companies.
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Abstract
The objective of this research is to study the addition of graphite

to the natural sand and its effect on one of the most important
mechanical properties, namely, the hardness of aluminum casting.
As known that sand casting is the most industrially applied in the
world, where achieve the principles of efficiency and cost in
industrial production. Sand of casting is one of the most important
pillars of sand casting, it has a central role in the production
process. In this study, devices were used with standard
specifications to determine sand properties such as granular size,
permeability, shear resistance, compression and tensile strength, as
well as using the hardness device according to the Vickers scale to
measure the hardness of cast, the results obtained show the high in

cast hardness with increased graphite ratio in the user sand casting.
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Abstract: The paper examines the relationship between the
change in social privacy and the spatial and functional morphology
of the Libyan house in Al-Khomus region during the last two
decades. Specifically, the role of creating a visitor-women space to
regulate patterns of accessibility and interface between visitors and
inhabitants. justified graph technique [1] and [2] was used to
produce spatial-depth graphs of for three social privacy cases of 18
houses calculated by Agraph within two groups, the first using
eight houses uses visitor-women space, and the second group
consists of 10 houses using the living room for visitor women. The
study explained that the creation of visitor-women space enhanced
the level of social privacy by increasing accessibility options for
inhabitants to all spaces during visiting times.

Keywords: social privacy, spatial and functional morphology,
accessibility.
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Effect of electrical discharge machining process
parameters on surface integrity during machining
cold work tool steel AISI D2

IBRAHIM. K. HANAN.S. MOHAMED. M. KHALEFA. A.
HUSAIN HABISHI SALEM ZAIDE

Advanced Center of Technology
Tripoli — Libya

Ibrahimzg@yahoo.com  tasnemtt@yahoo.com mmohelby@gmail.com ezaedi@gmail.com

ABSTRACT

This work-study presents the effects of process parameters of
electrical discharge machining of AISI D2 cold work tool steel
such as peak current and pulse-on time duration which tend to
cause metallurgical changes in surface of workpiece these
parameters have been investigated to explore their effects on
surface roughness and the microstructure changes like the depth of
white layer, heat affected zone and crack depth. The results shows
that the increase in current and pulse duration does affect the
amount of surface roughness ,white layer and heat affected layer
thickness , also crack length showed influenced by variation in
process parameters.

KEY WORDS :EDM, surface roughness, white layer ,heat affected
zone, and Micro-cracks.

1. INTRODUCTION

The Principles of Electrical Discharge Machining (EDM) is the
process of machining electrically conductive materials. This
method is commonly used in producing molds and dies have
complicated shapes and regardless the work - piece hardness

146 Copyright © ISTJ 2017 ik gine aoball (3 gia
2017 A5l o lall 4 5al) Alaall



International Ay p gl At 2L
f A g p gl 3050 g
Science and Technology Volume 10 a2l e e et Db S

Journal April 2017 l S TJ }\ﬁ

Aiiil) g o glall 0 gal) Alaal)

which is difficult to machining by the conventional process. This
operation is using precisely controlled sparks that occur between
an electrode and a workpiece in the presence of a dielectric fluid.
The Electric sparks used in machining the specific workpiece
contour in which takes the opposite exact shape of the electrode.
The cutting tool (electrode) manufactured from electrically
conductive materials, generally copper or graphite.

The sparks create high temperatures causing melting and
vaporization of work-piece and result in the crater on the surface
as an opposite of electrode shape. During melting, the metal erode
due to the high intensity of sparks and ejected out of crater by
flushing and remaining metal re-solidified which is called a white
layer or recast layer(WLT) . The micro-cracks developed in this
layer because of residual stresses .

The heat-affected zone layer (HAZ)produced due to the high
temperature of the previous layer in which subjected to heat
treatment; as a result, it develops different microstructure .

The surface integrity of EDMed surface is important feature it
depends on their application of the component, and expressed by
surface layers and surface roughness (Ra) properties. The previous
studies indicated that the EDM process changes not only the
surface of the work-piece material but also changes in the
subsurface. The present work investigates the effect of process
parameters of spark EDM; discharge current (A) and pulse on time
(t-on)have been investigated for surface integrity.

2. LITERATURE SURVEY

A.G.Mamalis, G.C.Vosniakos, N.M.Vaxevanidis, and J.Prohaszka
[1987], have explained the physic-chemical changes occurring
during electro-discharge machining of steel (structural ,medium -
carbon and alloyed steels) surfaces. The authors were examined
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and discussed quantitatively and qualitatively of metallurgical
transformation and new structures, surface damage in the form of
cracking and white layer formation, microhardness variations. The
results confirm the inherent complexity of process. E.C. Jameson
[2001] presented in his book Electrical Discharge Machining page
328 how the spark is controlled, and the importance of the
dielectric fluid. H. T. Lee and T.Y.TAI, [2003] carried out study
present the relationship between EDM parameters and surface
cracks by using a full factorial design, based upon discharge
current and pulse-on time parameters. They analyzes the EDM
machining of D2 and H13 tool steels as materials ,the formation of
surface cracks is explored by considering surface roughness ,white
layer thickness, and the stress induced by the EDM process.
A.Hascalyk and Caydas [2004] have explained the machining
characteristics of AISI D5 tool steel in WEDMprocess, the
parameters such as open circuit, pulse duration, wire speed and
dielectric fluid pressure were changed to explore their effect on the
surface roughness and metallurgical structure .

G.K.M.Rao, S.Satyanarayana, and M.Praveen [2008], had
investigated the effects of current, pulse-on-time, and the duty
factor on the material removal rate (MRR), surface roughness, and
hardness. Also found that the crack length and the recast layer
thickness increases with increase in current and decrease in case of
pulse-on-time .

M.Shabgard, M.Seyedzavvar, and N.B.Oliaei [2011]presented the
influence of EDM input parameters on the characteristics of the
EDM process included machining features, MRR, tool wear ratio
(TWR), and surface roughness. The results showed the desired
EDM efficiency, surface roughness, and surface integrity when
machining AISI H13 tool steel. M. Geostimiroovic, P.Kavac,
M.Sekulic, and B.Skoric [2012]according to authors the heat
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source parameters can be changed by the discharge current and
pulse duration. R.Zeilmann, T.Vacaro, and F.M.Zanotto [2013]
presented the main metallurgical alterations in surfaces machined
by EDM process .the change of technological parameters caused
the greater effects on the surfaces .such as surface roughness and
affected layer analysis.

3. EXPERIMENTAL DETAILS

This work has been carried out in the Advance Center of
Technology workshops and Laboratories (Tripoli-Libya) for
studying the Effects of Machining Parameters and Microstructural
evolution on D2 tool steel. The chemical composition in weight
percent are given in Table 1.

Table 1: The chemical composition (wt. %) of D2 tool steel

Cr Mo | C Cu Fe Mn P S Ni
124 1069|154 |0.132 | 84.2 | 0.375 | 0.0218 | 0.003 | 0.24

The specimens were cut with dimensions (20 x 10 x 10 mm) as
shown in Figurel. Then the heat treatment cycle was applied as
shown in Table 2.After hardening, the average hardness measured
was 58 HRC.

Figure 1: The specimen
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Table 2: The heat treatment cycle.

Material D2
Hardening temperature 1050 °C
Quenching media Oil
Tempering temperature 400°C

A full factorial design of experiment applied using two parameters
and three levels, the work-specimens were machined on
Charmlesss park EDM Robo Form 2-IC with spark current 5, 10
and 20A and pulse on time duration was 100,400 and 1600 ps,
other machine parameters are fixed as indicated in Table 3.Each
experiment was performed for 25 minutes.

Table 3: The experimental test conditions.

Machine type Ropo form 2-LC
Pulse current (A) 5,10,20
Pulse on time (us) 100,400,1600
Pulse off time (us) 50

Voltage (V) 120

Tool material Copper

Dielectric Kerosene
Polarity Positive

In this work the specimens were sectioned transversely by wire
electrical discharge machine into two pieces then these sectioned
specimens were grinded and polished to achieve a smooth and
clean surface; then the specimens etched with 2% Nital reagent for
about 10 seconds. These specimens were examined at various
magnifications by using Optical Microscope (Nikon OPTIPHOT)
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to characterize the evolution of microstructure and identify the
effect of different parameters on the microstructure behavior. Then
the micro-hardness were measured using Leica VMHT micro-
hardness tester to identify the heat effected layer thickness.

4. RESULTS AND DISCUSSION
4.1 Effect of pulse on time and current on surface roughness:

The surface finish is an indicator of process performance in
EDMed work-piece and its main output characteristics. In this
present study, the influence of main process parameter current and
pulse on time on surface roughness during spark electrical
discharge machining D2 tool steel with copper electrode is
evaluated as shown in Table 4.

Table 4: The variation of surface roughness with pulse-on-time at
constant current.

Exp.No. Current (A) Pulse(usec) Ra (um)
1 5 100 3.4
2 5 400 4.22
3 5 1600 4.62
4 10 100 4.24
5 10 400 5.1
6 10 1600 5.88
7 20 100 5.48
8 20 400 5.62
9 20 1600 6.6

An increase in the current and pulse on time tends to an increase in
the surface roughness as shown in Figure 2.When the spark is high
which caused an increase in the intensity of spark that produced a
large crater depth on surface of the machined specimen due to the
increase of the discharge energy in the gap between the electrode
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and work-piece. The period of transferring this energy, that causes
more molten material to be ejected out of the crater that tends to
the surface roughness of the machined surface increase.

7
6 -
(]
c
8 — —o— 100ps
9 3
8 == 400us
a2 1600us
1
0

5 10 20
current (A)

Figure2: The variation of surface roughness with current and pulse-on
time.

4.2 EFFECT OF PULSE ON TIMEAND CURRENT ON
SURFACE INTEGRITY:

4.2.1 Effect of Pulse on Time on White and heat effected layers:

The white layer is a thin layer, which appears on the surface of
EDMed work-piece, it is mainly composed of martensite and
retained austenite with some dissolved carbides. This layer has
more effects on the work-piece quality due to formation of micro
cracks, caused by rapid cooling results a poor surface accuracy.
The increase in the thickness of the white layer and the heat-
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affected zone by increase in pulse on time can be clearly observed
from the experimental results as shown in Figure 3.

90
80
70
60
50
40
30

mWLT

m HAZ

HAZ & WLTpm

10 -

100 400 1600
Pulse-on-time (psec)

Figure 3: The effect of pulse-on-time on the white layer (WLT)and
The heat affected zone (HAZ) thickness with at current 10 A.

Figure 3indicatesan increase of pulse on time from 100 ps to 400
ps which lead to an increase sharply to twice the white layer
thickness, it was observed the increase is comparatively slow in
white layer thickness at 1600us.Furthermore,increasing the pulse
duration from 100 ps to 400 ps leads to slow increase in the heat
effected zone, then increased sharply to 80 um at the pulse
duration1600 ps. It was obvious from experimental test results as
given inFigure3,an increase of pulse duration has more effects on
heat affected zone thickness compared with increase on thickness
of recast layer as shown in Figure 4.
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Figure4: The white layer of EDMed work-piece photograph at constant
current 1=10A by varying Pulse-on-time: (a) 100 us, (b) 400 us and (c)
1600 us with magnification of 100X

4.2.2Effects of current on white and heat effected layers:

The variations in the white layer thickness taken at different
current values as been observed in the micrographs in Figure 5, it
showed that an increase in the current had a slight increase in the
heat effected layer in comparison with an increase in the white
layer thickness.
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Figure 5: The white layer of EDMed work-piece photograph at constant
Pulse-on-time100 ps by varying current: (a) 5 A, (b) 10 A, and (c) 20 A
with magnification of 100x.

Figure6 indicates that increasing the current had an effect on the
white layer thickness and the depth of the heat-affected zone, and
the increase in pulse current tends to increase significantly the
white layer thickness because of a high pulse current generated
stronger sparks causing a higher temperature that developed a
formation of more molten material redeposit on the surface of the
workpiece.
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Figure (6): The variation of thickness of the white layer (WLT)
and the heat affected zone (HAZ) with current.

4.2.3SURFACE CRACKING

In the EDM operation, high spark intensity generated in the gap
between electrode and work-piece material will be able to melt
surface of work-piece. Some molten metal are flushing and
remaining molten puddle more-solidifying on the surface (white
layer). Due to this increase in the spark intensity, the temperature
arising causing thermal stresses, which generate micro cracks,
penetrate the white layer and may extend to next layers, which has
effect on process performance. So that when the current increases
the spark, intensity also increases, that can lead to an increase in
crack length and crack width .

The effect of pulse-on-time on crack length shown in Figure7 with
current 10 A, it was noted that an increase in the pulse duration
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from 400 ps to 1600 ps tends to decrease in crack length that is
when the intensity of plasma channel expands. Then , the spark
power is less subsequently causing a less amount of heat generated
on the surface of the work piece, which results in thermal stresses
developed in the material to decrease, and finally resulting in the
reduction of crack length as shown in the Figure8.

eois e o
.. : .

Figure7:The variation of surface crack propagation at constant current of
10 A at pulse-on time ( a ) 1600us, (b) 400 ps, and (c) 100 ps with
magnification of 400x.
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Figure8: The variation of surface crack length with pulse-on time
400 <100 and 1600 s at constant current 10A.

The Effect of current on surface crack length at constant pulse
duration (400 ps)as shown in Figure9. The average crack length is
increased with an increase in current from 5 t020 A. When the
discharge current is high the spark intensity and discharge power
are subsequently large amount of heat is generated on the surface
of the work piece, which results in the thermal stresses developed
and exceeds the strength of the material and so average crack
length increases.

150
€
3
;E_" 100
I3
o
é 50 ® Crack length (um)
s}
0
5 10 20
Current (A)

Figure9: The variation in the surface crack length with current at
constant pulse-on time 400 psec.
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5. CONCLUSIONS

In this study, the effect of input parameters of Electro Discharge
Machining process including the peak current, pulse-on-time on
the output parameters; surface roughness and surface integrity
were experimentally investigated. The most effective factor
parameters are the current and pulse-on-time, which increased the
spark energy and surface roughness. The present experimental
results reveals that the thickness of white layer and heat affected
layer are altered by varying the current and pulse duration during
spark electrical discharge machining. An increase in current and
pulse on time leads to an increase in the surface roughness and the
recast layer, also the results showed an increase in pulse on time
more dominant in increasing the thickness of heat affected layer
.The crack length also influenced by the variation in the current
and pulse on time, by increasing the current it causes an increase in
crack length and vice versa the increase in pulse on time tends to
decrease in crack length.
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Abstract
The Arabic text recognition (i.e.: word extraction, pattern

recognition or segmentation) needs databases for training and
validation (which are difficult to find such Arabic comprehensive
databases), in addition to that, Arabic writing recognition involves
different pre-processing, segmentation and recognition methods.

To overcome these issues, we propose a different Arabic
Optical Character Recognition "AOCR" approach, that is
segmentation-free character recognition independent of a lexicon
of words. A system for Arabic character recognition which is
implemented using either Walsh Hadamard Transform (WHT) or
Discrete Cosine Transform (DCT) is analysed. The system starts
by scanning the document, then matching the archive of character
images with the text image, and determines the positions of these
characters in the text image. Three font types (Arial, Times New
Roman and Simplified Arabic), and nine font sizes
(8,10,12,14,16,20,24 and 28) are used for this analysis.

Keywords—Features  extraction, Printed Arabic OCR,
Segmentation-free OCR, Sliding window for Printed Arabic OCR,
WHT domain features, DCT domain features

| INTRODUCTION
A review of some research papers on Printed Arabic character

recognition can be summarized as follows:
A language-independent optical character recognition (OCR)
system that is capable, in principle, of recognizing printed text
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from most of the world’s languages is presented in[1]. The system
is based on Hidden Markov Models (HMM) and utilizes the same
advanced technology that is used for speech recognition. OCR
system based on HMM was easily trainable on new sets of data
and portable to recognize new scripts. With training, the system
could achieve robust performance on degraded .

A graph-based framework for the segmentation and recognition
of Arabic text is reviewed in [2]. The same framework is used to
extract font independent structural features from the text that are
used in the recognition. The major contribution is a new graph-
based structural segmentation approach based on the topological
relation between the baseline and the line adjacency graph (LAG)
representation of the text.

An Arabic letter recognition system based on Artificial Neural
Networks (ANNSs) and statistical analysis for feature extraction is
presented in [3]. In this system, each typed Arabic character is
represented by binary values that are used as input to a simple
feature extraction system, whose output is fed to an ANN that
consists of two layers. Simulation results are provided and show
that the proposed system always produces a lower Mean Squared
Error (MSE) and higher success rates than the current ANN
solutions, especially when the contaminating noise level is low.

In [4], a method for recognizing machine printed Arabic
characters is proposed. Four edges (left, upper, lower, and right
edge) are extracted from the character image first, and then some
features are extracted from the edges. Finally, using Back
Propagation Neural Network (BPNN) isolated forms of Arabic
characters are recognized. The new method is tested on two fonts
and 9 sizes; its recognition rate is over 97%.
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Il TRANSFORM DOMAIN TECHNIQUES
These techniques transform an image from one domain into

another. In these techniques the digital image (spatial domain) is
transformed into another image (transform domain) from which
measurements can be derived. This is useful in computer vision
applications such as face, finger print and character recognition
[5].

The spectral coefficients of an image data are obtained using
the following forward transformation formula (in matrix form) [6]:

[C]=[TIIXI[T]

where ;[ C] - set of spectral components
[T] -transform matrix
[ X] - Matrix of signal (image)

A: Discrete Cosine Transform (DCT)

The Discrete Cosine Transform (DCT) is a change of basis
that takes in real valued functions and transforms them with
respect to an orthonormal cosine basis. [7]. the 1D DCT, for an N
data value, D (N) is formally defined as:

C(u) = %a(u)i D(u).cos[% i +1)J

(1)
The 2D DCT, C(u,v) of an N xN image Im(x,y) is defined by:

o) - % e (V)NZINzﬂm (x.y)cos {(ZXQS)UE}COS[(ZYZ""\})VH}

x=0 y=

(2
Where: J% Foruv=0

\E Otherwise
N

Al: Properties of the DCT

1. The Cosine transform “C” is real and orthogonal that is,
c=c* cCc'=c"
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2.1t is a fast transform. The transformation of a vector of N
elements can be calculated in O(N log, N) operations.

3. It has excellent energy compaction for highly correlated data.
The effectiveness of a transformation scheme can be directly
related to its ability to pack input data into as few coefficients as
possible. For most images, much of the signal energy lies at low
frequencies; these appear in the upper left corner of the DCT.
The lower right values represent higher frequencies, and are
often small enough which can be neglected with little visible
distortion. The DC coefficient describes the average illumination
level of the input image, and the AC coefficients correspond to
different frequencies. To construct the features vector,
Coefficients of the DCT are taken in zigzag manner, from low to
mid frequency. (Figure 1 illustrates this technique).

b

NENERT

Figure 1: Extracting DCT coefficients in zigzag manner.

A2: Applications of the DCT

DCT is much more practical and efficient than WHT. In general it
is used by many applications in the field of digital signal and
image processing.

B: Walsh Hadamard Transform (WHT):

The WHT works well for digital signals due to the fundamental
function called the Walsh function. The Walsh function has values
of either +1 or -1. In general, the Walsh transform can be
generated by the Hadamard matrix as follows.
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[
Hy = for k=23,...,n-1
Hit - H

For k = 1, the 2x2 Hadamard matrix H, is defined by:
T 1
2 - 1 _

For k = 2, the 4 X 4 Hadamard matrix H4 can be easily obtained
using the formula given in .

11 1 1
yoo_[He Hp] (1 -1 1-1
N H, —H, 1 1-1-1
1-1-1 1

B1: Properties of the WHT

1. The Hadamard transform “H” 1is real, symmetric, and
orthogonal that is,
B H*=H" 3"
2. The Hadamard transform is a very fast transform, it can be
implemented in O(N log, N) additions and subtractions.
3. For an integer input data, the output array of WHT coefficients
contains integer values only.

B2: Applications of the WHT

Because of its binary nature, the Hadamard transform is most
applicable in digital communications. The Code Division Multiple
Access (CDMA) cellular standard, 1S-95 is an example of such
applications. The WHT was also used for face [8], and signature
[9] recognition.
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B3 Constructing the Feature Vector

Features are, normally, extracted, starting from the upper left
corner of WHT spectrum in a block shape as illustrated by Figure
2a. It is demonstrated that features selection using first-row-
column Figure 2b, first-row-column second-row-column etc.
Figure 2c provides better features than the block shape

] HI— [

1 0 O [
@) (b) (c)

a- block shape

b- first-row-column

c- first-row-column second-row-column etc.

Figure 2: Different methods of features selection

111 Printed Arabic Character Recognition
There are 28 Arabic characters which can have up to four

different shapes depending on its position in the word(isolated
(IF), beginning (BF), middle (MF), and end forms (EF)). This
makes the total number of all forms for all characters reaches 100
characters shapes, see Table-1. Some characters (such as i), L &
3, ¥ « ¢ 3 and s)are added to the designed database. Other
characters (such as=,is,1, 3,7, ¥, 4, ¥and #) are not included in
the database yet.

In some cases, a pair of characters may be combined to form
another character, which is referred to as a ligature. The only
mandatory ligature is (Lam Alef ¥ ), others are optional such as (J
and z in “*22' ) and (< and » in £ ). Ligatures complicate the
segmentation task of the Arabic OCR systems.
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Table I: Arabic characters and their four possible forms

EF| MF| BE| IF | EF| MF| BE| IF
sal wa wal el L |
e R e e
L k| B B & 4| 3 &
=| =~ | = £ & A 3 &
g+ £ ¢zl > 2 C
@ | & ) ] = | a e
G| A 2] g & A A ¢
d | < =< 4 Ky K
Sl 2] gl 1 3
| | A 2| » J
I T - T 3
S e =i e R NS -
> U A A N
e = 2 g e e s e

Arabic characters of a word are connected along a baseline. In
general, harizontal projection of the text shows clearly the baseline
position, while vertical projection can be used for segmenting sub-
words and characters, as illustrated by Figure 3. The baseline
represents essential information before feature extraction can be
performed. It is a good reference for the Arabic characters feature
selection [10].

H 7 A l}‘ Horizontal
U ‘ N . MoAANL Projection
l ) J\J H’ I r’,;\/\/"]

Vertical Projection

Figure 3. Vertical and horizontal projections for the input text image

The used database contains images for all characters with their
different shapes, sizes and font types. The details of the database
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construction are given in [11]. For each font size, a file consists of
the characters structural and transform features (features vector) of
the characters images is created. The structural features are height,
width, number of pixels above baseline for each character.

IV SLIDING WINDOW PRINTED ARABIC OCR UsING WHT
AND DCT
The characters recognition investigation will be carried out

on three types of character fonts (Times New Romans, Arial, and
Simplified Arabic) with deferent sizes (ranging from 8 to 28). For
this investigation, the used approach based on matching one
features vector, from the archive of characters images, with the
text image features, and determines the positions of these
characters in the text image. Walsh Hadamard Transform (WHT)
and Discrete Cosine Transform (DCT) are used as character
feature extraction tool.

The operation of preprocessing the text document and the
character recognition technique is described in [12]. It starts by
scanning the document, convert it from RGB to binary image, then
detecting the baselines in this image. A sliding window is
constructed using the information taken from the files of the
archive of character images (width, height, and baseline position of
characters), and then match these information with a position in
the scanned document. When there is a match, the area under the
window is transformed and the spectrum is compared with the
feature vector from the database file. The position of the matched
vectors is recorded, to insert the recognized character in this
position.

The recognition method reduced the recognition errors by re-
arranging the characters independent of their alphabetical order.
Reduction in execution time is also achieved by re-arranging
characters according to their probabilities in Arabic writing, and
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recognizing characters that have same sliding window dimensions

simultaneously.

V EXPERIMENTAL RESULTS

Figure b4 illustrates a sample that represents the result of
recognizing characters by the proposed method. In this experiment,
the recognition method is applied to all selected font types and font
sizes, using the document shown in Figure 4a. The spectral domain
features are extracted by transforming the character image under
the moving window using WHT and DCT. The selected font types
are (Arial, Times New Roman and Simplified Arabic), and the

selected sizes are (8, 10, 12, 14, 16, 18, 20, 24 and 28).

Figure 4. Sliding window AOCR in Times New Rom Font size:18

! JE s Al Galll g s e e et Chls
bt O AT alls Al a3 05 S0 Ledad e

A pe Sl Aol ATl ca sat e A el Tl Al
A el dalll s b dada

coe antad B linll iy el e D seall el Sdali
O T N - I [ R TR SN U ERY | 5 S NS
cmrondl pailidads oG8l c o pie s ym e e ba

WALII.II IJL_I_;LL =3 _5-“— Ly \_'_,_:I \_l.'ilg _)_-l._:l I_-I_A.._.;.I_l IJ\_II.;:I_.J.
eatalll

a: Original document image

UL (J‘}’J b 235 )I“ PERI [ IEN u!:- q>)l3“ i.:.\‘:gm

g..lg]l..u ]! u“ Al Ué g..l:\un A 9B )S;.“ l.!;!,)-
g g o) Agiyeall g A0l ca ya 1L le Adkaldt A0 A0
Ao AR LM% 55 g A5 k0

cole Aadmd Daaglill ci g sadl Gle o geall e mil 3Lk

JS e imy Bognea Dal G Ee gladdl Gl S gea il
@i i ua}" 2-;Q:Ila - QS!, A gie h ya U]‘:' BES

ML) A3 5\5e B iw By gua M ag yall ] 43 g%

eota il

b: Result of recognizing characters

170

Copyright © ISTJ 2017 ik gine aoball (3 gia
2017 il 5 o shell 4 al) Alaall

A g p gl By A

et sl S nd Voo mnimgs Jomrmal




International L » sl 450350 Kgd
Science and Technology Volume 10 2 s P

Journal April 2017 i I S T J %<

Aiiil) g o glall 0 gal) Alaal)

The results with respect to the recognition time, in seconds,

are given in tables II-1V and figures 5-7. These results clearly
show that extracting the spectral domain features using WHT give
faster recognition rate than the DCT.
From the tables, it is clear that the recognition speed is faster for
small font size characters compared to large font sizes. The reason
for that is, the document image with small font size characters has
fewer number of lines compared with large font size characters. In
addition to that, in small font size the number of characters that
have the same dimensions is greater than the number of characters
in large font sizes, and as a result the recognition speed faster for
smaller font sizes. Also, transforming the characters using WHT or
DCT, to extract their features, requires large transform matrix for
large font sizes which in turn requires larger time for the
transformation process.

Table 11

Font | WHT | DCT

Times New Roman

28 36.72 | 41.89 .

24 32.63 | 37.99

20 28.94 | 34.59

18 | 811 [ 1648 3

16 | 613 | 1344 | £ —=
14 | 492 | 1138

12 | 3.03 | 1045 |

10 | 272 | 759 T e P

8 236 | 6.16 fomtsize

Figure 5. Recognition time for Times New Roman font
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Table 111 - S _

Font | WHT | DCT | i

28 39.25 | 50.48

24 35.58 | 44.7

20 10.09 | 17.61

18 8.11 | 14.77

—AH

Elapsed time

16 5.83 | 1157

DT

14 6.09 | 13.47 10

12 3.08 9.22

10 2.3 6.56 26 24 0 1B 16 M

8 1.89 5.83 fomt slze

Figure 6.Recognition time for Arial font.

Table IV

Font | WHT | DCT ! Simlified Ar;ic

28 30.28 | 43.34

24 | 37.92 | 41.69

20 11.53 | 19.09

18 | 873 [1759| 3.

16 | 667 | 1652 2 =
14 | 792 | 1483 i

12 | 359 | 1059 j

10 | 25 | 772 SNl T

8 | 238 | 558 fontsize

Figure 7.Recognition time for Simplified Arabic font.

VI CONCLUSION
This paper has presented a performance comparison of

segmentation-free printed Arabic character recognition technique,
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using Walsh Hadamard Transform (WHT) and Discrete Cosine
Transform (DCT) for the characters images features extraction.
This comparison is carried out with respect to the required time for
recognition. A database for Arabic characters images, three font
types(Times New Romans, Arial and Simplified Arabic) and nine
font sizes(8,10,12,14,16, 18,20,24 and 28)for each font type, with
their different positions in the word (isolated, beginning, middle,
and end) is used.

The experiments results of using the proposed method give a
very high rate of letters recognition (up to 99%) for all printed
Arabic characters (regards the used size and font type of the
characters and its position inside the word). As an exceptional
case, when we used the font size 8 (with all font types and all
character positions), less letters recognition rates have been
detected with specific characters (e.g. s,0). Also, recognition time
improvement achieved where WHT produced better results with
respect to the recognition speed than DCT.
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Abstract

The effects of thermal results of turbulent natural convection
with the interaction of surface radiation in a rectangular enclosure
have previously been numerically and experimentally studied by
the authors. This work extends these results by comparing the
provided numerical profiles with the experimental results.

In this research an experimental study were performed for a hot
wall temperatures ranging from 50C° to 75C° with an increment of
5C° with almost constant cold wall temperature at about 9°C and
for three enclosure sizes of aspect ratios 2.0, 1.0 and 0.5. In this
study the laser Doppler velocimetry has been used to collect the
velocity profiles inside the enclosure. 3D numerical calculations
were performed using the ANSYS 13 workbench software and for
the same range of parameters of the experimental study.

The velocity profiles at the hot wall side and at the enclosure
core for numerical and experimental results are in good agreement
with each other. The velocity reversals were noticed to happen
above 65% of the enclosure height.

Keywords: Radiation Interaction, Natural Convection, Rectangular
Enclosures, Heat Transfer, Turbulence, Velocity profiles.

Introduction

Heat transfer by natural convection with radiation interaction
inside enclosed spaces are one of the most popular heat transfer
problems and have a practical interest in many engineering
applications, such as design of buildings for thermal comfort,
nuclear reactors, solar collectors, and the cooling of electronic
equipment.
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The effect of surface radiation with natural convection in square
and rectangular enclosures has been investigated by many
researchers. Sen and Sarkar [1], have considered the interaction of
laminar natural convection and surface radiation with the effects of
variable properties in heated square cavity. They discovered that,
the presence of both radiation at low emissivity and variable
properties, affect intensively the symmetry of the mid-plane
vertical velocity and the thermal stratification of the core as well as
temperature profiles. Akiyama and Chong [2], analysed the
laminar natural convection with interaction of surface thermal
radiation in a square enclosure filled with air. They found that the
presence of surface radiation affected the values of average
convective and radiation Nusselt numbers and significantly altered
the temperature distribution and the flow patterns.

Shati et al. [5] studied the natural convection with radiation
interaction in square and rectangular enclosures. Their work
focused on the effect of aspect ratio and realistic conditions on the
turbulent natural convection with and without surface radiation.
Then they reported a correlation equation for the natural
convection for both types of enclosures (square and rectangular).
Their analysis used a new dimensionless group which
demonstrates the relation between the convection and radiation
heat transfer inside the rectangular and square enclosures. Shati et
al. then [6] provided an empirical solution to turbulent natural
convection heat transfer with radiation interaction in square and
rectangular enclosures to calculate the total Nusselt number.

Many researchers experimentally studied the velocity profiles
inside the cavities. They tried to find out the position of the peak
velocity and flow reversals and how that effecting the thickness of
the boundary layer. In this study the velocity boundary layer was
considered to be the region of velocity values which extends from
the wall to the first zero or near to zero velocity value and does not
include the region of reversed flow. Also the core of the enclosure
is defined relative to the velocity or thermal boundary layers and
by noticing that the temperature fluctuations are more dependent
on velocity fluctuations not vice versa. Therefore the definition of
the core based on the velocity boundary layer is more preferable.
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King [7], defines the core as that region which exists beyond the
velocity boundary layer which ends at the first position of zero
velocity.

Kutaleladze et al [8] studied the turbulent natural convection on
a vertical flat plate. They observed that the lateral position of the
peak mean velocity is increases as the height increase. They also
showed that increasing the cavity width will increase the boundary
layer thickness and significantly decrease the velocity value.
Schmidt and Wang [9] experimentally studied the turbulent natural
convection in an enclosure filled with water. They observed the
flow reversals just outside of the boundary layer for about 60%
upstream of each wall. They noticed that the peak of the velocity
start to decrease and moved away from the wall after the enclosure
mid-height also the boundary layer thickness noticed to be 4-5mm.
Giel and Schmidt [10] experimentally studied the turbulent natural
convection in an enclosure filled with water. They observed the
velocity reversals to be occurred for upstream of 70% of the heated
and cooled walls. They claimed that the boundary layer thickness
was being constant except at the corner regions. King [7] studied
the turbulent natural convection in air cavity. He observed that the
boundary layer thickness and the peak of the mean velocity were at
its minimum at the bottom of the heated wall than is starts to
increase up to the mid-height then it start to decrease again.
Lankhorst et al [11] experimentally studied the buoyancy induced
flow in a square enclosure filled with air. They used laser Doppler
velocimetry to obtain the velocity and turbulence intensity profiles
inside the enclosure. They found that as the flow proceed
downstream the peak velocity shifts away from the wall causing a
growth of the boundary layer. Also they noticed that the turbulent
intensities are nearly symmetric in the hot and cold boundary
layers at similar heights of the boundary layer growth. Ayinde et al
[12] experimentally investigated the turbulent convection flow in a
channel using the particle image velocimetry. They found that the
peak of the velocity value increases as the aspect ratio or the
Rayleigh number increase.

In this research an experimental study was performed for square
and rectangular enclosures, three aspect ratios of 2.0, 1.0 and 0.5.
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Tests were carried out for hot wall temperatures ranging from
50°C to 75°C. This allows the measurements of the velocity
profiles between the hot and cold walls and the velocity profiles
beside the hot wall along the vertical axis using the laser Doppler
velocimetry.

Experimental setup and procedure

The description of the used cavity, the hot side and the cold side
of the enclosure and their components has been explained in detail
by the authors in [13]. In this study the laser Doppler velocimetry
has been used to capture and collect the velocity profiles inside the
enclosure. During the course of the experiments many
modifications were made to the cavity to reduce the heat losses
through the walls, to the hot and cold side loops to improve the
control of the wall temperatures and in the laser Doppler
velocimetry to improve the collected data by changing the controls
and the seeder type and seeding time.

Laser Doppler Velocimetry specifications and principles

Laser Doppler Velocimetry (LDV) is a widely accepted tool for
fluid dynamic investigations in gases and liquids. It is a technique
that has important characteristics makes it an ideal tool for
dynamic flow measurement and turbulence characterization [14].

Its non-intrusive principle and directional sensitivity makes it
very suitable for applications where physical sensors are difficult
or impossible to use. It is requires a tracer particles in the flow
where liquids contain sufficient natural seeding on the other hand
gases must be seeded in most cases.

The velocity profiles and turbulent intensities were acquired for
the different enclosure sizes with aspect ratios of 2.0, 1.0 and 0.5
and for different hot wall temperatures ranging from 50°C to 75°C.
In each experiment, preparation to use the LDV system is needed
such as the LDV controls settings, traverse system positions and
the LDV operation steps.
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Collecting the data using the LDV

Before starting to collect the data, the laser probe needs to be
moved and adjusted to the starting point. The matrix of the
collecting data positions inside the enclosure is created
automatically and has all the position points that the traverse
system will follow during the experiment to capture the data. By
pressing the “scan capture” button, the LDV system is started and
data collection commences. The laser probe is moved
automatically to the next point after the maximum particle
measurement attempts of the first point is reached.

Velocity profiles for different aspect ratios

In this study and for each experimental run, the velocity and
turbulent intensities for each aspect ratio and at each y/h for
different hot wall temperatures are plotted. The velocity profiles of
the hot wall temperatures ranging from 50°C to 75°C at different
enclosure heights will be similar and here will be shown only for
hot temperature 75°C for the three aspect ratios as shown in figure
1. The repeatability of the collected data using the LDV was
checked using the velocity profile collected at mid-height of aspect
ratio 2.0 and two hot temperatures 50°C and 75°C of collecting
data for two different days, the results shown that the collected
data are repeatable.

From the resulting velocity profiles, at the hot wall side the
velocity starts at zero and increases to reach to its maximum after a
certain distance and then it starts to decrease to its minimum value.
This velocity is almost constant for the whole enclosure core. The
velocity profile trend for this case is the same for the velocity
profiles at all enclosure heights and all aspect ratios. The same
profile can be seen on the cold side where the velocity starts to
increase to its maximum at a certain distance from the enclosure
core and then decreases to zero at the wall. Also from the figures,
the boundary layer thickness near the hot wall side increases as the
enclosure height increases and vice versa. It is noticed as
mentioned by King [7] that the boundary layer thickness and the
peak of the mean velocity were at its minimum at the bottom of the
heated wall then it starts to increase up to the mid-height when it
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starts to decrease again. Moreover, it can be seen from the figure
that as the temperature increases, the velocity values and the
boundary layer thickness increase at the same time. Furthermore
from the figure it can be seen that as the aspect ratio increases, the
velocity values and the boundary layer thickness decrease too.

Numerical procedure and settings

As the experimental results are 3D, the models that will be
compared to the experimental ones must be 3D models. These
calculations were performed for square and rectangular enclosures
with three different aspect ratios 0.5, 1.0 and 2.0. Also the
calculations were performed for different hot wall temperatures
ranging from 50°C to 75°C with almost constant cold wall
temperature at about 9°C. All the boundary conditions for the
numerical simulation were selected to be almost the same as the
experimental boundary conditions. The turbulent model used and
its conditions were the same as that explained in detail by the
authors in [8].

The numerical calculations were performed using the ANSYS
13 workbench software. The different enclosure shapes were
designed using the design model in the ANSYS 13 work bench
and then a non-uniform mesh was created for each enclosure
aspect ratio using the ANSYS mesh; after that the numerical
calculations performed using FLUENT 13 in the ANSYS
workbench.

The velocity and turbulent intensity profiles were extracted in
each aspect ratio and for each hot wall temperature for different
enclosure heights at y/h equal to 0.19, 0.3, 0.5, 0.65 and 0.85 to be
compared with the experimental results.
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Figure 1 Experimental velocity profiles near the hot wall and for hot wall
temperature 75°C and for aspect ratio a) 2.0, b) 1.0 and ¢) 0.5
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Numerical results

The 3D numerical results provide velocity profiles for three
aspect ratios at different enclosure heights. These velocity profiles
will also be compared with the experimental results.

The velocity profiles for the three aspect ratios (AR=2.0, 1.0
and 0.5) at different enclosure heights for the hot wall temperature
75°C, are shown in figure 2. From the resultant figures it can be
seen that at the hot wall side, the velocity value starts increase and
reaches its maximum after a certain distance from the wall when it
starts to decrease to its minimum; this is almost continuous for the
whole enclosure core. This velocity profile trend is the same for all
enclosure heights and all aspect ratios. The same profile can be
seen on the cold side where the velocity starts to increase to its
maximum at a certain distance from the enclosure core; it then
starts to decrease to a zero value at the wall. From the graphs it can
be seen that the velocity values increase as the temperature
increases for the same aspect ratio. The maximum velocity for
each aspect ratio occurs almost at or near the mid-height of the
enclosure.

Comparison between the experimental and 3D numerical
results
The numerical results and experimental results will be
compared and discussed. This will include the comparison
between numerical and experimental data of the velocity and
turbulent intensity profiles at different aspect ratios, different
enclosure heights and different hot wall temperatures.
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Figure 2 Numerical velocity profiles near the hot wall and for hot wall
temperature 75°C and for aspect ratio a) 2.0, b) 1.0 and c) 0.5
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The velocity profiles at the mid-height of the enclosure for the
three aspect ratios and for hot wall temperature of 75°C is shown
in figure 3. From the resultant figures it can be seen that, at the hot
side, the velocity profiles for numerical and experimental results
are in good agreement with each other. This agreement becomes
better as the aspect ratio decreases or the temperature of the hot
wall increases. Also from the graphs it can be seen that the
velocity profiles at the enclosure core for the three aspect ratios are
in good agreement between the numerical and experimental
results. Moreover, from these figures, the boundary layer thickness
of the experimental results on the hot side is smaller than the
boundary layer of the numerical results and this difference
decreases as the aspect ratio decreases.

The velocity reversals were noticed above 65% of the enclosure
height and upward, this is compared to Schmidt and Wang [9] who
observed the same type of reversed flow at about 60% from the
upstream flow of the wall and also the reversed flow was seen at
70% by Giel and Schmidt [10]. The trend of the velocity profiles
were similar to that of King [7] and Ziai[15], where the velocity
starts to increase from minimum at the hot wall until reach its peak
value then it decreases to zero at the cavity core.

The comparison of the turbulence intensity profiles between
numerical and experimental results and for the three aspect ratios
and for the hot wall temperature 75°C is shown in figure 4. From
the figure it can be seen that the experimental turbulence
intensities for the three aspect ratios are in a fairly agreement with
the numerical ones.

The turbulent intensity of the experimental results for the
aspect ratio 2.0 is seen to have some difference comparing to the
numerical results very close to the wall, then this difference
reduces as it get away from the wall, this can be seen clearly in
figure 6a. On the other hand the turbulent intensity of the
experimental results for both aspect ratios 1.0 and 0.5 is seen to be
very close to the numerical turbulent intensity near the wall and
this difference increases as it get away from the wall, this can be
seen in figure 6b and 6c.
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Figure 3 Comparison of velocity profiles between experimental and
numerical results for hot wall temperature 75 °C and aspect ratio a)

2.0,b) 1.0and c) 0.5.
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Figure 4 Turbulence profiles near the hot wall side for 75°C and aspect
ratio a) 2.0, b) 1.0 and c) 0.5.

187 Copyright © ISTJ 2017 ik gine aoball (3 gia
2017 A5l o lall 4 5al) Alaall



International L p sl 450550 K
- I I
Science and Technology Volume 10 2= P P

Journal April 2017 l S TJ }\ﬁ

Aiiil) g o glall 0 gal) Alaal)

Conclusions

The heat transfer inside rectangular enclosure are studied
experimentally for a hot wall temperatures ranging from 50C° to
75C° and for three enclosure sizes of aspect ratios 2.0, 1.0 and 0.5.
The numerical and experimental results are compared in this study.
This comparison includes the velocity and turbulence intensity
profiles. The main conclusions from this can be summarized as
follows:

The velocity profiles at the hot wall side for numerical and
experimental results are in good agreement with each other. This
agreement becomes clearer as the aspect ratio decreases or the
temperature of the hot wall increases.

The boundary layer thickness of the experimental results on the
hot side is smaller than the boundary layer of the numerical results
and this difference decreases as the aspect ratio decrease.

The velocity values and the boundary layer thickness of the
experimental results on the cold side is less than that of the
numerical results. .

The velocity reversals were noticed above 65% of the enclosure
height.

The experimental turbulence intensities for the three aspect
ratios are in a fairly agreement with the numerical ones especially
for the aspect ratio of 2.0 a bit far from the wall and for aspect
ratios 1.0 and 0.5 very close to the wall.
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Abstract

This paper presents the future concept of flight control systems
that is use zigbee technology in aircrafts, which can be used for
aircraft functions controlling, monitoring and communication. This
technology can be employed for any kind of air vehicle including,
Aerial Vehicles, Jet air craft, commercial air craft etc. Nowadays, a
fly-by-wire (FBW) flight control system of Air vehicles is
employed for last few years in aircrafts through which the internal
and external functions of aircraft are controlled and monitored by
electrical signals which are transmitted and received by electrical
wires. The idea of this paper is to implement the Zigbee wireless
sensor network on any air vehicle to control and monitor the
internal and external functions data due to its advantages over the
electrical wires and this by establish a wireless connection between
engine sensors which are mounted in the aircraft wings and the
controllers inside the aircrafts cabin. This mechanism will bring
remarkable improvements in the field of avionics and aerospace by
reduce weight of aircraft, reduce fuel consumption and increase
aircraft safety. Used methodology of the research constitutes the
simulations of radio waves propagation, which were carried out
based on earlier designed aircraft wing models. The simulations
have been produced in Concept Il simulation software package.
The analysis was undertaken in terms of, scattering parameters, the
characterisation of radiation, interference effects of obstacles and
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other structures found in the wing as well as the influence of wing
shape upon radio wave propagation within the wing. The
simulation result shows that, the coupling between the antennas is
very weak in 2.4 GHz bandwidth and the coupling between the
ZigBee antennas is much lower than expected typical minimal
SNR value. Also it reveals that, the influence of wing shape as of
the antennas positions and multiple antennas appearance at 2.405
GHz frequency have highly impact upon the Zigbee wireless
sensor network (WSN) performance.

Keywords:

Unmanned Aerial Vehicles, Interferences and Scattering
Phenomenon in Cavities, Radio Wave Propagation,Wireless
Networks, Wing Structures Modelling and ZigBee technology.

1- Introduction

The world of wireless telecommunications is witness rapidly
evolving. The most common wireless technologies available
nowadays such as GSM, Bluetooth and WiFi are all targeted
towards sending large amount of data at relatively high speeds
making the construction of such networks often complex and with
relatively large financial overheads. Combined with the wireless
sensor network (WSN), the ZigBee technology becomes one of
preferred technologies in the wireless sensor network. It has the
characteristics of consumption, low power, low cost, large network
capacity, security, flexibility and powerful anti-interference ability.
ZigBee technology is mainly a wireless sensor network
implemented for various monitoring applications such as health,
industrial, environmental and security systems. The technology has
been designed to be self-healing and reliable to support a large
number of nodes. It, also easy to deploy, standardised and it can be
used globally. Zigbee technology also relies upon IEEE 802.15.4,
which has excellent performance in low signal to nose ratio (SNR)
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environments such as that found in an aircrafts due to
environmental exposure and engine noise/vibration. In spite of
that, it is unknown yet whether it is capable of delivering the same
level of performance and reliability as wired looms.

Since the Modern passenger aircrafts contains around 150 miles of
wiring and significant amount of harnesses which contribute
considerably to the overall weight and consequently reduces fuel
economy. Although wires and their insulators are designed to stand
extreme  environmental exposures, the inspecting and
troubleshooting of wiring failures have a significant impact on
maintenance costs. Using ZigBee technology, the wireless sensor
network in aircrafts condition monitoring has less wirings and high
automation. It can very fast layout and monitor data, transmit real-
time dynamic information, reduce overall system weight, cost and
increase the reliability of the system. This technology brings the
aircrafts monitoring and fault diagnosis to a new level and
promoted effectively the development of aviation technology. In
particular, the objective here is to use a wireless network to
facilitate communications between the engines sensors/switches
located in the wings and the control units located within an
aircraft’s cabin. For that, there is a need to understand and
characterize the exceptional wireless channel used for this
application, which basically is within the aircraft wing.
Propagation in such a semi-hollow cavity will differ considerably
than that in free-space or indoor channels due to the resonance
effects depicted by the wings geometry. There are several design
issues that need to be addressed in order to come up with a viable
wireless engine sensor network in aircrafts. Based on the
application of requirements, a wireless sensor network system for
aircrafts condition monitoring and its node design using WSN
technology and new sensors together are proposed.
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2- What Is ZigBee?

ZigBee is a standard that defines a set of communication protocols
for low-data-rate short-range wireless networking [14]. ZigBee is
targeted mainly for battery-powered applications where low data
rate, low cost, and long battery life are main requirements. In many
ZigBee applications, where wireless device is engaged in any type
of activity, the total time is very limited, the device spends most of
its time in a power-saving mode. As a result, ZigBee enabled
devices are capable of being operational for several years before
their batteries need to be replaced. The ZigBee standard is
specifically developed to address the need for very low-cost
implementation of low-data-rate wireless networks with ultra-low
power consumption. The minimum requirements to meet ZigBee
and IEEE 802.15.4 specifications are relatively relaxed compared
to other standards such as IEEE 802.11, which reduces the
complexity and cost of implementing ZigBee compliant
transceivers. [4] One of the key characteristics of the ZigBee
standard is its mesh networking capability. In a large distributed
mesh network, a message is relayed from one device to another
until it reaches its faraway destination.

The interface between a ZigBee network and other networks using
a different standard provides by using a ZigBee gateway. For
example, if ZigBee wireless networking is used to gather patient
information locally inside a room, the information might need to
be transmitted over the Internet to the monitoring station. In this
case, the ZigBee gateway implements both the ZigBee protocol
and the Internet protocol to be able to translate ZigBee packets to
Internet protocol packet format, and vice versa. The name ZigBee
was selected as a metaphor for the way devices on the network
find and interact with one another [8].
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3- The Relationship between ZigBee and IEEE 802.15.4
Standards

One of the common ways to establish a communication network
(wired or wireless) is to use the concept of networking layers. Each
layer is responsible for certain functions in the network. The layers
normally pass data and commands only to the layers directly above
and below them. ZigBee protocol layers are based on the Open
System Interconnect (OSI) basic reference model [10]. Dividing a
network protocol into layers has a number of advantages, for
example, if the protocol changes over time, it is easier to replace or
modify the layer that is affected by the change rather than
replacing the entire protocol. Also, in developing an application,
the lower layers of the protocol are independent of the application
and can be obtained from a third party, so all that needs to be done
is to make changes in the application layer of the protocol. As
shown in Figure (1), the ZigBee standard defines only the
networking, application, and security layers of the protocol and
adopts IEEE 802.15.4 PHY and MAC layers as part of the ZigBee
networking protocol. Therefore, any ZigBee-compliant device
conforms to IEEE 802.15.4 as well [3].

User Defined
Ll Application Layer (APL) M \
Application ZigBee
Objects Device Defined by
Object > ZigBee
Standard
4 Application Support Sublayer (APS) ZigBee
Security Wireless
Services Networking
<> Network Layer (NWK) y,
Medium Access Control Layer (MAC) Defined by
IEEE 802.15.4
Physical Layer (PHY) Standard

Figure (1): ZigBee Wireless Networking Protocol Layers
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4- Antenna Options

Any wireless device has an antenna, and antennas come in
different shapes, sizes, gains, and impedances. Selecting the right
antenna for an application can have a considerable impact on the
overall performance. There are different types of antennas such as
Dipole Antennas, Quarter-Wave (Monopole) Antennas, Tilted
Whip or Open-Stub Antennas, Inverted F Antennas, Slot
Antennas, Patch Antennas, Spiral Antennas, Helical (Coil)
Antennas, Chip Antennas, and Small Loop Antennas.[9]-[1]

5- s, Scattering Parameter

S21 parameter is one of four scattering parameters. The scattering
parameters constitute the reflection and transmission coefficients
between the incident and reflection waves. In electrical theorem
they represent input/output relationship in the electric system.
These parameters are measured by sending a single frequency
signal into network and detecting what waves exit from each port

[5].

6- Modeling the Wing and Wireless Network

The wing models were created by using Catia software (Wireframe
and Surface Design Module). These models are model
NACA64A410 wing with inner structure, Empty NACA64A410
wing model and Empty prismatic wing model, as shown in
figure(2) and (3). All dimensions of the wing had been chosen and
selecting the wing size was relied on a design of passenger aero
plane, called “Ourania” and all these described in the publications.

[13]. [7]. [2]. [12].
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Figure (2): Model NACA64A410 wing with inner structure

The empty prismatic representation of the wing (See Figure (3))
was used to check influence of the wing’s shape upon the radio
wave propagation.

\

Figure (3): Empty prismatic wing model

The models were meshed in G mesh software. All three modeled
wings were imported into Catia application.

The mesh refinement tool, which was twice used, decreases
patches size and their number and further, to increase the accuracy
for numerical calculation in the simulation software. It was needed
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to use the same parameters for all of the wing models to ensure the
same level of precision for simulations for different models
geometry. Table 1 shows results of meshing for each model.

Tab. 1: Obtained mesh parameters for wing models

Wing Model Number  of | Number of
Nodes Patches

NACA64A410 wing with | 1540 2448

inner structure

empty NACA64A410 wing 199 388

empty prismatic wing 194 384

The selection of the appropriate mesh size using mesh refinement
function was dictated by the computational power of the PC
station, which was used for running simulations. On the other
hand, the chosen mesh was enough complex to achieve reliable
radio wave simulations results. Meshed models are illustrated in
Figure (4).

Figure (4): Meshes of two wings models (a) Model NACA64A410
wing with inner structure
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Figure (4): Meshes of two wings models (b) Empty prismatic
wing model

7- Running the Simulations
7.1- Setting Simulations Parameters
In this research two major simulation test cases were conducted:
e The influence of antennas positions upon the ZigBee
performance.
e Investigation of the Zigbee WSN performance for aircraft
engine sensors.
Actually, the number of test cases increased to four due to the fact
that antennas position test case was carried out within three
different simulation environments (three types of designed wings
models). Consequently, the engine test case was only carried out
within NACA64A410 wing model with an inner structure. Each
simulation was conducted in two frequency ranges:
e From 100 MHz to 5 GHz frequency with 50 MHz step
width (99 frequency samples)
e From 2.4 GHz to 2.48 GHz frequency with 5 MHz steps
width (17 frequency samples).
Obtaining simulations in 100 - 5000 MHz range let find out what
place was taken by the ZigBee ISM band in the coupling between
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antennas, the coupling is the S21 parameter estimation. The 2.4 -
2.48 GHz range represents 26 channels frequencies in the ISM
band. For simulations environment the free space environment
(vacuum) was chosen to run the simulations for radio wave
propagation as a medium because in wing structures many types of
medium exist such as: air, fuel and lubricants may have huge
impact to radio waves propagation and their influences were not
taken into account in these research objectives.

7.2- Antennas positioning case
To test the influences of antenna positions upon radio wave
propagation, the used antenna model was characterised by the
following features:
e Half-wave dipole structure with 62.5 mm wire length
and 350 pm radius.
e Placement of antenna’s bottom edge on the lower wing
plane Vertical orientation.
e Feeding input at antenna’s centre with value of 1 mW,
50 Q feeding impedance.
e Each antennawas a transceiver.
The testing steps are as following:

1. Placement of 1St transceiver close to the wing root -
representation of control device

in aircraft cabin.
2. Putting 2" transceiver at 1/4 wing length.
3. Running the simulation.
4. Putting 2" transceiver at 1/2 wing length.
5. Running the simulation.
6. Putting 2" transceiver at 3/4 wing length.
7. Running the simulation.
8. Putting 2" transceiver close to wing tip.
9. Running the simulation.

200 Copyright © ISTJ 2017 ik gine aoball (3 gia
2017 il 5 a slall 4 sal) Al



International
Science and Technology Volume 10 sl

W0 il )<
Journal April 2017 dax I STJ/\

Aiiil) g o glall 0 gal) Alaal)

gy p glall 40500 g

This algorithm was repeated with the usage of different radio wave
propagation environments shown in Figures (2) and (3), so this
approach let research the influence of shape and the inner structure
occurrence of the wing with varying antennas positions. The
position of antennas was analogically for each antennas position
test case (See Figures: (5), (6)).

Figure (5): Transceivers positions (coordinates point the position of
antenna bottom end) — realistic NACA64A410 wing with inner structure

Figure (6): Transceivers positions (coordinates point the position of
antenna bottom end) -Empty prismatic wing model without inner
structure

201 Copyright © ISTJ 2017 A gine auball (5 gin
2017 il o slall 4 gal) Al



International L » sl 450350 Kgd
Science and Technology Volume 10 2 s P

Journal April 2017 i I S T J %<

Aiiil) g o glall 0 gal) Alaal)

7.3- Engine Simulation Test Case Description

In this case, the influence of multiple antennas appearance upon
radio wave propagation within an aircraft wing cavity was
researched. Seven transceivers represented wireless sensor
network used to collect data from engines sensors. Six sensors
nodes were placed approximately near 1/3 wing length. The
location of the transceiver came out of most common engine
mounting position (See Figure (7)) in transportation aero planes
according to [11]. The position of bottom end of antennas is
illustrated in Figure (8).

Figure (7): Common positions of wing mounted engines
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Figure (9): Transceivers positions near engine location

8- Results

8-1 s,; Parameter Estimation

The magnitude of S21 parameter expresses the coupling between
two ports (antennas), so it indicates the quality of connection link
between these ports. The first common feature of all gathered
results was the fact that the operational ISM band of the ZigBee
standard appeared to be local minimum in the 100 MHz - 5GHz
examined frequency range. The results of S21 are shown in figure
(10).
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Figure (10): S21 Parameters Results
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The second joint characteristic which arose from the s-parameter
estimation figures (11) and (12), shows that there is a cut-off
frequency band oscillating between 100 MHz and 500MHz.
Finally, the simulations proved that coupling between the
transceivers in 2.4 - 2.348 GHz ISM band in all considered test
cases were significantly below (up to -73 dB value) typical
minimum value of the ZigBee SNR.

For that reason, the ZigBee performance is low, due to the fact that
transmitted data between antennas will be undelivered. The
obtained s-parameter meets expectations of the ZigBee SNR value
in points when frequency is much bigger than 2.4 GHz (3 GHz -
5GHz) or much lower (vicinity of 500 MHz and 1250 MHz). In
that case, different wireless technology should be examined in an
aircraft environment application or plausible it will be needed to
increase a number of the WSN nodes in wing structures. The
simulation with usage different type of antenna (e.g. monopole)
might be also considered.

8.2- The Influence of Antennas Positions

The position of antennas has enormous influence upon radio wave
propagation. Especially, it can be observed in comparison between
empty prismatic model and realistic NACA64A410 model with an
inner structure. Figures: (11) and (12) illustrate the coupling
between transceivers upon different antenna position for particular
wing model. The simulation showed, in the wing cavity, coupling
between ports are better when transceivers are far away in tested
ZigBee ISM range (up to -10 dB in the complex wing model). The
effect of this property may arise from high reflection and
resonance effects from ribs or even only wing tip surface and wing
shape.

The lowest coupling value as seen in figures (11) and (12) (-73 dB)
characterizes 2nd transceiver position at 1/4 wing length in empty
rectangular model and it occurs at 2.465 GHz frequency. The
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lowest values at 1/4 wing length occurs also in (approx. -70 dB at
2.46 GHz) NACAG64A410 the empty wing model. In the most
complicated model the situation was different. The lowest values
of the coupling appeared for the 2nd antenna located at half of the
wing length as well as for 3/4 length.

For the 1st ZigBee channel the best (-30 dB) and the worst (-63)
coupling between antennas appeared for 2nd transceiver position at
3/4 length within empty prismatic environment. It might be caused
by the fact that resonances and reflections are much less in
comparison to more complex shapes.
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Figure( 11 ): Comparison of transceivers positions influence — empty

prismatic wing module without inner structure (a): 100 — 5000 MHz
band.
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Figure( 11 ): Comparison of transceivers positions influence — empty
prismatic wing module without inner structure. (b): 2400 — 2480 MHz
band.
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band.

Table2: Comparison of S21 Parameter Estimation in Antennas Position
Test Case for 1st ZigBee channel

S21 Between

S21 Value
[dB]

1st Transceiver 2nd Transceiver
Number Number

1 2 -54.5885
-55.3378

3

4 -65.2897
5 -48.646
6

7

-70.927
-26.2452
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-27.5877
-15.3487

-21.1103
-41.8779

o | o1 W

-34.5782
-20.7782

-31.67724
-25.8857
-20.5482
-31.6774
-25.8857

-43.72882

-14.72037
-35.0845

-34.532

I
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8.3- Hotspots of Radiation in External Wing Sur- faces

8.3.1- The Influence of Wing’s Shape

In realistic as well as in empty wing shaped models, the current in
external wing planes accumulated close to the trailing edge of the
wing tip and also around the trailing edge of the wing kink. The
accumulation of the current in these spots was mainly caused by a
diffraction phenomenon occurred along sharp edges, which are the
trialing edges. For that reason, the empty rectangular shape of the
model did not accumulate the magnetic current — values close to
zero. Furthermore, the magnetic one on external wing planes did
not produce the electric current. In comparison to the wing shaped
model, the order of magnitude was up to 8 times lower.
Additionally, in the empty prism model, the current is more
steadily decomposed on the external wing surfaces. It is caused by
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the fact that reflection in prismatic shaped cavities is lower than in
more complex wing. The significant change of the wing shape
(prism to aerofoil) changes the current value (decreases) as well as
the location of the hotspots in external wing surfaces.

8.3.2- The Influence of Wing’s Inner Structure

An existence of an inner structure has huge impact upon the
radiation in external wing surfaces. Its main effect was the current
absorbency in the spars as well as in the ribs. For that reason, the
magnetic strength in external wing surfaces are significantly higher
than in NACAG64A410 wing model with inner structures.

The maximum value of the current was caused by the radiation of
2nd transceiver placement at 3/4 length of the wing in empty wing
shaped model (367092 A/m). In this particular case, the maximum
radiation was shifted about 70 cm from the wing tip. The location
of the maximum current in external surfaces did not change with
an inner structure occurrence. From that fact, it could be concluded
that, the existence of the inner structure just only decreases the
accumulation of the current in external surfaces rather than
changes the location of the hotspots.

8.3.3- The Influence of Antennas Positions

The current distribution was also depended on localization of
transceivers. The maximum current occurred when 2nd antenna
was placed at 3/4 length of the wing. And also there is no
significant difference between 2nd antenna placement at 1/4 wing
length and at wing tip, especially in an empty NACA64A410 wing
model. It could be explained by the fact of reflections from closing
wing surfaces: wing root surface as well as wing tip surface.

8.3.4- The Influence of Multiple Antennas

When inside the realistic NACA64A410 wing model were put 7
nodes, which represented WSN for engine health management, the
current distribution in external wing surface changed rapidly with
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location of the transceivers. The maximum current characterized
development by the 2nd antenna position (91720 A/m) and 5th
transceiver location (88153 A/m). The lowest value of the current
was caused by 1st antenna (6575 A/m). Magnetic field strength
induced by 1/st antenna was absorbed by surrounding spars and
2nd and 5th antennas were sounded by the leading edge, two ribs
and one surface of the spar, so in this case, reflection from these
surfaces and also diffraction on holes in the ribs might cause the
accumulation of the current in external surfaces.

8.4- Hotspots of Radiation in Inner Structure of the Wing
Planes for observation the magnetic field strength inside the wing
were inserted into the wing structure as shown in Figure (13). As
even empty wing cavity could be considered as a Faraday’s cage,
some amount of the current might “escape” into space through the
wing external surfaces. In many discussed cases, the magnetic
field exists outside of the external wing contour. The hotspots of
radiation have spherical referring to the horizontal planes and they
are located along trailing edge close to wing king and wing tip.

8.4.1 The Influence of Wing’s Shape

The current distribution in horizontal as well as in vertical plane
are much uniform than in other cases. Much more high values of
the current occurred in the horizontal plane in the empty wing
shaped model. It might be caused by the reflections of the radio
waves from both upper and bottom external surfaces of the wing as
well as wing tip surface (current value equaled to 1470 A/m when
the 2nd antenna was close to the wing tip).

8.4.2- The Influence of Wing’s Inner Structure
Along both, vertical and horizontal planes it could be observed that
an inner structure absorbs the magnetic field, so a value of the
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current was higher in an empty NACA64A410 wing model. It was
similar to phenomena, which occurred in external surfaces

(a) Horizontal plane location (viewing for (b) Vertical plane location (viewing for
NACA64A410 wing models) NACA64A410 wing models)

(c) Horizontal plane location (viewing for (d) Vertical plane location (viewing for
empty prismatic wing model) empty prismatic wing model)

Figure (13): Location of planes, where magnetic strength field was
calculated
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8.4.3- The Influence of Antennas Positions

Almost in all cases, the current distribution along vertical and
horizontal planes is similar. The exception from this rule occurred
when 2nd antenna was located at 1/4 wing length and close to the
wing tip. In these two cases antennas were similarly close to root
wing surface and wing tip surface, so the reflection from those
surfaces had significant role in the radio wave propagation inside
wing cavity. Consequently, the values of currents were maximal in
these particular antenna locations.

8.4.4- The Influence of Multiple Antennas

All nodes of the simulated WSN for engine sensors generated
magnetic field with maximal current accumulated around trailing
edge near wing tip. In some cases it can be observed that, on
horizontal plane there is also a hotspot of radiation near trailing
edge of the wing kink. The 7th transceiver and the lowest current
generated the biggest current on the vertical plane by the 1st
antenna. The reason for that could be the current generated by the
1st transmitter fades after numerous radio wave reflections from
root wing surface. Consequently, the current generated by the 7th
antenna increased due to the diffraction and reflections originated
from trailing edge vicinity.

9- Conclusion

The ZigBee performance of an aircraft environment has been
overviewed and simulated. The designed models had different
grade of complexity to let investigate the influence of the cavity
shape upon radio wave propagation. After the meshing models, the
simulations were carried out in these wing models to find its
parameters. The simulations were run into two ranges — 100 - 5000
MHz and, 2400 - 2480 MHz. The analysis of the simulations
covered coupling between the Zigbee antennas into consideration
of different positions of the antenna. The simulation results were
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stated during an examination of the wing and the wireless network
model. S21 parameter estimation proved that the operational ISM
band of the ZigBee standard appears to be a local minimum in the
100 MHz - 5GHz examined frequency range. In this case, the
coupling between the antennas is very weak in 2.4 GHz
bandwidth. In addition to the analysis of S21 parameter estimation
showed that the coupling between the ZigBee antennas is much
lower than expected typical minimal SNR value. This fact hinders
the utilisation of the Zigbee WSN in highly reverberate
environment such as wing cavity. The examination of the influence
of wing shape as of the antennas positions and multiple antennas
appearance at 2.405 GHz frequency (operational frequency of the
1st ZigBee channel in 2.4 GHz ISM band) proved that these
factors have highly impact upon the Zigbhee WSN performance.
Particularly, the wing shape (mainly gradation of thickness along
the length) caused resonance, which makes the coupling between
nodes possible. This wing feature has the largest impact upon the
performance of the ZigBee standard in wing cavities environment.
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Abstract:

The basic principles of this paper are wavelets are functions
that satisfy certain requirements. The very name wavelet comes
from the requirement that they should integrate to zero, “waving"
above and below the x-axis.!). The diminutive connotation of
wavelet suggests the function has to be well localized. Other
requirements are technical and needed mostly to insure quick and
easy calculation of the direct and inverse wavelet transform. The
wavelet analysis procedure is to adopt a wavelet prototype
function, called an analyzing wavelet or mother wavelet. Temporal
analysis is performed with a contracted, high-frequency version of
the prototype wavelet, while frequency analysis is performed with
a dilated, low-frequency version of the same wavelet. The basic
principles of this paper are calculation of mother and scaling
wavelet function are presented.?! . In addition, 3-level wavelet and
inverse transform are implemented using the Haar, Daubechies-4
and Daubechies-12 wavelets, and the efficiency of the Haar,

Daubechies-4 and Daubechies-12 in noise removal using threshold
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method is presented. Also, the three types of the wavelets are
applied to reconstruct the original signal and remove some noise
and a comparison is done between the three types of the wavelets

in terms of their square error.

Introduction:

A wavelet means a small wave (the sinusoids used in
Fourier analysis are big waves) and a wavelet is an oscillation that
decays quickly. They are waves which oscillates and satisfies
JZ ()2 dt < oand [ p(t)dt =0, where y(t) is the
wavelet function.[?). Wavelets provide convenient sets of basis
functions for function spaces.[*l. The fact that the wavelets are
localized in time and frequency enables them to represent
functions that are localized both in time and frequency. Wavelets
allow us to represent functions with sharp spikes or edges, as for
example in two-dimensional images, with fewer terms. Such
property results in wavelets being more advantageous in many
applications; for example, in data compression and transmission.

There are many kinds of wavelets such as can choose
between smooth wavelets, compactly supported wavelets, wavelets
with simple mathematical expressions, wavelets with simple
associated alters, etc. Like sine’s and cosines in Fourier analysis,
wavelets are used as basis functions in representing other
functions.[*). Once the wavelet (sometimes called the mother

wavelet) ¥ (x) is fixed, one can form of translations and dilations
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of the mother wavelet{z/) (%),(a, b) € Rt x R}. Wavelets are

built by beginning from the fundamental wavelet called the
“mother wavelet” and produce the premise by widening and
interpretation.[*]. The wavelet change issues us a decent time
determination and poor recurrence determination at high
frequencies, while the wavelet change issues us a poor time
determination and great recurrence determination at low
frequencies. The discrete wavelet change can be accomplished by
applying progressive low pass and high pass channel on the
discrete time space sign took after by down examining by variable.
How do the wavelets work?

The Haar wavelet has been known for more than eighty
years and has been used in various mathematical fields. It is known
that any continuous function can be approximated uniformly by
Haar functions or the continuous signal can be approximated by a
sequence of unit impulse functions, also called scaling functions,
weighted by the sampling values of the intensity or amplitude of
the signal. (Brownian motion can even be defined by using the
Haar wavelet) Dilations and translations of the function i when
Wjk(x) = const.y(2/x — k).3 Define an orthogonal basis in
L?>(R) (the space of all square integrable functions). This means
that any element in L2(R) may be represented as a linear
combination (possibly infinite) of these basis functions. The

orthogonality of v, is easy to check. It is apparent that
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J.lpjk 'lpj’k’ =0 ey

Whenever j =j'and k = k'is not satisfied simultaneously. If
j# j'(sayj" < j),[* then nonzero values of the wavelet 1j'k’ are
contained in the set where the wavelet 1, is constant. That makes
integral (1) equal to zero: If j =j', but k # k', then at least one
factor in the product yj’k" and v, are zero. Thus the functions
Yy are orthogonal.

Moreover, in this paper we will work to the calculation
of mother and scaling wavelet function are presented in this paper.
Also, 3-level wavelet and inverse transform are implemented using
the Haar, Daubechies-4 and Daubechies-12 wavelets. In addition,
the efficiency of the Haar, Daubechies-4 and Daubechies-12 in
noise removal using threshold method is presented. A certain
amount of noise is added to sinusoidal signal, and then the three
types of the wavelets are applied to reconstruct the original signal
and remove some noise as well. Finally, a comparison is done
between the three types of the wavelets in terms of their square

error.

Work results and discussion:

Find the mother wavelets and scaling functions for the Haar,
db4 and, db12 wavelets. There are a number of basis functions

that can be used as mother wavelet for wavelet transformation.
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And, the mother wavelet produces all wavelet functions used in the
transformation through shifting and scaling. The initial value of
h[n] is derived from the wavelet family (Haar, db44, and db12).
Then the impulse response of the g[n] (high pass filter) is
generated by impulse response h[n] of the low pass filter by

applying the following equation:
gln]l = (=1)™h[P —n], Pisodd (2)

After the first iteration, a ten cycles of recursion are used to get
higher precision of an approximation of ¢(t) and ¥(t) by
convolving with h[n]and multiplying by V2 according to the

following formula.[*:

O =V2 ) hlnlg(2t —n) 3

Y(©) =V2 ) glnlp(2t —n) 4)

Where: g[n] is the high-pass filter and h[n] is the low-pass filter.

During each cycle of iteration and up sampling of h[n] and g[n]
is done. The output of the mother wavelet and scaling function for
the Haar, Daubechies -4 and Daubechies -12 are shown in the

following figures.
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Mother wavelet and Scaling function
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Fig. 1-a. Scaling function and Mother Wavelet of various wavelets
transforms
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Mother wawelet and Scaling function
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Fig. 1-b. Scaling function and Mother Wavelet of various wavelets
transforms
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Fig. 1-c. Scaling function and Mother Wavelet of various wavelets
transforms.
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Calculation of a 3-levels wavelet decomposition and
reconstruction:

In this part, the forward (decomposition) and reverse
(reconstruction) wavelet are conducted. And, the 3-levels wavelet
transform are used for decomposition and reconstruction. Then, the
algorithm of the wavelet signal decomposition is illustrated as

shown in Figure (2).

A HizY) 1,2 2]

4 HZY) )2 o 6lY) {2 (> din]

xn] — HzY) ]2 H 6l [ |2 = din]

1 6lz") [} 2 [ din]

Fig. 2. Dyadic wavelet forward transform

Moreover in this figure, the input signal is denoted by the random
sequence x[n] , where [n] is an integer.[*]. The low pass filter is
denoted by H(z™1), while the high pass filter is denoted by
G(z™1). Also, the filters H(z™1) and G(z™1) can be achieved by
flipping the impulse response of two filters (h[n] and g[n])by

reverse the order. i.e.

hin] = H(z) & h[-n] =2 H(z™Y) (5)
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Additionally, the same procedure is followed to other filterg[n].
At all level the high pass filter produces details information d[n],
while the low pass filter produces approximation a[n]. The
filtering and down sampling process are continued until the third
level is reached. At the end of the last level a sequence of wavelet
coefficients is obtained.
Wavelet coefficients = {[ a, 1[ d, I[ d; 1] do 1} (6)

The reconstruction process is the reverse process of
decomposition where the approximation and details coefficients
are up sampled by two and passed through the low pass filter H(z)
and high pass filter G(z).And, the figure (3) is shown the

reconstruction of the original signal from the wavelet coefficients.

aln 412 L, Hfz)

a(n]
A ' ]
dfn] {12 {4 o) [{+)dt2 4 K |

-ZAL LT Lan]
dy[n) Thz ‘ {M‘{E:'”TZ J Hiz)

o] {12 |4 ot [(+)

Fig. 3. Inverse wavelet transform

Therefore, in the reconstruction process the impulse response of

h[n] and g[n] are used without reverse the order. This procedure
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is continued up to 3-level is reached as in the decomposition
process to obtain the original signal. In process (decomposition
and reconstruction), the Haar, Daubechies-4, and Daubechies-12
wavelet functions are used. The waveform of the input signal x[n],
the wavelet coefficients and the input with the reconstructed signal

are shown in Figures.

Random input signal into the wavelet transfrom 3-level wavelet transform of input function
15 3

2.5

[N
N

=
3

Al
5
E 2 05
X E
& 0 “ ; e |'"wlw|‘A fiot
B 1
-1
-15 w‘
1 2
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
n n
Fig.4-a. 3-level wavelet transform
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input and output fucntions of the wawelet transform
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Fig. 4-b. Input and output signal of the wavelet transform

Random input signal into the wavelet transfrom 3evel wavelet transform of input function
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Fig. 5-a. 3-level wavelet transform
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input and output fucntions of the wawelet transform
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Fig. 5-b. Input and output signal of the wavelet transform
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Fig. 6-a. 3-level wavelet transform
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input and output fucntions of the wawelet transform using db-6
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Fig. 6-b. input and output signal of the wavelet transform using db-6

Reduce the Noise level in a signal by utilizing the wavelet
transform:

One of the applications of the wavelet transform is noise
reduction in a signal. In the last part, a wavelet transform is used to
reduce the signal noise, and the general block diagram of a signal
de-noising procedure is illustrated in table. shows the general

block diagram of a signal de-noising procedure is illustrated.

Noisy signal = DWT = Threshold = IDWT = De-noised signal
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The general wavelet de-noising procedure is as follows:

1) Calculate the noisy signal by composing the noise on a
random signal x[n].

2) Apply the 3-level wavelet transform to the noisy signal to
produce the noisy wavelet coefficients.

3) Select appropriate threshold limit to exclusion each the
wavelet coefficients whose absolute value less than 0.4
(force it to zero).

4) Inverse the wavelet transform of the threshold wavelet
coefficients is used to obtain the reconstructed signal (de-
noised signal).

Additionally in this part, a Haar the daubechies-4 and Daubechies-
12 scaling function is used. To compare the performance by using
these wavelet families, a square error criterion is used according to

the following formula:

Square error = [x(t) — x"(¢)]? (7)

Where x(t)the original is signal and x”(t) is the reconstructed

signal.

The following figures are showing the waveform of 3-level
wavelet coefficients before and after thresholding at the same
window, and they show the input and output signal at the same

window.
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Random input signal the wawelet transform
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Fig. 7-a. Random input signal into the wavelet transform

Input and Output functions of the wawelet transform using Haar
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Fig. 7-b. Input and output functions of the wavelet transform using Haar
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3 level wawelet transform of the input function
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Fig. 7-c. 3-level wavelet transform of input function and Filtered 3-level

wavelet transform of input function using Haar

Each one of these figures shown the signal de-noising Haar
function for 3-level wavelet coefficients waveform in the top and
3-level wavelet coefficients waveform after thresholding in the
bottom.

Now, the Signal de-noising using Daubechies-4 function; input
signal (in the top), and input signal with reconstructed signal (in

the bottom).
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Random input signal the wawelet transform
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Fig. 8-a. Random input signal into the wavelet transform using db-4

Input and Output functions of the wawelet transform using db-4
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Fig. 8-b. Input and output functions of the wavelet transform using db-4
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3 level wawelet transform of the input function
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Fig. 8-c. 3-level wavelet transform of input function and Filtered 3-level

wavelet transform of input function using daubechies-4

Each one of these figures shown the signal de-noising db-4
function for 3-level wavelet coefficients waveform in the top and
3-level wavelet coefficients waveform after thresholding in the

bottom.

Now, the signal de-noising using Daubechies-12 function; 3-level
wavelet coefficients wave form (in the top), and 3-level wavelet

coefficients waveform after thresholding ( in the bottom).
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Random input signal the wawelet transform
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Fig. 9-a. Random input signal into the wavelet transform using db-12

Input and Output functions of the wawelet transform using db-12
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Fig. 9-b. Input and output functions of the wavelet transform using db-
12
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3 level wawelet transform of the input function
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Fig. 9-c. 3-level wavelet transform of input function and Filtered 3-level
wavelet transform of input function using db-12.

Each one of these figures shown the signal de-noising db-12
function for 3-level wavelet coefficients waveform in the top and

3-level wavelet coefficients waveform after thresholding.

On the last part or figures, there is a different performance between
three wavelet families in (Haar, Daubechies-4, and Daubechies-12)
regarding noisy removal. According to the square error results
which illustrated in table 1, and the small value of the square error

is found in the case of Daubechies-12.
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Table 1: The small value of the square error is found in the case of
Daubechies-12.

Wavelet function (Haar) (Daubechies-4)  (Daubechies-12)

Square error 19.88 13.43 1.93

As shown from table 1 the Daubechies-12 gives us the best
performance for noisy removal than the other two functions which
means [Daubechies-12 = 1.93 the best performance for noisy
removal]. Also, in Daubechies-12 a less information are noticed at
high frequency band as shown in figures (9-a) and (9-b).
Furthermore, the best reconstruction of the original signal is

achieved by using Daubechies-12 as shown in figure (9-c).

Conclusion:

In signal processing, there are many kinds of transforms
and the transform of a signal is just another form of representing
the signal. It does not change the information content present in the
signal. One of these transforms and widely used in signal
processing is wavelet transform. The wavelet transform provides a
time-frequency representation of the signal. The wavelet transform
uses multi-resolution technique by which different frequencies are
analyzed with different resolutions. The wavelet transform gives

us a good time resolution and poor frequency resolution at high
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frequencies, while the wavelet transform gives us a poor time
resolution and good frequency resolution at low frequencies.
Wavelet transform has big range of applications in signal
processing. One of these applications is noise removal. Noise
removal is done by applying a certain threshold limit to cut the
amplitude of the noise which below or equal certain level. The
threshold limit is selected such that satisfactory noise removal is
achieved. . In this work, the overview of a generation of the Haar,
Daubechies-4 and Daubechies-12 scaling function are discussed.
Enough iteration cycles are done to get satisfactory precision.
After that, a three-level decomposition of a random signal is used.
At each level, a signal pass through the high pass and low pass
filters. Then the two filter’s outputs are passed through the down
sample. The outputs of the down sampler are low frequency and
high frequency bands of the original signal. After each level, an
approximation and details are obtained. After three level of
decomposition, wavelet confidents are obtained. A reconstruction
of a signal is done by applying the inverse wavelet transform to the
wavelet coefficients. A comparison between the original and
reconstructed signal are shown in figures. The best result to
reduce the noise from the noisy signal is the Daubechies-12
function which means [Daubechies-12 = 1.93 the best performance

for noisy removal].
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