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Abstract: A Geometric Program (GP)  is a type of mathematical optimization problem characterized by objective 
and constraint functions that have a special form. The basic approach in GP modeling is to attempt to express a 
practical problem, such as an engineering analysis or design problem, in GP format. In this study, using Douglas 
production function, between the years 2006-2009 in the construction sector in Turkey estimates of labor and 
capital index values were obtained. 
Geometric Programming Algorithms for the calculation was carried out with the Matlab Toolbox software.  
  
Keywords: Convex optimization, Geometric programming, Cobb-Douglas production function, Mathematical 
optimization.  
 
 
 
 
 
 
1. INTRODUCTİON 
 
In 1967, Duffin, Peterson, and Zener published 
the book Geometric Programming: Theory and 
Applications that started the field of Geometric 
Program (GP) as a branch of nonlinear 
optimization. Several important developments 
of GP took place in the late 1960s and 1970s. 
GP was tied with convex optimization and 
Lagrange duality, and was extended to include 
more general formulations beyond 
posynomials. Several numerical algorithms to 
solve GP were proposed and tested. And 
researchers in mechanical engineering, civil 
engineering, and chemical engineering found 
successful applications of GP to their 
problems. 
However, as researchers felt that most of the 
theoretical, algorithmic and application aspects 
of GP had been exhausted by the early 1980s, 
the period of 1980–1998 was relatively quiet. 
Over the last few years, however, GP started to 
receive renewed attention from the operations 
research community, for example, in a special 
issue of Annals of Operations Research in 
2000 and a special session in the INFORMS 
annual meeting in 2001. In particular, we now  

  
 
 
have very efficient algorithms to solve GP, 
either by general purpose convex optimization 
solvers, or by more specialized methods. 
Approximation methods for robust GP and 
distributed algorithms for GP have also 
appeared recently [2]. 
In the last four years, some studies with 
geometric programming as follows: Profit 
maximization [9], Profit maximization with 
quantity discount [10], Multi-objective 
marketing planning inventory model [6], 
Global optimization for signomial geometric 
programming [7], Optimizing the geometric 
programming problem with single-term 
exponents subject to max–min fuzzy relational 
equation constraints [13], Maximum likelihood 
estimation of ordered multinomial probabilities 
[3], Temperature-aware floorplanning [8], 
Fuzzy pricing and marketing planning model 
[14]. 
A GP is a type of mathematical optimization 
problem characterized by objective and 
constraint functions that have a special form. 
The importance of GPs comes from two 
relatively recent developments: New solution 
methods can solve even large-scale GPs 
extremely efficiently and reliably. A number of  
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practical problems, particularly in electrical 
circuit design, have recently been found to be 
equivalent to (or well approximated by) GPs. 
Putting these two together, we get effective 
solutions for the practical problems. Neither of 
these developments is widely known, at least 
not  yet.  Nor  is  the  story  over:  Further  
improvements in GP solution methods will 
surely be developed, and, we believe, many 
more practical applications of GP will be 
discovered. Indeed, one of our principal aims 
is to broaden knowledge and awareness of GP 
among potential users, to help accelerate the 
hunt for new practical applications of GP. 
Geometric programming is a mathematical 
technique for optimizing positive polynomials, 
which are called posynominials. This 
technique has many similarities to linear 
programming but has advantages in that: 

· a non-linear objective function can be 
used; 

· the constraints can be non-linear; and 
· the optimal cost value can be 

determined with the dual without first 
determining the specific values of the 
primal variables [4]. 

 
2. METHOD 
 
A function  with 
 
 ,                        defined as  
 

,                        (1) 
 
where  and , is called a 
monomial function,  or  simply,  a  monomial. 
The exponents  of  a  monomial  can  be  any  
real numbers, including fractional or negative, 
but the coefficient  an  only  be  positive.  A  
sum of monomials, i.e., a function of the form 
 

, (2) 
 
where , is called a posynomial function 
(with K terms), or simply, a posynomial. 
Posynomials are closed under addition, 
multiplication, and nonnegative scaling. 
Monomials are closed under multiplication and 
division. If a posynomial is multiplied by a 
monomial, the result is a posynomial; 
similarly, a posynomial can be divided by a  

 monomial, with the result a posynomial. 
An optimization problem of the form 
 

   
, 

                                                (2) 
 

,            
 
where  are posynomials and 

 are monomials, is called a 
geometric program (GP).  The  domain  of  this  
problem is ; the constraint  is 
implicit [1]. 
 
3. APPLICATION 
 
The firm uses  inputs (labor, coal, iron ore, 
etc.) to produce a single output, let  be the 
column vector of inputs, 
 

, 
 
and let  be the output. The firm’s production 
function is represented by 
 

 ,             (3) 
 
giving output as a function of its inputs. 
Equation (3) assumes nothing but the existence 
of a maximum output corresponding to any 
combination of inputs. 
Let  be a row vector of (positive) given prices 
of the inputs, 
 

, 
 
and  the (positive) given price of the output. 
A firm is in a competitive situation if it can 
buy and sell in any quantities at exogenously 
given prices, which are independent of its 
production decisions. In other words, the 
competitive firm is a price taker [11]. 
The firm behaves so as to maximize the profit 
π, given as the difference between revenue, 

, and cost, given as the total expenditure on 
all inputs, 
 

 . 
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The problem of the (competitive) firm can then 
be stated as the following mathematical 
programming problem: 
 

,  
 . 

 
Another version of this problem often used in 
production theory is based on the assumption 
of the given output level . The firm is trying 
to minimize its cost, ,  of  the  inputs  used  to  
produce . The expenditure of the firm is 
given by 
 

  
 
and the mathematical programming problem is 
then 
 

  
 and .        (4) 

 
Closely interrelated to this formulation is the 
problem of the firm with a given level of 
expenditure or prespecified budget, , and 
an objective function that maximizes the 
production . Thus the firm chooses levels of 
inputs  so  as  to  maximize  output,  subject  to  a  
budget constraint: 
 

  

 and .                                                  (5) 
 
For illustration of models (4) and (5), we 
consider the technology defined by the Cobb–
Douglas production function (for simplicity, 
but without loss of generality, with just two 
inputs): 
 

  
 
with  and  
 
 
 
 
 
 
 
 

 

Figure 1 A two-input Cobb-Douglas 
production function [12]. 

 
In this case, problem (4) leads to the following 
mathematical programming model: 
 

  

 and 
                                        (6) 

 
The Minimization of Cost 
 
It is to find, for a particular output level  and 
with a given structure of input prices, what 
input levels would constitute the cheapest way 
of producing this output and what would be the 
minimum cost. This question can be answered 
for all possible levels of output and the 
minimum cost would depend on the level of 
output to be produced [11]. 
Assuming that the technology is defined by the 
Cobb–Douglas production function (for 
simplicity, but without loss of generality, with 
two inputs only), the solution of model (6) will 
yield the cost function C(r, q), expressing 
minimum cost as a function of input prices  
and output level . A slight modification of the 
constraint in model (6) leads to the following 
geometric programming problem: 
 

  

               (7) 

                              
 
The following notations about this model (7) 
are described as: 
 

 cost of inputs used to produce , 
 first input (labor input),  
: second input (capital input), 
 first prices of the first input 
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 second prices of the second input, 
 output level, 

 total factor productivity, 
 and  The output elasticities of labor and 

capital, respectively. These values are 
constants determined by available technology.  
 

 4. DATA 
 
The data used in the study were taken from the 
construction sector in Turkey between the 
years 2006- 2009. They are  included in Table 
1 below. 

 
Table 1 Construction sector in Turkey between 2006 and 2009 years.  [16]. 

 

Yea
r 

Classification of 
Types of 

Constructions (CC) 

Yearly Average 

Productio
n Index 

Labour 
Total 
Index 

Material
s Total 
Index 

        
200
6 

Total: Building, 
Civil engineering 

118,4 121,88 114,32 
200
7 124,9 137,80 122,32 

200
8 115,6 153,85 140,06 

200
9 96,4 158,53 131,48 

 

 
: production index; : labour total index; 

: materials total index are  in table 1.  
 

 and  output elasticities coefficients are 
taken as: 
 

. 
 
  total factor productivity is taken as 1  
 

  
because  output level coefficients explains 
the model sufficiently. 
 
5.RESULT AND CONCLUSION 
  
Geometric programming is not used very often 
in the areas related to the production function. 
The  indexes  in  labor  and  capital  in  the  
construction sector in Turkey were estimated 
as follows: 
 

Table 2 Estimated values of labor and capital index. 
 

Year 

Classification of 
Types of 

Constructions 
(CC) 

Yearly Average Estimates 

Productio
n Index 

Labour 
Total 
Index 

Material
s Total 
Index 

    

            

2006 

Total: Building, 
Civil engineering 

118,4 121,88 114,32 
121,5

6 
114,9

3 

2007 124,9 137,80 122,32 
124,9

6 
124,8

4 

2008 115,6 153,85 140,06 
117,0

3 114 

2009 96,4 158,53 131,48 
93,41

4 
99,88

2 
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Cobb-Douglas production function of the 
geometric programming on the calculated 
values to would shed light on the forthcoming 
studies in this field. 
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Abstract:In the recent years, the mobile internet usage has been common in daily life by the development of GSM  
technologies. The internet provides a very easy and flexible connection everywhere, when the users need to use 
internet. It supports messaging, media, finance and lots of services throughout its connection. Data can be 
transferred by   constant quota values of internet users. For all new quota requests,  charging system makes 
queries. There is some kind of performance problems occurs when the applications of quota is adjusted due to low 
level users. If the quotas are planned to provide internet services regarding intensive level internet users, then the 
low level users become aggrieved. The aim of this study is to set up dynamic quota values according to users 
behaviors and thus ensure high performance income using most used artificial neural network in grouping 
studies as SOM (Self-Organizing Maps)  
 
Key Words: GSM Charging, Chapman, SOM Neural Networks, Cluster Analysis 
 
 

 

 

 

1. INTRODUCTION 

Voice and data calls in mobile Networks start 
with access of incoming calls from the mobile 
devices to Base Transceiver Station (BTS). 
Then this incoming request is transferred to 
Base Station Controller (BSC) and its 
transmission to GSM network is provided via 
forwarding this call to Mobile Switching 
Center (MSC). If the call is not a voice call, an 
IP address is provided to subscriber from 
Gateway Serving GPRS Support Node unit, 
which is at the main network. After then  
subscriber is routed to Radius(Remote 
Authentication Dial-in User Service) and 
subscriber is checked if its connection is right  

  
 
 
 
 
 
or not. After authorization requirement is 
taken, internet Access is started together with a 
protocol that processes as a counter with a start 
of  a  session  named  as  Pocket  Data  Protocol.  
Related counter access user’s accounts over 
Home Location Register (HLR) or Visited 
Location Register (VLR), after all, the system 
blocks a particular quota. Meanwhile a call 
record (CDR-Call Detail Record) is generated. 
As the subscriber surfing and creating data 
traffic on the internet, the counter starts to 
deduct the used part form the quota. If the 
quota blocked on the counter is consumed, the 
counter communicates with HLR and confirms 
that the quoted data is fully consumed; a 
charge set CDR is terminated. In case where  

the subscriber continues to use the internet, all  define constant quota value for the groups with 

mailto:ulascelenk@hotmail.com
mailto:uosman@aydin.edu.tr
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the processes that described above are repeated 
again and a new quota is blocked. By this way, 
in setting charge systems; CDR’s are created, 
the steps explained above are repeated in the 
process of GSM subscriber’s internet. Access 
is summarized in Fig. 1, 

 

 
Figure 1 Structure of Mobile Networks 

 
A charging process for created CDR, 
corresponding to a quota as it is explained in 
this section, takes place in billing the GSM 
subscriber’s internet Access. Processing the 
billing according to each created CDR having 
a standard quota for each user, causes a 
processing load because of putting the all user 
to same filtration processing.  Thus lots of 
processing loads and ten thousands CDRs, in 
one minute are created for users with different 
user  habits.  Nowadays,  in  order  to  increase  
performance of the billing systems and 
determine reserved quotas to the subscribers 
dynamically, alternative billing systems is an 
important working field for the software 
programmers that develop billing, charging of 
mobile operator systems. Charging and billing 
are one of the main topics among the most 
resource consuming systems at the GSM 
operators which charge over subscribes’ tariff 
information via monitoring voice and data 
traffic of the subscribers. In classical charging 
systems, a standard quota is defined for all the 
subscribers’ CDRs and charging process are 
done over this quota. But realization of 
performance increment on CDRs which are 
created as tens of thousands in one second will 
provide effective and productive working 
chance and this will an important cost 
advantage. In our model, instead of defining 
quota brackets separately for each user, we  

similar properties.  Prediction over millions of 
users will cause high time consuming burden 
to the system. Alternatively, here we specify 
thousands of users that are grouped  by  
aggregation of the users with the same habits 
and then we predict statistical properties of 
these groups which  provides convenience. The 
method that is considered for the grouping is 
SOM (Self-Organizing Maps) type artificial 
neural networks. 
 
2. SOM NEURAL NETWORKS 
Instead of classical statistical methods, 
artificial neural networks can be used in 
grouping studies. Artificial Neural Networks 
(ANN) do not need the distribution 
assumptions for datum. Having a large 
quantity of elements and variables in a data set 
does not raise difficulties for neural networks 
The most used artificial neural network in 
grouping studies is SOM (Self-Organizing 
Maps) [1]. This network is developed by 
Teuvo Kohonen in 1982. For this reason they 
are  also  known  as  Kohenen  SOM  Networks.  
SOM networks can process for both K-
Averaging and multiple dimensional scaling 
methods.  In  other  words,  it  makes  both  
grouping and mapping in the data label. Thus 
these networks become very popular in recent 
years [2].SOM Networks are one layered 
Networks and they consist input and output 
neurons.  Number  of  variables  in  the  data  set  
determines the number of input neurons. Each 
output neurons represents one group. A SOM 
network is shown in Fig.2. As aparting from 
other artificial neural networks, the positioning 
of neurons at the output layer is very 
important. This positioning can be linear, 
rectangular and hexagonal or cube shape. 
Mostly rectangular and hexagonal positioning 
are preferred. In practice, rectangular 
positioning is applied as quadratic. This 
positioning is important in terms of topologic 
neighborhood. Reference vectors (code-book-
vectors) show the connection between input 
neurons and each output neurons. It is 
conceivable to think these vectors as columns 
of coefficients matrixes. This topologic 
neighborhood is used renewing the reference 
vectors while SOM neural networks is trained. 
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Figure 2 Kohonen SOM Neural Network 

 
3. SOM LEARNING ALGORITHM 
Kohonen Networks use SOM 
algorithm which also gives the name to 
these Networks. The learning 
algorithm used in these Networks is 
uncontrolled. As input vectors in the 
data set enter the network, the network 
arranges itself and form reference 
vectors. This algorithm is given at 
below [3]. 
 
3.1. SOM Algorithm 

1) Assign initial value to ijw  coefficients. 
Determine topologic neighborhood parameters. 
Adjust learning coefficient parameters. 

2) While finish condition is wrong, follow 
steps 3-9 

3) For each x input vector follow steps 4-6 
4) Calculate Euclidean distance           

D(i,j)= ( )å -
ij ij xw 2     for each i,j 

5) Find  value  of  i,j  where  D(i,j)  is  
minimum 

6) For all the output neurons in the defined 
neighborhood of I,J  

 ijw  (new)= ijw  (old)+ a (x- ijw  (old)) 
7) Update learning coefficient 
8) Decrease topologic neighborhood 

parameter at specified times. 
9) Control the finish condition 
The symbols that are used in this 

algorithm as; 

ijw : the reference vector that belongs to output  

 neuron which is at i. row j. Column 
x: input vector 
D (i,j) : square of Euclidean distance of x 
vector  to the output neuron which at (i,j) 
coordinates. 
i,j. : the coordinates of output neuron which is 
closest output neuron  to the x vector. 

a :learning coefficient 
 
As it is understood from the algorithm above, 
firstly, an initial value is given to the reference 
vectors. Before starting to loop, a high value is 
assigned to learning coefficient (a) and 
neighborhood variable (R). A value between 0 
and  1  is  assigned  to  a.  It  is  preferred  to  have  
this value closer to 1. R variable starts with the 
value which is larger than height or width of 
positioning of output layer.  One loop for 
algorithm is submission of all the rows in the 
data set to SOM network input. One of the row 
of data set is x vector. The square of Euclidean 
distance of x vector to each neuron at the 
output layer is being found. Each neuron at the 
output layer is represented by a reference 
vector ( ijw ). Hence, this distance is the 
distance between x vector and wij. The 
smallest value is being found among the 
calculated distances. Whichever output neuron 
has this smallest distance is the Winner neuron.  
In  other  words,  SOM  Networks  are  
‘‘competitor’’ networks. The reference vectors 
of winner neuron and neighborhood neurons 
are being calculated again.  The linear 
neighborhood of the winner neuron seemed in 
Fig.3, and rectangular neighborhood winner 
neuron seemed in Fig.4. As it seems from these 
figures, there are more neighborhood neurons 
around winner neuron in rectangular 
neighborhood. ijw (new)= ijw (old)+ a(x-

ijw (old)) equation is used in this calculation. 
For  this  reason if   a  small  values  are  given to  
references vectors as initial values, the value of 
a  must  be  taken  as  closer  to  1.  In  this  way  
reference vectors have a chance to generate 
themselves.  By this way, a loop will be 
completed when these process are completed 
for each row in the data set. Reference vectors 
keep changing as long as loops continue. Α 
and R values decreases in particular periods of 
loop. There is no particular rule that 
determines that the values decreased in how 
many loops. There are different opinions for 
this subject. Mostly it is adequate to decrease it  
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with a linear function. Looping finishes when 
the changing in the reference vectors finish. 

       
 

Figure 3 Linear Neighborhood of Winner 
Neuron (#) (in the order of inside to outside 

R=0, R=1, and R=2). 
  

 
 

Figure 4 Rectangular Neighborhood of Winner 
Neuron (#) (in the order of inside to outside 

R=0, R=1, and R=2) 
 

After completing the training of the network 
and forming the reference vectors, the 
elements that are in the data set are grouped 
together.  All  the  rows  in  the  data  set  are  
entered to network in a row. Entry vector is 
multiplied by reference vectors of output 
neurons. The element will be belonged to the 
group which the result is bigger. At the end of 
this process, elements are both grouped and 
placed in a two dimensional map. It is possible 
to see the elements that are close to and remote 
to each other from this map. If the positioning 
on the output layer 3 dimensional, the map will 
be 3 dimensional also. These maps can be 
colored and shadowed in different patterns 
according to features of the groups. Therefore, 
a more visual map can be gathered.  
 
4.  CONCLUSION 

In this paper ,we propose a new approach to 
reduce the intensity of GSM systems and not to 
leave the users grievance. For this aim, we use 
different pricing algorithms  and quota systems  

 for different groups. The users are grouped 
according to their current balances and internet 
usage history. SOM-type neural networks are 
preferred for grouping. In this way, using high-
dimensional inputs may be organized low-
dimensional output. Usage of the internet 
varies according to circumstances and time. In 
this study; the neighborhood relationship 
between the groups in SOM-type neural 
networks are crucial data.  The distances of the 
users for their own groups and other groups 
must be calculated. Future usage of internet is 
estimated by Markov processes [4-6]. The 
probability of switching from one group to 
another group in the future is estimated using 
Chapman Kolmogorov equations. In this step; 
the groups which have calculated by SOM-
type neural networks and the distance of these 
groups will be studied. After estimation of the 
user’s group, the most suitable quota value can 
be given. In this way, optimal adjustment of 
the quota values and maximum efficiency for 
signalization will be obtained.   
 

5. REFERENCES 
[1] Teuvo KOHONEN, Self-Organizing 
Maps ,Springer Series in Information Sciences, 
2001  
 
[2] Hudaverdi BIRCAN,Metin 
ZONTUL,Ahmet Gurkan YUKSEK,A study of 
clustering exporting  countries of Turkey using 
SOM Neural Networks, Ataturk University 
Journal of Economics and Administrative 
Sciences,Vol 20,No.2 ,2006, pp.219-238 
 
[3] Laurene FAUSETT,Fundamentals of 
Neural Networks, NJ:Prentice Hall,1994 
 
[4] A. Hamdy TAHA, Operation Research, 
NJ:Prentice Hall,1992 
 
[5] Howard ANTON,  Chris RORRES, 
Elementary Linear Algebra  Applications 
versions, John Wiley & Sons Inc  Canada,1994 
 
[6] Nursel RUZGAR,Analysis of a company 
balance of payments with markov processes 
Dokuz Eylul University Journal of Graduate 
school of social sciences,  Vol  5,  No  1,  2003,  
pp164-179. 

 



INTERNATIONAL JOURNAL OF ELECTRONICS; MECHANICAL and MECHATRONICS 
ENGINEERING Vol.2 Num.2 pp.(166-171) 

ERROR PROTECTION OF PCA BASED FACE 
RECOGNITION FOR TRANSMISSION OVER NOISY 

CHANNELS 
 

Gholamreza ANBARJAFARI1, Hasan DEMIREL2,Aykut HOCANIN2, 
Cağrı OZCINAR3 

 
1Department of Electrical and Electrnic Engineering, Gazikent University, Gaziantep, TURKEY, 

shahab.jafari@gazikent.edu.tr 
2Department of Electrical and Electronic Engineering, Eastern Mediterranean University,Gazimağusa, 

KKTC, Mersin 10, TURKEY 

aykut.hocanin@emu.edu.tr 
3Department of Electronics Engineering, University of Surrey, ENGLAND  

cagri.ozcinar@ieee.org 
 

Abstract: In this paper, we have proposed a system for reliable communication of coded grayscale facial images 
over noisy channels. Principle Component Analysis (PCA) is used for face dimensional reduction and face 
recognition and Repeated Bit Representation (RBR) is proposed to code the eigenfaces for mobile communication 
applications. Recognition obtained with RBR system approach reaches to %82 for 80 test images (2 poses per 
person) and 320 training images (8 poses per person) of ORL, by considering only the most important 30 
coefficients of principle components in a noisy channel with SNR=-2dB. 
 
 
Keywords: PCA; Majority Voting; Repeated Bit Representation; Image Communication 
 
 
 
 
 

1. INTRODUCTION 
Image communication is an important research 
area which has many applications such as 
communications, geosciences and remote 
sensing, and remote security systems. One of 
the bases of image communication is image 
coding which is used for compressing images 
in order to obtain a low dimension 
representation of image for  achieve 
inexpensive image communication and image 
storage. There are many different methods of 
image coding aiming at efficient and error free  

  
 
 
 
 
image communication systems with 
improvement in image coding as well as in 
communication techniques [1, 2]. In this paper, 
an eigenfaces technique is used for image 
coding and dimensionality reduction. 
Eigenfaces technique is one of the most 
frequently used methods based on PCA which 
transforms high dimensional data into a low 
dimensional space [3, 4]. In this paper, PCA is 
used not only for dimension reduction but also 
for recognition purposes. Binary Phase Shift 
Keying (BPSK) is used for the modulation of 
eigenvectors transmitted over AWGN  
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channels. Transmitting coded images is more 
sensitive to error than a single pixel because 
the whole entry of representation vector carries 
much more image information than a single 
pixel [5]. Hosic et al. [6] have shown that all of 
the representation coefficients of PCA coded 
images have the same importance when 
transmitted over the noisy channels. They 
showed that integer and sign part of each PCA 
coefficient represent the “important” 
information and needs to be protected.  
One of the most frequently technique which is 
used for protecting sourcecoded data is 
convolutional codes. Complicated 
convolutional codes perform better than the 
simple one but are more expensive in terms of 
implementation [7]. In this work, repeated bit 
representation (RBR) is implemented for 
coding PCA-coded face images. In PCA, a 
face  space  is  decomposed  into  a  small  set  of  
characteristic feature images called eigenfaces, 
and when linearly combined, represent a single 
face [8].  
This  work  is  organized  in  the  following  way:  
the next section reviews PCA based face 
recognition system; RBR is introduced and 
discussed in section 3. Experimental results are 
reported in section 4, and the last section is 
allocated for conclusion. 

2. PCA BASED FACE RECOGNITION 
SYSTEM 

Principal component analysis or Karhunen-
Loève transformation [9] is standard technique 
used in statistical pattern recognition and 
signal processing for data reduction and feature 
extraction [10]. As the pattern often contains 
redundant information, mapping it to a feature 
vector can get rid of this redundancy and yet 
preserve most of the intrinsic information 
content of the pattern. These extracted features 
have great role in distinguishing input patterns. 
A face image in 2-dimension with size N × N 
can also be considered as one dimensional 
vector of dimension N2. For example, face 
image from ORL (Olivetti Research Labs) 
database [11] with size 112 × 92 can be 
considered as a vector of dimension 10,304, or 
equivalently a point in a 10,304 dimensional 
space.  An ensemble of images maps to a 
collection of points in this huge space. Images 
of faces, being similar in overall configuration, 
will not be randomly distributed in this huge 
image space and thus can be described by a  

 relatively low dimensional subspace. The main 
idea of the principle component is to find the 
vectors that best account for the distribution of 
face images within the entire image space. 
These vectors define the subspace of face 
images, which we call "face space". Each of 
these vectors is of length N2, describes an N × 
N image,  and  is  a  linear  combination  of  the  
original face images. Because these vectors are 
the eigenvectors of the covariance matrix 
corresponding to the original face images, and 
because they are face-like in appearance, it is 
referred as "eigenfaces" [3].  
Let the training set of face images be 
G1,G2,….,GM , then the average of the set is 
defined by 
 

1

1 M
n

nM =

Y = Gå                          (1) 

 
Each face differs from the average by the 
vector      
 

i iF =G -Y                                (2) 
 
This set of very large vectors is then subject to 
principal component analysis, which seeks a 
set of M orthonormal vectors, Um, which best 
describes the distribution of the data. The kth 

vector, Uk , is chosen such that: 
 

( )2
1

1 M T
k k n

n
U

M
l

=
= Få                   (3)

is a maximum, subject to: 
 

1,
0,

T
I k Ik

if I k
U U

otherwise
d

=ì ü
= = í ý

î þ
    (4) 

The vectors Uk and scalars lk are  the  
eigenvectors and eigenvalues, respectively of 
the covariance matrix: 

1

1 M
T T

n n
n

C AA
M =

= F F =å         (5) 

where the matrix A is [F1 F2....FM]. 
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The covariance matrix C, however is 
N2 × N2 real symmetric matrix, and 
calculating the N2 eigenvectors and 
eigenvalues is an intractable task for 
typical image sizes. We need a 
computationally feasible method to 
find these eigenvectors. Consider the 
eigenvectors vi of ATA such that: 
 

T
i i iA Av vm=                           (6) 

 
Multiplying both sides by A, we have: 
 

T
i i iAA Av Avm=                                    (7) 

 
where we see that Aνi are the eigenvectors and  
µi are the eigenvalues of  C= A AT. Following 
these analysis, we construct the M × M matrix 
L= ATA, where Lmn= mT n, and find the M 
eigenvectors, νi , of L. These vectors determine 
linear combinations of the M training set face 
images to form the eigenfaces UI:   
 

1
, 1,....,

M

I Ik k
k

U v I M
=

= F =å     (8) 

 
With this analysis, the calculations are greatly 
reduced, from the order of the number of 
pixels  in  the  images  (N2)  to  the  order  of  the  
number of images in the training set (M). 
The eigenface images calculated from the 
eigenvectors of L span  a  basis  set  that  can  be  
used to describe face images. Sirovich and 
Kirby evaluated a limited version of this 
framework on an ensemble of 115 images (M = 
115) images of Caucasian males digitized in a 
controlled manner, and found that 40 
eigenfaces (M' = 40) were sufficient for a very 
good description of face images [12].  In 
practice, a smaller M' can be sufficient for 
identification, since accurate reconstruction of 
the image is not a requirement. In the 
framework of face recognition, the operation is 
a pattern recognition task rather than image 
reconstruction. The eigenfaces span an M' 
dimensional subspace of the original N2 image 
space and hence, the M' significant  

 eigenvectors of the L matrix with the largest 
associated eigenvalues, are sufficient for 
reliable representation of the faces in the face 
space characterized by the eigenfaces. 
A  new  face  image  (G) is transformed into its 
eigenface components by a simple operation as 
follows: 

( )T
k kw U= G -Y                         (9) 

 
for k = 1,...,M'. The weights form a projection 
vector shown in equation (10), describing the 
contribution of each eigenface in representing 
the input face image, treating the eigenfaces as 
a basis set for face images. 
 

[ ]1 2 '....T
Mw w wW =                            (10) 

 
The projection vector is then used in a standard 
pattern recognition algorithm to identify which 
of a number of predefined face classes, if any, 
best describes the face. The face class k can 
be calculated by averaging the results of the 
eigenface representation over a small number 
of face images of each individual. 
Classification is performed by comparing the 
projection vectors of the training face images 
with the projection vector of the input face 
image. This comparison is based on the 
Euclidean distance between the face classes 
and  the  input  face  image.  This  is  given  in  
equation (11). The idea is to find the face class 
k that minimizes the Euclidean distance.   
 

( )k ke = W -W                           (11) 

where Wk is  a  vector  describing  the  kth  faces  
class. While for perfect reconstruction of the 
face image all the coefficients may be needed, 
for recognition, only the most significant 
coefficients play an important role. The 
coefficients consist of integer and fraction 
parts. In this paper, we propose that the integer 
part has a more significant role in recognition, 
and the experimental results show that if we 
consider more than 10 coefficients for 
recognition purposes we will get reasonable 
good recognition rate. The proposed system 
reduces the number of bits required for 
representation of the coefficients, because 
there is no need to spend any extra bits to  
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represent the fraction part. Fig. 1 shows the 
recognition rates for 80 test images (2 poses 
per person) and 320 training images (8 poses 
per person) of ORL database [11], evaluated 
for different number of coefficient using the 
PCA method. The performance curve of the 
recognition rate saturates at %95 after 30 
coefficients have been used in recognition. The 
recognition rate will not vary a lot by 
increasing the number of coefficients. The 
Minimum number of coefficients required for 
successful recognition rates, depends on the 
characteristics of data used in the training set. 
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Figure 1 PCA based faces recognition 
for ORL face database 

 
3. REPEATED BIT REPRESENTATION 

 
Transmitting all the pixels of an image at a 
time requires a large bandwidth and a large bit 
rate, which in practice is usually not available. 
Therefore, a compressed form of the data 
should be sent over the channel. This may be a 
coded image where the amount of information 
per bit is substantially increased. Hence, a 
single bit error may result in a considerable 
decrease in performance [13]. One way to 
protect bits is to increase redundancy of the 
signal and make it less susceptible to the 
effects of mobile channels. However, although 
coded images contain compressed information, 
protecting all of it would not be practical. 
Applying Repeated Bit Representation (RBR) 
is an efficient technique which reduces overall 
redundancy by simply reducing the required bit 
representation of each represented coefficient. 
In this paper, PCA is used for image coding, 
where coded information for each image is 
carried in its projection vector. Most 
significant coefficients in the vector make a 
higher contribution in the representation of the 
faces. However, this property of projection  

 coefficients and eigenfaces cannot be used 
efficiently in noisy channels due to the 
randomness of the noise and uneven 
contribution of the error on each coefficient [6, 
14]. For example, after transmission, small 
coefficients originally with almost no 
contribution may become large and can even 
have a different sign. Therefore, all 
representation coefficients must be protected 
accordingly. As Hocanin et al. have shown 
[14],  the  errors  in  the  fractional  part  of  each  
coefficient do not result in considerable 
representation change compared to errors in 
integer or sign part. After every coefficient is 
transformed into a sequence of binary digits, it 
is enough to protect the first few bits 
representing the sign and the integer parts of 
each coefficient. According into the proposed 
system the most significant bits belong to the 
integer part of the coefficient and none of the 
fraction part will be transmitted. For encoding 
purposes each coefficient has been represented 
as a signed binary number. The most 
significant bit represents the sign of the 
coefficient. As the eigenfaces coefficients are 
within the range of (-15 , 15) so 5 bits are 
enough to represent the signed coefficient in 
binary format. After modulating the bit 
streams, each bit has been represented with 
three bit where each bit is equal to the value of 
the original bit as shown below: 
 

4443332221114321 aaaaaaaaaaaaaaaa ®  
                                                  (12) 
After encoding, all bits are transmitted over the 
channel. At the receiver side, coded bit streams 
are decoded by using the majority voting 
principle. As bit ari, the ith received bit, is 
equal to the most repeated bit. 
 

{ }321 ,,mod riririri aaaa =         (13) 
 
This RBR method is applied on a bit level and 
protects all the coefficients in the projection 
vector, providing sufficiently small bandwidth 
and transmission Eb/N0. Received and 
decoded projection vectors are used for face 
recognition purposes, using the proposed PCA 
decoding algorithm. Increasing the number of 
repetition of the bits will lead to higher 
protection. The RBR method for proposed 
PCA,  in  terms  of  required  bit  to  protect  the  
coefficients, is even more efficient than [14],  
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where unequal error protection (UEP) method 
was used for PCA. Table 1 shows the required 
bit number for different numbers of 
coefficients.  

 The required number of bits for the proposed 
method is significantly less than the required 
number of bits reported in [14] where UEP and 
equal error protection (EEP) are used. 

 
Table 1 Number of required bit to transmit an image using UEP, EEP, and proposed RBR 

 
 

Number of 
coefficient 

UEP rate ¼ 
+rate ½ using 

PCA [14] 

EEP  rate 1/3 
using PCA 

[14] 

RBR using integer 
coefficients of  

PCA 
20 2840 3840 300 
30 4260 5760 450 
100 14200 19200 1500 
320 45440 61440 4800 

 

 
4. REPEATED BİT REPRESENTATION 

 
The transmission channel consists of AWGN 
and Rayleigh fading. The recognition has been 
evaluated for different SNR values.  As Fig. 2 
shows the recognition rate approximately stays 
the same when the SNR is 0 dB when there are 
80 test images and 320 training images of ORL 
face database. So the proposed method, where 
only integer part of eigenfaces coefficients 
were transmitted, has performed well in terms 
of recognition and protection of the PCA-codes 
compare to the previous works [9]. This is 
quite significant as it clearly shows that less 
number of bits is required in order to represent 
the PCA coefficients as there is no need to 
keep the floating point values. 
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Recognition over a noisy channel (AWGN, SNR=0dB)

 
Figure 2 Recognition rate (%) of face images 

for different coefficient when SNR = 0dB 
 
For better demonstration of the effect of SNR 
of the performance of the proposed system, 
Fig. 3 has been shown. In Fig. 3 the number of 
coefficients is kept fixed (30 coefficients) and 
the SNR value has been changed from -10dB 
to 10dB. 
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Figure 3 Recognition Rate (%) of face images 
for different SNR values using 30 coefficients 

 
In this paper we introduced an error protection 
method for PCA based face recognition 
system. In order to reduce the required bit 
representation of the eigenfaces coefficient, the 
integer part of the coefficient was selected. The 
RBR has been used for protecting the 
eigenfaces coefficients from the effect of noise 
which exists in the communication channel. 
The required bit number for representing the 
coefficient are significantly reduced compared 
to similar work using UEP and EEP and also 
the recognition rate of the transmitted 
coefficients are very encouraging. 
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Abstract  : Signature can be defined as a person’s name or special  signs that he/she writes when he/she wants to 
indicate  he/she wrote or confirm that writing. A person signs many times in his/her life. A person’s signature that 
is used for thousands of times for many things from formal documents to exams has importance for that person. 
Especially, signing in legal operations is an operation that can build important results. If a person’s signature is 
imitated by another person, he/she can become beholden, donate his/her whole wealth, commits offences or do 
some judicial operations. Today, because many operations can be done with digital environments and internet, 
signature operation that provides identity validation must also be carried to digital environment. In this paper 
digital signature concept that is approved for this reason and its situation in international areas and Turkish laws 
are investigated.   
 
 
Keywords : Digital Signature, Digital Law 
 
 
 
 
1. INTRODUCTION 
 
Today, many operations that are done with 
paper  can  also  be  made  in  digital  world  in  
many countries. Banking operations, password 
applications, insurance operations, vehicle (bus 
train, plain) and organization (cinema, theatre, 
concert) ticket reservations, tax, bill 
operations, exam applications, lesson choices 
of students are some of e-commerce 
operations. In the operations that are done by 
internet, identity validation is done with a user 
name and password. But this validation 
process  is  not  a  very  suitable  process  for  the  
processes that identity information carries vital 
importance. Because the person can forget the 
password, or someone else can learn it by 
anyway.  If  something  occurs  like  that  the  
person will be in a hard position. So, a concept 
named digital signature appeared to prevent 
that situations. Digital signatures are used to 
show the identity of the person who sent the 
information or email using electronic 
environment like original signatures [1]. 
Electronic signature (or e-signature) which is a 
concept that contains digital signature can be 
defined as “the technique of people they use 
while they are proving that he/she is 
himself/herself”. Validation of people are 
proved with e-signature in electronic 

  
 
 
environment while it is proved with original 
signature, seal at in paper world [2]. E-
signature is a very large concept. The 
biometric security methods which are like 
people’s eye retina, fingerprint or digitalized 
signatures of people which are made by 
scanning the original signatures can be shown 
as examples of e-signatures. 
Digital signature is a part of electronic 
signature  and is  a  signature  type  that  is  based  
on  as  unique  because  its  content  is  changed  
with mathematical functions. Digital 
certificates are used in building and validating 
digital signatures.  
A  person  who  wants  to  sign  a  data  digitally  
must have a personal digital certificate.  
 
2. DIGITAL SIGNATURE 
 
Many definitions can be made about digital 
signature. Some of them are like that : 
 
A digital signature or digital signature 
scheme is a mathematical scheme for 
demonstrating the authenticity of a digital 
message or document. A valid digital signature 
gives a recipient reason to believe that the 
message was created by a known sender, and 
that it was not altered in transit. Digital 
signatures are commonly used for software  
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distribution, financial transactions, and in other 
cases where it is important to detect forgery or  
tampering [3]. 
The result of a cryptographic transformation of 
data that, when properly implemented, 
provides a mechanism for verifying origin 
authentication, data integrity and signatory  
non-repudiation [4].  
A digital signature (standard electronic 
signature) takes the concept of traditional 
paper-based signing and turn it into an 
electronic "fingerprint.” This "fingerprint,” or 
coded message, is unique to both the document 
and the signer and binds both of them together. 
The digital signature ensures the authenticity 
of  the  signer.  Any  changes  made  to  the  
document after it is signed invalidate the 
signature, thereby protecting against signature 
forgery and information tampering. E-
signatures help organizations sustain signer 
authenticity, accountability, data integrity and 
non-repudiation of electronic documents and 
forms [5].  
A digital signature is an electronic signature 
that can be used to authenticate the identity of 
the  sender  of  a  message  or  the  signer  of  a  
document, and possibly to ensure that the 
original content of the message or document 
that has been sent is unchanged. Digital 
signatures are easily transportable, cannot be 
imitated by someone else, and can be 
automatically time-stamped. The ability to 
ensure that the original signed message arrived 
means that the sender cannot easily repudiate it 
later [6]. 
 
2.1. Properties and Benefits of Digital 
Signature 
 
Digital signature guarantees the information 
come from the right user, server or host that 
claim it sent the information because it is 
unique. Digital signature protects the datas’ 
content  during  data  flow.  It  prevents  the  
information from being obtained by another 
person  and  also  being  changed.  Also  it  
guarantees the information is sent to and read 
by the right receiver. It provides stigmatizing 
and archiving the sent datas. It provides 
savings of paper, mail, press costs and speed. 
Digital signature enables to prove who sends 
and receives the information. The 
person/server etc who sends a signed document 
can’t deny he/she/it sent the document. This 
situation is also valid for receivers [7]. 

 2.2. How is a Digital Signature Built and 
Validated? 
 
Digital siganture is build by doing an operation 
not in the sent message but over the hash 
message of it.  
Hash message means the message summary 
but it is not a classical summary that can be 
differ from person to person, it is obtained by 
shorten the original message uniquely by some 
functions.  
To obtain the whole original message is not 
possible from hash message. In other words, 
hash function is an irreversible function. After 
obtaining hash message this message is coded 
by using private key. This coded hash message 
is used as digital signature. Digital signature is 
attached to original message and sent to the 
receiver. Buiding a digital signature is shown 
in Figure 1.  
 
 

 
Figure 1 Building a Digital Signature 

 
 
When a digital signature is built it can be used 
in many different operations as shown in 
Figure 2.  
 
 
 
 
 
 
 

http://www.arx.com/digital-signature
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Figure 2  Digital Signature [8] 

 
Receiver decrypts the message by using 
sender’s public key. After this operation, 
receiver receives a hash message. If two has 
messages are the same, this message is 
validated to be come from the right sender. It is 
guaranteed because if message is changed 
while  it  is  being  sent,  the  hash  message  that  
receiver receives must be different from the 
first hash message. So, it can be obviously seen 
that digital signature is incidental to message 
and the public key of message sender. 
Validating a digital signature is shown in 
Figure 3.  
 

 
Figure 3 Validating a Digital Signature [9]  

 
2.3. Digital Certificates 
 
Digital certificates that can be named as also 
digital IDs are identities of a person in digital 
world.  
In  other  words  they  are  the  similar  ones  of  
identity cards, driving licences, passports. Like 
in real world, when a person shows his/her 
digital certificate, it means that he/she proved  

 his/her identity and reach on-line services. 
Digital certificates also link the identity of the 
person to a public key that is used in building 
digital signatures. Not only a natural person 
can have a digital certificate and signature but 
also legal entities can have. Today some 
corporations are related to provide digital 
certificates. This corporations must be different 
from the people/coporation that gets and gives 
digital certificate service. Digital certificates 
are shown in Figure 3. 
 

 

         

 
 
 

Figure 4  A Digital Certificate [10] 
 
3. THE LAW PROPERTIES OF DIGITAL 
SIGNATURE 
 
Digital signature presents many easinesses to 
user with its doing many operations in the 
electronic world. 
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But, similar to the operations that signature is 
used, it must be done some law arrangements 
in the applications that digital signature is 
used.  The  situations  in  Turkey  and  
international areas about digital signature can 
be observed like in this section and some 
sample countries and their laws about digital 
signature is handled. 
 
3.1. International Arrangements About 
Digital Signature 
 
Especially from 1996, in many countries, some 
studies are done about digital signature. In 
many countries’ digital signature 
arrangements, UNICTRAL (United Nations 
Commission on International Trade Law) [11] 
model laws and European Community 
directives are effective. This model law is built 
because of 2 detections. First of them is that 
modern communication vehicles increase and 
second is that when the electronic datas which 
are important in the way of law are tired to be 
sent with electronic ways, there become some 
problems [12]. 
 
A. AMERICA 
 
i. United States of America (USA) 
 
EPIC (Electronic Privacy Information Center) 
reported that building a standart about digital 
signature in USA and making law 
arrangements are started by DSS (Digital 
Signature Standart) which is built by NIST 
(National Institute of  
Standarts) [13]. The most important 
approvement in USA, is the acceptance of the 
S.761 numbered law in 2000. This law of is 
like that.  “If a record or an agreement is done 
with an electronic signature, it doesn’t mean 
that it is not valid, in force etc for only its 
using an electronic signature [14][15]. The 
most interesting thing about this law is, the 
president of that time, Bill Clinton’s signing 
the law with a digital signature.  
 
ii. Canada 
 
It has an Electronic Operations Law that 
contains all electronic operations and brought 
into force at 10 April 2001 [16]. 
 
 
 

 B. EUROPEAN COMMUNITY  
i. Germany 
 
German Digital Signature Law which is called 
SigG is accepted in 2001. The digital signature 
definition of this law which investigates 
general dominations companies who give 
certificate services, technical security, auditing 
and result domination is like that “Electronic 
signatures  are  datas  that  can  be  attached  to  
other electronic datas and make a connection 
to those datas and also be useful for 
recognizing the users” [17]. 
 
ii. France 
 
In Civil Law in 2000, (with 2000-230 
numbered law) there is electronic signature law 
in 1316-4 by law. To apply this by law in 
2001, (2001-272 numbered decree) an 
arrangement was done and brought into force 
[18]. In France, electronic signature usage is 
not in desired amount because of the querying 
authorization of courts for the commercial 
agreements that are signed with electronic 
signature [19].  
 
iii. Spain 
 
The e-signature law that leaves the 
authorization and responsibility to 
Telecommunication and Information Security 
Ministry was brought into force in 2003. 
Although it has a comprehensive law about the 
subject, Spain is not in the countries that use e-
signature widespreadly [20]. 
 
 
iv. Finland 
 
The studies about the subject in 1998 in 
Finland which is one of the countries that the 
usage of electronic and mobile signature is 
high. In 2000, the law about the subject is 
accepted and started to be applied in the name 
of Administrative Electronic Services Law 
[21]. In this law, there is not a definite criteria 
about electronic signature is broken all the 
certificates will be cancelled [22]. 
 
v. Hungary 
 
Communications Authority of Hungary [23] is 
the responsible foundation for the law accepted 
At 29 May 2001 [24]. 
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vi. Norway 
 
The Electronic Signatures Act of Norway is 
accepted at 15 June 2001 and modified at 17 
June 2005 [25]. 
 
vii. Luxembourg 
 
It has a digital law that is accepted at  
14 August 2000 [26]. 
 
C. FAR EAST 
i. China 
 
The "Law of the People's Republic of China on 
Electronic Signatures," passed by the 11th 
conference of the Standing Committee of the 
10th State Council of the People's Republic of 
China on August 28, 2004, is hereby 
promulgated and will take effect as of April 1, 
2005. It is a law of 36 articles and some 
subjects it explains are :  
- what electronic data is,  
- when it can be used as evidence,  
- in which documents electronic signature is 
not accepted  
- what are the legal responsibilities [27]. 
 
ii. Malaysia 
 
Malaysia  is  one  of  the  first  countries  that  
realizes importance of digital signature and 
before many developed country. It prepares a 
very  detailed  law  about  the  subject.   It  gives  
importance to the subject licence of digital 
sertificates and also private key security that 
are neglected by some other  
countries [28].  
 
iii. Singapore 
 
One year later Malaysia, its neighbour 
Singapore accepted a detailed digital law 
similar to it in  
1998 [29].  
 
D. AFRICA 
i. Ghana 
 
Ghana has a new electronic signature law that 
is accepted in 2008 [30]. 
 
ii. South Africa 
 
A very detailed electronic communications and  

 transactions act in South Africa that consists 
articles about 
 
- consumer protection 
- domain name authority and administration 
- limitation of liability of service providers 
- cyber inspectors  
- cyber crimes 
 
came into force in 2002 [31].  
 
E. Others 
 
Apart from the ones mentioned above some 
other countries also have laws about electronic 
and digital signature. The table below shows 
the countries that have digital laws in 
alphabetical order and the years of their digital 
laws [32]. 
 
Table 1  Other Countries With Digital Law 
 

Austria Signature Law 2000
Belgium Signature Law 2001
 
 
Bermuda 

Electronic Transactions Act  1999
Certification Service Providers 
(Relevant Criteria and Security 
Guidelines) Regulations 

 
2002

Czech 
Republic 

Act on Electronic Signatures 2000

England, 
Scotland 
and 
Wales 

Electronic Communications Act 2000

The Electronic Signatures Regulations 2002

 
Estonia 

Digital Signature Law  2000
Digital Signatures Act  2003

India Information Technology Act  2000
Ireland Irish Electronic Commerce Act 2000
Lithuana Law on electronic signature 2002
 
Malta 

Maltese Electronic Commerce Act  2001
Last ammended 2005

 
Moldova 

Law about Electronic Document and 
Digital Signature 

2004

New 
Zealand 

Electronic Transactions Act 2002

Philippis Electronic Commerce Act  2000
Romania Law on the Electronic Signature 2001
Russia Federal Law of Russian Federation 

about Electronic Digital Signature 
2002

Slovakia Act no.215/2002 on electronic 
signature 

2002

Slovenia Electronic Business and Electronic 
Signature Act 

2000

Sweden Qualified Electronic Signatures Act 2000
 
4. DIGITAL SIGNATURE ACCORDING 
TO TURKISH TRADE LAWS 
 
The studies about digital signature in Turkey 
started in 2000 in Undersecretariat Of Foreign  

http://www.laws.gov.bm/NXT/gateway.dll/Laws%20of%20Bermuda%20-%20PDF/annual%20laws/1999/acts%20of%20parliament/electronic%20transactions%20act%201999.pdf
http://www.laws.gov.bm/NXT/gateway.dll/Laws%20of%20Bermuda%20-%20PDF/consolidated%20laws/certification%20service%20providers%20(relevant%20criteria%20and%20security%20guidelines)%20regulations%202002.pdf
http://www.micr.cz/scripts/detail.php?id=1542
http://www.legislation.hmso.gov.uk/acts/acts2000/20000007.htm#7
http://www.opsi.gov.uk/si/si2002/20020318.htm
https://www.riigiteataja.ee/ert/act.jsp?id=694375
http://www.legaltext.ee/et/andmebaas/paraframe.asp?loc=text&lk=et&sk=en&dok=X30081K4.htm&query=digitaalallkirja&tyyp=X&ptyyp=RT&pg=1&fr=no
http://en.wikipedia.org/wiki/Information_Technology_Act
https://www.post.trust.ie/reposit/ecommerce.html
http://www3.lrs.lt/pls/inter2/dokpaieska.showdoc_l?p_id=204802
http://docs.justice.gov.mt/lom/legislation/english/leg/vol_13/chapt426.pdf
http://lex.justice.md/index.php?action=view&view=doc&lang=2&id=313061
http://www.legislation.govt.nz/browse_vw.asp?content-set=pal_statutes
http://www.ncc.gov.ph/files/Ra8792.pdf
http://www.legi-internet.ro/en/e-sign.htm
http://www.rg.ru/oficial/doc/federal_zak/1-fz.shtm
http://www.zbierka.sk/zz/predpisy/default.aspx?PredpisID=16414&FileName=02-z215&Rocnik=2002
http://www2.gov.si/zak/Zak_vel.nsf/4c1d8c547755fffac1256616002dd5e1/c12563a400338836c12568fd00505349?OpenDocument
http://www.riksdagen.se/webbnav/index.aspx?nid=3911&bet=2000:832
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trade.  Tthey continued by the studies that is 
done in Ministry of Justice in 2002 and it takes 
the today situation with 5070 numbered 
Electronic Signature Law and published in 
Official Gazzette in 2004.  
In this law, digital signature definition is done 
like “Electronic signature defines the 
electronic datas that are attached another 
electronic data, connected to them and used to 
validate the identity of user” [33] [34]. In the 
aforementioned law, there are dominations 
about aim, concept, definitions, secured 
electronic signature and certificate services, 
control and punishment [35].  
The 5070 numbered law is generally suitable 
to 99/93/EC numbered  
“Council – Commission Directives About 
Electronic Signature” of European  
Community [36]. With this law, some 
alteration in the some other laws must be done. 
For example to the expression in the 1. article 
of Debt Law that was like “Signature must be 
handwriting of the beholden people” another 
expression like “Secure electonic signature has 
the same authorization with wet signature” is 
added after Electronic Signature Law [37].  
Giving digital certificate operation started by 
intermediary companies in 2005.  If we look at 
these digital certificate cronologically, 
Electronic Information Security Incorporated 
Company, Tubitak UEKAE [38], 
TurkTrustBilgi Communication and Informatic 
Security Services [39]. EBG Informatic 
Technologies and services [40] as these 
companies. 
Some articles in  Turkish  law are like that : 
 
Article 1 :  
The aim of this law is to organize juridical and 
technical properties and usage basics of 
electronic signature. 
 
Article 5 :  
Secured electronic signature gives the same 
juridical results with handwritten signature. 
 
 
Article 13 : 
The responsibility of elecetronic certificate 
provider to electronic certificate owner is 
dependent to general provisions.  
 
Article 14 : 
The juricidal results of electronic certificates 
that are given by a service provider established  

 in a foreign country are determined by 
international agreements.   
 
Article 15 : 
The control of activity and oprations of 
electronic service providers related to applying 
this law is made by corporation. 
 
Article 26 : 
Cabinet Council enforces the provisions of this 
law.  
 
Article 23 : 
The 295/A article below is added to 18.6.1972 
dated and 1086 law no Civil Procedure Trial 
Law the way that is comes after article 295. 
 
Article 295/A: 
Electronic datas that are made by secured 
electronic signature according to hoyle are 
under the heel of bond. These datas are 
accepted as evidence until its adverse is 
proved. 
 
5. CONCLUSION 
 
Although technologic improvements that are 
based on time, effort and money diposal were 
thought as luxury in ancient times, they 
become necessarities today.  
 
The machines, robots that people think when 
technologic improvement is discussed are the 
tools  that  can  make  many  operations  that  are  
made manually. This is the hardware side of 
the technologic improvement. On the other 
hand there is another side of the improvements 
that is called software. Internet is the most 
important part of this side. Internet which 
could be used finitely and for only military 
when it first occurs gets a vehicle that people 
use for entertainment, communication, 
information sharing etc today. But the real 
improvement about internet took place when 
people can do the operations by using only 
computer and internet that they spend time, 
effort and money and whenever/wherever they 
want. 
Today we can make lots of applications that 
couldn’t come to our minds a few years ago.  
We can say every banking operations, money 
transfers, learning information like tax number, 
online applications for central exams, paying 
bills, taxes, notary operations, passport 
applications, buying tickets for a show or  
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public transport vehicle between these 
operations. These operations that ease life are 
not free of problems as they are in real world. 
The most important problem is how it will be 
decided the person who made the operation is 
whether the real person who is claimed to 
make the operation or not. In the paper 
operations  it  is  easy.  The  person  who  makes  
the operation can validate  his/her identity by 
using his/her own wet signature, seal, stamp 
etc. But making these processes is impossible 
in digital world. So, the internet operations can 
cause problems. To avoid these problems, 
digital signature concept is arised especially in 
last 15 years.  
Digital signature can show that the person who 
makes  the  operations  is  the  person  who  is  
claimed to make these operations or not.  
In this paper, after it is mentioned about what 
digital signature is, properties of it and how a 
digital signing is being made, it is investigated 
how  the  laws  of  many  countries  in  the  world  
and Turkey attend to digital signature. After 
this investigation it is seen that some countries 
give importance to this subject and have laws 
about this subject, some countries have only 
studies about digital signature but any way at 
all considerable number of countries are aware 
of digital signature. When it is looked at the 
country investigations and Table 1 too, it can 
be easily seen that the digital signature law 
studies are made especially in the last 1990s 
and early 2000s. 
In Turkey there is also a digital signature law 
and it is applied elemantarily.  
If we make a general evaluation about this 
subject, in a world that the countries known as 
super powers introduce digital signature laws 
only 8-10 years before, Turkey’s starting to 
study and introducing law about the subject 
after only a few years of the other countries is 
a  gladsome  development.  Also  we  can  say  
mention that Turkey’s digital signature law is 
compatible to the Council - Commission 
Directives About Electronic Signatures of 
European Community, there are many 
companies that provide digital certificate 
services which are necessary for having a 
digital signature, TUBITAK is studying about 
this subject and these also show that Turkey is 
in a good position about the digital signature 
subject. Due to these and other developments 
similar to these, Turkey  approaches to the 
values it aims day by day.  

 6. REFERENCES 
 
[1] Orta,  M.,  “Elektronik  İmza  ve  
Uygulaması”, Seçkin Yayınları, Ankara, 2005. 
 
[2] Buyukbahceci, M., “Dijital 
Sertifikalar ve Dijital İmzalar”, e-imza & e-
Turkiye Sempozyumu, Ankara / 15.07.2004. 
 
[3] Wikipedia, Digital Signature, 
http://en.wikipedia.org/wiki/Digital_signature 
 
[4] Federal Information Processing 
Standards Publication Digital Signature 
Standard (DSS), Information Technology 
Laboratory National Institute of Standards and 
Technology, Issued June, 2009. 
 
[5] Digital Signature, 
http://www.arx.com/digital-signatures-faq 
 
[6] http://searchsecurity.techtarget.com/definit
ion/digital-signature 
 
[7] E-imza (Kavramlar, Hukuki Boyut ve 
Uygulamalar), Yuksel SAMAST - TURKTRUST 
A.S. BT Vizyon –İstanbul Toplantısı / 03.05.2005. 
 
[8] Webopedia, Digital Signature, 
http://www.webopedia.com/TERM/D/digital_signat
ure.html 
 
[9] Public Key Cryptography 
http://gdp.globus.org/gt4-
tutorial/multiplehtml/ch09s03.html 
 
[10] E-bergi, Digital Signature, 
http://e-bergi.com/2008/Ekim/Sayisal-Imza 
 
[11] E-bergi, Digital Signature, 
http://e-bergi.com/2008/Ekim/Sayisal-Imza 
 
[12] Dijital İmza ve Dijital İmzanın Borçlar 
Kanunu Hükümleri Açısından Ele Alınması, Yard. 
Doc. Dr. Zarife Senocak, 2001. 
 
[13] Electronic Privacy And Information 
Center, Digital Signature,http://epic.org/crypto/dss/ 
 
[14] Energy Commerce, 
http://www.house.gov/commerce/ 
 
[15] Wikipedia, Electronic Signature, 
http://en.wikipedia.org/wiki/Electronic_signature 
 
[16] İnci Demirel, Hukuk Elektronik Yasam ve  

http://en.wikipedia.org/wiki/Digital_signature
http://www.arx.com/digital-signatures-faq
http://searchsecurity.techtarget.com/definition/digital-signature
http://searchsecurity.techtarget.com/definition/digital-signature
http://www.webopedia.com/TERM/D/digital_signature.html
http://www.webopedia.com/TERM/D/digital_signature.html
http://gdp.globus.org/gt4-tutorial/multiplehtml/ch09s03.html
http://gdp.globus.org/gt4-tutorial/multiplehtml/ch09s03.html
http://e-bergi.com/2008/Ekim/Sayisal-Imza
http://e-bergi.com/2008/Ekim/Sayisal-Imza
http://www.house.gov/commerce/
http://en.wikipedia.org/wiki/Electronic_signature


DIGITAL SIGNATURE IN THE WAY OF LAW 
Ruya Samlı 

179 
 

Ticaretin Hizmetinde veya Siber Uzayda Hukukun 
 
[17] German Signature Law, 
thukuku.bilgi.edu.tr/documents/alman_imza_kanun
u.doc 
 
[18] France Digital Law, 
http://turk.internet.com/haber 
 
[19] European Commission/DG Enterprise and 
Industry, Benchmarking of existing national legal e-
business pactices, Country Report France, 2006. 
 
[20] European Commission/DG Enterprise and 
Industry, Benchmarking of existing national legal e-
business pactices, Country Report Spain, 2006. 
 
[21] Ozenc, K, Avrupa Birliği’nde Elektronik 
İmza, Ulusal Elektronik İmza Sempozyumu, Ankara 
7-8 Aralık 2006, s. 172-176. 
 
[22] European Commission/DG Enterprise and 
Industry, Benchmarking of existing national legal e-
business pactices,Country Report Finland, 2006. 
 
[23] http://www.hif.hu/ 
 
[24] Act XXXV of 2001 on Electronic 
Signatures 
 
[25] The Electronic Signatures Act of 15 June 
2001 no. 81 
 
[26] Signature electronic of Cryptography of 
Luxemburg 
 
[27] Law of the People's Republic of China on 
Electronic Signatures 
 
[28] Laws Of Malaysia, Digital Signature Act 
1997 
 
[29] Electronic Transactions Act of Singapore 
 
[30] Electronic Transactions Act of Ghana, 
2008 
 
[31] Government Gazette of Republic of South 
 
[32]  Africa Vol. 446 Cape Town 2 August 
2002 No. 23708 
 
[33] Wikipedia, Digital Signature and Law, 
http://en.wikipedia.org/wiki/Digital_signatures_ 
and_law. 
 

 [34] 5070 Law no Turkish Electronic Signature 
Law, http://www.mevzuat.basbakanlik.gov.tr,5070 
Sayılı Elektronik İmza Kanunu, Kasım 2008. 
 
[35] TBMM, Turkish Laws, 
http://www.tbmm.gov.tr/kanunlar/k5070.html 
 
[36] Sayılı Elektronik İmza Kanunu, Kasım 
2008. 
 
[37] TBMM, Turkish Laws, 
http://www.tbmm.gov.tr/kanunlar/k5070.html 
 
[38] Digital Signature, Emrah Yavuzcan, 
http://www.hukuki.net/hukuk 
 
[39] Law of Mortgage, 
http://www.mevzuat.adalet.gov.tr/html/407.htm l , 
Borçlar Kanunu, Ocak 2009. 
 
[40] Ulusal Elektronik ve Kriptoloji Araştırma 
Enstitüsü, UEKAE, TUBİTAK, 
http://www.uekae.tubitak.gov.tr. 
 
[41] Türktrust, Signature of 
Turkeyhttp://www.turktrust.com.tr/ 
EBG Bilişim Teknolojileri ve Hizmetleri A.S., 
http://www.e-tugra.com.tr/ 

 

http://turk.internet.com/haber
http://www.hif.hu/
http://www.tbmm.gov.tr/kanunlar/k5070.html
http://www.tbmm.gov.tr/kanunlar/k5070.html
http://www.hukuki.net/hukuk
http://www.uekae.tubitak.gov.tr/


INTERNATIONAL JOURNAL OF ELECTRONICS; MECHANICAL and MECHATRONICS 
ENGINEERING Vol.2 Num.2 pp.(180-189) 

 

ENERGETIC AND EXERGETIC ASSESSMENT OF 

DISPLAY CASES USED IN THE MARKET 

APPLICATIONS FOR PREFERENCE REFRIGERANT 

 
M.Ziya SOGUT 

Mechanical Engineering Department, Military Academy, Ankara, Turkey 

mzsogut@yahoo.com 

 

 

 
Abstract 
This study examines energy and exergy analyses of display cases used to preserve daily products in market 
applications for different refrigerants. In the study, vapor compression cooling cycle is taken as a model and R22, 
R134a, R404A and R507C refrigerants used in common application and R407C, R410A and R422D evaluated as 
alternative refrigerants are studied under constant load in cycle. According to COP and exergy analyses, R134a gas 
and alternative gas R407C have come forth among the other gases with values 5.33 and 60.86%, and 5.41 and 
62.04% respectively. The study finally emphasizes the importance of exergy analysis which is an important 
method to determine irreversibility of the systems. 
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1. INTRODUCTION  

Display cases are as used intensively to protect 
and preserve daily food consumption product 
like milk products, meat, fish, soft drinking in 
market applications. Recently, brand share of 
the daily food consumption products elicit 
especially the importance of display cases, 
which protect these products, in sustainable 
cost of markets. Ongoing climatic 
deteriorations have provided growth 
environmental consciousness in Today. It is 
known that cooling systems and applications is 
the one of the root cause of emissions. This 
effect depends on refrigerant and energy 
consumptions of the systems in cooling 
applications. Display cases expend 
approximately %60 of total energy 
consumptions in the market applications [1]. 
 

 Therefore, studies of energy saving and 
reduction of environmental effects in these 
systems are necessity in activities of the sector. 
Display cases are used intensively in also 
many commercial cooling applications as well 
as market applications. The commercial 
refrigeration sector is the third largest 
refrigerant consumer with 17%; mobile air-
conditioning with 31%; and unitary air 
conditioning sector with 28% [2]. The cost of 
energy consumption is an important item in the 
large capacity cooling systems, including the 
commercial sector like market applications. 
The energy cost for commercial refrigeration, 
out of which those relating to refrigeration 
systems represent the vast majority, will 
typically be in same order of magnitude as the 
profit generated by a facility. 
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The design of the refrigeration system is 
therefore a crucial decision from an economic 
and environmental viewpoint. For this 
purpose, equipment changes are  
made depending on energy save 

 potentials as well as refrigerants. Energy 
savings potentials for commercial 
refrigeration equipments are given in Table 1. 

 

Table 1 Energy savings potential for commercial refrigeration equipment. [3]. 

Technology Energy Savings Potential 

Grocery store systems 14% 

Beverage Merchandisers 45% 

Reach-in refrigerators 50% 

Reach-in freezers 40% 

Refrigerated vending machines 42% 

Walk-in coolers and freezers 32% 

Ice Machines 20% 
 

 
In the market application of cooling systems, 
different cooling temperatures are needed to 
keep different product fresh. These 
temperature parameters in the design of 
cooling systems are for  frozen food  -29 to -
18 ºC, for ice cream -26 to -22 ºC, for fish or 
shellfish -5 to -1 ºC, for meat or poultry -1 or 
3 ºC, for diary product -3 to 8 ºC, for fruit or 
vegetable 7 or 10 ºC[7]. 

  
Preserving and production of daily products 
in sales process is important in the market 
applications. Therefore, Display cases are 
used for preserving in cooling medium of 
these products accessible from weather 
change. In a typical market, many display 
cases to have different size and capacity are 
used. Different type of display cases used in 
market applications are given in Figure 1.  
 

 
 
 

 

 

 
a. Single-Level Wide Aisle Open 

Display Case 
 b. Glass Door Reach-In Display Case 
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c. Multi-Level Open Dairy Case  d. Multi-Level Open Meat Case 

 

Figure 1 Different display cases [1] 
 
Working system of display case units is vapor 
compression cooling cycle, which is a 
thermodynamics model.  A typical display 
case contains an expansion valve and one or 
more evaporators for case cooling. Evaporator 
fans circulate case air. The air flow in open 
cases is blown over the open section of the 
case, creating an air curtain which separates 
food from the warmer store air. Multiple fans 
are required for most cases. Low temperature 
evaporators and some medium temperature 
evaporators require periodic defrosting to  

  
remove frost which condenses and/or freezes 
on the evaporator surface. This can be done 
with electric defrost, or hot gas defrost. The 
former involves electric resistive heating with 
a defrost coil which is integrated into the 
evaporator coil. Hot gas defrosts involves 
piping and valves which send hot gas from 
the compressor discharge into the evaporator. 
Some medium-temperature cases can also use 
off-cycle defrosts [1]. Cooling cycle of a 
typical display case is given in Figure 2. 

 

 
 

Figure 2 Typical display case refrigerant cycle[1] 
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Power consumption of the display cases 
accounts for 60% of the total power 
consumption of a market and is the most 
important factor for reducing the power 
consumption of market applications[8]. The 
three major factors influencing power 
consumption of the display case, that is, 
refrigeration capacity, power for compressor 
and power for internal fans, and measures 
were taken to reduce the power consumption 
of each of these factors. Working conditions 
of these factors depend on exactly 
refrigerants. Considering application 
processes of display cases, R22, R502, 
R404A, R134a, R507A gasses are used in the 
units. Refrigerants used in Turkey’ 
applications are R22, R134a and R404A 
gasses[9]. Cooling capacities of display cases 
vary between 15 kW and 75 kW, evaporator 
temperatures vary between temperature -10 
ºC and +10 ºC. According to the 
examinations, it is seen that the evaporator 
temperature of the units increase as 20 ºC in 
food and vegetable stands. 
 
3. EXERGY ANALYSES IN COOLING 
SYSTEMS 
 
As a measure of machine’s working activities 
in cooling systems, thermal efficiency and the 
coefficient of performance (COP) have been 
defined. The coefficient of performance 
(COP) for a cooling machine is;  
 

net

L

W
QCOP =     (1) 

 
where QL indicates the temperature moving 
away from the cooled environment and Wnet 
indicates the net work given to the 
compressor [10]. Cooling machine are 
systems working based on cycle principle and 
the  energy  saving  for  the  cycle  may  be  
expressed as follows:  
 

LHnet QQW -=                          (2)  
 
where QH is the heat given from machine to 
outside. In cooling systems, COP is expressed 
as  efficiency  according  to  the  first  law  of  
thermodynamic. In these systems, working 
ability of a machine admittedly is explained 
by the second law of the thermodynamics and 

this is defined as exergy. In ooling system, 
exergy efficiency is rate to the possible 
highest COPtr of the real COP in the same 
work parameters. In a cooling machine, COPtr 
It can be expressed as;    
 

1
1
-

=
L

H
T
TtrCOP                   (3) 

 
[11]. Where TH is the outside temperature and 

TL is the environmental temperature moved 

away. In this case, the exergy efficiency of 

cooling machine can be expressed as;   

 

tr
II COP

COP
=h                                 (4) 

4. RESULTS AND DISCUSSION  

In the study, energy and exergy analyses of a 
display case unit having cooling capacity with 
25 kW are made under constant load and 
using different refrigerants. Firstly, 
parameters taken as reference in vapor 
compression cooling cycle and mainly 
evaporator temperature are determined and 
values of parameters are given in Table 2. 
Besides, also analyses considering evaluation 
of power consumption data of compressors 
together with flows of refrigerant are made 
for each refrigerant.      
  

Table 2 Cycle Parameters 
 

Evaporator Temperature (ºC) -10/+20 

Evaparator Superheating (ºC) 7 

Condenser Temperature (ºC) 40 

Condenser Superheating (ºC) 5 

Refrigerating capacity  (kW) 25 

 

In the study, R22, R502, R404A, R134a,  
Thermodynamic features of alternative 
refrigerants used in systems, along with the 
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R507A refrigerants used in three separate 
systems and COP, mass and volumetric flows, 
compressor forces and exergy outputs of 
R410A, R407C and R422D refrigerants 
evaluated alternatively have been analyzed.  

fluids mentioned above in display cases have 
been analyzed and results are given in Table 
3. 
 
 

 

Table 3 Thermodynamics features of refrigerants 

 
 
Firstly, according to first law of 
thermodynamic, COP values of display cases 
for different refrigerants have been examined. 
Recently, R422D gas, examined as alternative 
gas  in  the  study,  has  been  proposed  as  
alternative R22 gas due to low GWP and 
ODP values. COP values of current and 
alternative refrigerants have been calculated 
for the -10/40 ºC evaporator/condenser  

 temperatures, and their COP distributions are 
given in Figure 3. 
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Figure 3 COP of refrigerants 
 
When the results are checked, the COP of 
refrigerants are found as between 3.29 and 
8.51 for R22, between 3.14 and 8.3 for R502, 
between 3.11 and 8.51 for R134, between 
3.12 and 8.15 for R404A, between 3.09 and 
8.08 for R507, between 3.32 and 8.55 for 
R407C, between 3.18 and 8.04 for R410, 
between 2.61 and 8.59 for R422D 
respectively. The highest COP value for -5ºC 
and 5ºC temperature range most widely used 
in display cases is found between 3.94 and 
5.08 for R22 gas, and for the -10 ºC 
temperature is R407C gas. The volumetric 
flows of refrigerants have been analyzed and 
the volumetric flows’ changes are given as 
based on evaporator temperature in Figure 4. 
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Figure 4 Volumetric flows of refrigerants 

 
When the volumetric flows analyzed, it can be 
observed that the highest volumetric flow is 
refrigerant R134 with 65.23 m3/h in -10 ºC 
and 21.06 m3/h in 20 ºC and the lowest 
volumetric flow is refrigerant R410A with 
25.53 m3/h in   -10  ºC and 9.49 m3/h in 20 ºC. 
The changes of refrigerants in mass flows 
have been analyzed based on evaporator 
temperature and the results are given in 
Figure 5. 
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Figure 5 Mass flows of refrigerants 

 
According to the results, it can be observed 
that R407C gas as based on the evaporator 
temperature -10 ºC and 20 ºC has the 
smallest mass flows with 150.3 g/s and 
137.97 g/s, R410A with 148.9 g/s and141.04 
g/s and the highest mass flow is Refrigerant 
R502 with 225.12 g/s and 202.59 g/s 
respectively. Refrigerants’ compressor 
powers, which are needed for 25 kW cooling 
capacity, have been analyzed based on 
changes of evaporator temperature and the 
results of energy consumption distribution of 
compressor are given in Figure 6. 
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Figure 6 Compressor powers of 
refrigerants 

 
When their compressor power have been 
examined according to temperature 
distributions, if meeting need in the lowest 
temperatures, is taken into consideration for 
R22 with 7.59 kW, for R134A with 8.04 kW, 
for R404A and R407C with 7.54 kW, for 
R410A with 7.85 kW, for R507 with 8,08 
kW and for R502 with 7.97 kW compressor 
power is needed. According to this data, 
Refrigerant R407C has less consumption in 
compressor power compared to other 
refrigerants. COP and exergy efficiencies of 
each refrigerant are examined separately for 
evaporator temperature between -10 ºC and 
20 ºC and the results of analyses are given  
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below. Accordingly refrigerant R22’s COP 
and exergy efficiency dependant on 
evaporator temperatures are given in Figure 7. 
 

 
Figure 7 COP and exergy efficiency of R22 

gas 
 
For evaporator temperature between -10 and 
20 ºC, the exergy efficiency of R22 has been 
found as average 63.07%. It can be observed 
that exergy efficiency declines 14% although 
COP increases 46% between 0 and 20 ºC for 
R22. For evaporator temperature between-10 
ºC and 0 ºC, increase of exergy efficiency has 
been determined parallel with increase in 
COP.   COP and exergy efficiency of R502, 
which is the gas used primarily applications, 
have been calculated based on evaporator 
temperatures and the results are given in 
Figure 8. 
 

 
Figure 8 COP and exergy efficiency of R502 

gas 

The average exergy efficiency of R502 
between 10 ºC and 20 ºC has been found 
60.03%. This value is 60.94% particularly for 
between -10 ºC and 10 ºC. R502 gas is 
harmful gas in terms of environmental and is 
limited due to high GWP potential.  How the 
COP and exergy efficiency of refrigerant 
R134A, which is one of the most commonly 
used, changes according to evaporator 
temperature is given Figure 9. 
 
 

 

 
Figure 9 COP and exergy efficiency of 

R134A gas 
 
Exergy efficiency of R134A for -10 ºC has 
been found 59.13%, for 20 ºC it is 58.09% 
with the average being 60.86%. The exergy 
change dependant on temperatures for R134A 
has increased by 7% from 10 ºC to 5 ºC and 
declines after 5 ºC. R134a gas has the highest 
average COP and exergy efficiency values 
among gasses used today.   COP and exergy 
efficiency changes of R404A gas, which 
regularly encounter in commercial 
applications in Turkey markets, is examined 
depend on evaporator temperature and the 
results are given in Figure 10. 
 

Figure 10 COP and exergy efficiency of 

R404A gas. 

 
It can be observed that exergy efficiency of 
R404A has been found 59.4% efficiency 
between -10 ºC and 10 ºC, and declines 
significantly between 10 ºC and 20 ºC. It has 
been determined that the exergy efficiency of 
R404A has been found average with 58.6%. 
How COP and exergy efficiency of R507, 
which  is  used  in  the  application  of  
commercial refrigeration, change according to 
temperature, has been analyzed and the results 
are given in Figure 11. 
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Figure 11 COP and exergy efficiency of R507 

gas 
 

It can be observed that the exergy efficiency 
at 58.95%. There is a sharp decline in exergy 
efficiency after 5 ºC.For display cases, 
R407C, R410A and R422D are accepted 
alternative refrigerant and energy exergy 
analyses of these gasses are made separately. 
The temperature based changes of COP and 
exergy efficiency for R407C, which has 
recently seen in applications, are given in 
Figure 12. 
 

 
Figure 12 COP and exergy efficiency of 

R407C gas 
 

The distribution of exergy efficiency for 
R407C between -10 ºC and 20 ºC is similar to 
that of R407A. However, average exergy 
efficiency of R407C according to temperature 
parameters is 6% more than R404A. Average 
exergy efficiency of R407C has been found 
62.04%. Besides the refrigerants used in the 
commercial sector, COP and exergy 
efficiency of R410A have also been analyzed 
and the changes of COP and exergy efficiency 
based on temperature are given in Figure 13. 
 
 
  
 
 
 
 
 

 
Figure 13 COP and exergy efficiency of 

R410A gas 
 

COP and exergy efficiency of R410A have 
also been analyzed and changes of COP and 
exergy efficiency based on temperature are 
given in Figure 13. The average exergy 
efficiency for R410 A between -10 ºC and 20 
ºC is 58.8%. It has been observed that 
changes in the exergy efficiency between -10 
ºC and 5 ºC are smaller than the others. COP 
and exergy efficiency of R422D, which is 
proposed alternative gas especially including 
R22 from manufactures, have been calculated 
based on evaporator temperatures and the 
results are given in Figure 14.  
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Figure 14 COP and exergy efficiency of 
R422D gas 

 
COP and exergy efficiency of R410A have 
also been analyzed and changes of COP and 
exergy efficiency based on temperature are 
given in Figure 13. The average exergy 
efficiency for R410 A between -10 ºC and 20 
ºC is 58.8%. It has been observed that 
changes in the exergy efficiency between -10 
ºC and 5  ºC are  smaller  than  the  others.  The  
exergy efficiency and compressor power of 
refrigerants have been analyzed and results 
are given in Figure 15 
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Figure 15 The exergy efficiency and 

compressor powers of refrigerants 

 

The compressor powers have been evaluated 
according to refrigerants; R407C consumes 
energy 5.103 kW in average exergy efficiency 
62% and one of the alternative refrigerants 
R422D 5.961 kW in average exergy 
efficiency 54.36%. 

 

5. CONCLUSION 

In this study, energy and exergy analyses of 
display cases used in market applications are 
made under constant load and considering 
different refrigerants. The results obtained 
from the study are given below: 
 
a.  R134a  gas  is  the  best  gas  that  can  be  
preferred among refrigerants with average 
COP and exergy efficiency 5.33 and 60.86% 
in the units. 
b. Among alternative gasses, R407C gasses 
will  be  preferable  as  the  best  gas  all  of  the  
gasses with average COP and exergy 
efficiency 5.33 and 60.86%.   
c. It is seen that average COP and exergy 
efficiency of R422D gas proposed by 
manufacturers  is  the  worst  of  all  the  gasses.  
Besides environmental parameters and power 
requirement of the gas are higher than the 
others in these applications. 
Therefore, in order to evaluate the 
performance of these systems accurately and 
to produce correct analyses for energy 
consumption, considering exergy analyses of 
these type cooling systems will be useful in 
preferring refrigerants and in the design and 
optimization of systems.  
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Abstract: In this study, traffic signs are aimed to be recognized and identified from a video image which is taken 
through a video camera. To accomplish our aim, a traffic sign recognition program has been developed in 
MATLAB/Simulink environment. The target traffic sign are recognized in the video image with the developed 
program.  

Key Words: Vıdeo Processing, Pixel Labeling, Template Matching   

 
 
 
 
 
 

1. INTRODUCTION 

Video  is  succesive  moving  images  in  a  
specified period of time [1]. By devoloping 
technology, video processing techniques 
provide two dimensional evolution of the 
signal. Making changes on the video signals 
from a digital camera and obtaining better 
quality structural features are possible by video 
processing. Computer vision, face recognition, 
medical imaging, remote sensing systems are 
some application examples related to video 
processing.[2] Following the movement of a 
three dimensional moving object in the time 
domain by utilizing sequentiol angular and 
lineal position in space is important for 
analysing video signals. One of the 
cornerstones of the video processing is moving 
objects become important for identify the size 
and visibility distance of traffic sign an in 
many areas. Especially since mid nineties, 
traffic sign identification has become research  

  
 
 
 
 
 
 

subject in academia and industry. Mueller built 
up computer aided visual object detection 
system,[3]. Piccioli applied cross correlation 
technique on image and constituted a sign 
detection system from location information [4]. 
Yuille improved a system which regulates 
shining of environment for stop sign [5]. De  
La Escalare developed triangle, rectangular 
and circular signal following system by using 
color matching technique [6]. In this work we 
have converted the video signals to RGB 
space. Then we aimed to compare and define 
traffic signs which are grouped and labeled in 
terms of color and color tone with a traffic 
signs library.  
 
2. PROGRAM 
Pattern recognition by video processing 
technique is taking video signals as an input 
and finding interested object. Then it has to be 
specified. Figure 1 shows our flow chart of  

mailto:musaaydin@aydin.edu.tr
mailto:esracalik@aydin.edu.tr
mailto:mustafaistanbullu@aydin.edu.tr
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traffic sign recognition system in 
Matlab/Simulink program. 
 

 
 Figure 1 Flow Chart of Program 

2.1. Video Signal 
In this part, video signal are taken by a digital 
video camera, we have used image acquisition 
toolbox of Matlab/Simulink program. 

2.2. RGB Colour Space Coversion  
An RGB image involves three colours and 
intensity values of each pixels are in the range 
of 0-255 [7]. These colour scale define three 
colours, red, green, blue. In our study, orginal 
video signals are converted to RGB colour 
space by using colour space conversion 
toolbox of Matlab/Simulink program.     

2.3. Pixel Labeling 
A video signal involves several moving or 
stationary objects. In general, traffic signs has 
fixed colors. 
 

Figure 1  Traffic Sign Examples 

Figure 2 shows some example of traffic signs 
in different colors. In this study we primed to 
recognize the traffic signs in the video and this 
signs has spesific colors. In a video frame, 
color tone  volves of each pixel are determined 
by pixel labeling method. A matrix is 
established which is some with video frame. 
After this part these two matrix is matched 
with desired values for each pixel. Following 
equations shows the algorithm of this process. 
(1),(2),(3). 
 

  If (R>77) and (R-G>17) and (R-B>17) (1) 
If (R>108) and (G>108) and (B>108) (2) 

If (R<122) and (G<122) and (B<122) (3) 
 
For this equations; 
R: Represents the “red” in RGB color space. 
G: Represents the “green” in RGB color space. 
B: Represents the “blue” in RGB color space. 
Equation 1 shows the conditions for red pixel. 
If  the  conditions  in  the  first  equation  are  
satisfied, this means the pixel color is red 
equation 2 and 3 shows the condition of white 
and black respectivly [8]. In this part, pixel of 
video frame are labeled whoch are expressed 
with  we  defined  as  numer.  Also  the  other  
pixels in video frame are assigned fixed 
numerical values. In this way, the traffic sign is 
marked in video frame. Normal video capture 
is shown in Figure 3. 
 

 
Figure 2 Normal video capture 

 
Labeled pixel valves of video frame is shown 
Figure 4. 
 

 
Figure 3 Labeled video frame 

 
Numerical represents of labled pixel in the 
video frame are showed in Figure 4. Here 
while “4” values, show the pixels which can 
become white, “3” and “5” show red and black  
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consecutively. All pixel values except red, 
white and black are fixed to “0”. 
 
2.4. Blob Analysis 
In the area of computer vision, blob 
detection refers to visual modules that are 
aimed at detecting points and/or regions in the 
image that differ in properties like brightness 
or color compared to the surrounding. [9]. 
Table 1 shows blob analysis’s properties 
matrix. 

Table 1 The location an size information of 
the object found with method of blob analysis 

in video. 

 
X Row information 

Y Column information 

H Height information 

W Width information 
 
In this method, an object in video frames is 
decided whether is the traffic sign or not. 
Figure 5 shows, objects are found with blob 
analsis in video frames. 

 

 
Figure 4 Found objects with blob 

analysis 

Width,height and coordinate information of 
objects in video frames which are found blob 
analysis keep in matrix. This information is 
shown in table 2. Each column in matrix 
corresponds to the object in the video. Using 
this information, object in accordance with the 
requirements will be evaluated.  
 
 

 Table 2 Width,Height and Coordinate 
Information of Objects. 

 
0 141 0 156 236 

170 18 46 56 167 
16 24 15 4 8 
5 10 14 7 21 

 
2.5. Comparison Objects 
After making blob analysis, objects are 
compared with template library of objects. In 
our application, an object in video, which is a 
traffic sign to find the object that has a 
different pixel values. After that, the ratio of 
the total pixel value of object is checked. The 
traffic sign in the video is shown in Figure 6. 
 

 
Figure 5 Traffic sign. 

Dimension of the traffic sign is (32x31) pixel 
in Figure 6. This traffic sign has 992 total 
pixels. Using the pixel labeling in this pixels, 
red pixels are 3(three) number, white color 
pixels are 4(four) number, black color pixels 
are 5(five) number which are labeled. If pixel 
value of this traffic sign count, the number of 3 
(three) which is red pixel has 558 pixel and the 
number of 4(four) which is white pixel has 434 
pixel colors in the ratio of traffic sign is shown 
equation 4. In Figure 6, the object have only 
red and white colors, hence black color value 
is 0(zero).  
 
% O = [( ∑R/ ∑ P)*100]                               (4) 
 
Equation; 
 
%O  =  The  percent  of  each  color  in  a  traffic  
sign, 
∑R = The total of color in a traffic sign, 
∑P = The total of pixels number in a traffic 
sign. 
The ratio of pixel color values are %56,25 for 
red color and %43,75 for white color in traffic 
sign. 

http://en.wikipedia.org/wiki/Computer_vision
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2.6. Traffic Sign Recognition  
The process of traffic sign recognition ratio of 
pixel color values of object in video is obtained 
from equation 4 after that, results compared 
with  template  library.  If  as  a  result  of  
comprasion matches with %3 tolerance, object 
in video is labeled with name of traffic sign in 
template library.    
 
3. EXPERIMENTAL STUDY 
We use Philips’s SPC130NC/00 digital camera 
in our experimental study. Dimension of the 
video’s frame is 240x320 pixels. The video is 
saved AVI format, because 
MATLAB/SIMULINK programe give best 
performance. The traffics sign are selected in 
video frames and that are saved in template 
library. Hence, template library consists of a 
lot of traffic sign feature vector. In figure 7, a 
traffic sign which captured in video sign 
compared with all signs in comprarison library 
and  the  sign  was  found  as  “no entry” by 
application which we developed. 
 

 
Figure 6  No entry traffic sign  

 
In figure 8, A traffic sign which captured in 
video sign compared with all signs in 
comprarison library and the sign was found as 
“no left turn” by application which we 
developed. 
 

 
Figure 7  No left turn traffic sign 

 
In figure 9 A traffic sign which captured in  

 video sign compared with all signs in 
comprarison library and the sign was found as 
“no parking” by application which we 
developed. 
 

 
Figure 8 No parking traffic sign 

 
In figure 10, A traffic sign which captured in 
video sign compared with all signs in 
comprarison library and the sign was found as 
“yield” by application which we developed. 
 

 
Figure 10 Yield traffic sign 

 
4. CONCLUSION 
In this study, related signs are highly 
accurately identified by a traffic signs 
determination program which we developed in 
Matlab/Simulink with a video taken by digital 
camera which includes veriable traffic signs. In 
the  next  phase  of  our  study  it  is  thought  to  
develop this program, to determine traffic sign 
in real time and real enviroment.  
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Abstract: In this paper a high performance face recognition system, based on different data fusion techniques 
combining the decisions obtained from the probability distribution functions (PDF) based face recognition system 
in different colour channels, is introduced. The PDFs of the equalized and segmented face images are used as 
statistical feature vectors for the recognition of faces by minimizing the Kullback- Leibler Distance (KLD) between 
the PDF of a given face and the PDFs of faces in the database. Well known data fusion techniques such as Median 
Rule, Sum Rule, Max Rule, Product Rule, Majority Voting (MV) and feature vector fusion (FVF) have been 
employed to increase the recognition performance. The proposed system has been tested on the FERET, Head 
Pose, Essex University, and Georgia Tech University face databases. The overall results indicate that the median 
rule over-performs the other fusion techniques.      
 
Key Words: 
 
 
 
 
1. INTRODUCTION 
Colour images are increasingly used in face 
recognition systems since they introduce 
additional biometric information [1]. PDFs 
obtained from different colour channels of a 
face image can be considered as the signature 
of the face, which can be used to represent the 
face image in a low dimensional space [2]. 
Images with small changes in translation, 
rotation and illumination still possess high 
correlation in their corresponding PDFs. 

PDF  of  an  image  is  a  normalized  version  of  
an image histogram. There is some published 
work on application of histograms for the 
detection of objects [3]. However, there are 
few publications on application of histogram or 
PDF based methods in face recognition [4, 5, 
6]. In our earlier work introducing PDF based  

  
 
 
 
face recognition [6] singular value 
decomposition was used to deal with the 
illumination problem. As stated in [6], a 
normalized intensity image matrix with no 
illumination problem can be considered to be 
the  one  with  a  PDF  having  a  Gaussian  
distribution with mean of 0.5 and variance of 
1. Such a synthetic intensity matrix with the 
same  size  of  the  original  image  can  easily  be  
obtained by generating random pixel values 
with Gaussian distribution with mean of 0.5 
and variance of 1. Then the ratio of the largest 
singular value of the generated normalized 
matrix over a normalized image can be 
calculated according to eq. (1). 
 
 

mailto:hasan.demirel@emu.edu.tr
mailto:shahab.jafari@gazikent.edu.tr
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where ( )0.5, 1g m s= =S is the singular value 

matrix of the synthetic intensity matrix. This 
coefficient can be used to regenerate an 
equalized image using eq. (2).   
 

( ) { }x =X = S , , ,T R G Bequalized A A AA U V A   (2) 
 
Where equalizedAX is representing the equalized 
image in A-colour channel. This task which is 
actually equalizing the images of a face subject 
will eliminate the illumination problem. Then, 
the local SMQT algorithm [7] has been 
adopted for face detection and cropping in the 
pre-processing stage. Usually many face 
recognition systems use grayscale face images. 
From the information point of view a colour 
image has more information than a grayscale 
image. So we propose not to lose the available 
amount of information by converting a color 
image into a grayscale image. Colour PDFs in 
HSI and YCbCr colour spaces of the isolated 
face images are used as the face descriptors. In 
a general mathematical sense, an image PDF is 
simply a mapping ηi representing the 
probability of the pixel intensity levels that fall 
into various disjoint intervals, known as bins. 
The bin size determines the size of the PDF 
vector. In this paper the bin size is assumed to 
be  256.  Given  a  monochrome  image,  PDF  
feature vector, H, is defined by: 
 

0 1 255
, , , , , 0, ,255

i
iH p p p p i

N
hé ù= = =ë ûL L

                                                                       (3) 
where ηi is the intensity value of a pixel in a 
colour channel and N is total number of 
pixels in an intensity image. The distance 
between the PDF of two images can be 
measured by using the KLD between the 
PDFs of the respective images. Given two 
PDF vectors p and q the KLD, k , is defined 
as: 

( )q,p i=0,1,2,..., -1 
q

q p bk
æ ö
ç ÷
ç ÷
è ø

=å log i
i

ii

 

                                                                       (4) 
where β is the number of bins. Then, a given 
query face image, the PDF of the query  

 image q can be used to calculate the KLD 
between q and  PDFs  of  the  images  in  the  
training samples, pi, as follows: 
 

( )q,pc k= = Lmin ( ) , 1, ,i i i M              (5) 

Here, ic , is the minimum KLD reflecting 
the similarity of the ith image in the training 
set and the query face and M is  the  number  
of image samples. Fig. 1 shows two subjects 
with two different poses and their segmented 
faces from the FERET face database [8]. The 
color PDFs used in the proposed system is 
generated only from the segmented face, and 
hence the effect of background regions is 
eliminated.  
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Two subjects from FERET 
database with 2 different poses (a), their 

segmented faces (b) and their PDFs in H (c), 
S (d), I (e), r (f), g (g), and b (h) color 

channels respectively. [6] 
 

In this paper, several data fusion systems are 
used to improve the recognition performance 
of the face recognition system introduced in 
[6]. Fig. 2 illustrates the building blocks of 
the face recognition system which combines 
the decisions of the classifiers in different 
colour channels, using sum, product, max, 
and median rules as well as the majority 
voting (MV) and feature vector fusion 
(FVF), for improved recognition 
performance. In this paper, the Head Pose 
(HP)  [9],  a  subset  from  the  FERET  as  used  
in [6], the Essex University [10], and the 
Georgia Tech University [11] face databases 
were used to test the performance of the 
proposed data fusion based face recognition 
system. In order to have a conclusive 
decision as to which of the data fusion 
techniques is performing better in all the 
available faces, all of the aforementioned  
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four databases are combined to form a mixed 
face  database  which  contains  265 classes  with  
10 different poses. The results indicate that the 
median rule 

 overperforms the two methods reported in [6] 
by 1.05% and 6.52% for MV and FVF 
methods respectively. 

 

Data Fusion based 
system in decision 

making (Sum, 
Product, Max, 
Median Rules, 

Majority Voting, 
and Feature Vector 

Fusion)

Probability of the decision in HPDF based
Method in  H

Probability of the decision in S

Probability of the decision in I

Probability of the decision in Y

Probability of the decision in Cb

Probability of the decision in Cr

PDF based
Method in  S

PDF based
Method in  I

PDF based
Method in  Y

PDF based
Method in  Cb

PDF based
Method in  Cr

Overall 
Decision

Input 
face image

Using Local 
SMQT

  
Figure 2 Different building blocks of the proposed system. 

 
 
2. DECISION FUSION IN DIFFERENT 

COLOUR CHANNELS  
The face recognition procedure explained in 
the previous section can be applied to 
different colour channels such as H, S, I, Y, 
Cb and Cr. Hence, given a face image the 
image can be represented in these colour 
spaces with dedicated colour PDFs for each 
channel. Different colour channels contain 
different information regarding the image; 
therefore all of these six PDFs can be 
combined to represent a face image. There 
are many techniques to combine the resultant 
decision. In this paper, sum rule, median 
rule, max rule, product rule, majority voting, 
and feature vector fusion methods have been 
used to do this combination [12].  
These data fusion techniques use probability 
of the decisions they provide through 
classifiers. That is why it is necessary to 
calculate the probability of the decision of 
each classifier based the minimum KLD 
value. This is achieved by calculating the 
probability of the decision in each colour 
channel, κC, which can be formulated as 
follows:  
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                                                                       (6) 
 
where ςC is the normalized KLD value, εi is  

 indicating the KLD value of the query image 
from the ith image in the training set, n shows 
the number of face samples in each class and 
M is the number of classes. The highest 
similarity between two projection vectors is 
when the minimum KLD value is zero. This 
represents a perfect match, i.e. the probability 
of selection is 1. So zero KLD value represents 
probability of 1 that is why ςC has been 
subtracted from 1. The maximum probability 
corresponds to the probability of the selected 
class. The sum rule is applied, by adding all 
the probabilities of a class in different colour 
channels followed by declaring the class with 
the highest accumulated probability to be the 
selected class. The maximum rule, as its name 
implies, simply takes the maximum among the 
probabilities of a class in different colour 
channels followed by declaring the class with 
the highest probability to be the selected class. 
The median rule similarly takes the median 
among the sorted probabilities of a class in 
different channels. The product rule is 
achieved from the product of all probabilities 
of a class in different colour channels. It is 
very sensitive as a low probability (close to 0) 
will remove any chance of that class being 
selected [12] (note low recognition rates of the 
FERET, Essex and Georgia Tech University 
face databases shown in table 1 and the mixed 
database in table 2). Majority voting (MV) is 
another data fusion technique. The main idea 
behind MV is to achieve increased recognition 
rate by combining decisions of different colour 
channels. The MV procedure can be explained  
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as follows. Given, the probability of the 
decisions, κC, in all colour channels, (C: H, S, 
I, Y, Cb, Cr), the highest repeated decision 
among all channels is declared to be the overall 
decision. Data fusion is not the only way to 
improve the recognition performance. PDF 
vectors can also be concatenated with the 
feature vector fusion (FVF) process which is a 
source fusion technique and can be explained 
as follows. The fvfq is defined as a vector 
which is the combination of all PDFs of the 
query image q in different colour channels as 
follow: 
 

1 1536q H S I Y Cb Crfvf q q q q q q ´=é ùë û      (7) 

where each PDF has size of 1x256, hence six 
concatenated PDF results in a vector with 
size of 1x1536. This new PDF can be used to 
calculate the KLD between fvfq and fvfpj of 
the images in the training samples as 
follows:  

( )( )min , , 1, ,i q pjfvf fvf j MkX = = L      (8) 

where M is  the  number  of  images  in  the  
training set and fvfpj is  the  combined  PDFs  of  
the jth image in the training set. Thus, the 
similarity of the ith image in the training set 
and the query face can be reflected by Ξi, 
which is the minimum KLD value. The image  
with the lowest KLD distance, Ξi , is declared 

 to be the vector representing the recognized 
subject. 
 
3. RESULTS AND DISCUSSIONS 
The proposed system using PDFs in different 
colour channels as the face feature vector, 
discussed ensemble based systems as decision 
making techniques have been tested on the 
FERET, Essex University, Georgia Tech 
University, and the HP face databases. The 
correct recognition rates in percent are 
included in Table 1. Each result is an average 
of 100 runs, where we have randomly shuffled 
the faces in each class. Table 1 also includes 
the correct recognition of the PCA for the 
mentioned face databases. The results show 
that the performance of the product rule 
dramatically drops when the number of images 
per subject in the training set is increasing. 
This  is  due  to  the  fact  that,  as  the  number  of  
training images per subject is increased, the 
possibility of having a low probability is 
increased. The multiplication with a low 
probability is enough to cancel the effect of 
several high probabilities. The median rule is 
marginally better than sum rule in some cases, 
where the marginal improvement of the 
median rule is due to this fact that having an 
outlier probability will not affect the median, 
though it will affect the sum rule. 
 

 
Table 1 Performance of different decision making techniques for the proposed face recognition system 

compared with the performance of PCA based face recognition (in percentage) 
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In order to achieve an overall conclusion about 
fusion based decision making techniques and 
also to demonstrate the efficiency of the 
proposed face recognition system all faces in 
the HP (15 subjects), FERET (50 subjects), 
Georgia Tech University (50 subjects) and 
Essex University face databases (150 subjects)  
have been 

 randomly mixed. Total of 2650 faces, 265 
subjects with 10 samples for each subject, have 
been used to test the proposed system. Table 2 
lists the correct recognition rates of the mixed 
face database. The results are average of 100 
times iteration. 

 
Table 2 Performance of different decision making techniques for the proposed face recognition system 

(in percentage) 
 

 
 
The recognition rates stated in Table 2 show 
that the median and sum rules are 
performing better than other fusion based 
decision making techniques. Median rule 
based face recognition system using PDF 
performs slightly better than the system 
based on sum rule. Based on the results 
obtained in this paper, Median and Sum 
rules are the recommended data fusion 
methods for the proposed face recognition 
system to improve the recognition 
performance. Almost all the face recognition 
systems use grey level information (I 
channel only) for recognition. The 
recognition performance in I channel for the 
mixed database is 91.92% where, the median 
rule based proposed face recognition system 
(using six different colour channels) 
achieves 97.40%, corresponding 5.48% 
improvement in the recognition 
performance. 
 
4. CONCLUSION 
In this paper, we introduced a high 
performance face recognition system based 
on combining the decision obtained from 
PDFs in different colour channels. Several 
decision making techniques such as sum, 
maximum, median and product rules, as well 
as majority voting and feature vector fusion 
have been employed to improve the 
performance of the proposed PDF based face 
recognition system. The increased 
recognition performance clearly indicates the 
superiority of the median rule based face 
recognition system over the system used in  

 [6], which only uses MV and FVF. 
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Abstract: In this paper, a method is presented for applications which include mammographic image segmentation 
and region of interest extraction. Segmentation is a very critical and difficult stage to accomplish in computer 
aided detection systems. Although the presented segmentation method is developed for mammographic images, it 
can be used for any medical image which resembles the same statistical characteristics with mammograms. 
Fundamentally, the method contains iterative automatic thresholding and masking operations which is applied to 
the original or enhanced mammograms. Also the effect of image enhancement to the segmentation process was 
observed. A version of histogram equalization was applied to the images for enhancement. Finally, the results 
show that enhanced version of the proposed segmentation method is preferable because of its better success rate. 
 
Keywords: Digital Image Processing, Mammography, Image Segmentation, Image Enhancement 
 
 
 
 
1. INTRODUCTION 
Mammography is the best available 
examination for the detection of breast cancer 
[1]. However, a considerable number of lesions 
that are visible on mammograms in retrospect 
are missed by radiologists [2]. A computer 
aided detection (CAD) system can provide a 
second opinion to a radiologist [3].In Turkey, 
cancer, which goes up to the second row below 
the cardiovascular diseases, was fourth in 
1970s amongst the known causes of deaths [4]. 

  

 

Most common types of cancer are pulmonary 
cancer and breast cancer amongst man and 
woman respectively [5]. This fact makes 
medical image processing a popular research 
area and researchers have developed many 
CAD systems for the last decade which can be 
helpful for radiologists. In general, most of the 
CAD systems are developed in four stages. 
The first step contains certain image 
processing algorithms to make images  
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prepared  for  the  further  stages  of  the  CAD  
system. After preprocessing stage, region of 
interests (ROI) are extracted from image which 
is called segmentation and features of these 
ROIs  are  used  as  input  data  for  the  classifier  
which  decides  the  case  of  the  ROI.  In  this  
paper we focused on to the segmentation stage 
of the CAD systems and explain an iterative 
algorithm for segmentation. 
 
2. MATERIALS AND METHODS 
In this work, mini MIAS database was used for 
the evaluation of the proposed algorithm. Also 
a computer program was written with C# 
programming language. Image enhancement 
techniques were used to observe their effects to 
the segmentation process. 

2.1. Image Enhancement 
Histograms of mammograms were normalized 
by applying histogram equalization (HE). But 
global histogram equalization (GHE) did not 
bring about the desired results because of the 
very unbalanced histogram distribution of 
mammographic images. This imbalance occurs 
when an image has light areas broadly rather 
than dark areas or vice versa. Therefore GHE 
is not convenient for normalization in 
applications which use biomedical images like 
mammograms. A more convenient way to 
enhance mammographic images is using only 
the necessary data for equalization. Since the 
big  dark  areas  which  are  seen  outside  the  
breast region are redundant and aggravating, 
we can throw these parts of the image and use 
the information of the rest for HE. Thereby we 
get a better enhanced image with respect to 
GHE.  
2.2. Image Segmentation 
The purpose of the segmentation in CAD 
systems is extracting regions from images in 
order  to  search  only  the  areas  which  are  
suspected to have abnormalities instead of 
searching all parts of images. Thresholding is a 
very effective method for segmentation. In this 
work the automatic thresholding method of 
Otsu [6] was used to threshold images. 
Thresholding a mammographic image gives us 
the entire breast region. There is no requisite to 
get breast region other than a single automatic 
thresholding algorithm because of the 
statistical properties of the mammographic 
images. By taking advantage of this situation 
breast region can be acquired by masking  

 original image with its threshold result. After 
that automatic thresholding and masking 
process is applied once again to the segmented 
and enhanced breast region. In practice, the 
result of the second threshold is not always 
seen as small ROIs inside the breast region. 
Second threshold gives the breast region again 
as a result for some of the images. Second 
threshold result differs from the first by the 
extracted breast region’s size and border 
properties which are slightly smaller. Masking 
the result of the second thresholding process 
with  the  result  of  partial  HE  gives  us  a  new  
image. When we threshold this new image for 
the  third  time  we  have  the  desired  ROIs  
eventually. Thresholding the image and 
masking the threshold result with original 
image iteratively gives ROIs. An example of 
this iterative segmentation is shown in Figure 
1. In this example, the image is thresholded 
and masked three times. The pectoral muscle 
and label information seen on the image can 
easily be eliminated by means of their quite 
distinctive properties. 
 

 
Figure 1 Results of the steps of the 

segmentation algorithm (a) original image, the 
results of (b) first, second (c) and (d) third 

thresholding and masking operations. 
 
Effects of image enhancement to the 
segmentation are observed by applying HE for 
every iterations of the thresholding and 
masking operations. HE algorithm do not use 
all of the information gathered from every 
place of the image but uses only the  
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information from the places which are obtained 
by  the  masking  process.  In  Figure  2  a  
comparison of the enhanced and not enhanced 
versions of the algorithm is shown. It may be 
seen there is not any differences between two 
images at first glance. But it is obvious that the 
edges of the ROIs in the enhanced version are 
more roughened. 
 

 
Figure 2 A comparison of the enhanced and 

not enhanced versions of the algorithm. (a) not 
enhanced version and (b) enhanced version 

 
3. RESULTS 
Randomly selected 25 images from mini MIAS 
database were used to test the segmentation 
method in the way of extracting ROIs which 
include  mass.  In  Table  1  the  results  for  two  
versions of the method are both shown. 
Column  A  states  the  version  which  does  not  
include any image enhancement process and 
Column  B  states  the  version  which  HE  is  
included. It is seen obviously that HE improves 
the success of segmentation. Nevertheless, 
applying HE impedes the correct segmentation 
for some of the test images. In the last column 
the results are shown for the situation which 
comprises from both of the methods. In this 
work only the images which include masses 
were selected for the evaluation of the 
segmentation method. Table 1 shows whether 
the mass in the image is segmented as a ROI or 
not. 
 

Table 1 Segmentation results 

Image No A B Total 

1 0 1 1 
5 0 0 0 
10 1 1 1 
15 1 1 1 
17 0 0 0 

 

 Image No A B Total 
19 0 1 1 
21 1 0 1 
25 1 1 1 
28 1 1 1 
30 0 0 0 
32 0 1 1 
63 0 1 1 
69 1 1 1 
80 0 0 0 
91 1 1 1 
134 0 1 1 
141 0 1 1 
184 1 1 1 
198 0 0 0 
199 0 0 0 
202 1 1 1 
206 0 0 0 
207 0 0 0 
270 0 1 1 
315 0 0 0 

Toplam 
(%) 

36 60 84 

 
 
4. CONCLUSION 
In conclusion, thresholding the image and 
masking the threshold result with original 
image recursively, gives us ROIs. The problem 
is the number of the repetition of the process. 
Repeated threshold and mask processes must 
be  applied  between  two  and  four  times  
according to the statistical properties of the 
histograms of images. These histogram 
properties depends on pixel values and pixel 
values which stand out themselves as light or 
dark areas on images according to their 
intensity levels depends on the tissue of  the 
breast. Therefore the number of iterations of 
consecutive thresholding and masking 
operations either can be determined manually 
by the user of the CAD system application 
according to the type of the breast tissue or all 
the results obtained from all iterations can be 
taken into consideration. 
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1. INTRODUCTION: 
Electromyography is the discipline that deals 
with the detection, analysis, and use of the 
electrical signal that emanates from contracting 
muscles. This signal is referred to as the 
electromyography (EMG) signal. An example 
of  the  EMG  signal  can  be  seen  in  Figure  1.  
Here the signal begins with a low amplitude, 
which when expanded reveals the individual 
action potentials associated with the contractile 
activity of individual (or a small group) of 
muscle  fibers.  As  the  force  output  of  the  
muscle contraction increases, more muscle 
fibers are activated and the firing rate of the 
fibers increases. Correspondingly, the 
amplitude of the signal increases taking on the 
appearance and characteristics of a Gaussian 
distributed variable [1]. 

 
 

Figure 1 The EMG signal recorded with 
surface electrodes 

  

 

The signal increases in amplitude as the force 
produced by the muscle increases. The signal 
increases in amplitude as the force produced 
by the muscle increases. Signal is a 
complicated signal, which is controlled by the 
nervous  system  and  is  dependent  on  the  
anatomical and physiological properties of 
muscles. EMG signal acquires noise while 
traveling through different tissues. Moreover, 
the EMG detector, particularly if it is at the 
surface of the skin, collects signals from 
different motor units at a time, which may 
generate interaction of different signals [2]. 
Detection of EMG signals with powerful and 
advance methodologies is becoming a very 
important requirement in biomedical 
engineering. The main reason for the interest in 
EMG Besides basic physiological and 
biomechanical studies, kinesiological EMG is 
established as an evaluation tool for applied 
research, physiotherapy/ rehabilitation, sports 
training and interactions of the human body to 
industrial products and work conditions, Figure 
2 explain the wide spread use of EMG signal 
[3]. 
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Figure 2 The EMG Aspects. 

 
However, a number of problems are associated 
with the recording and the analysis of the 
transient  EMG signal.  A main  problem is  due  
to the noisy character of the signal. The noisy 
character is due to the fact that several muscle 
activations that occur simultaneously are 
recorded from the electrode(s) that are attached 
to the skin. What is actually being recorded is 
the superposition of several muscle activations 
filtered through different transfer paths of the 
surrounding tissues and the skin itself [4]. 
EMG signals are nonstationary and have 
highly complex time–frequency characteristics. 
Consequently, these signals cannot be analyzed 
using classical methods such as Fourier 
transform. Although the short time Fourier 
Transform can be used to satisfy the 
stationarity condition for such nonstationary 
signals,  it  suffers  from  the  fact  that  the  
performance depends on choosing an 
appropriate length of the desired segment of 
the signal. To overcome such problem, 
Wavelet Transform has been widely used in 
signal analysis [5]. An important requirement 
in this area is to accurately classify different  

 EMG patterns for controlling a prosthetic 
device. For this reason, effective feature 
extraction is a crucial step to improve the 
accuracy of pattern classification; therefore, 
many signal representations have been 
suggested. The wavelet transform have been 
successfully applied with promising results in 
EMG pattern recognition by Englehart and 
others (1998). The Discrete Wavelet 
Transform (DWT) and its generalization, the 
Wavelet Packet transform (WPT), were 
elaborated in (Englehart 1989a). These 
techniques have shown better performance 
than the others in this area because of its 
multilevel decomposition with variable trade-
off in time and frequency resolution. The WPT 
generates a full decomposition tree in the 
transform space in which different wavelet 
bases can be considered to represent the signal. 
The techniques were applied to feature 
extraction from surface EMG signals. Amount 
of coefficients, since the transform space has 
very large dimension. This fact suggests the 
systematic application of feature selection or 
projection methods and dimensionality 
reduction techniques to enable the 
methodology for real time applications [6].  
This paper continues the work described above 
by taking different families of Wavelet 
transform and studies the coefficients of them 
after passing the training and validate in the 
neural network. 
2. THE RAW EMG SIGNAL 
An unfiltered (exception: amplifier band pass) 
and unprocessed signal detecting the 
superposed Multi Unit Action Potentials 
(MUAP) is called a raw EMG Signal. As given 
below (Figure 3), a raw surface EMG 
recording (sEMG) was done for three static 
contractions of the biceps brachii muscle:  
 

 
Figure (3) the raw EMG recording of three 
contractions the Muscle biceps brachii [2]. 

µv 

Time, s 
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When the muscle is relaxed, a more or less 
noise–free EMG Baseline can be seen. The raw 
EMG baseline noise depends on many factors, 
especially the quality of the EMG amplifier, 
the environment noise and the quality of the 
given detection condition. Assuming a state-of-
the-art amplifier performance and proper skin 
preparation, the averaged baseline noise should 
not be higher than 3 – 5 microvolts, 1 to 2 
should be the target. The investigation of the 
EMG baseline quality is a very important 
checkpoint of every EMG measurement. The 
healthy relaxed muscle shows no significant 
EMG activity due to lack of depolarization and 
action potentials! By its nature, raw EMG 
spikes are of random shape, which means one 
raw recording burst cannot be precisely 
reproduced in exact shape. This is due to the 
fact that the actual set of recruited motor units 
constantly changes within the matrix / diameter 
of available motor units: If occasionally two or 
more motor units fire at the same time and they 
are located near the electrodes, they produce a 
strong superposition spike! By applying a 
smoothing algorithm (e.g. moving average) or 
selecting a proper amplitude parameter (e.g. 
area under the rectified curve), the non- 
reproducible contents of the signal is 
eliminated or at least minimized. Raw sEMG 
can range between +/-5000 microvolts and 
typically, the frequency contents ranges 
between  6  and  500  Hz,  showing  most  
frequency power between ~20 and 150 Hz [3]. 
 
3. FACTORS INFLUENCING THE EMG 
SIGNAL 
On its way from the muscle membrane up to 
the electrodes, the EMG signal can be 
influenced by several external factors altering 
its shape and characteristics. They can be 
grouped in [3]: 
 
3.1. Tissue characteristics. 
The human body is a good electrical 
conductor, but unfortunately, the electrical 
conductivity varies with tissue type, thickness 
Figure 4, physiological changes and 
temperature. These conditions can greatly vary 
from subject to subject (and even within 
subject) and prohibit a direct quantitative 
comparison of EMG amplitude parameters 
calculated on the unprocessed EMG signal. 
 
 

 

Figure 4 The influence of varying thickness of 
tissue layers below the electrodes [2]. 

 
3.2. Physiological Cross Talk 
Neighboring muscles may produce a 
significant amount of EMG that is detected by 
the local electrode site. Typically this “Cross 
Talk” does not exceed 10%-15% of the overall 
signal contents or is not available at all. 
However, care must been taken for narrow 
arrangements within muscle groups. ECG 
spikes can interfere with the EMG recording, 
especially when performed on the upper trunk / 
shoulder muscles. They are easy to see and 
new algorithms are developed to eliminate 
them. 
 
a) Changes in the geometry between 
muscle belly and electrode Site. 

b) External noise. 

c) Electrode and amplifiers. 
 
3. EMG SIGNAL PROCESSING 
Raw EMG offers us valuable information in a 
particularly useless form. This information is 
useful only if it can be quantified. Various 
signal-processing methods are applied on raw 
EMG to achieve the accurate and actual EMG 
signal. Reza et al [2] discussed the major EMG 
signal processing methods used currently. 
 
4. WAVELETS 
Wavelets are building blocks for general 
functions. That means that any general 
function can be expressed as an infinite series 
of wavelets. The basic idea underlying wavelet 
analysis consists of expressing a signal as a  

linear combination of a particular set of  In effect, that means that most of the energy of 
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functions, obtained by shifting and dilating one 
single function called a mother wavelet. 
Several different mother wavelets have been 
studied in Daubechies [7] and Meyer [8]. The 
decomposition of the signal into the basis of 
wavelet functions implies the computation of 
the  inner  products  between  the  signal  and  the  
basis functions, leading to a set of coefficients 
called wavelet coefficients. The signal can 
consequently be reconstructed as a linear 
combination of the basis functions weighted by 
the wavelet coefficients. In order to obtain an 
accurate reconstruction of the signal, a 
sufficient number of coefficients have to be 
computed. The procedure followed for 
calculating the wavelet coefficients is shown 
graphically in Figure 5. The main 
characteristic of wavelets is the time-frequency 
localization.  

the wavelet is restricted to a finite time 
interval. Frequency localization means that the 
Fourier transform is band limited. The 
advantage of time – frequency localization is 
that contrary to the short - time Fourier 
transforms a wavelet analysis varies the time -  
frequency aspect ratio, producing good 
frequency localization at low frequencies (long 
time windows), and good time localization at 
high frequencies (short time windows). This 
produces segmentation, or tiling of the time-
frequency plane that is appropriate for most 
physical signals, especially those of a transient 
nature. The difference between the Short Time 
Fourier Transform and the Wavelet transform 
is illustrated in Figure 6 [4]. 
 

 
Figure 5 The operations of shifting and dilation of the mother wavelet to calculate the W. coefficients 

[4]. 

 
Figure 6 The tiling of the time-frequency plane in the case of Short-Time Fourier Transform (STFT) 

and Discrete Wavelet Transform (DWT) respectively. 
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6.    WAVELET TECHNIQUES FOR EMG 
A lot of papers and researches have been 
written to discuss the different applications for 
the Wavelet techniques in Biosignal and EMG 
specifically. We briefly consider the 
application of wavelet systems from two 
perspectives [9]. First we look at the wavelets 
as a tool for denoising and compressing an 
EMG signal (more details see [4, 10, 11]), 
where noise removing process, and 
compression for biotelemetry techniques. 
Second  we  look  at  the  wavelet  as  a  tool  for  
feature extraction and classification (more 
details see [5, 6, 12]), where the process of 
defining the movement and control for the 
prosthetic applications are desired. 
 
7. APPLICATION OF NEURAL 
NETWORK BACK PROPAGATION 
ALGORITHM 
Solving EMG signal with the Artificial Neural 
Network (ANN) techniques have been reported 
with different powerful strategies, for the 
present application, back propagation is used 
to train the feed forward NN [13], see Figure 7. 
 

 
 

Figure 7 Back Propagation NN. 
 
During the training phase, each output neuron 
(zi) compares its computed activation with its 
target value (ti) to determine the associated 
Error (ei) for the neuron, where: 

E = ∑ (zi - ti)2                 (1) 
The ANN weights and biases are adjusted to 
minimize the least square error. 
 
8. Wavelet Types and Families: 
There are different types of wavelet families 
whose qualities vary according to several 
criteria. The main criteria are [14]: 
a. The support of Ψ,  Φ: the speed of 
convergence to zero of these functions Ψ(t) 
when the time t or the frequency ω goes to  

infinity, which quantifies both time and 
frequency localizations. 
b. The signal symmetry. 
c. The number of vanishing moments 
for   Ψ or Φ for  (if it exists), which is useful 
for compression purposes. 
d. The regularity, which is useful for 
getting nice features, like smoothness of the 
reconstructed signal, and for the estimated 
function in nonlinear regression analysis. The 
wavelet types included in our work here can be 
classified to the following groups [14]: 
 
8.1. Crude Wavelets 
   a. Wavelet families are Gaussian, Morlet, 
Mexican hat. 
   b. Properties:  
Only minimal properties:   
       - Φ does not exist. 
       - The analysis is not orthogonal. 
       - Ψ is not compactly supported. 
       - The reconstruction property is not 
insured. 
    c. Possible analysis:  
       - Continuous decomposition. 
   d. Main nice properties:  
Symmetry, Ψ has explicit expression. 
a. Main difficulties: 
Fast algorithm and reconstruction unavailable. 
 
 8.2. Infinitely Regular Wavelets 
    a. Wavelets families:  
        Meyer. Discrete Meyer wavelet. 
    b. Properties:  
         - Φ exists and the analysis is orthogonal. 
        - Ψ and Φ are indefinitely derivable. 
         - Ψ and Φ are not compactly supported. 
    c. Possible analysis : 
       - Continuos transform. 
       - Discrete transform but with non-FIR 
filters. 
    d. Main nice properties: 
        Symmetry, infinite regularity. 
    f. Main difficulties : 
Fast algorithm unavailable. 
 
8.3. Orthogonal And Compactly Supported 
Wavelets 
a. Wavelets families: 
   Daubechies, symlets, coiflets. 
   b. General properties:  
       - Φ exists and the analysis is orthogonal. 
      -Ψ and Φ are compactly supported. 
       - Ψ given number of vanishing moments. 
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    c. Possible analysis: 
       - Continuous transform. 
       - Discrete transform using FWT. 
    d. Main nice properties:  
        Support, vanishing moments, FIR filters. 

e. Main difficulties: poor regularity. 
 
8.4. Biorthogonal And Compactly 
Supported Wavelet Pairs 
    a. Wavelets families:  
       B-splines biorthogonal wavelets. 
    b. Properties:  
       - Φ functions and analysis is biorthogonal. 
       - Ψ and Φ both for decomposition and 
reconstruction are compactly supported. 
       - Φ and Ψ for decomposition have 
vanishing moments. 
       - Ψ and Φ for reconstruction have known 
regularity. 
    c. Possible analysis: 
       - Continuous transform. 
- Discrete transform using FWT. 
d. Main nice properties: Symmetry with FIR 
filters, desirable properties for decomposition 
and reconstruction are split and nice allocation 
is possible. 
e. Main difficulties: orthogonality is lost. 
 
8.5. Complex Wavelets 
a. Wavelets families: Complex Gaussian, 
complex Morlet, complex Shannon, complex 
frequency B-spline. 
b. Properties: Only minimal properties 
- Φ does not exist. 
- The analysis is not orthogonal. 
- Ψ is not compactly supported. 
- The reconstruction property is not insured. 
c. Possible analysis: Complex continuos 
decomposition. 
d. Main nice properties: Symmetry, Ψ has 
explicit expression. 
e. Main difficulties: Fast algorithm and 
reconstruction unavailable. 

 
Table 1 below represent the whole fifteen 
Wavelet families with their short name as 
expressed in Matlab 7.a, at the same time 
Table 2 a and b, represent the summery for the 
properties of the fifteen wavelet families with 
their properties. 
 
 
 
 
 

 Table 1 Wavelet Families with their 
abbreviations [14]. 
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Table (2) properties of the Wavelet families [14]. 
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9. Material and Method 
We developed a preliminary version for the 
whole families in Matlab, and as 
experimenting  values  for  the  EMGs  we  test  2  
cases of butterfly exercises one with 5 lb and 
the  other  with  10  lb.  For  each one  of  the  two 
cases we took three different volunteers with 
three different muscles locations for each one 
of them, right pectoralis, right biceps and right 
triceps. In total we have got 18 (eighteen) data 
files with sampling frequency 2000 Hz [15], 
with  4000  samples  length  for  each  file.  The  
analysis of these data files started with 
converting them to .mat files and then removes 
any DC offset to be ready for the Wavelet 
families’ analysis. In this stage each family 
were considered as special solution for the 
proposed case, and of course the output of the 
wavelet family are the coefficients and details 
which will be trained with the back 
propagation neural network, the reason for this 
training to get finally the error proposed in 
each analysis. Comparison finally between the 
sets of errors will help us with the final. 
 
10. Results 
Huge sets of results have been found here, 
Table (3) explained that 1350 runs, so for 
explanation of the Results, we will explain and 
discuss samples of them and for more 
information, you visit my web in 
www.biomedicaleng2006.jeeran.com.  
 

Table 3 Number of Runs 
 

No. of Cases 2 
No. of Volunteers  3 
No. of measured points 3 
No. of families  15 
No. of level for each family (at least) 5 
Total number of runs 1350 

 
Figures 8 (a, b and c) shows the EMG signals 
for 5lb first person (expressed as 5_1), of 
course these signals have been plotted after the 
DC offset have been removed. 
 
 
 
 
 

 

 
(a) Pectoralis of 5 lb with volunteer 1. 

(b) Biceps of 5 lb with volunteer 1. 

 
(c) Triceps of 5 lb with volunteer 1. 

Figure 8 EMG for 5.1. 
 
The continuous with the analysis shows in 
Figures 9 the db4 for pect5_1 where the 
technique used here is DWT. The output 
decomposed (denoised) signal are treated with 
the  back  propagation  NN  in  which  we  
considered the input to this net is (s = a4 + d4 
+ d3 + d2 + d1) and the target is the original 
signal (so as to found out the residuals), the 
training is 60% (these are presented to the 
network during training, and the network is 
adjusted according to its error) of the original 
samples (2400 samples of 4000), validation 
20% (these are used to measure network 
generalization, and to halt training when 
generalization stops improving) of the original 
samples (800 samples of 4000) and the testing 
20%  (these  have  no  effect  on  training  and  so  
provide an independent measure of network 
performance during and after training) of the 
original samples (800 samples of 4000), with 
20 hidden neurons. Table (4) proposed the  

http://www.biomedicaleng2006.jeeran.com/
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final results for the ANN after running the NN 
for 20 Epochs. 
 

Table (4) Results of NN for pectoralis 5.1 of 
db4 

 
 
Where MSE: is the Mean Squared Error is the 
average squared difference between 
(normalized) outputs and targets.  

 Zero means no error, over 0.6667 means high 
error. And R: Regression Values measure the 
correlation between (unnormalized) outputs 
and targets. An  R  value  of  1  means  a  close  
relationship, 0 a random relationship. At the 
same Figure 10 shows the performance, 
Epochs relations for the training, validation 
and  test.  We  can  observe  in  most  of  the  
families that we have tested before that the 
level of the wavelet is very important for the 
training and performance of the NN, level 4 
and 5 in db and haar are closest in results than 
the other highest or lowest level. While the 
other families recorded unstable response in 
levels with the action analysis and effect in the 
NN performances. 
 

 

 
Figure (10) Epochs – performance relationship for the Training, validation and test of Pectoralis 5_1 of 

db4. 

Figure (9) db4 for pectoralis 5.1 



CLASSIFICATION OF ELECTROMYOGRAPHY SIGNALS USING WAVELET AND NEURAL NETWORK 
Sadeem N. Kbah 

214 
 

11. CONCLUSIONS  
In  this  paper,  we  have  checked  most  of  the  
families used to process the EMG signals into 
denoising and compressing. Our target is to 
reach a high quality of the performance for 
combined Wavelet techniques with the ANN. 
The obtained results are very huge to be 
discussing in one paper but they are 
comfortable and reach a final decision. Our 
approach uses a two parts the first WT 
technique and the second ANN, where the first 
used to generate deniosed signal (or 
compressed) and the second used to train this 
signal and calculate its performance of training 
and validation. The results indicate that Haar 
and  db  in  their  (4th to  5th level) are more 
comfortable to use with our samples of EMG. 
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Abstract: A content-based retrieval system can provide efficient access to the documents from the 
Ottoman Empire archives, which contain more than 100 million handwritten files. Experts want to 
archive the historical documents to be stored in digital image forms because the documents include not 
only text but also drawings, portraits, miniatures, signs, ink smears, etc., which might have an 
associated historical value. This work will help us to identify the Ottoman period calligraphies; 
accordingly determine its value and chronology. Here, we describe and apply a computational 
technique on high-resolution scanned form of the original works, specifically Ottoman art calligraphies 
for authentication. We show preliminary results from 9 well known Ottoman art calligraphers at 
various times. Since paintings have high resolution, complexity and capacity, it is not possible to 
process them in one block. In this paper, Wavelet Transform (WT) and Support Vector Machine (SVM) 
are employed in cascade form to obtain an objective approach in authentication of calligraphies, and 
we have succeed up to 100% percentage for classify the art works using these techniques. 

Keywords: Art authentication, Ottoman art calligraphers, Wavelet transform, Support vector machine 
 
 
 
 
1. INTRODUCTION 
Authentication of paintings, calligraphies can 
be extremely challenging. Typically, art 
experts reach decisions after thorough 
consideration of many different types of 
evidence. Artist’s lifetime and documents and 
tracing the art’s history of ownership provide 
clues. In addition to the reliance on the human 
actor, quantitative methods can be brought to 
bear. Available techniques of examination are 
given below: Carbon-14 dating is used to 
measure the age of an object up to 10,000 
years old [1]. White lead dating is used to  

  

 

pinpoint the age of an object up to 1,600 years 
old [2]. Conventional X-ray can be used to 
detect earlier work present under the surface of 
a painting. Sometimes artists will legitimately 
re-use their own canvasses, but if the painting 
on top is supposed to be from the 17th century, 
but the one underneath shows people in 19th 
century properties such as dress models, the 
scientist will assume the top painting is not 
authentic.  Also  x-rays  can  be  used  to  view  
inside an object to determine if the object has 
been altered or repaired. X-ray diffraction (the 
object bends X-rays) is used to analyze the  
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components that make up the paint an artist 
used, and to detect pentimenti. X-ray 
fluorescence (bathing the object with radiation 
causes it to emit X-rays) can reveal if the 
metals in a metal sculpture or if the 
composition of pigments is too pure, or newer 
than their supposed age [3]. Quantitative 
techniques could potentially be helpful in 
identifying images, copies or forgeries thus 
investigators may rely on other methods such 
as computerized authentication. In literature, 
regarding to this case, there are some works 
based on image processing. [4, 5] In view of 
all these things, there is not so much working 
about Ottoman art calligraphies for 
authentication. In this case we think that this 
work will be an important point for 
authentication of Ottoman art calligraphies. 
Wavelet Transform is a mathematical tool, 
which analyses and decomposes one and two 
dimensional signals. Wavelet decomposition 
divides signals into sub-bands. These sub-
bands are evaluated to determine textures, 
assigning a frequency to each sub-band and 
related coefficients of sub-bands can be 
utilized as feature extraction block and 
followed by a classifier.  Then, these data are 
used as input into Support Vector Machine for 
testing [6]. 

 

Figure 1 Computation Scheme 

Here some important ottoman art calligraphers 
and their works have been chosen. 
Abbaskamil, Hafiz Rasihibrali, Hasan Rıza, 
İsmet el-Mevlevi, Mahmud Celaleddin, Sabri, 
Seyyid Derviş Halil, Seyyid Muhammed Bahir 
and Veliyyuddin are all milestones for art 
calligraphies of Ottoman Empire.   

 All this chosen ones are well known in their 
life period and have a lot of distinctive 
calligraphies. We have chosen their 50 art 
calligraphies for this work. These are some 
examples of the chosen ones: 

 

 

 

Figure 1 Some calligraphy examples of 
Ottoman Empire 

These art calligraphies and their digital 
photographs are separated by two consecutive 
approaches; wavelet and Support Vector 
Machine (SVM) in evaluation of high capacity 
2D painting images.  In high resolution 
images, one step direct image processing is 
almost impractical, because of time consuming 
long iterations. The first approach is based on 
compression with minimum loss via feature 
extraction. The second is classification of 
original art calligraphies and its fakes by SVM, 
where extracted features are taken as input. 
SVM developed by Vapnik [7, 8] have been 
used in a range of problems including pattern 
recognition, bioinformatics and text 
categorization [9-10]. SVM provides a novel 
approach to the two and multi-class 
classification problem. 
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2. METHODS 
In this work, calligraphies some are given in 
Figure 2, segmented properly and samples 
augmented to 50 pieces. Then these pieces 
applied wavelet transform for feature 
extraction. In this step, wavelet coefficients of 
50 images are calculated.  At the first stage, 8 
wavelet transform outputs; approximation, 
vertical, horizontal, diagonal of Level-1 
DAUB4 and HAAR type wavelet 
decompositions and maximum, minimum, 
mean, variance, standard deviation values of 
raw image are obtained. In the second stage of 
cascade structure, these 13 parameters are 
chosen as input of SVM for classification. As a 
result, authentication accuracy of this cascade 
block, has reached up to 100%. 
 
2.1. Wavelet Based Feature Extractıon 
Wavelets decompose data into different 
frequency sub-bands components and then 
study each component with a resolution 
matched to its scale. Wavelets have come out 
as powerful new mathematical tools for 
analysis of complex datasets. In classical 
approach, Fourier transform provides 
representation of an image based only on its 
frequency contents. Hence this representation 
is not spatially localized while wavelet 
functions are localized in space. While Fourier 
transform groups a signal into a spectrum of 
frequencies whereas the wavelet analysis 
decomposes into a hierarchy of scales ranging 
from the coarset scale. Hence wavelet 
transform which provides representation of an 
image at various resolutions is a better tool for 
feature extraction from images [11, 12]. The 
wavelet transform is a useful mathematical tool 
that currently has received a great attention in 
different applications like compression and 
feature extraction. Feature extraction is defined 
that extraction some important features from 
the image and obtaining feature vector [13]. 
Here, wavelet transform is used as a feature 
extractor. 
In numerical analysis and functional analysis, a 
discrete wavelet transform (DWT) is any 
wavelet transform for which the wavelets are 
discretely sampled. Therefore, since our data is 
discrete, we use Discrete Wavelet Transform. 
DWT employs a discrete set of the wavelet 
scales and translation obeying some defined 
rules as an implementation of the wavelet 
transform. As with other wavelet transforms, a 
key advantage it captures both frequency and  

 key advantage it captures both frequency and 
location information. Here, both of scale and 
translation parameters are discrete. Thus, DWT 
can be represented in Eq.(1), 

,[ , ] [ ] [ ]m n
x

W m n f x x= yå
                      (1) 

where, discretized scale and translation 

parameters are given by, 2 ja =  ve 2 jb k=  

( ,k j ZÎ ). Then, wavelet basis function is 
writen in Eq.(2), 
 

/ 2
, [ ] 2 (2 )j j

j k x x k-y = y -                   (2) 
 
One dimensional transforms are easily 
extended to two dimensional functions like 
images.  In  this  case,  the  DWT  is  applied  to  
each dimension separately. This yield a multi 
resolution decomposition of the image into 
four sub-bands called the approximation (low 
frequency component) and details (high 
frequency component). The approximation (A) 
indicates a low resolution of the original 
image. The detail coefficients are horizontal 
(H), vertical (V), and diagonal (D). 
 

 
Figure2 DWT Transform 

 
2.2. Support Vector Machine Based 
Classfication 
Support vector machines are a set of relates 
supervised learning methods that analysis data 
and recognize patterns, used for classification. 
The  original  SVM  algorithm  was  invented  by  
Vladimir Vapnik and current standard 
incarnation (soft margin) was purposed by 
Corinna Cortes and Vladimir Vapnik.  The 
standard SVM takes a set of input data and 
predicts, for each given input, which of two 
possible classes the input is a member of, 
which makes the SVM a non-
probabilistic binary linear classifier. It is 
formulized under the concept of structural risk 
minimization rule unlike neural network based 
classifier  [10].  At  the  beginning,  SVM  was  
actually designed for binary classification in 
order to construct an optimal hyperplane so 
that the margin of separation between the  
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negative and positive data set will be 
maximized. Let 
 { } { }, , 1, 2,..... , 1,1i i ix y i l y= Î - and 

n
ix IRÎ  be  the  training  samples  where  the  

training vector is ix and iy  is its corresponding 
labeled class. As a result SVM can be 
expressed as follows; 
 

1
( ) ( , )

l

i i i
i

f x sign y K x x ba
=

æ ö
ç ÷= +
ç ÷
è ø
å

           (3) 
 
Where, 

         

1 0
sgn( )

1 0
for u

u
for u

>ì
= í- <î  

where l  is the number of learning patterns, iy  

is the target value of learning pattern ix , b is a 

bias, and ( , )K x xi  is a kernel function that 
high-dimensional feature space: 
 

( , ) ( ). ( )i iK x x x xf f=                           (4) 
The  polynomial  kernel  which  is  shown  in  
equation (5) and the Gaussian radial basis 
function (RBF) kernel which is shown in 
equation (6) are frequently used kernel 
functions. 
 
  
                                                                       (5) 
 

( , ) exp[ - ]                    i iK x x x xg=
      (6) 

 
In polynomial kernel, p is the degree of 
polynomial kernel; if p is equal to 1, kernel is 
called linear and if it is equal to 2, then kernel 
is called quadratic kernel. 
 
2.2.1. Training of Support Vector Machine 
SVM finds the hyperplane that causes 
maximizes the separating margin between two 
positive and negative classes. Mathematically, 
this hyperplane can be found by minimizing 
the following cost function, 
 

21( )
2

P w w=
                                    (7)

 

 Subject to 
. ( ) 1 0, 1,2,....,i i i iy f x i ke e³+ - ³ =  the 

aim is to maximize the separating margin 
subject to constraints. This problem is 
transformed to dual form for solving which 
follows: 

1
2D i i j i j i j

i i j
L y y x xa a a= -å åå

      (8) 
  

Subject  to    0 Ca£ £  and   0i i
i

ya =å  . 

Where, C is regularization parameter that 
controls the tolerance to classification errors in 
training. The training vector ix  whose 

corresponding ia  is nonzero is called support 
vector.   
 
 3. AUTHENTICATION OF ART 
CALLIGRAPHIES  
Wavelet coefficients of 50 images are 
calculated. After decomposition with Discrete 
Wavelet Transform, we have four coefficients 
for each image; approximation, vertical, 
horizontal and diagonal. Level-1 DAUB4 and 
HAAR type wavelet decompositions are 
preferred. The first level decomposition vector 
size  is  too  large  to  be  given  as  an  input  to  a  
classifier. Since high dimensional of feature 
vectors increased computational complexity 
and hence, in order to reduce to dimensionality 
of the extracted feature vectors, statistics over 
the wavelet coefficients are used.  The 
statistical features were also chosen as; 
maximum, minimum, mean, variance, standard 
deviation values of {approximation, vertical, 
horizontal and diagonal} sub bands.  The 
computed statistical features of 13 discrete 
feature coefficients are used as the inputs of 
the network of SVM.  In SVM training, linear, 
quadratic and RBF kernel is used as in Tables 
1-5.  General  review  is  shown  in  table  5.  The  
best error level is achieved when RBF kernel 
parameters. 
 
4. CONCLUSION 
In this study, we have classified calligraphies 
of 9 Ottoman calligraphers and its images with 
the help of wavelet transform and SVM, which 
are used for feature extraction and supervised 
machine learning approaches. We have  

( )( , ) . 1 p
i iK x x x x= +
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preferred wavelet type is Level-1 Daub4 and 
Haar after experimental study.  For 
compression and unification, only some 
statistics of first level wavelet coefficients are 
used  as  an  input  of  SVM.  These  are;  
{maximum, minimum, mean, variance and 
standard deviation values of the 
{approximation, vertical, horizontal and 
diagonal} sub bands.  
Our experimentation showed that classification 
accuracy has reached up to 100% by Daub4 
type Wavelet and cascaded by RBF Kernel 
Type SVM. This statistic suggests that our 
combined approach may be used to facilitate 
separation from original painting to its fake. 
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6. LIST OF TABLES 
 
Model 1:In 9 categories, obtaning results using only Appr coefficents and db4 wavelet for 50 data: 
(SVM, 5 fold, c=10, RBF gama:0,1) 

Table 1 a) General performance b) Performance of classification due to calligraphers c) Confusion 
matrix 

 
Correctly Classified Instances 44 (88%) 

Incorrectly Classified Instances 6 (12%) 

Kappa Statistic 0.8644 

Mean Absolute Error 0.1747 

Root Mean Squared Error 0.2847 

Relative Absolute Error 88.59% 

Root Relative Squared Error 90.60% 

Total Number of Instances 50 

a) 
 

Class TP Rate FP Rate Precision Recall F-Measure ROC Area 

Abbaskamil 1 0 1 1 1 1 

Hafızrasihibra   0.667 0.045 0.667 0.667 0.667 0.82 

Hasanrıza 1 0 1 1 1 1 

İsmetelmevlevi 0.8 0 1 0.8 0.889 0.996 

Mahmudcelaleddin 1 0 1 1 1 1 

Sabri 1 0.022 0.833 1 0.909 0.989 

Seyyiddervişhalil 0.875 0.024 0.875 0.875 0.875 0.985 

Seyyidmuhammedbahir 0.833 0 1 0.833 0.909 0.875 

Veliyyuddin 0.8 0.044 0.667 0.8 0.727 0.964 

Weighted Avg. 0.88 0.016 0.89 0.88 0.882 0.956 

b) 
 

CLASSIFIED  AS a b c d e f g h i 

a =Abbaskamil 5 0 0 0 0 0 0 0 0 

b = Hafızrasihibrali 0 4 0 0 0 0 1 0 1 

c = Hasanrıza 0 0 6 0   0 0 0 0 

d = İsmetelmevlevi 0 0 0 4 0 1 0 0 0 

e = Mahmudcelaleddin 0 0 0 0 4 0 0 0 0 

f = Sabri 0 0 0 0 0 5 0 0 0 

g = Seyyiddervişhalil 0 1 0 0 0 0 7 0 0 

h = Seyyidmuhammedbahir 0 0 0 0 0 0 0 5 1 

i = Veliyyuddin 0 1 0 0 0 0 0 0 4 

c) 
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Model 2: In 9 categories, obtaning results using only Appr coefficents and Haar wavelet for 50 data 
(SVM 5 fold, RBF gama:0,1) 

Table 2 a) General performance b) Performance of classification due to calligraphers c) Confusion 
matrix 

 
Correctly Classified Instances 43 (86%) 

Incorrectly Classified Instances 7 (14%) 

Kappa Statistic 0.8418 

Mean Absolute Error 0.1749 

Root Mean Squared Error 0.2851 

Relative Absolute Error 88.72% 

Root Relative Squared Error 90.73% 

Total Number of Instances 50 

a) 

Class TP Rate FP Rate Precision Recall F-Measure ROC Area 

Abbaskamil 0.8 0 1 0.8 0.889 0.989 

Hafızrasihibrali 0.667 0.045 0.667 0.667 0.667 0.82 

Hasanrıza 1 0 1 1 1 1 

İsmetelmevlevi 0.8 0 1 0.8 0.889 0.993 

Mahmudcelaleddin 1 0 1 1 1 1 

Sabri 1 0.022 0.833 1 0.909 0.989 

Seyyiddervişhalil 0.875 0.024 0.875 0.875 0.875 0.985 

Seyyidmuhammedbahir 0.833 0.023 0.833 0.833 0.833 0.85 

Veliyyuddin 0.8 0.044 0.667 0.8 0.727 0.964 

Weighted Avg. 0.86 0.019 0.87 0.86 0.861 0.952 

b) 

CLASSIFIED AS a b c d e f g h i 

a =Abbaskamil 4 0 0 0 0 0 0 1 0 

b = Hafızrasihibrali 0 4 0 0 0 0 1 0 1 

c = Hasanrıza 0 0 6 0 0 0 0 0 0 

d = İsmetelmevlevi 0 0 0 4 0 1 0 0 0 

e = Mahmudcelaleddin 0 0 0 0 4 0 0 0 0 

f = Sabri 0 0 0 0 0 5 0 0 0 

g = Seyyiddervişhalil 0 1 0 0 0 0 7 0 0 

h = Seyyidmuhammedbahir 0 0 0 0 0 0 0 5 1 

i = Veliyyuddin 0 1 0 0 0 0 0 0 4 

c) 
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Model 3: In 9 categories, obtaning results, taking statistics of appr and detail coefficents and using db4 
wavelet for 50 data (SVM, RBF, gama:0,1) 

Table 3 a) General performance b) Performance of classification due to calligraphers c) Confusion 
matrix 

 
Correctly Classified Instances 50(100%) 

Incorrectly Classified Instances 0 (0%) 

Kappa Statistic 1 

Mean Absolute Error 0.1728 

Root Mean Squared Error 0.2814 

Relative Absolute Error 87.65 % 

Root Relative Squared Error 89.55 % 

Total Number of Instances 50 

a) 
 

Class TP Rate FP Rate Precision Recall F-Measure ROC Area 

Abbaskamil 1 0 1 1 1 1 

Hafızrasihibrali 1 0 1 1 1 1 

Hasanrıza 1 0 1 1 1 1 

İsmetelmevlevi 1 0 1 1 1 1 

Mahmudcelaleddin 1 0   1 1 1 

Sabri 1 0 1 1 1 1 

Seyyiddervişhalil 1 0 1 1 1 1 

Seyyidmuhammedbahir 1 0 1 1 1 1 

Veliyyuddin 1 0 1 1 1 1 

Weighted Avg. 1 0 1 1 1 1 

b) 
 

CLASSIFIED AS a b c d e f g h i 

a =Abbaskamil 5 0 0 0 0 0 0 0 0 

b = Hafızrasihibrali 0 6 0 0 0 0 0 0 0 

c = Hasanrıza 0 0 6 0 0 0 0 0 0 

d = İsmetelmevlevi 0 0 0 5 0 0 0 0 0 

e = Mahmudcelaleddin 0 0 0 0 4 0 0 0 0 

f = Sabri 0 0 0 0 0 5 0 0 0 

g = Seyyiddervişhalil 0 0 0 0 0 0 8 0 0 

h =Seyyidmuhammedbahir 0 0 0 0 0 0 0 6 0 

i = Veliyyuddin 0 0 0 0 0 0 0 0 5 

c) 
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Model 4: In 9 categories, obtaning results, taking statistics of appr and detail coefficents and using 
Haar wavelet for 50 data: 

Table 4 a) General performance  b) Performance of classification due to calligraphers c) Confusion 
matrix 

 
Correctly Classified Instances 50(100%) 

Incorrectly Classified Instances 0 (0%) 

Kappa Statistic 1 

Mean Absolute Error 0.1728 

Root Mean Squared Error 0.2814 

Relative Absolute Error 87.65 % 

Root Relative Squared Error 89.56 % 

Total Number of Instances 50 

a) 
 

Class TP Rate FP Rate Precision Recall F-Measure ROC Area 

Abbaskamil 1 0 1 1 1 1 

Hafızrasihibrali 1 0 1 1 1 1 

Hasanrıza 1 0 1 1 1 1 

İsmetelmevlevi 1 0 1 1 1 1 

Mahmudcelaleddin 1 0 1 1 1 1 

Sabri 1 0 1 1 1 1 

Seyyiddervişhalil 1 0 1 1 1 1 

Seyyidmuhamme  ahir 1 0 1 1 1 1 

Veliyyuddin 1 0 1 1 1 1 

Weighted Avg. 1 0 1 1 1 1 

b) 
 

CLASSIFIED AS a b c d e f g h i 

a =Abbaskamil 5 0 0 0 0 0 0 0 0 

b = Hafızrasihibrali 0 6 0 0 0 0 0 0 0 

c = Hasanrıza 0 0 6 0 0 0 0 0 0 

d = İsmetelmevlevi 0 0 0 5 0 0 0 0 0 

e =  ahmudcelaleddin 0 0 0 0 4 0 0 0 0 

f = Sabri 0 0 0 0 0 5 0 0 0 

g = Seyyiddervişhalil 0 0 0 0 0 0 8 0 0 

h =Seyyidmuhammedbahir 0 0 0 0 0 0 0 6 0 

i = Veliyyuddin 0 0 0 0 0 0 0 0 5 

c) 
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Model-1, only wavelet appr coefficients and db4 wavelet; *Model-2, only wavelet 
appr coefficients and Haar wavelet; *Model-3, some statistics (min, max, mean, std, 
moment3) of wavelet coefficients (appr and detail) and db4 wavelet; *Model-4, some 
statistics (min, max, mean, std, moment3) of wavelet coefficients (appr and detail) and 
Haar wavelet 

 
Table 5 General review of all models 

 
Classificatory Model Accurate Of Classification (%) 

SVM Model-1* 88 

9 category Model-2* 86 

50 data Model-3* 100 

  Model-4* 100 
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