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ABSTRACT: The segmentation of bank cheque 
images is a fundamental phase of its automatic 
processing. In the segmentation phase, one of  the 
most important steps is the background elimination, 
that has to respect the physical integrity of the rest of 
the cheque image information.  This paper describes a 
simple and robust solution for the background 
elimination problem, using a process that involves 
two stages: the original image enhancement and a 
posterior global thresholding process. 
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1.  INTRODUCTION 
 
By definition, the Document Processing, that involves 
the Document Analysis and the Document 
Recognition, has the objective of proceeding the text  
and the graphical elements recognition, that are in the 
document image, being able to make an analysis just 
as a human observer is capable to do. Even though we 
know that many times a printed document presents a 
higher quality than that of its electronic similar, there 
is still a lot of motivations to processing the printed 
documents, like its re-edition, its re-distribution, its 
storage and its combination with other information. 
 Our study  is part of a larger research that 
intends to carry out the identification, recognition and 
validation of the handwritten elements of bank 
cheques, using Digital Image Processing and other 
related tools, as we can see in Figure 1.  The stages 
that make up the whole process are basically divided 
by the handwritten elements of the bank cheque, 
which are: the numerical amount, literal amount, date 
and signature. The field where the cheque’s 
beneficiary is informed, is not an important 
information for the electronic document processing, 

but it’s perfectly possible to make it’s posterior 
processing if we find it  is necessary.  
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 Figure 1 -  Automatic Bank Cheques Processing 
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 In this figure we can see that the 
segmentation phase has a special importance, because 
all the other steps of verification and recognition 
depend on the segmentation phase so that they can be 
executed. Therefore, the segmentation phase has a 
decisive function in the final process result. The 
success of the whole process depends on a good 
quality result of the segmentation phase.  
 We can identify four jobs in this phase: 
• the background elimination; 
• the straight lines identification and elimination; 
• the pre-printed text identification and elimination; 
• the handwritten components identification and 

separation, sending each one to its adequate 
verifying or recognition process. 

 
In our study, more attention is given to the 

first of these problems: the background elimination. 
This step is not a simple one, especially if we note 
that the background has to be totally eliminated and 



 

 

the rest of  the information must suffer the less 
degradation possible.  In addition, there is another 
relevant factor that refers to the large diversity that the 
Brazilian bank  cheques present, and that has to be 
processed with a single automated methodology. 
  This paper presents a simple and robust 
solution to solve the background elimination problem, 
identifying all of the problems and the tools used in 
our solution. 
 
 

2. THE PROBLEM 
 
 The elimination of the bank cheques 
background is an essential part for its processing, 
when we consider a process based on binary images. 
This job has many problems that appear before the 
image processing: for example in its making. 
However, the document quality is a characteristic that 
we can’t control in many of the projects therefore we 
search for tools that can electronically give sufficient 
quality for its processing. This reminds us of two key 
elements that permit us to see any object in the real 
world: its iluminance and its reflectance. While the 
first one depends exclusively on the light font and 
shows the light quantity that strikes the object, the 
second is determined by object properties and shows 
the light quantity reflected by the object. 
 These factors have big relevance in the 
image processing of bank cheques. The light 
incidence and the cheque light absorption are factors 
that characterize the difficulty level registered in the 
background elimination, because they determine the 
contrast level between the cheque elements. 
 The literature shows that this problem can be 
solved with thresholding techniques,  as Cheriet 
proposed [1]. In his paper, Cheriet presents a tool 
based on the Otsu’s Method, that obtained good 
results in the background identification and 
elimination using a recursive process. However the 
images shown in the paper are too simple, without the 
problems observed in the Brazilian cases.  
 Another  interesting proposal comes from  
Don’s work [2], that proposes a new method to 
document image binarization by a noise image model. 
In this way, its possible to identify and eliminate 
many occurrences of text or images that are on the 
back of the document but that show up on the front. 
The major problem occurs when the objects of 
interest the image do not form relevant peeks in its 
histogram.   
 Okada[3] treats the background elimination 
in a superficial way.  In his paper, Okada eliminates 
not only the background but all of the pre-printed 
elements, by a morphological subtraction scheme 

between the original image and a filled document 
image. Even though this scheme presents good results, 
this is a solution that doesn’t allow the treatment of  
different document images at the same time, like a 
very generic system that can treat an image of any 
bank and not only one specific cheque at a time. 
 In Brazil, there is a big variety of images and 
drawings printed on the cheque’s background, making 
it a visit card for each bank. The processing of these 
cheques is not a trivial job, especially if we remember 
that we are interested in tools that process any cheque 
image and not only the cheques of a unique 
institution. The generalization of the background 
elimination process becomes a more complex 
question. On the other hand, any process that searches 
for an efficient solution for problems that present a 
big variety of conditions have to be adopted with vast 
versatility, always expecting a big number of 
situations and possibilities.      
 Another important point in the execution of 
this job, refers to the physical integrity of the 
remaining information in the image after the 
background elimination. Simple thresholding 
processes can be used  in the background elimination. 
However, we verified that the good results obtained in 
some cases didn’t  justify the use of this methodology 
in all of the images, because there is a big number of  
cases in which the degradation of the remaining 
information is too large making the process invalid. 
Good examples can be viewed in the images below, 
where we show two images that were only processed 
with  a simple global thresholding technique. 
 
 

 
Figure 2 - A good example of Otsu's Method 

application. 

 
Figure 3 - And a bad example of this metodology. 



 

 

 
 

3. THE OTSU’S METHOD 
 
 The method proposed by Otsu[4] has the 
advantage of not needing any prior knowledge of the 
image, based only on its gray level histogram. The 
main idea is to find in the histogram an optimal 
threshold  that divides the image objects by 
constructing two classes C0={0,1,...,t} and  
C1={t+1,t+2,...,K-1}, from any arbitrary gray level, 
using the discriminant analysis. 
 To find the optimal threshold t, we can use  
one of the following criteria functions which respect t: 
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 We adopted η because it is the simplest one 
of these functions. σ2

Τ, that is the total variance, is 
independent from the gray level, only being necessary 
to minimize the function σ2

Β, that is the within-class 
variance. The optimal threshold t* will be defined in 
the following form: 
 

t* =ArgMin η  
 
And: 
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Where ω0 and ω1 correspond to C0 and C1 class 
variance. �0  and��1 its respective median. �T and  
�t the total and the by-class medians.  
 
 

4.  THE QUADRATIC HISTOGRAM 
HIPERBOLIZATION 

 
 When we use particular laws in the histogram 
transformation (like Gauss or  Normalization, for 
example) we call histogram specification the method 
used in its modification. 
 There is one of these histogram manipulation 
techniques that is based on the hiperbolization. 
Proposed by Frei[5], the histogram hiperbolization 
technique tries to emphasize the image details, based 
on transformations made by the human peripheral 
visual system. According to Pratt[6], the human 
peripheral visual system makes a transformation on 
the intensity of light that we observe in the image, 
originating a non-linear relation between the physical 
luminous intensity and the subjectively perceived 
luminous intensity by the human central visual 
system. This relation doesn’t allow us to see the gray 
levels of this image uniformly distributed. The 
histogram hiperbolization technique, has as a  basic 
principle, to submit the image to a histogram 
equalization followed by the inverse of its 
transformation made by the peripheral portion of the 
human visual system. With the result of this 
operation, the annulment of the effect produced by 
this non-linear transformation is expected.       
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Image Processing Visual System  
Diagram 1 - Technical Scheme of the Histogram 

Hiperbolization Technique. 

 
 The histogram hiperbolization technique 
presented by Cobra[7], demonstrates a different 
model from the one presented by Frei to make the 
histogram modification. It is based on a new model of 
the human peripheral visual system, that considers the 
fact that this system accommodates to the medium 
intensity of the observed scene, and not to the 
individual pixel intensity, as shown by the  
logarithmical model used in the histogram 
hiperbolization of Frei[5,7,8]. The result of this new 
model, is a transformation that provides a larger 
distribution of the gray levels, evicting an excessive 
concentration in the dark tons, verified in the 
hiperbolization technique. In this sense, it is possible 
to obtain an image that makes the human observation 
a lot easier.   
 According to Cobra, the logarithmical model 
for the non-linear characteristic of the human visual 
system, is based on the approximation 
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that supposes an approximate equality between the 
value g of any pixel of the image and the medium 
value of the image , that is generally not valid. In 
reality, this approximation doesn’t consider that the 
visual system accommodates to the value of the pixel 
analyzed g. An alternative model, that considers this 
fact comes from [6]: 

 

b g g N g
g g

( ) ( ~)
~= − +

+
1               1111    

    
 Following diagram 1, we intend to find the h 
image, from the inverse function of (1), applied to h, 
the results are:  
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 We notice that if hmin=0 and hmax=N-1, then 
gmin=0 and gmax=N-1, as we wanted. Therefore, h has 
it histogram uniformly distributed between 0 and N-1, 
being obtained from f, which is the value of one pixel 
from the image, during the transformation 

 
h( f ) = Pf ( f )(N-1) 

 
 To obtain the final transformation, all we 
need is to combine this equation with (2), that results 
in: 

 

[ ]g f
g N P f

g N P f
f

f
( )

~( ) ( )
~ ( ) ( )

=
−

+ − −
1

1 1
           3333 

 
 We now come across the following problem: 
the transformation g(f) involves the parameter , 
which represents  the medium value of the image 
resultant of the own transformation. This parameter 
depends on the histogram of the original image and it 
can’t be calculated beforehand, when in digital 
images. However, in the analogic image cases, this 
dependence is eliminated by the histogram 
equalization made to obtain the intermediate image h. 
By convenience, we suppose  that h varies between 0 
and N-1, maintaining the superior limit adopted in the 
discrete case. So if the histogram of h is uniform 
between 0 and N-1 and the transformation g(h) is 
known , its possible to determine , by the relation: 
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 By solving the integral above and 
simplifying, we obtain: 
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 Re-organizing the terms, we get the final 
expression: 
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 When we solve this non-linear equation by 
using numerical methods, we verify that it is satisfied 
when 
 

~ , ( )g N= −0 255 1  
 
 Though this result is strictly valid to analogic 
images, it is fair to use it to give an approximate value  
for   in the digital image cases. Typically, when 
N=256 then =65,0. 
 Many examples presented in Cobra’s work 
show that a simple histogram equalization process 
turns the gray levels in the image, too light, and too 
dark in the hiperbolization case. More efficiently, the 
quadratic hiperbolization allows a clear observation  
of  the objects in the image, because they are better 
contrasted, both in the lighter areas and in the darker 
areas of the image. 
 

 
5. THE PROPOSED SOLUTION 

 
 Like we said, the exclusive use of one global 
thresholding method is not sufficient to solve our 
problem. Therefore, we have tried to improve the 
original image quality, by distributing   more 



 

 

uniformly and largely distributing, all the pixels of  
the bank cheque image. What we obtained with this 
purpose, was an altered image, in which the contrast 
remained well defined, giving priority to the objects 
of interest from the image, to the detriment of the 
background[9]. 
 The histogram quadratic hiperbolization 
technique produced the expected results in 
approximately 35% of the tested images. In remaining 
images it was necessary to repeat the process before 
applying   the Otsu’s method. Using this 
methodology, we obtained approximately 94% of 
satisfactory results in the tested images.  
 In the other cases it was necessary to apply 
the quadratic hiperbolization up to three consecutive 
times before binarizing the image. In these cases we 
noticed that the final results always presented some 
kind of degradation of the rest of the image elements, 
like the straight lines or the handwritten text, what 
would damage the sequence of the process. 
 The following images show some situations 
where our methodology was successfully applied. To 
prove this, we show an image that had its straight 
lines perfectly removed  before the background 
elimination. 
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Figura 1 - Figura original em níveis de cinza. 

 
Figura 2 - Imagem anterior com o fundo extraído através da metodologia proposta.  

 

Figura 3 - O exemplo anterior com as linhas eliminadas. 


