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ABSTRACT 
The substitution of physical bank check exchange by 
electronic check image transfer brings agility, security and 
cost reduction to the clearing system. In this paper, we 
propose a model for the electronic representation of bank 
checks based on the Mixed Raster Content (MRC) model for 
compression of color and gray-scale images. The binary 
image is sent first and only if necessary the other MRC 
image planes are sent to reconstruct the color image of the 
check. Careful subjective evaluation helped us indicate the 
best binarization technique and studies led us to use JPEG 
2000 to compress the MRC image planes. Furthermore, we 
propose a new watermarking technique to embed a digital 
signature into the check image for protection. 
 

1. INTRODUCTION 
 
Electronic representation of documents has become 
commonplace. Nevertheless, many bank check exchange 
systems are not electronic. Electronic exchange of bank 
checks may lead to cost reduction in transportation and 
exchange logistics, while increasing security and agility. 
Adequate image processing techniques have to be used in 
order to make the electronic transfer of check images viable. 
The easiest format for electronic representation of check 
images is the black-and-white binary image. Binary images   
bring great memory savings and legibility. Hence, scanned 
color images are often binarized, i.e. converted to a black-
and-white image. Some applications may require a high 
quality color or gray-scale representation of the bank checks. 
Since checks have both text and images, they are not 
efficiently compressed by typical compression algorithms. 
The Mixed Raster Content (MRC) model separates the 
image in layers that can be more efficiently compressed. We 
propose to use the MRC model for representing and 
exchanging checks. We also need to protect the check 
images against alteration and fraud. For that, watermarking 
techniques can be used to insert a digital signature into the 
image.  

An early proposal to use multiple layers for checks can 
be found in [1]. Our proposal consists in binarizing the 
check images, compressing the images using the MRC 
model and protecting the image with its digital signature. 
We propose to use the flow in Fig. 1.   

 

 
Figure 1 – Proposed framework for check exchange. First 
the BW image is sent, and, if necessary, the foreground and 
background layers are also sent.   

 
2. BINARIZATION AND THRESHOLDING 

 
There are many techniques for image binarization. Mostly, 
they try to separate objects from the background. In some 
applications, like most documents, the gray levels of the 
object and background pixels are relatively distant and 
thresholding is a simple and efficient way of binarizing the 
image.  For that, it is essential to choose the correct 
threshold level, since a wrong choice can produce an 
unreadable image. In order to achieve a successful 
segmentation of the objects and the background of the image 
using thresholding techniques, it may also be necessary to 
pre-process the gray-scale image, and to post-process the 
resulting binary image.  

The choice of the best binarization technique depends 
on the application, which, in our case is to represent a bank 
check. Our choice is based on careful subjective evaluation, 
wich we will summarize here.  

Many popular thresholding techniques were chosen for 
evaluation, primarily because of their efficiency shown in 
other comparative works [2]. Variations of these techniques 
were developed to adapt them to bank checks with their 
complex background. We collected 33 Brazilian checks of 
11 different banks, each type hand-written by 3 different 
persons. The checks were, then, scanned at a 200 dpi 
resolution. The parameters for each technique were adjusted 
for the best performance and applied to all checks 
throughout. Furthermore, in order to enhance performance, 
it was necessary to pre-process the gray-scale image with a 
sigma filter [3] and to post-process the binary image with an 
algorithm to remove isolated spots. The pre-processing and 
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the post-processing were used identically to all checks and 
methods.   

We applied 7 binarizations to each of the 33 checks, 
and submitted them to two sets of observers. The first set 
was composed by 20 common observers, while the second is 
composed by 3 experts who have worked for Banco do 
Brasil in check conference and clearing areas. All results 
were scored and the conclusions from both sets of observers 
agree that Otsu’s thresholding [4] yields the most readable 
binary image.  

 

 
Figure 2 - The decomposition of an image into the 3 layers 
of the proposed MRC model: foreground (FG), mask (M) 
and background (BG). 

 
3. COMPRESSION USING THE MRC MODEL 

 
The MRC model decomposes the image in layers in order to 
achieve better compression [5]. The basic model uses 3 
layers: the background (BG) of the image; the foreground 
(FG) containing the color of the text; and the mask layer, 
which indicates which pixels will be taken from the 
background and which ones will be taken from the 
foreground to produce the final image. Fig. 2 illustrates the 
MRC model. 

In order to achieve better compression, the 3 layers 
have to be easily compressed. The black-and-white mask is 
easily compressed by appropriate compression algorithms. 
The FG and BG layers have to be smooth images in order to 
achieve greater compression. Pre-processing techniques are 
used to replace unused image portions in both panes (FG 
and BG) by image data that produces smooth images. There 
are many techniques for that [6], mostly applicable to sharp 
(not scanned) images. The use of the MRC model in scanned 
images like bank checks has the problem that the borders of 
the text are not sharp. This means there will be pixels in the 
border with an intermediate value between the bright pixels 
of the BG and the dark pixels of the FG. When we find the 
mask using a binarization technique, these intermediate 
border pixels will be classified either as FG or as BG. Hence 
there will be a halo around the border of the text, which 
might hinder compression. Fig. 3 shows an example of this 
problem. 
 

 
Figure 3 - Halo around the text makes the image more 
difficult to compress. Left: unprocessed; right: pre-
processed. 

In order to avoid this problem, we pre-process the 
image, using the mask as reference. We find the text 
borders, where a FG pixel in the mask has BG neighbors, 
and vice-versa. We, thus, change the values of these pixels 
by the weighted average of its neighbor pixels, giving a 
higher weight of 10 to pixels that are not border pixels.  
Otsu’s binarization usually classified intermediate pixels as 
FG. Hence, we used this technique to change only FG pixels. 
However, it could be applied to BG pixels as well. An 
example is shown in Fig. 3.  

After pre-processing of the image, we use the mask to 
find the FG and BG layers, and use a regular data filling 
algorithm to fill the unused pixels of the 2 layers just like in 
[6],[7]. Figure 4 shows the mask, FG and BG of a check 
image, after using the data filling algorithm. 

For compressing the MRC planes we employed a JPEG 
2000 codec for all layers. In order to lossless compress 
binary images with JPEG 2000, one may set the number of 
wavelet levels to 0 and the bit-depth to 1, i.e. the coder will 
solely rely on context-adaptive arithmetic coding, just like it 
does for the regular subband bit-planes. It turns out that this 
compression is quite effective. Table 1 shows a comparison 
of lossless compression algorithms for 33 check images 
binarized with Otsu´s technique. JPEG 2000 is as good as 
G4 and almost as good as JBIG and JBIG2. 

Table 1 – Average rate (in bits per pixel or bpp) used after 
compression of 33 binary check images with each algorithm. 

Compression algorithm Rate (bpp) 
LZW 0.21 
G4 0.12 

JBIG 0.11 
JPEG2000 0.12 

JBIG2 0.09 
 
Using combinations of MRC and JPEG 2000 we envision 
three methods for conveying check images from one bank to 
another: (1) the proposed method, wherein the binary plane 
is sent first and then the FG/BG planes are sent in separate; 
(2) a scheme where a binary mask is sent first and then the 
full image is sent compressed with JPEG 2000; (3) the 
image is compressed with JPEG 2000 and sent. Hence, in 
order to test our method we need to compare it (3-layer 
JPEG 2000) against a single layer JPEG 2000. However, in 



order to compare with the second method we need to 
compare the compression of the FG/BG layers (without the 
mask) against single-layer JPEG 2000. We compared the 
PSNR results from check compression using the proposed 
method (Otsu’s binarization mask and MRC with 3-layer 
JPEG 2000 compression) against single layer JPEG2000 for 
all checks. Results for 3 different checks are shown in Fig. 5.  

 

 
 

 
 

 
Figure 4 – From top to bottom:  mask, FG and BG planes of 
a check image, after using the data filling algorithm. 

 
 
Another advantage of using the MRC model is that, since the 
mask is compressed lossless, the legibility of the image for 
low bit rates is not compromised. Only the background and 
the text colors are degraded. Figure 6 shows a comparison  
of a 24bpp uncompressed check image against images  
compressed using the MRC model at different rates. 
 
4. AUTHENTICATING AND WATERMARKING THE 

CHECK IMAGE 
 
In order to protect the check images from alteration and 
fraud, apart from all security measures the transaction might 
be dealt with, we want to add an image authentication 
feature to it through digital signatures and X.509 certificates. 
The data should be embedded into the image itself, without 
changing its visual aspect. In black-and-white images, we   

have to toggle white and black pixels that are not visually 
important and the receiver has to be able to detect the pixels 
used to insert the digital signature. 
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Figure 5 – PSNR(dB) comparison among MRC with 3-layer 
JPEG 2000, FG/BG MRC compression using JPEG 2000, 
and single-layer JPEG 2000, for 3 different checks.  

 
 
We propose a new algorithm for watermarking black-

and-white images. The image is divided into 3x3 blocks. 
We, thus, rank the 256 block patterns, discarding the center 
pixel, from what we consider the least visually important to 
the most visually important. We consider a block as visually 
unimportant if we can change the center pixel without 
visually altering the image significantly. Figure 7 shows the 
block pattern we considered the least visually important and 
is meant as an example that could be changed. The pattern 



set in Fig. 7 includes the 8 mirrors and rotations of such a 
pattern.  
 

 
(a)                                            (b) 

 
(c)                                           (d) 

Figure 6 – Zoom of (a) 24bpp uncompressed check image 
and reconstructed images after compression at (b) 1bpp, (c)  
0.25bpp and (d) 0.11bpp.  

 
We compute a hash of the mask excluding the pixels that 
will be used to embed the signature, as explained next. Then, 
we encrypt the hash obtaining a string or signature to be 
embedded. We start with the least visually important pattern. 
We search for blocks with that pattern, inserting a bit of the 
digital signature into the center pixel of each block found. 
The algorithm will end when all bits of the digital signature 
are inserted. If there are less block of a given pattern than 
digital signature bits, we start searching for the second least 
visually important pattern, and so on. We tested the 
algorithm for 33 check images, searching for blocks like the 
one in Fig. 7. All had more than 1024 blocks following the 
pattern in Fig. 7, meaning that 1024-bit digital signatures 
could be inserted only using this pattern. If a longer 
signature is to be inserted, more patterns need to be 
searched. 
 
 
 
 

1 1 1 
1 X 0 
0 0 0 

Figure 7 – Block pattern with low visual importance, i.e.   if 
we change the center pixel X, the image aspect will not be  
significantly altered. Set includes all 8 rotations and mirrors 
of such a pattern.  

 
 

5. CONCLUSIONS 
 

In this paper we proposed a model for the electronic 
representation of bank checks for the substitution of paper 
check exchange by electronic check image transfer between 
banks. The depositing bank would send the check binary 
images to the paying bank, which might or not request more 
image data. In this way much storage and band will be 
saved.    

We found that Otsu’s thresolding algorithm yields the 
best legibility after subjective tests involving 7 binarization 
techniques applied over 33 checks which were evaluated by 
20 common observers and 3 experts. We also concluded that 
the MRC representation using JPEG 2000 compression of 
all planes (BG, FG, and mask) leads to a sizeable 
improvement over singe layer compression using JPEG 
2000. Although that was pointed by a few authors before, in 
this case we have soft-edged scanned images of bank checks. 
Finally, we propose an image authentication algorithm for 
binary images, to be used to secure the binary versions of the 
check. Further work is planned on improving FG/BG pre-
processing and implementing the system for real check 
exchange/clearing tasks.  

 
6. REFERENCES 

 
[1] J. Huang, Y. Wang and E. Wong, ``Check image compression 

using a layered coding method,'' Journal of Electronic Imaging, 
7(3), pp. 426-442, July 1998. 

[2] B. Sankur, and M. Sezgin, "Survey over image thresholding 
techniques and quantitative performance evaluation," Journal of 
Electronic Imaging, 13(1), pp. 146– 165,  Jan. 2004. 

[3] J. Lee, “Digital image smoothing and the sigma filter”, 
Computer Vision, Graphics and Image Proc., 24, pp. 255-269, 
1983 

[4] N. Otsu, “A threshold selection method from gray level 
histograms,” IEEE Trans. Syst. Man Cybern., SMC-9, pp. 62–66 
1979. 

[5] Queiroz, R., Buckley, R. e Xu, M. (1999). “Mixed Raster 
Content (MRC) Model for Compound Image Compression” In: 
Proc. VCIP, SPIE Vol. 3653, pp. 1106-1117, Feb. 1999. 

[6] R. de Queiroz, `` On data-filling algorithms for MRC layers,''  
Proc. IEEE Intl. Conf. on Image Processing,  ICIP, Vancouver, 
Canada, Vol. II, pp. 586-589, Sep. 2000. 

[7] R. L. de Queiroz,  ``Compressing Compound Documents,'' in 
The Document and Image Compression Handbook, edited by M. 
Barni, Marcel-Dekker, 2006. 

[8] Draft Recommendation T.44, Mixed Raster Content (MRC), 
ITU-T Study Group 8, Question 5, May 1997. 


