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ABSTRACT 

This paper proposed an  adaptive binarization method, based 
on a criterion of maximizing local contrast, for document im- 
age analysis. The proposed method has overcome, to a large 
extent, the general problems of poor quality document images, 
such as non-uniform illumination, undesirable shadows and 
random noise. It was tested against a variety of challenging 
images, and the experimental results a e  presented to show 
the effectiveness and superiority of the proposed method. 

1. INTRODUCTION 

In these few years we have witnessed the migration of cheap 
and tiny imaging devices into portable and mobile comput- 
ing applicants, such as PDAs and mobile phones [l]. Plenty 
of new aoolications and uses have become Dossible with this 

following ones. One of the popular binarization approaches 
is gray value thresholding. and the corresponding techniques 
can be further classified into global and local thresholding. 

2.1. Global Thresholding 
Global thresholding uses only one threshold value, which is 
estimated based on statistics or heuristics on global image 
attributes, to classify image pixels into foreground or back- 
ground. The major drawback of global thresholding tech- 
niques is that it cannot differentiate those pixels which share 
the same gray level but do not belong to the same group. 
Otsu’s method 131 is one of the best global thresholding meth- 
ods. It works well with dearly scanned images, but it per- 
forms unsatisfactorily for those poor quality images that have 
low contrast and non-uniform illumination. 

,. 
rwolution.iry cumbinatiun. On< notable eximple is the quick 
caoture and a n a l v A  of dticumlmt imdeei fu r  faxing, auto nolr 

2.2. Local Thresholding 
In local thrcshuldinc, the threshold \,alucs arc‘svati~llv varied 

t&g. OCR, etc.’ 
This combination not only stimulates new exciting appli- 

cations, but it brings in new technical challenges to the field 
of document image understanding as well. This is because, 
due to the constraints of capturing devices’ size and cost, the 
quality of document images captured by handheld portable 
devices is relatively low. The common problems in these poor 
quality text images include: (1) undesirable shadows because 
of the lack of appropriate lighting setup, (2) variable back- 
ground intensity due to non-uniform illumination, (3) low 
contrast and (4) large amount of random noise due to limited 
sensitivity of low-cost camera. Therefore, to have an accu- 
rate analysis of the document image, a versatile binarization 
method, which can correctly remove noise and unnecessary 
background and reliably keep all useful information, becomes 
indispensable. 

During the past decade, many binarization techniques 
have been proposed (21. Few of them achieve satisfactory 
Derformance in dealine with ~ o o r  aualitv imaees. sav ob- 

and delcrnminud baGd un h e  local contents uf’the &get im- 
age. In ct)niparison with global technique*, local thrcihulding 
techniques have better perfurmancc against noise .mnd error, 
especially when dealing with infcirmaliun nedr terrb ur ubjects. 
According tu Trier’s survey 141. Yan,in.it7-llruckstein’i method 
151 and Niblacks methud 161 are h v o  of the bcsl perfomling 
local thrcshulding methodb. Yanuwilz-Bruckstein’i method is 
extraordinary complicated and thus nquires wiry Iargc cum- 
putdtiunal puwer. This makes it infrasiblis and too cxptmivi’ 
fu r  real system implementations. On the uther hand, Kiblacks 
method i s  simple and effecrivc. As a nwlt, we dcridc,d tu fu- 
cus on Siblacks methud. From the study of Niblacks algo- 
rithm, we werc inspiwd and eventually derived .I better local 
thrGshulding method. 

The concept of Niblack‘, algonthm i i  tti build a thrchhold 
surface, ba>ed un thc local mean, W .  and l u ~ a l  itandard dcvia- 
tirrn. .,, computed in a small neighborhwd uf each piwl in thc 
form of 

T = i r i  - h - .  i( ” I ,  Y . ,  

iained f” handheld cm~eras. This Paper Proposes an km where k is a negative constant. This algorithm, however, pro- 
proved binarization method, based on a criterion of maximu- duces a large hat 
ing local contrast, to extract information from such degraded no text obje& (see ~ i ~ .  2 p,)), resulting in costly post. 
and bad quality document images. Our experiments show processing. 
that the proposed method has outstanding robustness against (71 improved fie algorithm by adding a hy- 
non-uniform illumination, low image contrast, shadows and pothesis on the gray values of text and background pivels (text 

pixels have may level near 0 and background pixels have gray stochastic noise. 

of binarization noise in those 

sauvola et 

2. REVIEW OF RELATED WORK 
ievel near 2<5),~and formulate the locd threshbld value a s  

. 

T = m . (1 - k . (1 - 5 ) )  R Binarization, which scans gray-scale text images into two lev- 
els, is usually the first stage in document image understand- 
ing systems. This is because the use of bi-level information 
greatly reduces the computational load and the analysis algo- 
rithm complexity. Moreover, binarization is also the most crit- 
ical stage, since any error in this phase will pass down to the 

where R is the dynamic range of standard deviation fixed to 
128 and k is a constant set to 0.5. The improved method per- 
forms better for well-scanned document images, but it faces 
difficulties in dealing with images that do no correspond with 
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the hypothesis, for instance, documents scanned with very 
dark lighting. especially those in which the gray levels of text 
and background are quite close to each other. 

[SI further 
changed the formula as follow to normalize the contrast and 
the gray level mean of the image 

To overcome this problem, Christian et al. 

T =  ( I  - k )  . m +  k .  M + k .  -s. ( m -  M )  R 

where M is the minimum gray level of the whole image, R is 
set to the maximum of the standard deviations of the image 
and k is fixed at 0.5. This approach achieves the best bina- 
rization results among the three. Nevertheless, since the algo- 
rithm focuses only on the maximum standard deviation of the 
entire image, its performance degrades when the input image 
involves great changes in background luminance. 

3. PROPOSED ALGORITHM 

In order to extract useful information from document images, 
especially those poor quality ones with non-uniform illumina- 
tion, low contrast, undesired shadows and random noise, we 
have devised a new and reliable local thresholding method by 
formulating the binarization decision in terms of contrast in- 
stead of gray values. 

The proposed method first computes the local mean, m, 
minimum, M, and standard deviation, s, by shifting a prima 
local window (as shown in Fig. 11, whose sue  is large e n o u q  
to cover 1-2 characters, across the input image. Then, in or- 
der to compensate the effect of illumination, the dynamic of 
standard deviation R s  is calculated for a larger local window, 
secondary local window, instead of the whole image as in Fig. 
1. According to our finding. the appropriate size of this local 
window depends on the degree of illumination variation and 
the setup of image capturing equipments. However, through 
a few iterations of testing and retuning. the optimum window 
size can be easily obtained. Finally, the threshold value is cal- 
culated as 

T = (1 - al )  . m + a z ,  (L). (m - h J ) + a s  . M ,  
Rs 

a2 = k l .  (L)' and a3 = kz. (-) $ 7  , 
Rs Rs 

where a,, y, kland kz are positive constants. 
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Fig. 1. Local windows definition 

The proposed equation consists of three elements, and 
three corresponding coefficients, al,  a2 and a3, are applied 
to the equation so that more flexible and versatile control on 

the weight of different equation elements is allowed. Coeffi- 
cients a2 and 03 are adaptively formulated based on the nor- 
malized local standard deviation, S I R S .  This idea comes form 
the fact that windows that contain text have a larger standard 
deviation, and thus a larger a /Rs  value, than those windows 
contain no texts. Therefore, including the slRs ratio in co- 
efficients u2 and ag enables the estimated threshold to sep- 
arate texts from background more adaptively without much 
prior knowledge of the input image. Moreover, through exper- 
iments we found that, to a certain extent, the power of s/Rs 
ratio affects the binarization performance as well. As a result, 
an additional exponential parameter, y, is introduced to the 
coefficient formulae. 

In Fig. 2, the respective contributions of the three equa- 
tion elements are further illustrated with an example scanline. 
The bar on top of the figure shows the enlarged contents of 
the scanline, where dark black portions represent pixels of text 
and gray portions correspond to background pixels, respec- 
tively. As canbe seen, the first term in equation is to shift down 
the mean value by a fix amount controlled by al. Then, the 
second and third terms aim to adjust the threshold T accord- 
ing to the contrast of the image and the normalized standard 
deviation. 

Fig. 2. Illustration of the function of each term in the binariza- 
tion equation. 

In our implementation of the proposed algori& (see Fig. 
3), the captured document picture was first transformed to a 
gray-scale image. A median filter was also applied to remove 
the random noise, as much as possible, of the input image. To 
minimize the computation load, threshold values were only 
calculated for the centers of every primary local window and 
the values for the rest of the pixels were obtained by bilin- 
ear interpolation. After the threshold surface was established, 
input image was binarized into black text and white back- 
ground, and the binarization results were then fed to an OCR 
software for testing. Based on our empirical study, setting the 
values of al, I C ,  and kz in the ranges of 0.1-0.2, 0.01-0.05 and 
0.15-0.25 and y to 2, respectively, can generally produce good 
binarization results. 

4. EXPERIMENTAL RESULTS 

We have applied the proposed method to a group of text im- 
ages with various sues and qualities, and promising results 
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lumination variation, the noise suppression in regions without 
text and the clearance of the characters. Since the performance 
of Christian's method and the proposed method was found to 
be competitively close, more comparisons, as shown in Fig. 6, 
were carried out to justify the superiority of our method. 

Fig. 7 presents an example of our OCR performance with 
Transym Optical Character Recognizer (TOCR) [91. Based on a 
variety of tests, we achieve an average OCR character recogni- 
tion rate of 90.88, while Christian can only reach 85.476. The 
OCR also confirms the better results of our binarization tech- 
nique. 
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Fig. 3. Implementation flow chart. 

were achieved. Fig. 4 shows the different thresholds com- 
puted along the same scanline in Fig. 2 based on the previ- 
ous three and our proposed techniques. It is evident that com- 
pared with Niblacks and Christian's methods, the threshold 
obtained by the proposed algorithm is more closely adapted 
to the illumination variation of the input image. As presented 
in Fig. 4, our method successfully classified the right portion 
of the scanline (from pixel 140 onwards) as background, while 
the other two mistake part of it as texts. This testifies the effec- 
tiveness of the proposed method in filtering background noise. 
For Sauvola's method, due to the restriction from its additional 
hypothesis, its threshold line tumed out to be very near the 
zero gray level line, which actually failed to binarize the ex- 
ample scanline. 

Fig. 7. An example of OCR result. 

5. CONCLUSION 

Fig. 4. Local binarization thresholds determined by different 
methods under comparison along a scanline of a test docu- 
ment image. 

In Fig. 5, the performance of the proposed method is com- 
pared with the other methods. The two test images were cap- 
tured by a low-resolution handheld camera. The figure shows 
that Niblack's method segments the characters well, but suf- 
fers from noise in regions without text. Sauvola's approach 
is found to be more suitable for good quality images, because 
badly scanned images generally do not correspond to the ad- 
ditional hypothesis. Both Christian's and the proposed algo- 
r i t h m s  produce relatively better results. Nevertheless, Chris- 
tian's algorithm suffers from the effect of illumination, which 
causes background noise, broken lines and holes in its output 
image. Our solution is supreme in terms of the robustness toil- 

In this paper, we have presented a new local thresholding 
method, for binarizing document images based on a crite- 
rion of maximizing local contrast. We have shown that the 
improved method, which is formulated in tenm of contrast 
instead of gray values, is robust against shadows, stochastic 
noise and illumination variations. By testing our binariza- 
tion system against various challenging document images, we 
have also demonstrated the effectiveness of our proposed al- 
gorithm. 
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Fig. 5. Binarization results. (a) Original document image. 
method. (e) Our Proposed method. 

(b) Niblack's method. (c) Sauvola et a1,'s method. (d) Christian et al.'s 

(a) 

(b) &+ Bosnie h f i e  

( C )  Bosnie Adhe 
Fig. 6. More Binarization results. (a) Original image. (b) Christian's method. (c) Our proposed method, 
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