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ABSTRACT 

Image binarization is still a relevant research area due to its 

wide range of applications in the field of document analysis 

and recognition. Accuracy of binarization methods affected by 

many factors such as shadows non-uniform illumination, low 

contrast, large signal-dependent noise etc. This paper provides 

a comprehensive survey of major binarization techniques. We 

also emphasis on the problems being encountered and the 

related issues in the research area of document image 

binarization. In addition, some important issues affecting the 

performance of image binarization methods are also 

discussed. This literature review suggests that designing a 

suitable document image binarization method is a prerequisite 

for a successful document image analysis and recognition. 
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1. INTRODUCTION 
Image binarization is the initial step in many document 

analysis and recognition system, its  objective is to extract the  

text from image background. This Bi-level representation is 

preferred for document analysis and recognition. Usually, it is 

the initial step in major document analysis problem and the 

performance of subsequent character segmentation and 

recognition system depends on the accuracy of binarization 

method. Kefali et al. [28] have claimed that the binarization 

process aims to decrease the presence of unwanted data and 

preserve only the desired data in the document images. 

Complexity reduction achieved by the binarization process is 

a major motivation for including it in virtually all documents 

processing area Moghaddam et al. [10]. A fast and accurate 

document image binarization technique is important for the 

ensuing document image processing tasks such as optical 

character recognition (OCR) Bolan Su et al. [22]. Sezgin and 

Sankur [4] classified the image binarization methods into six 

categories: entropy-based methods histogram-based methods, 

foreground attribute-based methods, spatial binarization 

methods clustering-based methods, and locally adaptive 

methods. Thresholding is one of the popular technique for 

image binarization and  large number of methods are 

proposed in literature based on this technique. Thresholding is 

performed usually in two ways: either globally or locally. In 

global thresholding, one threshold value is computed to 

segment the image whereas in local thresholding  many 

different threshold values are computed to divide the image 

into object and background. Global thresholding methods  has 

a good performance in the case that there is a clear separation 

between the foreground and the background[14].  

In case of document image binarization, global thresholding 

methods are not sufficient since document images usually are 

degraded and have poor quality including shadows, non-

uniform illumination, smear and strains, low contrast, large 

signal-dependent noise B. Gatos [14].To address the such 

issues local image statistics may guide threshold value in 

adaptive thresholding techniques in order to preserve textual 

information for better segmentation result. One of the 

powerful global thresholding method is Otsu’s method but it 

is non-adaptive in nature. This method determines the global 

threshold value based on maximum of the between-class 

variances. Although there are many locally adaptive methods 

are in literature that computes threshold value pixelvise and 

having parameters to estimate in order to deal with  a high 

degree of variability. Development of a universally 

acceptable, high-performance image binarization technique is 

a challenging task. A large number of document image 

binarization techniques have been proposed in literature. The 

majority of binarization methods are complex and are 

compounded from filters and existing operations [7]. 

However, the simple binarization methods are either suffers 

from the poor segmentation or need to set the parameters 

manually. In this paper, we discuss several image binarization 

technique, concepts, issues, advantages, disadvantages, 

challenge of different binarization techniques. The paper is 

organized as follows: Section 2 include different document 

image binarization techniques with an emphasis on 

advantages and disadvantages of various methods. 

Conclusions are drawn in Section 4. 

2. IMAGE BINARIZATION 

TECHNIQUES 

2.1 Niblack’s Method 
Niblack [16] proposed an algorithm that calculates a threshold 

value for each pixel  by shifting a rectangular window across 

the image. The threshold T for the center pixel of the window 

is computed using the mean and the variance of the intensity 

values within the window   

                       𝑇 = 𝑚 + 𝑘𝜎                                               ... (2.1) 

where k is a constant (value between 0 to 1)set to −0.2 by 

Niblack, window size may be determined by the user; for 

example, the window size is defined as 15 ×15, m is the mean 

value and  𝜎 is the standard deviation value of the pixels 

inside the window Sezgin and Sankur[4]. The quality of 

binarization depends on the parameter k and size of sliding 

window. This method produces thick and unclear strokes with 

a small k value, and slim and broken strokes with a large k 

value.  

Niblack’s method is one of the most commonly used methods 

and it is the basic principle behind several other method 

proposed in literature. This method detect the text body  

effectively  in case of low contrast too. One main limitation of 
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this method  is that it produces a large amount of noise in the 

empty windows. On the other hand it also requires the  

window size and values of  factors k to be determined 

manually. 

2.2 Sauvola’s  Method 
Sauvola [3] proposed a method that was inspired from 

Niblack’s method .This method aims to solve the problem of 

noise depending on the impact on the standard deviation value 

by using a range of gray-level values in the images. The 

threshold value is computed by following equation 

𝑇 = 𝑚 1 − 𝑘  1 −
𝜎

𝑅
                                              ... (2.2) 

where R is the dynamics of the standard deviation fixed to 128 

and k  is a factor takes on positive values (usually set to 0.5). 

This method solve the problem of noise up to great level. 

However, it fails if the contrast between the foreground and 

background is low or if the text is in form of thin pen stroke. 

Sauvola’s Method also requires the values of the factors k and 

the window size to be determined manually. 

2.3 Bernsen’s Method 
Bernsen [11] proposed a method  that is based on image 

contrast. The threshold value is calculated at midrange that is 

mean of minimum𝐼𝑚𝑖𝑛 (𝑖, 𝑗) and maximum gray value 

𝐼𝑚𝑎𝑥 (𝑖, 𝑗) in the local window (window size =31). If the 

contrast 𝐶 𝑖, 𝑗 = 𝐼𝑚𝑎𝑥  𝑖, 𝑗 −  𝐼𝑚𝑖𝑛 (𝑖, 𝑗) is below a certain 

contrast threshold value, the pixels within the window may be 

set to background or to foreground according to the class that 

most suitably describes the window [11].  

This binarization method is dependent on the value of k and 

also on the size of the window. 

𝑇(𝑖, 𝑗) = 0.5 𝑚𝑎𝑥𝑤   𝐼 𝑖 + 𝑚, 𝑗 + 𝑛  𝑚𝑖𝑛𝑤  𝐼 𝑖 + 𝑚, 𝑗 + 𝑛                                
         ... (2.3.1) 

Where window size is 31  

contrast=𝐶 𝑖, 𝑗 = 𝐼𝑚𝑎𝑥  𝑖, 𝑗 −  𝐼𝑚𝑖𝑛  𝑖, 𝑗  ≥ 15         ... (2.3.2) 

2.4 Wolf’s Method 
Wolf et al.[26] proposed a method to address the problems of 

Sauvola Method[3], the proposed algorithm normalize the 

contrast and the mean value of the image. Threshold value is 

computed by the following equation: 

𝑇𝑤𝑜𝑙𝑓 =  1 − 𝑘 ∗ 𝑚 + 𝑘 ∗ 𝑀 + 𝑘 ∗
𝑠

𝑅
 𝑚 −𝑀            ...(2.4) 

where k is fixed to 0.5, M is the minimum gray value of the 

image and R is set to the maximum gray-value standard 

deviation obtained over all the local neighborhoods 

(windows)[26].Wolf’s method perform well in most of the 

cases, but  it has been observed that the performance of this 

method is degraded if there is a sharp change in background 

intensity values across the image. The reason of this is values 

of  the  parameter M and R  are computed from whole image. 

So even a small noisy patch could significantly influence  the 

value of M and R, thus eventually calculating misleading 

binarization thresholds[25]. 

2.5 Feng’s Method 
Feng et al. [27] proposed a method that is based on the 

concept of two local window: one contained within other. 

Wolfs method calculates dynamic range of gray-value 

standard deviation form the whole image, while this method 

calculate it locally. The values of standard deviation s, the 

minimum gray-level M and local mean m are calculated in the 

primary local window while the dynamic range standard 

deviation Rs is calculated in the larger window that is 

secondary  window[27].Threshold value is calculated by using 

following equation 

𝑇 =  1 − 𝛼1 𝑚 + 𝛼2  
𝑠

𝑅𝑠
  𝑚 −𝑀 + 𝛼3𝑀              ... (2.5) 

Where 𝛼2 = 𝑘1 𝑠 𝑅𝑠  𝛾  and  𝛼3 = 𝑘2 𝑠 𝑅𝑠  𝛾 . Author set the 

value of 𝛾 is 2. Values of other parameters 𝛼1 k1 and k2 are 

proposed to be in the ranges 0.1-0.2, 0.15-0.25 and 0.01-0.05 

respectively.  Feng’s method addresses the problem of Wolf’s 

algorithm. However this method introduced three parameters, 

determined empirically, leaves the robustness of this method 

questionable [25]. 

2.6 Gatos’ Method  
Gatos’ et al. [14] proposed a method that is based on local 

adaptive approach for image binarization and enhancement of 

degraded documents. This method does not require any 

parameter tuning by the user and can deal with degradations 

which occur due to shadows, large signal-dependent noise, 

non-uniform illumination, smear and strain and low contrast. 

This method consist the  following distinct steps.  Step 1 

:Preprocessing stage of is required for the elimination of noisy 

areas, smoothing of background texture and contrast 

enhancement. Author used low-pass Wiener filter for this 

purpose. Pre-processing stage of this method use an adaptive 

Wiener filter based on statistics estimated from a local 

neighborhood. Step2: A rough estimation of foreground 

regions, in order to proceed to an initial segmentation of 

foreground and background regions that provide a superset of 

the correct set of foreground pixels (Sauvola’s method [3] ). 

Step3: A background surface calculation by interpolating 

neighboring background intensities. Step 4: A thresholding by 

combining the calculated background surface with the original 

image. For better quality binary image this method 

incorporate an efficient upsampling technique (bi-cubic 

interpolation) that provides satisfactory results. Last  step:  

Perform to post-processing(shrink and swell filtering) of the 

resulting binary image in order to eliminate noise, improve the 

quality of text regions and preserve stroke connectivity by 

isolated pixel removal and filling of possible breaks, gaps or 

holes[14]. Gatos’s method demonstrated superior performance 

against well-known techniques  specially on  degraded 

document images. 

2.7 Darek bradley’s Method 
Darek Bradley et al. [12] proposed a method for adaptive 

thresholding using the integral image of the   input. Adaptive 

thresholding  is used in order to take  into account spatial 

variations in illumination. Proposed method is an extension of 

a previous method(Wellner’ method[29]). However, this 

technique is more robust to illumination changes in the image 

as well as simple and easy to implement. To compute the 

integral image, store at each location, I(x, y), the sum of all f 

(x, y) terms to the left and above the pixel (x, y). This is 

accomplished in linear time using the following equation for 

each pixel [12]. 

I(x, y)= 𝑓 𝑥 − 1,𝑦 + 𝐼 𝑥, 𝑦 − 1 − 𝐼(𝑥 − 1, 𝑦 − 1)... (2.7.1) 

After converting the given image into integral image, sum of 

the function for any rectangle with upper left corner (𝑥1  , 𝑦1) 

and lower right corner (𝑥2 , 𝑦2) can be computed in constant 

time using the following equation, 

  𝑓(𝑥, 𝑦)
𝑦2
𝑦=𝑦1

= 𝐼 𝑥2, 𝑦2 − 𝐼 𝑥2, 𝑦1 − 1 𝐼 𝑥1 −
𝑥2
𝑥=𝑥1

1,𝑦2 + 𝐼 𝑥1 − 1, 𝑦1 − 1                                             ... (2.7.2) 
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This thresholding method is a extension of Wellner’s method 

[29]. The main concept of Wellner’s method is that each pixel 

is compared to moving average  of last s pixel seen average of 

the surrounding pixels. Main advantage of this technique is 

that only a single pass through the image is required. One 

major problem with this method is that binarization result is 

dependent on the scanning order of the pixels.  Further, the 

moving average is not a good representation of the 

surrounding pixels. Proposed technique compute the average 

of an s x s window of pixels centered around each pixel. This 

is a better average for comparison since it considers 

neighboring pixels on all sides. The average computation is 

accomplished in linear time by using the integral image[12].  

In first pass this method calculate the integral image  through 

the input image. In a second pass, compute the s x s average 

using the integral image for each pixel in constant time and 

then perform the comparison to assign a pixel in either 

foreground or background category. Bradley’s  method of 

image binarization perform well for uneven illumination 

images and  suitable for processing live video streams at a 

real-time frame-rate, it a valuable tool for interactive 

applications such as augmented reality[12]. 

2.8 NICK’s Method 
The method developed by Khurshid et al.[26] is known as 

NICK’s method. This method  is  a modified version 

Niblack’s method. The goal of this method is  to solve the 

problem of black noise in Niblack’s method and the low 

contrast problem of Sauvola’s method by shifting the 

thresholding value downward[7]. 

The thresholding value is calculated by following equation 

𝑇 = 𝑚 + 𝑘 
 𝑝𝑖 2−𝑚2

𝑁
                                                          ...(2.8) 

Where k is a parameter with value in the range [-0.2, -0.1], Pi 

is the pixel value of the gray-scale levels in the image, and N 

is the total number of pixels in the image and window size is 

19×19.  

Parameter k value close to -0.2 make sure that noise is 

eliminated but characters can break a little bit, while with 

values close to -0.1, some noise pixels can be left but the text 

will be extracted crisply and unbroken[25].  Khurshid 

suggested that for an OCR application, the value of k must be 

set at -0.1 and in applications where we don’t desire any 

noise, k should be –0.2.This method solves the problem of 

black-noise and  also perform well in case of low contrast. 

However, it still fail when the contrast is too small or the text 

is in thin pen stroke text[7]. This method also suffer from the 

problem of determining the factors manually. 

2.9 Bilal’s Method 
Bilal Bataineh et al[7]  proposed  a method is to address all 

binarization challenges and to overcome the weaknesses of 

the major existing methods. In line with Niblack’s, Sauvola’s 

and NICK’s inspirations, author proposed  a thresholding 

equation used the mean value and the standard deviation as 

well as effective factors that help to address the major 

challenges  of binarization[7]. Proposed method is particularly 

effective in solving the problems of thin pen stroke text and 

low contrast between the foreground and background. This 

method adopted the local approach and use two elements: a 

dynamic method to divide the image into the windows based 

on the characteristics of the image and another method  to 

determine the appropriate threshold value within each window 

in order to binarize the image. This method proposed a  

thresholding equation used the mean value and the standard 

deviation as well as effective factors that help to address  the 

various challenges of binarization. The proposed adaptive 

binarization method is as follows[7]:Step 1. Apply 

thresholding confusion equation onto global image Step 2. 

Classify the global image into three levels black, red or white 

pixels Step 3. Determine primary window size based on 

probability of red over black pixels Step 4. Check 

appropriateness of each primary window size. If population of 

red pixels higher than black pixels then create secondary 

window size Step 5. Apply thresholding window equation for 

each adaptive window size or local image 

Bilal’s method gave the best performance compared to 

Niblack’s method, Sauvola’s method, and the NICK’s 

method. This  method also solved the problem of identifying 

the factors and size of windows while in earlier methods these 

factors are either fixed by author or decided by user. It is 

highly adapted to deal with many binarization problems, such 

as thin pen stroke and low-contrast images. 

3. CONCLUSION 
Binarization is an essential step for document image analysis 

and recognition system. In general, a  large number of 

binarization techniques are proposed to address different types 

of binarization problems. The global thresholding techniques 

do not provide satisfactory binarization result for document 

images that usually suffer from poor quality including 

shadows, non-uniform illumination, low contrast and signal-

dependent noise etc. Adaptive thresholding techniques are 

used to address such issues and  to preserve textual 

information for better segmentation result. Most of the image 

binarization techniques proposed in literature are complex and 

are compounded from filters and existing operations [7]. 

However, the simple binarization methods are either suffer 

from the poor segmentation or need to set the parameters 

manually (window size, factor k). In this paper, we have 

discussed eight image binarization techniques, concepts, 

issues, advantages, disadvantages, challenge of different 

binarization methods.  Following conclusions are drawn. 

 Niblack’s approach, the resulting binary image 

generally suffers from a great amount of 

background noise especially in case of empty 

window as well as user have to set parameters 

manually. 

 Sauvola’s method. solves the  problem of 

background noise but in many cases characters 

become extremely thinned and broken. 

 Gatos’s method  provide superior performance 

compared with all other methods(Niblack, Sauvola) 

and performs well  for noisy and degraded 

document image. At the same time this  method 

does not require any parameter tuning by the user. 

 Bradley’s method of image binarization perform 

well for uneven illumination images and  suitable 

for processing live video streams at a real-time 

frame-rate,  it is suitable for interactive applications 

[12]. 

 Wolf’s algorithm  perform well for  many images, 

however there are occasions when the characters 

disappear or break if intensity variations are very 

low. 

 Feng’s method generally works very well but the 

main drawback remains its susceptibility to the 
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empirically determined parameter values. A small 

change in parameter values could drastically affect 

the binarization results. 

 NICK’s  Method  perform well  as compared to the 

other methods, and it performs better specially when 

the images have extremely low intensity variations 

and for whiter images[25]. NICK is much more 

efficient as compared to Wolf’s and Feng’s method. 

 This mehod outperforms the other sliding-window 

thresholding methods in efficiency and robustness 

for low quality document images. 

 Bilal’s method gave the best performance as 

compared to Niblack, Sauvola, and NICK’s method. 

 One major problem of the earlier method is some 

parameter (window size) are either fixed by author 

or decided by user. Bilal’s method solve such 

problems and  highly adapted to deal with many 

binarization problems, such as thin pen stroke and 

low-contrast images. 
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