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ABSTRACT: 

Binarization methods play a central role in document image processing. It is usually performed in the 

preprocessing stage and is imperative for document image processing responsibilities such as optical character 

recognition (OCR). Segmentation of text from badly degraded document images is ainteresting task because of 

the extraordinary inter/intra-variation between the document background and foreground text of different 

document images. So method aimed at segmenting the foreground text from the background is presented here. 

In this method first of all an image having high contrast has been constructed. For this a rough estimation of 

background is to be made. Then a hybrid algorithm for thresholding has been used. It consists of both global and 

local thresholding methods. The Global thresholding step has been modified such that the output will not be a 

binarized image but an intermediate gray level image. It is helpful as most of the background gets eliminated. 

Local thresholding will be applied on the result given by global thresholding step. This method is simple, robust 

and effective. The proposed method works better than most of the existing local and global thresholding 

algorithms and is able to deal with degradations which occur due to strain, ink bleed through, lowcontrast, water 

marks, dust, smear and uneven illumination etc. This technique has been tested on three unrestricted datasets 

that are used in recent document image binarization contest (DIBCO) 2009 and 2011and handwritten-DIBCO 

2011and achieves the results which are expressively higher than or close to the finestperformance methods 

reported in three contests. Also to show the higher performance of the proposed method compared with other 

techniques, experiments have been performed on more challenging bickley diary dataset. In the proposed 

technique, an adaptive contrast map is leading constructed for an input degraded document image. The contrast 

map is then binarized and collective with Canny’s edge map to identify the text stroke edge pixels. The 

document text is further segmented by a local threshold that is estimated based on the intensities of detected text 

stroke edge pixels within a local window. The proposed method is simple, robust, and includes minimum 

parameter tuning. 

 

1. Introduction 

Document image processing is a subject of research since more than three decades due to increased demand 

for archiving and preserving documents in bigmeasuresuniversal in digital format. Extraction of text from 

images and its recognition may be challenging due to the presence of noise and degradation in document 

images. Variable background, shades, non-uniform brightness, powdered ink bleed-through and blur are few 

types of degradation, which appear regularly and may occur due to some reasons which range from the 

capturing source type to environmental states [1-2]. Therefore, it is important to pre-process or remove 

degradation from the document images so that all subsequent stages such as segmentation, feature extraction 
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and selection classification and consequently the accuracy rate of the Optical Character Recognition (OCR) 

systems are not affected [3].  

 

Document image binarization is one important pre-processing step that is used in OCR systems. This converts 

gray level images into binary images, thereby facilitating separation of textual characters from the background 

in the document image. Many document image binarization methods have been proposed in the literature [4-5]. 

However, selecting the most optimum method for binarization is a difficult task due to presence of variety of 

degradations in documents images.  

 

According to Sezgin et al. [4] and Chen et al. [5], binarization methods are classified into six categories: 

histogram based, clustering based, entropy based, foreground characteristic based, spatial binarization based and 

locally adaptive methods. Further, Wen et al. [6] separated these methods into three major types: clustering 

based, threshold based and hybrid methods. The threshold based methods include two sub-categories:  global 

and local. Global binarization methods [7-10] determine a solitary threshold value for the total image, while 

local or adaptive binarization methods [2, 11-16] determine threshold for every individual pixel using local 

information derived from the candidate pixel and is needed for the calculation of threshold value for each pixel. 

The variety of binarization methods indicate that there is a lacuna of an efficient and accurate framework for 

OCR which can holdernoisy, degraded or low quality document images. 

 

This paper is organized in following sections: Section 2 describes the review of well known and recent 

binarization techniques. Section 3 describes the proposed binarization method. Section 4 presents the analysis of 

results. Section 5 gives the conclusion of results. 

Input Image Nth=.95 Nth =.99 

   

   

 

 

 

2.  Review of the Binarization Methods 

The purpose of document image binarization is to produce an image with black (or white) text on white (or 

black) background. Ideally, when texts are printed or written using same color ink on uniform background, 

pixels in the gray image will belong to only two distinct gray-levels – one gray-level corresponding to the 

background and the other corresponding to the text pixels [2,17-19].  

 

As discussed above, threshold established techniques can be Global and local. Global binarization is not 

useful in the cases where a document image contains degradations such as variable illumination and contrast. 

Some referred studies on global binarization methods are due to Abutaleb [7], Kapur et al. [8], Kittler et al. [9], 

and Otsu [10]. Otsu [10] approach to global binarization is the most successful approach for OCR systems 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 12, December 2014, Pg. 29-38 

K. Gurnadha Guptha, IJRIT- 31 

 

because of its computational efficiency and effectiveness [4, 20-21]. Otsu [10] proposed a global thresholding 

method based on statistical methods. Any of the existing global method cannot solve the problem of non-

uniform illumination as the threshold value is same for whole part of the document but illumination is not. 

 

Local binarization techniques perform better in presence of non-uniform illumination and degradation in 

document images. A number of approaches to local thresholding are available in the literature [2,6,11-16].  

 

Bernsen et al. [11] proposed a local thresholding method based on mean and contrast data for the calculation 

of threshold in excess of a local region. First, it calculates the values for Zhigh and Zlow, where Zhigh and Zlow are 

the highest and lowest grey levels in the r×r region, around the pixel (x,y). The threshold is calculated using 

formula: 
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It also measures local contrast in the local region as: 
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(2) 

 

If local contrast is less than a predefined value‘t’ then region represents a single class, either foreground or 

background. Large text areas may occur in the image document, in that case pixel is taken as background.  

Bernsen et al. used window size of 15 and t=15. According to Trier et al. [20] evaluation, Bernsen et al.’s [11] 

approach almost completely recovers text but produces large background noise especially where the document 

regions do not contain text. 

 

Niblack [12] proposed a method that calculates a pixel-wise threshold by shifting a rectangular window 

crossways the image. The threshold T for the centre pixel of the window is calculated using the mean m and the 

adjustments of the gray values in the window  

 

),(),(),( yxskyxmyxT ⋅+=  (3) 

 

The value of ‘k’ controls the amount of text block inside the local window. To conserve local details and holds 

local illumination level one requires small window size but if we choose limited  window size then it will not 

cover object and remove noise in the gray image. Window size of 15x15 and k = -0.2 is recommended by Trier 

and Jain [21]. According to Gatos et al., [2] Niblack’s [12] method fails when the background contains light 

texture.   

 

Sauvola et al. [13] proposed a similar algorithm by making some expectations based on the distribution of 

grey values associated with foreground and background pixels. Threshold ‘T’ is computed as: 
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Where m(x,y) and s(x,y) are the similar as in Niblack’s method. ‘R’ is the dynamic range of standard 

deviation. Values of R = 128 and k = 0.5 are used. Sauvola’s [13] approach shown robust results in the 

processing of severely degraded document images. It can handle variable illumination, noise and resolution 

Paies in the document image but fails in very light and very dark background [2]. 

 

Kim et al. [14] proposed a local adaptive approach based on water flow model, in which image surface is 

considered as three-dimensional (3-D) terrain. In this model water is poured onto the terrain surface and it fills 

valleys by flowing down to the lower regions of the terrain. ‘w’ is the amount of water sprinkled on the terrain 

and a mask of (2s+1)×(2s+1) is used to simulate the flow of water drop. Values of w = 20 and s = 3 are used. 

Results of Kim et al. [14] approach are compared with Otsu’s [10], Nakagawa et al.’s [22], and Niblack’s [12] 

method with post-processing technique proposed by Liu et al.’s [23]. According to this study, Kim's method is 

better than other compared methods but in many cases such as low illumination and very high contrast it 

produces background noise, and characters become extremely thinned and broken. 

  
(a) (b) 

  
(c) (d) 

 

 

Gatos et al. [2] developed a method, using a combination of existing techniques, for degraded documents 

with uneven background. First it eliminates noisy area and increase contrast between background and 

foreground objects by using low-pass Wiener filter. After that it applies Sauvola’s [13] method to obtain an 

approximation on background and foreground objects. In the next step it estimates the background of the image 

by interpolation. After that it thresholds the image and finally it improves the quality of binarized image by 

using three pre-processing steps. Gatos et al. [2] method is an adaptive local binarization approach which 

removes smear and strains, variable brightness, low contrast, great signal-dependent noise, and shadow types of 

degradations from the document image. On the basis of comparison of results with existing binarization 

approaches discussed in [10, 13-14], Gatos’s [2] method is promising but fails in case of low illumination. 

 

Pai et al. [15] proposed a novel thresholding approach that combines the advantages of local and global 

thresholding methods which is constructed on the intelligent block size detection, and then perform thresholding 

based on each block of degraded image. Comparison of results with Otsu’s [10], Niblack’s [12], Sauvola [13], 

and Gatos’s [2] methods of binarization, Pai et al.’s [15] method achieved better results and removed 

degradations from the document images. Pai et al.’s [15] method increases the quality of thresholding and takes 

very less processing time. However, from the results, it is observed that it produces background noise in many 

cases and its thresholding quality is approximately same as Gatos et al.’s approach [2]. 

 

Valizadeh et al. [16] combines two existing algorithms that were complementary to each other. First phase is 

the application of modified Kim et al. method. The main difference between Kim’s method and modified is that 

it pour the only ontothe edge pixels and uses the stroke width and double edge feature to separate text pounds. 
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To extract edge pixels it uses canny edge detection algorithm. Stroke width is measured by using run length 

histogram analysis. AWA is calculated for each pound and is applied for pound classification also used to 

separate text from background.  

 

 
5 

 

Where AWA (k) denotes the average water amount of pound k and Threshold ‘T’ is a persistent parameter 

that is experimentally set to 0.7. Value of w=10 is used where w is the amount of water sprinkled. To get the 

region close to the text a rectangular structuring element is used for dilation on the contrast independent 

binarized image. After that Niblack’s [12] method is applied on the blocks close to the text to get the 

endingbinarized image. This method has shown better results in comparison to Sauvola’s [13], Otsu’s [10], 

Kim’s [14], and Niblack’s [12] method. Valizadeh’s approach [16] works well in most of the degraded 

document images but produces some noise in the area not containing text and takes more execution time among 

other compared methods. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

On the basis of the literature review of local and global thresholding algorithms, we conclude that all the 

approaches not produce satisfactory results on severely degraded images which contain distinct type of 

degradations such as variable background and shadows, non-uniform brightness and contrast, powdered ink 

bleed-through and shadow. In our experiments, our proposed method described in Section 3, performs the best 

for low contrast images and above discussed degradations which is not handled by the earlier methods discussed 

in the literature. 

Documents are a universal medium in our daily life. Importing documents into a computer calls for a 

contrivance of translating handwritten and printed characters into an electronic form. Characters are often 

captured optically, such as using scanners or cameras, to create images. Effectively extracting characters from 

an image background is a compulsory first step before further analysis. This process is known as document 

binarization. Document image binarizationis of excessive importance in the document image analysis and 

recognition pipeline ever since it affects further steps of the recognition process.Many document image 

binarization techniques have been reported for binarization of degraded document images .In the year 1998, a 

recursive thresholdingthresholdingtechnique for image segmentation has been proposed .This approach is only 

applicable to gray-scale images specifically for real-life bank checks. Performance analysis indicates that this 

method is more efficient to segment darkest object in a given image. An Iterative 

multimodelsubimagebinarization technique has been proposed for handwritten document images in the year 

2004.This approach can be used for different type of handwritten document images where we do not do not have 

prior knowledge about noisiness of document image .In the year 2005, an image binarization technique has been 

proposed for degraded historical document images .This approach is mainly based on a decompose algorithm. 

Main drawback of this approach is that the algorithm does not works well on document images with big pattern 

or pictures. In order to give best results on heavily degraded document images a document image binarization 

technique using Markov field model has been proposed .This method is more effective to detect text than other 
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local thresholding methods. An improved document image binarization technique has been proposed in the year 

2008.This method is mostly based on the grouping of different document image binarizationtechnique and 

efficient edge information about gray scale images. A document image binarization using background 

estimation and stroke edges has been proposed in the year 2010. The proposed document thresholding method 

still has several limitations. One of the drawback is that the proposed technique is worked for the binarization of 

scanned document images that have no or weedy slanting. Another approach for document image binarization is 

used by local maximum and minimum filter.The main drawback of this paper is that the problem due to over-

normalization. A Robust document image binarization technique for degraded document image based on 

adaptive image contrast has been proposed in the last year.The main drawback of this paper is the problem due 

to over binarization.This method also have some limitation related to performance over various datasets and 

some noise still remains in the image. 

 

3. The Proposed Method 

The proposed method requires the image to be preprocessed first. After that an estimated background is 

subtracted from the graylevel filtered image and global binarization is applied. On the resultant image from the 

above step local thresholding is applied.  

3.1 Pre-Processing 

A preprocessing stage is necessary for the elimination of noisy areas from the source image. Gray scale image 

will be used i.e. image will be having 0 to 255 levels where 0 relates to black and 255 relates to white. We have 

used a Gaussian filter for the elimination of noise. Although wiener filter can also be used as it has proven to be 

efficient. So a gray scale basis image will be transformed into a filtered gray scale image. Also the edges are to 

be preserved so this step is important. 

3.2 Background Subtraction 

As the document image is having degradations we can make a rough estimation of background. The image is 

first dilated and then eroded morphologically. By doing so we are left with a rough estimation of the background 

in which no foreground text appears. Now this estimated background is subtracted from the filtered gray scale 

image. The resultant image will be an image having a high contrast. Now any thresholding algorithm will give 

us good results as most of the unwanted regions will be eliminated and an optimal value of threshold can be 

calculated.  

 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 12, December 2014, Pg. 29-38 

K. Gurnadha Guptha, IJRIT- 35 

 

 

4. Methodology 

4.1 Global Threshold 

Now a global threshold is chosen for the entire image. Since Otsu thresholding method has greater superiority 

and reasonable complexity compared to other global thresholding methods, we chose this method. Generally 

applying a global threshold gives us a binary image but we have modified this. The outcome of this step will be 

an image having gray scale values for the pixels that belong to the foreground and value 255 i.e. white for the 

background pixels. As a result we have an image which is an intermediate gray scale image. 

��, � =��, �����, � ≤ �� 

                             255 ����, �>�� 

 

 

Where, T(x,y) is the value assigned to the pixel after the global binarization step. I(x,y) is the gray value of the 

pixels and tg is the global threshold that is computed for the entire image. Otsu thresholding method preserves a 

maximum number of foreground pixels and also it generates less background pixels misclassification at the first 

stage. 

 

4.2 Local Threshold 

 

Although the outcome of the previous step contains most of the background pixels separated from the 

foreground but some parts of the foreground still need to be clearly distinguished. Since some of the background 

pixels were earlier detected as foreground, these pixels are to be assigned to background class. So there is a 

requirement of Local thtesholding step. Local thresholding means calculating a threshold for a particular region 

or a window. This method is applied to all of the non background pixels. 

 

4.3 Post Processing 
 

The binarization results can further be improved by some post processing. For this firstly, the foreground pixels 

that don’t  connect with supplementary foreground pixels are filtered out. Secondly we will check if the pixels 

on symmetric sides of any of the pixels belong to similar class i.e. foreground or not. If both pixels belong to 

same class but center pixel belong to another class then that pixel will be assigned as foreground pixel. Also 

single pixel artifacts will be removed. 

 

4.4 Contrast Image Construction 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 12, December 2014, Pg. 29-38 

K. Gurnadha Guptha, IJRIT- 36 

 

 

The determination of the contrast image construction is to detect the stroke edge pixels of the document text 

accurately. The constructed contrast image consists of a pure bi-modal pattern. It can be used to detect the text 

stroke edges of the document images that have aidentical document background. While, it often detects more  

non stroke edges from the background of degraded document that perhaps contains confident image variations 

because of uneven lighting, noise, bleed-through etc. For proper extraction of only the stroke edges, the image 

gradient needs to be normalized to reimburse the variation in the image within the document background. The 

local contrast calculated by the local image maximum and minimum is used to conquer the background 

variation as described in below Equation. In particular, the numerator  captures the local image difference that is 

similar to the traditional image gradient .The denominator is a normalization factor that defeats the image 

variation within the document background. For pixels of image within bright blocks, it will generate a higher 

normalization factor to defuse the numerator and accordingly result in a moderately low image contrast. For the 

pixels of image within dark blocks, it will generate a minor denominator and accordingly result in a relatively 

high image contrast. 

 

4.5 Text stroke edge pixel detection 

 

We can get the stroke edge pixels of the document text properly from contrast image construction. The 

constructed contrast image consist a pure bi-modal pattern. The local image gradient is calculated by the 

difference between the maximum and minimum intensity in a local window, the pixels at those the sides of the 

text stroke will be selected as the high contrast pixels. Binary map is then constructed. In the combined map, we 

keep only pixels that perform within both the high contrast image pixel map and canny edge map. Precise 

extraction of the text stroke edge pixels is helped out by this combination. 

 

 
 

(a) Binary contrast maps, (b) canny edge maps, and their (c) combine edge maps of the sample document 

images in Fig. (b) and (d), respectively. 

 

 

4.6 Local threshold estimation 
 

Subsequent extraction of the text from the document background pixels is carried out once the high contrast 

stroke edge pixels are detected accurately. Two characteristics can be observed from different kinds of 

document images First, the text pixels are close to the detected text stroke edge pixels. 

 

Ensure: The Estimated Text Stroke Edge Width EW 

1. Get the width and height of I 

2. for Each Row r = 1 to height in Edge do 

3. Scan from left to right to detect  edge pixels that meet the following criteria: 

a) its label is 0 (background); 

b) the next pixel is label as 1(edge). 

4. Examine the concentrations in I of those pixels selected in Step 3, and remove those pixels that have a lower 

intensity than the following pixel next to it in the same row of I. 
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5. Match the continuing adjacent pixels in the same row into pairs, and calculate the distance between the two 

pixels in pair. 

6. end for 

7. Construct a histogram of those calculated distances. 

8. Utilize the most frequently occurring distance as the estimated stroke edge width EW. 

 

4.7 Post Processing 
 

After developing the initial binarization result from above the method that binarization result can promote is 

improved as described in below Post processing procedure algorithm. 

Require: The Input Document Image I , Initial Binary Result B and Consistent Binary Text Stroke Edge Image 

Edge 

 

Ensure: The Final Binary Result B 

1. Look for all the connect components of the stroke edge pixels in Edge 

2. Remove those pixels that are not related with other pixels. 

3. for Each continuing edge pixels (i, k ): do 

4. Get its neighbourhood pairs: (i − 1, k ) and (i + 1, k );(i, k − 1) and (i, k + 1) 

5. if the pixels in the same pairs belong to the same class (both text and background) then 

6. Assign the pixel with lower intensity to foreground class (text), and the other to background class. 

7. end if 

8. end for 

9. Eliminate single-pixel artifacts along the text stroke boundaries next the document thresholding. 

10. Store the new binary result to B f. 

 

 
 

5. Experiments and Discussion 
 

To determine the efficiency and robustness of our proposed technique a few experiments are designed. The 

proposed method is tested and compare with state-of-theart- methods over on three glowing competition 

datasets. These datasets are DIBCO 2009 dataset, H-DIBCO 2010 dataset  and DIBCO 2011 dataset . Further 

the proposed technique is calculated over a very challenging Bickley diary dataset .The binarization 

performance is calculated by using Fmeasure, Peak Signal to Noise Ratio (PSNR), Negative Rate Metric 

(NRM), Misclassification Penalty Metric (MPM) and Distance Reciprocal Distortion Metric (DRD). No all the 

metrics are applied on each image due to absence of ground truth image in some datasets. The dataset contains 

images which represent degradations such as variable background intensity, low contrast, shadows, bleed-

through, smear, smudge etc. which appear frequently. We quantitatively compare our proposed method with 

other state-of-the-art techniques on DIBCO 2011 dataset. These methods include Otsu’s method (OTSU) 

,Sauvola’s method (SAUV) , Niblack’s method (NIBL), Bernsen’s method (BERN) , Gatos et al.’s method 

(GATO) , LMM  and BE  methods by Su, Lu and Tan. The evaluation results of different methods including the 

proposed binarization method on DIBCO images database are presented in table 1, 2 and 3 for DIBCO 2009, H-

DIBCO 2010 and DIBCO 2011 respectively.This means that our proposed method produces a higher overall 

precision and preserves the text strokes improved. The values of DRD and MPM should be low and F- measure 

and PSNR should have high values. 

 

6. Conclusions 
 

Development of thresholding algorithms for historical documents is crucial and necessary. The results of 

traditional approaches based either on the calculation of a global or local threshold are highly dependent on the 

type of the document image degradation and the quality of the binarization is significantly affected in some 

cases (for example, the global thresholding is not suitable for stained paper). Firstly this method makes use of 

background subtraction which provides us with an image which is high in contrast. This leads to suppress the 

background variation and side-step the over-normalization of the document images with less variation. The 

method used for background estimation is better than other methods like polynomial smoothing. Secondly, 

Otsu’s method is used for getting most of the background eliminated. Majority of the background pixels are 

separated from the foreground. Thirdly, the background pixels which were estimated as foreground are 

eliminated in local thresholding step. This method is accepting to different types of degradations such as 

irregular illumination and document smear. The proposed technique is simple and robust. Also it works for 
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different types of degraded document images. This method has been tested on DIBCO 2011 dataset. 

Experiments demonstration that the proposed method outperforms most of the document binarization methods 

in terms of F-measure, PSNR, NRM, MPM and DRD.The proposed technique is simple and executes in less 

time, only limited parameters are involved. Moreover, it works for different types of degraded document 

images. The method is compared with two other method and the results are also given. 
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