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Abstract— This paper presents an approach for document 

image binarization, which is usually performed in the 

preprocessing i.e. in the initial stage of multiple document 

image processing related applications. The proposed method 

is associated with different binarization methodologies in 

which the gray scale image is converted as well as the 

efficient adoption of the edge information of the gray scale 

image i.e. the source image. An elevated step based on 

mathematical morphology operations is involved to produce 

a rich quality result while upholding stroke information. The 

proposed method corroborated excellent performance against 

six well-known techniques on various degraded handwritten 

and printed documents. The performance evaluation is based 

on visual criteria as well as on an objective evaluation 

methodology. 
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I. INTRODUCTION 

The degree of success in subsequent character recognition 

and segmentation is affected by the performance of document 

image binarization in document processing, which plays an 

important role. In general, there are two main classes into 

which the approaches deal with document image binarization 

are categorized (i) global and (ii) local. In a global approach, 

a single threshold value for the entire image is resulted from 

the threshold selection. The good separation between the 

foreground and the background of the image results in good 

performance of global thresholding[1]. In an adaptive 

manner([2]-[6]), the threshold value pixel wise is guided by 

using the local information in the case of degradations(e.g. 

shadows and  ink seeping). 

Creation of fake shadows leads to inaccurate results 

because of the ignorance of the edge property in most of the 

adaptive local binarization method. The image edges are 

closed by the edge connection method and wherein the seeds 

are found near the image edges, there exists approaches 

which incorporates edge information[7]. Complementarity is 

used on the success of each technique and the results of a set 

of binarization techniques are combined and taken into 

account this has been recently proposed [8], as there exists no 

gold standard technique that performs best in all degradation 

case. A novel methodology has been proposed taking into 

account the use of edge information as well as the 

combination of several binarization approaches, which 

mainly constitutes: 

 Effectual pre- processing 

 Combining the binarization results of several  

methodologies 

 Incorporation of the grey scale source image’s edge map. 

 And finally, application of effectual image post-

processing for the enhancement of final result. 

II. PROPOSED METHOD 

Firstly the pre-processing of the image is done. Global 

binarization is applied to the gray level filtered image of 

which an estimated background is subtracted. Local 

thresholding is applied on the image resulted from the above. 

Fig 1 shows the methodology followed to achieve the 

required binarization. 

A. 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 

corresponds to black and 255 corresponds 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 source image will be transformed into a 

filtered gray scale image. Also the edges are to be preserved 

so this step is important. 

B. 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. Figure 2 shows the resultant 

image after background subtraction. 

C. Global Threshold 

Now a global threshold is chosen for the entire image. Since 

Otsu thresholding method [7] 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. 

This means: 

𝑇𝑥, = {
I x, y if I x, y ≤ tg
255 if I x, y > tg

              (1) 

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. 
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Fig. 1: Proposed methodology 

 
Fig. 2: High Contrast image after background subtraction 

D. 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 

thresholding 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. Savoula’s 

method [13] has been used here. This technique provides us 

with a local threshold within the dynamic range of R. The 

equation for Savoula’s binarization formula is: 

𝑇𝑥, =m(x,y).[1 + k. (
s(x,y)

R
− 1)]        (2) 

Where, m(x,y) is the local mean, s(x,y) is the local 

standard deviation and k is a constant. We have chosen the 

value of R=128, k=0.3 and window size=16. There 

parameters were chosen by experiments and they seem to 

give optimal results for Savoula’s binarization in our case. 

This method gives better results for segmentation of 

background or foreground pixels. 

E. Post Processing 

The binarization results can further be improved by some post 

processing. For this firstly, the foreground pixels that do not 

connect with other foreground pixels are filtered out. 

Secondly we will check if the pixels on symmetric sides of 

any of the pixels belong to same 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. 

III. EVALUATION MEASURES 

For comparing the results of different binarization approaches 

some measurements of the image quality are to be computed. 

There exist different methods for the measurement of image 

quality. These methods can be grouped as analytical, 

empirical goodness and the empirical discrepancy groups. 

Analytical methods easily obtain the properties of 

binarization algorithm by analysis. In these methods it is not 

possible to analyze the other properties as no formal model 

exists. The empirical goodness methods are based on judging 

the quality of binarized image with certain quality measures 

generated according to human intuition. It has been stated by 

Fung that the experiments show that the discrepancy methods 

are more effective than the empirical goodness methods. 

Whereas, the methods which use difference between a 

binarized image and ground truth image to compared and 

evaluate the performance of binarization algorithms are 

called empirical discrepancy methods. In this paper we use 

four of these measures to compare the proposed method to 

other methods. 

A. F- Measure 

Basically F-measure is the harmonic mean of precision and 

recall. This measure combines the precision and recall as 

follows 

𝐹−𝑚𝑒𝑎𝑠𝑢𝑟𝑒=
2×Precision×Recall

Precision+Recall 
      (3) 

Where 𝑅𝑒𝑐𝑎𝑙𝑙=
TP

TP+FN
, 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛=

TP

TP+FP
 

TP i.e. True Positives is the number of pixels which 

are classified as foreground in the binarized image and which 

are actually the foreground pixels in the ground truth image. 

FN i.e. False Negatives is the number of pixels which are 

classified as foreground in the binarized image but are 

background pixels in the ground truth image. FN i.e. False 

Negatives is the number of pixels classified as background in 

the binarized image which are actually the foreground pixels 

in the ground truth image. A high value of F-measure 

indicates that the binarized image and the ground truth image 

are approximately equivalent. Also it implies that precision 

and recall are having high values. 

B. Peak Signal to Noise Ratio 

PSNR is commonly used to measure the closeness of one 

image to another. A higher value of PSNR indicates the 

higher similarity of two images. C is considered as the 

difference between foreground and the background. 

𝑃𝑆𝑁𝑅=10.log10 (
C2

MSE
)       (4) 

Where, 𝑀𝑆𝐸= 
∑ .𝑀

𝑥=1 ∑ (𝐼(𝑥,𝑦)−𝐼′(𝑥,𝑦))
2𝑁

𝑦=1

𝑀.𝑁
 

I(x,y) is the binarized image pixel value compared 

with I’(x,y) which is the ground truth image pixel value at the 

same pixel coordinates (x,y). 

C. Negative Rate Metric 

NRM is based on pixel wise mismatches between the ground 

truth and the predicted image. It combines the false negative 

rate NRFN and false positive rate NRFP. 

𝑁𝑅𝑀=
NRFN+NRFP

2
   (5) 

Where, 𝑁𝑅𝐹𝑁=
NFN

NFN+NTP
, 𝑁𝑅𝐹𝑃=

NFP

NFP+NFN
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D. Distance Reciprocal Distortion Metric 

DRD is used to measure the distortion in binary document 

images [13]. This measure correlates with human visual 

perception properly and measures the distortion for all the S 

flipped pixels according to following formula 

𝐷𝑅𝐷= 
∑ 𝐷𝑅𝐷𝑘

𝑆
𝑘=1

𝑁𝑈𝐵𝑁
  (6) 

Here, DRDk is the distortion of the k-th flipped 

pixel. It is calculated using 5X5 normalized weight matrix 

WNm. DRDkequals to the weighted sum of the pixels in the 

5x5 block of the Ground Truth GT that differ from the 

centered k-th flipped pixel at (x,y) in the Binarization result 

image B. 

𝐷𝑅𝐷𝑘=∑ .2
𝑖=−2 ∑ |GTk2j = −22i = −2 i, j −2

𝑗=−2

Bk x, y |WNm i, j  
NUBN is the number of the non-uniform 8x8 blocks 

in the GT image. Here non- uniform means not all black or 

white pixels. A low value of DRD is preferable. 

E. Misclassification Penalty Metric 

A prediction against the Ground Truth (GT) image is 

evaluated on an object-by-object basis. Misclassification 

pixels are penalized by their distance from the ground truth 

object’s border providing us with a value of MPM. 

𝑀𝑃𝑀=
𝑀𝑃𝐹𝑁+𝑀𝑃𝐹𝑃

2
          (7) 

Where, 𝑀𝑃FN= 
∑ 𝑑𝐹𝑁

𝑖𝑁𝐹𝑁
𝑖=1

𝐷
 

IV. RESULTS AND DISCUSSION 

To demonstrate the effectiveness and robustness of our 

proposed method a few experiments are designed. The 

proposed method is tested and compared with state-of-the-

art-methods over on three well known competition datasets. 

These datasets are DIBCO 2009 dataset [1], H-DIBCO 2010 

dataset [2] and DIBCO 2011 dataset [3]. Further the proposed 

technique is evaluated over a very challenging Bickley diary 

dataset. Some examples from the DIBCO 2011 dataset are 

shown in Fig. 3 and 4 with their binarized results respectively. 

The binarization performance is evaluated by using F-

measure, 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 every image due to lack of ground truth 

image in some datasets. 

 
Fig. 3: Original image 

 
Fig. 4: Binarized Result. 

V. CONCLUSIONS 

The main novelties of the proposed document image 

binarization approach consist of (i) combining the 

binarization results of several state-of-the-art methodologies; 

(ii) incorporating the edge map of the grey scale image; and 

(iii) applying efficient image post-processing based on 

mathematical morphology for the enhancement of the final 

result. Experimental results in several degraded documents 

prove the effectiveness of the proposed technique compared 

to other state-of-the-art methodologies. 

Our future work will focus on the optimization of 

the step in which we combine the binarization result of 

several state-of-the-art methodologies 
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