
 

 

 

Abstract—Optical character recognition (OCR) can be used in 

some management mechanisms of state and business world to 

organize documents scanned or captured by camera. Therefore, OCR 

is one of the subjects rapidly evolving in the recent times. This study 

investigates the procedure steps until character recognition. That’s 

because, the more correctly preprocessings are applied; the better 

results can be obtained in character recognition. In this study, the 

algorithms providing the best results are determined by following the 

procedure stages of gray scale transformation, noise removal and 

image thresholding. Binarization plays an important role in character 

recognition. For this reason, algorithms dynamically determine 

thresholds are preferred for character recognition in this study. 

Accordingly, Otsu thresholding method was determined to give the 

best results in terms of both picture quality and speed. Therefore, this 

method was used for character recognition. Primarily, lines were 

determined for character separation and then letters were individually 

obtained. 

 

Keywords—Image Processing, OCR, Thresholding, Binarization, 

Pattern Recognition. 

I. INTRODUCTION 

PTICAL Character Recognition (OCR) is the process of 

converting and digitizing documents written by a tool, 

machine or hand into computer language [1]. For this reason, 

optical character recognition is an important step for image 

processing. That’s because, it is necessary to distinguish 

characters from background and properly obtain the 

characters. Otherwise, characters cannot be defined correctly. 

The obtained image is first transformed into gray and the 

present noises are eliminated. Then, binarization is applied. 

Document image binarization (threshold selection) refers to 

the conversion of a gray-scale image into a binary image [2]. 

These are the basic steps of image processing. 

A novel binarization method was developed for document 

images produced by cameras. To resolve the problem, the 

proposed method divided an image into several regions and 
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decided how to binarize each region [3]. A learning 

framework for the optimization of the binarization methods 

was developed, which was designed to determine the optimal 

parameter values for a document image [4]. Text segmentation 

in generic displays was learnt the best binarization values for a 

commercial OCR system [5]. A local adaptive thresholding 

method based on a water flow model was used, in which an 

image surface was considered as a three-dimensional (3-D) 

terrain [6]. A new adaptive approach was presented for the 

binarization and enhancement of degraded documents. In the 

approach a pre-processing procedure using a low-pass Wiener 

filter, a rough estimation of foreground regions, a background 

surface calculation by interpolating neighboring background 

intensities, a thresholding by combining the calculated 

background surface with the original image while 

incorporating image up-sampling and finally a post-processing 

step in order to improve the quality of text regions and 

preserved stroke connectivity [2]. 40 selected thresholding 

methods from various categories were compared in the 

context of nondestructive testing applications as well as for 

document images and the comparison was based on the 

combined performance measures [7]. 

In this study, image was first transformed into gray and 

noises on the image were eliminated by median and mean 

filters. Subsequently, various thresholding algorithms were 

applied for transforming into black-white. Binary image 

representation is the preferred format for image analysis in 

most textual image techniques, and the performance of the 

subsequent steps in document analysis applications depends 

on the accuracy of the binarization process [8].  In this study, 

the best thresholding algorithm was determined among Otsu 

[9], Sauvola [10], Niblack [11] and White [12] algorithms. 

Consequently, characters separation process was applied on 

the resulting image. 

II. MATERIAL AND METHOD 

The obtained optical images were first transformed into 

gray. Then, noise reduction techniques were applied to 

eliminate degradations (e.g. noises) on images that could be 

caused by machines. Instead of thresholding by a certain gray 

level, image binarization was made by thresholding methods 

dynamically determining threshold values by the condition of 

gray level pixels, and thus, black and white version of the 

Dynamic Calculation and Characterization of 

Threshold Value in Optical Character 

Recognition 

Ayşe Eldem, and Fatih Başçiftçi 

O 

International Conference on challenges in IT, Engineering and Technology (ICCIET’2014) July 17-18, 2014 Phuket (Thailand)

http://dx.doi.org/10.15242/IIE.E0714006 9



 

 

image was obtained. The steps of the process are shown in 

figure 1. 

 

 

 

 
Fig.1 Process steps 

A. Noise Reduction Methods 

Degradation (noises) occurs due to out of focus viewfinder 

during photo shooting, lens quality, very bright environment, 

lack of light or objective angle [13]. Mean and median filters 

are generally used to reduce this kind of noises. 

Means: Mean filter is one of the methods used to reduce 

noises in images. It can be used with neighborhood types like 

3x3 and 5x5. Each pixel value is replaced with the mean 

(average) value of its neighbor pixels. For instance, the new 

pixel value is assigned the mean value of 9 pixels in a 3x3 

mask. 

Median: Median filter is another way to eliminate the 

noises in an image. Similarly, a window size like 3x3 is 

determined in the median filter and applied to its neighbors. 

Gray level values of pixels within the window size are taken 

and ordered among themselves, and then the median value is 

assigned as the new pixel value. 

B. Thresholding Methods 

It is one of the most important processes in separating 

background and foreground in document image binarization. 

Because binarization plays a key role in document processing 

since its performance affects quite critically the degree of 

success in a subsequent character segmentation and 

recognition [2]. In this way, image is transformed into black 

and white grayscale and it becomes easier for processing.   

Binarization as separation of text from background regions 

has formed the foundation of many learning methods, which 

start with a rough estimation of the text and background 

regions, and then attempt to learn their behavior, in order to 

classify regions that are in the confusion interval [4]. 

Thresholding algorithms depend on a multitude of factors 

such as the gray level distribution of the document, local 

shading effects, the presence of denser, non-text components 

such as photographs, the quality of the paper etc. [14].  

In this study, 4 thresholding methods were used. 

Otsu: Otsu’s method is a powerful, parameterless method 

belonging to threshold-based method [15]. When the 

background and foreground intensities are well separated, 

Otsu’s method yields good binarized results [3]. In Otsu 

thresholding method, optimum threshold is determined 

through minimizing the changes for weighted total class of the 

object and background pixels [9][16]. Optimum threshold is 

measured with the equation below (1). 

 
2argmax[ ( ).(1- ( )).( ( ) - ( )) ]opt f bT P T P T m T m T                              (1) 

 

P(T) is the histogram of the image; mf(T) and mb(T) are the 

mean intensity for the whole image [17]. 

White: In this method, gray value of the pixel is compared 

to the mean value of its neighbors. If its value is lower than 

the average, that pixel indicates the object, and otherwise, it 

shows the background [12]. This thresholding method is 

formulized as follows (2). 
 

1 ( , ) ( , )*
( , )

0

wif m i j I i j bias
B i j

otherwise


 


                                       (2) 

 

µw(x,y), is the mean gray value of the window being 

processed; bias is generally taken as 2; w is the window size 

(15 in general); and I(i,j) is the value of the current pixel [16]. 

Niblack: In this method, threshold value is determined with 

the following equation based on local mean and standard 

deviation for bxb window size (3). 
 

( , ) ( , ) . ( , )T i j m i j k s i j                                                                (3) 
 

m(i,j) and s(i,j) are mean and standard deviation, 

respectively. k is accepted as -0.2. [11][14]. 

Sauvola: It is an adaptive and threshold-based binarization 

method that can be seen as a generalization of Niblack’s 

method [4]. In this method, pixel density at (x,y) point is 

defined as the g(x,y) function getting values between 0-255. 

As can be seen in the equation below (4), if g(x,y) value is 

lower than threshold, it becomes 0, and otherwise, it gets 255 

[10]. 
 

0 if g(x, y) < t(x, y)
o(x, y)=

255 otherwise





                                           (4) 

 

When threshold t(x,y) is determined, the mean and standard 

deviation (s(x,y)) are used. R is 128 and k is a parameter 

changing between [0.2, 0.5]. The equation is given below (5). 
 

s(i, j)
T(i, j)= m(i, j)+[1+k.( -1)]

R
                                           (5) 

III. APPLICATION 

In this study, an image is obtained from outer environment 

and subject to some preprocessing. These preprocessing 

include transformation to grayscale and using mean or median 

filter. In pattern recognition systems, the aim of these 

preprocessing is to distinguish the pattern from undesired 

components in order to obtain similar key properties from 

similar patterns [18]. Following preprocessing, separation into 

letters is made to determine the best methods (White, Sauvola, 

Niblack and Otsu) for dynamically determining the threshold 

value. 

In the current study, after an image is taken, it is initially 

transformed into grayscale. The gray image is obtained with 

(R+G+B)/3 method as an image consists of RGB color space. 

The gray form of the image is shown in figure 2. 
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Fig. 2 a) Color image b) Grayscale image 
 

Subsequently, noise removal methods are applied. For this 

purpose, mean [3x3] and Median [3x3] filters were used on 

the figure 3, respectively. Of these filters, mean filter blurred 

the image even more. Therefore, the image subject to median 

filter was used in the following stages. 

 

 
(a) 

 

 
(b) 

 

Figure 3. a) Mean [3x3]   b) Median [3x3] 
 

The results of the methods used for binarization following 

the noise removal are given in Figure 4. Accordingly, Otsu 

method was determined to give the best results in binarization 

process. Therefore, Otsu thresholding was preferred character 

separation. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

Fig. 4 a) White Thresholding   b) Sauvola Thresholding 

c) Niblack Thresholding   d) Otsu Thresholding 

 

In the comparison of durations of 4 thresholding methods, 

Otsu method was determined to give the best performance. 

Time schedule is given in Table I. 

 
TABLE I 

DURATIONS OF THRESHOLDING METHODS 

Method Name Time (msecond) 

White Thresholding 89 ms 

Sauvola Thresholding 119 ms 

Niblack Thresholding 384 ms 

Otsu Thresholding 48 ms 

 

Initially, the rows are determined for character separation as 

shown in figure 5. In this process, the image is scanned from 

the beginning and the initial black point is accepted as the 

start of row and the last black point is determined as the end 

of row. 
 

 
 

Fig. 5 Start and end of row 
 

Subsequently, for determining the columns, the initial 

character is found by advancing from the first black point to 

right side until the first column of white points is reached, and 

upon finishing this letter, it is taken from the image and 

stored. As can be seen in Figure 6 below, initially the letter “i” 

and then “m”, “a” and “g” letters in the first row are 

distinguished with image scan. The same process is repeated 

for the other rows. Thus, character separation process is 

completed. 

 

 
(a) 
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(b) 

 

 
(c) 

 

 
(d) 

 

Fig. 6 Letter separation process 

IV. CONCLUSION 

Many applications have been developed in optical character 

determination. In the current study, the process steps until 

character separation are investigated. For this purpose, 

primarily the obtained image was transformed into grayscale 

and noise removal was applied. At this stage, median filter 

was determined to give better results in image quality, and 

therefore, median filter was preferred. Subsequently, 4 

thresholding methods were applied, respectively, and Otsu 

thresholding method provided the best fit. Otsu thresholding 

method was found to be better in both image quality and 

performance. Using Otsu thresholding method, the start and 

end of rows were determined on black and white image and 

character separation process was achieved. 
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