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 

Abstract: Binarization of document images is a major phase in 

the handwritten text recognition process. Text recognition process 

gives best result and easy to archive recognition for printed 

documents, but more accurate and fast Binarization & 

segmentation methods are required to achieve high accuracy in 

handwritten character recognition. In this paper we presenting 

Document Binarization & Segmentation. In Document 

Binarization initially we convert RGB color space image to CMY 

color space further calculate the average of C, M & Y. Finally 

convert the grey scale image to binary by determining threshold 

value automatically. Segmentation is done by the projection 

profile method and paragraph skew correction recursively until 

height of the segmented line image is less than 7% of the input 

image, Connected Component Analysis is used to segment words. 

These segmented words can be feed to OCR for recognition; the 

proposed experimental results are encouraging. 

 
Index Terms: CMY Color Space, Connected Component 

Analysis, Projection Profile, RGB Color Space. 

I. INTRODUCTION 

In camera captured and scanned documents, where noise, 

contrast, and illumination vary, classifying pixels as 

foreground or background pixels is still a difficult and 

challenging problem. Binarization of document images is a 

major phase in the handwritten text recognition process, 

binarization is the separation of text from the background 

image. This separation enables algorithms for layout analysis 

or document transcription to focus only on the written text 

without the disturbing background noise. Segmentation 

process is the stage to separate words and characters from 

image, this process requires better binarization techniques, so 

binarization makes a very important role in recognition 

system. 

 Document Segmentation is process of rending document 

image into separate regions. Segmentation process usually 

consists of three process, they are, line segmentation, word 

segmentation and character segmentation. Automation of 

document segmentation will improve the time efficiency of 

recognition system; reduce the human interference and effort. 

The automation of handwritten document segmentation is a 

huge challenging task.Text recognition process gives best 

result and easy to archive recognition for printed documents, 

but more accurate and fast Binarization & segmentation 
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methods are required to achieve high accuracy in handwritten 

character recognition when the number of documents 

increases with different style, font, size, age-group of writer 

etc., to archive very good efficiency system to recognise 

handwritten text requires huge number of document images 

with different possibilities of handwriting. 

 The text processing problem can be divided into:- 

Binarization: It refers to the determine the threshold value 

and suppress the non-text field in document. Text Detection: 

text detection is the process to determine the occurrence of 

text in a given document images. Text Localization: It is the 

process of identifying the location of text in the document 

image by creating or drawing bounding boxes around the 

detected text. Text Extraction: It extracts the text from 

Candidate text region. Text Enhancement: The text region 

usually has low-resolution and is prone to noise, hence it has 

to be enhanced. Text Recognition (OCR): The extracted text 

can be transformed into plain text using OCR. 

 Yokobayashi and Wakahara [1] presents two key ideas for 

binarization & recognition of characters in color space, the 

first key idea is to binarize characters from background of 

document by estimating threshold value by selecting one 

band from RGB color space that gives maximum difference 

thresholding values between the RGB class or axis. Second 

key idea for distortion- tolerant character recognition. the 

maximum correlation value between trained and testing 

images will recognise characters using the global affine 

transformation correlation. 

 Westphal et. al., [2] propose a recurrent neural network 

based algorithm using Grid Long Short-Term Memory cells 

for image binarization, as well as a pseudo F-Measure based 

weighted loss function. Vats et. al., [3] presents an automatic 

document image binarization technique to detect the text 

from degraded document images. They have removed 

background noise by using 2-band-pass filtering technique, 

and obtain the optimal result by automatic hyper parameter 

selection using Bayesian optimization approach. 

 Mudhsh et. al., [4] introduces a new hybrid meta-heuristic 

algorithm to determine the best threshold value for image 

documents binarization. This hybrid based on the Artificial 

Bee Colony (ABC) and the Firefly Algorithm (FA), and it is 

called ABCFA. It is making the two algorithms searching 

about the best threshold, which maximizes the Otsu function 

in simultaneous with half of the population for each 

algorithm. Therefore, this type of hybridization avoids the 

drawbacks of other hybrid 

methods. 
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[5] presented an optimal binarization method that efficiently 

utilized for different types of scanned documents. Initially, 

described the study of 13 different binarization techniques 

used for grey-level degraded historical document images, 

printed documents and handwritten documents. Finally, the 

3-new parameters are presented to evaluate the performance 

and quality of binarized images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: The proposed System Architecture. 

Lin et. al., [6] proposed a hybrid technique to segment & 

classify the contents like graphics, text & space in document 

images. In proposed system initially divide the document into 

sub-images called blocks, later, extract the Grey Level 

Co-occurrence Matrix (GLCM) features for each blocks. By 

using these features, group the blocks into 3-clusters by 

applying K-Means clustering algorithm. These groups are 

classified to graphics, text & space by using heuristic rule 

classifier. Wick and Puppe [7] presented a high-performance 

fully convolutional neural network (FCN) for historical 

handwritten document segmentation for single page by 

processing in one step. 

Barna et.al., [8] presents a document image segmentation 

system for multiple languages, in this proposed system, 

segments the heterogeneous printed document contents into 

homogeneous contents like texts, graphics, tables and 

halftones in three steps, they are: extraction of tables, 

halftones image extraction and table extraction. These 

modules use morphological operators to extract contents, 

these extracted homogenous segmented contents are 

indicated with color bounding boxes.  

Zahour et.al., [9] described text line extraction method. 

Segmentation of printed document is done by typical 

horizontal projection profile technique and then regrouping 

using connected component analysis, these techniques are 

not best suited for handwritten unconstrained documents 

because of the base line skew, shift in base line, intensity of 

text and different inter line distance. 

In this paper we proposed a system that contains 

binarization & Segmentation. Initially we convert the RGB 

color space to CMY color space and binarize the document 

image by determining threshold automatically on averaged 

CMY grey image, and secondly uses the projection profile 

with document skew correction recursively to segment lines 

and connected component analysis to segment the characters. 

The overall proposed system architecture is showed in Figure 

1. The proposed system is divided into two sections as i.e., 

Document Binarization and Segmentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Proposed Binarization Technique. 

II. PROPOSED SYSTEM 

The proposed system is divided into two sections as i.e., 

Document Binarization and Segmentation. The input 

document image will be pre-processed by dividing input 

image into R, G & B bands. After pre-processing we convert 

the image to binary format by applying few more techniques 

that highlights the character present in the pre-processed 

image. This binary image will be feed to segmentation, in 

segmentation first segment the document image into lines 

and then connected component analysis has been applied to 

segment words. The overall architecture of proposed system 

is showed in Figure 1. 

A. Document Binarization 

The proposed binarization flow is shown in Figure 2. 

Initially the input document image is divided into R-band, 

G-band and G-band, these bands are shown in Figure 3(b-d) 

for input document showed in Figure 3(a). Further convert 

RGB color space image to cyan, magenta and yellow (CMY) 

color space image, they are computed as C = 1-R, f or M = 

1-G and Y = 1-B, CMY results are showed in Figure 3(e-g). 

The average of C, M & Y images has been computed as 

below: 

𝐴𝑉𝐺𝐶𝑀𝑌 = (𝐶 + 𝑀 + 𝑌)/3 

The AVGCMY is a grey scale image as showed in Figure 

3(h), this grey scale image 

further converted to binary 

format [bin(i,j)] by using 

Input Document Image 

Connected Component analysis 

(Word/Character Segmentation) 

Line Segmentation 

Binary Image using Threshold T 

Convert RGB to CMY Color Space 

Input Document Image 

R-Band G-Band B-Band 

C=1-R M=1-G Y=1-B 

Average of C, M & Y 

Calculate Threshold (T) 

automatically 

Convert to Binary 

Binary Image 
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automatic calculated Threshold (T) showed in Figure 3(i). 

The Threshold (T) has been determined as follows. 

𝑇 =
𝑆𝐶

 𝑚 ∗ 𝑛 + 𝑁𝐻𝐹
 

Where, m & n is the number of rows and columns 

respectively, SC is the sum of co-efficient value in grey 

image and computed as below: 

𝑆𝐶 =   𝐴𝑉𝐺𝐶𝑀𝑌( 𝑖 , 𝑗 )
𝑛

𝑗=1

𝑚

𝑖=1
 

NHF is the number of high frequency coefficients that 

satisfy AVGCMY(i, j)>MC. Where MC is the mean of 

co-efficient values and its computed as follows: 

 

𝑀𝐶 =
1

𝑚 ∗ 𝑛
  𝐴𝑉𝐺𝐶𝑀𝑌( 𝑖 , 𝑗 )

𝑛

𝑗=1

𝑚

𝑖=1
 

 

B. Segmentation 

Binary image contains the multiple lines of text, further to 

segment the lines in document. For segmentation we apply 

horizontal projection profile technique, horizontal projection 

gives the line by line segmented images. For all these images 

we will check the height of the image, if height of the 

segmented image is greater than 7% of input document image, 

it indicates that segmented image contains two or more lines 

in segmented image. This occurs due to the skew in 

handwritten document, i.e., paragraph skew in document. If 

the value is greater, then apply skew correction and apply 

horizontal projection profile to segment further. If the height 

is less than 7% then continue to next step. Finally apply 

connected component analysis to segment words. This 

segmented words or characters are feed to OCR for 

recognition purpose. The step by step procedure for the 

segmentation is showed in Algorithm-1. 

 

Algorithm 1: Segmentation 

//Input: Binary Document Image that contains ‘n’ lines of 

text. 

//Output: n-segmented line images and segmented word 

images.  

Step-1:Read Binary document image. 

Step-2: Segment the document into multiple lines by 

computing horizontal projection profile. 

Step-3: if (HSL>7% of HID) then 

       goto Step-4 

     else 

       goto Step-5 

  Where HSL-> Height of the Segmented Line Image.  

  HID-> Height of the Input Document Image. 

Step-4:Apply Skew correction, rotate segmented line by 

desired angle, segment line by applying horizontal 

projection, goto step 3. 

Step-5:Apply connected component analysis to segment 

words & draw bounding box for segmented words. 

Step-6:Stop. 

III. EXPERIMENTAL RESULTS 

The proposed system has been implemented in MATLAB 

R2017a. We have collected our own dataset; our own dataset 

consists of 110-handwritten Kannada document images. 

These documents are collect by various people with different 

age group, written in single column, 10-20 lines and it 

contains only text objects. We have created document images 

by capturing handwritten document using camera phones, 

while capturing it created different noises, shadow, without 

shadow, indoor, outdoor. For this proposed system we have 

considered skew corrected document images. While 

capturing documents camera skew will be created, this 

created skew has been removed with multi-level 

Run-Length-Smoothed Image (RLSA) skew detection and 

correction technique [10]. The skew corrected document 

images are considered for the proposed system experiments. 

Figure 6 shows the Binary images of our proposed system, 

the Feng thresholding method [12], the Sauvola method [13] 

and binarization using Haar wavelet decomposition method 

[11]. The experimental result of proposed binarization 

technique is encouraging. In Figure 6 we can notice that, the 

proposed system works better even the document contains 

shadow in the image when compared to Feng, Sauvola and 

our previous proposed Haar wavelet decomposition methods.  

The proposed system best suited in camera captured 

document images with different color foreground and 

background as shown in Figure 6(e) & Figure 7(c). Figure 4 

& 5 shows the line segmentation and word or character 

segmentation using connected component analysis. If we 

observe the result of proposed system & Haar wavelet 

decomposition technique [11], in case of Haar wavelet 

decomposition technique the edge thickness of each character 

is thicker due to the thickness, characters in word are 

connected. The edge thickness of characters in proposed 

system are thinner, due to this each characters in a word is 

separated and its easy to segment characters using connected 

component analysis as shown Figure 4 & 5. The proposed 

system is not suited if the document contains shadows as 

shown in Figure 7(f). 

IV. CONCLUSION 

Binarization of document images is a major phase in the 

handwritten text recognition process. Text recognition 

process gives best result and easy to archive recognition for 

printed documents, but more accurate and fast Binarization & 

segmentation methods are required to achieve high accuracy 

in handwritten character recognition. In this paper we 

presenting two modules, they are Document Binarization & 

Segmentation. In Document Binarization carried out by 

converting RGB color space image to CMY color space 

further calculate the average of C, M & Y. Finally convert the 

grey scale image to binary by determining threshold value 

automatically. Segmentation is done by the projection profile 

method and paragraph skew correction recursively until 

height of the segmented line image is less than 7% of the 

input image, Connected Component Analysis is used to 

segment words/Characters. These segmented words can be 

feed to OCR for recognition. We have shown the 

comparisons between the proposed system with Feng 

thresholding method [12], the Sauvola method [13] and Haar 

Wavelet Decomposition 

Techniques [11] in 

experimental result section 

by showing the resulted 
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images; the proposed system results are encouraging for 

document images with different color foreground text, but 

poor if document image contains shadow.

 

 

 

 
Figure 3: (a) Input Kannada document. (b) R-Band. (c) G-Band. (d) B-Band. (e) C-Color Space. (f) M-Color Space. (g) Y-Color Space. (h) Average of C, M & 

Y (AVGCMY). (i) Binary Image. 
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(b) 

(c) 

(d) 
Figure 4: (a) 1st segmented line using proposed binarization and segmentation technique. (b) Connected component technique on proposed system. (c) 1st 
segmented line using Haar Wavelet Decomposition technique binarization and segmentation (Previous proposed technique). (d) Connected component 

technique on previous binarization technique. 

(a) 

(b) 

(c) 

(d) 
Figure 5: (a) 8th segmented line using proposed binarization and segmentation technique. (b) Connected component technique on proposed system. (c) 8th 

segmented line using Haar Wavelet Decomposition technique binarization and segmentation (Previous proposed technique). (d) Connected component 

technique on previous binarization technique. 

 

Figure 6: Binarization results: (a) Input Image. (b) Feng thresholding method. (c) Sauvola method. (d) Haar wavelet decomposition method. (e) Proposed 
System. 

(a) (b) (c) 

(d) (e) 
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hor-1 

Photo 

 
 

 

 

Figure 7: Comparing Proposed System with Haar Wavelet Decomposition [11]: (a) & (d) Input document image. (b)&(e) Haar wavelet decomposition 

technique [11]. (c)& (f) Proposed System.
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