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Abstract –  

Document Image Segmentation (DIS) is the process of extraction and recognition of information from 

document images. It is the process of partitioning a document image  into multiple segments like set of pixels. DIS is 

an important aspect of many document images and computer vision applications.  Over last few decades, many 

segmentation techniques have  been proposed. This paper deals with the  performance of various segmentation 

techniques such as Edge detection, Region based, K-means clustering, Texture based and Gabor filte r technique. In 

this paper we have  implemented the existing document image  segmentation techniques and a de tailed comparative 

analysis is carried out with reference to the performance of the segmentation techniques.    

Keyword- Document Image Analysis (DIA), Document Image Segmentation (DIS), Edge Detection, Region Growing, 

Clustering, Otsu, Boundary Detection.    

 

I. INTRODUCTION 

Segmentation subdivides a document image into 

its constituent regions or objects. The  level to 

which the subdivision is carried out depends on 

the problem being solved. Segmentation should 

stop when an object of interest in an application 

have been isolated. DIS simplifies and changes 

the representation of a document image. i.e ., the 

document image  is transferred into something 

that is more meaningful and easier to analyze. It 

is typically used to locate  objects of interest and 

boundaries such as lines, curves in a document 

image  [1].      

DIS algorithms generally are based on one  of two 

basic properties of intensity values such as 

discontinuity and similarity. In the  first category, 

the approach is to partition a document image 

based on abrupt changes in intensity, such as 

edges in a document images. The  principal 

approaches in the second category are based on 

partitioning a document image  into regions that 

are similar according to a se t of predefine criteria.   

We discuss a number of approaches in the  first 

category mentioned. We begin the development 

with methods suitable for detecting gray level 

discontinuities such as points, lines and edges. 

Particularly Edge detection has been a staple  for 

many years. In addition to edge detection, we also 

discuss methods for connecting edge  segments 

and for ‘assembling’ edges into region boundaries 

[2].  

 Edge detection techniques are generally used for 

finding discontinuities in gray level images. Edge 

detection is the  most common approach for 

detecting meaningful discontinuities in the  gray 

level. Document Image  segmentation methods for 

detecting discontinuities are boundary based 

methods. Edges are local changes in the 

document image intensity. Edges typically occur 

on the boundary between two regions. Important 

features can be  extracted from the edges of a 

document image (e.g., corners, lines, curves). 

Edge detection is an important feature  for DIA. 

These features are  used by higher-level computer 

vision algorithms (e .g., recognition). Edge 

detection is used for object detection which serves 

various applications like document image 

processing, biometrics etc. Edge detection is an 

active area of research as it facilitates higher level 

document image  analysis. There are  three 

different types of discontinuities in the grey level 

like  point, line  and edges. Spatial masks can be 

used to detect all the  three types of 

discontinuities in a document images. And also 

we discuss various operators uses the first and 

second order derivatives of edge  detection 

techniques. [3] 

The  objective of segmentation is to partition a 

document image  into regions. We approached the 

problem by finding boundaries between region 

based on discontinuities in gray levels, whereas 

segmentation was accomplished via thresholds 

based on the  distribution of pixel properties, such 

as gray-level values or color. Document Image 

segmentation is useful in many applications. It 

can identify the regions of interest in a scene or 

annotate  the data. We categorize the  existing 

segmentation method into region-based 

segmentation [4]. 

The  goal of clustering is to partition a data set into 

several disjoint subsets in a manner that 

elements in a subset are more similar to each 
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other than to elements in other subsets.  

Clustering refers to the  process of grouping 

samples so that the  samples are similar within 

each group these  groups are called clusters. 

Clustering is DIA; clustering approaches were one 

of the first techniques used for the  segmentation 

of document images [5]. In partitioned clustering, 

the aim is  to create one set of clusters that 

partitions the data in to similar groups. In our 

work we have used K-means clustering approach 

for performing document image segmentation 

using matlab.  

Texture  segmentation has been an important task 

in image  processing. Basically the goal at 

segmenting a textured document image into 

several regions having the similar patterns. An 

effective  and efficient texture  segmentation 

technique  will be very useful in applications like 

the analysis of document images. Other 

segmentation problems, the segmentation of 

textures required the  choice of proper texture 

specific features with good discriminative  power 

[6]. 

In image processing a gabor filter is a linear filter 

used for edge detection. Frequency and 

orientation representations of gabor filters are 

similar to those of the  human visual system and 

they have been found to be  particularly 

appropriate  for texture  representation and 

discrimination. The document image  analysis by 

the gabor functions is similar to perception in the 

human visual system [7]. 

II. DOCUMENT IMAGE ANALYSIS 

Document image  analysis can be important when 

the original document is produced by computer. 

Document image  analysis refers to algorithm and 

techniques that are  applied to images of 

documents to obtain a computer readable 

description from pixel data. A well known 

document image  analysis product is the Optical 

Character Recognition (OCR) software that 

recognizes character in a scanned document. The 

objective of document image analysis is to 

recognize the  text and graphics components in 

images of documents and to extract the re lated 

information [8]. 

III. DOCUMENT IMAGE 

SEGMENTATION 

All image processing operations generally aim at 

a better recognition of objects of interest, i.e., at 

finding suitable  local features that can be 

distinguished from other objects and from the 

background. The next step is to check each 

individual pixe l to see whether it belongs to an 

object of interest or not, this operation is called 

segmentation and produces a binary document 

image . A pixel has the value one if it belongs to 

the object; otherwise it is zero. Segmentation is 

the operation at the threshold between low-level 

image processing and document image analysis. 

After segmentation, it is known that which pixel 

belongs to which object. The  document image is 

partitioned into regions and we get the 

discontinuities as the boundaries between the 

regions [9]. 

IV. DOCUMENT IMAGE 

SEGMENTATION TECHNIQUES 

The document image segmentation techniques 

can be discussed are as follows: 

A. Edge detection technique 

The edge representation of a document image 

significantly reduces the  quantity of data to be 

processed; it re tains necessary information 

regarding the shape of character in document 

image. There  are  many edge detection methods in 

the lite rature for document image  segmentation. 

Most of the used discontinuity based edge 

detection methods are  reviewed in this paper. 

Those detectors are Prewitt, Sobel, Canny, 

Roberts, Zerocross, Laplacian of Gaussian and 

Marr- Hildreth [10]. 

a. Prewitt: The prewitt edge  detector is an 

appropriate way to estimate the magnitude and 

orientation of an edge .  

b. Roberts: The Robert cross algorithm the 

horizontal and vertical edges bring out 

individually and then they put together for the 

resulting edge  detection. 

c. Sobel: The  sobel edge detection technique is 

similar to that of the Robert cross algorithm. 

The design of Sobel and Robert are common, 

the  basic difference is the kerne ls that each 

uses to obtain the  document image is different.  

d. Canny: The famous edge detection algorithm 

canny first presented in 1986. The canny edge 

detector is  regarded as one  of the  best edge 

detector recently used. Canny edge  detector 

ensures good noise immunity and at the same 

time detects true  edge  points with minimum 

error.       

e. Zerocross: It uses second derivative and it 

includes Laplacian operator. It is having fixed 

characteristics in all directions and sensitive to 

noise . 

f. Laplacian of Gaussian: It was invented by Marr 

and Hildreth. (1980) the gausian filtering is 

combined with Laplacian to break down the 

document image where the intensity varies to 

detect the edges e ffectively [11-12].     

B. Region based technique 

The objective of segmentation is to partition a 

document image  into regions. Detection of 

discontinuities and boundary detection 

approached this problem by finding boundaries 
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between regions based on discontinuities in gray 

levels, whereas in thresholding segmentation was 

accomplished via thresholds based on the 

distribution of pixe l properties, such as gray level 

value or color. We discuss segmentation 

techniques that are based on finding the regions 

directly.   

a. Region Growing: region growing is a 

procedure that groups pixels or sub regions into 

larger regions based on predefined criteria. The 

basic approach is to start with a  set of “seed” 

points and from these grow regions by appending 

to each seed those ne ighboring pixe ls that have 

properties similar to the  seed.   

b. Region splitting and merging: Split-and-

merge  segmentation is based on a quad tree 

partition of a document image . It is sometimes 

called quad tree segmentation. This method 

starts a t the root of the  tree that represents the 

whole  document image. If it is  found non-uniform 

(not homogeneous), then it is split into four son-

squares (the splitting process), and so on so forth. 

Conversely, if four son-squares are homogeneous, 

they can be merged as several connected 

components (the  merging process). The  node in 

the tree is a segmented node . This process 

continues recursively until no further splits or 

merges are possible [13-14]. When a special data 

structure is involved in the implementation of the 

algorithm of the method, its time complexity can 

reach , an optimal algorithm of the 

method[15-16]. 

C. K-mean clustering technique 

K mean is one of the  simplest unsupervised 

learning algorithms that solve  the well known 

clustering problem. The  procedure follows a 

simple and easy way to classify a given data set 

through a certain number of clusters (assume K 

cluster) fixed apriori. The main idea is to define k 

centers one for each clusters. These  centers 

should be placed in a cunning way because of 

diffe rent location causes different result. So the 

better choice is to place them as much as possible 

far away from each other. The  next step is to take 

each point belonging to a given data set and 

associate it to the nearest center. When no point 

is pending, the first step is comple ted and an early 

group age is done . At this point we  need to re-

calculate k new centroids as barycenter of the 

clusters resulting from the  previous step. After we 

have these k new centroids, a new binding has to 

be  done  between the same data set points and the 

nearest new center. A loop has been generated. As 

a result of this loop, we may notice that the k 

centers change  the ir location step by step until no 

more changes are done or in other words centers 

do not move any more [17].    

D. Texture based technique 

Texture segmentation is the process of 

partitioning a document image into regions with 

different textures containing similar group of 

pixels. Texture has long been an active area of 

research in the  Image  processing community. 

Document image texture  analysis methods use 

different descriptors of texture. The descriptors 

used capture a diffe rent part of the intuitive 

understanding of texture.  

Texture segmentation is simply document image 

segmentation where  the  labeling of pixels is based 

on some measure of texture. Texture 

segmentation algorithm, then, diffe r on the actual 

form of texture  used in the measurement [18-20].      

E. Gabor filter technique 

Gabor filters applied to extract features aligned at 

particular orientations or angles. It posses 

optimal localization properties in both spatial and 

frequency domains and they have  been 

successfully used in many pattern recognition 

applications [21]. Gabor filters are  not optimal 

when objective is to achieve broad spectral 

information with maximum spatial localization.  

The  document image  features are extracted by 

filte ring the given document image using a filter 

bank consisting of a number of gabor filters with 

various frequencies, resolutions and orientations. 

The  gabor filter is based on a multi-channel 

filte ring theory for processing visual information 

in the early stages of the human visual systems. 

In image processing a gabor filter is a linear filter 

used for edge detection. Frequency and 

orientation representations of gabor filters are 

similar to those of the human visual system and 

they have been found to be particularly 

appropriate for texture representation and 

discrimination. The document image analysis by 

the gabor functions is similar to perception in the 

human visual system [22]. 

V. COMPARISON OF DOCUMENT 

IMAGE SEGMENTATION 

TECHNIQUES 

Document image segmentation is one of the  most 

challenging problems in documentation area and 

has been studied extensively in the last few 

decades. One of the  common behaviors of 

document images is that they are  inherently fuzzy 

in most of the  cases and do not exhibit discre te 

boundaries posing major challenge  for clear 

segmentation of desired structure  within the 

document image . 

The  first technique is edge  detection; Edge 

detection is a challenging problem. The Prewitt 

and Sobe l edge detector is a simple  and 



IJRBAT, Special Issue (2), Vol-V,  July  2017                                                   ISSN No. 2347-517X (Online) 

 

SHRI SHIVAJI SCIENCE COLLEGE, NAGPUR 1230 ICRTS-2017 

 

appropriate  way to estimate the magnitude and 

orientation of an edge and it is we ll known edge 

detectors.  Canny edge  detector is  one of the best, 

standard and powerful edge  detectors; its results 

are best as compared to other edge detectors or 

the methods [23]. 

The Second technique is Region based; Document 

image  segmentation can never be  perfect there is 

an extra and missing region. Corrected the result 

of segmentation by removing the  extra region or 

merge  region with others or splitting regions into 

more regions. We have implemented the binary 

image  by thresholding; correct thresholding leads 

to the  better [24-25]. 

The Third technique is K-mean clustering; K-

mean is one of the simplest unsupervised 

learning algorithms that solve  the well known 

clustering problems. K-mean is a simple and easy 

way to classify a given data set through a certain 

number of clusters a fixed apriori. K-mean is a 

simple algorithm that has been adapted to many 

problem domains [26]. 

The fourth technique is Texture  based; Texture 

classification algorithm can be evaluated and 

compared quantitative ly. Using the computed 

textures over a number of textured document 

images a model of the input classes formed. The 

texture  representation or a texture classification 

method, the percentage of pixels that are  correctly 

classified may be  compared with other known 

techniques [27-28]. 

The  fifth technique  is Gabor filte r, Gabor filter 

enables to capture the local as well as global 

information in a texture. The properties of gabor 

filte rs are exploited for unsupervised texture 

segmentation. However the  use of document 

image specific knowledge together with gabor 

features should produce  significantly better 

results for texture  classification [29]. 

VI. EXPERIMENTAL RESULTS 

The Segmentation techniques was implemented 

by using (MATLAB 2011b) and the performance of 

the segmentation techniques  was tested with a 

number of various document images from ICDAR-

UK , NIST and other Databases as follows using 

edge, region based, k-mean clustering, texture 

and gabor filter segmentation techniques, and 

they are compared with each other. 

 

    
Fig. a) Original document image    b) Grayscale Image 

    
             c) Prewitt                                        d) Sobel 

    
e) Canny                                          f) Roberts 

    
g) Zerocross                             h) Laplacian of Gaussian 

Fig.1 Edge Detection Technique 

 

 
(a)                                                         (b) 

            
(c)                                                         (d) 

a) Original grayscale image b) & c) Segmented Region 

based document image , d) Scatterplot of the segmented 

pixels in ‘a*b*’ space  , xlabel ‘a* values’ and ylabel ‘b*’ 

values. 
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(e)                                                       (f) 

     
(g)                                                           (h) 

 

e) Original grayscale image , f) Binary Image within a/-10 

Gray levels of 241, g) Magic wand reconstructed binary 

image h) Magic wand grayscale image .    

     
(i)                                                     (j) 

     
(k)                                                          (l) 

By using Otsu method i) Original grayscale image , j) The 

Background Approximation as a Surface, k) Subtract the 

Background Image  from the Original Image, l) Binary 

image by thresholding. 

 

     
(m)                                               (n) 

 

    
                    (o)                                                    (p) 

m) Original document image, n) sample region, o) & p) 

Segmented image.    

 

     
(q)                                                   (r) 

     
(s)                                                          (t) 

     
(u)                                                          (v) 

Problem in seeded region growing algorithm q) Original 

document image , r) Initial seed image, s) Thresholding the 

absolute difference between original image & seed value, 

t) final result, u) Result of region growing process & v) 

Final result superimposed on original image. 

Fig. 2. Region based Technique 
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(a)                                           (b) 

   (a) Original Grayscale image, (b) Otsu Method  

 

 
(c) 

      
(d)                                                  (e) 

      
(f)                                                   (g) 

 (c) Labe l every pixel in the  document image using the 

result from K-means clustering (d) Objects in cluster-I (e) 

Objects in cluster-II (f) Objects in cluster-III (g) 

Segmenting the nucle i into a separate  document image. 

Fig. 3. K-means clustering 

      
a) Original Image                        b) Texture Image 

    
c) & d) Rough mask for bottom texture 

     
e) & f) Rough mask of top texture 

     
g) Threshold using graythresh     h) Outline the 

boundary between the two texture  

     
i) &  j) Texture filter 

Fig. 4. Texture based technique 

 

     
       a) Original image                           b) Theta = 0    

     
            c)Theta = 0                                d ) Theta = 0 
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           e)Theta = pi/4                           f) Theta = pi/4 

 
                                    g)Theta = pi/4 

     
            h)Theta = pi/2                          i)Theta = pi/2 

 
                                      j) Theta = pi/2 

Fig. 5. Gabor filter technique 

In the above implemented results by using 

MATLAB (2008a), figure 1. Shows, we considered 

a grayscale or a binary document image as input, 

and re turns a binary document image of the same 

size, with 1’s where  the function finds edges in 

image  and 0’s elsewhere . Figure  shows (a) 

Original document image (b) Grayscale or a 

binary document image  (c) The Prewitt method 

finds edges using the  prewitt approximation to 

the derivative. It returns edges at those points 

where  the  gradient of document image is 

maximum. (d) The Sobe l method finds edges 

using the sobel approximation to the derivative. It 

returns edges at those  points where the gradient 

of document image is maximum. (e) the most 

powerful edge  detection method that edge 

provides is the canny method. The Canny method 

finds edges by looking for local maxima of the 

gradient of a  document image . The  gradient is 

calculated using the derivative of a Gaussian 

filter. The  method uses two thresholds, to detect 

strong and weak edges, and includes the weak 

edges in the  output if they are connected to strong 

edges. This method is therefore less likely than 

the others to be  fooled by noise, and to detect true 

weak edges. This method’s result is better than all 

other methods of edge detection technique. (f) The 

Roberts method finds edges using the  Roberts 

approximation to the derivative . It returns edges 

at those points where  the gradient of document 

image  is maximum. (g) The  Zerocross method 

finds edges by looking for zero crossing after 

filtering document image with a filte r specify. (h) 

The Laplacian of Gaussian method finds edges by 

looking for zero crossing after filtering document 

image  with a Laplacian of Gaussian filter.  

The existing region based segmentation method is 

applied for the document images, figure 2 shows 

a) Original Document Image b) & c) implemented 

the segmented region based document image and 

also getting the  experimental result in the form of 

d) scatterplot diagram of segmented pixels in 

‘a*b*’ space values for document image . We can 

see how well the nearest ne ighbor classification 

separated the  different pixe l populations by 

plotting the 'a*' and 'b*' values of pixels that were 

classified into separate pixels. For display 

purposes, labe l each point with its pixel label. 

In e ) original grayscale document image  f) Binary 

Document Image within a/-10 Gray leve ls of 241, 

g) Magic wand reconstructed binary document 

image h) Magic wand grayscale document image 

in this way we  have  getting the  different outputs. 

By using Otsu method i) Original grayscale image 

and implemented in j) Using  Morphological 

Opening to Estimate the Background, The 

Background Approximation as a Surface, k) 

Subtract the Background Image from the Original 

Image, l) Binary image by thresholding, removing 

the background noise , in this way we have  getting 

the required output. 

In m) o riginal document image n) From original 

document image  display the sample region and o) 

& p) display the  segmented region from original 

document image. In this figure shows the better 

result of segmented region in region based 

segmentation techniques. Problem in seed region 

growing algorithm such as q) Original document 

image r) the initial seed region document image 

and s) thresholding the  absolute diffe rence 

between original document image t), u) and v) 

seed value  Displaying the better result of region 

growing process and final result superimposed on 

original document image. 

Figure 3 shows a) the original grayscale document 

image and in b) result shows the  segmenting 

image by using Otsu method applying on the 

document image , ge tting the different clustering. 

In c) For every object in original input document 

image, k-means returns an index corresponding 

to a cluster. The cluster center result from k-

means used, Label every pixel in the  document 
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image  with its cluster index. By using pixel label 

can separate  object in original document image 

by which shows result in d), e) & f). g) 

Programmatically determine the index of the 

cluster containing the  objects because k-means 

will not re turn the same cluster index value every 

time. Using the cluster center value which 

contains the mean a* & b* value for each cluster 

and segmenting the nucle i into a separate 

document image. 

Figure 4 shows, Texture segmentation is the 

identification of regions based on the ir texture. 

The goal is to segment two kinds of fabric in a 

document image using texture filters.  a) Original 

document image , Threshold the rescaled 

document image to segment the textures. A 

threshold value of 0.8 is selected because  it is 

roughly the intensity value of pixe ls along the 

boundary between the textures. b) Texture Image, 

c) & d) Rough mask for bottom texture , Compare 

the binary document image rough Mask to the 

original document image. Notice the mask for the 

bottom texture  is not perfect because  the mask 

does not extend to the bottom of the document 

image . However, we can use rough Mask to 

segment the top texture .  e) & f) Rough mask for 

top texture , g) Threshold using graythresh h) 

Outline the  boundary between the two texture, i) 

& j) texture  filter. 

Figure 5, in Gabor filte r technique shows a) 

Original document image b), c) & d) Theta = 0, e ), 

f) & g) Theta = pi/4, h), i) & j) Theta = pi/2.   

VII. CONCLUSION 

In this paper a comparison of document image 

segmentation techniques has been performed on 

the existing methods.  

The firs t technique is Edge detection; it provides 

more information about the document image 

be ing detected. The Sobel edge detector or 

operator has been good edge detector as shown in 

result. The canny edge detector is one of the  best 

edge detection methods for the  better 

performance, standard and more powerful as 

compare to other edge  detection methods.  

The second technique  is region based document 

image  segmentation; Region-Based Segmentation 

Methods are an important means of document 

image  segmentation. Otsu method is more proper 

for document images where objects are 

distinguished from their background. Document 

image  segmentation can never be  perfect there is 

an extra and missing region.  

The Third technique is K-mean clustering, the 

benefit of K-means clustering that its simplicity, 

speed and efficient which allows us to run on 

large amount of datasets. Otsu method is more 

proper for document images that their objects are 

distinguished from their background and for 

document images. 

The  fourth technique  is texture  based, an 

objective way to measure  the  accuracy of texture 

segmentation algorithms independent of texture 

classification was developed and used to compare 

different texture  segmentation algorithm. 

The  fifth technique  is Gabor filter, the use of 

document image  specific knowledge together with 

gabor features should produce significantly better 

results for texture  classification and be ing a 

multiresolution approach takes care  difference in 

size  and distribution of texture  e lements. 
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