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Abstract  

Document Image Segmentation subdivides a document image into its constituent regions or objects. The level to 

which the subdivision is carried depends on the problem being solved. The region based segmentation is partitioning 

of a document image into homogenous areas of connected pixels through the application of homogeneity criteria 

among candidate sets of pixels.  This paper discusses few segmentation techniques that are based on finding the 

regions. Region based Segmentation techniques can be divided in two categories, which include the Region 

transformation based such as region growing, region splitting and merging, watershed region and Threshold based 

such as Global, Local and Dynamic Thresholding. The performance of the region based segmentation is tested with 

a number of various document images using region based methods, threshold and Otsu method. The performance of 

experimental results is also discussed in the paper. 

Keywords: Image Segmentation, Document Image Segmentation, Region Growing, Region Splitting, Region 

Merging, Thresholding. 

1. Introduction 
 
The objective of segmentation is to partition a 
document image into regions. We approached this 
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. [1] 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. [2]    

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 discrete boundaries posing major 
challenge for clear segmentation of desired structure 
within the document image. [3] Region based 
segmentation methods are categorized into two 
categories such as Region Transformation based such 
as region growing, region splitting and merging and 
Threshold based such as global, local and dynamic 
thresholding are discussed. 

Region growing is a simple region-based 
document image segmentation method. It is classified 
as a pixel-based document image segmentation method 
since it includes the selection of initial seed points. The 
first method was the seeded region growing method. 
This method takes a set of seeds as input along with the 
document image. The seeds mark each of the objects to 
be segmented. The regions are iteratively grown by 
comparing all unallocated neighboring pixels to the 
regions. The difference between a pixel's intensity 
value and the region's mean, , is used as a measure of 
similarity. The pixel with the smallest difference 
measured this way is allocated to the respective region. 
This process continues until all pixels are allocated to a 
region. 

The segmentation of regions is an important 
first step for a variety of document image analysis and 
visualization tasks. There is a wide range of document 
image segmentation techniques in the literature; some 
considered general purpose and some designed for a 
specific class of document images. Conventional 
segmentation techniques for monochromatic document 
images can be categorized into two distinct approaches 
[4, 5]. One is region based, which relies on the 
homogeneity of spatially localized features, whereas 
the other is based on boundary finding, using 
discontinuity measures. The two methods exploit two 
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different definitions of a region which should ideally 
yield identical results. Homogeneity is the 
characteristic of a region and no homogeneity or 
discontinuity is the characteristic of the boundary of a 
region. Based on one or both of these properties, 
diverse approaches to image segmentation exhibiting 
different characteristics have been suggested. [6, 7, 8] 

The complement of the boundary –based 
approach is to work with the region. Region based 
method is rely on the postulate that neighboring pixels 
within the one region have similar value. This leads to 
the class of algorithm called as region growing of 
which the “split and merge” technique is probably the 
known. The regions growing approaches is the 
opposite of split and merge approach.    [9, 10]  

Thresholding is the simplest way to perform 
segmentation, and it is used in extensively in many 
document image processing applications. Thresholding 
is based on the notion that regions corresponds to the 
different regions can be classified by using range 
function applied to the intensity values of document 
image pixels.    
 In [27], Asma Ouji et al. have presented an 
efficient color segmentation system for noisy document 
images. The proposed system is generic, since it is 
applicable on any document structure. All the 
parameters are automatically computed using novel 
stroke thickness estimation. The authors have 
introduced a new measure of pseudo-saturation to 
detect chromatic pixels and got rid of the saturation 
noise. Within the chromatic layer, the segmentation is 
achieved using a double classification using local and 
global Hue histograms. Similarly, luminance 
histograms are used to separate the black & white and 
the gray layers. Such a decomposition allows high 
quality and local (targeted) binarization avoiding any 
penalizing loss of information. The resulting layers 
made the text detection easy and efficient. The 
acquired color and text information is used to detect 
ads in press images. Such an issue is innovative as it is 
the first one to handle ads in complex document 
images. 

In [28], Lacerda et al. have presented an 
algorithm for segmentation of connected handwritten 
digits based on the selection of feature points, through 
a skeletonization process, and the clustering of the 
touching region via Self-Organizing Maps. The 
segmentation points are then found, leading to the final 
segmentation. The method can deal with several types 
of connection between the digits, having also the 
ability to map multiple touching.  

In [29], the author has proposed new approach 
to the waterflow algorithm for text line segmentation. 
the algorithm is applied to documents from left to right 

and vice versa. The wetted and unwetted areas are 
established. These areas separate the text and nontext 
areas from the text lines which represent important 
control areas for segmentation.  
 In [30], the authors presented a methodology 
for detecting and extracting the text lines of images 
from complex handwritten historical documents. The 
proposed line segmentation algorithm is based on 
computing a binary transition map of the document and 
then extracting and refining the corresponding line 
regions through skeletonization. To improve the 
accuracy of line segmentation, a new graph-based 
splitting method to separate the touching lines is 
introduced. Once text lines have been segmented, 
algorithm based on mathematical morphology 
operators and position heuristics is used to extract the 
component words on each text line.  
 

2. Region Based Segmentation Method 
 
The objective of segmentation is to partition a 
document image into regions. Segmentations were 
accomplished via thresholds based on the distribution 
of pixel properties, such as gray-level values or color. 
Region based method are based on continuity. The 
region based segmentation is partitioning of a 
document image into homogenous areas of connected 
pixels through the application of homogeneity criteria 
among candidate sets of pixels. Each of the pixels in a 
region is similar with respect to some characteristics or 
computed property such as color, intensity or texture. 
Failure to adjust the homogeneity criteria accordingly 
will produce undesirable results. The following are 
some of them:  

i) The segmented region might be smaller 
or larger than the actual  

ii) Over or under-segmentation of the image 
(arising of pseudo objects or missing 
objects)  

iii) Fragmentation   
Region growing is a simple region-based 

document image segmentation method. It is classified 
as a pixel-based document image segmentation method 
since it includes the selection of initial seed points. 
This approach to segmentation examines neighboring 
pixels of initial “seed points” and determines whether 
the pixel neighbors should be added to the region. The 
process is iterated on, in the same sequence as general 
data clustering algorithms. Region-growing approaches 
exploit the important fact that pixels which are close 
together have similar gray values. [26] 
The Region based Segmentation methods are 
categorized into two categories such as Region 
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Transformation based and Threshold based is as 
follows. 
 

2.1. Region Transformation Based 
 
Segmentation consists on partitioning a document 
image into a set of connected regions. 
 

2.1.1. Region Growing Method  
The goal of region growing is to map the input 
document image data into sets of connected pixels, 
called regions, according to a prescribed criterion 
which generally examines the properties of local 
groups of pixels. The growing starts from a pixel in the 
approximate of the seed point initially selected by the 
user. The pixel can be chosen based on either its 
distance from the seed point or the statistical properties 
of the neighborhood. Then each of the 4 or 8 
neighbours of that pixel are visited to determine if they 
belong to the same region. This growing expands 
further by visiting the neighbours of each of these 4 or 
8 neighbor pixels. This recursive process continues 
until either some termination criterion is met or all 
pixels in the image are examined. The output is a set of 
connected pixels determined to be located within the 
region of interest. [11] 

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 
asset of “seed” points and from these grow regions by 
appending to each seed those neighboring pixels that 
have properties similar to the seed (such as specific 
ranges of gray level or color).  

Homogeneity of regions is used as the main 
segmentation criterion in region growing. The criteria 
for homogeneity: 
• gray level 
• color 
• texture 
• shape 
• model 

Seeded region growing requires seeds as 
additional input. The segmentation results are 
dependent on the choice of seeds. Noise in the image 
can cause the seeds to be poorly placed. Unseeded 
region growing is a modified algorithm that doesn't 
require explicit seeds. It starts off with a single region 

– the pixel chosen here does not significantly 
influence final segmentation. At each iteration it 
considers the neighboring pixels in the same way as 
seeded region growing. It differs from seeded region 
growing in that if the minimum  is less than a 
predefined threshold then it is added to the 
respective region . If not, then the pixel is 

considered significantly different from all current 
regions  and a new region  is created with 
this pixel. 

One variant of this technique, proposed by 
Haralick and Shapiro (1985), [12] is based on pixel 
intensities. The mean and scatter of the region and the 
intensity of the candidate pixel is used to compute a 
test statistic. If the test statistic is sufficiently small, the 
pixel is added to the region, and the region’s mean and 
scatter are recomputed. Otherwise, the pixel is rejected, 
and is used to form a new region. 

A special region-growing method is called -
connected segmentation. It is based on pixel intensities 
and neighborhood-linking paths. A degree of 
connectivity (connectedness) will be calculated based 
on a path that is formed by pixels. For a certain value 
of , two pixels are called -connected if there is a 
path linking those two pixels and the connectedness of 
this path is at least . -connectedness is an 
equivalence relation. [13] 

Popular fast color document image 
segmentation is SRM (Statistical Region Merging) 
with codes publicly available in Java, Matlab or Python 
[14]. 

The region growing techniques took on a 
variety of aspects the block diagram following the 
potential sequences of processes that can lead to 
segmentation using region growing.  

Region growing approach is the opposite of 
the split and merges approach: 
• An initial set of small areas is iteratively merged 
according to similarity constraints. 
• Start by choosing an arbitrary seed pixel and compare 
it with neighboring pixels. 
• Region is grown from the seed pixel by adding in 
neighboring pixels that are similar, increasing the size 
of the region. 
• When the growth of one region stops we simply 
choose another seed pixel which does not yet belong to 
any region and start again. 
• This whole process is continued until all pixels 
belong to some region. 
• A bottom up method. 

Region growing methods often give very well 
Segmentations that correspond well to the observed 
edges. 
 
 
 
 
2.1.2. Region Splitting 
The basic idea of region splitting is to break the 
document image into a set of disjoint regions, which 
are coherent within themselves: 
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• Initially take the document image as a whole to be the 
area of interest. 
• The area of interest and decide if all pixels contained 
in the region satisfy some similarity constraint. 
• If TRUE then the area of interest corresponds to an 
entire region in the document image. 
• If FALSE split the area of interest (usually into four 
equal subareas) and consider each of the sub-areas as 
the area of interest in turn. 
• This process continues until no further splitting 
occurs. In the worst case this happens when the areas 
are just one pixel in size. 

If only a splitting schedule is used then the 
final segmentation would probably contain many 
neighboring regions that have identical or similar 
properties. We need to merge these regions. 
 
2.1.3. Region Merging 
The region merging usually depends on the order in 
which regions are merged. The simplest methods begin 
merging by starting the segmentation using regions of 
2x2, 4x4 or 8x8 pixels. Region descriptions are then 
based on their statistical gray level properties. A region 
description is compared with the description of an 
adjacent region; if they match, they are merged into a 
larger region and a new region description is computed. 
Otherwise regions are marked as non-matching. 
Merging of adjacent regions continues between all 
neighbors, including newly formed ones. If a region 
cannot be merged with any of its neighbors, it is 
marked ‘final’ and the merging process stops when all 
document image regions are so marked. 

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 at 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.[15, 16] 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.[17]  
 
 
2.1.4. Watershed Region 
Watershed region is defined as the region over all 
point of flows ‘downhill’ to common point. In 
geography, a watershed is the ridge that divides areas 

drained by different river systems. A catchment basin 
is the geographical area draining into a river or 
reservoir. The watershed transform applies these 
ideas to gray scale image processing in a way that 
can be used to solve a variety of document image 
segmentation problems. [18]  

The watershed is applied of the document 
image gradient and the watershed lines separate 
homogeneous regions and giving the desired 
segmentation results. The gradient document image 
for the transform is often found using the 
morphological gradient. Over segmentation is 
significant problem for most watershed algorithm, 
which was addressed in various literatures.  [19, 20, 
21] Conventionally, watershed transform is mostly 
designed for the objective of document image 
segmentation.     
 
2.2. Threshold Based  
The threshold technique is simplest in segmenting 
method. Threshold techniques are document image 
segmentation techniques based on image-space region. 
[22, 23, 24]  It is the existing properties and simplicity 
of Implementation, image thresholding enjoys a central 
position in applications of image segmentation. We 
discuss the ways of choosing the threshold value 
automatically and consider a method for varying the 
threshold according to the properties of local image 
neighborhoods.  
 

2.2.1. Global Threshold 
In general of all thresholding techniques is to 

partition the image histogram by using a single global 
threshold T. Segmentation is accomplished by scanning 
the image pixel by pixel and labeling each pixel as 
object or background, depending on whether the gray 
level of that pixel is greater or less than the value of T. 
When T depends only on f(x, y) (i.e. only on gray level 
values) the threshold is called global threshold.   

For choosing a threshold automatically, 
Gonzalez and Woods describe some of the following 
procedures 

i) Select an initial estimate for T. 
ii) Segment the image using T. This will 

produce two 
        groups of pixels: G1, consisting of all pixels 
with intensity values > T, and G2, consisting of 
pixels  with values < T. 
iii) Compute the average intensity values µ1 

and µ2 for  the pixels in the regions G1 
and G2. 

iv) Compute a new threshold value  
 

T = ½ (µ1 + µ2) 
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v) Repeat steps 2 through 4 until the 
difference in T in successive iterations is 
smaller than a predefined parameter T0.  

 
2.2.2. Local Threshold 
Global thresholding method can fail, when the 
background illumination is uneven, as illustrated in 
figure. The improve thresholding result was computed 
by applying a morphological top-hat operator and then 
using graythresh on the result. If T depends on f(x, y) 
and p(x, y), the threshold is called local threshold.  

 
2.2.3. Dynamic Threshold 

If, in addition, T depends on the spatial 
coordinates x and y, the threshold is called dynamic or 
adoptive threshold. [25] 

 
3. Experimental Result  
The performance of the region based segmentation was 
tested with a number of various document images 
using region based methods, threshold and Otsu 
method, and they are compared with the various 
document images. 
 
 
 

 

                                      

     
                 
 

 

     

 

 

 

 

 

 

 

 

         
 

Fig.1.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. 
     
                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. a) Original grayscale image, b) Binary Image 

within a/-10 Gray levels of 241, c) Magic wand 

reconstructed binary image d) Magic wand grayscale 

image.    
 
     

                                    
 

     

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.3 By using Otsu method a) Original grayscale image, 

b) The Background Approximation as a Surface, c) 

Subtract the Background Image from the Original Image, 

d) Binary image by thresholding. 
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                     (b)                                         (c) 
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(c)                                             (d) 

    
(a)                                              (b) 

   
(c)                                           (d) 
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Fig.4. a) Original document image, b) sample region, c) & 

d) Segmented image.    
 
 

 

 

 

 

 

 

 

 

 

 

 

     

                                          

     

                                                               

     

                                                         

Fig.5 Problem in seeded region growing algorithm a) 

Original document image, b) Initial seed image, c) 

Thresholding the absolute difference between original 

image & seed value, d) final result, e) Result of region 

growing process & f) Final result superimposed on 

original image. 

 
The existing region based segmentation method is 
applied for the document images, In figure 1 shows a) 
Original Document Image b) & c) implemented the 
segmented region based document image and also 
getting the experimental result in the form of 
scatterplot diagram of segmented pixels in ‘a*b*’ space 
values for document image. We can see how well the 
nearest neighbor classification separated the different 
pixel populations by plotting the 'a*' and 'b*' values of 
pixels that were classified into separate pixels. For 
display purposes, label each point with its pixel label.  

In figure 2 shows a) original grayscale 
document image b) Binary Document Image within a/-
10 Gray levels of 241, c) Magic wand reconstructed 
binary document image d) Magic wand grayscale 
document image in this way we have getting the 
different outputs. 

In figure 3 shows By using Otsu method a) 
Original grayscale image and implemented in b) Using  
Morphological Opening to Estimate the Background, 
The Background Approximation as a Surface, c) 
Subtract the Background Image from the Original 
Image, d) Binary image by thresholding, removing the 
background noise, in this way we have getting the 
required output. 

In figure 4 shows a) original document image 
b) From original document image display the sample 
region and c) & d) display the segmented region from 
original document image. In this figure shows the 
better result of segmented region in region based 
segmentation techniques. 

In figure 5 shows problem in seed region 
growing algorithm such as a) Original document image 
b) the initial seed region document image and c) 
thresholding the absolute difference between original 
document image d), e) and f) seed value Displaying the 
better result of region growing process and final result 
superimposed on original document image.  
 

5. Conclusion  
We have implemented the region based segmentation 
as applied to gray scale document images. Region-
Based Segmentation Methods are an important means 
of document image segmentation. Otsu method is more 
proper for images where objects are distinguished from 
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(c)                                          (d) 

    
(a)                                         (b) 

    
                   (c)                                            (d) 

    
                    (e)                                             (f) 
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their background. Document image segmentation can 
never be perfect there is an extra and missing region. 
Corrected the results 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. 
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