
  
Abstract—Efficient and effective image segmentation is one of 

the most important tasks in computer vision and object recognition. 
Segmentation of an image is the division or separation of the image 
into disjoint regions of similar attribute. Fully automatic image 
segmentation is usually very hard for natural images. There may be 
oversegmentation problem or undersegmentation problem during the 
segmentation process. When the watershed segmentation is applied, 
oversegmentation occurs due to high contrast of regional minima. 
Although marker-controlled watershed segmentation overcomes this 
problem, it cannot still produce the meaningful regions. In this paper, 
a new enhanced region merging algorithm based on dynamic region 
merging method is proposed. In the proposed algorithm, neighboring 
regions are progressively merged if there is an evidence for merging 
according to the minimum edge weights between those regions and 
their homogeneity. By merging the only necessary adjacent regions, 
the implemented system can produce meaningful regions of the input 
image which are useful for image annotation, objects detection in an 
image, image retrieval systems and so on. 
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I. INTRODUCTION 
N image processing, segmentation is a basic problem in 
different fields such as pattern recognition, scene analysis 

and image analysis. Image segmentation is the process of 
dividing images into regions according to its characteristic 
e.g., color and objects present in the images. These regions 
are sets of pixels and have some meaningful information 
about object. The result of image segmentation is in the form 
of images that are more meaningful, easier to understand and 
easier to analyze. In order to locate objects and boundaries in 
images feature extraction of object shape, optical density, and 
texture, surface visualization, image registration and 
compression image segmentation is used. Correct segmented 
results are very useful for the analysis, predication and 
diagnoses.  

In particular, many of the existing techniques for image 
visualization, image description and recognition and object 
based image compression highly depends on segmentation. 
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The partitioning of a given image into a number of 
homogenous regions (spatially connected groups of pixels) 
became the general problem of image segmentation. The 
union of any two neighbouring regions may yield a 
heterogeneous region. Alternatively, segmentation can be 
considered as a pixel labelling process in the sense that all 
pixels that belong to the homogenous region are assigned 
label [1]. 

Watershed segmentation is a morphological based method 
of image segmentation. The gradient magnitude of an image 
is considered as a topographic surface for the watershed 
transformation. Watershed lines can be found by different 
ways. The complete division of the image through watershed 
transformation relies mostly on a good estimation of image 
gradients. The result of the watershed transform is degraded 
by the background noise and produces the oversegmentation. 

The proposed technique focuses on the solution of 
oversegmentation problem of images by applying 
preprocessing on the input image. The division of this paper is 
as follows, in Section 2, some related work is given which 
describes the previous research about the remedy of 
watershed issues. In Section 3, basic theory for image 
segmentation is given. In Section 4, the proposed framework 
and the implementation of proposed system are given. 
Experimental results are shown in Section 5. Finally, in 
Section 6, the conclusion is given. 

II. RELATED WORK 
Region growing segmentation techniques were examined to 

extract semantically meaningful objects from an image [2].  
Region growing algorithm was proposed that performs on a 
semantic level, driven by the knowledge of what each region 
represents at every iteration step of the merging process. This 
approach utilized simultaneous segmentation and labeling of 
regions leading to automatic image annotation. The  term  
watershed-like was used because  the  decision  for  which  
regions  to  be  merged depends  on  both  their  confidence  
value  and  their  distance from  the  seed such as catchment 
basin,  in watershed  segmentation terminology and  the  
iteration keeps on until  two expanded regions meet.  

A novel approach for small object detection by using 
watershed-based transformation was proposed [3]. In this 
paper, the small moving objects were detected from the 
image. In order to improve the detection results from the 
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previous techniques a noise removal technique was first 
applied to the image which removed the noise from the image 
and improve the image quality. The detection system included 
two main modules, first one was region of interest (ROI) 
locating and the other was contour extraction. After noise 
removal accurate ROI could be located. In contour extraction 
process, a rough candidate object in the images could be 
detected by applying some differencing technique on two 
contagious image frames.  

A method for image segmentation which consisted of 
watershed segmentation using prior shape and appearance 
knowledge was proposed [4]. Watershed segmentation was a 
common technique for image segmentation but had problems 
of over segmentation and sensitivity to noise. The method had 
two stages, first was training stage and the other was 
segmentation stage. In training stage, a prior shape and 
appearance knowledge model was developed by using ‘shape 
histogram’ and image intensity statistics. The segmentation 
stage was an automatic iterative procedure and consisted of 
four steps: classical watershed transformation, improved k-
means clustering, shape alignment, and refinement.  

Other researchers also proposed different method to 
remedy the problem of watershed.  An improved image 
segmentation approach based on level set and mathematical 
morphology was presented [5]. The gradient magnitude of the 
smoothed image was input to the watershed transformation, 
the result of watershed was used for rough approximation of 
the desired contour in the image, and guide for the initial 
location of the seed points used in the following level set 
method.  

Although the researchers mentioned above have their 
advantages, getting meaningful regions of a segmented image 
is still a challenging problem in the field of image processing. 
Therefore, in this paper, this research work is expected to 
overcome the oversegmentation problem and produce the 
meaningful regions. 

III. THEORETICAL BACKGROUND 
A region is a connected component, and the boundary, also 

called the borders or contour, of a region is the set of pixels in 
the region that have one or more neighbours that are not in the 
region. Points not on boundary or region are called 
background points. Initially, only in binary regions, region or 
boundary points are represented by 1s and background points 
by 0s. The boundary is connected set of points. The boundary 
is said to be minimally connected.  

A. Watershed Transform 
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 
image segmentation problems. A gray-scale image is 
considered as topological surface, where the values of f(x,y) 
are interpreted as heights. If rain fell on the three-dimensional 
surface, it is clear that water would collect in the two areas 

labelled as catchment basins. Rain falling exactly on the 
labelled watershed ridge line would equally likely to collect in 
either of the two catchment basins. The watershed transform 
finds the catchment basins and ridge lines in a gray-scale 
change the starting image into another image whose 
catchment basins are the objects or regions required to 
identify [1].  

B. Thresholding 
Image thresholding enjoys a central position in applications 

of image segmentation. It is useful in discriminating 
foreground from the background. By selecting an adequate 
threshold value T, the gray level image can be converted to 
binary image. The binary image should contain all of the 
essential information about the position and shape of the 
objects of interest (foreground). The advantage of obtaining 
first a binary image is that it reduces the complexity of the 
data and simplifies the process of recognition and 
classification. 

The segmentation problem becomes one of selecting the 
proper value for the threshold T. A frequent method used to 
select T is by analyzing the histograms of the type of images 
that want to be segmented. The ideal case is when the 
histogram presents only two dominant modes and a clear 
valley (bimodal). In this case the value of T is selected as the 
valley point between the two modes. In real applications, 
histograms are more complex, with many peaks and not clear 
valleys, and it is not always easy to select the value of T [6]. 

C. Region Merging 
The objective of segmentation is to partition an image into 

regions. Regions are sets of pixels with homogenous 
properties and they are iteratively grown by combining 
smaller regions or pixels, pixels being elementary regions. 
Region merging techniques usually work with a statistical test 
to decide the merging of regions. A merging predicate uses 
this test, and builds the segmentation on the basis of 
(essentially) local decisions. A good region merging 
algorithm has to find a good balance between preserving this 
unit and the risk of overmerging for the remaining regions [7]. 

Region merging is a post-processing technique that 
merges adjacent regions. Many techniques have been 
employed for region merging including the use of simple 
thresholds, size biased thresholds and iterative methods. 

IV. IMPLEMENTATION OF ENHANCED REGION MERGING 
ALGORITHM 

This section describes how to implement the proposed 
system. 

A. Overall System Design 
Fig. 1 describes the steps for the overall system design of 

the proposed system. The input image is preprocessed to 
enhance the image. The preprocessed image is segmented 
with proposed segmentation algorithm and region adjacency 
graph (RAG) is acquired. The regions in RAG are iteratively 
merged according to the system and the output image is 
produced. 
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Fig. 1 Overall system design 

B. Proposed System Design 
This system computes the gradient magnitude upon the 

input image. Next, it constructs the label matrix using marker-
controlled watershed transform and creates the region 
adjacency graph.  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 
 
 

Fig. 2  Flow Diagram of Proposed System 

In region merging, there are two predicates. The first 
predicate is minimum pair for each region. The second one is 
color homogeneity distribution. From RAG, minimum edge 
pairs for each region are discovered. Color homogeneity 
distribution can be obtained by mean and standard deviation. 
Only if the region pair can satisfy these two predicates, the 
region pair is actually merged. If not, this region pair is 
ignored. Fig. 2 shows the flow diagram of this system. 

C. Enhanced Region Merging Algorithm 
In this section, the enhanced region merging algorithm is 

proposed. It overcomes the oversegementation problem. Table 
I describes the steps of the enhanced region merging 
algorithm. 

TABLE I 
 ENHNACED REGION MERGING ALGORITHM 

Input     : RGB image 
Output  : Segmented Image with meaningful regions 
1. Compute the gradient magnitude of the image. 
2. Opening-closing followed by reconstruction. 
3. Assess the regional minima of the reconstructed image. 
4. Acquire label matrix using Marker-controlled Watershed 

Transform. 
5. Construct Region Adjacency Graph, RAG based on 

adjacent region pairs and determine threshold T. 
6. Calculate the edge weight of each region pair in RAG. 
7. Extract minimum pair for each region. 
8. Get one of minimum pair which has not been chosen 

before. 
9. Evaluate mean m and standard deviation std of minimum 

pair. 
10. Check minimum pair with respect to m, T and std. 
11. Merge the minimum pair according to Nearest Neighbor 

Region. 
 

Step 1 : Gradient computation 
In construct to classical area based segmentation, the 

watershed transform is executed on the gradient image. The 
gradient is defined the first partial derivative of an image and 
contains a measurement for the change of gray levels. The 
gradient values (G(x,y)) of the initial segmented image are 
obtained using firstly the approximation of the gradient 
operator in x,y directions as two 3*3 masks. 
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The gradient image values (G(x,y)) are calculated in (1). 
The gradient values on the border of the input image are the 
same as in its inner pixels. The gradient values are useful to 
calculate the edge strength values. 

Step 2 : Opening-closing followed by reconstruction  
Direct application of the watershed transform to a gradient 

image usually leads to oversegmentation due to noise and 
other local irregularities of the gradient. The resulting 
problems can be serious enough to render the result virtually 
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useless. A practical solution to this problem is to limit the 
number of allowable regions by incorporating a preprocessing 
state designed to bring additional knowledge into the 
segmentation procedure. 

An approach used to control oversegmentation is based on 
the concept of markers. A marker is connected component 
belonging to an image. Internal markers are inside each of the 
objects of interest while external markers are contained within 
the background. These markers are used to modify the 
gradient to overcome oversegmentation problem. 

Step 3 : Assess regional minima of reconstructed image 
For both internal and external markers, the gradient image 

can be modified using a procedure called minima imposition. 
The minima imposition technique modifies a gray-scale 
image so that regional minima occur only in marked 
locations. Other pixel values are "pushed up" as a necessary to 
remove all other regional minima. 

Step 4 : Acquire Label Matrix Using Marker-controlled  
Watershed Transform 
In this step, the image is segmented using Marker-

controlled watershed transform and the label matrix is 
acquired. 

Step 5 : Construct Region Adjacency Graph RAG and 
Determine Threshold Value 
To represent an image, region adjacency graph is used. Let 

G=(V,E) be an undirected graph, where Vvi ∈  is a set of 
nodes corresponding to an image element such as super-pixels 
or regions. E is a set of edges connecting the pairs of 
neighboring nodes. If the nodes are adjacent, there exits an 
edge between these two nodes. Each edge Evv ji ⊆),(  has 

corresponding weight ))(( , ji vvw  to measure the 

dissimilarity of the two nodes connected by that edge.  
Moreover, corresponding threshold value is determined in 

this step. 
 

Step 6 : Calculate the edge weight of each region pair in 
RAG 
To obtain the dissimilarity between two neighboring 

regions VRR ∈21,  as the minimum edge weight connecting 
them,  

)),((min),(
),,(,21

21
jiEvvRvRv

vvwRR
jiji ∈∈∈

=                     (6) 

 

Step 7 : Extract minimum pair of each region 
This step extracts all the minimum pair of each region 

among the adjacent region pairs in the above step. 

Step 8 : Get one of minimum pair which has not been 
chosen before 
Although the pair region is the minimum region pair 

according to RAG, there may be much different on color 
distribution. For this reason, every minimum pair may or may 

not be merged. Therefore, minimum pair is chosen one by one 
to be merged only if the second predicate is satisfied. 

Step 9 : Evaluate mean m and standard deviation std of 
minimum pair 
The arithmetic mean m and standard deviation std of a 

region R having n =|R| pixels: 

∑
∈

=
Rcr

crI
n

Rm
),(

),(1)(             (7) 

∑
∈

−
−

=
Rcr

RmcrI
n

Rstd
),(

2))(),((
1

1)(           (8) 

where  n     = number of pixels in R 
          I(r,c) = intensity value of a pixel at points r and c 

R   = region of image as well as R1 and R2in 
chosen  region pair 

Step 10 : Check minimum pair with respect to m, T and std 
The second predicate : |m(R1) – m(R2)| < T*min{std(R1), 

std(R2)}, is used to decide if the merging of the two regions 
R1, R2 is allowed, i.e., if |m(R1) – m(R2)| <T*min{std(R1), 
std(R2)}, two regions R1, R2 are merged. If the minimum pair 
does not satisfy the second predicate, this minimum pair is 
ignored and the minimum pair is chosen again. 

Step 11: Merge the minimum pair according to Nearest 
Neighbor Region  (NNG) until all of the minimum 
pair has been chosen 
If the minimum pair satisfies the second predicate, this 

minimum pair is merged. By merging only the necessary pairs 
until all of the minimum pair has been chosen, finally 
segmented images with meaningful regions can be obtained. 

V. EXPERIMENTAL RESULTS 
The results of the proposed system are described in this 

section.  

 
Fig. 3  Results of Region Merging 
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Fig. 3(a) describes the original colorful image (bird.jpg). Its 
grayscale image is shown in Fig. 3(b) and when it is 
segmented using watershed transform, oversegmented image 
is obtained in Fig. 3(c). Therefore, its gray scale image is 
segmented with marker-controlled watershed transform as 
shown in Fig. 3(d). Although this segmented image can solve 
the oversegmentation problem, all the regions in the image 
still need to be meaningful for the purposes such as image 
annotation, image detection and so on. Therefore, the regions 
are merged according to the proposed algorithm to make them 
meaningful as shown in Fig. 3(e). Finally, the proposed 
system can generate the meaningful regions of the image as 
shown in Fig. 3(f) which are useful for annotating the image. 

VI. CONCLUSION 
In this paper, region merging algorithm for image 

segmentation is successfully enhanced. Using opening-closing 
reconstruction and finding minimal minima, the 
oversegmentation problem is overcome. Region Adjacency 
Graph is constructed and the edge weight of adjacent region 
pair is found.  

Consistency of the adjacent regions with minimum edge 
weight is calculated by randomly choosing half-size of the 
pixels of each region pair with respect to Nearest Neighboring 
Region. According to the experimental results, it can be 
obviously seen that the implemented system can generate the 
segmented image with meaningful regions which is very 
helpful to the image annotation. 
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