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ABSTRACT 
The models like mixture models, graphical models, Markov random fields and hidden Markov models play a vital role in 
probabilistic data analysis. The terms image segmentation means dividing a picture into different types of regions are classes of 
particular geometric shape that has different colours.  So we can say that each class has normal distribution with specify mean 
and variance and hence the picture can be a Gaussian mixture model. In this paper Gaussian mixture model to the pixel of an 
image has been learnt for the purpose of training data and the parameter of the model is learned by EM-algorithm. Bayes rule 
is used for pixel labeling that corresponded to each pixel of true image. By using the EM-algorithm the labeled image is 
constructed. EM-MAP algorithm is introduced, in which we have made a sequence of the priors, posteriors and they then 
convergent to a posterior probability that is called the reference posterior probability. By this reference posterior probability 
which will make labeled image, maximum a posterior estimation can be determined and that labeled image shows the 
segmented image with reduced noises. 
Keywords: Gaussian, Image, Probability, Segmentation, Pixel. 
 

1. INTRODUCTION 
Image segmentation is an important technology for image processing. There are many applications whether on 
synthesis of the objects or computer graphic images require precise segmentation. With the consideration of the 
characteristics of each object composing images in MPEG4, object-based segmentation cannot be ignored. Nowadays, 
sports programs are among the most popular programs, and there is no doubt that viewers’ interest is concentrated on 
the athletes. Therefore, demand for image segmentation of sport scenes is very high in terms of both visual compression 
and image handling using extracted athletes. In this project, we introduce a basic idea about color information and edge 
extraction to achieve the image segmentation. The color information helps obtain the texture information of the target 
image while the edge extraction detects the boundary of the target image. By combining these, the target image can be 
correctly segmented and represent. Besides, because color information and edge extraction can use basic image 
processing methods, they can not only demonstrate what textbook claims but also make us realize their function works. 
We expect that we can extract most part of the target. Image segmentation means to divide one picture into different 
types of classes or regions, for example a picture of geometric shapes has some classes with different colors such as 
’circle’, ’rectangle’, ’triangle’ and so on. Therefore we can suppose that each class has normal distribution with specify 
mean and variance. Thus in general a picture can be Gaussian mixture model. In this paper, we have learned Gaussian 
mixture model to the pixel of an image as training data and the parameter of the model are learned by EM-algorithm. 
Meanwhile pixel labeling corresponded to each pixel of true image is done by Bayes rule. 
In this paper, we have learned Gaussian mixture model to the pixel of an image as training data and the parameter of 
the model are learned by EM-algorithm. Meanwhile pixel labeling corresponded to each pixel of true image is done by 
Bayes rule. This hidden or labeled image is constructed during of running EM-algorithm. In fact, we introduce a new 
numerically method of finding maximum a posterior estimation by using of EM-algorithm and Gaussians mixture 
model which we called EM-MAP algorithm. In this algorithm, we have made a sequence of the priors, posteriors and 
they then convergent to a posterior probability that is called the reference posterior probability. So Maximum a 
posterior estimation can be determined by this reference posterior probability which will make labeled image. This 
labeled image shows our segmented image with reduced noises. This method will show in several experiments. a new 
numerically EM-MAP algorithm base on Bayesian rule has constructed.  
We have used Bernardo’s theory about reference analysis in practice and in image segmentation. it means that in 
reference analysis a sequence of priors and posteriors are made and they convergent to a posterior probability which is 
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called reference posterior probability. In this paper, we have used this idea. So we have modified EM-algorithm for our 
image segmentation. After finding reference posterior probability, MAP estimation and pixel labeling can easily make 
segmented of image. This paper organized as follows. It first reviews of GMM and its properties. Then we introduce 
the EM-MAP algorithm for learning parameters for a given image as the training data. Choosing initial values of EM-
algorithm have discussed in next section. EM –MAP algorithm never cannot convergent without choosing a suitable 
starting point. But this initial information is made by histogram of image. Finally we show some experiments with 
simulated images. A practical way that we can guess the prior of parameters is drawing the histogram of the observed 
image. Not only image histogram gives us four above parameters for using initial values in the EM algorithm, but also 
this extracted information usually has maximum entropy. This claim has shown in experiments. Besides, the final 
posterior probability will get stable entropy. We also compute the number of misclassifications of results. This shows 
that how much our algorithm is well. 
 

2. RELATED WORK 
There are many algorithms used for image segmentation, and some of them segmented an image based on the object 
while some can segment automatically. Nowadays, no one can point out which the optimal solution is due to different 
constraints. In a similarity close measure was used to classify the belonging of the pixels, and then used region growing 
to get the object. Unfortunately, it required a set of markers, and if there is an unknown image, it is hard to differentiate 
which part should be segmented. Linking the area information and the color histogram were considered for building 
video databases based on objects . However, the color information has to be given first, and it is not useful for the life 
application. A genetic algorithm adapted the segmentation process to changes in image characteristics caused by 
variable environmental conditions , but it took time learning. In a two-step approach to image segmentation is reported. 
It was a fully automated model-based image segmentation, and improved active shape models, line-lanes and live-
wires, intelligent scissors, core-atoms, active appearance models. However, there were still two problems left. It is 
strong dependency on a close-to-target initialization, and necessary for manual redesign of segmentation criteria 
whenever new segmentation problem is encountered. The authors in  proposed a graph-based method, the cut ratio is 
defined following the idea of NP-hard as the ratio of    the corresponding sums of two different weights of edges along 
the cut boundary and models the mean affinity between the segments separated by the boundary per unit boundary 
length. It allows efficient iterated region-based segmentation as well as pixel-based segmentation. The homogeneity 
between two pixels and the distance function are included to measure the segmented is used as a new performance 
measure to evaluate the accuracy segmentation algorithm. In [8], the minimizing function including the approximation 
mean square error RMSE and the number of distinct region tried to achieve a good segmentation result. In [9], edge 
detection is a fundamental concept for segmentation because it is easy not only to understand its principle but also to 
implement. Comparing the basic edge detection method, which is get from Matlab commend, with our algorithm, there 
are some results as follows: 

                             
 
Figure 1 (a) and Figure 2 (a) show the segmented result       Figure 2 (b) and Figure 2 (b) show our proposed algorithm 
         by Matlab “edge” command 
It is pointed out that although the proposed algorithm extracts some undesired parts into the segmentation result, it 
represents almost the entire target image while the Matlab “edge” command seems to show the boundary of the target 
image only. It is because the proposed algorithm considers the color information at the same time in order to recover 
some disconnected parts while the Matlab “edge” command actually has problem identifying them as part of the target 
image.  

 
Figure 3  segmentation Results 
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In Figure 3, there are the segmentation results by performing the Matlab “edge” command (a), and the proposed 
algorithm (b). It can be shown that the Matlab “edge” command works better than the proposed algorithm because it 
can correctly extract the whole boundary. However, the algorithm of Matlab can only extract the image with clear 
vision. In other words, it has problem extracting the boundaries with blurred image and cannot pass the pixel 
information of those area. On the other hand, the algorithm we proposed can connect some of the disconnected 
boundary line segments by performing dilation, so our algorithm contains more pixel information than the algorithm of 
Matlab. Basically, the proposed algorithm has better performance than the basic edge extraction command due to the 
consideration of connect the discontinuous points automatically. The more detail about the proposed algorithm will be 
present in the “Discussion” section In our algorithms, there are some criteria. First of all, we need to be aware of the 
target image which we would like to segment out. Second, the background image has to be blurred and the color of the 
target image should be different to that of background image as much as possible. Moreover, we expect the appendages 
of the target image to cross over each other as least as possible.  

 

3. IMAGE SEGMENTATION 
Our approach is to obtain color information of the target image and boundary extraction separately and simultaneously. 
We apply the character of HSI to acquire the information of the pixels of the target image. In the mean time, we use the 
Matlab “edge” and “imfill” command to extract the boundary and fill the image region whose boundaries make a 
closure. Afterwards, we combine them by getting the union of the two results. Finally, we perform and final 
modification and remove the noise. The whole algorithm is as follows:  
    1) Firstly, acquire the color information and the edge information separately.  
    2) Use the hue, saturation and intensity to get color information.  
    3) Use the Matlab “edge” command to extract the image boundary.  
    4) Combine the above results by getting the union of (2) and (3).  
    5) Final modification (noise removal).  
The morphology and color based image segmentation method is proposed. By setting a threshold based on the pixel 
value of the hue, saturation, and intensity (H, S, I) separately, these color information of the object can represent the 
parts with the image close to these color information. The character of HSI is used to analyze color because they are the 
three components of the original color. Sine the hue, saturation, and intensity are independent of one another, we can 
use them to process the image separately without worrying the correlation of them. On the other hand, if the character 
of RGB is used instead, the color of the segmented results will change correspondingly when a few pixel values are 
changed. Afterwards, to compensate the lack of the boundary when segmenting the image by the character of HSI, an 
algorithm is used to extract the boundaries of the target image. Therefore, we use the Matlab “edge” command to 
extract the approximate boundaries. After getting the approximate boundaries, we want to get the information of the 
pixels which reside in the extracted boundaries. However, the Matlab “edge” command has problem full extracting all 
the boundaries and making all the boundaries a closure. Therefore, when performing the Matlab “infill” command, 
only the image region whose surrounding boundaries make a closure would be filled. In order to fix it, the dilation is 
performed to connect the disconnected boundaries. After the dilation, performing “imfill” would fill the image regions 
more effectively. Then we combine the images segmented out from the above two methods by getting the union of the 
two images so both the boundary information and color information could be obtained. However, getting the union of 
them won’t increase the noise significantly because when we perform the Matlab “edge” on the image whose 
background image is blurred, it eliminates most of the background image and only keeps the boundaries with the clear 
image region. Finally, we need to perform final modification by removing the noise. To eliminate the noise, we connect 
the disconnect boundaries by performing dilation on the boundaries of the target image, and then we intersect the 
combines image with the dilated boundaries to eliminate the trivial noise that doesn’t reside in the target image. The 
result of the intersection is the final image After picking a numbers of images which fit the criteria from the website, 16 
images are selected and partially segmented from the original image. The original images and processed images are 
posted as follows: 

                                                                      
Figure 4 The original and Processed images 
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From the images above, it is obvious that for those images whose background images are blurred can be segmented 
with nice quality. It is because when the Matlab “edge” command is applied to extract the boundary of the image, only 
the partial  images with clear boundary would be extracted. Therefore, by performing the Matlab“edge” command, the 
blurred background images would be eliminated, and only the clear foreground images would be left. After getting the 
approximate boundaries, we want to get the information of the pixels which reside in the extracted boundaries.  
However, the Matlab “edge” command has problem full extracting all the boundaries and making all the boundaries a 
closure.  
Therefore, when performing the Matlab “Infill” command, only the image region whose surrounding boundaries make 
a closure would be filled. In order to fix it, the dilation is performed to connect the disconnected boundaries. After the 
dilation, performing “imfill” would fill the image regions more effectively. Other than using the existent Matlab code, 
the characters of HSI (hue, saturation, and intensity) is also applied to segment the image. Only the information of the 
pixels with similar HSI character to the foreground image would be kept. In order to apply the characters of HSI to 
segment the image, partial images of the foreground image is cut to calculate the average value of the hue, saturation, 
and intensity, and then the deviation of the HSI value is set so create different ranges of the hue, saturation, and 
intensity.  
Afterwards, the HSI value of every pixels of the image is examined. Only the information of the pixel whose HSI value 
falls in the range will stay. Otherwise, its information will be set to zero. By applying the character of HSI to image 
segmentation, we can obtain all the information of the pixel whose HSI value is similar to that in foreground images. 
After performing two methods mentioned above, the approximate color information of pixels and the information of 
boundaries are acquired. To combine both of the information, we get the union of the results from the above two steps 
so the result from different methods would be combined. The reason why we get the union of the results instead of the 
intersection is we only got partial images from the two different methods mentioned above. So only by getting the union 
of them can we get an image that is more close to the target image which we want to segment out from the entire 
image. However, getting the union of them won’t increase the noise significantly because when we perform the Matlab 
“edge” on the image whose background image is blurred, it eliminates most of the background image and only keeps 
the boundaries with the clear image region. The image of the union of results of the two methods above contains most 
of information of the target image and some noise. In order to eliminate the noise, we try to connect the disconnect 
boundaries by dilating the boundaries a few times, and then we intersect the combines image with the dilated 
boundaries to eliminate the trivial noise that doesn’t reside in the target image. The result of the intersection is the final 
image. 
Some of the popular methods to characterize color information in images are Color histograms color moments and 
color. Though all these methods provide good characterization of color, they have the problem of high-dimensionality. 
This leads to more computational time, inefficient indexing and low performance. To overcome these problems, use of 
SVD, dominant color regions approach and color clustering have been proposed. 
Color segmentation approach 
To segment images based on dominant colors, a color quantization in RGB space using 25 perceptual color categories 
is employed. From the segmented image we find the enclosing minimum bounding rectangle (MBR) of the region, its 
location, image path, number of regions in the image, etc., and all these are stored in a metafile for further use in the 
construction of an image index tree. 
Color matching and region selection 
The method relies on the fact that boundaries where perceptual color changes occur must be found before any cluster in 
color space can be interpreted as corresponding to a region in image space. The RGB color space is partitioned into 
subspaces called color categories. The perceptual color of a pixel can be specified by the color category into which it 
maps. 
Steps involved in segmentation and boundary detection 
Read the image and create an image array that contains the RGB components of each pixel in the image. 
1. for each pixel in the image do  

• Search color-look-up-table for the nearest color by finding the distance 
between the pixel color (I) and the color in the color-lookup-table (C) using 
the distance formula D given below. 
• Assign RGB components of color look-up table to the pixel whose distance D is minimum. Determine color 
response of each color in modified image and store them in frequency table. Sort the frequency table in 
descending order. 

2. Determine the first occurrence of a pixel that has the same RGB value as in the sorted frequency table. 
3. Assign the pixel location to horizontal and vertical seeds viz: iseed, jseed. 
4. Following iseed and jseed, mark the entire region using 8-connected neighboring region growing method. 
5. Obtain (x,y) co-ordinates of boundary of marked region. 
6. Determine normalized size r(R) of bounding rectangle using: 
 r(R) = (x1-x2)*(y1-y2)/ image -size 
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 Where x1, x2, y1, y2 are x and y coordinates of bounding rectangle and if the  Normalized size r(R) > T only then 
consider the region as dominant region, where  T is a threshold for dominance. 
7. Repeat steps 3 to 7 till three dominant regions are found. 
8. The illustration of segmentation and boundary detection is shown in figure 1 and 
 

                                                                                         
Figure 5 Illustration of assign-color.                      Figure 6 Image with Boundaries marked. 
 
Finding location of the region 
The image space is divided into 9 sub locations. The approximate position of the region is determined. User can specify 
the location of the region in his query to retrieve the images from the database. The classification is according to a 
location map containing 9 regions of the image space 

 
Figure 7: Illustration of Find location. 

The steps involved in determining the locations of the regions in the image are as follows: 
1. Determine four corners of the location named as “center” in location map using 

X1 = imgwidth/3, & Y1 = imgheight/3 
X2 = 2 * imgwidth/3, & Y2 = imgheight/3 
X3 = imgwidth/3, & Y3 = 2 * imgheight/3 
X4 = 2 * imgwidth/3, & Y4 = 2 * imgheight/3 

2. Determine the approximate position of the region by comparing coordinates of the bounding rectangle with the above 
coordinates. 
The extracted dominant region features viz., color, area and location are stored in a sequential file. Image database is 
constructed by processing all images off-line as this saves query-processing time. When a query is made based on an 
example image, only the example image is processed for extracting region features. 
 
Experimental Results and Performance 
The experimental database consists of about 200 images of flags and 120 images of fruits, flowers, vegetables and 
simulated objects (squares, rectangles, triangles, circles, etc). Each image in the database is segmented based on color 
features. A hash table stores images of similar index based on the features extracted. Results of segmentation and 
normalization of the image shape regions are shown in figure 9. Segmented shape regions are normalized and at most 
three regions are output. 

                     
Figure 8: Segmented and normalized shape regions of images. 
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The cost of extracting the features is minimized by taking a cascade filtering approach, in which the more expensive 
operations are applied only at locations that pass an initial test.  

4. ANALYSIS AND DESIGN 
A Use Case Model describes the proposed functionality of a new system. A Use Case represents a discrete unit of 
interaction between a user (human or machine) and the system. This interaction is a single unit of meaningful work, 
such as Create Account or View Account Details. 

 
Figure 9 : Interoperability Usecase diagram 

A sequence diagram can map a scenarios described by a use case in step by step detail to define how objects collaborate 
to achieve your application’s goals.A lifeline in a sequence diagram represents an object and shows all its points of 
interaction with other objects in events that are important to it. Lifelines start at the top of a sequence diagram and 
descend vertically to indicate the passage of time. Interactions between objects – messages and replies – are drawn as 
horizontal direction arrows connecting lifelines. In addition, boxes known as combine fragments are drawn around sets 
of arrows to mark alternative actions, loops, and other control structures.  

 
Figure 10: Interoperability sequence diagram 

 

5. RESULTS 
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6. CONCLUSIONS 
A new numerical EM-GMM-Map algorithm for image segmentation and noise reduction has been proposed in this 
paper. This paper is used Bernardo idea about sequence of prior and posterior in reference analysis. We have used 
known EM-GMM algorithm and a numerically MAP estimation. We used acceleration convergence such as Steffensen 
algorithm to have the second order convergence. But later we note that in EMMAP method, the number of classes will 
reduce to real classes of image. Finally, EMalgorithm is linear iteration method, so our method is suitable for simple 
images.  
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