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 In this paper, we focused on the design and development of an architecture that is able 

to provide remote segmentation services to Magnetic Resonance Brain image. The 

system exploits the functionalities offered by already existing desktop application 
Fuzzy C Means clustering by extending its capabilities towards as a web service. 

Performance evaluation in terms of processing times with different images has been 

performed in order to compare the web-based solution with the stand-alone and 
virtualized environment to prove the reliability of the proposed system. Our results 

show that the INU Corrected Fuzzy C Means algorithm can largely overcome the 

difficulties raised by noise, low contrast, and bias field and substantially improve the 
accuracy of brain MR image segmentation. 
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INTRODUCTION 

 

Image Segmentation plays an important role in a variety of applications such as robot vision, object 

recognition, and medical imaging. In the last decades, fuzzy segmentation methods, especially the Fuzzy C-

Means algorithm (FCM) (Bezdek.J.c,1981) have been widely used in the image segmentation and such a 

success chiefly attributes to the introduction of fuzziness for the belongingness of each image pixel. This allows 

for the ability to make the clustering methods able to retain more information from the original image than the 

crisp or hard segmentation methods (Phan&Prince,1999).  The earlier research work developed at the school of 

engineering and information technology, University of New South Wales, have carried out a segmentation 

application called Automated Detection of quantitative brain analysis using fuzzy clustering techniques (Tuan 

Phan & Klaus Berger,2011).Fuzzy C means clustering is based on the same idea of finding cluster centers by 

iteratively adjusting their position and minimizing an objective function as K means algorithm (Rong Xu&Limi 

Luo,2008). A major problem for automated MR Image segmentation is the corruption with noise and a smoothly 

varying Intensity Inhomogeneity (IIH), or Intensity NonUniformity (INU), or bias field, creeping into the 

sampled images during the acquisition of MR Images (Zexuan Ji & Yong Xia,2011). As a result, the intensities 

of the same tissue vary across voxel locations and may lead to segmentation errors. Therefore, bias field 

correction and segmentation should be interleaved in an iterative process so that they can benefit from each 

other and yield better results. There is a need for automated segmentation tool to help neurosurgeons physician, 

and researchers to investigate and diagnose the structure and function of the brain in many clinical and research 

applications such as surgery planning, treatment response assessment, and uncovering the mechanisms of brain 

disorder. 

Medical Image Analysis (MIA) researchers spend around 30% of their research time for implementing and 

an evaluating existing solution, which represents a significant amount of time (Zexuan&Trefethen,2013). Since 

manual segmentation of brain MR images performed by medical professionals is exceedingly time-consuming, 

highly subjective, irreproducible and impractical for large scale group study. The above issues have been 

cracked by the web technology. The advent of web technology has a significant impact on the image processing. 

In this computer era, the Internet plays a vital role in web environment, it represents either the medium or the 

platform through web services, which delivered and made accessible. A web service is a software system 

designed to support interoperable machine to machine interaction over a network. It has an interface described 
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in a machine processable format. This paper deals with the implementation of a web based architecture which is 

easily integral with application written in different languages and linkable using different data sources.   

In order to achieve this goal, the proposed segmentation algorithm implemented in MATLAB and which 

was connected with ASP.Net using MATLAB NE Builder. The proposed web environment has been compared 

with stand alone server and virtualized server. This paper is divided into various sections, Literature review 

section discusses on the research motivation, Clustering section presents on the fundamentals of image 

segmentation and fuzzy clustering techniques. In System Design section the overview of the proposed 

architecture is described, the Experimental Results describes the experimental and comparative results and 

Conclusion section discusses the conclusion and future enhancements. 

 

Literature Review: 

In a previous research work (Avudaiappan&Balasubramanian,2014), we proposed and investigated the MR 

Brain Image segmentation on virtualized environment using K-Means clustering algorithm. This work extends 

our previous work through the development of a web based interface that allows a physician to access our 

automatic segmentation services. Recently significant advances in image processing have been achieved. But for 

processing the image, various tools are available which is tightly coupled.(Macro Antonelli & Silvana,2006) 

developed a web based image processing system for Isocontour Application. In particular they used HTML as a 

client side language ASP as a server side language and COM for the processing unit. 

 (LiuYa & SunWeinbang,2010)developed a remote sensing image coordinated interpretation system under 

web environment. This was achieved by smart client technology based on win form web services. (Hemalatha & 

Athrsha,2008) developed a dynamic web service based Image processing system. These web services provide 

various functions of preprocessing, noise removal, and segmentation. Each algorithm is implemented as a web 

service. Set of algorithm is implemented as phases and each phases of image processing are linked 

dynamically.GGA software service provides ultrasound image sequestrations tool . GGA developed a tool that 

allows the user to load the selected raw data file and perform the image segmentation within the defined artery 

section by applying the developed algorithm. 

Life technologies provide HCS toolbox for image sequestration. It involves in separating objects of interest 

from background or other features. It also provides the solution for nuclear image sequestration, cytoplasm 

membrane image sequestration, organelle image sequestration. Perkin Elmer provides the cellular image 

Analysis as imaging computing server. It provides high web accessibility.  

  

Clustering Technique: 

Clustering is an unsupervised learning task, where one needs to identify a finite set of categories known as 

clusters to classify pixels. Clustering use no training stages rather train themselves using available data. 

Clustering is mainly used when classes are known in advance. A similarity criteria is defined between pixels, 

and then similar pixels are grouped together to form clusters. The grouping of pixels into clusters is based on the 

principle of maximizing the intra class similarity and maximizing the inter class similarity. The quality of a 

clustering result depends on both the similarity measure used by the method and its implementation. Clustering 

algorithms are classified as hard clustering, k- means clustering, fuzzy clustering, etc.  

 

Bias Field Formulation: 

The bias field in a brain MR image can be modeled as a multiplicative component of an observed image, as 

shown in the following: 

I=bJ+n                                                                                                                    (1) 

Where I is the observed image, J is the true image to be restored, b is an unknown bias field, and n is the 

additive zero-mean Gaussian noise. The goal of bias field correction is to estimate and eliminate the bias field b 

from the observed image I. Without loss of generality, the bias field b is assumed to be slowly varying in the 

entire image domain. Ideally, the intensity J in each tissue should take a specific value vi, reflecting the physical 

property being measured, e.g., the proton density in MR images. This property, in conjunction with the spatially 

coherent nature of each tissue type, implies that the true signal J is approximately a piecewise constant map. 

         

Fuzzy C –Means: 

FCM clustering is an unsupervised technique that has been successfully applied to feature analysis, 

clustering, and classifier designs in fields such as astronomy, geology, medical imaging, target recognition, and 

image segmentation. Fuzzy c-means (FCM) is a method of clustering which allows one piece of data to belong 

to two or more clusters. This method (developed by Dunn in 1973 and improved by Bezdek in 1981) is 

frequently used in pattern recognition. It is based on minimization of the following objective function: 
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where m is any real number greater than 1, uij is the degree of membership of xi in the cluster j, xi is the i

th
 of 

d-dimensional measured data, cj is the d-dimension center of the cluster, and ||*|| is any norm expressing the 

similarity between any measured data and the center. Fuzzy partitioning is carried out through an iterative 

optimization of the objective function shown above, with the update of membership uij and the cluster 

centers cj by:   
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Where  

 -is a termination criterion between 0 and 1, 

 k- is the iteration steps. 

 

INU Corrected FCM: 

The INU Corrected FCM has two steps. In first step INU of the given image is corrected using fusion of 

Gaussian surfaces and in second step the INU corrected image is segmented using Fuzzy C-Means method 

considering spatial features of image pixels. The below Fig 1. represents the workflow of Proposed Clustering 

Segmentation which is alienated into two following methodologies: 

 

1. INU Correction 

2. Segmentation 

 

INU Correction Strategy: 

The proposed method uses spatial image intensities to estimate the inhomogeneity map across the entire 

MRI brain image. The method can be summarized with the following steps: 

1. Estimate the homogeneous region from the acquired MRI brain Image using intensity histogram. 

2. Estimate the gradient map of each of these homogeneous regions by using suitable masks, like Sobel 

operators, which are convolved with the original image. 

3. Fit a Gaussian surface in least square in fashion on each of these gradient maps to obtain approximated 

bias field for corresponding homogeneous region. 

4. Ensemble these bias fields to obtain the entire inhomogeneity field within the images. This has been 

realized by taking average of all the bias fields. 

5. The entire inhomogeneity field is then removed to obtain partially INU-free image. 

6. Terminate if a predefined number of iterations is reached or no such adequate change in the gradient 

map. Otherwise go to step 2. 

 

Segmentation: 

The segmentation steps for the proposed method are given below: 

Step 1: Read the filtered image. 

Step 2: Initialize U=[uij] matrix, U
(0)

 

Step 3: At k-step: calculate the centers vectors  C
(k)

=[cj] with U
(k) 

Using Equation 4.                     

Step 4: Update   U
(k)

 ,  U
(k+1)  

Using Equation 3.                    

Step 5: If || U
 (k+1)

 - U
 (k)

 ||<ᵋ then STOP; otherwise return to step 2. 
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Fig. 1: Work Flow 

 

System Design: 

The overview the proposed method consists of two main modules, namely 1) User interface 2) The 

processing unit. The MRI process can be transmitted and stored in a remote server, which perform the 

segmentation and returns the results. Also making the MRI process and the automatic segmentation services 

available on the server. For each module, the most suitable technology has been decided a priori: ASP.Net for 

the user interface and Matlab NE builder for the processing unit. ASP.NET is a set of web application 

development technologies marketed by Microsoft Programmers can use it to build dynamic web sites, web 

applications and XML web services. It is part of Microsoft’s .NET platform and is the successor to Microsoft’s 

Active Server Pages (ASP) technology.  

MATLAB Builder NE can create .NET and COM components from MATLAB programs that include 

MATLAB math and graphics and GUIs developed with MATLAB. we can integrate these components into 

larger .NET, COM, and Web applications and deploy them royalty-free to computers that do not have 

MATLAB installed using the MATLAB compiler Runtime (MCR) that is provided with MATLAB Compiler. 

Using MATLAB Compiler, MATLAB Builder NE encrypts our MATLAB programs and then generates .NET 

or COM wrappers around them, so that they can be accessed just like native .NET and COM components. 

The overview of the proposed web environment methodology is given the below Figure .2. From the below 

Figure .2, this describes the overview of the proposed methodology which includes basic web technologies 

XML, WSDL, SOAP, and UDDI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 2:Proposed Methodology 

 

The proposed methodology includes following layers which are describe below: 
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Discovery Layer: 

UDDI (Universal Description, Discovery and Integration) is specifically a governing body that monitors the 

publication and discovery of the web services implementation with respect to message communication between 

the application and also at the enterprise level. Whenever a client sends the  

request to find the web services to the UDDI, the UDDI in turn contacts the web server and discovery, 

description of the web service is returned after which the client sends a request to consume the web service. 

 

Service Layer: 

WSDL (Web service Description Language) consists of the description about the web service, which is 

basically a file with .wsdl extension. It includes the information about the namespace of the xml file which is the 

tag <xmlns:”name”>. 

  

Information Layer: 

XML is used to define documents with a standard format that can be read by any XML-compatible 

application. The language can be used with HTML pages, but XML itself is not a markup language. Instead, it is 

a "meta language" that can be used to create markup languages for specific applications. Basically, XML allows 

you to create a database of information without having an actual database. While it is commonly used in Web 

applications, many other programs can use XML documents as well. 

 

Packaging Layer: 

SOAP (Simple Object Access Protocol) is a way for a program running in one kind of operating system to 

communicate with a program in the same or another kind of an operating system by using the World Wide 

Web's Hypertext Transfer Protocol (HTTP) and its Extensible Markup Language (XML) as the mechanisms for 

information exchange. Since Web protocol s are installed and available for use by all major operating system 

platforms, HTTP and XML provide an already at-hand solution to the problem of how programs running under 

different operating systems in a network can communicate with each other. SOAP specifies exactly how to 

encode an HTTP header and an XML file so that a program in one computer can call a program in another 

computer and pass it information. It also specifies how the called program can return a response. 

 

Protocol Layer: 

The communication between the nodes in a packet data network must be precisely defined to ensure correct 

interpretation of the packets by the receiving intermediate and the end systems. The packets exchanged between 

nodes are defined by a protocol - or communications language. 

  

Presentation Layer: 

It also called as the client layer which comprised of components that are dedicated to presenting the data to 

the users.  

 

Syatem Architecture And Implementation: 

There is a great difference between web service based and traditional imaging processing methods. The 

traditional methods are always implemented by the centralized computing model. However, the web service 

method is based on distributed computing model. The process of data flow diagram is shown in Fig 3.  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. 3: Proposed Architecture 

 

The proposed work can be elucidated given below: 
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Authentication:  

The user has to authenticate himself/herself to the administrator. 

  

Access Service: 

User can upload the MRI brain Image, to detect the white matter count.  

 

Service Requester: 

Service requesters are the enterprises, Organization and individuals that have needs of specific service 

function. Service requesters can discover services and access the information in the service register center.    

 

Service Provider:  

Service providers are the owners of the services, which provide platforms for services to access and 

services to publish in service registry center.   

 

Service Registry Center: 

Service Registry Center is a database that can store service description information in the registry center, 

Service Providers publish services, and Service Requesters can discover and access binding information.                 

 

Implementation:                                        

 

 
 

Fig. 4: Segmented Image 

 

Fig 4. shows a few user interactions are required with a very simple graphic user interface. Images can be 

uploaded by user disk, then click the submit button. The proposed architecture solves the incompatibility 

problems because it transfers the processing load to the server, and end users can access the application without 

installing MATLAB or the MCR on their individual computers. 

The proposed web environment is implemented by MATLAB NE Builder to build MATLAB functions into 

a .NET assembly or a COM object and package the component for deployment.  

 

Experimental Results: 

We compared the INU corrected Fuzzy C-Means Algorithm to two algorithms i.e., K Mean and Fuzzy C-

Mean. The testing images used in our experiments are summarized in Table 1. 

 
Table 1: Dataset for INU Level and Noise Level. 

Set Type Voxel size Dim Num of 

Images 

Noise 

level 

INU 

Level 

Ground truth 

D1 Clinical Unknown 128*128 25 0-1% 20% Available 

D2 Clinical Unknown 256*256 25 0-3% 60% Available 

D3 Clinical Unknown 256*256 25 0-5% 20% Available 

D4 Clinical Unknown 128*128 25 0-7% 40% Available 

D5 Clinical Unknown 256*256 25 0-9% 20% Available 

 

The Table 1 shows the five dataset that are divided by different INU level and Noise level and each dataset 

have the 25 images. The experimental results are compared by using the following performance metrics: 

 

 Accuracy: 

Accuracy is the starting point for analyzing the quality of the predictive model, as well as obvious criteria 

for prediction. Accuracy measures the ratio of correct prediction to the total number of cases evaluated. 

 

Accuracy = (TP+TN) / (TN+FP+FN+TP)                                                                          (5) 

Where  

      TP – True Positive: White matter is correctly identified as white matter 

      FP – False Positive: Gray matter is incorrectly identified as white matter 
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      TN – True Negative: Gray matter is correctly identified as Gray matter 

      FN – False Negative: White matter is incorrectly identified as Gray matter 

 

Sensitivity: 

Sensitivity (also called the true positive rate) relates to the test's ability to identify a condition correctly.  

 

Sensitivity = TP / (TN+FN)                                                                          (6) 

 

The performance of three algorithms is measured using performances metrics Accuracy and sensitivity. The 

computational results showed that the INU Corrected FCM provide better result compare to the other two 

segmentation methods. Results described in Table 2. 

 
Table 2: Results of Web Based Image Segmentation. 

Dataset Accuracy Sensitivity 

K-Means FCM INU Corrected FCM K-Means FCM INU 
Corrected 

FCM 

D1 84.5 83.6 88.0 86.3 84.8 93.3 

D2 82.2 81.3 86.4 83.6 82.0 91.4 

D3 84.3 84.3 90.4 88.1 88.1 97.6 

D4 83.0 82.7 85.5 85.8 85.3 89.0 

D5 82.3 82.1 84.7 86.9 86.9 92.6 

 

The web based image-segmentation application described in the previous sections has been tested to 

evaluate the segmentation time and compare the web-based version with the standalone and virtualized server 

environment. Obviously, the implementation of the segmentation algorithm is the same for above mentioned 

versions. The time it takes for the system to perform segmentation depends on the images, and the number of 

connected users. The system on which the tests have been performed has the following characteristics: Intel 

Xeon E5 2609 (Quad Core) processor, 8 GB RAM, Windows 8 Operating System, and IIS 8 server web. In 

order to compare the segmentation time performance of the three implementations, the number of the connected 

users is considered. Three implementations have shown to be very good as they are stable and effective. In order 

to evaluate time performances of the stand-alone, virtualized server environment and web based segmentation, 

two databases that are composed by D1, D2, D3, D4, D5    respectively described in Table 1. 

 
Table 3: Describes the segmentation time for above mentioned environments.  

Dataset Stand alone Time taken(sec) Virtualized Environment 

Time taken(sec) 

Web based Time taken(sec) 

D1 10.611 10.934 20.334 

D2 10.086 10.634 20.336 

D3 10.094 10.764 20.429 

D4 10.200 10.713 18.801 

D5 10.035 10.476 20.461 

 

 
Fig. 5: Segmentation time 

 

Fig.5 represents the segmentation time for the web based and stand alone versions for the image of the data 

set.  
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Fig. 6: comparison of average time 

 

Fig.6 represents a comparison between the three implementations since it shows the average time of the 

web based, virtualized server environment and stand alone versions for the image segmentation. This Figure 

clearly shows that the stand alone-based implementation performs better when compared to the web-based 

implementation and virtualized server environment. In general, it seems that the web solution needs twice the 

time needed by the stand alone solution. But In Web Environment, the end users can access the application 

without installing MATLAB or the MCR on their individual computers. 

Dependence of response time on the number of concurrent users has been tested by opening one, two, three, 

four browser web sessions and then performing multiple queries. Results are described in Table 4.  

 
Table 4 : Linear Response of Time. 

Number of User Response Time(ms) 

1 2.334 

2 5.466 

3 10.124 

4 13.567 

 

The Table 4 shows the how time grows linearly with the number of concurrent users if we have three or 

four users.   

 

Conclusion: 

In this paper, we have presented a web based implementation of INU corrected FCM segmentation 

algorithm, showing the overall architecture and the technical preferences. The use of Matlab NE builder and 

.Net based technology and, therefore, the commitment of image processing to the server increase service 

accessibility. The man-machine interfaces are clear and effective; only a limited number of simple steps are 

required in order to obtain the wanted segmentation. The INU corrected FCM algorithm can segmented the 

intensity inhomogeneity and noisy images. Our system is implemented based on SOA technology for 

consideration of the consistency, security and interoperability of web services. Furthermore, this study also 

gives the ways for cloud service implement through the SOA approach and evaluation steps. 
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