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A CORBA-Based Collaborative Work Supported Medical Image Analysis
and Visualization System

Junchul Chun'- Jaegi Son'!

ABSTRACT

In this paper, a CORBA-based collaborative medical image analysis and visualization system, which provides high accessibility and usability

of the system for the users on distributed environment is introduced. The system allows us to manage datasets and manipulates medical images
such as segmentation and volume visualization of computed geometry from biomedical images in distributed environments. Using Bayesian
classification technique and an active contour model the system provides classification results of medical images or boundary information of

specific tissue. Based on such information, the system can create real time 3D volume model from medical imagery. Moreover, the developed
system supports collaborative work among multiple users using broadcasting and synchronization mechanisms. Since the system is developed
using Java and CORBA, which provide distributed programming, the remote clients can access server objects via method invocation, without
knowing where the distributed objects reside or what operating system it executes on.

FI9iE : DHp7IE A|lAH(CORBA-Based System), X (Collaborative Work), QAR S (Image Segmentation), 3XRIZHE (3D

visualization), 84 R2M Y (Active Contour Model)

1. Introduction

Medical image analysis and modeling involves the deter-
mination of selected geometric features from the system or
structures within the medical imagery and three dimensional
visualization of neuroantomical structure if necessary (1, 2].
Recently, there has been a great deal of interest and progress
in developing medical image analysis and visualization sys-
tems based on the internet environments [3, 4. The major
issues for WWW-based medical systems are how to make

the analysis and 3D visualization faster and how to make
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group work feasible, Meanwhile, the collaborative computing
technology has become a major factor to develop collabo-
rative medicine systems [5-7].

The work described here is directed toward a design and
implementation of a platform independent telemedicine sys—
tem that provides various image analysis and real time three
dimensional visualization of computed geometry from a re-
gion of interest (ROI) and supporting three types of group
work, such as a single, a view and sharing mode. The pro-
posed collaborative medicine system, which is web-based
and has client-server architecture, can provide flexibility,
extensibility and location transparency of the medical data.
The analysis of medical images and visualization of the
volume data on the internet using CORBA and the JAVA
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programming language offers new perspectives for distribu—
ted and platform independent applications [8,9]. For the
development of the system we adopt the DICOM (Digital
Image and Communications in Medicine) standard for a
method of transferring images and associated information
device.

In the following sections, we explain the overview of the
system and its design and implementation issues. The the-
oretical background for image analysis and volume render—
ing is briefly discussed and the collaborative components are
introduced. We also illustrate some experimental results of

the system with concluding remarks.

2. System overview

The system allows us to analyze medical images using
image segmentation and volume visualization of medical im-
ages and manage medical image database in distributed en-
vironments. In order to support platform independency of the
system in distributed environments, we adopt CORBA and

Java technologies for the system development.

2.1 System architecture

The developed system consists of 3 major components : a
client component, an application server component, and DB
MS server as illustrated in (Figure 1). A client component
consists of graphical user interface to access the system and
CORBA component object. The client can be distributed for
several nodes. An application server component can be pro—-
cessed for manipulating medical images and communicating
to one or more DBMS via JDBC (Java Database Connec-
tivity). When a client asks a service from an application
server, the application server provides a CORBA object. The
ORB (Object Request Broker) accepts the request of the cli-
ent application and selects the proper server implementation.
The data management component encompasses the mecha-
nisms, which import data from external sources into the
visualization system and manage the data internally. The
system uses MySQL and JDBC to store and retrieve medical
images, which are stored in an information table by BLOBs
(Binary Large Objects).

The major advantage of the proposed 3 tier architecture
is that the overhead on the client system site can be reduced
on the internet environments since the client has only initial

code and user interface.

I
ORB

o|ar

\/

Aplication Server DBMS

(Figure 1) System architecture

2.2 System implementation

The proposed system can work on any system with COR
BA/Java since the system is implemented by using COR
BA/Java on the internet. In order to use CORBA objects,
IDL (Interface Definition Language) must be defined. Fol-
lowing code is IDL definition for medical image processing

and 3D rendering processing.

Module ImageFunc {

sturct img {
unsigned short height ;
unsigned short width ;
sequence < unsignd short > image ;

}

interface scaleOp {
void scaleOp ( in struct img ) ;
void getlmage ( out struct img ) ;
void setParameter ( in param ) ;

}

interface rotateOp {
void rotateOp ( in struct img ) ;
void getlmage ( out struct img) ;
void setParameter ( in param ) ;

}

interface 3DRenderingOp {
void 3DRenderingOp (in struct img ) ;
void getImage (out struct img) ;

Java IDL includes CORBA/IIOP ORB with Java platform
2. Using the Java IDL compiler, a server application code

and client application code can be generated as shown in



(Figure 2). A client code calls for a CORBA object within
an application server and consists of a graphical user in-
terface parts, CORBA initialization part. Application server
code consists of an image processing object, volume render-

ing object, and database management object.

IDL
Definition

IDL
Complier

. Server
Client Stubs

CORBA ORB

Application
Server
Code

(Figure 2) Code generation using IDL

As described, the system is designed and implemented for
working in the distributed environments using CORBA and
Java. Following are adopted characteristics of Java and CO
RBA for developing the system. Java, which simplifies code
distribution in the network supporting CORBA, deals with
code transparency, while CORBA supports network trans-
parency. The Java Advanced Imaging (JAI) API, which al-
lows sophisticated and high-performance image processing,
is utilized for the image analvsis and volume visualization.
CORBA is designed to allow object components to discover
each other and to interoperate on an object bus. CORBA
objects are packaged as binary components, and resided
anywhere on a network. Since CORBA supports a transpa-
rent object reference among distributed objects through ob-
ject interfaces, the remote clients can access server objects
via the method invocation, without knowing where the dis-
tributed object resides or what operating system it executes
on. In order to develop the system, we have used the CORBA
2.0 specification.

The developed system, which is platform independent, pro-
vides various medical image formats, methods for image
analysis, real time 3D visualization, medical image retrieval,
and collaborative work. The medical image processing com
ponents are developed using plug-in classes and those cla-

sses are working on the application by the class loader. Fol-
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lowing is an example of image processing plug-in.

Static Ohject runPlugln ( String commandName, String className,
String arg ) {
if (!className.startsWith ( “mipas” ))
return mipas.runUserPlugln ( commandName, className, arg,
false ) |
Object thePlugln = null ;
try {
Class ¢ = Class.forName ( className ) ;
thePlugln = c.newlnstance () ;
if {thePlugln instanceof Plugin)
(( PlugIn ) thePlugln ) .run ( arg ) :
else
mipas.runFilterPlugln ( thePlugln, commandName, arg ) ;
}
catch ( ClassNotFoundException e ) { write ( “Plugin not found : ”
+ className ) ; |
catch ( InstantiationException ¢ ) { write ( “Unable to load plugin
(ins) ") ;)
catch (IllegalAccessException e) { write ( “Unable to load plugin
(acc)”) 5 }
return thePlugln ;

3. Medical image analysis and visualization

For the visualization or quantitative analysis of normal or
abnormal tissue in biomedical images the proper segmenta-
tion of soft tissues is necessary. The proposed svstem can
produce segmentation of ROI using region-based model and
edge-based boundary detection using active contour model.
The region-based model involves an unsupervised classifi-
cation of the image by exploiting the statistical properties
of medical images. Agglomerative clustering and Bayesian
methods are well adapted for this purpose. For edge-based
segmentation, an active contour model [10] is applied to the
specific tissue of the image and it produces tissue boundary.
Subsequently, the segmentation results of a certain tissue
type from the consecutive slices of a volume image can be
used for the volume visualization. For the volume visuali-
zation, the additive re-projection method, which is a ray ca-
sting method [11], can quickly render a 3D image regardless

of the user's view direction.

3.1 Image Segmentation

The correct image classification/segmentation [12-15] pro-
vides clinically important information to analyze the tissue
for physicians as well as to reconstruct 3D volume visuali-
zation based on the segmentation results. The developed sy -
stemn supports both region and edge based image segmen-

tation for this purpose. The region based image segmen-
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tation uses Bayesian framework, which has been succes-
sfully adopted in a number of image analysis and computer
vision problems. The classification problem can be sated
as : “given a set of observed features, y, from an image x,
classify x into one of the classes in £”. In the Bayesian
framework, all inferences are based on the a posteriori pro-
bability function, which is obtained by combining the class-
conditional models with the a priori class probabilities. The
Bayesian classification technique we adopt is an example of
an unsupervised method. Unlike traditional clustering tech—
niques, the Bayesian approach does not just partition the ca-
ses but rather attempts to find the best class descriptions
in an image space. The best classification result satisfies the
log posterior probability that the feature x belongs to the
subjective class using the following Bayesian formulation
[16] :

gilx)=InP(w;| x)ycmp(x | w;)+ nPlw,;)

If the image I is assumed to be partitioned into k classes
2={w;, w5, N\, w,}, these classes are exhaustive and mutu-—
ally exclusive, i.e., any image x from I belongs to one and
only one class. In order to use Bayesian approach, the in-
trinsic numbers of class k and the probability density fun-
ction of the random variable can be derived by using ag-
glomerative clustering approach. The agglomerative clus-

tering algorithm proceeds as follows :

(D Image is subdivided by #zx# blocks, such as 3x3 and
each block is assumed be homogeneous in its nature.

@ Homogeneous blocks are merged based on the mean
and variance of each block. Recalculate mean and vari-
ance of merged blocks.

@ Repeat 2 until the values of mean and variance of each

block are converged.

The goal of the clustering phase is to identify these clu-
sters and estimate their parameters. Our hypothesis is that
these clusters are normal random process with parameters,
mean vector and covariance matrix since Bayesian approach
is optimal when the distribution of the cluster is normally
distributed. As the hypothesis test the chi-squared test for
goodness fit to a distribution is used. Our approach is novel
in which the classifier attempts to identify these regions for
itself. In our case, the stage of clustering and classification

proceed in tandem, and are based on a spatially localized

approach to cluster/classification that embodies statistical
hypothesis validation as it proceeds.

The system also provides edge-based segmentation app—
roach based on the active contour, which is widely used for
optimal contour detection in the fields of computer vision,
such as segmentation and object tracking. The active con-
tour is a computer vision model commonly used to fit. closed
curves around image contours of interest. In general, it is
a set of points imtially placed near the ROI that are gradually
brought closer to the exact shape of the desired region in
the image. This is accomplished through iterative minimi-
zation of an energy function with elements of internal en-
ergy, and external energy. Using the optimization procedure
of the active contour model, the system extracts the bo-
undary information of specific tissue and utilizes the seg-
mentation results for 3D volume visualization.

In this system, we utilize a greedy algorithm of the active
contour model proposed by Kass et al to detect boundaries
of specific tissue type. Let the contour be represented by

vy={x(s),y(s)). The active contour model involves mini-

mizing energy function defined by
Esnake = f(aEmn + ﬂEcun‘+ yEimage)ds

for the active contour to move onto the tissue boundary. The
continuity energy enforces the shape of the contour and is

expressed by
Eam =d— | Vi— Ui |

where d is the average distance between two points. The
curvature energy, which presents the smoothness of the

contour, can be expressed by
2
Ecurv = | Vi-1— 21}1’+ Visl |

The image energy attracts the deformable contour to object

boundaries and is defined by
Ez’mage = (Gmm - Gl)/(Gmax - Gmin)

When the active contour model is applied to boundary
detection, the initial boundary condition is critical to deter-
mine the final boundary of the object. The developed system
provides an interactive graphical user interface to assign the
initial boundary location of a specific region effectively.
(Figure 3) (a) and (Figure 3) (b) illustrate an example of



initial boundary condition assigned by a user and the final

result of active contour model, respectively.

(Figure 3) The initial boundary (left) and the final resuit of
active contour {rignt)

3.2 Volume Rendering

Feature data resuiting from the analysis of the sequential
2D images provides clinically important information of the
tissues and can be used for volume rendering. Recently in-
troduced weh-based rendering technique which uses scene
graph for creating and manipulating 3D needs much time
for rendering images {171, The use of 3D texture mapping
hardware for volume rendering [18] has become a powerful
visualization option for direct volume rendering but it needs
specialized graphics hardware. Thus, in this work, for the
volume visualization, we adopt a ray casting method so
called additive re~projection, which uses a combination of
reflected and transmitted light from the voxel. As illustrated
in the (Figure 4), it projects voxel along a certain view
direction and intensities of voxels along parallel viewing
rays are projected to provide an intensity in the viewing
plane. Voxels of a specified depth can be assigned a max-
imum opacity, so that the depth that the volume is visualized
to be controlled. The major advantage of using this method
is the volume can be visualized from any direction and the

hidden surface removal can be easily implemented.

Light

Source
N Surface
Normal
L
VIEW DIRECTION
——————.
P — . Light
Light Out ‘ .\ n

(Figure 4) A model of additive reprojaction

T ST A=Wy 24 5 7S AlaE 113

4, Gollaborative work components

As described, the system can provide collahorative modes
for the users. For this, the clients can broadcast events to
the application server so the application server and the sc-

reen -of the local clients should be synchronized.

(Figure 5) Collaborative work {single, view, sharing mode
from feft to right)

The system provides three collahorative modes which are
single, view, and sharing mode. (Figure 5) illustrates sche-
matic description of collahorative modes provided in this
system. Especially in the view or sharing mode, an appli-
cation server shows the various imaging information proce-
ssed the multiple users. When the users broadcast events
to server site, the server and local screens of each user are
synchronized. Thus, multiple users can share the same sc-
reen. For the collaborative work, the system provides a
method to communicate each other by allowing a commu-
nication window for each user,

The major functions of each mode are as follows :

® The single mode activates single user wark by locking
current data and event.

® The view maode allows for clients share the screens of
other clients while only an authorized client can modify
the data,

¢ The sharing mode allows a group of multiple users can
share and change the current events and data. While
modifying any sharing data by a client, the system
temporally locks the other client’s trial to change the
data and broadcasts an event fo each client after the
modification is finished. As illustrated in (Figure 3)
nultiple clients and a server can broadcast data and

event both directions.

5. Experimental results

Some experimental results from the system are illustrated
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in (Figure 6)~ (Figure 8). Classification results of MRI in
the single mode work and a result of 3D rendering using
the active contour model and ray casting method are

illustrated in (Figure 6). The sytem is working on window,

solaris or Linux etc..

(Figure 6) Segmentation result (up) and volume rendering
result (down)

(Figure 7) (a) is an example of the single mode. In this
mode, only one client works its own work and the co-work
signal is off. (Figure 7) (b) illustrates two examples of the
view mode where an authorized client can modify the data
and does not allow the other clients modify the data. The
other clients can only share the screen of the authorized
client. Meanwhile, it is possible to share and modify current
data and events for collaborative work using the sharing

mode as illustrated in (Figure 7) (¢).

(a) A Screen example of single mode

(¢) Two screen examples of sharing mode

(Figure 7) Collaborative work using (a) single (b) view and
(c) sharing mode (from top to bottom)




(Figure 8) is a screen example of the medical data ma-
nagement. Using MySQL and JDBC the system can store

and retrieve medical image in a rapid and convenient fashion.

oy
Bits: per pikel £ (inverted LLIT)
Mo Theeshold .

20000211
20600912

(Figure 8) A screen example of data management
6. Concluding remarks

In this paper, a platform independent telemedicine system
for medical image analysis and 3D visualization was pre-
sented. Reliable results from the medical image analysis and
volume visualization provide clinically important information
for people in biomedical and biophysical areas. In that sense,
the developed system has reliability and usability. An impo-
rtant characteristic of the system is that it is designed and
implemented based on CORBA and Java and thus it provides
high usability and accessibility for users at remotely located
sites. In addition, the system supports interactive collabo-
rative work for the group of users.

As for the further work, the security assurance problem
in collaborative work will be studied even though CORBA
supports high security in the system. The enhancement and
optimization of the system functions will be considered as

future works.
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