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Implementation of Medical Image DB Access Agent for
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. Introduction

Technical development makes telemedicine in
ubiquitous environment possiblel). Telemedicine in
ubiquitous environment can diagnose patients by
arranging of patients’ history, sharing information
between medical agencies, and joining the participation
of related specialists and medical agencies in diagnosis
through super-speed information network based on
sensor technology and dispersive databases such as
text, video, audio, etc. 2,3) In addition, it makes
mutual supports of medical information and techniques
but the
support, of unestablished medical items and general

easy through telemedicine -conference,

diagnosis of specialists in the related area should
be possible. System configuration for this can be
accomplished by building dispersive system
connecting each hospital with

ATM network. From the side of hospital
services, when patient is transferred to

the secondary medical agency from the primary
one, diagnosis results by the primary medical agency
are transmitted to the secondary agency with the
primary medical opinions and voice information through
super-speed information network based on ATM
network. For these, we designed and implemented
DBMS which

accepts ATM network services as it is but does not

remote connection functions for

support ATM network service when commercial
DBMS is used for making database.

Il. Materials & Methods

2.1 Medica Image DBMS for Telemedicine Information
System

For the data composed of multimedia of mass
storage like medical image database, high-speed
access should be required with no lowering of speed
by increase of data quantity and DBMS supporting
the various modes of data. The DBMS Currently
used includes relational DBMS, ohject-oriented
DBMS, and object-relational DBMS. These DBMSs
are not suitable to support functions of telemedicine
information system. Therefore, in this study, we
suggest a methodology of making them without
exclusive DBMS and making a rapid correspondence
without the change of system required from the
use of exclusive DBMS. In this study, we uses
ORDBMS Illustra as telemedicine image DBMS. 4)
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Fig. 1 Configuration Diagram of Telemedicine Information
System
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22 Teleconnecting Implementation Environment

Three DBMS servers equipped with LINUX and
three DBMS servers were used for implementation
of telemedicine information system. Network equipments
were connected by installing ForeRunner SBA-200
Adaptor at Fore ASX-200 ATM switch to 3 servers
and ForeRunnerLE PCI Bus PC Adaptor installed
at 2 Pentium PCs with UTP.

Fig. 2 Hardware Configuration Diagram

2.3 Teleconnection Design Using ATM API

Implementation of remote retrieval function using
a commercial DBMS-provided API has the structure
like (Fig. 3). The structure is DBMS-dependent
type and accompanies some restrictions in building
system. First, all hospitals installing telemedicine
information system must use the same DBMS or
re-connection of telemedicine information system
compatible with DBMS they use. Second, in case
that API cannot support ATM network (Native
ATM), TCP/IP characteristics should be followed in
transmitting medical image of mass storage. Third,
the above first and second problems will recur an
replacing. DBMS in the future. To solve these
restrictions, implementation of remote retrieval
function of independent structure in DBMS is
required. In this study, we desighed remote retrieval
agent to keep independence of DBMS and to
accommodate ATM network.

It incorporates teleconnection function by using
commercial DBMS API in layered agent as shown
in (Fig. 4) to make it function IPC (Inter Process

Communication) and designs protocols related to
connection between agent and retrieval service
program to be used at- ATM network and data
transmission. 5,6)
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Fig. 4 Retrieval Function Structure by Agent

Agent is composed of control agent and service
agent, and (Fig. 4) exhibits structure of service
agent responsible for data transmission. Control agent
performs the function of initial connection and
management. Query layer is designed to correspond
to multiple DBMSs with replacement of query layer
without change of remote control service program
for the independence of DBMS. For ATM network
service, multiconnection service is supported with
transmission layer by using AAL5. 7.8)
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24 |mplementation of Teleconnection Agent

Since control agent cannot perform direct access
to database, it is designed to mode without query
layer as shown in (Fig. 5).Coordinator layer retrieves
empty slot of CCD layer and confirms service
function as requested by remote retrieval service
program through ATM network. As the empty slot
is confirmed, it recognizes service as accessible and
performs connection procedure. If there is no empty
slot, inaccessibility of service is notified in remote
retrieval service program. CCD layer is data structure
storing information which was required for connection
management, and consists of service state field for
confirming service, SAP number field keeping
service access point number of service agent, and
service address field storing computer ATM address
with the operation of remote retrieval service
program. Multiparty process by CCD layer is
implemented by assigning empty slot in order
requiring connection.
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Fig. & Control Agent Structure
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Fig. 6 Connection Control Data Structure

ATM link layer of agent uses SVC (Switched
Virtual Connection) for connection establishment,
performs connection oriented service of AALS, and plays
a role of passing packet arrived from teleconnection
service program to Listen/Accept Coordinator. Initial
connection process is completed by transmitting
results of Listen/Accept Coordinator to teleconnection
service program. (Fig. 7) is (a) initial connection
process and (b) transmission packet structure. Packet
type field indicates whether transmitted packet is
connection request, accept or reject, and payload
size indicates the size of data recorded on Payload
Field. Service program and data of agent are
recorded on Payload Field and service program host
name is recorded when requested and SAP number of
service agent when accepted. Null data are recorded
when rejected. CRC field is not used for initial
connection establishment as reserved field for error
check at application layer.
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(a) Initial Connection Process
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(b) Packet Structure
Fig. 7 Initial Connection Process and Packet Structure

Service agent performs one-to-one correspondence
with teleconnection service program. Service agent
activated by control agent constructs Basic Query
Connection only at the beginning and does not
construct medical image channel for minimizing
waste of bandwidth.(Fig. 8) shows service agent
structure. Basic query connection layer plays a role
of retrieving and controlling telemedicine information
database, and performs text mode data process.
Query proxy performs the functions of extracting
SQL syntax required for database retrieval from
packet transmitted by remote retrieval service program
and transmitting it to query server. Result proxy
performs the result process from query performance,
and is also responsible for settling SQL syntax
error and server error, as well as for combining
Query results.
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Fig. 9 Data Transmission Packet Structure

PT in packet structure of (Fig. 9) indicates serial
data when the length of data to be transmitted is
larger than the size of payload, and RT field
indicates whether transmitted data is result value
or error information. RC and CC record row and
column of retrieved data records, respectively. PS
field records the size of data recorded on Payload
field. CRC is the function of 32 bits error detection
to perform error retrieval at application layer for
reliability of transmitted medical information.
Stage of connection establishment of service agent
is divided into Basic Query Connection and medical
image data channel configuration, as shown in
(Fig. 10). Remote retrieval service program should
be released for the reuse of slot assigned through
connection clear procedure with control agent at
the point of ending work.
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Fig. 8 Service Agent Structure

Connection establishment by data types is designed
to set QoS suitable to characteristics of each media
with thread. 9)
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Fig. 10 Service Agent Protocol Structure
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lNl. Experiment & Results

Implementation of teleconnection by agent has
advantages, such as DBMS independence and possibility
of accommodating ATM network service, but it
accompanies overhead from connection establishment.
Accordingly, gains and overhead resulted from
application of ATM network service are measured
to make performance evaluation. Overhead from the
use of agent includes QoS establishment delay in
initial connection, activation time of service agent,
and delay of basic query connection configuration
and of medical image channel configuration.
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Fig. 11 Delay Time of Connection Establishment

(Fig. 11) shows, delay time schematically when
DBMS API and agent are used, respectively. When
TCP/IP (DBMS providing API) are used, there is
no overload required for connection establishment.
Therefore, transmission delay is the greatest factor
in TCP/IP. In connection using agent, delay occurs
due to QoS establishment in connection establishment,
but initial connection delay has no influence on
real data transmission since it is a delay at the
point of activating remote connection service program,
as shown in (Fig. 11).
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(Fig. 12) Initial Connection Delay Time of Agent

(Fig. 12) is the measurement result of initial
connection delay time. Transmission of character
information has no problem in transmission with
relatively lower bandwidth, compared to medical
image information. Concrete delay from transmitting
character information in telemedicine information
system occurred by combination of database retrieval
time and retrieval results.
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(a) Basic Query Connection Delay Time
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(b) Character Information Transmission Time

(Fig. 13) Character Data Transmission Time

(Fig. 13) shows the Basic Query Connection
configuration and character transmission time
measured and giving almost

uniform distribution of transmission time. When

in service agent,

the average bandwidth of transmission channel was
set to 20 Mbps, the real transmission rate was
measured with about 17 Mbps. We concluded that
the degree of dispersion is dependent on the
change of CPU load in transmitting mass storage
data. Use of agent requires computer having better

capacity because the whole time depends on

processing time of hardware unless hardware
handles transmitted data in a high speed. For
instance, packet design of this study used CRC 32
for error check, but transmission rate in transmitting
data was lowered to 1/3 compared to when CRC32
was removed. It means that CPU rate for CRC32
operation cannot reach transmission rate.

IV. Considerations

In this study we suggested methods that medical
image DBMS agent is applicable to ATM network
in telemedicine information system for ubiquitous
medicine. It obtains the following conclusions:

1. Implementation of teleconnection functions using
agent is composed of independent structure of
DBMS.

2. Independent teleconnection function can be
applied to various DBMSs actively.

3. Currently applicable ATM network at PACS
has restriction of Fore SPANS ATM API.

4. These restrictions can be eliminated with use
of XTI or ATM APIL.

Future tasks are to design and implement

transr_nission to PDA through wireless network.



118 BE AFHERSE H3E(2005. 7))

Reference

(1) Weiser, M. The Computer for the 21th Century.
Scientific American, September, 1991.

{2} G. Chennd D. kotz, “A Survey of Context-Aware
Mobile Computing Research’, Dartmouth Computer
Science Tech, Report TR2000-381, 2000.

{3) B. Schilit N. Adams, and R. Want, “Context
-aware computing applications’, In Proc. of
IEEE Workshop on Mobile Computing System
and Applications, 85-90, December, 1994.

{4) BATINI, CERI, NAVATHE, “Conceptual DataBase
Design’, The Benjamin/Cummings Publishing
Company, Inc., 1999.

(5) ___ . “Application Programming Interface
Guide.” Release 3.2, Informix, 1995.

(6) Fred Halsall, “Data Communications, Computer
Networks and Open Systems’, Addison-Wesley,
1998.

{7) David E. McDysan, Darren L. Spohn. "ATM
Theory and Application”, Mc Graw-Hill, 1995.

(8) Uyless D. Black, “Data Communications and
Distributed Networks™, Prentice Hall, 1997.

(9} Charles J. Northrup. “Programming With UNIX
Threads’ John Wiley & Sons, Inc. 1996.

(10) Moon-Ho Lee, “Signal Processing of Image
Communication’, DaeYung Co., 1999.

(11) Adrian Nye, “The Definitive Guides to the X
Window System’. O'Reilly & Associates, Inc,
1992,

(12) ., ‘DICOM-Part 3 : Information Object
Definitions’, National Electrical Manufacturers
Association, 2000.

of & =&

A A odoigta PARIEE
Hag

(BARh WAWlzAe], 98348,

el &

ol & ¢

W A gt WA}
At

(@ARoh) WIS, 9hda

oh 3

2 ; Aokl Aekps
degem WAs)
Ay

(@42op TR



