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i Background

= Digital Imaging and Communications in
Medicine (DICOM) emerged because of a need
to standardize the storage and transfer of
digital medical images and its associated
information between Picture Archiving and
Communications Systems (PACS) and
medical imaging equipment manufactured by
different vendors.

= Since itsinception in 1985, it has been
widely adapted by most medical imaging
companies and has become the de facto standard

for medical imaging.



i Background

= Explosion of Medical Imaging Content

= 2003: 308,000 terabytes
= 2006: 1,250,000 terabytes
(four-fold increase)



i Background

= Need for a storage infrastructure that is
scalable and adaptable to the rapidly
changing needs and requirements of
the medical industry.



i Background

= Grid Computing

= distributed computing across virtualized
resources with the goal of creating a
virtual supercomputer out of a
collection of connected and
heteregenous systems.



i Background

= Application of Grid Technology in
Medical Information Storage and
Retrieval

Examples:

= GLOBUS Medicus
= IBM’s GMAS (Grid Medical Archive Solution)



i Background

= ONCO-MEDIA Project
(www.onco-media.com)

= ONtology and COntext Related MEdical
Image Distributed Access

= An international collaboration between
France, Switzerland and Asia (Singapore,
China, Taiwan, Japan, Philippines)

= Funded under the ICT-Asia Program of the
French Government




Background

= Goal of ONCO-MEDIA.:

To develop new representations and algorithms in the following
areas:

= Semantic indexing of medical cases (images and
reports) using medical ontology;

= Contextual information retrieval, navigation, and query;
= Visual feature discovery and collaborative annotation;

= Invariant image feature extraction and image intelligent
matching/fusion

= Grid distributed medical image retrieval specification
and prototyping



i Background

Ateneo de Manila University
(www.ateneo.edu)

ONCO-MEDIA partner in the Philippines
Tasks:

To make local clusters available as part of the Grid
for testing.

Help investigate Grid technologies and image
analysis algorithms.

Create a Web-based medical image viewer
application that will make possible the semantic
content-based medical image retrieval in a Grid
context



DICOM Image Information Model
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. DICOM Image Workflow
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| System Architecture
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Figure 2.1. Query of Multiple DIISs Using Federated Tables



| System Components
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Data Flow Diagram: DICOM
Image Index Server
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Data Flow Diagram: Web
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Results
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Figure 6.1. Patient Level Query (left) and Modality Tvpe Query (right) Search
Boxes
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Figure 6.3. Patient Query Results



i Results
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Figure 6.5. Modality Query Results



_, Results
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Figure 6.6. Metadata of Image from Remote Hospital Through WADO
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Figure 6.7. Actual Image from Remote Hospital Through WADO



Performance Benchmarking

autobench report for web application server (200
connections per runy)
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Figure 6.8. Autobench Report on Web Application Server with 200 connections
per run



Performance Benchmarking
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Figure 6.9. Apachebench benchmarking log accessing DICOM file



Performance Benchmarking

Copyrlight 1296 Adam Twiliss, Teus Technology Lodd, hoop: Ay wwm. Zzeuastech. necys
Copyright 2008 The Apachis Software Foundastion, http: S fwow.mpache . ogl

EBernchmarkinansyg 10.2.3 .17

Secwer Softwsmres
Server Hosthrnswes
Seoerwer Fort:

Docwvancsmnte FPatli:

Docwvonen-. Lerngrii:

CopCcurce=ncy Lew=1:
Tirme=e taken for test=:
Compleoes IequesEs
Failed regun=st=:
Trite Srrorcs:

TocEl Ccransrerr=sc:
HTHML tronsScorrocls
PEdquescEs per Seciondd:
Tirm= peEr reguest s
TimeE per redduse=sn s
Trarnafer rate:

Conpection Times=s |(m=)

(b= pmtiernt)] .....done

Apache—Coyvotess 1. 1
i0.2_=. 177
f=ing=qu]

Fowados?rogquese Ty pe—WAD O SESs tad w1 TID —

1.3-12 . 2.1107.5.12. 7. 1875.53000000703 250033 1507S000000 135
LocriegTID=1.3.12.2 . 1107 .5.12 .7 .157E8, 320000007 0322500402 029 00000303 =
EObh J=ECc T ITTID=
1.2.12.2.1107.5.12.7.157 5. z000000703j 20040z 9sd0000042

SO0aDz=7 ohyoes

1

12 .21299471 =s=cond=s

1

]

]

SOo0=Z66 bheyate=

S00o0z27 byvtes

O.05 [#/5==0] (memT)

12212 .9431 [m=] [re=sir]
1Z2z1=_931 [m=] [ == T SErOSs =3ll COnCUurErrenc regquescE=])
=20 .02 [Floytegsaen] receiwad

mir mweEan[+s —=0d] m=Cliarn IO
Conre s i1 131 o. 0O i1 11
FProzessing: 12208 1Lz=05 o.O 1L==05 LEz=Z0OS
Taitdino: 100177 10017 a.O 1049177 10017
Toc=1 ¢ 1z2158 1Lz=19 ao.O 1L==4%9 LEz=49

Figure 6.10. Apachebench benchmarking log accessing WADO url



i Conclusion

= Using existing DICOM tools, Java,
Linux, Apache, MySQL and PHP, we
developed a prototype system that
enables query and retrieval of digital
medical images from multiple remote
sources through a single point of query.



Conclusion

The system developed consists of two major
components: (1) DICOM Image Index Server (DIIS)
and (2) Web Application Server (WAS).

The DIIS (installed in a local hospital) serves as a

mirror to the contents of the hospital’'s DICOM Image
Archive.

The WAS connects all of the remote DIISs using
MySQL Federated Storage Engine to form a Virtual
DICOM Image Archive (VDIA).

Using a PHP web application connected to the VDIA,
users are able to query and retrieve DICOM images
from multiples remote sources.
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