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Abstract. Secure, flexible and efficient storing and acaeesgsligital medical data
is one of the key elements for delivering succédslemedical systems. To this
end grid technologies designed and developed dwerrécent years and grid
infrastructures deployed with their use seem tovigan excellent opportunity
for the creation of a powerful environment capaifldelivering tools and services
for medical data storage, access and processinfisipaper we present the early
results of our work towards establishing a Medibaital Library supported by
grid technologies and discuss future directionstofdevelopment. These works
are part of the “Telemedycyna Wielkopolska” projegitning to develop a
telemedical system for the support of the regidrealthcare.
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Introduction

“Telemedycyna Wielkopolska” is a project run in smerdisciplinary collaboration
between Poznan Supercomputing and Networking Cetiiterinstitute of Computing
Science of Poznan University of Technology, and@ingsion of Trauma, Burns and
Plastic Surgery of Poznan University of Medicaleébcies, which aims to design and
develop a system for provisioning telemedical smwiin the Wielkopolska province
[1]. The objective of the project is to proposesaaf remote services that will support
the regional health care. Although the system &eddols are designed to be used by
various medical domains, the pilot use case saensbased around services for the
support of trauma treatment. To this end a systtmealical teleconsultations in the
area of trauma has been designed and deployed plstafor use within several
hospitals in Wielkopolska. Further works of the jpod focus on developing a
multimedia Medical Digital Library that will storeand enable information and
knowledge in the area of trauma.

This digital library makes use of the infrastruetaleveloped in the recent years by
the academic community in Wielkopolska and allowsdeliver a huge amount of
useful information to the regional medical commyntb support them in their
everyday work and to widen their knowledge and timgrove the quality of patient
treatment. It also allows to construct value-addedvices that can support such
different activities as medical research or heaétte system management. In this paper
we present the concept and the first results ofdthelopment of the Medical Digital
Library which was based on the grid infrastructar@bled through the research and
deployment performed in the recent years. Theigfrdstructure utilized for the needs
of the Medical Digital Library is discussed in dent1. Section 2 presents the first

* Corresponding Author: Michal Kosiedowski, Poznanp&computing and Networking Center, ul.
Noskowskiego 10, 61-704 Poznan, Poland



service of the Medical Digital Library that has hedeployed for use by the medical
community: the Registry of Reference Medical Cad®ther services developed
currently and planned for the future are discussedsection 3. We end with
conclusions in section 4 where we also draw on seor& related to our research.

1. Grid Infrastructurefor the Support of the Medical Digital Library

As it was mentioned in the Introduction, the MediDagital Library is supposed to
store and give access to a huge amount of headthelated data. This imposes a
requirement for delivering an infrastructure capabl efficient storing of this data to
the hospitals in the Wielkopolska province. Thi$rastructure must enable secure
sharing of information between the system partitipa One should also consider
limited investment funds that are available to ltlealthcare system in Poland. It is the
academic community which obviously plays a sigaifitrole in supporting the public
services.

The Wielkopolska academic community has a long 6$tsuccess stories
connected with the cooperation with public orgatiizes responsible for various areas
of public activities such as e-administration [2dspital informatization [3] or e-safety
[4]. The academic community is the owner and ojperat powerful infrastructure that
can be put to use for the support of the publigises such as, for example, health care.
This infrastructure includes the broadband optieivork named PIONIER [5], and a
significant amount of computing and storage reseaitbat were enabled on the grid as
a result of several national and international gadearch projects conducted in the
recent years.

The remote resources enabled on the PIONIER nettodugh advanced grid
technologies [6] provide a great opportunity toil an infrastructure for the support
of the regional Medical Digital Library. More imgantly, this infrastructure based on
the grid fulfills both the technological and thedget requirements connected with the
organization of such a library in Wielkopolska.this section we discuss several key
elements of the grid-based infrastructure thatilzed for the support of a developed
distributed digital library.

1.1. Data Storage

One of the most important requirements for theaistiructure supporting the developed
Medical Digital Library is the capability of secumnd efficient storage of huge
amounts of various types of data. This data indugmple textual information, various
types of medical images and video files. Moreotteg, sources of this data are diverse
and range from text and image information enteriedavweb portal, through DICOM
medical images and sequences saved at the poipatEnt examination, to digital
recordings of events such as medical operationesdIsources are distributed across
individual hospitals and across the region, androftroduce sensitive personal data.
The data storage resources owned by the Wielkop@skdemic community have
been enabled on the grid through the Gridge Dataddament System [7]. The system
has been designed within the PROGRESS project jd] farther developed within
such projects as SGlgrid [9] or ACGT [10]. It wéllso be used for the construction of
the National Data Storage infrastructure [4]. Than& the unified access to data
storage resources, which is based on the grid atdsagdit has been possible to enable a



huge virtual storage resource incorporating noy dhé resources locally available in
the Wielkopolska province, but also other resouressilting from the deployment of
grid infrastructures within the above-mentionedjgcts.

The Gridge Data Management System provides meaharfr file virtualization
on the grid. It offers its functionality via GSl4ed Web Services that allow to manage
the stored files, metadata and file access rigftts. physical data is stored within the
so called Data Container modules which are also\@&b Services and enable storage
of data on various types of media: generic fileteyys, tape archivers or relational
databases. The transmission of data to and fromytstem takes place with the use of
various data transfer protocols such as, for exan@tid FTP or GASS. Integration of
new types of Data Containers and new data trapsédocols is relatively easy thanks
to the flexible APl system. The Gridge Data ManagaetrBystem is used to enable the
above-mentioned distributed data storage resouccég used within the constructed
Medical Digital Library. This grid data infrastrure is used to store and share such
data as medical images and image sequences, andings of various events.

1.2. Data Processing

Putting the data stored within the Medical Digltdirary on the grid is also dictated by
the need to process the collected data by varipplcations. These applications will
search for knowledge links between individual setglata and will be used for such
scenarios as clinical decision support or mediesearch. It is envisaged that the
developed Medical Digital Library will eventuallyaw to hold a huge number of data
records, thus imposing a significant computing povefjuirement. Such computing
power, just like in the case of data storage ressjris available within the grid
infrastructure managed by the academic communéyrisulted from the national and
international grid projects. In addition to theaesces resulting from the execution of
the already mentioned projects, this infrastructls® includes the GridLab [11] and
Crossgrid [12] grid infrastructures.

Apart from delivering a utilizable grid infrastruce, the GridLab project resulted
in developing a range of valuable grid technoloffyis includes the Gridge Resource
Management System (GRMS) [13] which allows to ma&nagd access computing
resources such as hosts and applications. It off€S| Web Services API to submit
grid jobs, and hides the complexity of the undedyilow-level grid management
software. GRMS cooperates with such grid managemgstems as Globus Toolkit
[14], Sun Grid Engine [15] and Unicore [16].

1.3. Security

An important issue of the Medical Digital Library data security. This includes secure
access to the data with the support of a flexilghts management mechanism, secure
transmission of data and data integrity. The dag eomputing grid infrastructure
described in the previous two subsections is mahdge and accessed via Web
Services based tools that expose their functignatit compatibility with the Grid
Security Infrastructure [17]. This allows securemtounication between the services
involved in the realization of a transaction reqed<sy the user and allows single sign-
on on distributed resources. Each of the MedicaitBli Library users has his/her
personal certificate issued by the Polish Grid Qficlt he/she uses to authenticate into
the library.



Further on, the authorization of user operationsemources is maintained by the
Gridge Authorization Service (GAS) [18]. GAS is lexible service that allows to
apply different types of authorization policies fiifferent services based on resource
centric or role centric models. It can authorizeticas for multiple services
concurrently. In the Medical Digital Library GAS igsed to authorize access to
computing grid resources and to library serviceshsas, for example, the Registry of
Reference Medical Cases which is described inldattie next section.

1.4. Data and Service Access

Data and services of the Medical Digital Librare accessed from within various
types of user applications. The major user accesst is a web portal, but some
scenarios involve usage of mobile user interfacestandalone applications. To enable
services such as the already mentioned Registitederence Medical Cases or the
Medical Teleconsultations Service within varioupdyg of user access applications,
these services have been realized in line withGhd Service Provider concept [19,
20]. The Grid Service Provider introduced a flegitdrchitecture of accessing grid
services at high-level of granularity to facilitatenstruction of grid user interfaces.
This allows to build user access points on varitypes of terminals including web
browsers, desktop computers and mobile termingdsively easily.

The “Telemedycyna Wielkopolska” portal, the mairelusccess point, has been
deployed within the GridSphere Portal Frameworl] [@1d utilizes its capabilities for
building standards-based portals. The telemediealices enabled within this portal
also take use of the functionality of Grid Portlg2&], especially in the area of GSI
communication with remote services. The mobile teai is used for the
Teleconsultations Service and is planned for daligeclinical decision support at the
point of care. The standalone user interface isiected with archiving medical images
such as DICOM images and operation recordings.

2. Multimedia Registry of Reference M edical Cases

The Registry of Reference Medical Cases is thé sieesvice of the developed Medical
Digital Library that has been delivered within tHeelemedycyna Wielkopolska” portal.
This aim of this service is to provide functionglifor collecting and classifying
medical cases in the following two usage scenarios:
« collecting reference medical cases, i.e. such ctesare examples of ideal
treatment applied to cure specific injury suffebgda patient;
< collecting all medical cases in the Wielkopolskavince that were subject to
treatment in the surgery divisions of Wielkopols$kespitals.
Currently the first of these two scenarios has bemabled within the portal. The
pilot registry has been deployed to form a librafyeference medical cases in the area
of trauma.

2.1. The Registry Structure

The Registry of Reference Medical Cases is compadethe following four core
elements:



e the medical domain database which holds descriptminmedical domains
supported by the particular instance of the registr

« the Ul database which keeps information on Ul fa&d look for a particular
type of end-user terminal in correspondence with $tructure of a case
belonging to a related medical domain;

* the case database where the actual descriptiansdital cases are stored,;

e the data grid resources enabled via the Gridge DMsaagement System
services which store multimedia illustration of tbellected cases, such as
medical images or video documentation.

The purpose of the medical domain database iddw @&asy instantiation of a new
registry for the support of a medical domain presglg not supported by the Medical
Digital Library; the information required to dedmei a medical case highly depends on
the medical case to which it belongs. The domataliese allows to use metadata to
describe the structure of a medical case connesittda particular domain. The Ul
database allows to enter information corresponttinthe structure of a medical case
connected with a particular domain and is latedusghin the end-user application to
construct a user interface. It is very useful ttomatically generate the user interface
within the portal or a standalone application wigitebling on-the-fly modifications to
the functionality of the interface when the struetof the medical case changes. Both
these databases are stored in a relational datajpsisen.

The case database is a place where the descriptidhe actual medical cases are
stored. Each medical case description contains bafirmation on the patient, the
results of patient examination, classification bé tcase according to the standards
agreed within the community and the information tbe applied treatment. These
descriptions are stored in a relational databastesy The medical case description is
accompanied by the multimedia illustration of tlase, for example by medical images
or video documentation. These data files are storetthe data grid.

2.2. The Portal Interface

The Registry of Reference Medical Cases is designealccordance with the Grid
Service Provider pattern. It is a Web Service sujpp the Grid Security
Infrastructure. Its primary access interface is‘thelemedycyna Wielkopolska” portal,
but it is also planned to enable some of the fonetity on mobile terminals. It will
also be possible, in case such a requirement wpngo enable this service within
standalone end-user applications.

The web portal interface of the Registry has beewelbped as two JSR-168
portlets: one for adding and modifying entries Ire tRegistry and the other for
browsing and searching through the Registry. Thelgie are compliant with the
standards and as such they can be potentially gieghio any JSR-168 compliant portal
framework. As it was already mentioned above, wecsed GridSphere as the portal
engine in which the “Telemedycyna Wielkopolska” tabrruns. Selecting GridSphere
for the portal framework is connected with both fitsictionality that fulfills all the
requirements for the portal and its full compaitibilvith the Gridge Toolkit which was
used to build the grid infrastructure utilized I ttonstructed Medical Digital Library.

The Registry is currently used as an educationuresofor medical doctors,
especially surgeons in the Wielkopolska hospitele reference cases are provided by
the experts in the area of trauma. It is plannedntegrate this service within the



Medical Teleconsultations scenario to allow thersige access a simple ‘show me
similar cases’ decision support mechanism andltavahe consultants to point to the
Registry entries as a reference within their caatioh answers.

2.3. Value-added Services

Introduction of the Registry of the Reference Matli€ases allows us to start the
development of some value-added services on tdhi®fcore service of the Medical
Digital Library. As it was already mentioned, thendce can be used not only for
collecting the reference medical cases, but italaa be used to collect all the medical
cases encountered in the region in the area ofrix@ical domain in question. It is
important to note, though, that the organizatiorthi$ scenario requires a discussion
within the medical community so that the collectafrdata can be possible.

The two scenarios we envisage as those that canggorted by accommodating
the developed Registry to collect all medical casesas follows:

* medical research in which scenario the collecteth daay be subject to
medical research conducted by the researches aPdhean University of
Medical Sciences;

* healthcare system management support in which soetiee collected data
may be analyzed to report the current trends inrtedical domain in question,
thus helping to better estimate needs of the redjioealth care.

We envisage to employ the computing grid resoutoesupport users working

within the above-listed scenarios.

While the deployment of the scenarios in questi®nelatively easy from the
technical point of view assuming the data is alyestdred in the Registry, one should
remember that it also requires developing and impl&ing protocols for the exchange
of information between the hospital informationteys software used in Wielkopolska
and the Registry to facilitate data collection .

3. Other services

The Registry of Reference Medical Cases discugséldei previous section is the first
service of the Medical Digital Library that was sassfully delivered to the end-users.
We are currently working on adding new serviceshi library. The services that we
plan for addition to the Library include the medidata archiving on the data grid and
knowledge discovery for clinical decision suppdife discuss these two services in
this section.

3.1. Medical Data Archiving on the Grid

The archiving of medical data is connected with thguirement received from the
medical community to support the hospitals withoateffective solution for a PACS
system [23, 24]. A natural solution for this typka system in the “Telemedycyna
Wielkopolska” environment is to organize the PAGStem on the base of the data
grid infrastructure; a similar solution has beeoparsed by B. J. Liu, M. Z. Zhou, and J.
Documet in [25]. To this end we began investigatitmwards establishing an
easy-to-use solution that would seamlessly integnédith the Gridge Data Management



System on the one hand, and with the telemedicalices provided within the
“Telemedycyna Wielkopolska” portal on the other ¢han

The medical data that is subject to storing indat grid includes the following:

» the image documentation of patient examinationddaoted with the use of
various types of medical modalities such as, foangxe, computed
tomography, radiography, magnetic resonance imagiigothers;

« the digital recordings of events taking place a tiospitals such as, for
example, operations performed in the operation goom

The long-term purpose of storing these types dd daas follows:

e storage of the DICOM documentation scenario wilbwl to organize a
region-wide archive of radiology documentation vhigill be accessible to
all medical doctors in the province, with a speéius given to the general
practitioners;

e the archiving of the course of events during openat will have two
applications: the first application is to use teésted recordings as education
materials, the second one is to support solvinguiés over medical errors.

Both these scenarios will improve safety of thegrdas and the overall quality of
healthcare in the region.

To enable storage and access to the above-listadygees on the data grid we are
planning to integrate a DICOM image and a videeastring servers with the Gridge
Data Management System as two new protocols fer filattransfer. This will allow to
easily and immediately serve the data in questimbezlded within web pages once
they are accessed.

The medical data archiving on the grid scenari@ugently under design. We
expect the first results at the end of Februarynwpiéot deployments of the scenario
take place.

3.2. Knowledge Driven Decision Support

The data collected with the Medical Digital Libramay be a subject of deep analysis
aiming at discovering knowledge. A simple exampfedata analysis is search for

medical cases similar to the one currently viewedomcessed by a user. In this
scenario knowledge discovery is relatively easydésign and implement. However,

searching for similar information will go well beyd simple matching pieces of

information with well-defined structure such ag, éxample, results of examinations or
classification of a medical case found in the Regisf Reference Medical Cases. It
will also apply domain knowledge to evaluate simiijabetween cases and to search
for similarity within the multimedia medical docuntation, with a special focus given

to image analysis .

Building the domain knowledge will require constgmbcessing of new data to
update the knowledge base. This processing of idaavisaged to take place on the
grid, which can especially help with the analysfsimages as experience of other
projects such as, for example, Mammogrid shows.[26f knowledge collected and
constantly updated during the data processingheilb to create another service of the
Medical Digital Library. This service will be respsible for supporting clinical
decision making, including suggesting clinical dems at the point of care in the
‘anytime, anywhere’ scheme with the use of molsleninals. The applications in the
area of the clinical decision support are a suljéotsearch by our colleagues from the



Institute of Computing Science of Poznan Universitfy Technology, who have
previous experience with constructing such seri2zék

4, Conclusions and Related Work

The Medical Digital Library that we discussed instlpaper is at early stage of
construction. It is envisaged to support the heeadtfe in the Wielkopolska province

thus improving the quality of treatment received thg patients in the region. The
Library is a part of the “Telemedycyna Wielkopolskgstem which aims to provide a

set of remote services built on top of the optiwetiwork and grid infrastructures. The
early results of the project show that utilizatiohthe grid infrastructure and grid

technology has a big potential providing opportesitto deliver huge data and
computing resources that can be cost-effectivebdusy the healthcare organizations
such as hospitals.

Summing up the discussion it is important to dramv ather medical digital
libraries found in the world. Some examples include “TeleMedical.com” digital
medical library [28] where one can find all sorfsd@ital medical information ranging
from publications in the area of medicine to sympto diseases and medications
databases. Interesting work has been conductegpgdakis et al. [29] who designed
an architecture for a secure web-based digitedtibrA medical digital library has been
constructed also by Chu at al. [30]. One shoulce rtbat the term ‘medical digital
library’ is also often used to denote digital libes with a collection of medical
publications like, for example, MeDLib@NIC [31], 815 Medical Digital Library
[32] or a digital library at Hurvey Cushing/JohnyH#/hitney Medical Library [33].
This type of a digital collection of medical puldions is built within the
“Telemedycyna Wielkopolska” environment with theeusf the dLibra digital library
framework [34].

The Medical Digital Library that we are working @& an example of a health
scenario supported by the grid technology. WhekRitapat the health scenarios on the
grid one can distinguish four major classes of wadipplications: clinical, simulation,
pharmaceutical and bio-informatic. “Telemedycynaelbpolska” is an example of a
system providing clinical telemedicine. In this sdaimportant research problems
include management and integration of distributeztlical data [35, 36], deploying
medical image analysis on the grid [37, 38, 39]laborative visualization of medical
data [40] and enabling clinical decision supportt@ grid [41]. A problem close to
our work on storing medical images in the grid-bh&mata Management System is
discussed in [42]. Simulation applications are degpdl on GEMSS Grid [43] and
GAMA [44]. An example of a pharmaceutical grid saga can be found in [45].
Bio-informatic grid applications are widely desighnaround the world, for example
within the Biogrid project [46].
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