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Abstract

The multi-media nature and global scope of PACS give rize 1o a
broad range of medicel information management issues. Due 1o the
complezily of each design tssue, most existing research prajects only
work on a single facet of these issues. As novel medicel informa-
tion systems are being rapidly developed, there is a critical need for
integrated date management and strailegic planning of information
system development in hospilals. This paper presents a research
framework 1o relate proliferating medical information management
izsues, facilitale siralegic PACS daiabase development and allow
research resulls to be easily tniegraied when they become available.
The characteristics and requiremenis of medical multi-media infor-
mation systems are suwmmarized and design issues encompassed in
the framework are ezamined. Partial research and development re-
sults at the University of Arizonce based on the proposed framework
are discussed,

1 Introduction

Picture Archiving and Communication Systems (PACS} have been
actively researched and developed for more than a decade as &
means to achieve total computerization of medical image acqui-
sition, processing, storage, transmission, and manipulation [7]. A
PACS not only replaces old manual image file management sys-
tems but also offers many advantages, such as vast image process-
ing and display capability, concurrency data access capability, and
innovative usage for remote consultation, research, and education

purposes.

One of the most important aspects of PACS research is the de-
sign and implementation of a PACS database system {DBS). A
PACS database stores and manages all patient image data and re-
lated graphical/textual/voice data in a hospital. Tt will support
daily radiological transactions and also increase diagnoestic accu-
racy by providing easy access to high-quality data and quick search
of relevant data. Because of the large volume of image data in-
volved and high system performance required in a clinical envi-
ronment, dezign considerations for a PACS database are very dif-
ferent from those for traditional database designs. Moreover, a
PACS database must communicate with several already existing
databases in a hospital if it is o achieve diagnostic and administra-
tive efficiency and effectiveness. Furthermore, advances in multi-
media wideband communications technology encourage a distinet
movement toward a Global PACS (GPACS) environment {14]. Ina
GPACS epvironment, manual transfer of image data between hos-
pitals is cbviated, scarce medical resources and expert knowledge
can be shared, and regional/national/international medical tele-
conferencing /research /education can be facilitated [14].

The multi-media nature and global scope of PACS give rise to a
broad range of medical information management issues [3]. Due to
the complexity of each design issue, most existing research projecta
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only work on a single facet of these issues. As novel medical in-
formation systems are being rapidly developed, a critical need has
arisen for integrated data management and strategic planning for
information system development in hospitals. Therefore, it is im-
perative that a research framework be provided to relate proliferat-
ing muitj-media medical information management issues, facilitate
strategic PACS database development and allow research results to
be easily integrated when they become available. In the next sec-
tion, we summarize the characteristics and requirements of medical
multi-media information systems based on a 2-year intensive re-
guirement analysis at the University Medical Center at the Univer-
sity of Arizona. In Section 3, we propose a research framework and
examine four aspects of the framework: 1) Local PACS (LPACS)
core design issues, 2) Global PACS {GPACS) design issues, 3) PACS
DBS design enabling technology and 4) PACS DBS implementation
enabling technology. In Section 4, we present research and develop-
ment results addressing some issues encompassed in the proposed
framework. Section 5 contains the conclusion of thia paper.

2 Medical Multi-media Information: Char-
acteristics and Requirements

As shown in Figure 1, a PACS database system (DBS) which man-
ages integrated radiological data serves many users and handles
numerous processes within as well as outside a hospital. The pro-
cesses of traditional radiological services include recepiion, exam
scheduling, exam taking, and exam reading (interpretation), re-
port transcribing and distribution, as well ag image filing and Joan
requests handling. Referring sections aud other hospitals often re-
quest patient files for both diagnostic and research/education pur-
poses. Many outside entities such as insurance companies, lawyers,
medical quality assurance committees, etc., also request patient
information from the radiclogy department, mostly for legal pur-
poses. All of the above processes center on aradiological data man-
agement system (e.g., PACS DBS) and closely interact with Hospi-
tal Information Systems (HIS) and Radiology Information Systems
(RIS). An HIS is typically a managerial system for centralized con-
trof of patient demographie, accounting, and history data. RIS
manages cost accounting and various control/utilization statistics
reporting for the radiology department. As depicted in Figure 2,
many hospital functions (e.g., patient admission/discharge/iransfer
(ADT), etc.) are across boundaries of these information systems
(e.z., PACS, HIS and RIS}, while consulting, research, educational
and conferencing activities are often conducted with other hospi-
tals. The PACS DBS plays a crucial role in providing these health
care functjons; therefore, its design needs to address the require-
mente and considerations arising from these functions.

PACS DBS design requirements and considerations largely fall into
the categories of data characteristics, transaction characteristics,
communication requirements, performance requirements and im-
plementation considerations. For instance, important data charac-
teristics include: A} large volume of image data: a typical digi-
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tired X-ray image requires from 10 megabits (1024 x 1024 x 12) to
more than 200 megabits (4096 x 4096 x 12} of storage space, while
the amount of image data generated in a hospital each day can be
two, ten or hundred gigabytes. In addition, each state has its own
legal requirement for long-term (2 to 30 years) archiving of patient
data, amounting to terabytes of data to be handled by a medical
image management system; B) diverse types of image  data
produced by different types ~of imaging equipment (modalities):
in general, images contain two-dimensional information of varied
gizes. There are three-dimensional spatially-reconstructed images
from Computed Tomography (CT) or Magnetic Resonance Imag-
ing (MRI) and dynamic or time-serial images from Cine-angiogram
(CINE) or Ultrasound US; C) close relationships among image,
textual and graphic data: PACS image data retrievals are usu-
ally accompanied by textual data or voice-activated input (patient
demographics, exam data and diagnostic reports) and graphic an-
notation {marks such as arrows, circles, lines on films), The specific
considerations and requirements in all categories are summarized
in Table 1 and detailed in [14].

Category Iiem Description
Data A Large velume of image data
Characteristica B Diverse typen of image data

[+] Close relationship among image, textual
graphie data

Transaction A Frequent image/tex} generation
Characheristics and (conturrent) retrievals |
B Image retrieval by aet based on

temporal, snatomical and modality relationship

c Local iaterest of image usage
D Few deleten and no updates on image data
E Frequent ad hoc retrievals Tor
conference, rescarck and education
Commuuication A Interdependence among PACS, HIS and RIS
Requirements B Suppors for diagnosin of camplicated cases
c Real time consultation
D Data/resoureca sharing with other hospitals
Performance A Real time responee and high system throughput
Requirements B Patient confidentiality, data availability
system reliability and eecurity
Implementation A Secticnal hospital budget structure
Considerations B Projected growth

Table 1;: PACS DBS Characteristics and Requirements

3 The Proposed Research Framework and

PACS DBS Design Issues

PACS DBS characteristics and requirements summarized sbove
present a range of iseues and considerations to be taken into ac-
count when adopiing an approach to PACS DES design. Table 2
outlines the PACS design issucs and their underlying requirements
and considerations.

PAGS DBE Daalgn Tnanss Charactss] and Ragul {sce Tablo 1)
Data Transaction | Comm, Ferd. | Tmplem,
ARC ABCEE ABCD [ XFE AE
LPAGS Core DB Deaign Innaess
Dliiribuizd PACE DB x IXXX X xx X
PACE/RIS/HIS loteyoperability x XXX
Puysical fmage data storage XXX |XX XX XX
AI for PACS x Xx x XX h 4
DR mackize x XX X
Dain secarily X
GPACS Dein Managoment XXX X

Table 2: Design Tssues Driven by PACS DBS Characteristics and
Regquirements :

— 4] —

1993 Pan Pacific Conference on Information Systems

While a few research projects have been undertaken to address
PACS DBS design issues, these studies have primarily worked on
a single facet of these issnen due to the complexity of each design
issue. From a strategic standpoint, we formmlated v research frame-
work so that multi-faceted PACS DBS design iszues, either with
a Jocal or global scope, can be addressed in parallel and research
results can be easily integrated when available.

Figure 3 depicts a layered research framework in which the inner
layers are critical research issues central to the development of tech-
nologies that will address the design issues in the outer layers. The
four layers are: PACS DBS Design Enabling Technology, LPACS
Core Design Issues, GPACS Design Issues and PACS DBS Imple-
mentation Enabling Technology. The initial focus on local PACS
(LPAGS) design issues is appropriate since results obtained there
will provide ways to extend PACS technology onto a global en-
vironment, However, the development of effective data models and
efficient query support for PACS data management will be essential
to allow fruitful development and easy integration of technologies
that respond to the individual LPA S DBS core design issues. Un-
der this framework, the technologies developed for PACS design
isgues are then transferred to PACS implementation support mech-
anisms, including specialized PACS DBS development (DBMS) en-
vironmenis, tools for generating eustomized designs and standards
that enable fast modular implementations and industry-wide inter-
operability. While PACS DBS R&D should be conducted in the
outward direction, feedback mechanisms also are needed between
layers to allow insights into technological improvements to How in-
ward so that the framework will improve along with the PACS
R&D.

In the following, we will firet discuss ihe LPACS and GPACS core
design issues and then discuss the PACS DBS design and imple-
mentation enabling technology issuses.

3.1 LPACS Core Design Issues

A local PACS (LPACS) is situated in a single hospital and its core
DB design issues are concerned with efficiently and effectively pro-
viding all the information services required by the radiology service
in the hospital. The following discussion examines LPACS design
issnes and justifies the design approaches adopied based on the data
characteristics and performance requirements identified in Section
2.

3.1.1 Distributed PACS DB design

The heavy workload associated with handiing large amounts of fm-
age and related data in a centralized PACS DBS tends to result
in severe system boitlenecks. By capitalizing on the simple con-
cepts of resonrce sharing and load balancing, distributed PACS DB
design, which is characterized by physical separation/replication
and logical integration of data among multiple PACS archive and
storage facilities, offers system performance and dependability im-
provement. In particular, by distributing and poesibly replicating
image and related data at several locations, most retrievals can
be handled locally without experiencing communication delay and
overhead, and thus system bottleneck can be alleviated. Under such
a distributed design, a PACS DES is also mose dependable in that it
can continue information service in the face of failures of individual
sites or partial communication links.

In addition to performance considerations, a distributed design
promises to meet other PACS DBS requirements. First, the hos-
pital budget’s sectional structure implies that a modular DB de-
sign is needed for the PACS DBS. Modularity is the essence of a
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distribnted B design. A DDB is composed of geographically sep-
arated sites which enjoy local antonomy but are coordinated to
maintain system integrity, This feature allows new system compo-
nents to be added on easily, meaning system-wide or local growth
in capacity can be smoothly achieved, Moreover, cost economy is
gained gince the DDBS can make use of local workstations and
their storage systems. Second, most of the image data generated
are often later retrieved by the same requesting hospital section.
This data usage pattern is ideal for & distributed design. Third,
the fact that few update/delete data operations are required signif-
icantly reduces boih the complexity of the distribution desipn and
the distributed operation processing overhead [15, 11].

However, like other distributed systems, a distributed PACS DBS is
confronted with complicated design problems such as alocation and
capacity design of system resources (storage, data and Processors)
as well an database management (distribution transparency, con-
currency frecovery control, query processing and security support)
and transaction management {decomposition, routing and integra-
tion) problems. The difficulty in solving these design problems is
further complicated by the size and the complexity of PACS [11].

3.1.2 PACS/HIS/RIS interoperability: heterogeneous DB
integration

The need to integrate PACS, HIS and RIS exemplifies the decades-
old information management problem in hospitals. In general, the
exisiing heterogencous databases (e.g. PACS, RIS, HIS, ete.) in the
bospital need to be brought together for the following reasons: 1)
golving the problems of data redundancy, data inconsistency, data
loss and unavailability, data model incompatibility and time delay
in providing medical services; 2) achieving operational efficiency,
cost economy, and effective diagnostic decision making; and 3) in-
creasing the hospital's competitive edge by minimizing legal rigks,
increasing education and research capability, and supporting strate-
gic planning and managerial control [12]. .

The idea of integration is to bring multiple independent database
fystems together into one logically integrated eystem. Several ap-
proaches are available. The physical integration approach re-
quires physically taking the information, data, and applications ex-
isting in each of the independent databases and incorporating them
in ome overall database system. The interface integration ap-
proach addresses the need of exchanging (or sharing) data located
in different databases and allows the interconnection of large pro-
gram corpaonents. The virtual databage integration approach
combines a number of existing databases into a single, logically
integrated whole using a global data model [12].

As evaluated in [12], the virtual database integration (VDI} ap-
proach has advantages over the other two. It is less costly, more
expandable and will not cause as much disruption to existing sys-
tem operation as the physical integration approach. It is also more
comprehensive and more adaptive ta system growth and expansion
than the interface integration approach. However, to adopt & virtual
database integration approach, a number of complicated technical
issies need to be solved, such as schema integration and conversion
as well as query translation. Moreover, the administrative and be-
havioral difficulty of orchestrating the integration process among
different departments in a hospital can never be overestimated.
Subtle inter- and intra-departmental politics call for cantion when
removing any stumbling blocks to PACS/RIS/HIS integration {12).

5.1.3 Physical image DB design

The physical design of a DB specifies an appropriate data storage
structure and data access schemes. It ia concerned with specific
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devices in which the data are ta be physically processed and stored.
1) Data struciures and compression. There are two major meh-
ods of storing image data. Oune in the storage of the original data s
is, and the other is the storage of data that are made to resemble the
original image by an encoding process. In the former case, the mast
commonly used data structure would be: two dimensional array,
one-dimensional array (or list}, tree or hierarchical (varjable reso-
lution image) structure such ns guadtrees, octrees end pyramids,
based on the principle of recursive decorposition [2]. Fn the Iatter
case, & close resemblance of the original is created by a presentation
method that transforms a raw image into symbolic information ne-
ing hasic structural elements of the picture and applies or fits them
into curvature or curved surfaces and for smoothed images.

Because of the large volume of image data, data compreasion iz es-
sential for saving physical storage space. Popular encoding schemes
include Run-Length and Huffman coding which are error-free com-
pression and transform coding, and two-dimensional Discrete Co-
sine Transform (DCT) which is an irreversible form of compression.
Hierarchical /tree data siructures can also achieve varying degrees
of error-free compression. Irreversible compression is more efficient
in saving storage (e.g., 20:1 as opposed to 2:1 on the average by
error-free compression), but its effect on diagnostic aceuracy and
legal implications are often attacked by the health care community.
Line-drawings (annotations on images) can be broken down to chain
codes or series of coordinates of points, In both cases, the original
Picture must be decoded and reconstructed. The compression ratio
and the time for decoding are occasional trade-offs.

2) Hierarchical storage architecture. Because of legal require-
ments for long-term archiving, the image data to be stored are
voluminous. Although a PACS DBS needs to meet the real-time
Tesponse time requirement, storing the entire collection of PACS
image data in high-speed storage devices is cost-ineffective and
space-inefficient. Since data retrievals exhibit a temporal correla-
tion such that newly generated images are retrieved more frequently
and older ones less frequently, it is sensible to have a hierarchical
storage architecture where older images are stored to a lower-cost
but slower storage system (e.g., optical disks) and more recent im-
ages on a more expensive but faster storage system (e.g., magnetic
disks). An important design issue, however, in to determine the data
migration scheme among the different levels of a storage hierarchy.

3) Data access upport. Special considerations for access sup-
port in & PACS DBS are necessary due to frequent “addings” and
“archiving” and few deletions of image and related data, coupled
with random access with real-time responses required for image re-
trievals. Common data access support schemes inchide indexing,
such as that based on the B-trees family, and hashine. Both of
these suffer some types of deficiency when handling large amounts
of data additions. However, since newly generated data are peri-
odically archived into slower storage devices in a PACS DHS, data
recrganization literally takes place at every archiving, which can
prevent a hashing scheme from performance degradation. Further-
more, a different data access support scheme can be employed for
archived data since retrievals are the only activities on archived
data.

3.1.4 Al technologies for data management and diagnosis
support

AT technologiez have been found to have many applications to med-
ical problems [8]. In particular, clinical diagnosis support, radio-
graphic image analysis, interpretation and consultation are typical
functions that can use solutions based on expert systemns {ES) and
neural networks (NN) approaches [24, 22]. Although these examples
are notable AT applications in radiology and medicine, they rarely
manifest implications for a PACS DBS design beyond its data con-



tent, organization and representation and manipulating language.
Oux the other hand, AT application in image data management, ex-

emplified by expert aystems for image retrieval [16], is an important
issue in PACS DBS design.

The need for image retrieval expert systems arises from the cost-
performance tradeoff in computer storage technologies. New ra-
diological exam interpretations often require that new images be
compared to previous images, which are typically located in low-
cost, low performance storage media such as opfical disks or mag-
netic tapes. According to the current storage technology, on-line
retrievals of old images from these low-performance data storage
and access devices cannot meet the real-time response time require-
ment. Therefore, it is essential to raise the retrieval performance of
old images to & real-time response level while at the same time
maintaining minimum high-speed memory space requirement by
pre-fetching to high-speed memory space only the relevant old im-
ages for comparison with new images [20], An expert system which
embodies radiclogists’ expert knowledge in image selection has been
shown to serve this purpose adequately [16]. Since such an expert
system manages data locations in 2 storage hierarchy as well as in
a network environment, its design and development hias become an
integral part of PACS DBS development.

3.1.5 Database machine for supporting routine reading

As meniioned, PACS application involves many types of retrieval
operation {data search), DBMSs rely heavily on pointers to retrieve
data and, following the pointers, the retrievals will then involve
numerous accesses to the disk at the hardware level. Moreover,
if there are cperations on data (e.g. join, etc.), the DBMS will
hava to perform additional processing. This database access (I/Q
bound) activity can easily tie up a single DBMS and slow down the
performance of the whole database aystem. Therefore, it would be
desirable to offioad some or all of the DBMS activity (in particu-
lar the associative addressing function) from the host machine to
some backend system - that is a “database machine.” This backend
machine can De a dedicated system running DBMS software, func-
tionalized processors or specialized hardware such as high-speed
associative memory systema. Althongh details vary fiom device to
device, each unit in the associative memory system has the ability
to select or reject on the basis of arbitrary restriction predicates. For
instance, if a data transaction can search based on several predi-
cates, (Patient Name = Smith, Image Fquipment = X-Ray, Im-
age Age not less than 1 month), each predicaté can be searched
in parallel. The link between the host and the database machine
would normally be an I/O channel or a communication line. The
inclusion of a database machine in a database has features of a
distributed system. The database machine approach can improve
the systern’s reliability through complexity reduction and enhance
the system’s performance through specialization, increased paral-
lelism, and processing pewer. In particular, a substautially large
percentage (e.g., 95%) of radiographic reading activities is “routine
readifig? in which rules for retrieving image data are simnpler and
speed is the most important concern of radiclogists. The database
machine approach (e.g., particulaily the parallel searching capabil-
" ity) has great promise in supporting data retrieval for such “rountine
reading.”

3.1.6 Data security

Data security refers to the protection of data against unantho-
rized disclosure, alteration or destruction. Since patient informa-
tion is highly confidential, security control is a major concern for
PACS DDBS users. The general considerations of security control
are physical controls, user access authorization schemes (e.g., pass-
words, ete.} hardware controls (e.g., CPU provides security features,
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storage protection keys and privileged operation maode), operating
system security, and datzbase security (e.g., “views" in relational
databases, access authorization to data, etc.}. In addition, an im-
portant security problem arising in a distributed datahase and in
a GPACS environment is the initiation and protection of inter-site
communication.

3.2 GPACS Data Management Issues

The advances in LPACS and networking technologies promise a
future GPACS health care environment consisting of networked
LPACS among regional, national or even international hospitals.
The technical and behavioral considerations for data management

. issues in GPACS vary according to “the level of data sharing” re-

g4

quired. The desired Ievel of data sharing is determined by the man-
agerial "“protocol” among all the hospital entities in a GPACS and
can be classified as follows.

1. Individual flles in case of hospital transfer, seeking for sec-
ond opinion, or remote consultation. This level only requires
a network interface method and translation of format.

. A deflped set of data in cage of conference preparation.
The set of data to be shared has to be explicitly defined.

. A small set of data acrosa patients with no predeter-
mined searching criteria in case of diagnostic conference.
All the data should be allowed to be accessed on an ad-hoc
basia.

. A large set of data across patients with various search-
ing criteria in cage of research, The data should allow varions
types of comparison and analysis.

Each level of data sharing can be obtained real-time or off-Hne,
depending on the performance requirements of different services. ‘
As noted, the first level of data sharing in this category is closely
related to clinical service. It invelves only one patient file for one
retrieval. The second, third, and fourth level of data sharing will
require a certain degree of “integration” to alfow- ad-hoc queries
of different local PACS (LPACS) databases. In addition, the sec-
ond, third, and fourth level will require the management of “Global
Medical Data,” including data in a “Conference Log” whick keeps
the cases discussed in medical conferences and a “Research Bank”
which stores various research findings, These “Global Medical Data”
should be well-managed so that research efforts are not repeated
and medical expertise can be shared among medical professicnals.

1) Intra-LPACS interoperability. It is clear that the degree

of data sharing and forms of data manipulation are detérmined
by managerial agreerént among entities involved in a GPACS,
and subsequently, shape the technical requirements for GPACS
data management. However, even the lowest degreé of data-sharing
{moving one patient file froni one hospital to another) involves
many difficalt technical problems. The difficalty les in the diversity
of Database Management Systems (DBMSs) utilized by LPACSs in
different hospitals and the conflicts in the syntactical format and
semantic usage of patient data managed by different DBMSs. The
central issues are those of heterogeneous database integration, the
same as for intra-hospital interoperability, and shared data direc-
tory management in a plobal environment, which needs to take
into account the underlying networking technologies and hospital
administration philosophies and their implications.

2) “@lobal Medical Data® management. The development and
management of a “Global Medical Data” database is essential for




achieving the full advantages of 2 GPACS environment. The design
issues of this database are similar to those for information systems
design in a geographical area, for which such design approaches
as the distributed, the centraliged or the hierarchical should he
considered based on the functional, operational and performance
requirements, Its management, however, is a tender issue that re-
quires well- thought-out strategies.

3) Security issues in GPACS, Due to the large amount of im-
age data and the need for utmost confidentiality of patient data,
security control in a GPACS environment entails special consid-
erntion. Most security control (e.g., user access, database secu-
rity) has been embedded in LPACSs. The concern in GPACS is
the communication/processing cost for imposing certain security
achemes (e.g., encryption and physical detection device) during
long-distance transmission. Due {o the large volume of image data,
it appears that the security control for textual data and image data
should be considered separately. For example, image data without
any indication of patient identity may not be required to be en-
crypied. But the viable security control in a GPACS will largely
depend on the legal requirement for handling image data in the
future.

3.3 PACS DBS Design Enabling Technology

Although each of the PACS DBS design issues represents a specific
aspect of PACS DBS design that requires special consideration,
they relate to one another through the common technologies that
enable the development of their solutions. These technologies in-
clude data modeling and query support.

1) Data modeling issues. A uniform and proper semantic data
model of medical data can provide a foundation for tackling individ-
ual design isaues as well as for integrating the results into one unified
gyatem design without duplicating effort. PACS data typically ex-
hibit an aggregation hierarchy and specialization (subclasses, gen-
eralization hierarchy) structure. In our view, the object-based mod-
eling approach [26] is deemed appropriate for this purpose because
of its flexibility in supporiing multi-media and knowledge-intensive
applications as well as its natural fit in representing PACS data.
Besides presenting the PACS data, what is more important is the
modeling mechanisms needed to support distributed database de-
gign, heterogenous database integration, data and knowledge in-
teraction and catalogue/metadata management. Metamodeling for
CASE tools to support PACS design is another important data
modeling issue.

2) Query support issues. Al PACS DBS design issues require
some sort of query support. Specifically, disiributed database pro-
cessing needs to address query decomposition and processing over
distributed data and heterogeneous DB integration in LPACS or
in GPACS depends on query tranclation and transformation sup-
port. Among the Al applications in medicine and radiology, image
analysis, diagnosis and consultation often require query by content
which needs to be facilitated using pictorial query languages. Other
PACS DBS design issues also deal with data access support. It is
important to note that PACS query support cannot be addressed
separately from PACS data modeling because of the close relation-
ship between how data are represented and how data nsage should
be supported.

3.4 PACS DBS Implementation Enabling Technology

‘While the development of PACS DBS design approaches is itself
a long-term research challenge, making use of the research results
for a2 PACS DBS implementation that needs front-end execution
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also requires strategic and technical approaches. Figure 4 depicts
the development process of a local PACS {LPACS) DBS and the
implementation support required.

1) Specialized PACS DBMS. DB applications have typically
employed database management systems (DBMS) to provide the
general mechanisms for operations (queries, updates, recoveries,
security controls} support and physical database implementation

based on an underlying data model. Efficient implementation of
a PACS DBS can benefit from using a specialized PACS DBMS,
which handles distributed operations and pictorial (image and graphic)
data, provides a natural interface to AI applications and is capa-
ble of meeting the performance requirements by stripping down
the overhead for unnecessary procedures and focusing only on the
core operations in PACS. Current DBMS technologies, which have
been geared toward general commercial applications, have not in
their current forms fulfilled the requirements of a PACS DBMS
[17]. Specialized PACS DBMS that facilitates easy implementation
of efficient PACS DBS in critical if PACS technologies are to earn
a place in the competitive health care environment.

2) Automated design support for PACS DB. Because of dif-
ferences in hospital organization, managerial style, physical size and
digtribution of workload, each hospital needs to rely on the infor-
mation gathered from requirement /distribation analysis of hospital
operations to determine its own effective logical data and allocation
design. Typically, this is a complex and time consuming process in
which DB experts need to be joined by hospital administrators and
staff in developing a customized design. Moreover, the process is
often hampered by inaccessible knowledge and the design tends to
be error-prone as a result of miscommunication.

For PACS DBS to be promptly and efficiently implemented in
hospitals, hospital personnel must be provided with user-friendly
computer-aided tools that will enable them to design a PACS DDB
easily and effectively. Such tools need to incorporate system design
expert kmowledge and methods so that they can be used to help
structure the analysis and design process that employs a semantic
data model. This will make it possible for an antomated PACS DB
desipgn to be derived,\one that is provided with human input that in-
cludes hospital environment descriptions and can be modified easily
when new information becomes available.

3) Standardization. The development of a PACS and its integra-
tion into a single or multiple hospitals requires dealing with het-
erogeneotis computing, communication and software environments.
Smooth introduction of a system into such environments necessi-
tates not only technieal solutions but also standardized interfaces.
Although developing a set of standards for any technclogy is of-
ten a painstaking and not always a rewarding process, it cannot be
overemphasized how important the industry-wide interface stan-
dards are in ensuring harmony in the fast-growing development of

PACS.

4 Partial Research and Development Re-

sults at UA

This section presents partial research and development results of
several research projects at the University of Arizona under the
proposed PACS DBS R&D framework.

PACS Distributed DB Design and Modeling

The goal of this project is to develop data allocation designs for a
distributed PACS DB, and io evaluate and compare their perfor-
mance by simulation. Current research results include the follow-
ings: 1) three general image/textual DB fragmentation schemes:




fragmentation by modality only, by modality, type of patients and
referring section, and by modality, type of patients, referring sec-
tion and anatomical portion; 2) three general PACS DB fragments
allocation schemes: random, cluster and total locality schemes; 3) a
SIMSCRIP T I1.5 simulation model of distributed PACS image/textual
data generation/storage/retrieval on Toshiba S-PACS network us-
ing input parameters to specify, among other things, PACS config-
urations and data allocation specifications; 4) analysis of simula-
tion evaluations of PACS response time and network and database
utilization over a range of transaction loads for different design ai-
ternatives [17].

Specialized PACS DBMS

The research results include 1) the custom-design of a distributed
DBMS for PACS DBS: the prototype was implemented in a Sybase
client-server configuration environment. Additional distributed op-
eration capabilities (coded in C language) was added to existing
Sybase DBMS functions [17]; 2) a prototype of a distributed DB
to evaluate the distributed DBMS$ design and o gain insights into
PACS DBS implementation issues [19].

The Design of PACS, HIS and RIS Integration

We have thas far 1) identified problems among HIS, RIS and PACS;
2) evaluated different integration approaches; 3) examined design
issues: schema intepration, mapping definition, query/transaction
proceasing and behavior aspects; and 4) investigated schema trans-
lation from MUMPS applications to Sybase relational schema using
a reverse engineering approach and a semantic data model, Syn-
thesized Extended Entity-Relationship (SEER) model. The use of
Sybase Open Server to achieve heterogeneous database integration
was also investigated [17].

Image Retrieval Expert Sysiem

The purpose of this project is 1) to specify a data migration (prefetch)
policy for PACS using an expert system approach aiid 2) to present
the architecture and profotype of IRES which will be coupled with
the distributed database system and provide a friendly user inter-
face (interactive processing, explanation capability), report capa-
bility, and performance required by radiologists. The architecture
of IRES has been designed and a prototype has been implemented
utilizing an expert system shell, EXSYS, and a DBMS, dBASEIN
Plus [16]. particular An expert system tool which can efficienily
access a SQL based DBMS is being investigated to couple with the
relational PACS DDBS.

Data Modeling and Automated Design Support

The research results include: 1) SEER-DTS {Synthesized Extended
Entity Relationship model - Distributed Transaction Scheme)Method-
ology for integrated distributed database design has been developed
and its effectiveness has been verified in an experiment; the method-
ology also facilitates distributed database design automation [5, 6].
A distributed database design tool, called Auto-DDB, has been
prototyped using Visual Basic in a Microsoft Window environ-
ment [25]. 2) SOOER (Synthesized Object-Oriented Entity Rela-
tionship Model) methodology has been developed to couple TRES
knowledge-base and PACS database [18]. A SOOER CASE tool
has been prototyped n an X-Window environment. If addition,
metadata management for catalogue management and metamodel-
ing issues for CASE tools are being investigated and integration of
SEER-DTS and SOQER methodologies is being considered.

5 Conclusion

Integrated information planning and management in hospitals is
becoming increasingly impertant due to the recent rapid develop-
ment of numerous novel medical information system applications.

1993 Pan Pacific Conference on Information Systems

This paper has provided insights into technical solutions for erit-
ical information management issues in hospitals, considering the
wilti-media nature of PACS technology and the future health care
environment (Global PACS) (which is still in infancy). Some of the
issues are nof vnique to medical information management, but their
importance becomes accentuated in the context of health care, Fur-
ther research on technology/methodology for solving these design
issues iz called for. The research framework for PACS DB develop-
ment proposed in this paper serves as a strategic plan for efficient
and effective future research in this area.
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