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ABSTRACT: According to the unsystematic state of
current health information systems integration and aiming
to improve semantic interoperability, the approach for
health information systems under SOA is studied in
detailed. As for the system engineering, the concept of
HIS integration is discussed. After that, a SOA-based
health information system architecture and MDA-based
modeling and simulation analysis approach are explored.
Finally, a service-oriented integrated environment is
designed.
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1. Introduction

Since the healthcare enterprise is developing rapidly and
the medical reform is continuously strengthened, HIS has
experienced four developing phases: single computer
system with single user, department level application,
hospital level application, regional medical cooperation.
At the same time, HIS has made high demands for the
flexibility, interoperability and expansibility, especially the
demands for regional medical treatment cooperation [1-
2]. In recent years, several new technologies such as
distributed component technology, workflow technology
and XML-based web service technology have been widely
applied in the integration domain of the enterprise
application, and also have been given extensive attention
in medical information field [3-5]. Although these platform

independent technologies and standards have given strong
support to the medical information system integration and
data sharing, there still exists a serious problem—the
lack of semantic [6,7]. Semantic interoperability has
become the fundamental challenge with which a new
generation of distributed synergic healthcare information
system is confronted in the realization of medical and
electronic medical records sharing [8-10].

2. Basic Concepts

The interoperability is considered as a software property
in the software engineering field, with slightly different
definitions when used in different applied contexts, for
example, IEEE has provided four definitions about
interoperability [11]. Generally speaking, the
interoperability can be divided into syntactic interoperability
and semantic interoperability. The syntactic interoperability
mainly focuses on whether it is available to communicate
and exchange data between systems, such as data
format, communication protocol, etc.; the semantic
interoperability mainly focuses on whether the interactive
information between systems can be correctly
comprehended and used and whether the interaction is
meaningful or not, namely, whether the integrated system
is meaningful and can satisfy the applied requirements or
not, which are also the content of semantic referred in
this paper

In order to subdivide the content of system interoperability,
researchers have put forward interoperability models with
varied levels, such as Levels of Information System
interoperability model and interoperable reference model
NMI[12] proposed by NATO. Since the meaningful
interoperability of realization levels needs the guaranty of
composability of levels of conceptual interoperability
model, researchers have put forward the Levels of
Conceptual Interoperability Model (LCIM) [13-14] as
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showed in figure 1. LCIM further distinguish three divisions:
integration, interoperability and composability. The
integration focuses on the physics and technology field
of the connections of systems, such as hardware or
firmware, communication protocol etc.; the interoperability,
in narrow sense, involves the implementation details of
the system or software, focuses on the transmission and
expression of data; the composability represents the
modeling level validation and verification, namely, about
whether the software or model has authentically represent
the real system.

Figure 1. Levels of Conceptual Interoperability Model LCIM

LCIM subdivides into seven different levels of
interoperability: L0 indicates the independent system
without interoperability; L1 represents the technical
interoperability which requires each system to follow the
public communication protocol, such as TCP/IP, UDP
protocol etc.; L2 stands for the syntactic interoperability
in narrow sense of syntactic which has the demand that
the interactive system should apply uniform information
exchange format to define data and structuralize data,
such as XML, HL7 message model; L3 is the semantic
interoperability, also called as static semantic, which
requires to define the sense of data by using public
information exchange reference model, such as HL7 RIM;
L4 is the pragmatic interoperability, also called behavior
semantic, which requires the interaction data application
context between systems can be understood, that is to
say, the information exchange context is clearly defined,
such as UML, MDA etc; L5 is dynamic interoperability
which requires that the system can understand the
application context when state shifts with time, since the
system state gets changed when system
intercommunicate data with time, the hypotheses and
constraint condition of the application context which
influence the data interaction, also make change
correspondingly; L6 is the concept interoperability,  which
requires the meaningful abstract and hypothesis that the
concept model of system has towards the reality can be
clearly defined, and the concept model can make
document instruction in engineered way and can be
understood and evaluated by other engineers as well as
developed in the automatic direction. Extensible speaking,
L1 and L2 are mainly related to the syntactic aspect, while
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Figure 2. Extensible Process-driven Healthcare Information System Architecture
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L3, L4, L5 and L6 are mainly related to the semantic
aspect.

3. The SOA-based Healthcare Information System
Architecture

3.1 The process-driven healthcare information system
architecture
A stable extensible system architecture is the core of the
whole design of healthcare information system. The
Service-Oriented Architecture, SOA and the related
technologies have become an accepted technology
resolution to the regional healthcare informatization. SOA
has represent an open, agile, expandable, and composable
framework which includes services that are autonomic,
findable and potentially reusable, high-quality, diversity of
manufacturers and interoperability, with those services
being implement with standard web service.
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The paper puts forward the extensible process-driven
regional healthcare information system architecture as
showed in figure 2. Each hospital and community service
agencies publish services according to the standard web
service interface specification. Users and each application
system find and access to the relevant data interface via
register centre according to their own requirements, and
establish the specialized database or central database,
thereby to support different application. The primary
healthcare establishments can voluntarily determine which
service interfaces will be realized and published, thereby
to control the data sharing extent.

3.2 The reference process model for the healthcare
information system integration
The development of SOA-based application system is a
kind of bottom-up development which is different from the
traditional distributed system that has top-bottom
disintegration and then interface-based integration, and
which lays stress on satisfying different application needs
through service combination. Under the SOA framework,
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the specific integration application should be structured
via composite service. The healthcare information system
integration based on process integration referred in this
paper, which is similar to the semi-automatic service
composition, can better cope with the problem of
imbalanced development of medical informatization. As
showed in figure 3, the process reference model of the
healthcare information system integration process based
on process integration is presented as follow:

4. The MDA-based Modelling and Simulation
Analytical Method

Model Drive Architecture, MDA[15-16], an advanced
software engineering method put forward by OMG in 2001,
advocates to ideal with software architecture problem in
model level (not code realization level), as well as the
integration problem between different software tools. At
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the same time MDA formulates the related technical
standard, such as meta-modeling specification MOF
(meta-object factory), model storage and exchange
specification XML (XML meta-data exchange), modeling
language UML, model shift language QVT (inquiry/view/
shift) etc., trying to realize the programming directly based
on modeling language and directly convert the model to
the executable program via model complier. In line with
MDA idea, the main research content is as follows.

(1) The process model description specification for medical
cooperation. The existing process modeling method is
either aimed at the general workflow process such as
BPEL, IDEF3, UML etc. or is too abstract to understand,
like Petri network which is unfavorable for personnel to
build model. BPEL is the business process definition and
executive language of a web-oriented service and can
combine several web services into a new composite
service, then make identification and storage by using
platform independent XML. Petri network can support to
such complex process descriptions as concurrency,
asynchronism and cooperation. Based on these two kinds
of process modeling specifications, the medical
cooperation oriented process modeling method is
established.

(2) Meta modeling-based process model representation
specification. On the basis of systematic and comparative
research on current metamodeling languages, investigate
the feasibility and advantages of metamodeling
representation based on MOF, the platform independent
and MOF-based representation specification is designed.
Through metamodeling, the proper metamodel can be
customized to define filed modeling language, and then
the modeling tool is automatically generated for this
modeling language. Eclipse GMF (Graphical Modeling
Framework) is a graphic representation of the
metamodeling technology, on which the visual process
model modeling tool can be implemented for the field
modeling personnel.

(3) Mapping from process model to simulation model. Use
the simulation analysis method to validate process model
and optimize medical collaborative process before the
project implementation. By establishing the mapping from
process model specification to specific simulation
framework, the automation of simulation analysis process
is achieved. Personnel need not know the concrete
simulation specification and framework, but need pay
attention to the realization of concrete business logic.
The paper mainly studies the mapping from the model
specification to High Level Architecture (HLA) simulation
specification.

(4) Service-oriented integrated development environment.
The main function of the integrated development
environment is to integrate the above key techniques and
specification with the instruction of process-based
integration methodology, and provide the uniform process
modeling and simulation analysis tools for the integration

of regional medical healthcare information system. A
primary integrated development environment reference
structure is presented in figure 4. The environment
structure following MDA idea and applying web service
technology can give support to the distributed collaborative
development of integrated information system.

5. Conclusions

On the basis of the thorough analysis of the medical
treatment status quo in our country, this paper makes a
full use of the system engineering theory, method, and
advanced software design method to instruct and support
the methodology research on the design, integration,
development of the healthcare information system. The
research achievement of this paper will act as a scientific
method guidance and can be a more effective tool to support
the design, development, and integration of the healthcare
information system. Further, it will help to promote the
standardization of the medical information field and provide
a scientific basis for the formulation of the medical
business specification and management system. The
following step will be to exploit and realize the
comprehensive integration framework of the service-
oriented healthcare information system.

References

[1] Research Report on Hospital Informationalization
Development in China[R], (2008) 5.

[2] Li Baoluo, Li Haiyang, (2009). Analysis of Regional
Healthcare Informationalization Project Progress in China
[J]. China Digital Medicine.11, 4-9.

[3] Oludayo, Olugbara, O., Sunday, Ojo, O. etl. (2007).
An Architectural Framework for Rural e-Healthcare
Information Infrastructure with Web Service-Enabled
Middleware Support  Proceeding of Bamako 2007 E-
Health/E-Sante, January, 10.

[4] Boyd Carlson, (2008). Implementing SOA at the Duke
University Health System -The Journeys and How it
Enabled Big Wins. SOA in Healthcare workshop, April
15-17, Chicago, USA.

[5] Wu Ruming, Xin Xiaoxia, Zou Saide, (2009).
Construction Idea of Platform for SOA-based Medical
Information Sharing and Exchange[J]. China Digital
Medicine, 4(4) 80-83.

[6] Ken Rubin, (2008). Interoperability, Information Fidelity,
and the Need for SOA Healthcare Standards: Why Web
Services Aren’t Enough. SOA in Healthcare workshop,
April 15-17, Chicago, USA.

[7] Lili Song, Zhengdong Huang, Xueqing Guo, (2011).
Research on Integration Framework of SOA-based
Healthcare Information System Synthesis. China Digital
Medicine, (10).

[8] Richard Lenz, Mario Beyer, Klaus A Kuhn, (2007).
Semantic integration in healthcare networks. International
Journal of Medical Information, (76) 201-107.



             Journal of Digital Information Management  Volume 10   Number  2   April 2012                          135

[9] Charles, N. (2008). Mead, Semantic Interoperability:
The Promise of Rigorous Data Modeling in SOA. SOA in
Healthcare workshop, April 15-17, Chicago, USA.

[10] Diego, M., Lopez, Bernd, G. M. E. Blobel, (2009). A
development framework for semantically interoperable
health information systems. International Journal of
Medical Informatics, (78) 83-103.

[11] IEEE. The authoritative dictionary of ieee standards
terms seventh edition. IEEE 100, (2000).

[12] Edwin Morris, Linda Levine, Patrick Place, Daniel
Plakosh, Craig Meyers, (2004). System of systems
interoperability (sosi): Final report. TECH- NICAL REPORT.

[13] Tolk, A., Muguira, J. A. (2003). The Levels of
Conceptual Interoperability Model[C]. Fall Simulation
Interoperability Workshop. Orlando, Florida: Simulation
Interoperability Standards Organization.

[14] Tolk, A., Diallo, S. Y., Turnitsa, C. D. (2008).
Mathematical Models Towards Self-Organizing Formal
Federation Languages Based on Conceptual Models of
Information Exchange  capabilities [C]. Winter Simulation
Conference.

[15] Stephen JMellor, Kendall Scott, Axel Uhl, Dirk Weise,
(2004). MDA Distilled: Principles of Model-Driven
Architecture. Addison Wesley.

[16] Anneke Kleppe, Jos Warmer, Wim Bast, (2003). MDA
Explained: The Model Driven Architecture TM: Practice
and Promise. Addison Wesley.


