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OOrpyHTOBaHO AKTYAJIBHICTH PO3PO0JIEHHS, a TAK0XK ChOPMYJIHLOBAHO 3arajibHi BUMOTY
Ta MOOYI0BAHO APXiTEKTYPY iHTErPOBAHOr0 OHTOOPiIEHTOBAHOTO iHGOpPMAaNLiiHO-aHATITHYHOTO
cepeloBHINA HAYKOBHUX JI0CTIIIKeHb, Ipodeciiinoi HLIMTeJIbChbKOI AiSIIBHOCTI Ta eJIEKTPOHHOTO
HABYAHHS KHUTaHCbKOI 00pa3HOi MeIMIMHU SIK NEPCHEeKTHBHOI CKJAA0BOI iHTerpajabHOI
MeauuuHu. ChopMyiL0BaHO BUMOTH TAa PO3P00JIeHO y3arajbHeHi apXiTeKTypH CKJIAJ0BUX
iHTErpoBAHOr0 OHTOOPIEHTOBAHOIO iH(OpPMANIHHO-AHATITUYHOIO CepelOBHINA HAYKOBHX
JA0CTiIzKeHb, Mpo@eciiiHol HIIUTENbCHKOI AiSIJILHOCTI Ta €JIEKTPOHHOT0 HABYAHHS KUTAHChKOT
o0pa3Hoi MemuuuHHM, a came. MjasA iHdopMmauiiiHoi cucremu mnpodeciiinoi HiTMTENbCHKOT
AistibHOCTI «IMimK-TepaneBT», 0a3u 3HAHb KHUTACbKOI 00pa3HOI MeIUUMHM, €KCIEPTHOI
CHUCTeMH MiATPMMKHU NPUIHATTA JIarHOCTUYHUX TA TepaneBTHYHMX pilleHb, iHopmaniiinoi
CHCTEMH €J1eKTPOHHOI0 HABYAHHS KHTAHCHLKOI 00pa3Hoi Menuuuuu, iHgopmauiiinoi cucremu
HAYKOBHUX J0CTIIKeHb KUTAiiCbKOI 00pa3Hoi MeIUIIUHU.

KuarouoBi cjoBa: onToJIOTis, iHTerpoBaHe iHdopmauiiiHo-aHATITHYHE cepeloBUINE,
KHTalicbKa 00pa3Ha MeIUIUHA.

The timeliness of development and formulation of general requirements and
architecture of integrated onto-based information analytical environment of scientific
research, professional healing and e-learning of Chinese image medicine as a promising
component of integrative medicine is substantiated in the article. Scientific evidence-based
integrative medicine is typical for conventional medicine; but unlike the conventional, the
integr ative medicine synthesizes experience and engages all the best achievements of ancient
medicine and contemporary Western one. The integrative medicine is not a new field of
medicine; it isits new paradigm that facilitates the new quality of healthcar e services.

Traditional Chinese medicine experienced a number of comprehensive clinical
researches, theoretical scientific studies and relevant information analysis means were
developed (ontologies, expert systems, grid systems), there is no such research and significant
information analysis means for Chinese image medicine. The development of integrated onto-
based information analytical environment of scientific research, professional healing and e
learning of Chinese image medicine is aimed to ensure the effective organization and
coordination of existing professionals of Chinese image medicine, its scientific researchers,
people who study Chinese image medicine and the establishing of modern intellectualized
infor mation means and resources in traditional, complementary and integr ative medicine on a
national and worldwide basis. The developing infor mation environment will enable on a high
scientific, technological and infrastructure levels data collection and automated statistical and
intellectualized analysis of treatment results by means of Chinese imagine medicine; will
facilitate the creation of a unified database of theor etical, experimental and clinical research in
integrative medicine.

Onto-basis of the developed integrated information environment will help to unify,
standar dize the technologies of information submission (data and knowledge) in traditional
Chinese medicine and Chinese image medicine that will make it possible to solve the problem
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of semantic heterogeneity of poorly structured and hard formalized knowledge of Chinese
image medicine because the use of ontologies eliminates subjective factors, polysemantics,
fuzziness of images and concepts that are explicitly or implicitly operated by complementary
medicine specialists in diagnostic and ther apeutic decision-making. I n addition, the developed
onto-based environment allows maintaining the necessary level of integration and
sustainability of knowledge and datain Chinese medicine for different infor mation technology
and systems, and also the possibility of multiple reuse of knowledge for various infor mation
systems and applications.

Also the requirements and general architectural components of integrated onto-based
information analytical environment of scientific research, professional healing and e-learning
of Chinese image medicine were developed in the study, in particular for the information
system of professional healing | mage T her apist, a knowledge-base of Chinese image medicine,
expert system for diagnostic and ther apeutic decision-making support, information system of
e-learning of Chinese image medicine, information system of research in Chinese image
medicine.

Key words: ontology, integrated information analytical environment, Chinese image
medicine.

Introduction

The development and constant improvement of medicine, infrastructure of healthcare delivery is a
topical matter, which healthcare practitioners as well as specialists of other spheres of human activities are
facing these days. Currently, healthcare industry is also involved in intense globalization of economy,
palitics, science, technology, social and cultural life, globalization and integration. Specially, this include
the problems of integration, synthesis, mutual coordination and complement of conventional (Western) and
unconventional (alternative, complementary) medicine that was manifested in the formation of the
contemporary development of medicine as an integral (integrative) medicine [1-5].

Scientific evidence-based integrative medicine is typical for conventional medicine but unlike the
conventional, the integrative medicine synthesizes experience and engages all the best achievements of
ancient (traditional Chinese medicine, ancient Indian Ayurveda medicine, Tibetan medicine and other
traditional medicine) medicine and contemporary Western one. Integrative medicine presents halistical
comprehensive view of an individual and human diseases including their physical, psychological,
environmental, economic and social aspects for creation of latest effective and safe methods of diagnosis,
treatment, prevention and human health protection. The integrative medicine is not a new field of
medicine; it isits new paradigm that facilitates the new quality of healthcare services for population.

Integrative medicine has been emerging all over the world since the 90s of the twentieth century.
Integrative medicine was developing the most in the US, China, Japan, Korea and many European
countries and Brazil. Above al, in the US the Academic Consortium of Integrative Medicine and
Healthcare, the National Centre of Complementary and Integrative Health (NCCIH) were created, and in
2001 the Ingtitute of Integrative Medicine was opened at Harvard. In China the integrative medicine is an
integral part of public healthcare successfully combining achievements of Western medicine and
traditional Chinese one.

Traditional Chinese Medicine (TCM) run deep into past and is a vast system of diagnosis and
treatment, which includes naturopathy (treatment with natural products, phytotherapy), Qigong,
meditation, massage, special diets, acupuncture. Chinese image medicine (CIM) (Image therapy, Image
medicine, and “Yi Xiang Yi Xu€’) is one of the oldest areas of TCM, it historicaly originates in the
studies and medical practice of a famous ancient Chinese physician Bien Chue (407-310 BC), who is the
founder of the basic techniques in TCM diagnosis and the first medical school of TCM (Bien Chue
Schoal). CIM engaged the best achievements of TCM as well as diagnostic and therapeutic methods of
Qigong; besides the usual TCM approach it uses diagnostic and therapeutic techniques based on personal
special abilities to perceive and modify internal images of a disease, which were firstly mentioned in the
ancient Chinese medical manuscripts “The technique of internal reflection” and “The mirror principle of
Bien Chue’.
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Traditional Chinese medicine experienced a number of comprehensive clinical researches,
theoretical scientific studies and relevant information analysis means were developed (TCM ontologies,
TCM expert systems, TCM grid systems [6-12]), there is no such research and significant information
analytical means for Chinese image medicine. Due to these facts the Program of research in Chinese image
medicine was developed in 2017-2023 [13]. This program aims to conduct comprehensive research in
Chinese image medicine for creation of theoretical and experimental scientific backgrounds of CIM to
investigate fundamental causes and courses of human diseases and effective methods of their prevention
and treatment.

The urgent matter of the development of onto-based infor mation analytical environment
of scientific research, professional healing and e-lear ning of Chinese image medicine

According to the WHO traditional medicine strategy [14], the regulations of the Ministry of Health
of Ukraine [15] the Program of Chinese image medicine research for 2017-2023 [13], and along with the
need for CIM admittance into the integrative medicine as an evidence-based healthcare branch, the creation
of an integrated onto-based information analytical environment of scientific research, professional healing
and elearning is topical scientific and applied issue. This development of information analytical
environment is aimed to ensure the effective organization and coordination of existing practitioners of
Chinese image medicine, scientific researchers of CIM and people who study CIM, as well as the
establishing of contemporary intellectualized information means and resources in traditional,
complementary and integrative medicine on a national and worldwide basis. The main users of the
information environment are CIM therapists, students attending a course (online as well) in CIM, CIM
scientists and researchers.

The development of such information environment will enable on a high scientific, technological
and infrastructure levels data collection and automated statistical and intellectualized analysis of treatment
results by means of CIM; will facilitate the creation of a unified database and knowledge-base of
theoretical, experimental and clinical research in CIM for effective implementation of the Program of
Chinese image medicine research [13].

Onto-basis of theintegrated information environment will help to unify, standardize the technologies
of information submission (data and knowledge) in TCM and CIM that will make it possible to solve the
problem of semantic heterogeneity of poorly structured and hard formalized knowledge of TCM and CIM
because the use of ontologies eliminates subjective factors, polysemantics, fuzziness of images and
concepts that are explicitly or implicitly operated by CIM therapists in diagnostic and therapeutic decision-
making. CIM ontology will enable the standardization of concepts and terminology in CIM that will
significantly facilitate CIM therapists to consistently collect and share their knowledge and experience in
the integrated information environment. Experts will understand each other much better, and the CIM
education system will be more clear and consistent. In addition, the developed onto-based environment
allows maintaining the necessary level of integration and sustainability of knowledge and data in CIM for
different information technology and systems, and also offers the possibility of multiple reuse of CIM
knowledge for various information systems and applications.

Requirements and general architecture for integrated onto-based infor mation analytical
environment of scientific research, professional healing and e-lear ning of Chinese image medicine

General requirements for integrated onto-based information analytical environment are:

1. Integrated onto-based information analytical environment should include the following systems
as its components: information system for professional healing Image Therapist (ISPH Image Therapist),
CIM knowledge-base (CIM KB) expert system for diagnostic and therapeutic decision-making support in
CIM (ES CIM), CIM e-learning information system (CIM EIS), information system for CIM research (ISR
CIM) (Fig. 2).

2. Theinformation environment should be based on ontological approach and ontological models of
CIM and be consistent with previously developed ontologies for traditional Chinese medicine and
conventional (Western) medicine.

12



3. Information environment should be consistent, compatible with existing onto-based information
environments, systems and resources in traditional Chinese medicine and conventional medicine (Fig. 1).

4. The information background should be developed using control technologies and quality
assurance according to international standards.

5. Information environment must be available (simple and not expensive), so it should be designed
using free open source software.

Fig. 1. General scheme of interaction of integrated onto-based information analytical
environment of CIM information systems for TCM and conventional medicine

General architecture of integrated onto-based information analytical environment of scientific
research, professional healing and e-learning of Chinese image medicineis presented in Fig. 2.

Fig. 2. General architecture of integrated onto-based information analytical environment
of scientific research, professional healing and e-learning of Chinese image medicine
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Requirements and gener al architecture for components of integr ated onto-based
infor mation analytical environment of scientific research, professional healing and e-lear ning
of Chinese image medicine

Detailed consideration of the components of information analytical environment of scientific
research, professional healing and e-learning of Chinese image medicine and their general architecture.

I nfor mation system of professional healing | mage T her apist

Information system of professional healing Image Therapist is designed for centralized organization,
upgrading (efficacy, safety, controllability, reliability, efficiency, intensity) of professional activities and
experience exchange of the existing CIM therapists. Main requirements for this information system are:

1. The structure of the information system should include: 1) CIM therapist’s electronic personal
office with GUI (graphical user interface); 2) module of diagnostics results generation by means of CIM;
3) module of therapeutic decisions generation (therapeutic records); 4) medical data-base; 5) module of
data exchange between CIM therapists (Fig. 4).

2. Image Therapist information system should have access to information systems CIM KB, ES
CIM, CIM EIS, and ISR CIM.

3. Module of diagnostics results generation by means of CIM should provide input of personal and
medical information about patients including data obtained by means of conventional medicine, such as
case history and medical examinations (tests, functional diagnostics results, doctor’s conclusion, etc.), and
include diagnostic information obtained by TCM and CIM methods, such as palpation diagnostics, energy
diagnostics with hand and (or) body, internal image diagnostics (‘ eye of mind’, ‘second heart’), and self-
assessment information (physical and psychological state) of a patient before and after treatment (Table).

4. Medical data-base in addition to the traditional personal information about patients and their
health data obtained by conventional medicine methods (case history, tests, functional diagnostics results,
etc.) contains visual data (image) diagnostic information of a CIM therapist, and therapeutic schemes used
by an image therapist when healing a patient. The elements of medical data-base should be used as specific
examples of CIM ontology classes as a compound of the CIM onto-based knowledge-base.

Types of diagnostic infor mation in the | mage-ther apist system

Personal information Medical information about a patient includes data
(age, sex, family members, etc.) obtained by means of conventiona (Western) medicine,
such as case higory and medica examinations (tests,
functional diagnosticsresults, doctor’s conclusion, etc.)

Self-assessment information (physical and Diagnostic information obtained by TCM and CIM, such
psychological state) about a patient before and after as results of TCM diagnostics methods (examination,
therapy by means of psychologic testing auscultation, palpation diagnostics), energy diagnostics

with hand and (or) body, internal image diagnostics
(‘eye of mind’, ‘second heart’)

General architecture of information system of professional healing Image Therapist is presented in
Fig. 3.

Taking into account the unusual and rare for Western medicine nature of diagnostic methods and
information of CIM, much attention should be paid to development of new models, methods and means of
diagnostic information presentation, such as image information in CIM before creation of the information
system Image Therapist. First of all, the interactive information subsystem of image diagnostic information
display should be developed. The main approach to development of the interactive system of CIM image
diagnostic information display is based on image model of the human body and its sites, including its
physical energy and informational aspects. Exactly, this model must include hierarchically organized set A
of nested partitions of human body images (parts of the body, organ systems, single organs and organ
areas), the set R relations between elements of this partitions, which reflect pathological relationships
identified by CIM therapists, as well as the set of attributes that characterize every partition element and
every ratio eement (physical, energy, informational level, manifestation rate of a disease in a particular
scale (10 point scal€), additional data).
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Fig. 3. General architecture of information system of professional healing Image Therapist
Onto-based knowledge-base of Chinese image medicine

Data-base is an important fundamental component of integrated onto-based information analytical

environment of scientific research, professional healing and e-learning of Chinese image medicine. The
main requirements for this knowledge-base are:

1. CIM knowledge-base should contain five main components. 1) historical knowledge-base of

CIM; 2) knowledge-base of general theory of CIM; 3) knowledge-base of health and diseases standards in
CIM; 4) diagnostic knowledge-base of CIM; 5) therapeutic knowledge-base of CIM.

2. The structure of diagnostic knowledge-base should include CIM verbal conceptual knowledge of
CIM and specialized knowledge-base “ Atlas of images” of visual (image) information of CIM.

3. CIM knowledge-base should be based on ontology of CIM domain.

4. CIM knowledge-base should be consistent with TCM and conventional medicine knowledge-

bases that makes possible comprehensive comparative analysis of different conceptual models of disease
and treatment methodsin CIM, TCM and conventional medicine.
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Fig. 4. General image of structural components of ontology and onto-based data-base of CIM
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CIM ontology and knowledge-base can be represented as a five-grade structure: 1) historical
ontology (knowledge-base) of CIM; 2) ontology (knowledge-base) of CIM general theory; 3) ontology
(knowledge-base) of health and disease standard in CIM; 4) ontology (knowledge-base) of theory and
practice of diagnostics in CIM; 5) ontology (knowledge-base) of theory and practice of therapy in CIM.
Also, the ontology of CIM and its sub-ontology have a number of its projections (aspects), such as ancient
Chinese traditional conceptual projection, projection of practical use and comprehension by CIM experts,
Western philosophical and scientific conceptual projection.

General image of structural components of ontology and onto-based data-base of CIM is presented
inFig. 4.

Expert system for diagnostic and therapeutic decision-making supportin CIM

An important part of the developed information analytical environment is the expert system for
diagnostic and therapeutic decision-making support in CIM, which will help to improve the skills of CIM
therapists. Expert system will issue diagnostic recommendations and personalized patient care scheme by
means of CIM, based on data (personal and clinical) about a patient and CIM knowledge-base content.

The main requirements for the devel oped expert system include:

1. The expert system should include: 1) graphical user (CIM therapist) interface and administrator
(knowledge engineer); 2) inferencing (diagnostic and therapeutic) module; 3) comment and justification
module; 4) learning module.

2. Expert system should have access to information systems ISPH Image Therapist, CIM KB, ES
CIM, CIM EIS, and ISR CIM.

Taking into account the specificity of CIM, mathematical software of the expert system is based on
the use of probability theory, fuzzy mathematics, mathematical logic and theory of ontological modeling.

General architecture of the expert system for diagnostic and therapeutic decision-making support in
CIM is presented in Figure 5.

Fig. 5.General architecture of the expert system for diagnostic
and therapeutic decision-making support in CIM

I nformation system of CIM e-learning

An important part of the integrated information analytical environment is CIM information system
of e-learning. Development of such e-learning system will considerably simplify, intensify and improve
quality and availability of educational process in CIM. The main requirements for CIM e-learning system
are

1) The CIM elearning system should include: 1) graphical user interface; 2) module of learning
control; 3) online help; 4) module of theoretical instructions; 5) practice module; 6) module of knowledge
and skills control (tests).
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2) CIM e-learning system should have access to information systems ISPH Image Therapist, CIM
KB, ESCIM, CIM EIS, and ISR CIM.

3) CIM elearning system should harmoniously combine text and image resources and multimedia
technol ogy.

4) CIM elearning system should be adaptable to the needs and individualities of a specific user
(student).

5) CIM elearning system should be implemented in the form of interconnected multimedia
el ectronic textbooks and units for awareness testing.

For implementation of e-learning information system evidence-based standards of CIM learning
should be developed firstly; they include educational and professional program for a CIM therapist,
educational qualification of a CIM therapist, curricula and steering documents in disciplines, lecture and
practice-oriented learning materials, methods of testing and self-assessment testing of CIM specialists.

General architecture of the e-learning information system for CIM therapistsis presented in Fig. 6.

Fig. 6. General architecture of the e-learning information systemfor CIM therapists

I nformation system of CIM research

Information system of CIM research (ISR CIM) is designed for analysis, verification, prediction,
evaluation of efficiency, optimization of diagnosis and treatment results for CIM therapists. Information
system of CIM research benefits to comprehensive analysis and estimation of diagnosis and treatment
results for CIM therapists, to evaluation of their efficacy and safety that is essential and important for CIM
inclusion into the field of integrative medicine. This system will enable verification (testing) of new
concepts, theories, models, methods, which explain the mechanisms of getting CIM diagnostic information
and therapeutic effects on the grounds of research results.
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The main requirements for ISR CIM are:

1. The structure of the information system of CIM research should include: 1) graphical user
interface (researcher, scientist) 2) module of results analysis of diagnosis and treatment by methods of
CIM; 3) module of assessment of result grade and optimization of diagnosis and therapy by methods of
CIM; 4) module of verification of theories, models, methods and hypotheses in the scientific direction of
CIM.

2. Information system of CIM research should have access to information systems ISPH Image
Therapist, CIM KB, and ES CIM.

General architecture of the information system of research is presented in Fig. 7.

Fig. 7. General architecture of the information system of CIM research.

Conclusions and future research prospects

1. Thetimeliness of the development of integrated onto-based information analytical environment
of scientific research, professional healing and e-learning of Chinese image medicine is substantiated that
would enable organisation and coordination of researchers and practicing CIM therapists activities on a
high scientific, technological and infrastructure levels, data collection and automated stetistical and
intellectualized analysis of treatment results by means of CIM; creation of a unified database of theoretical,
experimental and clinical research in CIM that will facilitate the implementation of the program [13] of
research on a high scientific level.

2. The basic tasks of the development are substantiated and general architecture of the integrated
onto-based information analytical environment of scientific research, professional healing and e-learning
of Chinese image medicineis devel oped.

3. The requirements are defined and the general architecture of components of integrated onto-
based information analytical environment of scientific research, professional healing and e-learning of
Chinese image medicine is devel oped.

The main tasks that need further solution are;

1. To create software of the developed integrated information analytical environment such as
required models (analytical, simulation), methods and algorithms for operation of this integrated
environment and its component information systems.

2. Due to the reasonable software specificity to perform simulation, analysis and optimization of
structural (architectural) and functional features of the developed integrated onto-based information
analytical environment, and to create a detailed (verified) project of integrated onto-based information
analytical environment and its components.

3. To substantiate the choice of information technology and software environment for
implementation (coding, programming) of the project of integrated onto-based information analytical
environment and its components.
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4. To implement the project of integrated onto-based information analytical environment in the
form of software.

5. To conduct testing, verification and validation of integrated onto-based information analytical
environment.

6. Toinstall and train users to work with the developed integrated onto-based information analytical
environment.

7. To test and evaluate the operational quality of the developed onto-based information analytical
environment of scientific research, professional healing and e-learning of CIM.
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