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Abstract - The measures of health-related physical fitness provide assessment to five fitness components for a person:  
1) cardiovascular endurance, 
2) muscular endurance, 
3) flexibility,  
4) muscular strength, and  
5) body composition.  
The improvement of physical fitness generally leads to positive health-related physical fitness and makes the body less prone 
to common diseases. A personalized exercise plan that aids a balanced level of achievement in each of these fitness 
components is essential for an individual to maintain a healthy body. This research aims to develop an ontology driven 
knowledge-based system for generating specifically designed exercise plan in accordance with user profile and user’s test data 
that involves Health Level Seven International (HL7)-based data of physical fitness and health screening. The generated plan 
can be accessed by using any Internet-enabled device through the paradigm of RESTful web service. In order to generate an 
exercise plan which is customized as well as pragmatic, the encapsulated knowledge used for inference in the system is 
acquired from the domain professionals. The system developed can serve not only as an intelligent system for improving 
physical fitness through generating personalized exercise plans but also as an UFIT for avoiding inappropriate work outs. 
 
Index Terms - Health-related physical fitness; Personalized exercise plan; Health Level Seven International; 
Knowledge-based system; Ontology 
 
I. INTRODUCTION 
 
The current rapid development of social economy and 
advancement of medical knowledge elevates the 
“health” awareness in people. Because of the 
significant health awareness in people, many services 
are available to offer health self-management. 
Scientific health management services have 
implemented well-developed technology into 
intelligent system for health management. There are 
many kinds of health management systems, such like 
medical decision support systems, recommended 
system, alert system, monitor system, support system, 
etc. These systems are able to assist people accomplish 
the health management efficiently. 
 
According to a statistic, the “truly” healthy people and 
the “truly” unhealthy people in the crowd are less than 
two-third , which means there are more than one-third 
people in the status between health and sickness [1]. 
The World Health Organization calls it “the third 
state”. We often consider it as “sub-health”; also some 
people call it “gray state” [1]. Sub-health between 
health and disease is separated from a state, is neither 
perfect health, but also reach the standard and extent of 
disease. It generally refers to the body which there was 
no disease, but with the phenomena of reduced 
activity, low physiological function and metabolism, 
and degenerated ability to adapt to environmental 
changes. 
Physical Fitness refers to a measure of the body’s 
ability to function efficiently and effectively in work 
and leisure activities, to be healthy, to resist 

hypokinetic diseases, and to meet emergency 
situations [2]. The weak physical fitness may cause 
people be injured in the activities of daily living, that 
may be one of situations for the “sub-health”. 
Additionally, the declination of the people’s physical 
fitness often leads to more diseases such as obesity, 
high blood pressure and diabetes [2]. The 
improvement of physical fitness generally leads to 
positive health-related physical fitness; it can not only 
maintain a healthy body but also make the body less 
prone to common diseases as preventive medicine. 
 
Although the fundamental knowledge of exercise 
instruction can be obtained from courses or books, 
however, it is for people in general, not for specific 
individual. Therefore, people are not always able to 
select the appropriate forms of exercise so that may 
lead to negative effects in terms of health-related 
physical fitness. The exercise plan must be based on 
adaptation of user; that is, adjust exercise plan to fit the 
user’s physical status [3] and to aid a balanced level of 
achievement in each of the five components. A 
personalized exercise plan can be helpful for a person 
to maintain a healthy body. 
As we mentioned above, a personalized exercise plan 
is necessary in order to improve physical fitness, and 
the knowledge engine is the method used to generate a 
personalized exercise plan. Many researchers have 
proposed ontology serving as a knowledge base to 
support knowledge engine for representing the 
knowledge in many fields such as information science, 
intelligent information integration, information 
retrieval on the Internet, and knowledge management. 
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The main component of this research is the ontological 
knowledge engine; the knowledge engine encapsulates 
a knowledge base constituted by ontologies and an 
inference module which constituted by SPIN 
(SPARQL Inferencing Notation) rules and 
SPARQLMotion scripts, to inference a personalized 
exercise plan for improving physical fitness. In this 
research, the domain knowledge of the knowledge 
base is acquired from the domain professionals. And 
the domain knowledge is encapsulated into knowledge 
base through TopBraid™ Composer - Maestro Edition 
(TBC-ME) which is able to support modeling 
ontologies and to develop, manage, and test 
configurations of knowledge models. Since 
personalized exercise plan can be generated by the 
ontological knowledge engine that involves 
knowledge base and inference module, the generated 
exercise plan can be accessed by using any 
Internet-enabled device through the paradigm of 
RESTful web service. 
 
The objective of this research is to develop an 
ontology driven knowledge-based system for 
generating specifically designed exercise plan based 
on 1) the user profile, 2) the HL7-based data of user’s 
physical fitness, and 3) the HL7-based data of user’s 
health screening to improve physical fitness and to 
make the body less prone to common diseases. The 
generated exercise plan can be accessed ubiquitously 
by using any Internet-enable device through the 
paradigm of RESTful web service. In order to generate 
a personalized exercise plan which is pragmatic, the 
encapsulated knowledge used for inference in the 
system is acquired from the domain professionals. The 
system developed can serve not only as an intelligent 
system for improving physical fitness through 
generating personalized exercise plans but also as an 
Ontological Knowledge Engine Driven Ubiquitous 
Web Service (UFIT) for avoiding inappropriate work 
outs. 
 
II. PROCEDURE FOR PAPER SUBMISSION 
 
A. Health Management System 
With popularization of computers and advancement of 
information technology (IT), the IT application has 
grown rapidly so that greatly changed living habits, 
consumption behaviors, and business model of the 
modern society. Meanwhile, the demand of healthcare 
services based on personal health information is 
elevating gradually [4]. Izumi et al. presented a 
support system for the high level health advice that 
provides recommended exercise and 
non-recommended exercise to users according to 
his/her goal and health condition. The system is one of 
the projects of Ministry of Internal Affairs and 
Communications in Japan in order to prevent the 
lifestyle disease [5]. Abidi, S. and H. Chen proposed a 
patient care plan system, CAREPLAN, which intends 
to help medical personnel to determine a health care 

plan for each patient [6]. CAREPLAN uses ontology 
and combines some factors to efficiently and 
conveniently generates personalized healthcare plan 
that may guide the long-term clinical, therapeutic and 
rehabilitation care process for each individual patient 
within a specific healthcare setting. 
 
B. Health Screening and Physical Fitness 
Health screening and physical fitness test provide the 
information which is needed for generating a 
personalized exercise plans to help people achieve 
their health and wellness goals. This section presents 
some of related research in the field of health 
screening and physical fitness. Lo et al. combined IT 
techniques and traditional sports instruction 
knowledge to construct an expert system of sports 
instruction in the field of recreational sports to solve 
the problems of traditional instruction 
(time-consuming and uneven quality of instruction) 
[2]. First of all, upon popular exercises, diverse 
training goals and physical fitness levels, this study 
constructed the knowledge base with 324 flexible 
training courses and further obtained the figures of 
BMI, physical fitness and aptitude through the user 
interface. By the establishment of the fuzzy inference 
mechanisms, system intends to enhance the 
preciseness effectively and accomplish the objective 
of interactive training courses. Finally, this paper 
provides the new thinking of recreational sports 
instruction, and the approach not only keeps the 
experts’ experience and knowledge but also solves the 
difficulty of the people’s exercise to fulfill the health 
lives [2]. Tseng applied the Semantic Web 
Technology to build an Ontology-based Semantic 
Search System for planning the health-related physical 
fitness training program in elementary school [7]. The 
system provides an appropriate health-related physical 
fitness training type for the teachers and students in 
elementary school. Furthermore, it can be a reference 
of making health-related physical fitness training 
program for individual to reach the goal of training or 
improving the health-related physical fitness [7]. 
 
C. Ontology-based Medical Information System 
As many researches demonstrated that the use of 
ontology approach is essential to the improvement of 
personalized systems. Jose M. Juarez et al. used 
ontology as a medical knowledge base to build 
CATEKAT2, which is the Causal and Temporal 
Knowledge Acquisition Tool that represents medical 
knowledge. CATEKAT2 could provide knowledge 
browsing capabilities to allow physicians to check the 
results of their knowledge acquisition sessions [8]. 
Hay Kola MBBS et al. proposed to use ontology as a 
knowledge base to drive OCHWIZ – an Occupational 
Health Application which can suggest possible causes 
and industries associated with a given clinical finding. 
It also tries to infer further possible diseases or 
findings that might be associated with the inferred 
causes and industries [9]. García-Crespo et al. 
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presented an ontology-driven medical diagnosis 
system, ODDIN, which applies differential diagnosis 
according to logical inference with patient’s signs and 
symptoms. Actually, differential diagnosis is a 
medical term that refers to a systematic method to 
identify a patient’s illness based on determined signs 
and symptoms. ODDIN serves as a tool for advanced 
students of medicine as well as for medical personnel 
to make the decision correctly [10].  
Alexandrou et al. presented an innovative software 
environment, SEMPATH, which is a software 
platform that can offer personalization of the treatment 
plans for each patient by utilizing and managing health 
care business processes (clinical pathways). During 
the execution of clinical pathways, the system reasons 
based on his/her clinical status and reaction of the 
treatment scheme that offered to him/her, to 
reconfigure the next steps of the treatment according 
to the SWRL rule [11]. SEMPATH used existing 
ontology (ACPP ontology) as a reference to develop 
the software environment, Adaptable Clinical 
Protocols and Pathways (ACPP) ontology was built by 
W3C [12], and it is a way to program specification of 
processes, specifies tasks, and dynamically allocates 
tasks when the appropriate requisite conditions met. 
Furthermore, these technologies can be applied to the 
sequence of logical steps in a decision sequence (often 
by a single individual) and the sequence of process 
execution steps that occur during the healthcare 
service provision (often by multiple individuals). Fig. 
1 show a part of ACPP ontology. 
In this research, we use ACPP ontology and 
“HL7-sample-plus-owl” ontology to build our 
ontology, which is the core of this research and it 
serves as a knowledge base in the system. Moreover, 
we refer to the SEMPATH adaptation methodology to 
develop our adaptation methodology of knowledge 
engine in the system. Finally, people can get the 
personalized service ubiquitously through the UFIT by 
using any Internet-enabled device through the 
paradigm of RESTful web service for improving 
physical fitness and avoiding inappropriate work outs. 
 
III. RESEARCH METHODOLOGY 
 
The objective of this research is to develop an 
ontology driven knowledge-based system for 
generating specifically designed exercise plan based 
on the user profile, and the HL7-based encoded 
physical fitness and health screening data to improve 
physical fitness and reduce the risk factor of disease. 
Moreover, the generated exercise plan can be accessed 
ubiquitously by using any Internet-enable device 
through the paradigm of RESTful web service.In order 
to develop an intelligent knowledge engine for 
generating pragmatic, personalized exercise plan for 
physical fitness improvement, we need to understand 
the process of plan compilation from a domain 
professional’s perspective.

 
Figure1.Partial ACPP ontology 

 
With the help from MJ Health Screening Center, we 
captured a general workflow of personalized exercise 
plan generation according to a fitness test as illustrated 
in Fig. 2. 
In this research we intend to develop a knowledge 
engine which is analogous to the domain expert and 
capable of generating a personalized exercise plan. To 
accomplish the ultimate goal, we need to acquire and 
process the knowledge of the domain experts. 
 
A. UFIT Logical Architecture 
The core component of the UFIT is the knowledge 
engine which encapsulates ontologies represented 
knowledge base and an inference module. The 
knowledge base was built by acquiring domain 
knowledge from the domain professionals of MJ 
health-screening center. HL7 messages provide a set 
of standards for the exchange, integration, and 
retrieval of electronic healthcare records. HL7 is not 
only the best and most widely used standards in 
healthcare but also the global authority on standards 
for interoperability of health information technology. 
The core component, ontological knowledge engine, 
of the UFIT is designed to inference HL7-based 
information that includes personal and health data 
(physical fitness and health screening). The HL7 
compliant UFIT can therefore be interoperable with 
electronic health screening data and be accessed 
ubiquitously through any Internet-enabled devices. 
Although HL7 and their messages are widely used, 
many legacy systems today are still not compliant with 
the standard. In this case, the input data “user profile” 
and health data must be translated into HL7-compliant 
format by using such tools as mapforce from 
Altova™, DataDirect XML from Progress 
Software™, etc. In this research, we assume that the 
input data (user profile, physical fitness, and health 
screening) are HL7-compliant. 
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Figure2.Workflow of exercise plan generation based on fitness 

test in MJ 
 
Fig. 3 shows the logical architecture of the proposed 
UFIT. The system is initiated with the process of data 
retrieval. 
 Data Retrieval: A user profile and associated 

health data is firstly retrieved from a database of 
any medical institutions by using RFID or NFC 
technology. 

 Ontology Conversion: The HL7-compliant user 
profile, physical fitness data, and health-screening 
data are subsequently converted into owl 
ontologies by using TopBraid™ Composer - 
Maestro Edition (TBC-ME), thus enabling 
reasoning on them. 

 UFIT Ontological Knowledge Engine (UOKE): 
The main component of the architecture is the 
ontological knowledge engine UOKE. The engine 
encapsulates an ontological knowledge base 
constituted by exercise ontology, user profile 
ontology, and HL7-based health-screening 
ontology, high-level abstraction of rules in the 
form of constraints, and low-level SPIN Rules for 
inferring exercise plan. The SPARQL Motion will 
perform inference based on the knowledge base 
and SPIN rules to generate a personalized exercise 
plan. 

 Exercise Plan Repository: The exercise plan that 
inferred by the UOKE will be stored in exercises 
plan repository. 

 RSETful Web Service: Through the paradigm of 
RESTful service, the generated exercise plan can 
be accessed through any Internet-enabled device 
ubiquitously. 

 
B. UFIT Physical Architecture 
The physical architecture of UFIT consists of three 
components:  
1) UFIT Ontological Knowledge Engine,  
2) Data Repository, and  

3) Ubiquitous Environment as illustrated in Fig. 4.  
 
 UFIT Ontological Knowledge Engine (UOKE): 

The UOKE comprises two components: 1) 
Exercise Knowledge Base and 2) Inference 
Module. The Exercise Knowledge base is 
composed of HL7-based health screening, 
exercise, and user profile ontologies, which 
provides the knowledge required for inference 
module. The Inference Module includes SPIN 
Rules and SPARQLMotion, which is responsible 
for performing inference based on the knowledge 
base and SPIN rules to generate a personalized 
exercise plan. 

 Data Repository: It is set for storing the generated 
exercise plan/suggestion by Inference Module. 

 Ubiquitous Environment: Through the RESTful 
Web Service, UFIT can acquire the user profile 
and user’s health data (physical fitness and health 
screening) and generate a personalized exercise 
plan that can be accessed ubiquitously by any 
Internet-enabled devices. 

 

 
Figure3.The UFIT logical architecture 

 

 
Figure4.The UFIT physical architecture 

 
In the UFIT, the Inference Module is composed by the 
SPIN Rules and SPARQLMotion. SPIN Rules are 
defined according to the purpose of inference and 
based on the three ontologies that mentioned above. 
SPARQL Motion can be assembled to a variety of data 
processing graphically and it can be reused in current 
and future applications. This research uses 
SPARQLMotion with REST services; user can easily 
access the service anytime, anywhere. The following 
will illustrate the REST Web Service created by 
SPARQLMotion. After finishing the core of this 
research design, it’s time to develop practical REST 
technology to open internal resources and services. In 
this study, we adopt Jersey framework to achieve 
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REST framework and use Apache Tomcat 6.0 to be 
the web container responding and receiving client side 
requests.  
 
IV. EVALUATION 
 
In this research, practicability of the proposed system 
is depended on whether the generated exercise plan by 
system is similar with the one by professionals. Thus, 
in this section, an evaluation of system practicability 
by comparing the result of the same case (real case) in 
two ways: 1) generating by UFIT and 2) generating by 
professional are conducted to show the usefulness of 
UFIT. 
 

1) The personalized exercise plan generated by 
professionals:  
Fig. 5 is the physical fitness report in this case; it 
includes the grades of eight items, Fig. 6 shows the 
summary which generated by professionals and based 
on the grade of report (see Fig. 5). Some comparisons 
will be detailed below. 

 
Figure5.The grade of physical fitness report 

 
2) The personalized exercise plan generated by 
UFIT:  
 

 
Figure6.The personalized exercise plan generated by 

professionals 
 

This research uses UFIT to generate a personalized 
exercise plan as shown in Fig. 7, which is also based 
on the same case (see Fig. 5). The “goal of exercise” of 
this exercise plan presents the goal of each exercise, 
whereas in the Fig. 6, the “Goal” means prior goal of 
this planning. This research adds the “goal of 
exercise” in exercise plan can help user to understand 
what effects of each exercise. Here, we call the 
exercise plan generated by professional is plan A and 
the exercise plan generated by UFIT is plan B. The 

following will discuss what differences or similarities 
between the two plans. 
In the cardiopulmonary training: the plan  
A has three exercises 
1) Jogging,  
2) Spinning, and 
 3) Brisk walking. And the plan  
 
B also has three exercises,  
1) Swimming,  
2) Bicycle, and  
3) Brisk walking.  
 
Actually, the level of Jogging and Spinning in plan A 
are higher than the level of Swimming and Bicycle in 
plan B. The determination of exercise type is 
depended on user’s physical fitness grade. In this case, 
the grade of “3 minute stairs up and down” is 3, which 
means the cardiopulmonary function of the user is 
average.  
 

 
Figure7.The personalized exercise plan generated by UFIT 

 
The professional considers the grade and the condition 
(plays basketball about one time a week) of user and 
the center can provide the equipment or training of 
Jogging and Spinning for user. According to the 
consideration above, they suggest Jogging and 
Spinning. But the plan B suggests Swimming and 
Bicycle because these two exercises are basic level for 
everyone. UFIT suggests basic level exercise to user 
because it considers that user has grade 3, which 
means the user may not take higher level exercises. 
The personalized exercise plan generated by UFIT is 
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step by step, that can avoid the injury with exercise. In 
the resistance training and the stretch training: the 
exercises in the plan B also involve the exercises in the 
plan A, that means the exercise plan generated by 
UFIT in these two training is the same with the 
exercise plan generated by professionals. 
 
CONCLUSION 
 
This research used an emerging technology, ontology, 
to demonstrate a knowledge based system, UFIT, for 
generating personalized exercise plan in accordance 
with personal health data (physical fitness and health 
screening) and profile (preference). Moreover, the 
UFIT used HL7 as a standard for accomplishing the 
interoperability of medical and personal information. 
Furthermore, the generated and personalized exercise 
plan through UFIT can be accessed by any 
Internet-enabled device through the paradigm of 
RESTful web service. 
 
The development of our UFIT will be crucial for the 
future of healthy body maintenance. For the user point 
of views, through UFIT, user can acquire the 
pragmatic exercise plan in accordance with the healthy 
state without the professionals in anytime and 
anywhere by using any Internet-enabled devices. 
Therefore, the effectively and efficiency of exercise 
and exercise desire of people are increased, because 
the convenience and the low cost of accessing the 
service. For the domain professional point of views, 
the UFIT makes an opportunity to provide 
personalized service in the small clinic or the remote 
area with low human resources consideration. In 
addition, the UFIT also can avoid the human 
factors/errors of domain professionals. Ultimately, the 
UFIT can serve not only as an intelligent system for 
improving physical fitness through generating 
personalized exercise plan but also as an assistant for 
avoid inappropriate work outs. 
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