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Abstract - The advancement of medical technology greatly extends people’s lifespan. Therefore, as many people try to keep 
well and fit, healthy diet is becoming more and more important today. However, deficiencies, excesses and imbalances in a diet 
can produce negative impacts on health, which may lead to diseases. The most all-too-common diseases and symptoms can 
often be prevented or alleviated by better diet active living. Moreover, the majority of dietitians are health professionals and are 
trained to provide safe, evidence-based dietary advice and interventions such as limiting maximum calorie intake daily, 
avoiding certain types of food, etc. However, most of people who desire health conscious diet are still in uncertain situations 
regarding which ingredients or food should be avoided in the context of daily life. In this research, we developed an 
ontological, RESTful Diet-Aid web service based on health screening data of Health Level Seven International (HL7) to 
provide an intelligent, personalized Diet-Aid service, which can be accessed by using any Internet-enabled device. The 
Diet-Aid can generate a dietetic meal or filter out unsuitable food on site according to user’s health conditions assuming that 
the recipe information of food is accessible. The development of such a Diet-Aid is expected to benefit both institutions of 
health screening and food suppliers. 
 
Index Terms - Health screening; Diet plan; Health Level Seven International; Knowledge-based system; Ontology 
 
I. INTRODUCTION 
 
The currently developed medical technologies have 
successfully increased people's life span but the job 
activities and life pressure have thus brought the status 
of sub-health [1] and chronic diseases. According to 
the World Health Organization (WHO) reported in 
2005 “The lives of far too many people in the world are 
being blighted and cut short by chronic diseases” [2]. 
In addition, chronic diseases are by far the leading 
cause of mortality, representing 60% of all deaths 
worldwide that affects women and men almost equally 
[3]. Chronic diseases are disease of long duration and 
generally slow progression such as heart disease, 
hypertension, stroke, cancer, chronic respiratory 
disease and diabetes. Besides, in [1] indicates that 
sub-health people take up about 75% of the total 
population, with the number gradually increasing 
every year. Therefore, sub-health and chronic diseases 
have become serious public health problems that need 
to be solved in the health field. 
A number of risk factors related to an individual’s 
lifestyle can contribute to the development of chronic 
diseases (e.g. cardiovascular diseases, chronic 
respiratory conditions and diabetes). Risk factors such 
as unhealthy diet or physical inactivity are mostly 
modifiable. Adopting healthy lifestyle practices such 
as a healthy diet and routine exercises can prevent or 
control the onset of debilitation and expensive 
complications of chronic diseases. The negative 
lifestyle habits promote chronic diseases. People are 
not aware of the seriousness of lifestyle diseases 
because those lifestyle diseases progress over several 
years. Chronic diseases are not contagious and largely 
preventable; effective chronic disease management 
ensures better treatment and reduces medical costs. 

Some health problems require specific medication, yet 
many conditions of problems can be relieved 
effectively with nutrition therapy such as hypertension 
and diabetics. Improvements in terms of controls can 
help reduce the risk of chronic diseases. 
Moreover, controlling unhealthy tendency and disease 
prevention beforehand are more important than 
medical cure afterward. Additionally, healthy diet has 
been getting increasing attention today because the 
populations are aware of changing diet intake to low 
fat and sugar and rich in fruits, vegetables, and 
wholegrain foods can reduce the risk of chronic 
diseases. Also, the science of nutrition attempts to 
understand how and why specific dietary aspects 
influence health [5]. Therefore, the dietitians have been 
eagerly and actively dealing with the most obvious 
mistakes people do and helping to promote good health 
through proper eating in recent decades. This research 
implements physical health and dietary related 
information from dietitians of MJ health screening 
center [6] which refers to the Diet-Aid provides a 
suitable food on site. 
The most of dietitians are health professional and are 
trained to provide safe, evidence-based dietary advice 
and interventions such as avoiding certain types of 
food and so on. The dietitians may provide a general 
dietetic suggestion, yet they may not offer a detailed 
dietetic meal advice for end-users on site. Although 
most people who have health awareness are usually in 
an uncertain situation regards which food ingredients 
ought to avoid in daily life. The Diet-Aid service 
provides a dietary recommendation for end-users. The 
research aims to design and develop an ontology 
driven knowledge-base specifically for generating 
Diet-Aid service system based on HL7 health 
screening data, which originates an intelligent, 
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personalized service through the characteristic of 
ontology, further inferences inappropriate dishes for 
end-users. The development of Diet-Aid service 
system is expected for providing an effective service 
especially for sub-health or chronic diseased people 
that not only obtains personalized meals from 
electronic commerce website such as Aginomoto® but 
also provides food suppliers with uniform recipes 
information. The Diet-Aid service system improves 
understanding and controls uncertainty in situations of 
personal health conscious. In addition, it can be 
enhanced by a matching process to the Diet-Aid 
service system the dietary allowances or calories, 
carbohydrate, and fat calculation of daily intakes. 
Moreover, the Diet-Aid service system can be 
expected to benefit both institutions of health screening 
and food suppliers. 
 
II. LITERATURE REVIEW 
 
A. Health Management System 
With popularization of computers and advancement of 
information technology (IT), there has been a rapid 
growth in the application of IT, thus greatly changed 
living habits, consumption behaviors, and business 
model of the modern society. Meanwhile, the demand 
is ever increasing for healthcare services based on 
information and knowledge that lead to personal health 
attention by people gradually [19]. Yang et al. 
proposed a personalized service recommendation 
system (PSRS), which provided proper services based 
on user’s personal model in a home-care environment 
[20]. The personal models, such as health status, habits 
and behavior, record the patients’ daily activities and 
habits. Through the personal model, the system will be 
able to automatically launch safety alert, 
recommendable service and healthcare services in the 
house; thus, such system could carry out the mobile 
health assistant and improvement promotion in a 
home-care environment. 
 
B. Health Screening and Diet Recommendation 
Health Screening normally includes height, weight and 
blood pressure checks, together with possible hearing, 
vision or dental problems. Shimada et al. used Unified 
Modeling Language (UML) to apply for the design of 
the alimentary therapy modules and implemented by 
Java [27]. The system is consisted of three categorized 
databases, including user individual information, 
market price of cooking materials, and knowledge as 
synopses and cooking, which is able to infer the user 
with healthy menu based on medical information and 
body condition.  The user individual information 
consists of name of acquired disease, favorite food, 
personal taste, etc. 
As a result, health screening has been widely 
implemented as a public health practice. In addition, 
food and nutrition are keys to have good health [27]. 
Maintaining a healthy diet is especially important for 
everyone with chronic diseases. Thus, the lack of 

personalized service and uniformed process that 
creates some problems in current health care services. 
Snae and Brückner designed and developed a 
counseling system for food or menu planning in 
restaurant, clinic/hospital, or at home, the 
Food-oriented Ontology-Driven System (FOODS) [5]. 
The FOODS comprises 1) a food ontology, 2) an 
expert system using the ontology, and knowledge 
about cooking methods and prices, and 3) a user 
interface suitable for novices in computers and diets as 
well as for experts. The basic categories of food, as 
they are developed in the FOODS system, are shown in 
Figure 2. The ontology contains specifications of 
ingredients, substances, nutrition facts, recommended 
daily intakes for different regions, dishes, and menus. 
The expert system assists in finding the appropriate 
dish or menu for the consumer, who uses FOODS by 
entering their favorite ingredients, ingredients to avoid, 
favorite flavors, and so on. In the health section users 
can provide their gender, age, height and weight, 
which will be used to calculate such data as the body 
mass index. With FOODS enterprises can assist 
customers through an appropriate suggestion of dishes 
and meals with the help of individual nutritional 
profiles. In the future such systems might become part 
of the emerging consumer health informatics. 
 
C. Ontology-based Medical Knowledge Base 
System 
Huang et al. built a medical ontology that has been 
verified by the experts and adopted rule-based to 
support the intelligent Chinese Medical Diagnostic 
System (CMDS). It uses web interface and expert 
system technology to act as human expertise and 
diagnoses a number of digestive system diseases. 
According to the primary digestive system diseases, 
CMDS can diagnose stomachache, vomiting, hiccups, 
diaphragmatitis, bellyache, diarrhea, dysentery, 
constipation, jaundice, and tympanites [47]. Juarez et 
al. built the Causal and Temporal Knowledge 
Acquisition (CATEKAT2) as a medical knowledge 
base by ontology that represents medical knowledge, it 
could support knowledge browsing capabilities to 
allow physicians to check the results of knowledge 
acquisition sessions [48]. MBBS et al. built a 
knowledge-based to drive an Occupational Health 
Application (OCHWIZ) which suggests 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 [49]. 
Eslami et al. designed a personalized service system 
for health monitoring and healthcare provisioning [50]. 
Since every elderly person with the unique lifestyle 
and health condition, personalization is an essential 
feature of homecare service. It indicated that 
personalization has an evolutional aspect as 
requirements –demands, needs and preferences – of 
users change over time. Therefore, they design the 
personalization process as: 1) figure out and define 
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what the user’s main requirement is by Goal Ontology, 
2) depict the functionalities and services by the Task 
Ontology, then 3) recommend services for users by 
using their or other people’s User Profile. 
 
III. RESEARCH METHODOLOGY  
 
The main objective of this research is to develop a 
personalized Diet-Aid web service based on HL7 
health screening data, which can be consumed 
ubiquitously by using literally any Internet-enabled 
devices. In order to achieve the defined goal, the very 
first issue that needs to be addressed is the 
interoperability between the health screening data and 
the ontological knowledge engine of Diet-Aid. 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 Diet-Aid is designed to 
inference HL7-based information that includes 
personal and health screening data. The HL7 compliant 
Diet-Aid 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 
screening 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 both user profile and 
health screening data are HL7-compliant. 
 
A. Diet-Aid Logical Architecture 
Fig. 1 shows the logical architecture of the proposed 
Diet-Aid. The system is initiated with the process of 
data retrieval. 
 Data Retrieval: A user profile and associated 

health screening data is firstly retrieved from a 
health screening (HS) database by using Radio 
Frequency Identification (RFID) or Near Field 
Communication (NFC) technology. 

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

 Diet-Aid Ontological Knowledge Engine (DOKE): 
The main component of the architecture is the 
ontological knowledge engine DOKE. The engine 
encapsulates an ontological knowledge base 
constituted by health screening and food 
ontologies, high-level abstraction of rules in the 
form of constraints, and low-level SPIN Rules for 
diet advice inferencing. The knowledge base 
provides the knowledge required for inference 

module. Therefore, the SPARQLMotion will 
generate a table form then store in database. 

 Diet-Aid Repository: The generated of diet advice 
through the DOKE will be stored in Diet-Aid 
repository. 

RSETful Web Service: The RESTful way of Diet-Aid 
implementation enables smooth deployment of the 
service. Consequently, the Diet-Aid generates a 
personalized diet device, which can be accessed 
through any Internet-enabled device. 
 

 
Figure 1.  The logical architecture of Diet-Aid 

 
B. Diet-Aid Physical Architecture 
Fig. 2 shows the physical architecture of the proposed 
Diet-Aid. It includes all known details of Diet-Aid 
service that are illustrated in the following sections. 
The physical architecture of Diet-Aid consists of four 
main components: 
 
 Diet-Aid Ontological Knowledge Engine 

(DOKE):  
It is encapsulated of Knowledge Base and Inference 
Module. The Knowledge base is based on the proposed 
HL7-health screening data, food, and user profile 
ontologies for the Diet-Aid service, 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 diet advice. 
 
 Data Repository:  
It is set for accessing and storing the information which 
generated diet advice. 
 
 RESTful Web Service:  
RESTful Web Service enables food suppliers to publish 
their recipes information such as ingredient, cookery, 
condiment, and quantity in the Diet-Aid with simple 
URIs. Through the Internet, users are allowed to 
independently access the service through HTTP 
methods such as POST, GET, PUT and DELETE; and 
to integrate and reuse them to create new services. 
 
 User Interface: 
 The user interface is the space where interaction 
between humans and machines occurs. The diet device 
which displays by using literally any Internet-enabled 
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devices. It renders the front-end user interfaces for each 
user. 

 
Figure 2. The physical architecture of Diet-Aid 

 
IV. EVALUATION 
 
B Based on above, evaluation service is introduced in 
the section. It consists of dietitian perspective and 
Diet-Aid service perspective. The former is the domain 
expert evaluation, and the latter is on Diet-Aid user’s 
operation performance. 
 
1) The generated food advices by dietitians: 
Most of dietitians are health professionals who 
improve the health of individuals. Dietitians modify 
diets to treat medical conditions by their skills and 
knowledge, and to advice the role of diet in health care, 
as well as educate the general about eating healthy 
such as nutrition, calorie, avoiding certain types of 
food, etc. Fig. 3 shows the health screening data abide 
by dietitians in this case. Nevertheless, the health 
screening data is unstable. 

Figure 3. The health screening data by screening report 
 
The dietitians are impossible by the side of clients 
anytime and anywhere. Therefore, the clients cannot 
keep dietitians’ advice in uncertain situation. 
 
2) The generated food advices by Diet-Aid: 
 The Diet-Aid can generate an appropriate food advice 
except the special cases. For general cases, the result 
can be consistent with dietitians’ advice because the 
system is set up by consulting with them. So that, the 
Diet-Aid would discover any omissions or errors when 
the advices different with the dietitians. Fig. 4 shows 
the health screening data by Diet-Aid service in the 
same case; the health screening data is apparent 
stability. The Diet-Aid may assist users in uncertain 
situation such as restaurants without dietitians. In this 
research, the Diet-Aid builds by ontology that 

mentioned former chapters. In addition, the system can 
extension the special cases by any user who interesting 
in it. Moreover, the Diet-Aid will become more useful, 
flexible, adaptable, and powerful. 
 

 
Figure 4. The health screening data by Diet-Aid service 

 
It is a noteworthy that the dietitian may control in 
special cases, for instance, pregnancy or operation 
patient. However, the dietitian may make a mistake 
due to consultation and education. The food 
recommendations may have a mistake by human 
factors; therefore, it would be lead to negative way. In 
this situation, the system kind of Diet-Aid can be assist 
to user, indeed. Ultimately, the Diet-Aid is a food 
assistance substitute labor in process not substitute for 
human. 
 
CONCLUSION 
 
The development of a Diet-Aid will be critical for the 
future of food assistance. From the institutions of 
health screening point of views, the workload is 
reduced by substituting routine user consultation tasks. 
From the supplier point of views, the meal is suitable 
by desiring routine diner. While from the user point of 
views, food assistance is improved by immediate 
transit as well as data between services with more 
reliable information and also it is delivered in a more 
comfortable way. These collaborative works require 
effective communication, interoperation and 
integration at the resource level. 
In this research, we proposed a REST-based approach 
to creating interoperable service and have used the 
Diet-Aid to create a knowledge-based system; thus, the 
user can be received an advice and access by 
Internet-enabled device. The Diet-Aid takes a new 
opportunity to generate and judge the wide data (i.e. 
health screening data and user profile) for food advice, 
such as maximum daily intake calorie. The Diet-Aid 
responds to choose for meals as much for find the 
appropriateness dishes as for control the intake calorie 
on site. Besides, the Diet-Aid inconsistencies on users’ 
don’t update a new data. It clearly presents an 
innovative way to assist user through collecting, 
reasoning and filtering relevant information for self, 
providing basic suggestion actions in a powerful 
manner.The ontology-based DOKE has great potential 
easily integrate and interoperate with other systems. It 
is necessary that innovation goes hand in hand with 
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evaluation. According to the inferring capability 
knowledge base system, it is potentially to develop the 
semantic search application engine. RESTful Web 
Service does address applications with the simpler URI 
that users can access the service by any 
Internet-enabled devices. 
This research has been considered the personal health 
data and personal normal information to generate a 
personalized food advice on the spot. Nevertheless, it 
would be done for adding more nutrition or nutrition 
facts about the ingredients, such as amount of vitamins 
in the ingredients. Therefore, it could be enhanced by a 
matching process to the recommended daily intakes of 
nutrients. Another interesting aspect is to let the user 
view a diagram showing the indicator of nutrition 
balance to the meal chosen. 
 
REFERENCES 

 
[1] X.-S. Li, Y. Huang, Y.Li, and Z. -H. Yuan, 

"Establishment and evaluation of the sub-health 
diagnosis model based on decision tree," in Computer 
Application and System Modeling (ICCASM), 2010 
International Conference on, 2010, pp. V15-19-V15-21. 

[2] World Health Organization, "Preventing chronic 
diseases: a vital investement. Geneva, Switzerland:World 
Health Orgniztion," 2005. 

[3] World Health Organization Report. Available: 
http://www.who.int/topics/chronic_diseases/en/, 2005. 

[4] C. Snae and M. Bruckner, "FOODS: A Food-Oriented 
Ontology-Driven System," in Digital Ecosystems and 
Technologies, 2008. DEST 2008. 2nd IEEE International 
Conference on, 2008, pp. 168-176. 

[5] 美 兆 集 團 . Available: 
http://www.mjlife.com/index.aspx?lang=chi&fn=index. 

[6] S. -H. Lee, J. H. Song, J. -H. Ye, H. J. Lee, B. -K. Yi, and 
I. K. Kim, "SOA-based integrated pervasive personal 
health management system using PHDs," in Pervasive 
Computing Technologies for Healthcare (Pervasive 
Health), 2010 4th International Conference on-NO 
PERMISSIONS, 2010, pp. 1-4. 

[7] Y. C. -L. Yang, Y. -K. Chang, C. -P. Chang, C. -P. Chu, 
"A Personalized Service Recommendation System In a 
Home-care Environment," The 15th International 
Conference on Distributed Multimedia Systems, 2009. 

[8] T. Matsumoto, Y. Shimada, T. Teo, and S. Kawaji, "A 
Design of Information System Improving Dietary Habit 
Based on Individual Clinical Data and Life Style," in 
Computer-Based Medical System. CBMS '08. 21st IEEE 
International Symposium on, 2008, pp. 173-175. 

[9] M.-J. Huang and M.-Y. Chen, "Integrated design of the 
intelligent web-based Chinese Medical Diagnostic 
System (CMDS) - Systematic development for digestive 
health," Expert Systems with Applications, Vol. 32, pp. 
658-673, 2007. 

[10] J. M. Juarez, T. Riestra, M. Compos, A. Morales, J. 
Palma, and R. Marin, " Medical knowledge management 
for specific hospital departments," Expert Systems with 
Applications, vol. 36, pp. 12214-12224, 2009. 

[11] K. Jay (Subbarao), W. Bill, and R. Alan, "Lessons in 
building OWL Ontology driven applications: OCHWIZ 
–an  Occupational Health Application," presented at the 
Proceedings of the UK e-Science All Hands Conference 
2007, 2007. 

[12] M. Z. Eslam, A. Zargham, B. Sapokota, and M. V. 
Sinderen, "Service Tailoring: Towards Personalized 
Homecare Services," presented at the 5th International 
Conference on Software and Data Technologies Athens, 
Greece,2010. 

 
 
 
 
 

 
 


