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Abstract

Internets of Things (loT) devices are becoming more and more popular among the
people. It enables services to applications by understanding a situation or context. 10T is widely
used in many applications areas out of which the healthcare domain isthe most popular
application. Here the patient related information is precious. The data emitted from the sensors is
growing at a staggering pace. So, collecting and processing such huge amounts of data is the
biggest task. The data from the different devices may vary by its type or nature, so it will lead to
interoperability problem and heterogeneity issues. Semantics will help to solve these problems
by providing various solutions. It combines domain and devices related information to the actual
data.This paper has provided areview on semantic technologies-based health care
system.Here,the background concepts and the importance of semantic technologies in loT based
applications are discussed. In future, a new semantic model with ontology will be proposed for
processing the real time data in l0T-based health-care system.
Keywords: 10T, Semantic, Ontology, RDF, RDF Schema, OWL.
Introduction
In the current era, 10T technology is causing a major revolution in real-world contexts [1].
Ittransforms  the actual world substancesinto smart.loT provides a platform for
sensor/things/devices to enable free contact onelegantsituation and allows connecting with
anyone, anytime, anywhere and any network [2]. loT-based systems offers many applications
like smart city, smart office, smart agriculture, smart retail, smart transportation, smart
healthcare, smart water supply and smart energy etc., [4][5]. The data is collected through
sensors and sent to the databases through embedded communication devices [6]. These
communication devices exchange data by remote-controlled devicesand allow direct connection
to improve quality of life. The continuity of the devices and objects are maintained bydiverse
communication technologies such as ZigBee, Bluetooth, GSM and Wi-Fi, etc.,[7]. These loT
data should be handled properly, and then only the end users can take the correct decision or
actions. The important phases to structure and compile the data transfer correctly are autonomous

information gain, innovation, analysis and planning [8].Further, 10T has widespread coverage but
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it is still in the infancy stage of research on various problems such as standardization, scalability,
diversity, general service, domain specific service, speed of transition, data formats, integration
and so on[9]. So, there is a need for new solutions to tacklesuch a huge data. Thispaper,
introducesthe review on semantic technologies for loT-based health care systems.
Sectionlexplains the basic concept of semantics, section 11 explores the related concepts on loT
semantics, section Il explains the use of semantic approaches in healthcare domainand section
IV discusses the ontologybased semantic approaches.

I. 10T semantics

The general definition of semantics is the meaning of words in any subject, language,

programming languages, formal logic, and semiotics [10]. In 10T, it plays an important role in
the knowledge system [11] that supports the enrichment of data, handles heterogeneity,
interoperability and knowledge gaining from loT data. In IoT, Semantics represents a single
measurement data with metadata that includes, domain information, sensordepiction with its
measurement to improve the understanding [12].Semantic web technology operates devices that
understand data using ordered and machine understandableexplanations.The data description
includes location, type, relation between the domain and context, data provider and different
attributes of data [13]. The semantically annotated data aid to explain communication between
loT devices and other sources. So, multiple companies use semantic data to take effective
business decisions and maintain results.
The most commonsemantic technologies are[14], Ontology, Resource Description Framework
(RDF), Resource Description Framework Schema (RDFS), Web Ontology Language (OWL),
Simple Protocol AndRDF Query Language (SPARQL), semantic annotations, and semantic
reasoning. These technologiessupport integration and interoperability of sensor data.

Ontology [15] is a key concept in semantic technologies. It defines asa set of conceptual data
or characteristics of data and showsthe relation between the data. In general, it describes the
knowledge of a particular data by answering for what, where, when and how type of
questions.Here, the relation may be between two things or devices or applications or services and
a concept thatdefines a thing or some activity. The important components of ontology are
classes, objects, attributes and association. In general, 10T ontology is categorized into three,
namely, for domain ontology ,device ontologyand estimation ontology [16]. The Device
ontologyrepresents the characteristic of sensors and actuators. The Domain ontology describes

the real world physical concepts, measurements and associations with each other. The Estimation
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ontology represents the services and its requirements. Ontology supports vocabularies to
maintain meaningful communication between machines to machine. The ontology modeling
provides a flexible framework to maintain knowledge, enrich sensor data and ensure
interoperability.

The second important technology of semantics is RDF [17], It was launched by World Wide
Web Consortium (W3C)in1999 to implant metadata, and outlined the available resources on the
Internet. RDF supports interoperability directly on various IoT applications. RDF is sometimes
called asa direct graph because it includes node set and predicted set. The syntactic structure of
RDFincludes three views, namely, subject view, predicate view and object view.

The next technology is an RDF schema [18] which was developed for modelingvocabulary
for data whichis supported by RDF. It isanextension of the RDF Glossary that outlinesassociated
explanations, andestablishes meaningful connections among resources.

The fourth technology is Web Ontology Language (OWL) [19], introduced by W3C. OWL is
a semantic markup language for exchanging the ontology on the network. OWL isconsidered as
a family of languages that represents knowledge by writing ontology and enhances the glossary
for RDF data. In addition, OWL includes three sub-languages that are OWL Full, OWL
Description Logic (DL), and OWL Lite. Moreover, all these sub-languages are a syntactic
extension of its antecedents.

The next technology, SPARQL [20],introduced by W3C and designed to perform RDF data, It
is used to convert data into an RDF triple format and performs various operations like
integration, querying and validation of the data.

Another important technology is Semanticannotation [21], which annotates data semantically
to loT properties.It is one of the most powerful mechanisms that enhance the semantic
interoperability in 10T context. Adding semantic annotation toresource in 10T applications is a
big task. Finally, semantic reasoning [22] is employed to predict a rational outcome from a
collection of theories, facts and rules. This deals with rational properties and classes occurred on
the RDF map installed within the ontology[23].

I1. Role of SemanticsTechnologies in Internet of Things
Semantic technologiesessentials, challenges and its job in loTdomain has been discussed by
various authors.They are highlighted by following,

In [24]., the basic concept of 10T, semantic application and loT-based semanticswere

discussed. The concept of semantic technologies, reasoning and representation of data explained
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the challenges that could occur in an loT-based semantic application.In [25], semantic sensor
technologieswere discussed for internet of things architectures.For which,most closely related
paperswere surveyed and information extracted. The most widely or generally used ontologies
were identified and summarized and concluded there was necessitate in achieveflexibility,
interoperability and timely outcomes.In [26], the systematic literatureswerehavereviewedon the
subject ofsemantic web technologies ofloT environmentand most relevant works were discussed
with regard to the challenges and future opportunities.Moreover, someresearchershave explained
semantic based models to solve the problems which were faced in iot environment. Those are
following,

Jodo Moreiraet al., [27] proposed a SEMIOTICS model for early warning systems in the
tInternet of things. The proposed framework satisfied the semantic interoperability in loT
systems. Many use caseswere discussed and validated based on the performance. Some of the
existingchallenges were solved by satisfying their requirements.

NouraAlhakbani et al., [28] developed the Event Matching System (SMT) for handling
loT semantic data. The proposed algorithms matched events using a tree-based structure that
supports systematic communication among critical applications. SMT compared with existing
work in terms of processing time, from which SMT achieved linear performance time. This
system was not suitable for distributed environment and parallel processing.

MahdaNoura., [29] proposed a methodology to extract the existing ontology automatically.
Word2vec and k-means machine-learning techniques were used in the ontology to analyze the
concepts and propertiesstatistically. The designed methodology was employedinto three
applications such as smart home, smart city and smart weather. Finally, it was evaluated, but

there was no comparison.

I11. Semantic Technologies in lIoThealthcare domain

IoT plays a key role in all applications. Among them, there is a greater focus on the health sector.
The use of sensors in the health field has increased and so has the evolution of health-related
information.So, this section explains the uses of semantics in the healthcare domain.

In [30], thesemantic annotation models for healthcare domain were reviewed. This paper
surveyed various data-mining techniques which were applied in thehealthcare sector as well as
semantic annotation. The survey recommended solutions to overcome interoperability issues in

thehealthcare domain by using semantic annotation models. It alsoexplained the steps which
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were involved in the semantic model creation using feature selection and classification
algorithms. However, thisworkdid not clearly review semantic annotation models.In [31], two
main contributionswereproposedusing semantic-based approaches for healthcare applications.
The first work presented the semantic representation that includes various processes like data
collection, pre-processing, extracting and semantic modeling. In the second, the 10T Medicare
System was developed that integrated HealthloT ontology. The proposed 10T Medicare system
improved the decision making with data analyzing. The correctness of the proposed system was
not analyzed.In [32], thesemantic interoperability model was developed for the 10T domainto
avoid heterogeneity due to the various types of 10T devices. It was developed for healthcare
domain where heterogeneous 10T devices wereused to monitor and communicate with patients.
To share information between doctor and patient, a lightweight annotation model was created
that semantically annotated the data. RDF converted the annotated data into triple format to
make it more meaningful and SparQLqueryderivedthe knowledge. loT data integration and
fusion were not clearly defined and semantic reasoning needed tobe improved.

In[33], a semantic Medical 10T platform was proposed for 10T healthcare. The major goal of this
work was to avoid heterogeneity, integrity and visualization issuesandthe proposed framework
provided many solutions. Moreover, many services were offered, namely, localization,
simplification and effective integration. In addition, contract-based security policies were
introduced to ensure the confidentiality of patient in the healthcare domain. But, stability,
usability and portability of the proposed system were not improved. In[34], the data integration
and data analysis using machine learning algorithm and semantics technologies for loT
healthcare domain were discussed. Various semantic and machine-learning techniques for data
integration were reviewed. Moreover, future directions were discussed in the field of data
integration from medical sensors with semantic and machine learning techniques. The proposed
approachfor healthcare domain wasnot implemented using tools. In [35], a similarity analyzer
framework for solving the interoperability problems was introduced. These problems occurred
when transforming the electronic record of the healthcare domain between institutions. For this
problem, twoartificial intelligence algorithms were used namely, Word2Vec and Doc2Vec.
These two algorithmswereutilized for figuring out the similar semantics of the numerical and
textual in the dataset. The conflicts were removed and converted data into a common model.

The parameter configuration and processing time of each algorithm were identified and accuracy
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was calculated. The proposed framework was only suitable for text and numeric type of data in
Electronic Health Record (EHR).

IV. Ontologies for 10T context

From among theexisting,there were several emerging ontologies created for the area of 10T,
namely,SensorML , W3C Semantic Sensor Network(SSN) [36], [37], loT.estontologies[37], IoT-
Lite Ontology [38] andloT-A information model [39].Inaddition, ontology-based semantic
models were proposed to handle various issues in 10T. Some of them arethefollowing,

T. Elsaleh[40], presented a lightweight I0T stream ontology for annotating streaming
data. The model has been developed by following most recognized guidelines of semantic
model and 10T environment. The well known ontology SSN for sensor descriptions used to
develop the light weight model. The annotated data were extracted in RDF Triple format and
finally some usecases, tools, and applications in use were discussed. Scalability and short-time
processing were the essential parameters were not focused in this work.

Li Chen [41], developed a model for diagnosing diabetes disease and monitoring patients
remotely. The proposed ontology Model (ODMP) solved the inconsistency problem by analyzing
the patient information in detail. The performance of ODMP model was validated using SWRL
rules. Moreover, the experimental resultsproved that the model well predicted the diabetes
disease and recommended prescriptions.However, the model wasnot suitable for critical
situations because it took more time to process.

Ali et al.,[42] presented a recommendation system for 10T based healthcare sector. This
work used health related data that from sensors. In addition, it continuously monitored the
patient’s health andprescribedmedicines and food.This work only consideredmanagement and
diet recommendation. Prediction and prevention of disease were not addressed.

Chen et al.,[43] suggested ontology for modelling the diabetic knowledge system. This
knowledge system was prepared using health data. Based on the data, the disease was diagnosed
and treatmentwas prescribed for diabetes. Moreover, the modelwas applied in disease prediction,
diabetes diagnosis, and treatment recommendation. But, this work did not use 10T data.

Some of the 10T semantic-related works are discussed along with its drawbacks in the following
Table 1.

Table 1: 1oT semantic-related papers

Author ‘ Year ‘ Works Done Drawbacks
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I. Szilagyi 2016 | Discussed the importance of using | There is no comparison or
[44] ontologies in 10T. classification to this work.
G. Bajaj,[45] 2017 | Overviewed diverse ontologies which | Semantic ~ features  were  not
consider in the 10T domain. considered to prepare ontologies.
M. 2017 | Explained relevant studies in IoT domain requirement were not
Ganzha[46] ontology and semantic discussed.
interoperability.

S.De,Y. 2017 | Reviewed loT ontologies and | Reviewed only reusable ontology in
Zhou[47] categorized these approaches like | WoT without considering other
general and domain levels. domains.

D. Andro “cec | 2018 | Surveyedthe usage of SWT in loT | Semantic  features were not
[48] domain. comparedand WoT was not

highlighted in this study.
K. Janowicz 2018 | Explained SSN ontology for 10T | The sevices of both sensor and
[49] devices and actuators with SOSA. actuator were not discussed.

K. 2019 | Developed loT-based system. The | Reasoningand Semantic quality was
Ryabinin[50] work was done on the basis of SSN | not emphasized according to the
ontology, except that theywere newly | assessment.

created.

Conclusion

The main ambition of this paper was to emphasize thevarious semantic approaches for loT

context. This work describes the semantic approaches and their connection with healthcare data,

the importance of ontology that contains annotation and interoperability issues among various

devices that are utilized in themedical domain. Thus, the paper will be very useful to researchers

who are interested in doing their research in the area of 10T Semantics. Also, aid to develop

models that are useful for exchanging information between patient and doctors through the

internet and take accurate decisionson time.
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