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Abstract. Wireless body area network (WBAN) is a subset of the wireless sensor network
(WSN). WBAN has a vital role in technology for remotely monitoring human physiological
changes in healthcare. Many applications for wearable and plantable devices have used
WBAN. Most wearable devices are designed with several sensors to monitor various aspects
of the body. A problem of interoperability in WBAN sensor data arises from the many sensing
devices from several manufacturers, which may be operating at different frequencies and gen-
erating data in various types of formats. The heterogeneous nature of the WBAN sensor data
limits the sharing and integration of other clinical data. There are several proposed approaches
to address the challenges of the interoperability of the WBAN sensor. This paper presents a
systematic review of some of the sensor data interoperability approaches using semantic web
technology. The knowledge in this paper is to provide a background for further investigations
in the use of semantic web technologies for WBAN data integration.
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1 Introduction

The dramatic shift towards ubiquitous health monitoring increases the importance of understand-
ing wireless body area networks (WBAN). The data it generates and how the data can add unique
value to data-centric clinical decisions. WBAN is described as a great asset in the medical
healthcare practice [2], and this could be attributed to the ability to improve the quality of life for
people [36]. WBAN is constructed with a set of sensor nodes that monitors human physiological
activities and actions with actuators that act on the information from the sensors [17]. A collection
of wireless sensor nodes, which are small, lightweight, and low power consumption, are used in the
construction of WBAN [10]. The sensor nodes in a WBAN may ring up to thousands of sensors
[8]. WBAN sensors can collect data for predicting and analyzing a patient's health status. Wireless
sensors embedded into wearable devices have emerged to be promising for continuous monitoring
of human physiological changes. WBAN sensors had been used for detecting hypertension and
cardiovascular diseases [31]. Wireless sensors can communicate within and with external devices
to observe and monitor human physiological changes using stated parameters. In a wireless body
area sensor, the observed parameters may be object movements like heart rate or body temperature
[8]. [41]. Wireless sensor networks (WSN) applications are commonly used for measurement,
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tracking, and detection in transportation, healthcare, industrial applications, smart grids, environ-
ment tracking, security, and surveillance [18].

The wireless sensor produces data streams in a raw and challenging format [23]. The varieties
of the format in which the data is acquired from sensors make it challenging to utilize [30]. The
formatting challenge is due to the non-availability of semantics that can be used to describe the data
[9]. The wireless sensor networks are deployed and used to capture data about phenomena that
relate to domains affiliated with the sensor. There are ample data streams from sensors, but the
barriers of sensor data are the inability to understand the data [34].

A wireless body area network is a subfield of the wireless sensor networks. It is used in
healthcare for the continuous monitoring of health parameters [32,17], such as object movement,
temperature, magnetism, and seismic activities. WBAN is constructed with small size sensors
which are placed in diverse parts of the body to communicate within and with external objects [19].
Sensors and actuators play a crucial role in providing a link to bridge the physical world and the
digital world [42]. Sensors can facilitate a machine to human and machine to machine communica-
tion. WBAN sensors could either be invasive or non-invasive [22] and are currently being applied
for enhancing the quality of life of individuals through wearables to assess soldier fatigue, sports
training, sleep monitoring, asthma monitoring, fall detection and others [18]. Many applications
have been developed from WBAN for smart health care and remote monitoring of patients [27].
Biofeedback is another application area for WBAN [22].

The need for interoperability is a significant challenge because system vendors of the internet of
things use different systems architecture and models in manufacturing sensors, which makes it dif-
ficult to harvest data from heterogeneous sources. There are noted challenges in accessing and man-
aging sensor data due to the dynamic, volatile environment, noisy, and continuous nature [30]. The
data processing and management of sensor data are essential to achieving the potentials of sensor
data. However, a significant issue with data generated by sensors is their heterogeneous nature,
which requires description and definition to enable it to be integrated with enterprise systems and
the linked open data (LOD) cloud [21]. This study is focused on the data from wireless sensor
networks used in healthcare, which is described as the wireless body area networks (WBAN).

2 Aim and Scope of Review

This systematic review aims to help identify outcomes, challenges, and guides for scientific re-
search direction on open challenges in the usability of WBAN sensor data. This review aims to
understand the various frameworks for integration and WBAN sensor data. In this review, charac-
teristics of sensor data, semantic web technology, and semantic web interoperability methods are
discussed.

3 Characteristics of Sensor Data

WBAN sensor data is characterized by large volumes of real-time observations collected from
a host or patient [32]. The data could be univariate or multivariate, depending on the number of
body areas that sensors are monitoring. Wearable devices may be designed to monitor only one
aspect of a patient's health or may be designed to keep track of many aspects of a patient's health
[11]. Wearable devices that track various aspects of the body are usually equipped with different
types of sensors, which may collect diverse data types [27].

Data from a sensor may be generated at a low or high sampling rate [40] depending on the
object that it is monitoring. The low and high sampling rates can also constitute data issues such as
noise, data loss, or redundancy. Low data velocity could result in lost data, while high data velocity
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could also result in data loss without efficient processing techniques. Sensors connect several types
of objects, thus resulting in the generation of heterogeneous data with diverse formats. Sensor data
is generated rapidly and continuously in a way that can be described as a data stream.

Data streams are continuous and disorderly with changing probability distributions. Differ-
ences in format could result in data irregularities, which may ultimately affect the quality of sensor
data [12]. There may be ambiguity and inconsistency in sensor-generated data as a result of missed
readings, multiple readings, and packet loss. The diverse formats and semantics attached to the data
result in interoperability issues [24]. This is where semantic web technologies can be used to enable
a deeper understanding of sensor data. Sensor data streams can be processed using data aggregates,
data compression, modeling, and online querying. The queries used in sensor data streams include
aggregate, join, and continuous queries.

4 Semantic Web Technologies

Semantic web technologies have been used to understand and process data by including struc-
tured and machine-readable descriptions. Semantic frameworks are used for annotation and inter-
pretation of sensor data [4]. Many researchers have propagated the semantic web as an option for
enriching sensor data [20] to integrate with data from other sources in the LOD cloud. Linked open
data is a semantic web standard for publishing and linking heterogeneous data [37].

Semantic web technologies, as developed by the W3C [39], include the use of a resource de-
scription framework (RDF), SPARQL, and web ontology language (OWL) for describing web-
connected objects or resources. In [12], semantic web technology is described as being critical in
enabling interoperability of data from disparate environments through the use of standards or agree-
ments on the format and attached meaning to data. Semantic web technology is expected to proffer
solutions to the challenges of extraction of knowledge from heterogeneous data and other
knowledge sources to subsequently enable improvement in the quality of by integrating data silos
[14].

The publication of sensor data using semantic technologies encompasses mapping the data and
converting the data stream to RDF streams. Then the RDF data stream is stored and linked with
other data sources in the LOD cloud. RDF data model is used to represent and process linked stream
data [44] from sensors. Linked data principles have been suggested as a solution to the challenge
in the usability of sensor data [25]. Linked stream data is expected to improve sensor data usability
by making provisions for including semantics to enhance searching and exploration [7] of sensor
data. Other positives aspects of the linked stream data are that prior knowledge of the data source
is not required before using the data, thus enabling the combination of linked stream data with data
from other sources [5,28].

4.1  Semantic Interoperability

Semantic interoperability is used to describe the capability of systems to work seamlessly with
other systems to interpret information [45]. The seamless interaction is based on a loosely coupled
system concept [46] were parts of the system can easily be added or removed without destroying
or causing malfunction of the entire system. Semantic principles require strict adherence to certain
architectural principles such as separation of concerns and transparency, as can be seen in openEHR
[27]. In semantic interoperability, the meaning attached to a piece of data includes a context-aware
interpretation of the data and a domain ontology[28].

The semantic interoperability principles specify the unambiguous interpretation of a piece of
machine-readable data across software programs, platforms, and domains [14]. It proffers solutions
for interaction between various data formats. An unambiguous interpretation provides a framework
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for understanding heterogeneous sensors without prior knowledge about the data. Interoperability
can be syntactic or semantic, where syntactic interoperability ensures intercommunication and data
exchange between two or more systems, and semantic interoperability ensures automatic interpre-
tation and meaningful exchange of communication [1]. Enablement of system interoperability pro-
vides a basis for internet-connected objects or two interoperable systems to understand each other's
functionality [28].

W3C [39] described semantic interoperability from the perspective of enabling different
agents, services, and applications to exchange information meaningfully. Wireless devices made
of sensors from different manufacturers produce heterogeneous data, ultimately causing problems
in data exchange across different gateways and smart hubs. There are instances where the meas-
urement and units of the data are expressed differently. Using a semantic interoperability ap-
proach, the incompatibility between data models and information models can be dynamically and
automatically resolved [14]. Standardization enables the creation of consistency in the exchange
of information among heterogeneous systems. The absence of standard likely significantly in-
creases system complexity [1].

5 Related Work

As discussed in the previous section, the critical point in WBAN is to enhance the remote col-
lection of sensor data from various parts of the human body. Several literature works have been
focused on making senor data usable and of good quality to enhance data-driven clinical decision-
making.

In [9], a distributed, semantically intelligent, cloud-based, and interoperable mobile health clin-
ical decision support system (CDSS) framework for monitoring diabetes with a mobile device is
proposed. The framework was described as having achieved the interoperability of sensor data. The
HL7 fast healthcare interoperability resources (FHIR) standards [47] are used in the framework.
The value proposition of the project is the ability to integrate real-time sensor data and historical
electronic health record (EHR) data. The proposed framework is made up of four loosely coupled
modules described as the patient module, cloud-based clinical decision support system module,
back end EHR systems module, and the mobile health services module. The cloud-based clinical
decision support system module is the core of the framework and has the responsibility for stand-
ardization, processing, analyzing, and visualization of sensor data.

An ontology focused solution for describing prior knowledge about the meaning of a piece of
data referred to as a domain abstract language is proposed in [6]. Ontologies are the shared vocab-
ularies and relationships for defining and representing data, and shared meaning, and hides hetero-
geneity to support their semantic meaning 14]. In [19] use of ontologies to facilitate semantic in-
teroperability in healthcare is proposed. The proposed is based on the HL7 FHIR structure to pro-
vide shared healthcare data and ontologies, and the authors described the project as creating inno-
vative options to surmounting healthcare data interoperability.

In [37], health information linked open data (LOD) system for querying and visualization is
developed. The project used RDF for data representation and SPARQL for query interface. A web
ontology language (OWL) based integration [48] is used by modeling health data with HL7 FHIR
standard implemented services proposed in [30]. The project applied semantic web technologies to
integrate health data and home environment data from heterogeneously built services and devices
by annotating the data with semantics and ontological links. In [3], a graph-based semantic web
services composition system is proposed, and the approach is used to integrate health data in dif-
ferent health organizations. The authors described the proposed system's main contribution as hav-
ing the ability to use a rule-based reasoning technique of the semantic web technologies to prepare
the WS dependency graph.



6 Conclusion and Future Scope

Improving the interoperability of WBAN sensor data is fundamental for the success of WBAN
in healthcare. In this paper, WBAN and its various characteristics have been discussed, including
the sensor data that it generates. There are many research projects and proposals on integrating
sensor data, but this paper focused on using semantic web technologies to integrate WBAN sensor
data. The proposals are diverse, and each promotes different approaches related to the study's
objective. A comprehensive systematic review is conducted to present various attempts for
interoperability with semantic web technologies. Though there are many approaches to
integrating sensor data, the semantic web technology approach seems very promising.
Approaching health data interoperability standards using HL7 Fast Healthcare Interoperability
Resources (FHIR), OpenEHR, Semantic Sensor Network (SSN), and ontology is gaining traction,
but standardization across all the approaches is yet to be attained. Using semantic web technology
for integrating WBAN sensor data is still at a nascent stage, and further work is required to
identify the best fit for each type of clinical data.
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