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Abstract. This paper presents the motivation and challenges to devel-
oping semantic interoperability for an internet of things network that is
used in the context of home based care. The paper describes a research
environment which examines these challenges and illustrates the moti-
vation through a scenario whereby a network of devices in the home is
used to provide high-level information about elderly patients by lever-
aging from techniques in context awareness, automated reasoning, and
configuration planning.
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1 Introduction

A current vision in the area of ICT-supported independent living of the elderly
involves populating the home with connected electronic devices (“things”) such
as sensors and actuators and linking them to the Internet. Creating such an
Internet-of-Things infrastructure (IoT) is done with the ambition to provide
automated information gathering and processing on top of which e-services can
be built for the elderly residing in their homes [1]. Technically speaking IoT is
mainly supported by continuous progress in wireless sensor/actuator networks
software applications and by manufacturing low cost and energy efficient hard-
ware for device communications. However, there is still the major the major
challenge for expanding generic IoT technologies to efficient ICT-supported
services for the elderly. Namely, services such as the personal health record
(PHR) and other computerized “things” such as care and health related informa-
tion resources, i.e., electronic health records (EHR), home-service (in Swedish:
hemtjanst) documentation, end-user generated information, informal care-givers
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related information (e.g., information provided from family, neighbors, social
networks etc.) must be integrated with the IoT infrastructure.

Ecare@home is a distributed research environment whose aim is to address
the above vision by (1) performing research on selected fundamental issues in
semantic interoperability with a particular focus on human-machine interoper-
ability, that is to say how to enable users to query and control the IoT infrastruc-
ture on meaningful terms that are human interpretable and EHR/PHR compat-
ible; and (2) testing the research results on a technical platform which is embed-
ded in the Internet of Things and provides information with an unambiguous,
shared meaning across loT devices, elderly residents, relatives, health-and-care
professionals and organizations and various personal information repositories
and the various electronic health records associated with those.

This paper describes the main motivations and challenges which the research
environment will address. It provides a brief overview of the various types of
interoperability and then follows the main challenges that will be addressed
within the scope of the research environment. A short scenario and illustrative
scenario is outlined to conclude the paper.

2 The Dimensions of Interoperability

Generally speaking, interoperability is “the ability of two or more systems or
components to exchange data and use information”. Interoperability is a major
concern of many organizations, including the European Commission which lists
interoperability as a pillar in the Digital Agenda for Europe. This definition
provides many challenges on how to (1) Get the data/information (2) Exchange
data/information, and (3) Use the data/information in understanding it and
being able to process it. There are different types of interoperability: technical,
syntactical, semantic, and organizational. E-care@home focusses on semantic
interoperability, still the planned research is expected to also impact the other
types.

Semantic interoperability is seen as a key requirement for gaining the benefits
of computerization of the health domain and much effort has been invested by
both national programs and academia to understand and provide solutions for
the problem of achieving semantic interoperability. Semantic interoperability is
usually associated with the meaning of content, information or data, and con-
cerns both the human and machine interpretation of content [3]. The focus here
is on the semantic annotation of the data (for example, with domain knowledge)
which can provide machine-interpretable descriptions on what the data repre-
sents, and meta-data such as where it originates from, how it can be related to
its surroundings, what is providing it, and what are the quality, technical, and
non-technical attributes. This semantic interpretation can be used for machine
to machine communication (M2M). An example of M2M semantics-augmented
communication would be a sensor measuring room temperature on demand of an
end-user and, in relation to other information possibly available about the end-
user, setting the temperature to an adequate level. Devices and sensors register
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through network gateway which writes their data into semantic database. Every
time the sensor sends the temperature, the gateway writes it into the repository,
and matches it with desired temperature inside the room where sensor is located.
For example, the database could also keep information about the preferences of
the user and contextual information needed to make room temperature deci-
sions. However, another central aspect of semantic interoperability concerns the
human interpretation of data and information provided by the IoT devices or by
other humans respectively. Thus, interoperability on this level means that there
is a common understanding between people and between people and devices of
the meaning of the content being communicated. Regarding this type of inter-
operability E-care@home focuses on the contextualised semantic annotation of
uncertain sensor/actuator data using symbolic reasoning methods. E-care@home
also focuses on formal methods for modelling contextualised information from
heterogeneous data sources so that a common understanding is achieved with
the help of various mechanisms studied in the project, for instance ontology
alignment. Ontologies not only provide some level of semantic expressiveness to
the information they also allow the information exchange between applications
and between different levels of abstraction.

The E-care@home research environment is needed to address an evitable and
emerging challenge in sensor deployment in home and health environments. In
short, this challenge entails adding value of raw sensor data by understanding
the meaning of this data and involves collection, modelling, reasoning and dis-
tribution of context in relation to sensor data.

3 Semantic Modelling and Ontologies

Ontologies are tools for specifying the semantics of terminology systems in a
well defined and unambiguous manner. Ontologies are used to improve com-
munication either between humans or computers by specifying the semantics
of the symbolic apparatus used in the communication process. The domain of
application, here the health domain, is often significantly more complex than
what practically usable ontologies might express. E.g. common health domain
use cases require second-order reasoning which is not available in, e.g., any of
the OWL profilesvii. Typically, use cases’ requirements have to be balanced
with computational effectiveness requirements and approximate solutions have
to be developed and maintained. Thus, large-scale biomedical ontologies, such
as SNOMED CT and NCI Thesaurus, are often using low-expressivity logics
to allow to perform little reasoning, while smaller ontologies might allow higher
expressivity. For enabling interoperability, all applications and users must share a
common terminology. If an application uses a terminology different from another
then a mapping between different ontologies must be made. A challenge is that
in an care setting with an Iot infrastructure, the types of ontologies currently
available are still disparate: on one hand, there is a growing establishment of
ontologies for describing sensors and their observations such as the SSN; on the
other hand, there are the ontologies in the health domain that capture relations
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between medical terms providing codes, terms, synonyms and definitions used
in clinical documentation and reporting. Thus, there is a need to study these
ontologies in a holistic context, e.g., a network of ontologies by reusing existing
ones and alignments between those.

4 Context Reasoning in an Ecare@Home Setting

Ontologies and other semantic technologies can be key enabling technologies for
sensor networks because they will improve semantic interoperability and integra-
tion, as well as facilitate reasoning and classification. Still, significant effort has
yet to be placed on how to integrate the information in ontologies or other seman-
tic models with formal reasoning methods specifically for improved sensor inter-
pretation/annotation. Some work to this effect has been discussed in [Barghani et
al.]. The domains considered so far deal with e.g. weather data where rule-based
reasoning is relatively straight forward. Integrating proper reasoning techniques
in more complex domains such as the one envisioned in Ecare@home is a more
difficult problem. Sensors can only measure limited physical phenomenon and
sensor data is inherently uncertain. Therefore, eventual reasoning methods must
be also contending with the uncertain nature of the sensor data [2]. Context
and patient profiling also plays a crucial role, and therefore the reasoner should
make use of contextual information in a meaningful way. Finally, trust in the
system is crucial for uptake, and enabling trust is often done via transparency,
thus requiring explication and readability of the reasoner’s output. Given these
requirements, E-care@home will explore reasoning techniques e.g. answer set pro-
gramming, for semantic-web data, focusing in particular on abductive reasoning
methods that are non-monotonic in nature [4]. In part this has been examined in
limited contexts of smart home networks, but including diverse semantic models
as mentioned above is still a remaining challenge.

5 Semantic Interoperability for Service Discovery

Semantic interoperability not only enables a Machine-to-Human interaction but
also enables a Human-to-Machine interaction, where in this case, human requests
for services can transcend to machine readable code. High-level tasks requested
by users such as “measure physical activity” should lead to a number of services
being activated which also may relate to a number of devices which should pro-
vide the necessary data. In E-care@home we choose to see service composition
as a configuration planning problem where configuration planning generates a
functional configuration of a networked system consisting both of sensors and
actuators distributed in the environment that solves a given task. In a func-
tional configuration, sensory, computational and motoric functionalities belong-
ing to the different devices are connected with communication channels. Another
related and complementary area is web service composition. Web service compo-
sition, while not directly involving physical sensors and actuators, is concerned
with ways of interconnecting selfcontained, self-describing, modular applications
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that can be published, located, and invoked across the web. A composite ser-
vice is a set of services and the control and data flow among them. A num-
ber of approaches have been explored, from genetic algorithms, to neo-classical
planning, and semantic information is often used for representing the domain.
The challenge investigated in an E-care@home domain is to develop methods
for service composition that not only fulfill hard constraints but also take into
account preferences. Solving this challenge means that requests and queries can
reconfigure device networks, thus adding robustness and reliability to obtaining
information [6].

6 Testbeds and Scenario

An important objective of E-care@home is to evaluate the developed methods
in real contexts. This includes a number of living lab environments but also as
the environments progress we will include real test bed environments (e.g., IoT
enhanced homes) where such test beds enable reliable data collection. For this
objective to be met, synergies between existing projects and test beds will be
made. Also, in order to properly verify results, test homes will be selected by
first forming adequate use cases which outline the requirements for each test
site and test persons involved in the evaluation. Figurel revisits the scenario
outlined with respect to the above scientific objectives. In this Figure, a health-
care professional may want to query for specific information. This query probes
one or several service(s) where the service requires that a particular configura-
tion of devices in the home is active. If certain sensors were not activated (not
shown in this example) they could be actuated by the configuration planner.
Also the configuration planner takes into account preferences and not only hard
constraints. To derive answers to queries or to infer information, the reasoning

[Q:Tell me when John woke Up? ]

Service position/Di y

I A: John woke at 09.00 ]

Models:

EHR - John has X
SNOMED - sleepwalking Is lawake
SSN PIR sensors are reliable 70%

Etc

Reasoning: Configuration Planning
Bedsensor “off’, motionBedroom "high’, Preferred Configuration: Bed sensor,
motionHallway ‘high’ motion bedroom, motion in hallway.
Explainations and probability: Configuration2: Bedsensor, bathroom
>John could be awake at 09.00 (p=0.7) sensor, motion in hallway (preference,
>john could be sleepwalking (p=0.4) john does not want the bathroom
>MotionBedroom Sensors falled (p=0.3) $ensor 1o be used unless emergency)

[PIRBEDROOM | |PIRBEDROOM | [ PRESSURE_BED | |PRESSURE_SOFA |

Fig. 1. An illustrative scenario which highlights the various challenges and motivations
in achieving a semantic intereroperability between an IoT network and the various types
of users in a home-based care setting.
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module uses information both from the sensors (and eventual signal processing)
as well from the models to contextualize the interpretation. Multiple explana-
tions are generated and in particular, sensor uncertainties are factored into the
final output. This example is illustrative but emphasizes an important aspect -
that semantic Al techniques can be used to automate processes that configure,
infer, and manage knowledge emerging from the sensor/actuator devices and,
provide a meaningful output of the entire system.

7 Conclusion

This discussion paper presented a research environment Ecare@home whose
objective is to rely on an IoT framework in order to gather information about
inhabitants, abstract that information, and communicate it in a human con-
sumable way to the various users of the system. Thus in E-care@home we aim
to achieve something very different from the previous works in context-aware
IoT and we aim to shift focus from network centric context awareness to data
centric context awareness. The IoT notion is still very important as it is the
setting for which the E-care@home domain exists. However, what is important
in E-care@home is the data, observations and measurements and not the node
that provides it. E-care@home embedded in an IoT will go beyond state of the
art by bringing data-centric approach to IoT. Focus is put on interpretation of
data, which is, translating sensor data to knowledge that is usable by people,
organisations and applications. This involves abstraction whereby low-level data
is converted to high-level knowledge and where prior knowledge and reasoning
can interpret the data and infer beyond that which is physically measured.
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