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ABSTRACT

The rapid growth in the number of sensors deployed at various scenarios and domains has resulted in
the demand of smart applications and services which can take advantage of the sensor ubiquity and
the Internet of Things paradigm. However, loT analytic applications are grossly different from typi-
cal IT applications in the sense that in case of 1oT, the physical world model is absolutely essential to
understand the meaning of sensor data and context. It is also unreasonable to assume that application
developerswill possess all the necessary skills such as signal processing, algorithms, domain and deploy-
ment infrastructures. The scenario is more complicated because of overlapping domains and variety of
knowledge. Researchers have attempted to automate parts of the development process, but, the area of
feature engineering for sensor signals remain relatively untouched. In this chapter, the authors discuss
about the use of semantic modeling for 10T application development with respect to a framework that is
capable of largely automating parts of 1oT application development.

INTRODUCTION

Nearly two decades ago, in 1999, Prof. Neil Gross predicted: “In the next century, planet Earth will
don an electronic skin. It will use the internet as a scaffold and transmit its sensations” (Gross, 1999).
Seventeen years later, in 2016, we are moving towards a direction of “Internet of Everything”, a step
forward from the era of “Internet of Things”, as number of connected and deployed objects around us are
mushrooming at a very high rate. They are predicted to reach a count of 4.9 billion from today to about
25 billion by 2020 (Gartner, 2014). Each of these objects is uniquely addressable and communicates
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with each other and outer world based on standard communication protocols (INFSO, 2008). This novel
paradigm of IoT, or IoE, or more generic Cyber Physical Systems, is able to discover context at personal
and physical level and is able to answer questions like: who is doing what, when, where; what is hap-
pening now; how one is feeling now; and even what is probably going to happen next. These powerful
sets of information have high impact on individual users (for assisted living, enhanced learning etc.) as
well as industry and business users (like smart transportation, manufacturing, energy and utilities etc.).

However, every good thing comes at a price. This growth in number of smart objects translates into
generation of a tremendous volume of data which in turn translates into a huge requirement of data stor-
age, and an efficient and fast communication network. Moreover, all connected objects do not send data
in similar format; they are controlled by different stake holders and cater to different use cases involving
variety of knowledge domains. There is heterogeneity in terms of hardware and software versions which
are again controlled by multiple independent communities. To sum up, the heterogeneity present in the
IoT world due to obvious reasons is a major challenge facing researchers in this domain.

The data, produced by these smart objects, are however precious. Data are often referred as “oil” for
the not too distant future. But data without any follow-on analysis and some meaningful insight do not
have much utility. All useful applications in IoT domain perform this analytics and help end users to
visualize the situation/context represented by data in a more meaningful way, thus enabling the user to
take some decisions or actions based on the situation.

In order to develop such intelligent and useful IoT applications, one should (i) identify the most ap-
propriate data sources together with the detailed specification of the sources, i.e. the sensors, (ii) prop-
erly collect the data, (iii) identify the data format thereof and (iv) understand which part of the data is
useful for the application. At the same time, most applications involve usage of multiple algorithms in a
sequence to extract a useful insight from the data. To take an informed decision about the algorithms to
use and the usage sequence, the application developer requires an in-depth knowledge about algorithms,
their usage, complexities, features, side-effects etc. Real-time or near-real-time execution is another com-
mon feature for an IoT application, which requires detailed knowledge about the resources involved e.g.
edge devices, cloud platforms, gateways, network etc. On the other hand, to build a successful applica-
tion, the knowledge about the particular domain is as important as the technical aspects. For example,
an application in the healthcare domain, targeted towards the smart health paradigm, may require the
developer to know certain aspects of the healthcare domain apart from the technical knowledge about
processing sensor signals. Needless to say that, it is a tremendous ask for a programmer or developer.

Considering the enormity in the number of connected objects, the volume, velocity and variety of
the resultant data, number of algorithms, number of use cases to solve, number of experts from differ-
ent knowledge domain to be involved, and above all enormous heterogeneity involved at each level, the
whole domain of IoT application development cannot be handled manually and thus requirement for
machine automation at many levels becomes obvious. In other words, there is a very obvious require-
ment of modeling the physical world and the knowledge associated with it using semantic techniques.

To enable machines (which can compute) to help us, the knowledge involved at different stages must
be captured in a machine-readable and machine-understandable format, and it has already been observed
by researchers that Ontology is a useful instrument in this regard. Ontology can capture ‘facts’ specific
to a domain and aims to replace a human domain expert by executing reasoning algorithms on top of
the ontology elements. In other words, ontology is a knowledge and information store, represented as
a connected graph, to which both machines and human can ask questions, like students normally do to
a teacher or patients do to a doctor; more generally, it is similar to a situation where a non-expert asks
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