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Executive Summary
The bIoTope project lays the foundation for creating open innovation ecosystems supporting the Internet of
Things (IoT) by providing the key IoT enabling mechanisms that allow companies to easily create new IoT
systems and to rapidly harness available information using advanced Systems-of-Systems (SoS) capabilities for
connected smart objects and easily creating innovative business processes.

Deliverable Scope
The main purpose of this deliverable is to describe the coordinated work among WP3, WP4 and WP5 so as to
provide an extensible and sustainable methodology for extending the O-DF messages with semantic
annotations. For that reason, existing state-of-the-art vocabularies for representing semantic information in
IoT data are presented. What is more, semantic vocabularies and ontologies that were designed inside the
bIoTope project (i.e., MobiVoc and the O-MI/O-DF OWL Ontology) are documented. Furthermore, various
bIoTope components that constitute the catalytic center for the annotation, the data exposure and the
extraction of knowledge are presented, such as the eccenca Corporate Memory IoT extension, the Open
Linked Data interfaces of Knowledge as a Service, etc. In order to measure the effectiveness of the
aforementioned documented work, various use cases’ scenarios are examined and the concrete implemented
solutions are described. Specifically, the deliverable documents the progress of the Lyon’s Heat Wave
Mitigation use case, the Smart Mobility Use Case, and the Brussels’ use cases. It should be highlighted that the
work presented in this deliverable is by no means specific to these use cases scenarios. Figure 1 indicates the
building block of the bIoTope reference architecture (from Deliverable 2.4 v1.2) that this deliverable
contributes.

Figure 1: bIoTope Reference Architecture

For the sake of easing the reading of this deliverable, it could be mentioned that if the readers have a
knowledge of bIoTope’s vision and O-MI/O-DF technologies, sections 2.1, 2.2 can be skipped. If readers are
familiar with the Semantic Web technologies and the IoT specific semantic vocabularies, sections 2.3, 2.4 can
be skipped. If the readers are interested in the progress of the bIoTope’s semantic vocabularies and the
software enabling the use of them, they should focus on sections 3.2-3.5. Section 3.6 provides an overview of
© 688203 bIoTope Project Partners
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the implementation and the use of the Linked Open Data interfaces that bIoTope’s Knowledge-as-a-Service
offers. In addition, section 3.7 describes the extensible and sustainable methodology for extending the O-DF
messages with semantic annotations, which was developed by the bIoTope’s Semantics Task Group. It should
be noted that the sections 4.1-4.3 focus on how the technologies, the semantic vocabularies/ontologies and
methodologies, which were described in chapter 3, can be integrated and applied on the various use cases of
the bIoTope project.

Relation to Other Deliverables
The deliverable takes into account use cases and interaction scenarios defined in Deliverable D2.1 and
demonstrates their progress regarding the semantic annotation methodology described in this deliverable.
Moreover, it briefly revises the bIoTope Knowledge as a Service architecture described in Deliverable D4.4,
and shows how the documented work supports it and extend it. Specifically, the interactions between
Knowledge as a Service’ Linked Data interfaces and O-MI/O-DF RDF Integration Server are further described.
From a technology perspective, the contributions of this deliverable are in accordance with the activities of
WP3 and WP5, and the work we report in this deliverable has been closely coordinated with D3.6 (led by Aalto)
and D5.5 (led by Fraunhofer).

Key Achievements
For a better overview, we organize the key achievements and contributions of this deliverable into several
areas, which are outlined in Table 1.
Table 1: Key Achievements in RDF Integration & Semantics

Contribution Area
Integration

Innovation

Technical

Exploitation

Description
The described methodology makes it possible to extend the O-DF messages with
semantic annotations fostering the semantic interoperability and facilitating the
integration inside the bIoTope ecosystem. The described methodology is already
integrated in various bIoTope’s scenarios, which are described in Sections 4.1-4.3.
The semantic annotation of the O-DF messages increases the visibility of the
information stored in them and leads the transformation of them to valuable
knowledge that can be used by various others components in the IoT ecosystem.
See Sections 2.2.1 and 3.7.
A distribution of the semantic vocabularies/ontologies designed inside the bIoTope
project as well as of the various bIoTope components that constitute the catalytic
center for the annotation, the data exposure and the extraction of knowledge.
These are described in detail in Sections 3.2-3.6.
The Knowledge as a Service framework’s extensions described in this deliverable
may be used by end-users as well as commercial stakeholders (e.g., providing
customized Knowledge Extraction workflows based on customer needs). This
scenario is outlined in Section 3.6.
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1. Introduction
1.1. Scope
This deliverable describes an extensible and sustainable methodology for extending the O-DF messages with
semantic annotations. To this direction, existing state-of-the-art vocabularies for representing semantic
information in IoT data are examined and the semantic vocabularies/ontologies designed inside bIoTope are
documented. Moreover, various applications of the key methodology and the aforementioned semantic
vocabularies are presented through illustrative examples on various use cases’ scenarios of bIoTope.
In order to understand the key challenges of the proposed methodology for the semantic annotation of O-DF
messages as well as the design choices, this document deals with the following questions:
•
•
•
•
•

Why is it important to semantically annotate the O-DF messages?
Should there be a 1-1 correspondence between the data model of RDF and of O-DF?
If not, how can we balance the various tradeoffs?
Which semantic vocabularies/ontologies are needed for semantically annotate the O-DF messages?
Which are the bIoTope components that will allow for the easier semantic annotation?

1.2. Audience
The target audience of the deliverable includes groups within and outside the consortium, in particular:
 Researchers, developers and integrators of the bIoTope consortium: This deliverable illustrates
important aspects of the bIoTope context service formulation and delivery and will therefore serve as
valuable input for stakeholders within the bIoTope consortium, notably stakeholders that work on the
design of the bIoTope infrastructure and/or its implementation in the scope of the bIoTope open source
project.


Researchers within other IERC and IoT EPI projects: The deliverable illustrates some of the core
implementation concepts of bIoTope and will therefore be of interest to researchers in other IERC and
IoT- European Platforms Initiative (IoT-EPI) projects, notably researchers working on projects that interact
closely with bIoTope.



Researchers working on IoT: The deliverable will be also of interest to broader groups of IoT researchers,
since it provides new insights into IoT open innovation ecosystem (e.g., sensors / cloud computing)
integration. As a public document, the deliverable will be accessible to such groups.



Open source community: In the medium term, bIoTope intends to build an open source community based
on the bIoTope IoT platform ecosystem. This deliverable may serve as a guide to some of the introductory,
yet important topics and functionalities of bIoTope.

1.3. Content of this Document
This deliverable reports our work on the semantic annotation of O-DF messages, the semantic vocabularies
and ontologies designed inside the bIoTope project as well as the key bIoTope components and their
interaction so as to annotate and extract valuable knowledge out of the O-DF payloads. After reporting the
state-of-the-art in semantic vocabularies and ontologies for IoT, this report presents the current state of the
MobiVoc vocabulary and of the O-MI/O-DF OWL Ontology, while illustrating the interaction of them with other
ontologies. Furthermore, various bIoTope components that have an important role on the semantic
annotation, the data exposure and the extraction of knowledge are presented. For the purpose of
demonstrating the use of the semantic vocabularies, the aforementioned components as well as the key
© 688203 bIoTope Project Partners
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methodology for semantically annotating O-DF messages, various bIoTope use cases’ scenarios are examined
and their progress is reported.
The rest of this deliverable is structured as follows: Chapter 2 describes the importance of extending the O-DF
messages with semantic annotations and provides a state-of-the-art overview of various semantic
vocabularies and ontologies that are used to describe the IoT domain. Chapter 3 deals with the description of
the status of (a) the various ontologies implemented inside the bIoTope’s frame, (b) the key enabling bIoTope’s
components for the processes of semantic annotation and knowledge extraction out of the semantically
annotated O-DF messages, and (c) the methodology for annotating with semantics the O-DF messages. In
chapter 4, the application of the various elements described in Chapter 3 is illustrated by demonstrating stepby-step how the described elements (a)-(c) of Chapter 3 can provide solutions in various bIoTope use cases’
scenarios. Finally, chapter 5 summarizes the work demonstrated in this deliverable and presents the future
work.

© 688203 bIoTope Project Partners
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2. Problem Definition
The essence of an IoT ecosystem is to enable the secure connection of a multitude of heterogeneous sensing
and actuating devices, having different constraints and capabilities, to the Internet. In the absence of de-facto
communication standard(s), the sensing and actuating devices by different vendors may subscribe to different
interaction patterns, and may implement different subsets of available communication protocols. As a result,
arguably, the value of an IoT ecosystem grows proportionally with the number and the versatility of the
supported devices [1]. The current IoT solutions address the issue of interfacing heterogeneous devices
differently. Generally, the interoperability with devices is ensured either by implementing a gateway that can
be expanded, e.g., with the help of plugins, to support new types of devices whenever needed, or by
mandating the device vendors to use protocols from a limited set of supported ones.
Note however that either the heterogeneity of supported devices is limited, or the use of a gateway is
necessary. In a recent IoT gap analysis [1] the authors concluded that “in order to streamline the integration
of new device types, standard object models for IoT devices” and universal messaging standards should be
integrated widely in a IoT ecosystem. For a smooth integration with sensing and actuating devices, it is
essential that the IoT communities ought to establish standardized protocols that would enable the
publication, consumption and composition of heterogeneous information sources and services from across
various platforms. To this end, bIoTope takes full advantage of recent Open API standards for the IoT [2],
notably O-MI (Open Messaging Interface) [3] and O-DF (Open Data Format) [4], which can be extended with
more specific vocabularies, e.g. using semantic web and ontology technologies.
However, in order for O-MI and O-DF standards to achieve their goals towards providing sufficient
interoperability on IoT, semantics integration constitutes a non-negotiable decision. Hopefully, the initial
design of O-MI and O-DF allows for an efficient sharing of conceptualizations, if used correctly. Therefore, the
work described in this deliverable summarizes the work of the bIoTope’s Semantics Task Group on adapting
the aforementioned technology so as to efficiently link the information represented in the O-DF messages
with semantic vocabularies. This action permits the sharing of a common understanding, across the various
stakeholders, of the information stored in the O-DF messages. Toward this direction, this section provides an
overview of existing state-of-the-art vocabularies for representing semantic information in IoT data. Last but
not least, this section illustrates the importance of extending the O-DF messages with semantic annotations.

2.1. bIoTope SoS Interaction
Systems of systems typically exhibit the behaviors of complex systems, but not all complex problems fall in
the realm of systems of systems. Inherent to system of systems problems are several combinations of traits,
not all of which are exhibited by every such problem [5]:









Operational Independence of Elements
Managerial Independence of Elements
Evolutionary Development
Emergent Behavior
Geographical Distribution of Elements
Interdisciplinary Study
Heterogeneity of Systems
Networks of Systems

The first five traits are known as Maier's criteria [6] for identifying system of systems challenges. The remaining
three traits have been proposed from the study of mathematical implications of modeling and analyzing
system of systems challenges by Dr. Daniel DeLaurentis [7] and his co-researchers at Purdue University.
© 688203 bIoTope Project Partners
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Current research into effective approaches to system of systems problems includes: establishment of an
effective frame of reference, crafting of a unifying standard, syntactic and semantic interoperability, etc.
Within SoS, the emergent behaviour concept has been defined as “the behaviors that arise as a result of the
synergistic collaboration of constituents” [8]. Functional and non-functional emergent properties result from
having heterogeneous and distributed constituents collaborating in dynamic environments [9].
Within the bIoTope ecosystem, different systems with heterogeneous nature are able to exchange
information by using the O-MI/O-DF standard. It provides the basis of communication and interoperability and
allows for the introduction of additional components like context, knowledge or user interfaces “as a service”
(XaaS). The unique data format allows to treat IoT objects and various systems as black boxes, only making
use of the data they provide. Besides O-MI/O-DF standardization, interoperability within bIoTope ecosystem
is based on a high-level description of goals and of services since the architectural diversity implies that no
assumption can be made about the inner workings of subsystems [10]. To do so, O-DF messages are further
extended with semantic annotations to foster semantic interoperability1. Looking at the example of Smart
Cities, this semantic interoperability takes place at access points to the subsystem [10]. Therefore, the bIoTope
project lays the foundation for creating open innovation ecosystems by providing the technology needed to
foster syntactic and semantic interoperability to enable advanced Systems-of-Systems (SoS) interaction in the
IoT era.

2.2. The benefits of the O-MI and O-DF technology for the IoT
The Open Group Internet of Things (IoT) Standards 2 have been created to fill an interoperability gap
recognized with regards to the IoT. With a specific end goal to accomplish its maximum capacity, the IoT
requires a trusted and secure, open, and brought together foundation for genuine interoperability. Without
this, proceeded with absence of trust and parallel advancement of disparate solutions, technologies, and
standards will lead it to become an ever-increasing web of organization and domain-specific intranets [3].
The IoT tends to be defined in different ways by different people. The Open Group IoT Standards definition is
based on an IoT where products can have varying degrees of “intelligence”, from barcodes or RFID tags that
have only an identifier to smart houses, vehicles, and other products that have advanced sensing and actuating
capabilities, as well as powerful processing, memory, and communication capabilities. The lifecycle idea of the
IoT Standards requires that the O-MI must have the capacity to give interoperability amongst items and with
all other data frameworks that devour or provide information that is applicable to the product lifecycle.
Despite the focus on product lifecycles, it is also the intention that the IoT standards would be applicable to
lifecycles of “anything”, such as humans, services, projects, electronic documents, etc. Therefore, the O-MI/ODF have been specified in the most generic way possible[3]. The IoT Standards connectivity model is similar to
that of the Internet itself. Where the Internet uses the HTTP protocol for transmitting HTML-coded
information mainly intended for human users, the IoT Standards use the O-MI for transmitting lifecycle-related
information mainly intended for automated processing by information systems. The O-MI fulfills the same
purpose in the IoT Standards as HTTP does for the Internet. In the same way as HTTP can be used for
transporting payloads also in other formats than HTML, the O-MI can be used for transporting payloads in
almost any format. XML might currently be the most common text-based payload format but others, such as
JSON, CSV, etc. may also be used [3].
At the same time, it is becoming more and more clear that the IoT asks for any data source (devices, machines,
server-based systems, etc.) to be able to publish their available data and provide access to it in an easy and
1

The aforementioned binding techniques, as well as the advantages they introduce, are investigated and described in the rest of the
current deliverable.
2 http://www.opengroup.org/getinvolved/workgroups/iot
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secure way, which includes the possibility to filter the data provided depending on the requester’s identity,
the context, etc [4]. The O-DF can be used for publishing the available data using ordinary URL (Uniform
Resource Locator) addresses. O-DF structures can also be used for requesting and sending published data
between systems, notably when used together with the O-MI standard. In the IoT, information about a
product or a “Thing” is often distributed over many different devices, systems, and organizations. The O-DF is
intended to represent information about things in a standardized way that can be understood and exchanged
in a universal way by all information systems that need to manage such IoT-related data. A data format
structure typically does not contain complete information about a particular thing. Information about the
same thing may be contained in several different data format structures. Object identifiers make it possible
to link the data about a single thing that may be located in different information systems. An object identifier
may be the only information that a data format structure contains about a particular thing [4].

2.2.1. The Benefits of Integrating Semantics on O-DF Messages
Today’s organizations are again shifting from a syntactic interoperability level to a semantic one. Ontologies
and semantic vocabularies can play an important role in this scenario [11], [12]. The semantically enriched
data that result from the process of semantic enrichment offer the capability to intelligent agents to process
the data independently and gain valuable knowledge out of them. This increases the visibility of the products
and services in the latest generation of search engines, recommender systems, and other novel applications.
Semantic enrichment allows information to be published and queried on the Web. As soon as the level of
reuse of an ontology is community or even world, the ontology and instances act as a global database with a
common schema according to the principles of Linked Data [13]. Moreover, they constitute the first step
towards the realization of the full automation of Web service discovery and composition, leading to what is
called Semantic Web Services [13]. To make more clear the benefits of semantic integration, two concrete
examples will be presented that demonstrate the advantages that semantic technologies bring.
1. BBC, i,e., one of the most known broadcasting corporations in the world, gives access to machine
interpretable representations of the vast amount of online content that shares to Web. This content
includes text, audio, video, etc. Semantic representations offer cross-domain navigation and machinereadable representations. Giving access to machine-readable representations that hold links to
further such representations, crossing domain boundaries, means that much richer applications can
be built on top of BBC’s data, including new BBC products [13]. In order to achieve the aforementioned
goals, BBC introduced the BBC Programme Ontology [14] to foster interoperability.
2. Yahoo SearchMonkey [15] allows Yahoo to harvest RDFa-enriched Webpages and to store the
extracted RDF triples in its index. In turn, third party developers can build their own search engine
with a development kit allowing access to Yahoo’s search index [13]. To enable this scenario, Yahoo
uses a common ontology to annotate the data.
The aforementioned scenarios demonstrate the importance to introduce a standard way to annotate the
information stored in the O-DF messages. This action will increase the visibility of the information stored in
them and will lead the transformation of them to valuable knowledge that can be used by various others
components in the IoT ecosystem.

2.3. Related Work on Integrating Semantics
Several strategies which have been proposed for annotating existing markup languages with terminology
explicitly described through ontologies can be used for the successful semantic enrichment of the O-DF
messages. Below, we review the works that have been categorized by the bIoTope’s Semantic Task group as
© 688203 bIoTope Project Partners
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the most prominent and helpful. However, this overview does not exclude the use of other future
technologies, which will be considered as methods offering more robust solutions and of greater applicability.
Bohring and Auer [16] described approach to map from XML/XML Schema to OWL, and raise, thus, the XML
source documents to the level of an OWL ontology. Their approach transforms XML documents containing a
relation structure, expressed through the node labelled tree of the XML data model3. As they focus on XML
documents obeying a relation structure, they avoid the general problem of handling nested tags. Thereafter,
their assumption of using implicit knowledge about the design of source documents leads to an easier
transformation process. This principle can also be directly applied on the O-DF messages by providing a general
set of rules for structuring and annotating the O-DF messages. With regard to the nested elements, they have
chosen a middle course; if one element contains another element, which contains not only a literal, they
construct a “part-of” relation. In this case, an owl:ObjectProperty will be used. In the case of a leaf in the XML
tree (containing only a literal and no attributes), this element will be mapped through an
owl:DatatypeProperty. They have implemented this work using the XML stylesheet language transformation
(XLST4), making their approach interoperable with different programming languages.
Rodrigues et al. [12] identified a notation to specify mappings between XML and OWL. This notation supports
different kinds of alignments, such as: one-to-one, one-to-many, many-to-one, many-to-many. Their
implemented framework is based on two sub-projects named: JXML2OWL API and JXML2OWL Mapper. The
API is a generic and constitutes a reusable open source library for aligning XML schemas to OWL ontologies,
using the Java platform. The Mapper is an application offering a graphical user interface (GUI) that exploits
the API and eases the procedure of the mapping process. The mapping process consists of several steps, which
are the following:
1. Create a new mapping project and load both the XML Schema related file (XSD or DTD) and the OWL
ontology.
2. Extract a possible schema with JXML2OWL.
3. The user creates class mapping between elements of the loaded XML schema and classes of the
ontology.
4. Once these mappings are created, it is possible to relate them to each other to create object property
mappings, or to relate them with elements of the XML schema to create datatype property mappings.
5. Finally, it is possible to export the transformation rules, generated according to the mapping
performed, as an XSL document.
With this XSL document it is possible to transform any XML document which validates against the mapped
XML schema into individuals of the mapped OWL ontology [12].
In parallel to these approaches, a lot of research work has been devoted to the binding between the Java and
OWL language. The Jrdfb 5 (Java Architecture for RDF Binding) and JASB 6 (Java Architecture for Semantic
Binding [17]) correspond to two characteristic examples of research work. On the one hand, The Java language
allows an imperative design and specification of programming tasks, as well as a data abstraction based on
classification, interface offering and inheritance. In this sense, it facilitates dealing with side-effect tasks such
as obtaining inputs, processing them, and producing output [17]. Recent versions of the Java language
standard provide better procedural and data-based abstractions, such as, among others, genericity [18],
parametric classes [19], and loops for collections.
3

https://www.w3.org/XML/Datamodel.html
https://www.w3.org/TR/xslt20/?
5 https://github.com/ArslanAle/jrdfb
6 https://sourceforge.net/projects/jasb/
4
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OWL [20], on the other hand, is a declarative language developed by the World Wide Web Consortium (W3C),
which has become a de facto standard for authoring ontologies in the Internet. An ontology is defined as a set
of statements used to describe an application domain[17]. Rather than specifying procedures, OWL describes
a domain: component elements and relationships among them. Using reasoning processes, that original
information and relations can lead to new, unforeseen knowledge. The statements in an ontology are of two
different specification classes: TBox (terminological) and ABox (assertional). The former defines the schema
of the application domain elements, including concepts, relationship characteristics, domain constraints, etc.
The latter defines specific “instances” of the applications domain, i.e. an actual scenario with a set of
individuals and the relationships among them[17]. Thus, TBox is sometimes compared with object-oriented
classes, whereas ABox is associated with instances of those classes. In contrast to Java, OWL is a highly
expressive, declarative language with several semantic features for representing application domains. OWL
specifications are interpreted and processed by OWL reasoners to validate the information against the domain
restrictions, and to infer new information. While each of the languages is well-suited for the set of domains in
which each of them is widely used, sometimes the need arises to combine them in the most seamless way
possible. Combining them means overcoming their limitations to achieve the great expressiveness of OWL
and, at the same time, allowing to perform algorithmic processes, input, and output with the data as
seamlessly as possible [17].
Finally, RML [21] constitutes a generic language defined as an extension to R2RML 7 aiming at provide a
solution toward the realization of the deployment of the five stars of the Linked Open Data schema8. RML
retains the mapping definitions of R2RML, although it excludes the database-specific references for the core
model. RML constitutes a generic way of defining mappings and makes the mapping creation process easily
transferable to cover references to other data sources. RML can be extremely helpful in transforming the
enriched with semantics O-DF messages to RDF instantiations so as to allow for reasoning. RML bypasses
several limitations of current mapping methods, such as: mapping at once only one source, mappings
definitions are far from being reusable by lacking a standard formalization, and, finally, supporting mappings
only for a specific data format (e.g. XML).

2.4. Semantic Vocabularies for IoT
Several domains have embraced the expanding utilization of IoT-based devices to gather sensor information
for producing abstractions and perceptions of this present reality [22]. This sensor information is multimodular and heterogeneous in nature. This heterogeneity prompts interoperability issues while creating
cross-area applications, in this way limiting the likelihood of reusing sensor information to build new
applications. As an answer for this, semantic methodologies have been proposed to handle issues identified
with interoperability of sensor information. A few ontologies have been proposed to handle distinctive parts
of IoT-based sensor data collection, ranging from discovering the IoT sensors for data collection to applying
reasoning on the collected sensor data for drawing inferences [22]. In the following, we provide a brief
overview of the existing semantic vocabularies and ontologies applicable to the IoT domain.

2.4.1. Sensor Ontologies
Existing sensor ontologies proposed in the literature aim to solve heterogeneity problems related with the
hardware, software, and the data management aspect of sensors [22]. Sensors are a major source of data
available on the Web today. While sensor data may be published as mere values, searching, reusing,

7
8

https://www.w3.org/TR/r2rml/
http://5stardata.info/en/
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integrating, and intepreting these data requires more than just the observation results. Of equal importance
for the proper interpretation of these values is information about the studied feature of interest, such as a
river, the observed property, such as flow velocity, the utilized sampling strategy, such as the specific locations
and times at which the velocity was measured, and a variety of other information. W3C (World Wide Web
Consortium) proposed SSN (Semantic Sensor Network) ontology [23] for describing the sensor resources and
the data collected through these sensors as observations. The initial W3C Semantic Sensor Network Incubator
Group ontology (SSN) was built around an ontology design pattern called the Stimulus Sensor Observation
(SSO) pattern [24]. The SSO was developed as a minimal and common ground for heavy-weight ontologies for
the use on the Semantic Sensor Web as well as to explicitly address the need for light-weight semantics
requested by the Linked Data community. The SSO was also aligned to the Dolce-Ultralite upper ontology
(DUL). SSN ontology aims at solving the heterogeneity problem related with sensor discovery and sensor data
collection.
To overcome some initial shortcomings of the initial SSN ontology described in 2012, a new version is currently
under development9. The new SSN described in this document is based on a revised and expanded version of
this pattern, namely the Sensor, Observation, Sample, and Actuator (SOSA) ontology. Similar to the original
SSO, SOSA acts as a central building block for the SSN but puts more emphasis on light-weight use and the
ability to be used standalone. The axiomatization also changed to provide an experience more related to
Schema.org. Notable differences include the usage of the Schema.org domainIncludes and
rangeIncludes annotation properties that provide an informal semantics compared to the inferential
semantics of their OWL 2 counterparts. In line with the changes implemented for the new SSN, SOSA also
drops the direct DUL alignment although an optional alignment can still be achieved10. Below, we present an
overview of some of the initial SNN’s shortcomings11:










The old SSN was perceived as too heavyweight (on its axiomatization) and too dependent on OWL
reasoning by some users. To strike a balance, DL expressivity of the new lightweight SOSA ontology is
ALI(D) which is efficiently supported by modern triple stores, while the new SSN is ALRIN(D). In
contrast, the old SSN is SRIQ.
The SSN previously imported DUL and many SSN terms inherited from DUL terms. Due to frequent
user requests, this has been redesigned so that SSN (and SOSA) can be used entirely independently of
DUL if desired.
The initial SSN has been criticized for its partially inconsistent handling of virtual sensors (including
software and simulations) and related classes and properties. The new SSN and SOSA address this
issue by allowing all major classes to be virtual, and to better support humans and other animals as
agents.
The notion of Procedure (formerly Plan) has been clarified to describe a workflow, protocol, plan,
algorithm, or computational method specifying how to make an Observation, create a Sample, or
make a change to the state of the world via an Actuator.
The Observation class in the initial SSN was conceptualized as a subclass of the DUL Situation class. To
improve alignment with O&M and user expectations, as well as to follow a consistent modeling
strategy for observations, sampling, and actuation, the Observation class defined in SOSA and the new
SSN are now conceptualized as activities.

Parallel to the SSN initiative, various other approaches tackled the problem of proposing a generic ontology
for describing sensor data. Gyrard et al. [25], [26] proposed the M3 ontology for describing sensors,
observations, phenomena, units and domains. Another one approach is the OntoSensor ontology [27], which
9

https://www.w3.org/TR/vocab-ssn/
https://www.w3.org/TR/vocab-ssn/#DUL_Alignment
11 For a complete overview of them and for the proposed solutions please refer to: https://www.w3.org/TR/vocab-ssn/
10
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exploits and extends types from SensorML 12 , ISO-19115 13 and SUMO [28], to allow for types for the
identification of sensor categories, behavior, relationships, functionalities, etc [22]. MyOntoSens [29] has been
proposed to conceptualize the domain of wireless sensor networks borrows several types and relations from
existing ontologies, such as: OntoSensor [27], SSN [23] and QUTD14. Last but not least, Shi et al. [30] also
identified key problems associated with inconsistencies with types definitions among existing ontologies, and
proposed the Sensor Core Ontology (SCO) as an approach to overcome them.
At the same time, several domain specific sensor ontologies have been proposed including smart appliances,
energy, building management, etc [22]. For instance, SAREF [31] (Smart Appliance REFerence) and SAREF4EE
[32] have been proposed to support interoperability in the domains of smart appliances and energy
accordingly. SAREF4EE aims at supporting interoperability with EEBus15 and Energy@Home16 standards [22].
Brick [33] has been proposed for the domain of Building Management Systems and proposes the use of tags,
targets, and functional blocks providing, thus, support for extensibility and flexibility for developing crossbuilding applications [22] . Okeyo et al. [34] proposed recently and ontology for semantic annotation of the
activities of the everyday life, ash as cooking food, brushing food targeting the smart home applications. These
and other recent ontology activities show the interest of various groups in the semantics as well as the
importance of the ontologies for fostering interoperability.

2.4.2. Location Ontologies
Location is used to describe the spatial context (partly, physical context) of users/devices [22]. Even though
location consists only a subset of what is generally described as context, we devote a specific section due to
its importance and its pervasiveness in describing data. WGS84 ontology [35] describes abstract concepts for
defining SpatialThings such as buildings, people, etc. WGS84 ontology also describes the geographical
locations of these ‘things’ by using concepts for defining the geo-coordinates using latitude, longitude, and
altitude. At the same time, Schema.org17 and GeoNames18 provide another one way to semantically annotate
the geo-coordinates. Moreover, iLoc [36] is an ontology specified in the domain of indoor building navigation
and follows some of the best practices for defining a new ontology. iLoc uses 13 concepts borrowed from
several existing ontologies - QUDT19 , W3C Geo vocabulary, and vCard20 and also supports extensibility. Since
the root concept Location is borrowed from W3C Geo vocabulary, iLoc can also be extended to provide
navigation for outdoor locations. The authors, however, do not provide an extensive evaluation of the
ontology, and only demonstrate the usability through a limited use-case scenario.

2.4.3. Time Ontologies
Time is used to describe the temporal context [22]. Similar to location description, time is pervasive in almost
every IoT entity, and for this specific reason a special section is devoted. Most of the IoT-related ontologies
reuse existing ontologies that describe the temporal context [22]. Many ontologies that describe temporal
context have been proposed in the literature, for example, DAML-Time21 (DARPA Agent Markup Language
12

https://en.wikipedia.org/wiki/SensorML

13http://metadata-standards.org/Document-library/Documents-by-number/WG2-N1251-

N1300/WG2_N1292_TC211n2705_Report_19150.pdf
14 http://www.qudt.org/
15 https://www.eebus.org/en/about-us/
16 http://www.energy-home.it/SitePages/Home.aspx
17 https://schema.org/geo
18 http://www.geonames.org/
19 http://www.qudt.org/
20 https://www.w3.org/TR/vcard-rdf/
21 http://www.cs.rochester.edu/~ferguson/daml/
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project Time initiative), DAML-S 22 (DAML for Web Services), KSL-Time 23 (Stanford Knowledge Systems Lab
Time ontology [37]) and OWL-Time ontology24 to name a few [22]. The most commonly used ontology is the
OWL-Time ontology proposed by Hobbs and Pan [38] that focuses on describing date-time information
specified in Gregorian calendar format [22]. Several updates to the initial version of OWL-Time ontology have
been proposed and implemented. The latest version of OWL-Time ontology25 provides more concepts while
deprecating some. In general, the OWL-Time ontology provides concepts to describe time using five main core
concepts, namely, TemporalEntity, Instant, Interval, ProperInterval, and DateTimeInterval [22].

2.4.4. Industrial Ontologies Framework Initiative
While there have been various industrial-specific ontologies, the vast majority of these works have only
attracted academic interest and they do not have remarkable impact on commercial applications. The absence
of semantic interoperability in the industrial application constitutes one of the main barriers to the realization
of the Industry 4.0 vision. As an example, ontologies had a huge impact on the Biomedical domain, where a
plethora of scientific and technical technological tools were proposed in order to foster semantic
interoperability. The Open Biomedical Ontologies (OBO) Foundry26 initiative played a significant role for their
success.
Recently, a similar dedicated draft registry - the Industrial Engineering Portal - for industrial ontologies was
proposed and currently hosted at http://ieportal.ncor.buffalo.edu. Based on the similar idea with the OBO
Foundry, Industry Ontology Foundry aims at fostering semantic interoperability in the industrial domain. The
Industry Ontology Foundry is an initiative designed to address this problem sponsored by NIST and by a
number of industrial and academic partners. The strategy is to create a suite of simple consensus-based public
domain-ontology modules extending across the major areas of digital manufacturing. The current modules
under consideration include: Product Life Cycle, Core Product Model, Functional Basis, Materials and Material
Attributes27.

2.5. Conclusion
In this chapter, we have provided the background knowledge required for the next sections and we have given
a summary of state-of-the-art semantic vocabularies for IoT. We have begun by illustrating the importance of
O-MI and O-DF technologies and shed light on the significance of extending the O-DF messages so as to
increase the visibility of the information stored in them. This action will lead the transformation of the
information stored in O-DF messages to valuable knowledge that can be used by various others components
in the IoT ecosystem. Moreover, we have provided an overview of related work on semantic annotation and
through this overview we demonstrated that the task of semantic annotation constitutes a challenging task.
This knowledge will be important for understanding the key design choices of the semantic annotation
methodology presented in Chapter 3. In addition, we provided an overview of the state-of-the-art semantic
vocabularies in IoT. This knowledge will be valuable for understanding the key design choices followed by the
semantic vocabularies in Chapter 3.

22

http://www.daml.org/services/daml-s/0.9/
http://www.ksl.stanford.edu/ontologies/time
24 https://www.w3.org/TR/owl-time/
25 https://w3c.github.io/sdw/time/
26 http://obofoundry.org/
27 http://ncorwiki.buffalo.edu/index.php/Industry_Ontologies_Foundry:_ASME_Workshop_2017
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3. Knowledge Representation and Inference Framework
In deliverable D4.2 – Knowledge Representation and Inference Framework – the conceptual architecture of
‘Knowledge as a Service (KnaaS)’ was described and there was provided a recommendation architecture,
depicted in Figure 2.

Figure 2: Conceptual Architecture of the bIoTope Knowledge Framework

It should be highlighted that among the bIoTope Ecosystem the O-MI28 and O-DF29 standards will be the ‘glue
technologies’ that manage to make all the IoT devices and platforms interoperable. With this in mind, the
communication using O-MI/O-DF is the key requirement that any system or service should confront with. From
the point of view of ‘bIoTope Ecosystem30’, Knowledge as a Service (KnaaS) also serves as a recommendation
architecture paradigm. Other third-party service providers, who are willing to provide a domain-specific KnaaS
services, might be able to join bIoTope ecosystems by making their platform/software systems compliant at
least to the O-MI/O-DF communication, the recommended semantic vocabularies used in the bIoTope
ecosystem, etc.
Based on the state-of-the art discussion and the analyses well described in [39], [40], four main functions are
identified in order for any sensor data to be integrated within a knowledge framework. The functional blocks
are summarized below:
1. The capability of gathering relevant data from any kind of data sources, e.g., structured and/or
unstructured.

28

https://www2.opengroup.org/ogsys/catalog/C14B
https://www2.opengroup.org/ogsys/catalog/C14A
30 Please refer to “bIoTope Reference Architecture” in Annex I.
29
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2. The availability of annotating heterogeneous data for the purpose of being integrated and understood
in an inference engine, e.g., probabilistic, first order logic reasoning, etc.
3. The capacity of inferring new information from data, and managing the inferred knowledge.
4. The possibility of annotating relevantly the response of knowledge services for the purpose of posting
the answer on user devices or activating operations as well as republishing it.
Thus, the KnaaS will offer to possibility to an agent, either user or a software program, to gather relevant data,
to further annotate throughout the intermediate steps the heterogeneous data, inferring new information
out of the incoming information and markup relevantly the response of knowledge services31. We would like
to highlight that as O-DF will be the basic data format to exchange information among the bIoTope ecosystem,
a lot of consideration is given into integrating the semantic annotation into O-DF messages. For that reason,
one of the main purposes of this Chapter is to describe the coordinated work among WP3, WP4 and WP5 so
as to provide an extensible and sustainable methodology for extending the O-DF messages with semantic
annotations. Last but not least, the second requirement is not restrictive as far as the reasoning techniques
are concerned. Thus, the inference capabilities of bIoTope’s KnaaS do not aim to be exhaustive. It is clear that
if a new platform, which offers ‘Knowledge as a Service’ capabilities enters the bIoTope ecosystem will
probably provide similar or complementary inference capabilities. This is in accordance with the overall
objective of bIoTope, which is to create a system of systems where information from cross domain platforms,
devices and other information sources can be accessed when, and as needed using standardized open APIs.
The above-mentioned functional building blocks are sequentially arranged on Figure 3 respecting the order of
processing.

Data from
context, big
data, other
sources

Semantic
annotation

Knowledge
inferencing

Response
markup

Figure 3: Key processing blocks required in knowledge framework and knowledge processing.

Table 2 provides a brief description of the bIoTope’s ecosystem elements that will be described in the rest of
this section and proceeds in the categorization of these elements according to the key processing blocks as
identified and presented in Figure 3.
Table 2: Brief description and categorization of the bIoTope's components that will be described in Chapter 3.

Described Elements
Extensions of O-MI /
O-DF Standardization

Key Processing Blocks
 Data from context, big
data, other sources.
 Semantic annotation
 Response markup
 Semantic annotation

MobiVoc

31

Description
It briefly described the needed attribute
extensions of the O-DF v1.0 Schema that allow
for the semantic annotation of the O-DF
messages.
MobiVoc (Mobility Vocabulary) is an open
semantic vocabulary based on RDF for mobility
data.

For further information, please refer to the 2.3 section in Deliverable D4.2.
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O-MI/O-DF OWL
Ontology
O-MI/O-DF RDF
Integration Server
Corporate Memory
IoT Extensions
Open Linked Data
interfaces - SPARQL
handling on KnaaS
Methodology for
integrating semantics
on O-DF messages

 Semantic annotation

This ontology makes it possible to automatically
convert any O-DF data into an RDF-based
knowledge graph.
 Knowledge inferencing Based on the O-MI and O-DF OWL Ontology, it
provides a microservice that can convert XMLbased O-DF data into the RDF format.
 Data from context, big eccenca Corporate Memory provides means to
data, other sources.
lift your data into a virtual representation in a
 Semantic annotation
domain ontology featuring automatic data
profiling and active machine learning.
 Knowledge inferencing It describes a publicly available Node-RED node
that was implements in the frame of KnaaS, that
allows for the execution of SPARQL queries.
 Data from context, big It describes the coordinated work among WP3,
data, other sources.
WP4 and WP5 so as to provide an extensible and
 Semantic annotation
sustainable methodology for extending the O Response markup
DF messages with semantic annotations.

3.1. Extensions of the O-MI/O-DF Standardization
As it will be clear in Section 3.7 of this deliverable, the solution proposed by the bIoTope’s Semantics Task
Group attempts to balance various trade-offs, such as compliance to the existing O-DF Schema, verboseness
and readability of the resulted O-DF payloads, etc. However, there have been identified some important
extensions to the O-DF v1.0 Schema that are mandatory to support the proposed semantic annotation of the
O-DF messages. Concretely, the Object's "type" attribute which is used to declare the RDF class a given
member belongs to, the “prefix” attribute that allows to specify links to more than one vocabulary inside the
O-DF messages and, finally, the “parentRelation” that makes possible to link different O-DF Objects through
an object relation.
As it will be illustrated on various section of Chapter 3 and 4, this minimal set of introduced attributes thrives
introducing Semantics in the O-DF messages, without sacrificing the tree hierarchy hidden in the O-DF
structure. Moreover, they avoid introducing too many new attributes to the existing O-DF v1.0 standard,
ensuring, thus, backward compatibility. Nonetheless, the proposed annotation solution and O-DF extensions
would not lead to a complete semantic annotation. However, it should be highlighted that the purpose of ODF messages is not to provide yet another RDF serialization for the Semantic Web.
In this section, we have briefly overviewed the needed attribute extensions of O-DF v1.0 that are needed to
support the semantic annotation. For that reason, we have not presented the whole new O-DF v2.0 Schema.
The complete description of the O-DF v2.0 Schema is described in Section 3.2 on D3.6. We invite the interested
reader to also refer to that Section of D3.6 so as to get a full understanding of the overall changes and not
only the ones that were mandatory for the semantic annotation.
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3.2. MobiVoc
MobiVoc (Mobility Vocabulary) is an open semantic vocabulary based on RDF for mobility data. Since many
heterogeneous data sources have to be integrated and linked to enable smart mobility solutions in the future,
MobiVoc aims for providing an RDF domain vocabulary to make data sources conveniently accessible. Main
initiators of this vocabulary are eccenca GmbH and Fraunhofer IAIS together with BMW as a domain expert.
At Github, the vocabulary development is also open to other contributors.
Whereas the intended scope of MobiVoc is mobility data in general, the first nucleus developed within the
bIoTope context focuses on a vocabulary for parking and charging station information. The vocabulary serves
as the basis to map and integrate data from various data sources provided by cities or other data providers
that publish parking and charging station information which is an essential part of the Smart Mobility Use Case
of bIoTope (please refer to section 4.2 on this deliverable for a detailed description). Wherever possible and
appropriate, entities of existing semantic vocabularies are reused within MobiVoc (e.g. schema.org).
The MobiVoc core vocabulary contains the following items to describe parking facilities and charging stations:










Locations
Total capacities for various types of vehicles
Real-time capacities for various types of vehicles
Entrance and exit information
Access conditions
User restrictions
Price information
Opening hours
Technical specifications

A full description of all MobiVoc classes and properties is available at www.schema.mobivoc.org. MobiVoc is
currently published in version 0.0.6. (29.06.2017) and will be continuously developed and extended. The
following diagram shows the classes and properties of MobiVoc related to parking facilities:
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Figure 4: Classes and properties of MobiVoc related to parking facilities.
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3.3. O-MI/O-DF OWL Ontology
The O-MI/O-DF standards are specified using XML schema. While XML is suitable for document-based
information exchange and it has wide industry-support, it also exposes weaknesses when it comes to dataintegration use cases. For instance, XML documents do not allow for unique element IDs, making it difficult to
generate a machine-interpretable, common understanding of exchanged data. Also, unique element IDs are
essential to combine data of various origins and retaining the semantic meaning of the information. Numerous
articles on the Web32 describe the shortcomings of XML as a data exchange format and propose the Resource
Description Framework33 (RDF) as a more flexible approach.
We therefore argue to also express O-MI/O-DF data by using RDF. This way it is possible to move from an XMLbased representation that puts the focus the describing the structure of an IoT source’s data to a knowledgegraph oriented representation that actually states the meaning of the data. As a first step in this direction, we
propose an ontology of the most frequently used O-DF elements, expressed in RDF (see listing below). It has
to be noted that RDF is a W3C standard that is independent from any particular notation. As a consequence,
several so-called RDF serialization formats have evolved. Some of them (e.g., JSON-LD or RDFXML) use existing
text-based formats (JSON or XML) to express knowledge-graphs and therefore overcome the limitations of
these formats.
The current version of the O-DF ontology (serialized in JSON-LD) is depicted on Figure 5. This ontology makes
it possible to automatically convert any O-DF data into an RDF-based knowledge graph. However, when
performing this conversion, the only additional “knowledge” that is introduced to the O-DF data is the fact
that the data is structured by the (standard) O-DF elements that can be looked up at the specified URIs (e.g.,
http://iais.fraunhofer.de/schema/biotope/odf#Object ). This serves as a baseline and enabler for further
semantic enrichments, such as in the examples introduced in the next section.

32
33

e.g., https://www.w3.org/DesignIssues/RDF-XML.html and Decker et al. [41].
https://www.w3.org/RDF/
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{
"@context": {
"dcterms": "http://purl.org/dc/terms/",
"owl": "http://www.w3.org/2002/07/owl#",
"rdf": "http://www.w3.org/1999/02/22-rdf-syntax-ns#",
"rdfs": "http://www.w3.org/2000/01/rdf-schema#",
"xsd": "http://www.w3.org/2001/XMLSchema#"
},
"@graph": [
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#metadata",
"@type": "owl:ObjectProperty",
"rdfs:range": [
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#InfoItem"
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#MetaData"
}
]
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#InfoItem",
"@type": "owl:Class"
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#infoitem",
"@type": "owl:ObjectProperty",
"rdfs:range": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#InfoItem"
}
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#dataValue",
"@type": "owl:DatatypeProperty",
"rdfs:domain": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Value"
}
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#",
"@type": "owl:Ontology",
"dcterms:creator": "Christian Mader",
"dcterms:date": "2016-11-22",
"dcterms:publisher": "Fraunhofer IAIS/EIS",
"dcterms:title": {
"@language": "en",
"@value": "Ontology for representing O-DF data structures"
},
"owl:versionInfo": "0.0.1"
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Object",
"@type": "owl:Class"
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Value",
"@type": "owl:Class"
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#value",
"@type": "owl:ObjectProperty",
"rdfs:domain": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#InfoItem"
},
"rdfs:range": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Value"
}
},
{
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#object",
"@type": "owl:ObjectProperty",
"rdfs:domain": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Object"
},
"rdfs:range": {
"@id": "http://iais.fraunhofer.de/schema/biotope/odf#Object"
}

Figure 5: Current version of the O-DF ontology.
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3.4. O-MI/O-DF RDF Integration Server
Based on the O-DF ontology described in Section 3.3, a microservice34 was implemented that can convert XMLbased O-DF data into the RDF format. The conversion takes into account the “type annotations” of ODF
Objects and InfoItems, which will be described on Section 3.7 of this deliverable. These annotations have been
proposed by the bIoTope semantics Task Group in order to provide a means to introduce additional semantic
meaning to an IoT source’s data.
The O-MI node http://biotope.cs.hut.fi/omi/node/html/webclient/index.html already provides parking space
data which is annotated with terms from MobiVoc and schema.org. As an example, consider this O-MI request:
<omiEnvelope xmlns="http://www.opengroup.org/xsd/omi/1.0/" version="1.0" ttl="0">
<read msgformat="odf">
<msg>
<Objects xmlns="http://www.opengroup.org/xsd/odf/1.0/">
<Object>
<id>ParkingService</id>
<Object>
<id>ParkingFacilities</id>
<Object>
<id>DipoliParkingLot</id>
</Object>
</Object>
</Object>
</Objects>
</msg>
</read>
</omiEnvelope>

Figure 6: Example of an O-MI request.

Figure 7 summarizes the response of an O-MI node (shown in abbreviated form) which is acquired when the
O-MI node receives the O-MI request shown in Figure 6. In this response, the type attribute is of particular
interest. For instance, the element <InfoItem type="schema:height" name="height"> states, that it describes
some height, i.e. a physical dimension of an object. It would not be possible to infer that kind of knowledge
without this type annotation because the simple name “height” is only of use for humans. The type annotation
which provides a resolvable URL as value makes it possible to follow that URL and be directed to the
schema.org page that uniquely identifies the concept of “height” and describes it as “The height of the item.”.
With this simple “semantic annotation” it is now possible for different O-MI nodes to serve O-DF data that
reference common vocabularies that make it possible to infer a common understanding about the content
and semantics of the data, i.e. to make the consumer (both machines and humans) aware that the data
describes, e.g., a height, a temperature, a vehicle, or even more abstract concepts like an event or a feeling.
The O-MI / O-DF RDF Conversion Service converts this XML-based information (shown in the snippet above)
into an RDF representation. Figure 8 shows an excerpt of this serialized information. To highlight the benefits
of this representation, we have formatted some parts of the O-DF information in bold font face. The “type”
annotation in the XML-based representation are used as RDF types to describe the resources in a more
detailed way. For example, the resource:
http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot
is of type schema:ParkingFacility. This enables users (humans as well as machines) to look up
http://schema.org/ParkingFacility for further information and easily acquire additional information (or

34

Available at https://jira.iais.fraunhofer.de/stash/projects/ICTSL/repos/biotope_omi_odf_rdf_conversion/browse
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combine with existing data) based on the Linked Data principles 35. Also, for stating hourly prices and the
number of available parking spaces, standard vocabularies can be used with the RDF representation (MobiVoc
in the example above), leading to a shared understanding of the provided information.
Another advantage of the RDF format is that multiple data sources can be easily integrated, i.e. combined and
queried. This is described in Section 3.4.1 in more detail.

<Objects xmlns="http://www.opengroup.org/xsd/odf/1.0/"
xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:odf="http://www.opengroup.org/xsd/odf/1.0/">
<Object prefix="schema http://www.schema.org/ mv http://www.schema.mobivoc.org/"
type="ParkingService">
<id>ParkingService</id>
<Object type="list">
<id>ParkingFacilities</id>
<Object type="schema:ParkingFacility">
<id>DipoliParkingLot</id>
<InfoItem name="MaxParkingHours">
<value unixTime="1506265685" dateTime="2017-0924T18:08:05.914+03:00">20</value>
</InfoItem>
<InfoItem type="mv:ownedBy" name="Owner">
<value unixTime="1506265685" dateTime="2017-09-24T18:08:05.914+03:00">Aalto
University</value>
</InfoItem>
<Object type="list">
<id>ParkingSpaceTypes</id>
<Object type="mv:ParkingUsageType">
<id>CarParkingSpace</id>
<InfoItem type="mv:PriceSpecification" name="HourlyPrice">
<value unixTime="1506265685" type="xs:int" dateTime="2017-0924T18:08:05.914+03:00">2</value>
</InfoItem>
<InfoItem type="mv:totalCapacity" name="TotalCapacity">
<value unixTime="1506265685" type="xs:int" dateTime="2017-0924T18:08:05.914+03:00">6</value>
</InfoItem>
<InfoItem type="mv:numberOfVacantParkingSpaces" name="NumberOfVacantParkingSpaces">
<value unixTime="1506265685" type="xs:int" dateTime="2017-0924T18:08:05.914+03:00">6</value>
</InfoItem>
<Object type="schema:Vehicle">
<id>Vehicle</id>
<InfoItem type="schema:height" name="height">
<value unixTime="1506265685" dateTime="2017-0924T18:08:05.914+03:00">2.5m</value>
</InfoItem>
<InfoItem type="schema:depth" name="depth">
<value unixTime="1506265685" dateTime="2017-0924T18:08:05.914+03:00">3m</value>
</InfoItem>
<InfoItem type="schema:width" name="width">
<value unixTime="1506265685" dateTime="2017-0924T18:08:05.914+03:00">3m</value>
</InfoItem>
</Object>
</Object>
</Object>
</Object>
</Object>
</Object>
</Objects>

Figure 7: Response of an O-MI node, based on the query depicted on Figure 6.

35

https://www.w3.org/DesignIssues/LinkedData.html
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<http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot>
odf:infoitem <http://localhost/someOmiNode/infoitem/ParkingService/ParkingFacilities/DipoliParkingLot/MaxParkingHours>, <http://localhost/someOmiNode/infoitem/ParkingService/ParkingFacilities/DipoliParkingLot/Owner> ;
odf:object <http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes> ;
mv:isOwnedBy "Aalto University" ;
a odf:Object, schema:ParkingFacility ;
skos:notation "DipoliParkingLot" .
<http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes>
odf:object <http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace> ;
a odf:Object ;
skos:notation "ParkingSpaceTypes" .
<http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace>
odf:infoitem <http://localhost/someOmiNode/infoitem/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace/HourlyPrice>, <http://localhost/someOmiNode/infoitem/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace/NumberOfVacantParkingSpaces>, <http://localhost/someOmiNode/infoitem/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace/TotalCapacity> ;
odf:object <http://localhost/someOmiNode/obj/ParkingService/ParkingFacilities/DipoliParkingLot/ParkingSpaceTypes/CarParkingSpace/Vehicle> ;
mv:PriceParking "2"^^<xs:int> ;
mv:hasNumberOfVacantParkingSpaces "6"^^<xs:int> ;
mv:hasTotalCapacity "6"^^<xs:int> ;
a odf:Object, mv:ParkingUsageType ;
skos:notation "CarParkingSpace" .

Figure 8: Excerpt of the serialized information.

3.4.1. O-MI/O-DF Data Integration Based on RDF Representation
Having O-DF data available in RDF format and annotated with additional information, such as data types,
enables us to query this knowledge graph in an efficient way. SPARQL36 has emerged as the de-facto standard
language to query RDF graphs. We therefore use it to demonstrate the benefit of the O-DF RDF representation
by formulating a query to answer the following question:
What parking facilities exist that are suited for electrical vehicles with a height of max. 2m and what is their
hourly price?
When using the format retrieved from the O-MI as described in the previous section, we can issue the query,
shown in Figure 9, against this data. As a result, the query returns two facilities,


http://biotope.cs.hut.fi/obj/ParkingService/ParkingFacilities/DipoliParkingLot



http://biotope.cs.hut.fi/obj/ParkingService/ParkingFacilities/CSBuildingParkingLot,

each of them with an hourly price of “2” (unit missing, see next section).

36

https://www.w3.org/TR/sparql11-query/
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PREFIX
PREFIX
PREFIX
PREFIX

mv:<http://www.schema.mobivoc.org/>
skos:<http://www.w3.org/2004/02/skos/core#>
odf:<http://eis-biotope.iais.fraunhofer.de/odf#>
schema:<http://www.schema.org/>

SELECT * WHERE {
?type a mv:ParkingUsageType;
skos:notation ?notation;
odf:object ?vehicle;
mv:PriceParking ?hourlyPrice.
?vehicle a schema:Vechile;
schema:height ?height.
?facility a schema:ParkingFacility;
odf:object/odf:object ?type.
BIND (xsd:float(SUBSTR(?height, 1, STRLEN(?height) - 1)) AS ?height_numeric)
FILTER (?height_numeric > 2)
FILTER (CONTAINS(LCASE(?notation), 'electric'))
}

Figure 9: Example of a SPARQL query.

3.4.2. Identified Issues with the Current Modelling of Parking Space Data
Although SPARQL queries such as the one shown in the previous section produce usable results, their
development is currently cumbersome because they need to be tailored to a specific O-DF dataset. In this
particular example dataset, there are several reasons, which root in the modelling of the O-DF source structure
(i.e. type annotations) and make the queries hard to generalize. These issues are listed below:








No standard vocabulary term for stating the vehicle type is used (the workaround in the example
query is to perform a substring search for “electric”).
Vehicle dimensions are defined as strings with the unit included (“2.5m”). This should be modelled
separately by referencing a third-party unit vocabulary. This way, comparison functions can be
implemented without pre-processing the data. In the example query we worked around this issue by
pruning the unit (“m”) and converting the remaining string into a float number in order to perform
numeric comparison.
The hourly price information is lacking unit information, which should also be included by referencing
a unit vocabulary.
The usage of some types is not clear. In the case of the type schema:Vehicle, the annotated O-DF
Object is obviously used to describe the dimension of a single parking space and not some individual
vehicle.
Semantic relations between some resources will be missing. For instance, the relation between
DipoliParkingLot and ParkingSpaceTypes is only hierarchical and conveys no semantic meaning. In the
example we worked around that using the property-path odf:object/odf:object to traverse two
hierarchy levels.

The bIoTope Semantics Task Group is aware of the aforementioned issues and solutions are currently
investigated. Regarding the last one bullet point, as it will be made more clear in Section 3.7, the proposed
semantic annotation methodology does not offer 1-1 correspondence between a RDF data model and a
semantically annotated O-DF payload. The reasons of this action have been already briefly described on
Section 3.1 and will be further described on Section 3.7 of this deliverable.
However, if it is truly needed to create a complete RDF instantiation out of an O-DF message, approaches that
have been described in Section 2.3 of this Deliverable can be applied. For instance, RML rules could be stored
inside the O-MI/O-DF payload that will allow for the transformation to a complete RDF data instantiation. This
will allow to semantically relate two resources across different hierarchy levels, without raising the need for
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replacing the odf:object/odf:object reference with a more generalizable and direct attribute
mv:parkingUsageType. This action avoids the introduction of too many additional attributes to the O-MI/ODF standards, ensuring backward compatibility, verboseness, readability and tool support. At the same time,
it does not violate the design principles of O-DF, which does not aim to provide yet another one serialization
of RDF.

3.5. eccenca Corporate Memory
Data lakes are an emerging approach to handle large amounts of data in their native formats. The key
advantage of data lakes is that they provide cost-effective storage and do not force an up-front integration of
the ingested datasets. However, retaining an overview of disparate data silos in the date lake without having
a coherent shared view is challenging.
eccenca Corporate Memory tackles this issue by introducing a semantic integration layer on top of a data lake.
This metadata layer provides descriptions for datasets and specifies all operations on data. All metadata is
held in a graph using the RDF metadata model.
Each type of metadata is covered with extensible vocabularies. A vocabulary for describing business metadata
holds all business related aspects such as keywords, creation and modification dates and the entity in the
organizational hierarchy which is the owner of the dataset. Technical metadata on the other hand includes
access information and versioning data. All operations on the data are described in a data integration
vocabulary, wherein all operations, such as data transformations and data linking are described using reusable
rules.
The user can easily keep an overview of all datasets in the lake and manage corresponding metadata.
Discovering semantically similar datasets is realized based on a data profiling algorithm that generates dataset
summaries that condense large datasets into a small description. The user may semi-automatically generate
RDF views of original datasets.
Initial mappings are generated automatically based on the profiling results from where the user can continue
to build on. A mapping establishes a domain-specific view on a dataset.
Multiple mappings for each dataset can be managed to allow different views on the same data. Automatically
generated mappings normalize data formats and map to terms in selected target ontologies. Individual
datasets can be interlinked into a connected knowledge graph. The linking is based on domain-specific linkage
rules, which specify the conditions that must hold true for two entities in order to interlink both. Because
writing good linkage rules by hand is a non-trivial problem as the rule author needs to have detailed knowledge
about the structure of the datasets, an interactive machine learning algorithm generates a rule based on a
number of user-confirmed link candidates.
The generated data views can easily be used from external analytics solutions. Tables can be generated that
include joined information from interlinked entities. Output can be written to external files, such as CSV files
or be accessed as a SQL endpoint using standard SQL clients. The execution of workflows is based on a scalable
processing infrastructure centered around Apache Spark. The following depiction visualises the architecture
of eccenca Corporate Memory:
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Figure 10: Architecture of eccenca Corporate Memory.

With respect to the bIoTope project, the most interesting component is eccenca DataIntegration. Besides
many other data preparation tasks such as resource linking, dataset transformation and data selection,
DataIntegration is used especially for Semantic Lifting of data.
The objective of this task is to map the datasets in the data lake to consistent vocabularies. For this purpose,
Corporate Memory enables the user to create and execute lightweight, hierarchical lifting rules. A lifting rule
consists of a number of mappings that assign each term in the original data set (such as a column for tabular
data) to a term in the target ontology (such as a property provided by an ontology). By that it establishes a
domain- specific view on a dataset. Multiple mappings for each dataset can be managed to allow different
views on the same data. Initial mappings are generated automatically based on the profiling results and can
be manually refined by the user.
Different types of property mappings are supported:
 URI mappings assign a URI to each generated entity.
 Type mappings assign a type to each generated entity.
 Value mappings directly map a source attribute to a target property from the selected ontology.
 Object mappings create a reference to another resource. Object references create a hierarchical
structure that can be navigated in the mapping editor so that comprehensive data structures are easy
to create and manage.
Both value and URI mappings can be extended to complex mappings which can include arbitrary
transformation trees.
In the context of the bIoTope project, eccenca Corporate Memory is used to transform RDF Knowledge Bases
into O-DF structures and to export whole datasets as background knowledge to an O-MI node. For that reason,
we use the O-MI / O-DF OWL Ontology, which is another result of the bIoTope project and use it as a
vocabulary for the Semantic Lifting process. For a more detailed description, how eccenca Corporate Memory
is used in the Smart Mobility Use Case, please refer to the Section 4.2 of this deliverable.
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3.6. Open Linked Data interfaces - SPARQL handling on KnaaS

Figure 11: KnaaS Architecture highlighting interactions between other bIoTope components and Linked Open Data.
The focus of this deliverable is on the handling of SPARQL queries.

In Figure 11, it is shown that this capability of KnaaS to perform SPARQL queries allows for the interaction
between the Linked Open Data ecosystem as well as with the O-MI / O-DF RDF Integration Server (described
in Section 3.4 of this deliverable). What is more, the execution of SPARQL queries allows KnaaS to infer further
facts based on the facts already stored in these semantic data lakes, as well as the information/knowledge
extracted from the semantically annotated O-DF messages. KnaaS supports the execution of python code
thanks to the node shown in Figure 12. This node acts a proxy to Python modules and libraries which offer
advanced knowledge extraction and data mining capabilities. For instance, in deliverable D5.4 (UIaaS), this
node acts as the central element for evaluating the current context as it uses the Python programming
extension in order to execute SPARQL ASK queries against an O-MI/O-DF Integration Server thanks to the
Python RDFlib37 library38.

Figure 12: Node for writing Python code in KnaaS.

The aforementioned context-detection workflow is depicted on Figure 13 as implemented on Node-RED. As
the focus of this section is on how KnaaS handles SPARQL queries, we will only describe the
“LatestGeoLocation” node39. The node “LatestGeoLocation” queries the user’s personal O-MI node to retrieve
his/her current location.

37

http://rdflib.readthedocs.io/en/stable/
For further information, please refer to the Deliverable D5.2 for an introduction to OORI.
39 For further information, please refer to the 5.3.2 section in Deliverable D5.4.
38
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Figure 13: Node-RED workflow to detect home or travelling context.

from SPARQLWrapper import SPARQLWrapper, JSON
sparql = SPARQLWrapper("http://fuseki:3030/odfData/query")
sparql.setQuery(
"PREFIX
dc:
<http://purl.org/dc/terms/>
PREFIX
odf:
<http://eisbiotope.iais.fraunhofer.de/odf#> "
"SELECT ?latValue ?longValue WHERE {"
"<http://eis-biotope.iais.fraunhofer.de/localhost/infoitem/MyLocation/longitude>
odf:value ?longVal."
" ?longVal dc:created ?longCreated; odf:dataValue ?longValue."
"<http://eis-biotope.iais.fraunhofer.de/localhost/infoitem/MyLocation/latitude>
odf:value ?latVal."
" ?latVal dc:created ?latCreated; odf:dataValue ?latValue."
" }"
"ORDER BY DESC(?created) LIMIT 1")
sparql.setReturnFormat(JSON)
results = sparql.query().convert()
msg['payload'] = results["results"]["bindings"][0]
return msg
Figure 14: Implementation of LatestGeoLocation node.

The implementation of the node “LatestGeoLocation” is depicted on Figure 14. However, even if the code
listing shown on Figure 14 demonstrate that KnaaS can perform SPARQL queries with a relative small
programming effort, this additional programming effort may be seen as a barrier for an end-user. For that
reason, we have proceeded with the implementation of an additional Node-RED node that allows SPARQL
queries to be performed in a more generic and graphically configurable node. This node, shown in Figure 15,
allows for the immediate execution of SPARQL queries in a visual programming way. The implementation is
based on the Python node (Figure 12) and on the Python RDFlib module. As it can be seen on Figure 16, it
allows the customization of the SPARQL endpoint, as well as it provides a query editor so as to write the
SPARQL query that would be executed.

Figure 15: Node for writing SPARQL queries in KnaaS.
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Figure 16: SPARQL node example.

The implementation of the SPARQL node-red node is provided under the MIT License and the code is publicly
on https://github.com/prokolyvakis/node-red-contrib-sparql. In this GitHub repository, it is provided a
detailed description of how it can be installed as well as an example of how it can be used. To demonstrate a
Node-RED workflow of how the SPARQL query can be used, we provide an additional example where the
public DBpedia endpoint40 is queried based on the query described below:
PREFIX rdfs: http://www.w3.org/2000/01/rdf-schema#
SELECT ?label
WHERE { <http://dbpedia.org/resource/Asturias> rdfs:label ?label }

Figure 17: Example of a SPARQL query on DBpedia endpoint.

Figure 18 depicts a workflow designed by using the Node-RED dashboard so as to perform the above
mentioned SPARQL query. The node “DBpedia Query Example” is configured as shown in Figure 16, where the
endpoint and the SPARQL query were set. The result of this query is depicted on Figure 19. It can be observed
that the result of the query is serialized in JSON format and it is stored on “msg.payload”.

Figure 18: Node-RED workflow that queries the public DBpedia endpoint.

40

https://dbpedia.org/sparql
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Figure 19: Result output of the SPARQL query example on DBpedia endpoint.

3.7. Methodology for integrating semantics on O-DF messages
This section summarizes the current status on the semantic annotation of O-DF messages, achieved by the
coordinated work among WP3, WP4 and WP5 partners – namely the bIoTope Semantics Team. The semantic
annotation will increase the visibility and reusability of the information and will simplify the transformation of
them to valuable knowledge that can be used by various other components in the IoT ecosystem. Our
approach mimics in some way the key constructs of RDFa Lite41. RDFa Lite is a minimal subset of RDFa, the
Resource Description Framework in attributes, consisting of a few attributes that may be used to express
machine-readable data in Web documents like HTML, SVG, and XML. Similar to the RDFa Lite, our proposed
solution is not a complete solution for advanced data markup tasks, however, it offers a simple solution for
most day-to-day needs and it has a surprising small learning curve. Our final choice to restrict the approach to
simple datatype annotations is in full accordance with the design of O-DF messages (discussed on Section 2.2).
Moreover, our proposed solution attempts to balance various tradeoffs, i.e., compliance to the existing O-DF
schema, verboseness, readability, and tool support.

41

https://www.w3.org/TR/rdfa-lite/
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prefix="mv
http://schema.mobivoc.org/
wgs84-pos
http://www.w3.org/2003/01/geo/wgs84_pos#">
<id>84</id>
<InfoItem name="totalCapacity" type="mv:totalCapacity">
<value>
164
</value>
</InfoItem>
<InfoItem name=" intendedForVehicle " type="mv:intendedForVehicle">
<value>
mv:Car
</value>
<value>
mv:Motorbike
</value>
</InfoItem>
<InfoItem name="numberOfVacantParkingSpaces" type="mv:numberOfVacantParkingSpaces">
<value>
71
</value>
</InfoItem>
<InfoItem name="name" type="mv:name">
<value>
Parking Vendôme
</value>
</InfoItem>
<InfoItem name="longitude" type=" wgs84-pos:longitude">
<value>
4.846566957299164
</value>
</InfoItem>
<InfoItem name="latitude" type="wgs84-pos:latitude">
<value>
45.76523914944822
</value>
</InfoItem>
</Object>
Figure 20: Example of a Semantically annotated O-DF message.
<Object

type="mv:ParkingFacility"

As our proposed methodology is being bound to the O-DF’s hierarchical structure, complete sensor
measurements of devices expressed in the SSN ontology, for instance, may not be able to be transformed in
a fully compliant semantically annotated O-DF message. Nonetheless, the semantically annotated O-DF
message will still have various important semantic annotations that will increase the visibility of the
information stored in them and, in parallel, will retain its readability. Sacrificing readability and extending the
O-DF inline annotations (e.g., by allowing the use of XPath expressions) would lead to a complete semantic
annotation. However, it should be highlighted that the purpose of O-DF messages is not to provide yet another
RDF serialization for the Semantic Web. Finally, in the case that a user wants to define a custom way that the
O-DF message will be transformed to a fully compliant RDF instantiation, he/she can proceed in defining a set
of RML mapping rules (as discussed on Section 2.3) and attach them as payload to an O-DF message. These
mapping rules can be applied to the O-DF message in a separate step.
In the rest of this section we introduce the proposed changes to the O-DF message so as to be enriched with
semantic annotations. Figure 20 illustrates a semantically annotated O-DF message. We well use this
illustrative example in order to easily describe the whole process. It can be seen that two additional
constructors were used and are illustrated with two different colors (turquoise and grey). The first additional
term constructor is “type”. The “type” allows us to describe the type of O-DF Object and InfoItem. The second
additional term is the “prefix”, which allows the introduction of standard namespaces that can be used by the
“type” constructors.

© 688203 bIoTope Project Partners

35

31 December 2017

D4.7 Knowledge Representation and Inference Framework v2

prefix="mv
http://schema.mobivoc.org/
wgs84-pos
http://www.w3.org/2003/01/geo/wgs84_pos#">
<id>84</id>
<InfoItem name="totalCapacity" type="mv:totalCapacity">
<value>
164
</value>
</InfoItem>
<InfoItem name=" intendedForVehicle " type="mv:intendedForVehicle ">
<value>
mv:Car
</value>
<value>
mv:Motorbike
</value>
</InfoItem>
<InfoItem name="numberOfVacantParkingSpaces" type="mv:numberOfVacantParkingSpaces">
<value>
71
</value>
</InfoItem>
<InfoItem name="name" type="mv:name">
<value>
Parking Vendôme
</value>
</InfoItem>
<InfoItem name="longitude" type=" wgs84-pos:longitude">
<value>
4.846566957299164
</value>
</InfoItem>
<InfoItem name="latitude" type="wgs84-pos:latitude">
<value>
45.76523914944822
</value>
</InfoItem>
<Object

type="mv:ParkingFacility"

<Object parentRelation="mv:arrangement" type="mv: ParallelParking">
<id>32</id>
</Object>
</Object>
Figure 21: Semantically annotated O-DF message that illustrates the use of "parentRelation" term constructor.

Figure 21 illustrates an extension of the example of Figure 20. In this example, the final addition to the O-DF
basic constructors is illustrated, namely the “parentRelation” (its occurrence is illustrated in yellow color). The
“parentRelation” attribute can be seen as a substitute of the “rdfa:property” attribute. The “parentRelation”
constitutes a convenient way to describe relations between objects inside O-DF messages. In the example
illustrated in the Figure 21, the “parentRelation” connects Object type="mv:ParkingFacility" via the relation
mv:arrangement with the Object type="mv:ArrangementPattern".
To sum up, the attributes “prefix”, “type” and “parentRelation” constitute the required additional attributes
that allow the semantic annotation of the O-DF messages. The “prefix” attribute allows to specify links to more
than one vocabulary inside the O-DF messages. The “type” attribute inside an O-DF Object links to a class in
an ontology on the Web where the O-DF element is an instance of. The “type” attribute inside an O-DF
InfoItem is intended to capture the semantics about the meaning of the hierarchy. Thus, it is used to refer to
the type of datatype relation that links an O-DF object to a specific datatype. Finally, the “parentRelation”
makes it possible to link different O-DF Objects through an object relation. This minimal set of introduced
attributes thrives on fostering semantic interoperability in the O-DF messages. At the same time, the
aforementioned proposed solution manages to balance various tradeoffs, i.e., compliance to the existing ODF schema, verboseness, readability, and tool support. In an additional step, the work described in Sections

© 688203 bIoTope Project Partners

36

31 December 2017

D4.7 Knowledge Representation and Inference Framework v2

3.3 and 3.4 can further transform the semantically annotated to RDF instantiated data so as to allow for
inference. A process needed for performing knowledge extraction on KnaaS as illustrated on Figure 11.
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4. Case Studies
The implementation of smart city use cases requires the exploration of multiple data sources and their
relationships along with user demand-driven knowledge services for intelligent management and operations.
The purpose of this section is to summarize the current progress of various use cases according to their current
data model status, the implementation of O-MI nodes and the use of semantically annotated O-DF messages.

4.1. Applications on Lyon’s use cases
Lyon use cases (“Heat Wave Mitigation”, “Bottle Bank Management”) involve data that are:





produced by a host of different partners,
measured by sensors of various nature,
transferred by different wireless technologies (Sigfox, LoRa),
presented in different raw formats.

The Metropolis of Lyon uses O-DF in order to cope with this variety of incoming data, making sure that
outgoing data are compliant with a uniform, standard format. The semantic annotation of O-DF messages
enables the transmission of data and their description (metadata) in a joint way, allowing to tell end-users
what those data refer to, how they were produced, how precise they are, etc. Moreover, semantic annotation
can be used to provide information concerning the organization that is responsible for the sensor network,
the measured data and their quality.
In order to come up with a semantic annotated O-DF data model, we chose to begin with a Resource
Description Framework (RDF) data model, as semantics can be fully implemented within the latter framework.
Subsequently, the RDF data model is translated into an O-DF model, following an approach which aims at
minimizing the loss of information. The approach is illustrated here-below, through a real-world example
based on the temperature data that are being collected in Lyon by LoRaWAN devices since June 2017, in the
context of the “Heat Wave Mitigation” use case. In the following figures, colors are used to highlight entities
appearing in multiple diagrams. Prefixes refer to the following namespaces (in Turtle notation):
@prefix cdt: <http://w3id.org/lindt/custom_datatypes#> .
@prefix dbo: <http://dbpedia.org/ontology/> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix geo: <http://www.w3.org/2003/01/geo/wgs84_pos#> .
@prefix gr: <http://purl.org/goodrelations/v1#> .
@prefix lgdo: <http://linkedgeodata.org/ontology/> .
@prefix m3lite: <http://purl.org/iot/vocab/m3-lite#> .
@prefix org: <http://www.w3.org/ns/org#> .
@prefix owl: <http://www.w3.org/2002/07/owl#> .
@prefix prov: <http://www.w3.org/ns/prov#> .
@prefix qudt-unit-1-1: <http://qudt.org/vocab/unit#> .
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix schema: <http://schema.org/> .
@prefix seas: <https://w3id.org/seas/> .
@prefix sosa: <http://www.w3.org/ns/sosa/> .
@prefix ssn: <http://www.w3.org/ns/ssn/> .
@prefix ssn-system: <http://www.w3.org/ns/ssn/systems/> .
@prefix vcard: <http://www.w3.org/2006/vcard/ns#> .
@prefix xml: <http://www.w3.org/XML/1998/namespace> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
Figure 22: Namespaces’ description.
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The first diagram (Figure 23) we present is mainly about an observation and its relations to:






the sensor which made it,
the feature of interest having the observed property,
the result of the observation,
the moment when the observation was made,
its unit of measure

Figure 23: Illustration of a semantic model describing an observation and its various relations.

The graph depicted in Figure 24 provides more detailed information on the feature of interest, the observed
property and their mutual relations:

Figure 24: : Illustration of a semantic model focusing on the description of the feature of interest, the observed property of an
observation.
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The sensor which made the observation (labelled “SL-T-P2” in this example) is deployed on some platform
(namely a tree), belongs to a given sensor class and is part of a deployment, as depicted in Figure 25:

Figure 25: Semantic description of a sensor’s deployment.

The graph depicted in Figure 26 provides thorough information about the sensor’s brand, model and
capabilities. In particular, it provides information on the temperature resolution and accuracy of all the sensors
of the same class:

Figure 26: Illustration of a semantic model focusing on the description of a sensor's brand, model and capabilities.
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The sensor is part of a deployment, which is itself associated with an organizational unit and with (at least)
one of its employees, in charge of the deployment and of the resulting data (Figure 27):

Figure 27: Semantic description of a sensor’s association with an organizational unit, employee, etc.

The picture can be finally completed by providing additional information on the organizational unit, as
depicted in the graph shown in Figure 28:

Figure 28: Additional Semantic Description of the Organizational Unit.

Moreover, we can provide further information on the organization that this organizational unit belongs to,
as illustrated on Figure 29.
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Figure 29: Semantic Description of an Organization that a organizational unit belongs to.

On the basis of the RDF modelisation presented above, a translation into O-DF can be easily performed,
following a few simple rules:
1. RDF class members become O-DF Objects, where:
a. the Object's "type" attribute is used to declare the RDF class a given member belongs to;
b. the Object "id" field is used to declare the URI42.
2. RDF literals become O-DF InfoItems, where :
a. the InfoItem's "name" attribute is used to declare the RDF Property linking the RDF literal to a
given RDF class member ;
b. the "value" tag contains the value of the RDF literal ;
c. the "unixTime" and "dateTime" attributes contain the literal associated with the
sosa:resultTime;
d. the "type" attribute refers to the literal datatype;
e. information related to the unit of measurement (schema:unitCode) is provided via the InfoItem
MetaData.
The following diagram (Figure 30) illustrates the application of such simple rules to the RDF data model
discussed here-above:
42

In order to ensure compatibility with the reference server implementation of O-MI/O-DF (cf. https://github.com/AaltoAsia/O-MI)
as well as with the IoTBnB application, developed within the frame of the bIoTope project, upon translating RDF into O-DF we
needed to avoid using some characters (/, #, ?, …).
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Figure 30: Illustration of the process to produce semantically annotated O-DF messages.

As it was already described in Section 3.7, upon converting RDF into O-DF some information gets lost. For
instance, the "sosa:madeBySensor" relation between a sensor and an observation will be lost in our example.
Therefore, the transformation of the RDF graph into an O-DF tree ends up with an O-DF payload that only
captures a subset of the available information found in the RDF data model. Based on the discussion above, It
seemed to us reasonable to enforce the following hierarchy between a sensor, an observation and its result:

Figure 31: Excerpts of the semantically annotated produced O-DF messages.
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Other options remain equally viable. The full O-DF tree we came up with is laid out in the following diagram,
where for better readability the representation was limited to the declaration of the adopted RDF classes (ODF Object Types) and properties (O-DF InfoItem Names):

Figure 32: Produced O-DF hierarchy.
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4.2. Applications on the Smart Mobility Use Case
Within the bIoTope context, the Smart Mobility Use Case aims for demonstrating how smart mobility solutions
can be realised in an IoT environment. Therefore, we will show how route planning of connected cars can be
improved by using information services provided in the IoT environment. For the route planning, we focus on
the following two use cases:



Finding a parking space quickly and efficiently at a destination
Finding a charging station for an electric car on an optimized route

Both use cases have similar requirements and challenges. To ensure an optimized route planning, information
about availabilities (of charging stations, of parking spaces) that come from various data providers have to be
analyzed and a selection based on certain criteria (location, technical constraints, prices, preferences) has to
be made. In the following section, we will describe the concrete requirements and challenges for the parking
use case in more detail.
Information about the location of parking facilities and the availability of parking spaces is provided by many
different data providers. Within bIoTope, we use the parking information that are provided by the three cities
(Helsinki, Brussels, Lyon) on their open data portals. Furthermore, we plan to use some more data sources
provided on the web by other open data sources. Despite the fact that all data provided is about parking, each
data provider uses a different format, data model and natural language to describe the parking information
making it difficult for a consumer to correctly process, interpret and use the data actually available. The
following examples showing parking data from Lyon and from Brussels illustrate this problem.
{
"type": "FeatureCollection",
"crs": {
"type": "name",
"properties": {
"name": "urn:ogc:def:crs:OGC:1.3:CRS84"
}
},
"features": [
{
"type": "Feature",
"properties": {
"nom": "Gendarmerie",
"idparking": "P578",
"idparkingcriter": "",
"commune": "DARDILLY",
"proprietaire": "GRAND LYON",
"gestionnaire": "GRAND LYON",
"idfournisseur": "",
"voieentree": "Avenue de Verdun",
"voiesortie": "Avenue de Verdun",
"avancement": "Existant",
"annee": "2008",
"typeparking": "Poche de stationnement",
"situation": "En surface",
"parkingtempsreel": "Non",
"gabarit": "",
"capacite": "5",
"capacite2rm": "0",
"capacitevelo": "3",
"capaciteautopartage": "0",
"capacitepmr": "1",
"usage": "Libre",
"vocation": "",
"reglementation": "Gratuit",
"fermeture": "Ouvert 24h/24h",
"observation": "",
"codetype": "5",
"gid": "1"
},
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"geometry": {
"type": "Point",
"coordinates": [
4.750940328299037,
45.81385676152648
]
}
},
{
"type": "Feature",
"properties": {
"nom": "Parking Terreaux",
"idparking": "P2",
"idparkingcriter": "8",
"commune": "Lyon 1 er",
"proprietaire": "GRAND LYON",
"gestionnaire": "LPA",
"idfournisseur": "[PARKING_8]",
"voieentree": "Rue d'Algérie",
"voiesortie": "Rue Ste Marie des Terreaux",
"avancement": "Existant",
"annee": "1992",
"typeparking": "Parc concédé GL",
"situation": "En ouvrage (sous-sol)",
"parkingtempsreel": "Oui",
"gabarit": "1.9",
"capacite": "641",
"capacite2rm": "174",
"capacitevelo": "118",
"capaciteautopartage": "6",
"capacitepmr": "",
"usage": "Mixte",
"vocation": "Mixte",
"reglementation": "Payant",
"fermeture": "Ouvert 24h/24h",
"observation": "",
"codetype": "1",
"gid": "30"
},
"geometry": {
"type": "Point",
"coordinates": [
4.83249335405674,
45.767593628641976
]
}
}
]
}

Figure 33: 1st example of location and capacities of parking lots in the region of Lyon.
[
{
"datasetid": "bruxelles_parkings_publics",
"recordid": "a52c70af2702ee70e6f16e798e79f2be189d4ef4",
"fields": {
"capac_aff": "425",
"geo_point_2d": [
50.8536614619,
4.35881132897
],
"longitude": 4.35881132897,
"gestionnaire": "Interparking",
"nom_adresse": "Parking City 2 - Rue des Cendres 8",
"latitude": 50.8536614619
},
"geometry": {
"type": "Point",
"coordinates": [
4.35881132897,
50.8536614619
]
},
"record_timestamp": "2017-03-27T16:13:25+02:00"
},
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{
"datasetid": "bruxelles_parkings_publics",
"recordid": "80114ac8f8179c6e2589258094ea6aefd30579e8",
"fields": {
"capac_aff": "500",
"geo_point_2d": [
50.838153923,
4.35280915345
],
"longitude": 4.35280915345,
"gestionnaire": "Interparking",
"nom_adresse": "Parking Sablon-Poelaert - Place Poelaert",
"latitude": 50.838153923
},
"geometry": {
"type": "Point",
"coordinates": [
4.35280915345,
50.838153923
]
},
"record_timestamp": "2017-03-27T16:13:25+02:00"
},
{
"datasetid": "bruxelles_parkings_publics",
"recordid": "126912a999299dc070121a8f6c90c480415042c1",
"fields": {
"capac_aff": "190",
"geo_point_2d": [
50.8525102045,
4.35300330961
],
"longitude": 4.35300330961,
"gestionnaire": "Interparking",
"nom_adresse": "Parking Alhambra - Boulevard Emile Jacqmain 14",
"latitude": 50.8525102045
},
"geometry": {
"type": "Point",
"coordinates": [
4.35300330961,
50.8525102045
]
},
"record_timestamp": "2017-03-27T16:13:25+02:00"
}
]

Figure 34: 2nd example of location and capacities of parking lots in the City of Brussels.

In both examples the location and capacity of parking lots are described. Each source provides both, some
similar and some different information. Without a pre-processing procedure it is not possible to automatically
use this data for a route planning backend due to its diverging structure. To solve this problem of
heterogeneous data, a pre-processing and integration workflow is set up by eccenca based on semantic
technologies (see Figure 35).
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Figure 35: Workflow to integrate heterogeneous data with eccenca Corporate Memory.

By using the tool eccenca Corporate Memory, the different datasets are mapped to semantic vocabularies (as
for example MobiVoc, schema.org, etc.) and enriched by other information sources (e.g. dbpedia, Geonames).

Figure 36: Mapping of parking data to semantic vocabularies with eccenca Corporate Memory.

The output of the workflow is a semantically enriched integrated parking dataset. The data is then transformed
to O-DF by using the methodology described in this deliverable and published as a service on an O-MI node
where it can be used by other consumers in the IoT environment as for example for optimized route planning
and parking space search.
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4.3. O-MI/O-DF Wrapper for Brussels pilot use-case
In bIoTope project, the Brussels pilot case for smart mobility covers three general use-cases. The first use-case
deals with a safer mobility of children travelling to and from school in the Brussels-Capital region. The safety
of children is realized by influencing the traffic around the children including traffic monitoring and
signalization. The second use-case is related to a smart mobility for emergency services vehicles (such as
ambulance, police, and fire trucks) in such times when utility vehicles can cause traffic problems. The third
use-case deals with a smart parking guidance based on availability of parking places, occurrence of road
congestions, traffic accidents, or planned events in the city.
There are different platforms and data providers that are used for Brussels city pilot to provide road traffic
information. Figure 37 shows an instantiation architecture of the bIoTope framework to Brussels smart city in
which the bottom layer has main data providers which enable individuals and large organizations to access
secure data through separate APIs:




UrbIS43 platform comprises a set of geographical databases of the Brussels-Capital Region and online
services enabling the convenient use of these data. Anyone can access UrbIS data which is a set of
cartographic and alphanumeric data.
Waze 44 is a GPS navigation platform that provides real-time traffic updates and turn-by-turn
navigation information and user-submitted travel times and route details. Through Waze, users can
report accidents, traffic jams, speed, and police traps.
Brussels Mobility45 is the administration of the Brussels-Capital Region responsible for equipment,
infrastructure, and mobility issues. It oversees the definition of mobility strategies, projects to
develop, renew and maintain public spaces and roads, as well as public transport infrastructure
and taxis of the Region.

For data centralization and management (middle layer of Figure 37), the Brussels-Capital region uses WSO2
API manager for managing APIs provided by various mentioned data providers. It is a fully open source,
complete solution for creating, publishing, and managing all aspects of an API and its lifecycle, and is ready for
massively scalable deployments. Our wrapper gets the secured data by calling those APIs that are managed
by WSO2 and then expose the data through O-MI/O-DF to be used in bIoTope ecosystem.
Figure 38 illustrates a small portion of the data in JSON format which is collected by calling “biotopedatasources” API. As can be seen, there are total 22780 road segments. Each segment contains many different
types of information, but we have highlighted the important information that will be exposed later through
O-MI/O-DF. That information includes unique id for each road segment, street name in Dutch and French, and
the position of that segment. The id field becomes the O-DF object id and other highlighted attributes become
InfoItems.
Figure 40 shows a small portion of JSON data from Waze API which includes the traffic alerts and jams
information for each road segment (that segment is defined in the “biotope-datasources”). The important
information is highlighted with blue and purple color. The id field becomes the O-DF object id and other
highlighted attributes become InfoItems.

43

http://bric.brussels/en/our-solutions/urbis-solutions
https://www.waze.com/
45 http://be.brussels/about-the-region/ministry-of-the-brussels-capital-region/brussels-mobility
44
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Figure 37: Instantiation of the bIoTope Architectural Framework to Brussels Smart City.

Aalto University has implemented a Brussels pilot wrapper for exposing Waze traffic data using web socket
based O-MI nodes. The wrapper is composed of two external agents as shown in Figure 39. In agent-1,
complete data regarding road segments is first collected from “biotope-datasources” API. Then, those
segments are distributed into 500 groups by using modulo operation and the segment ids are then mapped
inside those groups.
< 𝐺𝑟𝑜𝑢𝑝 𝑖𝑑 > = < 𝑆𝑒𝑔𝑚𝑒𝑛𝑡 𝑖𝑑 > % 500

As can be seen from the equation, the segment id is divided by 500 and the remainder of this operation
becomes a group id. Then, that segment is stored as an object inside that group id. The purpose of creating
groups is to have faster read time as the total number of segments are 22780 segments which correspond to
objects in O-DF structure. Each object has 8 InfoItems. In addition, agent-1 also maps the street names and
position attribute information as an O-DF InfoItems inside the segment object. These are the last three
InfoItems in Figure 41. This is done for all the segments and a complete O-DF structure having 22780 objects
are created by agent-1.
Once the complete structure has been created, agent-2 then collects road traffic information from “wazetraffic” API. Based on the segment id for each data block (as shown in Figure 40), the remaining attributes are
updated in the InfoItems of that particular id. The “pubdate” information becomes the timestamp of each
InfoItem inside road segment object. The O-DF tree structure is shown in Figure 41 with the parent object
“Brussels-Smart-City”. As can be seen, in the current development, the structure is created without any
standardized vocabularies and the API information is mapped to the user-created InfoItem names. As for the
future work, MobiVoc vocabulary will be integrated with this wrapper to provide semantics annotations,
based on the methodology described and illustrated on Section 3.7.
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Figure 38: Some parts of road segments data in JSON format where the highlighted attributes are the important information.

Figure 39: The functionality of wrapper containing two external agents.
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Figure 40: JSON data from Waze traffic APIs (Waze alerts and Waze jams) regarding road segments. Important information from Waze
is highlighted that will be exposed through O-MI/O-DF.

Figure 41: Suggested O-DF structure without any standardized vocabularies.
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5. Conclusion and Future Work
In this deliverable, we described the work of bIoTope’s Semantics Task Group (including partners from WP3,
WP4 and WP5) so as to provide a methodology for semantically annotate the O-DF messages. Furthermore,
we provided an overview of the state-of-the-art semantic vocabularies in IoT and we documented MobiVoc
and O-MI/O-DF OWL Ontology; semantic vocabularies that have been designed in the context of the bIoTope
project. What is more, we fully described all the relevant bIoTope components that allow for the easier
semantic annotation, knowledge transformation, knowledge extraction, etc. For the purpose of
demonstrating the strengths of the documented work and helping the readers understand the proposed
approach, different use cases’ scenarios were examined and their progress was reported.
Our immediate next steps will concentrate on demonstrating how the work presented in this deliverable can
be used by the reasoning and fusing mechanisms of the Knowledge Extraction Framework and other bIoTope’s
components. As the proposed semantic annotation methodology of O-DF messages increases the visibility of
the information stored in them, it will be a powerful ally for the various bIoTope’s components since it will
make easier the transformation stored in the O-DF messaged to valuable knowledge. Moreover, we will
continue our work on dealing with the various identified issues with the current semantic vocabularies, that
have been reported on this deliverable.
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8. Annex 1. bIoTope Reference Architecture

46
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For further information, please refer to deliverables D2.4 and D2.7.
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