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Abstract — For development of the intelligent airport
energy management system, a comprehensive airport data
model is required to describe all static knowledge
relevant for the airport energy management, enabling the
integration and interoperability of different technical
systems. One way of providing such comprehensive
airport data model is based on the ontology modelling
paradigm. Having in mind that airports are rather
complex infrastructures with numerous, heterogeneous
devices coming from different vendors, and therefore
characterized with the large quantities of the static data,
it is important to choose a suitable approach for ontology
modelling. This paper presents one of the possible
approaches to the airport ontology modelling and
population which combines three different, but yet
complementary methods: LODRefine tool, SPIN mapping
and SPARQL Update queries. The flexibility of the
proposed approach was seen in possibility to instantiate
any airport infrastructure of the given complexity. The
input for population of the airport ontology model was
extracted from the various data sources such as data
point  lists, technical sheets, audits, interviews,
questionnaire etc. Finally, as a test-bed platform for the
ontology population, two specific airport infrastructures
were chosen, Malpensa airport in Milan and Fiumicino
airport in Rome.

1. INTRODUCTION

Present-day airport energy management systems (EMS),
are leveraged upon the legacy supervisory control and
data acquisition (SCADA) systems and building
management systems (BMS) which are faced with the
problem of complex heterogeneous infrastructure
comprising high number of the field devices produced by
different vendors and using different protocols. For
providing more advanced airport EMS, classification and
description of the target airport facility within a
comprehensive airport data model is a prerequisite. This
implies description of the belonging devices, systems,
their technical characteristics and relations,
communication protocols, semantics of the low-level data
etc.

One way of providing such comprehensive airport data
model is based on the ontology modelling paradigm
which was proposed in [1]. Ontology is one of Semantic
Web pillars and can be defined as a formal way of
representing the knowledge as a set of concepts and their
relations in domain of interest. In other words, the
ontology is a formal, explicit specification of a shared
conceptualization [3]. Therefore, it can be utilized to
provide the description of the domain of interest by

defining the related entities and their interdependencies,
but also to reason upon the modeled entities. The
advantage of the ontology concept reflects in reducing the
field level heterogeneity and in easier adoption of the
future technical equipment. So far, a number of ontology-
based facility management frameworks were proposed in
the literature such as [4], [5] supporting the integration of
multi-vendor devices/sensors. Furthermore, the ontologies
were used to increase the energy efficiency and to provide
adequate energy saving strategies of so-called smart
homes such as in [6], [7]. However, none of them deals
with the airport energy management domain and provides
a holistic approach to the airport facility modelling.

On the other hand, an ontology-based Airport Data Model
(ADAM) layer serving as a common metadata layer of the
airport EMS was proposed in [1] and [2]. ADAM layer
served as a central data repository which provided the
needed semantics to the involved EMS components. In
that way, the integration and interoperability of the
overall system was supported. The airport ontology
developed as part of the ADAM layer, provided a
semantic enrichment of low-level signals in order to
provide a high-level messages to the airport operator or
airport manager. First, a generic model was developed,
i.e. the core airport ontology, which had to be extended
and instantiated further to model a specific airport
infrastructure.

This paper provides a detailed explanation of the ontology
modelling procedure and presents one of the possible
approaches which could be undertaken for ontology
population task. At the start of the development
procedure, it was necessary to identify a suitable
modelling approach and to choose general concepts
behind the modelling. This influenced the decision about
the ontology model characteristics such as granularity,
abstraction and classification of related entities within the
ontology class hierarchy.

As previously mentioned, the airport ontology served as a
central data repository of the overall airport EMS
solution, and therefore it had to be populated with the
static data about the airport facility and target
systems/equipment  (such as  significant  energy
consumers). First, it was needed to acquire the relevant
semantics and to populate it within the airport ontology
model. This implied the definition of new concepts, as
well as instances and their properties. As proposed in [1],
the core airport ontology was first defined providing a
generic model of the airport facility. To model a specific
target airport infrastructure, the core airport ontology had
to be extended and populated based on the static data
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gathered from the field. For both modelling and
populating the airport ontology, two specific airport
infrastructures were used as a test-bed platform, Malpensa
(MXP) airport in Milan and Fiumicino (FCO) airport in
Rome due to their rather complex infrastructure and
variety of the field-level devices installed at the site.

Input for the ontology population was extracted from the
raw data points (i.e. low-level signals) monitored by the
BMS which were identified as relevant from the energy
management perspective. This data were used first to
extend the core airport ontology model and then to
populate it. In this way, it was possible to instantiate any
airport infrastructure of interest which is the main
advantage of the proposed approach. This paper also
elaborates in detail possible data point mapping
approaches which were used for the airport ontology
population. This task was mainly performed in fully
automated manner. Three different, but yet
complementary approaches have been taken into account
for translation of the data point lists into the ontology:
LODRefine tool [8], SPIN mapping [9] and SPARQL
Update queries [10]. To provide an overview of their
functionalities and capabilities, each of the mentioned
approaches were described in detail.

The reminder of this paper starts with Section 2 in which
the main aspects and objectives of the airport ontology in
context of airport EMS are described. Section 3 elaborates
in detail the overall airport ontology modelling procedure
and some modeling issues which influenced the structure
of the airport ontology hierarchy. Section 4 presents
possible data point mapping approaches which were
utilized to perform the population of the ontology model.
Finally, Section 5 concludes the paper.

2. AIRPORT ONTOLOGY SPECIFIC ASPECTS

Before detailed elaboration regarding the airport ontology
development and population approach, a brief overview
of the general context in which the airport ontology is
used as a meta-model and platform supporting the
integration and interoperability between different
subsystems is given. As previously mentioned, a need for
a common metadata layer resulted in the development of
a unique Airport Data Model (ADAM) (shown in Figure
1) for which an ontology-based approach was adopted [1],
[2]. The aim of the ADAM layer was to serve as a
common knowledge base repository used by the EMS
components and to contribute to the integration and
interoperability of these components. It provides a
semantic enrichment of various signals coming either
from the legacy BMS, SCADA, applied fault detection
and diagnosis (FDD) algorithms or directly from the
sensors/data-loggers installed within the airport facilities,
thus enabling the high-level information for the end-user
(airport operator or energy manager) as described in [1].

The main objectives for the development of ADAM,
tailored to suit the needs of the comprehensive EMS
solution, would be the following:
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Figure 1. Excerpt of airport ontology class relations and
dependencies.

e Modelling the domain of interest, i.e. defining the
infrastructure of the concrete airport building by
classifying installed systems relevant to the energy
consumption aspect with belonging sensor/actuator
devices;

e Providing means for technical characterization and
semantic interpretation of signals going to/from the
installed equipment (which incoming/outgoing signal
belongs to which device/system, what its
characteristics are, relations to other devices/signals);

e Providing the topological profile of the airport
facility and information about geographical location
of every installed device/signal (useful for analyzing
spatial correlation of data).

Initially, it was important to identify the modelling
approach which will be undertaken and the general
concepts behind the modelling. The decision regarding
the granularity, abstraction and classification of different
entities at different levels of the ontology hierarchy is
highly influenced by these issues. Since it was meant to
be used as a central data repository of the airport EMS,
the airport ontology had to be populated in order to store
all the static data regarding the targeted systems
(information related to the Significant Energy Users
(SEU), e.g. air handling units (AHU), such as nominal
mass flow, fan drive power etc.) which will be later used
to calculate the energy waste due to faults and
corresponding saving potential. In other words, for
development of the ontology-based ADAM layer, first it
was necessary to acquire all relevant information about
the airport infrastructure and then to transfer it into the
airport ontology which affected both the domain model
(ontology hierarchy) and creation of new instances of the
ontology entities. For transferring the gathered
information into the airport ontology, i.e. for the task of
the ontology population, it was important to select yet a
suitable approach which will be elaborated in detail in
Section 4.

3. AIRPORT ONTOLOGY MODELLING
At the beginning of the airport ontology development

process (as shown in Figure 2), the core airport ontology
was defined providing a generic model of the airport
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facility [1]. Core airport ontology was comprised of the
common concepts identified as relevant from the
perspective of the energy management usually present in
the airport infrastructures. It provided modelling
guidelines to describe the technical characteristics and
topological profile (precise location) of the systems and
devices installed at the site.

As a test-bed platform for the ontology modelling, two
specific airport infrastructures were chosen, Malpensa
(MXP) airport in Milan and Fiumicino (FCO) airport in
Rome. Serving as a two major European air-traffic hubs,
MXP and FCO airports were taken as suitable also owing
to their rather complex infrastructure, technical
characteristics and different aspects of the existing
devices and modules. Based on the data gathered for the
technical characterization of the ICT systems and the
analysis of the different aspects of the involved devices
and equipment, the core airport ontology had to be
extended and further instantiated to model specific target
airport facility. In other words, by extending and
populating the core airport ontology these two separate
ontology instances emerged representing two full-blown
airport ontology models tailored according to the current
state of the target pilots.

Development of the airport ontology (Figure 2) consisted
of the definition of the main ontology entities with the
corresponding properties and relations, as well as the
harmonization with the contemporary ontology modelling
regulations and standards. For this purpose, the leading
ontology modelling standards (SUMO ontology [11], [FC
(Industry Foundation Classes) data model [12] and CIM
as part of IEC 61970 series of standards [13]) were taken
into account. For ontology modeling, OWL as one of the
most utilized modeling languages was used [14].
Protégé™ tool [15] was selected as ontology development
framework used not only for modelling but also for
ontology population tasks.

An excerpt from Protégé user interface depicting the
water pump entity as part of the extended airport ontology
model is presented in Figure 3. It could be seen from
Figure 3 that each instance of the class “waterPump” is
modelled with belonging list of properties such as
“device_id” representing the unique identifier (ID) of the
device, “partOf system” indicating the system to which
this  specific device belongs, “belonging signal”
representing the list of belonging “signal” instances etc.
Furthermore, some of the nominal technical
characteristics of device are represented by properties
such as “outputPower kW”, “hydraulicPressure_kPa” and
“waterFlow 1/s”. The topological perspective of the
corresponding device instance is modelled with the
properties representing the area/position where that
specific device is installed (properties “locatedAt area”
and “position”).

The input for population of the airport ontology model
was extracted from the various data sources such as BMS
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Figure 2. Airport ontology development process.

data point lists, technical sheets, equipment manuals
audits, interviews, questionnaire etc. These sources
contained the information that enabled classification of
energy management related entities (such as HVAC
system, power supply, water supply system etc.) and
definition of the corresponding relations between them.
The extracted information had to be transferred into the
airport ontology by instantiating the corresponding
instances of the ontology entities with belonging property
values and relations. Once the airport ontology was
populated, semantic queries were used for extracting the
knowledge from the airport ontology.

Both extension and population of the core airport
ontology had to be performed based on the semantics of
the raw data coming from the field devices, i.e. low-level
signals. The data semantics were extracted from the BMS
data point lists carrying the information about every low-
level signal that the EMS might encounter. Since at both
target airports, the semantics of the low-level data/signals
were aligned with the Unified data point naming (UDPN)
convention [16], harmonization of the airport ontology
instances was carried out correspondingly. The
harmonization considered mapping of the data point
semantics, such as signal identifier, signal source, data
type, signal characteristics etc. into the airport ontology as
corresponding entity instance or property value. Thus, the
flexibility of such ontology modelling and population
approach could be seen in possibility to instantiate any
airport infrastructure starting from the core model. The
following section will elaborate in detail possible data
point mapping approaches which were used to populate
the airport ontology.

For Project: @ siportiapensa

For Class: ® waterPump  (nstance of STANDARD-CLASS)

Class Hierarchy AN %X 7| ame Constraints £
THNG waterPump

b svSTEMCLASS

v O eniity Role
b O asiract Concrete ® =

¥ O physicsl
¥ O plant
¥ O component
b @ actustor
» & functional
» @ sensor
v ® device
» 0 aH
® tancol
@ waterPump
v O sial
» O cortrol
b O reaing
¥ @ systen
¥ @ Hvac
@ airConcitioningCentral
v waterLoop

Template Slots iz

e | T e
) sgareaate01_onmp,.mutiple Instanos of comporert inverss- Sot-partor_device
mlbeongng_sanel mutiple  nstance of sgnl inverse-skt=belongsTo_devics
() cormecteato Ml Iistance o device of cor.. nverse-sit-ConnectedTo

() clewice _id required .. String.

= ycrauicPresse_(Fa g Fox

() locatecat_area single.
(=) medium single. String

= opFower kw snge Fox

() partO1_system single Instance of system
() position single  String
[Sp—— e ot

Instance of area inverse-siot=contains_device

inverse-siot=consistsOf_device

Figure 3. Device entity (water pump) properties.
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4. DATA POINT MAPPING APPROACH

For providing a way for common understanding among
EMS components, as already mentioned, population of
the airport ontology had to be performed in
correspondence with the UDPN convention [16] utilized
for raw data/message exchange. More precisely, ontology
population was carried out based on the BMS data point
lists holding raw data semantics compiled according to
the UDPN convention. In order to transfer the raw data
semantics into the airport ontology, each entity instance
was defined with the property values representing the
corresponding UDPN attributes. For example, class
“signal” instance was defined with properties representing
the location of the source device (UDPN attributes
“building” and “zone”), (sub)systems to which it belongs
(UDPN attributes “system” and “subsystem1/2”), signal
type (UDPN attributes “medium”, position” and “kind”)
and unified data point name representing unique signal
ID. In that way, both extension and instantiation of the
core airport ontology into two full-blown airport ontology
instances (for MXP and FCO airports) was carried out in
line with UDPN convention.

In order to extend and populate the airport ontology
model according to the UDPN convention, BMS data
point lists (i.e. Excel sheets carrying the information
about every low-level signal/device that EMS might have
to deal with), shown in Figure 4, were mapped into the
airport ontology entities. More precisely, the data point
lists were used first to extend the core airport ontology
model by developing more fine-grained model. This
implied identification of sub-concepts of already existing
ones, such as definition of different types of
sensors/actuators, signals etc. After the core airport
ontology was extended, population of model had to be
performed. This considered mapping of the raw data
semantics, i.e. the corresponding data cells (representing
previously mentioned UDPN attributes) from the data
point lists into the airport ontology as corresponding
entity instance or as a property value of specific instance
(such as properties of class “signal” instance).

Population of the information into the airport ontology
was mainly performed in fully automated manner, while
the “fine tuning” (for instance, establishment of additional
relations among newly created and/or mapped
instances/properties) was performed subsequently in a
semi-automatic manner. These alignment tasks had to be
carried out for both airport ontology instances
representing the full-blown facility models of MXP and
FCO airport.

Having the previously mentioned in mind, the following
three different, but yet complementary approaches have
been considered for mapping of the information into the
airport ontology:

e LODRefine tool [8],
e SPIN mapping [9], and
e SPARQL Update queries [10].
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Figure 4. Excerpt from data point lists.

Having in mind their individual functionalities and
advantages, these approaches could be implemented
separately or in combination. However, for population of
the airport ontology to model both MXP and FCO airport
facilities, they were applied in combination in order to
exploit their full capabilities. To provide the qualitative
overview of their particularities, each approach was
elaborated in the following subsections.

A. LODRefine transformation

LODRefine [8] is a LOD-enabled version of OpenRefine
tool for cleaning, linking and transformation of data from
one format into another. It is a part of the LOD2 Stack,
which is the output of the FP7 project LOD2 (Grant
Agreement No. 257943) and it is comprised of tools for
managing the life-cycle of Linked Data. For the purpose
of this paper, LODRefine tool was utilized for automatic
translation of information stored within BMS data point
lists (in form of Excel sheets for both MXP and FCO
airports) directly into the RDF triplets simply by defining
the translation rules (using the corresponding LODRefine
user interface functionalities) as it can be seen in Figure 5.

For definition of data extraction/translation rules, i.e. for
establishment of the target RDF triplets, entities and
corresponding properties/relations of the core airport
ontology were utilized as a base. The result of data
translation/mapping is shown in Figure 6 in a form of
RDF triplets carrying the extracted semantics (such as
signal ID represented in compliance with the UDPN
convention, indicated by a red rectangle). Finally, the
RDF triplets carrying the extracted information regarding
the newly created instances and their belonging property
values were subsequently imported (as OWL ontology
model carrying the extracted semantics) into the core
airport ontology model using the Protégé editor.

In this way, the LODRefine tool was first utilized to
perform extension of the core airport ontology and then
for the population of the extended ontology model. At the
same time, this approach provided the possibility to
perform the “raw” mappings and alignment with the
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Figure 5. LODRefine translation rules.

RDF Skeleton | RDF Preview

This is a sample Tux < representation of (up-to) the first 10 rows

<http://inst/dualDuc tAHUAHU.20.1> @ cns:dualDuctAHU ;
ens:locatedAt_area <http://inst/zone/T1.SatA> ;
cns iaggregateddf_component <http://inst/functional/FIL>
cns:belonging signal <http://inst/setValue/Cos_0108> ;
rdfs:label "AHU.20.1" .

<http://inst/setValue/Cos_0108> a cns:setValue :
cns:signal description "C19.1DPS1a " :
[“cns:signal_id "Mxp_T1.SatA AHU.20.1_FIL___SIGAL" ;
TafsTIabel "Cos 0108

<http: //inst/functional/FIL> a cns:functional ;
rdfs:label "FIL" .

<http: llJnsl/dualDu(tAHU/AHU 20.1> cns:medium "SUPA"
s :belonging signal <http://inst/setValue/Cos_0107> .

<http://inst/setValue/Cos_0107> a cnsisetValue ;
cns:signal_description "C20.10Ps¢a  *
cns:signal_id "WXP_T1.SatA AHU.20.1_FIL_ SUPA_SIG_AL"
rdfs:1abel "Cos_0107" .

<http: ttms(/dualbu(tAHu/AHu 20.1> cns:medium "0A"
s :belonging signal <http: llms(/sel‘/alue/[os _0106> .

<http://inst/setValue/Cos_0106> a cns:setValue ;
cns:signal_description "C20.10PS5.a " ;

Figure 6. Extracted semantics as RDF triplets
(LODRefine)

UDPN convention in completely automatic manner, while
the following two approaches were considered
subsequently as more convenient for “fine tuning” of the
airport ontology in semi-automatic manner as it will be
described further.

B. SPIN based mapping

SPARQL Inferencing Notation (SPIN) [9] is a SPARQL-
based language used for representation of the mappings
between RDF/OWL ontologies. It is used to transform
instances of source classes into instances of target classes.
Furthermore, it is used for definition of rules that map not
only the entire instances but also their specific
properties/values. For definition of mapping rules,
SPARQL CONSTRUCT keyword was used to map
classes from one graph pattern to another while binding
the source and target classes was performed in the
WHERE clause of the SPIN mapping rule shown below.

CONSTRUCT{
?target ?targetPredicate1 7newValue .

{NHERE {
?this ?sourcePredicate1 7oldValue .
BIND (spin:eval{?expression, sp:arg1, ?oldValue) AS 7newValue) .
BIND (spinmap-targetResource(?this, ?context) AS ?target) .

}

Following this approach, instances and corresponding
relations/properties had to be initially extracted (such as
from the BMS data point lists) and imported as RDF

ann i?
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Figure 7. SPIN based mapping.

triplets (simply by importing the corresponding CSV file
carrying the source information) that could be further
mapped (taken as a source objects with corresponding
property values) into the target model, i.e. the entities of
the previously extended airport ontology model (by using
the SPIN mapping rules). Based on the corresponding
pre-defined mapping rules, desired relations were
established, not only among already existing instances
(generated by using the first approach), but among the
newly imported ones as well.

Additionally, SPIN mapping language is a high-level
language that is suitable to be edited graphically (simply
by drag and drop of source/target classes). This
convenient feature was provided by TopBraid Composer
starting from release 3.5. Furthermore, it provides a visual
editor (shown in Figure 7), i.e. graphical user interface,
that significantly facilitated alignment tasks of the airport
ontology entities and their interdependencies.

C. SPARQL Update based mapping

Final “fine tuning” of the airport ontology model was
performed through the SPARQL Update [10] queries
performed from the Java script directly upon the ontology
model. SPARQL Update is an extension of the SPARQL
query language that provides the ability to add, update
and delete RDF data. It enables the generation of specific
SPARQL Update queries including commands such as
MODIFY (for modifying the existing instances), INSERT
(for inserting the newly created instances/property values)
and DELETE (for deleting the existing instances/property
values) based on which target entity property can be
updated according to the handled data. New instances and
property values which should be inserted/modified in the
ontology model could be manually defined either within
the Java script itself (through corresponding query
arguments) or extracted from the source Excel sheet
handled by JAVA Excel APL.

This approach allowed “semi-automatic” handling of the
already created ontology instances, i.e. it provided the
possibility for an update of the target instances and
corresponding properties/relations of airport ontology. For
performing alignment and mapping tasks, patterns of
SPARQL update queries were defined based on which
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corresponding modifications were carried out (within the
JAVA script). Example of SPARQL Update query is
shown below. From the presented example, it could be
seen that property “waterFlow 1/s” of the target device
“waterPump”, having the specific device ID (taken as the
input argument “id”) , was updated (more precisely, first
deleted and then updated) with the new nominal water
flow data (taken as an input argument “flow”).

- To replace a property first delete current value and then
ppend ("DELETE { " +
"?s pref:waterFlow_1 s ?0. "+
o
"WHERE { " +
"?s pref:device_id \"" + id + "\"A*xsd:string. " +
"?s pref:waterFlow 1 s ?0. " +
.
"INSERT { " +
"?s pref:waterFlow 1 s \"" + flow + "\"*%xsd:float. " +
"o oe
"WHERE { " +
"?s rdf:type pref:waterPump. " +
"?s pref:device_id \"" + id + "\"A*xsd:string. " +
"y
// Update execution
UpdateAction.parseIxecute (queryStr.toString(), model):

5. CONCLUSIONS

To provide advanced and more intelligent airport EMS,
an ontology-based ADAM layer was proposed in [1] and
[2]. The airport ontology, developed as part of ADAM
layer, served as a central data repository which provided
the needed semantics to the EMS components, thus
supporting the integration and interoperability of the
overall system. First, the core airport ontology providing a
generic model of the airport facility was modelled, which
had to be extended and instantiated further to model a
specific airport infrastructure. This paper proposes one of
the possible approaches to perform the airport ontology
modelling and population. In other words, it explains the
undertaken modelling approach and the general concepts
behind the modelling.

The task was to populate the airport ontology with the
static data regarding the airport facility and target
systems/equipment  (such as  significant  energy
consumers). To provide the input for modelling, first the
needed data and relevant semantics were acquired. Then,
the core airport ontology had to be extended and
populated based on the acquired data to model a specific
target airport infrastructure. This included the definition
of new concepts, instances and their properties. Two
European airports were taken as a test-bed platform for
modelling tasks, MXP airport in Milan and FCO airport
in Rome. For population of the airport ontology, the BMS
data point lists carrying the semantics about the low-level
signals were taken into account. Three different, but
complementary approaches for translation of the data
point lists into the ontology were elaborated: LODRefine
tool, SPIN mapping and SPARQL Update queries. An
overview of the functionalities for each of the mentioned
approaches was provided. In this way, it was possible to
instantiate any airport infrastructure of interest.
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