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Introduction 
 

Ontology can be defined as a formal way of representing the knowledge as a set of concepts 
within a domain of interest, and describing the corresponding relationships between those 

concepts as well. It may be used to describe the domain of interest by classifying and 
defining the related entities, but also to reason upon the entities defined within that domain. 

In order to model spatial and functional components of the complex infrastructures a generic 
ontology was developed which defines a generic model of static knowledge relevant to the 

control and supervision of complex infrastructures (such as airports and objects with 

microgrids of local renewable energy sources). As extensions of generic ontology which 

defines the main concepts of complex object modelling, two instances for two different use 

cases were developed (Figure 1). The first instance (airport ontology) was developed by 

extending and instantiating the generic ontology for usage of SOFIA framework in control 

and supervision of airports (especially in emergency situations such as fire, hazardous 

material leakage etc.). On the other hand, the second instance (microgrid ontology) was 

developed as a result of extension and instantiation of the generic ontology for the purposes 

of control and supervision of objects with microgrids of local renewable energy sources.  

 

Actually, the generic ontology defines a generic physical model of complex infrastructures 
for the purposes of the SOFIA framework, from the point of technical systems and belonging 

sensor/actuator devices installed at the site (relevant to the domain of interest). The purpose 
of generic ontology is to provide the main concepts behind the modelling of spatial and 

functional components of complex infrastructures. Moreover, the generic ontology was 
modelled in such a way so as to facilitate the interpretation of relevant signals going to/from 

different SCADA systems (such as VIEW2 SCADA system which currently serves as a 
platform for a facility management at the airport „Nikola Tesla“-Belgrade), as well as to 

describe the corresponding relationships among them. As modelling environment of the 
generic ontology, the Protégé editor Version 3.4.2 was utilized. 

 

 

Figure 1. Generic ontology and its extensions. 

 

The following section introduces the main roles of the generic ontology and explains how the 
ontology was modelled. The expected roles of this ontology within the SOFIA framework 

were particularly addressed. Each of these roles influences the decisions regarding 
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granularity, abstraction and classification of different real world objects. Then the ontology 

class hierarchy is presented along with the description of main ontology entities. 

The roles of generic ontology 
 

As said previously, roles of the generic ontology in the overall SOFIA framework heavily 
influence the approach to the modelling. One of the main roles of the generic ontology is 

modelling the domain of interest, i.e. defining and modelling the infrastructure of the 
complex buildings (such as the airport “Nikola Tesla”-Belgrade or objects with microgrids of 

local renewable energy sources). More precisely, it provides the model of the complex 

infrastructure by classifying installed technical systems with belonging sensor/actuator 

devices relevant to performing the event processing and reasoning in the SOFIA framework. 

In other words, it provides the classification of all types of devices/signals that SOFIA 

framework might have to deal with. 

 

Another important role of the generic ontology could be providing means for semantic 

interpretation of signals (i.e. messages which are actually SCADA signals wrapped up 

according to the XML based “mark-up” language for exchanging the information between the 

SCADA and SOFIA framework) going to/from the SCADA system (Figure 2). The 

semantics of a signal in this context may consider information such as the system (for 
example fire suppression system, photovoltaic system etc.), device or functionality that 

triggers some event (like fire detectors) and measurement type, which corresponds to a sensor 
reading related to specific device or functionality (like reading of temperature, presence of 

smoke, or photovoltaic output power etc.). In other words, this implies the semantic 
recognition of signals in communication with SCADA system, understanding to which 

device/system incoming (outgoing) signal belongs, what its characteristics are, relationships 
with other devices/signals, from which geographical location the signal is coming, etc. On the 

one hand, SOFIA framework will have to interpret all signals coming from SCADA, which 
could be for instance signals (atomic events) indicating that something irregular was detected 

by SCADA (when sensor readings are out of bounds or certain alarm went off, etc). On the 

other hand, this could be seen as a way of communication with SCADA system in order to 

send requests when certain action should be carried out via certain actuator device (to 

influence the current state of the system) or when polling of the sensor reading is needed. 

 

Beside the first two roles of the generic ontology, one another potentially very useful role 

could be providing the information about geographical location of every modelled 

device/signal (where certain signals/events are coming from or on the other hand, where 

certain command requests should be directed to). 
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Figure 2. Communication between SCADA system and SOFIA framework. 

Ontology Class Hierarchy 
 

The following is the overall class hierarchy presenting the main entities of the generic 
ontology (Figure 3. shows the ontology tree taken from the Protégé editor):  

 
• :THING 

o :SYSTEM-CLASS 
� :ANNOTATION 

� :INSTANCE-ANNOTATION 
� :CONSTRAINT 

� :PAL-CONSTRAINT 

� :META-CLASS 

� :CLASS 

� :STANDARD-CLASS 

� :FACET 

� :STANDARD-FACET 

� :SLOT 

� :STANDARD-SLOT 

� :RELATION 

� :DIRECTED-BINARY-RELATION 

o physical 
� area 

� component 
� actuator 

� actuatorNoConfirmation 
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� actuatorWithConfirmation 

� actuatorWithIndirectConfirmation 

� functionalComponent 

� sensor 

� alarmSensor 

� continuousSensor 

� physicalParameterSensor 
� videoCamera 

� queriedSensor 
� service 

� system 
 

Short descriptions of the main ontology entities: 
 

• physical - The root class of all physical entity types. For example, sensor types, actuator 
types, etc. Anything we can see, feel can be instances of this class. 

• area - This is the base class for all types of areas. An area is a region in the real world. 

An area can be part of or adjacent to another area. An area can contain sensors. 

• component - This class denotes those entities which can provide certain functionalities 
and are not necessary to be divided into more “elementary” parts. For example, a 

sensor can be regarded as an instance of this class. Even though in a sensor there are 
also many different small parts, but the sensor itself is an entity of full functionality 

and how it is constructed are not of concern. 

• actuator - It denotes a category of physical devices which accept the actions or 
commands sent by the control system. These devices can change the states of the 

physical real world. Some of them can give feedback to the control system whether 
the action or command is successfully executed. 

• actuatorNoConfirmation - It denotes a category of physical devices which 

accept the actions or commands sent by the control system. These devices can 
change the states of the physical real world but do not give feedback to the 

control system whether the “change” is successful or not. 

• actuatorWithConfirmation - It denotes a category of physical devices which 
accept the actions or commands sent by the control system. These devices can 

change the states of the physical real world and give feedback to the control 
system about the execution status. 

• actuatorWithIndirectConfirmation - It denotes a category of physical devices 

which accept the actions or commands sent by the control system. These 
devices can change the states of the physical real world but do not give 

feedback to the control system about the execution status directly. However 
the control system can “feel” the effect indirectly. For example, if the motor of 

ventilation system doesn’t work, then the smoke density will not decrease. 
This “indirectly” indicates that the actuator doesn’t work very well. 

• functionalComponent - Unlike actuators this category of physical entities does not 

try to “control” something in the real world. They just provide some services, e.g. 
the elevator. 
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• sensor - This is the base class for all types of sensors. Domain specific and even 

application specific sensor types should extend this class if no appropriate parent 

class can be found. However normally it is not recommended to extend this class 

directly since there are provided some more “detailed” subclasses like 

alarmSensor, queriedSensor, etc. 

• alarmSensor - This is the base class for all types of sensors which can send 

alarm messages. Domain specific sensor types should extend it. 

• continuousSensor – This is the base class for all types of sensors which 

measure continuous values like temperature, density, etc. Domain specific 

sensor types should extend it when necessary. 

• physicalParameterSensor - This is the base class for all types of sensors 

which measure physical continuous values like temperature, density, etc. 

Domain specific sensor types should extend it when necessary. 

• videoCamera - A class for video cameras. Advanced enhanced video 

cameras with additional features in specific domain should extend this 
class. 

• queriedSensor - Most sensors are active, i.e. they will transmit their 

measurement automatically to the control system “actively”. However there 
are certain types of sensors which work in a “passive” mode. The control 

system has to try to “pull” the measurements either periodically or as needed. 

If such types of sensors exist in a specific domain, then they should be 

categorized and extended as subclasses of this class. 

• service - Certain functionality provided by an entity. For example, a power supplier 

can provide the service “power supply” for other power consumers. This establishes a 

certain kind of “dependencies” between entities. 

• system - This class denotes those entities which are constructed of other sub-systems. 
It should denote overall technical systems such as fire suppression system, 

photovoltaic system etc. This is the main difference in comparison with the class 

Component. For example,  
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Figure 3. Generic ontology structure. 

Conclusion 
 

Generic ontology is developed for the purposes of SOFIA framework and provides main 

concepts for facility modelling. It models all static knowledge regarding the technical 
systems installed at the site (within domain of interest). The generic ontology is extended and 

populated in two separate instances in order to cover two different use cases for SOFIA 
framework. The first one was developed for the purpose of control and supervision of airports 

(especially in emergency situations such as fire, hazardous material leakage etc.). On the 
other hand, the second instance was developed for control and supervision of objects with 

microgrids of local renewable energy sources. 
 

One of the main roles of the generic ontology is modelling the domain of interest, i.e. 

defining and modelling of spatial and functional components of complex infrastructures (such 

as the airport “Nikola Tesla”-Belgrade or infrastructures with microgrids of local renewable 

energy sources). Another important role of the generic ontology is providing means for 

semantic interpretation of signals (i.e. messages which are actually SCADA signals wrapped 

up according to the XML based “mark-up” language for exchanging the information between 

the SCADA and SOFIA framework) going to/from the SCADA system. In the same time, 

this can be seen as a way of communication with SCADA systems in order to send requests 

when certain action should be carried out via certain actuator device (to influence the current 

state of the system) or when polling of the sensor reading is needed. Apart from the first two 

roles, one another very useful role of the generic ontology within the SOFIA framework is 

providing the information about geographical location of every modelled technical 

device/signal. 
 



Review of technical solution 

Developing generic ontology of spatial and functional components of 
complex objects (CO2 – Complex Object Ontology) 

 
 
Using the concept of ontology, the Institute Mihajlo Pupin has successfully modelled the spatial 
and functional components of complex objects. Actually, they developed a generic ontology 
which defines a generic model of main entities relevant for intelligent control and supervision of 
complex facilities. Based on the generic ontology, two extensions were developed for two 
different use cases, i.e. for airports and objects with microgrids of local renewable energy 
sources.  

The Protégé editor was used as modelling environment of the generic ontology. The purpose of 
the generic ontology within the SOFIA framework was to provide the main concepts behind the 
modelling of complex infrastructures. One of the roles of the generic ontology, for which it was 
successfully utilized within the SOFIA framework, is in interpretation of signals/messages 
exchanged between SCADA system and SOFIA components. Apart from classifying the 
technical systems and devices installed at the site, the generic ontology has been proved as 
useful for modelling of the topological information such as geographical location of 
signals/devices. 

The Institute Mihajlo Pupin successfully developed the generic ontology by defining the main 
entities relevant for supervision and control in complex facilities and extended it into the two 
specific instances in order to apply the SOFIA framework in two different use cases. This is at 
the same time an innovative way of modeling the knowledge needed for supervision and control 
of complex objects. 
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