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Introduction	
 
The aim of the SOFIA project is to develop original, innovative and marketable Software 
Framework for Intelligent Adaptive control of complex facilities (SOFIA), and to prove its 
wide applicability via development of two industrial-strength application prototypes in 
completely different areas (airport facility management and microgrid-enabled facility 
management). Therefore, for the purposes of the SOFIA framework a generic ontology, 
which provides main concepts for facility modelling, is developed. 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 (Figure 1.). 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, presented here 
and referred as the microgrid ontology, was developed for control and supervision of objects 
with microgrids of local renewable energy sources. 
 
Furthermore, the microgrid ontology encompasses the knowledge of RET devices and 
various energy consumption activities carried out by these appliances, their context, causality 
and mutual relationships. It also defines a physical model of complex infrastructures thus 
providing the information about spatial and functional components required for the purposes 
of the SOFIA framework. As modelling environment of the microgrid ontology, the Protégé 
editor Version 3.4.2 was utilized. 
 

 

Figure 1. Generic ontology and its extensions 
 

The following section introduces the main aspects of the microgrid ontology and explains 
how the ontology was modelled. Both the expected role of the microgrid ontology within the 
SOFIA framework and specific issues of the microgrid ontology modelling were particularly 
addressed. Each of these roles influences the decisions regarding granularity, abstraction and 
classification of different real world objects. Then the ontology class hierarchy is presented 
along with the description of the main ontology entities. 
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The	main	aspects	of	microgrid	ontology	
 

As previously stated, role of the microgrid ontology within the overall SOFIA framework has 
great influence on the modelling approach. However, the ontology contribution can be 
summarized in several aspects. One of the main contributions of the microgrid ontology is 
modelling the domain of interest, i.e. defining and modelling the infrastructure of the 
complex buildings with local RES (Renewable Energy Sources) microgrids. 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 feature of the microgrid ontology could be providing means for semantic 
interpretation of signals going to/from the Automation & Control system (Figure 2.) for the 
purposes of running the FDD (Fault Detection Diagnosis) algorithms. The semantics of a 
signal in this context may consider information such as the relevant sub-system (for 
photovoltaic sub-system, storage sub-system etc.), device or functionality that triggers some 
event (tariff change) and measurement type, which corresponds to a sensor reading related to 
specific device or functionality (like reading of energy production and consumption, or 
ambient parameters such as temperature, wind velocity etc.). In other words, this implies the 
semantic recognition of signals in communication with Automation & Control system, 
understanding to which device/system incoming (outgoing) signal belongs, what its 
characteristics are, relationships with other devices/signals, from which location the signal is 
coming, etc.  
On the one hand, SOFIA framework will have to interpret all signals coming from 
Automation & Control system, which could be for instance signals (atomic events) indicating 
that a fault was detected (when sensor readings are out of bounds or certain alarm went off, 
etc). On the other hand, this could be seen in opposite way of communication in sense that 
SOFIA framework is enabled 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. Another, potentially very useful feature of the microgrid ontology, 
beside the two aforementioned, could be providing the information about geographical 
location of every modelled device/signal, thus contributing to the overall awareness of spatial 
context in which the control is undertaken. 
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Figure 2. Communication between SOFIA framework and Automation & Control system 
 

The focus in the development of microgrid ontology was in inheriting the concepts and 
relationship described in generic ontology as well as complying with the SUMO (Suggested 
Upper Merged Ontology) standard. SUMO is an upper foundation ontology that could be 
used by variety of problem solving programs and it is available freely and owned by the 
IEEE. Furthermore, it is a domain independent ontology that addresses the challenge of 
knowledge sharing between various information or knowledge based systems. Therefore, 
additional effort was undertaken to comply the proposed microgrid ontology with well 
accepted ontology interoperability standard. 
 
Describing further the microgrid ontology leads to a hierarchy of concepts and entities that 
model the, energy aware, automation and control domain with the special emphasize on local 
RET (Renewable Energy Technology) devices. Furthermore, it facilitates the semantic 
interpretation of all the energy management related signals and devices. 
 
The ontology includes a number of general concepts in the automation and energy domain as 
well as general location modelling concepts. At the highest abstract level the two basic 
concepts are introduced, System and Topology. The System class is further specified to 
model Device, Signal and Sub-system while Topology has a subclass Area. Going further in 
depth, the Device class is split into Generator, Storage and Utility and Signal class is split 
into Control and Reading signals etc. In order to provide the information about physical 
placement of specific device /signal, premises that the microgrid is utilizing were mapped 
within the Topology concept (within class:room entity defined as subclass of class:area 
entity). Each of these is further specified to model the particular devices and an excerpt from 
the ontology tree is presented utilizing the Protégé editor (Figure 3.). 
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Figure 3. Microgrid ontology tree – RET devices. 
 

Furthermore, the analysis on both the abstract and concrete classes was performed to assign 
the adequate properties. As an example, a list of properties that describe a photovoltaic panel 
(within class:photovoltaic entity defined as subclass of class:renewable entity) are presented 
using the Protégé Instance editor (Figure 4.).  
 

 
 

Figure 4. Protégé editor – Photovoltaic entity properties. 
 
Since the class:Photovoltaic is a subclass of a class: Device and therefore  class: Generator, it 
inherited all their properties, listed as  following: 
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 slot:device_id 
 slot:model 
 slot:manufacturer 
 slot:panel_length 
 slot:panel_width 
 slot:temperature_coeff 
 slot:noct 
 slot:exp_lifetime 
 slot:equipment_cost 

 slot:installation_cost 
 slot:maintenance_cost 
 state_grant 
 slot:locatedAt_area 
 slot:partOf_system 
 slot:connectedTo_device 
 slot:output_power 
 slot:rated_power 

 
The property slots found outside the red boxes belong to the abstract class:Device and they 
are inherited in every subclass lower in the hierarchy. Furthermore, the boxed property slots 
on the right hand side are introduced within abstract class:Generator, while on the left hand 
side the properties found within the box are the one that actually describe the specific features 
of photovoltaic panel.  
 

Finally, the microgrid ontology presents a RDF store that hosts the instances of the model, 
and can be populated with real data from different information sources, and will be used as a 
basis for the creation of rules used within the SOFIA framework. Furthermore, the rules rely 
on technical parameters and relationships included in the ontology and complement the 
definition of automation activities and energy management related actions. 
 
These rules define a situation, as a set of conditions on existence of specific triplets in the 
RDF store, and related actions, which can consequently lead to the creation of new RDF 
triplets which can potentially replace some of the existing data. A system-level rule which 
defines an activity that regulates a Sensor reading and defined threshold values is used for 
illustration. The rule defines that the status of the RET device is to change to “to be replaced” 
if the sensor reading of the sensor is less than or equal to the threshold value specified for the 
replacement, and is defined as follows. 
 

Activity(?a), Sensor(?s), regulatesOnThreshold(?a,?s), 
usesRETdevice(?a,?d), hasReading(?s,?r), isOperable(?d,false), 
hasThresholdReplacement(?a,?t), lessThanOrEqual(?r,?t) -> 
IsToBeReplaced(?d, true) 

 

Conclusion	
 

 
In order to apply the SOFIA framework for the purposes of control and supervision of objects 
with microgrids of local renewable energy sources, the generic ontology was extended into 
the so-called microgrid ontology. Indeed, the microgrid ontology defines the model of 
infrastructure that hosts the microgrid of local renewable energy sources by classifying all 
relevant technical systems installed at the site with belonging sensor/actuator devices relevant 
for event processing and reasoning within the SOFIA framework. 
 
The analysis on the main ontology entities was performed to assign the adequate properties 
that will facilitate the necessary information regarding both the on-field equipment as well as 
the signals that are used for the communication with Automation & Control system. This 
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information contains device specific technical parameters, relationships with other 
devices/signals, the geographical location within the infrastructure etc.  
Furthermore, to be able to cope with the challenges of integration and interoperability with 
other energy management related information or knowledge based systems, the microgrid 
ontology was built on the basis of the largest, freely available, upper foundation ontology 
called SUMO (Suggested Upper Merged Ontology). 
 
To summarize, the microgrid ontology can be seen as the core of the knowledgebase, which 
presents an RDF store that hosts the instances of the microgrid model, and can be populated 
with real data from different information sources (e.g., devices, sensors etc.) , that will be 
used as a basis for the creation of energy management related rules used within the SOFIA 
framework. 
 



Review of technical solution 
Extending the generic CO2 ontology for control and supervision of 
infrastructures with microgrids of local renewable energy sources 

 
 
The Mihajlo Pupin Institute has developed two instances of the generic ontology in order to 
apply the SOFIA framework in two different use cases. One of them was instantiated for the 
purposes of control and supervision of infrastructures with microgrids of local renewable energy 
sources.  

Actually, they created the so-called microgrid ontology by extending the generic ontology with 
compliance to the well known SUMO ontology standard, thus enabling the knowledge sharing 
between various information or knowledge based systems. 

The ontology includes a number of general concepts in the automation and energy domain as 
well as general location modelling concepts, with special emphasize on local RET devices. 
Based on their semantic description extracted from the real market device sheets, the ontology 
entities were defined and presented with corresponding attributes. 

To summarize, the Mihajlo Pupin institute successfully instantiated and extended the generic 
ontology for the purposes of control and supervision of infrastructures with microgrids of local 
renewable energy sources. Instantiated ontology has been successfully integrated within the 
SOFIA framework providing the semantic interpretation of messages and topological 
information, thus enabling the appliance of rule-based energy management algorithms. 
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