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Abstract: - In a photovoltaic (PV) control system, the application of a maximum power point tracking (MPPT)
method is the key factor that enables PV modules to operate efficiently under shading conditions. However,
dealing with technical parameters of the MPPT-based controller requires expertise’s knowledge about MPPT
methods. PV planning tools overlook to provide system design parameters needed for the control system.
Ontologies, as knowledge-based models, provide improved representation, sharing and re-use of the relevant
information that facilitate the process of decision-making. In this work, we propose a knowledge-based model
representing key concepts associated with an MPPT-based control device. The ontology model is featured with
Semantic Web Rule Language (SWRL) allowing the system planner to extract information about MPPT
classifications and select an appropriate MPPT method. Moreover, technical recommendations and design
information needed for the control system is delivered as well. Using the proposed ontology helps non-
technical practitioners and end-users to define design-related parameters correctly and plan efficient PV
systems.
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1 Introduction clouds, dust, snow, and pollution. The accumulation
A photovoltaic (PV) system as an environmental- of Varilous partic}es, climate or ambient related, will
friendly and sustainable source of energy requires result in generating less power.

little maintenance [1, 2]. Since 25 years ago, it has To overcome the IQW efﬁmepcy of a PV system
become one of the main contributors among other operating under shading, maximum power point
forms of renewable energy resources [3]. Solar tracking (MPPT) metl.lod's are us'ed, allowmg the PV
energy productions have been grown more than system to perform in its optlmgl operation. An
70,000 MW [4]. Therefore, its significant role in the MPPT-based control ~ system implements the
future of energy resources cannot be denied. The algorithm that controls the generated power. The
convenience of PV system installations has application of an MPPT mgthod and defining certain
motivated residential and commercial consumers to parameters associated with the control system
consider it as an important source of energy. In noticeably improve efﬁgency of the PV system.
Canada, the domestic market has been growing on However, teghmcal requirements of the apphcatlon
average at about 26% per year since 1993 and about would be qu1t§ cqmplex for non-.techmcal mstallgrs.
48% since 2000 [5]. As a result, consumers with The f:omplexny {ngludgs choosing an appropriate
minimum or basic knowledge about the components algorithm, det.errnlmng its parameters, initial values,
of a PV system attempt to install such systems. and further, important components of the control
However, determining components of an efficient system. Non-tqchmcal consumers employ software
system requires an expert’s knowledge, especially tools er planning PV systems. They rely on power
when it operates under shading conditions [6]. estimation reports provided by these. planning tools.
Shadings are caused by nearby objects or Nevertheless,' even the most reliable software,
environmental elements including buildings, trees, System Advisor Model (SAM), overlooks the
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decline of power generations caused by snowfalls.
Yet, there is no PV planning tool that offers
information or any type of data about MPPT
methods.

In this work, we propose a knowledge base
ontology model that represents key concepts
associated with the designing of an MPPT-based
controller. The proposed ontology aids to determine
technical constraints and requirements of the control
system and to select an appropriate MPPT method.
In addition, the ontology model presents system
design recommendations and suggestions that most
PV planning tools fail to report. The designed
ontology, named MPPT-On, is developed using
SWRL rules and queries. Evaluation of the proposed
ontology is performed using a case study. The SAM
simulation is used for planning a PV project. Then,
we employ the proposed model to extract
information needed to deal with MPPT controllers.
The defined rules and queries provide valuable
technical recommendations and design
considerations that help system designers and
project managers in different phases of a PV project.

This paper is structured as follows: the next
section discusses problems in designing an efficient
PV system. In section 3, the processes of designing
and developing the proposed ontology is described.
The ontology evaluation is also stated in this
section. Finally, the conclusion is presented in
section 4.

2 Problems in Designing an Efficient
PV System

PV systems can be designed stand-alone or grid-
connected depending on the application. Stand-
alone PV systems normally deliver power to a single
load or off-grid network of electric loads. Grid-
connected PV systems deliver power to the grid and
can interact with the power network [7]. The overall
topology of a PV system is shown (see Fig. 1). An
MPPT algorithm modulates the duty cycle for the
converter and enables PV system to perform in its
maximum efficiency. A PV system is built in a
series-parallel configuration to produce desire
output power and voltage. In practical, they are
connected in series to form a module of 36, 60, or
70 cells. Then, the modules are assembled in
different series and parallel configurations to form
an array at the desired output voltage and current [8-
11].
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2.1 MPPT Methods: A Literature Review

Classifications of existing methods representing
functionality of the algorithms are widely
distinctive. These perceptions mainly focuses on
MPPT applications, optimization methods, costs,
parameters used, efficiencies, tuning parameters, the
system complexity, and the rapid convergence [12-
16]. Ultimately, the most common clustering can be
defined as: I) conventional or classical methods, II)
modern or soft computing methods, and III) hybrid
methods, and IV) power electronics (PE) based
methods. Conventional methods offer convenience
and simplicity [17]. However, they may be trapped
in local points and detect one of the local points as
the MPP for the system consisting of several PVs
performing under PSCs.

PV DC-DC
Load
Array Converter
Ipv | Vev ; Duty
Cycle
MPPT Iref | PWM Control THHY
Controller Signal

Fig. 1. A typical and simple PV system

Furthermore, they provide lower efficiency and
convergence speed comparing to soft computing
methods [13, 15]. Still, they play important roles in
engineering applications based on their simplicity,
flexibility, gradient-free mechanism, and capability
of searching global optima [18, 19]. Soft computing
methods can be categorized into the artificial
intelligence (AI) and meta-heuristic optimization
techniques [18, 20, 21]. Meta-heuristic methods can
be categorized into two subdivisions, the
evolutionary algorithm (EA) and population-based
or swarm intelligence (SI) methods. SI techniques
mimicking evolution and social behaviour of
creatures in nature [19]. Some researchers have been
improved  conventional and  soft-computing
approaches by hybridizing these techniques. It
means that some studies have modified one method
or combine two methods from different MPPT
classifications and improve the functionality of the
origin algorithm [22]. Therefore, combination of
any method in each category with another approach
can result in developing a hybrid method.
Obviously, due to the complexity of their
algorithms, applications of these methods in real-
world are questionable. In fact, implementation of
an MPPT algorithm is an important technical
concern leading us to add a new branch to the
MPPT classification. Employing hardware and
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technical features of the power electronics
components are the reason they are called PE-based
methods. In a previous work [23], we studied these
methods and highlighted the importance role of
microcontroller-based (MCU-based) MPPT
techniques. Unlike numerous studies concentrating
on developing redundant soft computing MPPT
algorithms, major elements of a PV system and its
architecture are briefly described as important
factors to improve performance of PV systems
under PSCs. It is notified that advanced features of
nowadays’ MCUs such as temperature and
irradiance sensors as well as Wi-Fi connectivity can
be developed in the context of power conversion. As
a result, we add PE-based methods to the usual
MPPT methods classification.

2.1.1 Challenges in the Efficiency Assessment

In a previous published paper [24], efficiencies of
P&O method are assessed when the simulation
model experiencing three different input patterns,
respecting irradiance. It has been shown that
substantial alterations in an irradiance pattern marks
in lower efficiency with a greater number for the
iteration number. The results of the work indicate
that the simulation must be implemented by
experiencing various irradiance shapes. In addition,
applying unrealistic irradiance patterns to the
Simulink model establish unrealistic efficiency
results. In this regard, the reliability and accuracy of
simulations presenting poor efficiency for the P&O
method can be challenged. The fact that there are no
standard irradiance patterns to evaluate accuracy of
a simulation, the accuracy and reliability of the
MPPT methods and their efficiencies are
questionable. Testing multiple conditions and
considering local irradiance data can assist system
designers to pick an optimum MPPT method. The
simulated irradiance patterns and their volatility
should reflect real shading conditions based on the
local climate data.

As a result, it is argued that the efficiency
percentage or the convergence speed related to any
method can be altered when certain adjustments
performed. Even conventional methods may
perform a better efficiency than an EA-based
technique. It means that parameters of a PV
installation can be adjusted based on several
variables depending on the microcontroller, control
parameters chosen (I or V), and configurations of
PV arrays. Therefore, it reveals that choosing an
MPPT algorithm from existence classifications does
not guarantee a certain efficiency percentage,
because of: 1) adjustments applied in experiments
related to the classifications, 2) initial values defined
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in EA-based and SI-based algorithms, and 3)
various PV system architectures.

2.2 PV Planning Tools

A PV system planning tool (sometimes referred to
and known as a designing tool as well) estimates the
energy production and cost of energy of grid-
connected PV energy systems. The output reports
and results of the PV design tool require a reliable
PV performance model representing the real-world
behaviours of the system. There are online
applications and software products freely available
for PV system planning. They allow project
managers, utility consumers, technology developers,
and researchers to easily predict the electricity
output of a PV system and evaluates the system
performance. These planning tools provide
performance predictions and cost of energy for grid-
connected PV projects based on installation and
operating costs and system design parameters
selected by an end-user from databases and data
libraries. These tools provide decision-making
support systems through which PV planning can be
achieved efficiently.

For the case of submitting a reliable PV planning
software to be used as a case study later, we
investigated 31 commercial and open source PV
planning/designing software tools using Google
search. The complete list is available in [25]. These
planning tools provide PV system planning or
designing. The level of accuracy and availability of
technical information were reviewed in the Help
pages, technical references, manuals, software
presentations, demo videos, and commercial emails.
The followings present criteria and overall
considerations for the selection: is a PV design or
planning application included on the website? is the
trial version run and executed completely? how
reliable and accurate were related databases and
meteorological data? what type of PV model is used
in the simulation? what type of technical and
scientific information are presented?

The final list of the most reliable PV planning
tools included: PVWatts, SAM, HOMER Pro,
RETScreen Expert, PVsys, Pollysun, SolarPro,
PVSOL, and PV Perform Mod. The National
Renewable Energy Laboratory (NREL), the national
laboratory of the U.S. Department of Energy, and
the National Research Council (NRC), and the
government of Canada’s largest research
organization, offer free of charge PV designing
services. The NREL’s model employs an accurate
PV performance model, capable of detecting PSCs
and other related DC losses. The developed
performance model, SAM, calculates the hourly
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output of a renewable energy system over a single
year. Therefore, we select the SAM model as the
most reliable and accurate simulation used for
planning PV systems. The ontology evaluation is
performed against this model to verify the benefits
of the proposed ontology.

3 The Proposed Ontology

An ontology is “an explicit specification of a
conceptualization” that can be interpreted as
formally describing a domain of interest through an
abstract model [26]. In this way, the community of a
certain domain can reuse and develop the shared
knowledge constructed with alike terminology.
Ontologies  are  agreements  about  share
conceptualizations including conceptual frameworks
for modeling knowledge and representation of
specific domain knowledge [27]. They are known as
specific frameworks of representational vocabulary
and common terminology. They provide hierarchy
form of specified classes and their relationships.
Interconnection across heterogeneous applications
conveniently provides an understandable framework
for developing ontologies and facilitate them with
up-to-dated knowledge and elaborated semantics
[28]. Ontology can deal with large volumes of data,
share knowledge, and incorporate the relevant
domain concepts as well as their associated relations
[29].

3.1 The Ontology Design

In this step, the scope of the ontology and its
domain are developed. We identify semantics and
different concepts related to MPPT methods in the
PV  domain. There are several ontology
methodologies for developing an ontology including
Methontology [30], On-To-Knowledge [31], NeOn
[32], and Horrocks Ontology Development Method
[33]. While these methodologies have been utilized
in several knowledge base domains, we need to
apply a method that offers convenience technologies
working with many software environments.
Ontology Development 101 is the well-known and
most practiced methodology for developing
ontologies [34]. The concept of Ontology
Development 101 is adopted for developing the
proposed ontology. In the methodology, four main
activities need to be defined [34]: 1) different terms
in the domain and relations among them, 2)
concepts (classes) in the domain, 3) hierarchy
arrangement of the concepts (sub-classes and classes
relationships), 4) constraints, values, and properties
values.
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This methodology presents technologies to build
an ontology from starting point. It applies OWL
language and conveniently implemented in Protégé-
OWL editor that includes several compatible plug-
ins for different applications. As defined in [35],
“Protégé is a free, open-source platform that
provides a growing user community with a suite of
tools to construct domain models and knowledge-
based applications with ontologies.” It is an
ontology development environment that allows to
create, upload, modify, and share ontologies. It
supports OWL 2 Web Ontology Language and
description logic reasoners like Hermit and Pellet
[35]. There are key concepts used in Protégé
including individuals, classes, and properties.
Individuals are known also as instances can be
referred to as being “instances of classes.” Classes
contain all the individuals that are categorized in a
domain of interest. Classes may be organized into a
superclass or sub-class hierarchy, which is also
known as a taxonomy. A class represents a concept
in the domain or a collection of elements with
similar properties. Properties are binary relations on
individuals connecting two individuals together.
Properties describe attributes of instances of the
class and relations to other instances. Object
properties are relationships between two individuals.
Data properties describe relationships between
individuals and data values. Annotation properties
can be used to add information (metadata-data about
data) to classes, individuals, and object/data
properties.

We implement the following steps to construct
our ontology:

1) creating the class hierarchy

2) defining the OWL properties: defining their type
(functional, transitive, symmetric, reflexive, etc.),
and defining their domain/range as per need

3) describing and defining the classes created for
example restrictions (axioms)

4) invoking reasoner, checking the consistency of
the ontology, and creating the inferred view

5) Creating certain individuals by assigning certain
OWL properties

6) Running the reasoner and check it.

Fig. 2 depicts a view of the object properties and
data properties defined for the ontology in Protégé.
Fig. 3 illustrates the graphical representation of the
proposed model including super-classes and their
relationships.
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3.2 SWRL Rules and Queries for MPPT
Methods
SWRL rules are designed to provide information
about the technical and physical characteristics of
the MPPT-Based controller. These information are
essential for the PV system designed by a PV
planning software. During the processes of
identifying class axioms, three areas were detected
as the main resource of concepts in the context of
MPPT including the methods, characteristics, and
control system.

MPPT methods represent knowledge base about
the algorithms, different techniques, parameters
involved, mathematical approaches employed, and
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related variables. Searching techniques used for
tracking GP and functions as well as their
parameters are the intentions of any research
endeavors about MPPT methods. Unlike these
notions, MPPT-linked semantics without physical or
technical features are classified in the sector of
MPPT characteristics. These classes represent
criteria and measures that an MPPT approach can be
compared with the another. The third key
knowledge area in the context of the MPPT domain
belongs to the hardware of an MPPT-based control
system.

Active ontalogy x| Entities x

[Classes | Object propetties | Data propetties | Annotat

v

PSO_ANN
Intelligent
Al_Based
ANFIS
ANN
FL
v © MetaHeuristic
v @ EvolutionaryAlgorithm
Bayesian
DE

v @ swarmintelligence
ABC

ACO

Indiiduals by class x

Active ontology x| Entities x [ Indiiduals by class

Classes | Object properties | Data properties | Annota

Data property hierarchy:

v owitopDataProperty
= ai_basedCharacteristic
= aigorithm_info
= algorithm_initialValue
= algorithm_InitiatedParameterValues_Initializa
= algorithm_OperationProcess_Crossover
= algorithm_OperationProcess_lnitialization
= algorithm_OperationProcess_Mutation
= algorithm_OperationProcess_Selection
= algorithm_OperationProcesses
= algorithm_Population Size
= algorithm_ReferenceParameter
= algorithm_SearchingTechnique
m applicationDependent

AFSA = applicationName
BA = averageGlobalirradiance
cs == averageTemperature
PO = averageWindSpeed
FoA = backtrackingEnabled
Gwo = bifacialModule
K = columnsOfModulesinArray
MBO = controller_InputVariable
ms == conventionalCharacteristic
PSO == crossoverRate
WsA = currentAtMpp

V- © PE_Base == databaseName
BypassDiode == dataLibrary SourceName
MCU_Based == dateOfProduction
PE_qualizer = dcToACRatio
TEODI = discriptionOfApplication
Mppt_basedController = dutyCycle
v~ © Planning = dynamicResponse
b i ‘AmbientCondition = elevation
v @ Environment = environmentalCondition
»-- @ AirCondition = groundCoverageRatio
» © ClimateCondition == handlingClimateChange
v © shading = handlingGridConnectivity
» @ Particle == handlingPowerMismatch
»-© shadingCondition = handiing Shading Severity
»--© ShadingEffect = hybridCharacteristic
»--© ShadingSeverity = idealityFactor
¥ @ ShadingSource = implementation_Complexity
¥ ® Application = intelligentMethodCharacteristic
» © DataLibrary = inverterEfficiency
¥ @ PlanningTool = inverterName
»-© PowertOutput = inverterNumOMPPTinputs
¥ @ PvPerformanceModel = latitude
- © PyType = longitude
(a) @ systemDesigned (b) == maximumACpower

Fig. 2 Snapshot views of the proposed ontology built in Protégé: (a) Class hierarchy, (b) data properties, (c)
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[Active ontology x| Entities x

Individuals by class x

|Classes | Object propetties | Data propetties | Annota

Object property hierarchy:

- owltopObjectProperty

= accepts ShadingFile
= affects

= allowsGridCurtailment

= appliesPvBasicModel

= appliesPvDetailedModel

= calculatesACLosses

= calculatesACPowerProduction

= calculatesAnnual SystemProduction
= calculatesDCDiodes&ConnectionLoss
= calculatesDCLosses

= calculatesDCModuleMismatch

= calculatesDCNameplateLoss

= calculatesDCPowerOptimizerLoss
= calculatesDCPowerProduction

= calculatesDCTrackingErrorLoss
== calculatesDCWiringLosses

= calculatesGridinterConnectionLimit
== calculatesHourlyPowerProduction
== calculatesMonthlyPowerProduction
= calculatesPowerLosses

= calculates SnowLosses

= calculates SoilingLosses

== calculates SubarrayVoltageMismatch
= calculatesTransformerLosses

= calculatesTransmissionLosses

= canDealWith

== canTrackGP

== considerParticle Size

== considersElevation

== considersParticleWeight

= considersPollution

= considersPvGlazing

= dealsWithAmbientConditions

= dealsWithNonLinearity

= dealsWithPSCs

= dealsWithUSCs

== dependsOn

= dependsOnPvType

= estimatesOverallLandUsage

= generates ShadingData

= hasAlgorithm

= hasAlgorithm_Crossover

== hasAlgorithm_Equation

= hasAlgorithm_info

== hasAlgorithm_nitialization

== hasAlgorithm_nitialValue

== hasAlgorithm_Mutation

= hasAlgorithm_Parameterfactors
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) owl:Thing
G * @ Modeling
< | 1" ® Mppt_basedContr
\ 1— olier
T ~ — s
< - < = ~ A TN Convergence
= : G
= * @ Complexity
s * & PeriodicTunning
S \ =
Cost
NonLinearity T

RealTimeRespons
]
Implementation

TrackingGP

* @ oOscillationArou
ndGP

Fig. 3 A graphical representation for MPPT characteristics and its classifications

Technical features and physical properties of the
controller are embodied in this stream. These
properties are defined in the ontology so that the
important properties of an MPPT method can be
obtained. Fig. 4 outlines these data properties from
which the SWRL rules are extracted. The prioritized
numbers shown in the figure states how important is
the SWRL rules. In other words, defining rules for
MPPT algorithms alone can be useful for the MPPT
database.

Information of the algorithm and its properties

p—

Present method characteristics

IMPPT characteristics

The MPPT Database SWRL priority (3)
Rules

Capabilities in defining ambient Conditions

PV planners can present the information of the
method algorithm to the system designer for
technical purposes. The defined SWRL rules can
produce different reports associated with MPPT
methods. The aid of the model is to provide
technical recommendations and design information
needed for an MPPT controller. SQWRL queries are
employed to define various rules and extract
information from the MPPT database added to the
ontology as instances.

Provide the algorithm information

Provide an appropriate MPPT method based on the application

What is the method efficiency?
What is the method convergence?

How is the algorithm complexity?

What is the cost of the method implementation?

How complex is the implementation?

Does the method depend on the PV type?

Does the method depend on the application?

Does it need periodic tunning?

Does it have oscillation around GP?

Does the method handle grid connectivity?

Can the method track the global point of the P-V cure?

Does the method deal with PSCs?

Does the method deal with USCs?

Does the method deal with ambient conditions?

Does the method deal with changes in weather conditions?

Does the method deal with power mismatches?

Does the method handle shading severity?

Provide technical Information MPPT-Based Control System

Priority @

Fig. 4 The structure of SWRL rules for the proposed MPPT database
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SWRL rules, in fact, act to evoke knowledge out of
the ontology model instead of manipulating data or
changing values of a class assertion and produce
new class assertions.

3.3 Evaluation of the Proposed Model

The evaluation of an ontology is as important as
developing it. Evaluation can be deemed as an
approval for the application of a developed
ontology. It indicates that how suitable the ontology
model is for which it is supposed to used. The
proposed ontology is semantically validated by a
case study.

Farhad Khosrojerdi,
Stephane Gagnon, Raul Valverde

Using the SAM simulation, we design a PV power
generation system capable of producing 179.77
(kW) AC power located in Montreal, QC, Canada.
The technical characteristics and the sizing
summary of the system designed is presented in
Fig. 5. The SAM model provides several reports
presenting hourly and monthly power productions,
while there are no technical specifications about the
MPPT-based control system. Therefore, the
designed system represents no information about the
MPPT-based controller.

AC Sizing Sizing Summary
Number of inverters 3 Nameplate DC capacity 173.967 |kwae Number of modules; 69
DC 0 AC ratio. 097 Total AC capacity 179577 |kwac Number of strings 58

Size the system using modules per string and strings 183300 | kWdc Total module area| 8658 |m*

in parallel inputs below.

Total inverter DC capacity

(] Estimate Subarray 1 configuration

DC Sizing and Configuration
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel 10 a single bank of inverters, for each subarray, check Enable and specify a number of strings and ther properties.

Subarray 1 Subarray 2 Subarray 3 Subarray 4
Electrical Configuration
[enable [ enable [CJenable
Modules per string in subarray 12
Strings in parallel in subarray 58
Number of modules in subarray 696
String Voc at reference conditions (V) 6112
String Vmp at reference conditions (V) 5136
Tracking & Orientation
® Fixed
1 Axis
2 Axis
O Azimuth Axis
s T O Seasonal Tilt
OTilt=latitude
Tilt (deg) 20
Azimuth (deg) 180
Ground coverage ratia (GCR) 03

Tracker rotation limit (deg)
Backtracking

Ground coverage ratio is used (1) to & hen 3 ane-axis tracking system will backtrack, (2) in sel-shading calculations for fixed tit or one-axis tracking systems
on the Shading page, and (3) in the total land area calculation. See Help for details.

Electrical Sizing Information
Subarray 1 string voltage is below the inverter minimum MPPT voltage at reference

conditions. Consider using more modules per string.
570.0 |vdc

Maximum DC voltage, 10000 |vdc
Minimum MPPT voitage|
Maximum MPPT voltage! 8000 |vdc

Voltage and capacity ratings are at module reference
canditions shown on the Module page.

Fig. 5 Technical characteristics and sizing summary of the case study

Aclive ortology = | Enlities = Indiduals by class =| OWLViz = | Individual Hierarchy Tab = | DL Query = OnioGraf =| SWRLTab = SQWRLTab =
Name Query Comment
s1 5°W’. 7w) -> squrl-selecl(?w, 7ap)
82 leuro-Fuzzy Inference System (ANFIS)") -> sqwrl:select(?c, 7i)
53 List all MPPT methods recommended
54 7 1asOscillaionAroundGP(?c, Poscillation) * dealsWithPSCsi?c, 7psc) * canTrackGP(?c, 7gp) -> sqwri:seleci{?c, 7osdllation, 7psc. 7op) A query 1o list all the conventional methads in the ont.
2. J)_ | quey to provide the tachnical infarmation of Adapliv_

Hew

SQWRL Queries OWL2RL S5

c t o mspeed

P a
method22 Yes No Because of the application of _ The ANFIS-base contollersi_ Yes true High e High Fast

(& Edit X

Name

fs

Comment

. quey to provide the technical information of Agapive neurc-uzzy inference System (ANFIS) MPPT metad
Status

ok

r)* canTrackGP(7c, 70 * hasOsaillationArouNdGR(?e,
7a)" applicat 2

7c, 7d)* methosComplexty(?c, 7mc) *
781,70, 7mc. Pmspeed]

riodicT unningi ¢, 2p) * alg
onneciity(2c. 7g) (7C, 76) VD
methodConvergence(?c, mspeed) > sqwr:select(?c, 7t 70, 7p, 7a, 73D, 70

Fig. 6 SWRL query and its result: information about the ANFIS method

Edit | Clone | Delete

3.4 The Application of Proposed Ontology
The methods are added to the ontology as

instances building an MPPT database that offerings

technical information needed for designing the
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controller. The application of the proposed ontology
is to present the technical information about the
MPPT controller containing the MPPT algorithm,
its characteristics, and technical features of the
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hardware. For the case study, we decide to use an Al
method for the controller. Thus, the instances are
reviewed, and the associate rule is implemented to
extract information of an Al-based method. The
query to extract the technical information of
Adaptive neuro-fuzzy inference System (ANFIS)
MPPT method is chosen due to its significant
performances coping with shading conditions.

The rule “Method22” of the ontology introduces
data related to the ANFIS method, which is an Al
technique. Fig. 6 depicts the SWRL rule of its result
presenting information related to the ANFIS
method. It indicates that the method can track GP,
depends on PV type, provide fast convergence with
high efficiency. However, the application of its
algorithm is difficult to implement. The proposed
ontology and SWRL rules and queries are available
in [25].

4 Conclusion

In this work, we have proposed an ontology model
representing MPPT methods and characteristics.
The defined ontology reasoning assists end-users to
plan efficient PV systems under various ambient
conditions. The proposed model has been validated
using a real-world PV project as a case study.

The model consists of all essential parameters
and factors required for designing MPPT-based
control systems. These parameters are presented in
the forms of OWL class axioms, and their
characteristics are defined as objective properties
and data properties. Technical attributes are
specified in the ontology allowing PV planners and
practitioners to determine several elements of PV
design. Moreover, valuable planning and designing
recommendations in the form of queries can be
extracted by exploring the rules.

The only factor that could be perceived as a
setback for using the proposed ontology is that the
user must be familiar with the environment of
Protégé, running the SWRL rule and query. In other
words, the ontology model is not performing any
function by its own and requires a user to apply it.
This limitation can be eliminated in the future
studies by developing an application to implement
the ontology when the end-suer use it.
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