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Abstract- This paper deals with the application of three-dimensional fuzzy logic to DC voltage regulation in active power
filters exploration, the benefits of this approach, and examples of its application on power quality improvement of PV smart
grid system installation. APF are important components of power systems that are used to minimize harmonic distortion and
improve power quality. DC voltage regulation is a critical component of active power filters, and traditional control systems
have limitations in their ability to account for complex and nuanced conditions, leading to less accurate control and less
efficient use of resources. Three-dimensional fuzzy logic is an advanced approach to control systems that allows for more
precise and nuanced evaluations of conditions, compering to classical fuzzy logic or the type 2, leading to more accurate
control and more efficient use of resources, Three-dimensional fuzzy logic algorithm will be proposed and programed under
MATLAB Simulink to control the APF and simulation results are represented and analysed.
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1. Introduction
The study of each part of the installation leads us to

The purpose of this work is to integrate a smart PV system
into the power supply system of an industrial company use
power of 200 kw by exploiting the company recorded data,
with these utilization factors daily, based on the detailed
operating principle. Also in order to ensure the quality of the
energy produced by the PV system [1] [2-4] dedicated to
supplying the company's equipment, an APF will be installed
after its sizing with these different control parts and data
acquisitions as shown in “Figure 1” below: [ 3-7]
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Fig.1 PV system diagrams with APF supplies 200 kw
industrial manifactory

determine the operating system at each hour of the day and
the year; the power output in use is a function of the system
elements characteristics, data of solar irradiance and
temperature.

Modeling of PV system and mainly the solar panels in
ideal conditions and simplified after sizing and the deduction
of its characteristics make the study of MPPT commands
influence on energy quality possible (the output voltage
delivered by the proposed PV structure).[6][2]

The control of the proposed system is based on the new
control technique Fuzzy three-dimensional logic theory
presented on the next part of this work

2. Tree-Dimensional Fuzzy Logic

Fuzzy three-dimensional logic, also known as 3D fuzzy
logic [8-16], is an extension of traditional fuzzy logic that
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allows for modelling three-dimensional systems using three-
dimensional fuzzy sets.

Where Fuzzy logic was first introduced in the 1960 as a
mathematical framework for dealing with uncertainty and
imprecision in data. It was originally developed for use in
control systems, where precise, binary decisions were
impractical. Fuzzy logic allowed for the creation of control
systems that could make more flexible, nuanced decisions
based on a range of input data.

In the early 1990s, researchers began to explore the use
of fuzzy logic for modelling three-dimensional systems. One
of the key challenges in this area was how to represent three-
dimensional fuzzy sets mathematically. In 1992, Kaoru
Hirota proposed a solution to this problem in a paper titled
"Three-Dimensional Fuzzy Control." [12-15]

Hirota's approach involved dividing a three-dimensional
fuzzy set into a series of two-dimensional slices, each of
which represented a different level of membership in the set.
By representing the fuzzy set in this way, it was possible to
perform calculations more efficiently and accurately. [16]

3. Description of The Three-dimensional Fuzzy Logic

Three-dimensional fuzzy logic is an extension of
traditional fuzzy logic that allows for the representation of
fuzzy sets and membership functions in a three-dimensional
space. This approach allows for more complex and nuanced
evaluations of degrees of membership. Fuzzy logic is a
mathematical approach that deals with uncertainty and
imprecision by assigning degrees of truth rather than simply
true or false. Traditional fuzzy logic represents fuzzy sets and
membership functions in a two-dimensional space. In
contrast, three-dimensional fuzzy logic represents fuzzy sets
as volumes, called "3D membership functions." 3D
membership functions are defined by mathematical equations
that describe their shape and position in space. The fuzzy set
is then determined by the intersection of several volumes.
The fuzzy set of FLC and Type 2 FLc are represented in
“Figure 2” below

Fig.2 Classical fuzzy logic set

Where “fig.3” represents a tree dimensional fuzzy logic
set
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Fig.3 Tree dimensional fuzzy logic set

For the three dimensional axes X, Y, Z each axe has him
three dimensional fuzzy set and the controller will use them
all in the same time to estimate the values of either
measurement and references and calculate the optimal
estimated Control for the best regulation of APF DC Bus .

4. Three-Dimensional Fuzzy Logic Advantages

The benefits of three-dimensional fuzzy logic include
more accurate control and more efficient use of resources.
Traditional control systems have limitations in their ability to
account for complex and nuanced conditions, leading to less
accurate control and less efficient use of resources. Three-
dimensional fuzzy logic allows for more precise and nuanced
evaluations of conditions, leading to more accurate control
and more efficient use of resources but this need more
complex algorithms and calculator more powerful to analyse
the big data include in lesser time possible.

5. Three-Dimensional Fuzzy Logic Control Principle

The most bases of the fuzzy logic controller are applied
on three-dimensional fuzzy logic control but with three
dimensional fuzzy set and the needed adaptation on
fuzzification, inferences and defuzzification steps as shown
on “fig.4” below proposed by Volodymyr MORKUN and
Olha KRAVCHENKO on 2021 in [1]

Fig.4 Three-dimensional fuzzy logic control principle

Three-dimensional fuzzy logic is based on mathematical
principles, including set theory, fuzzy set theory, and fuzzy
logic. Set theory is used to define the universe of discourse,
or the set of all possible values of a variable. Fuzzy set
theory is used to define fuzzy sets, which are sets that have
degrees of membership. Fuzzy logic is used to determine the
degree of membership of a value in a fuzzy set.

Where the general basic control structure is represented
on “fig.5” describe the different parts of the fuzzy logic
controller

Fig.5 Fuzzy logic controller structure
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Also we can use the different bases rules of the
traditional fuzzy logic with the three-dimensional fuzzy logic
controller with the consideration of the three dimensional
member sheep set function.

6. Three Dimensional Fuzzy Controller Algorithm

Three-dimensional fuzzy logic can be integrated into
control systems using mathematical algorithms and
programming languages. The algorithms are used to perform
calculations and make decisions based on the input data and
the fuzzy rule-based system. The programming languages are
used to implement the algorithms and create the user
interface for the control system[18][19].

The proposed controller algorithm steps are described on
7 points below:

1) Input and output variables definition

2) Member sheep function definition for each variable
3) Member sheep function plot

4) Control rules definition

5) Control rules aggregation

6) Global control rule plot

7) Command calculation

For the input variable we have taken error on position
and the error variation with the integral of the error as third
input variable

Obtained results are represented in “figure 67, “figure 7”
and“figure 8”
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Fig.8 Three-dimensional fuzzy logic control input set
“’error integral”’

Where the command output is represented by “fig.9”
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Fig.9 Three-dimensional fuzzy logic control output set

[N E]

u

And the control rules are represented on “fig.10”
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Fig.10 Three-dimensional fuzzy logic global control
rules

7. Three-Dimensional Fuzzy Logic Applied To APF Dc
Voltage Regulation

The efficiency of many commercial modules is not
constant and depending on the illumination. This
phenomenon is very often neglected by the manufacturers,
who give no indication of the behavior of their module at low
illumination; [12] [14] the following curves in “Figure 11”
shows the variation in power values given by a 250 Wp PV
panel under standard conditions at a fixed temperature T
equal to 25°c variable during the variation in irradiation (a)
then T variable with 1000w/m2 (b).
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Fig.11 P(V) Characteristic for different values of
irradiance/temperature.

The power delivered by a PV depends on the ambient
temperature, the wind speed, the mounting of the module
(integrated in the roof or ventilated) and all these parameters
change according to the chosen site for modules installation.
In addition, the coefficients linked to the temperature differ
according to the materials used for the manufacture of the
module. [12]

Temperature is a very important parameter in the behavior
of PV cells [13]. “Figure 11” (b) Describes the behavior of
the module under a fixed illumination of 1000W/m?, and at
temperatures between 15°c and 40°c. We notice that the
current increases with the temperature; on the other hand, the
open circuit voltage decreases. This leads to a decrease in the
maximum power available.

The simulation bloc diagram represented in “figure 12”

Fig.12 Simulation bloc of smart grid PV connected to
network

Three-dimensional fuzzy logic can be applied in DC
voltage regulation in active power filters. It has used to
regulate the DC voltage of the active power filter based on
observed measurements, such as the current and voltage
of the filter. It was used to adjust the switching
frequency of the filter in response to changing
conditions, such as variations in the load and satisfice the
coupling conditions between the PV system and the network
of the smart grid.

Where the simulation results are shown on below “figure
137, “figure 14” and “figure 15 representing the dc voltage
of the APF and The harmonic specter of current before and
after filter connection
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Fig.13 Slmulatlon result of smart grld PV Wlth APF

The harmonic specter of current before APF connection to
the smart grid is represented on figure 14
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Fig.14 Current harmonic 'specter of smart grid-PV

Where the “figure 14” represent the specter harmonic after
connection of APF to the smart grid

Fig.15 Current harmonic specter of smart grid-PV-APF

The simulation results present the role of the APF on power
quality improvement according to the APF DC bus control
by the fuzzy logic controller shown in “figure 16”

| | |
Fig.16 APF DC bus control of smart grid-PV

The response time is less than 0,7s and the dc voltage on
permanent regime has a fix value equal to the needed
reference.

Three-dimensional fuzzy logic has also been applied in
process control as artificial intelligence technique.

8. CONCLUSIONS

Three-dimensional fuzzy logic is an advanced approach to
control systems that allows for more precise and nuanced
evaluations of conditions, leading to more accurate targeting
and more efficient use of resources. It can be applied in many
fields, including APF control, where it can be used to
regulate the thrust, voltage, and harmonic order control of the
smart PV system based on observed measurements. The
mathematical integration of three-dimensional fuzzy logic in

control systems is based on set theory, fuzzy set theory, and
fuzzy logic, and can be implemented using mathematical
algorithms and programming languages. With its ability to
handle complex and nuanced conditions, three-dimensional
fuzzy logic has the potential to revolutionize the field of
control systems and improve the accuracy and efficiency of
many processes
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