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Abstract—The current paper aims to explore the possibility
of improving the performance of one of the important systems
(boost DC-DC converter) in the field of electrical energy by
contributing to the use of electronic power converters to provide
the scheduled voltage to the loads with changing operating
conditions using traditional (PID control) and expert (Neuro-
fuzzy logic control) methods. Test cases are proposed to verify
the possibility of improvement and the effectiveness of the
system through approved measurement criteria such as
improving stability, response time, efficiency, or a performance
measure for overshoot and undershoot rates and rise time in
addition to steady-state error through which comparison can be
made to know the best between the methodology used to
evaluate the performance of PID controllers and ANFIS
(Adaptive Neuro-fuzzy Inference System). The current paper
deals with a study of the operation of non-linear DC-DC
Converters with a Neuro-Fuzzy Controller. To verify the
system's effectiveness, proposed tests are conducted to simulate
operation in real-time. The assumptions adopted are that the
input voltage value is available from a direct current source with
a voltage of (12) volts, and what is required to supply a load with
a voltage ranging between (22-120) depending on the load
change. The necessary calculations were made to calculate the
converter parameters. The required inductance value was
(160pH) and the capacitance value was (276pF). The simulation
test was conducted using a model consisting of a resistive load
and a step-up converter in addition to the supply source in both
the open-loop and closed-loop system states. System tests were
also conducted in the presence of the proposed controllers to
verify the system's effectiveness.

Keywords—Boost DC-DC Converter; PID Control; ANFIS;
Open Loop System; Closed Loop System: Pulse Width Modulation
(PWM).

1. INTRODUCTION

Converters in general and DC-DC Converters in
particular are widely used in many applications, including
industrial ones, to provide the specified voltage to loads with
changing operating conditions. The importance of using DC-
DC converters is due to the need to address changing
operating conditions, which require an appropriate
methodology to resolve changes such as transients and noise
that result in an error leading to an unstable system, which
requires returning the system to a stable state [1]-[3].

When designing a boost transformer, especially non-
isolated converters, which are usually used when the voltage
change is relatively small. When the switch is ON condition,
the changes in the inductance and the current entering it are

very important as they affect the efficiency of the converter
operation [4]-[6].

With the application of DC-to-DC converters, it has
become possible to reduce the noise condition that occurs and
also protect the circuit from high voltages that lead to damage
to the operating switches, as the electronic circuits are
modified by changing the efficiency of the circuit and
changing the ripples in addition to responding to the transient
load, so the basic and ideal parameters of the circuit depend
on the operating conditions, so the specifications and
requirements of the input and output must be taken into
account [7]-[9].

One of the approved methods is to build and design a
system that works with an algorithm that suits the required
processors, including the closed-loop system as an alternative
to the open-loop. To provide the required output, the
reference value is set and compared with the actual value and
is input to the controller, from which the error in the system
is detected. After that, it is the controller's role to address the
error and return the system to a stable state. Another method
is to test expert systems that can be trained to identify and
detect the error and how to return the system to a stable state,
including using a hybrid controller that combines fuzzy logic
and a neural network. Systems that include Converters are
built through the transformer function that is required to be
implemented, whether it is to raise or lower the value of the
transformer's input voltage from the transformer's output
value. It is worth noting that the components of the
transformer are electronic power devices represented by
electronic switches, which are transistors, as well as the
inductor and capacitor. Electronic switches operate with a
system of opening and closing with a controlled amount of
time to determine the duration of charging and discharging
the inductor and capacitor to obtain the appropriate output.
One of the techniques used to provide the appropriate pulses
to open and close these switches is the pulse width
modulation technique. The problem of operating under
different conditions is considered to be hypotheses and
predictions through an extensive study and review of
numerous studies and mathematical calculations, it is
possible by conducting tests and through a prototype that is
developed and reaching an advanced design that suits the
proposed operating conditions. It is possible to adopt the
results of the research, analyze it, and conclude it as a
reference for subsequent studies that fall within the scope of
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the research and the limits of the current hypotheses for
similar or close operating conditions.

Fuzzy logic (FL) is considered an extension of
multivalued logic. It has become important to adopt a Fuzzy
Logic Controller (FLC) and one of the intelligent controllers
for the appliances. The power feedback control unit for the
DC converter is important to regulate the input without any
error occurring in the next state, in addition to slightly
exceeding the required value of the output and with a quick
response, which gives the circuit high performance and
efficiency, ideally and according to requirements. The control
medium of FC can be illustrated, which has a closed loop that
feeds the external voltage to maintain the stability of the
output voltage. In contrast, the internal loop acts as an input
current sensor. This gives power and ease to the fuzzy logic
operation in controllers. FLC can be used to know the nature
of the changing shape of FC. It can also provide a way to
quickly respond to the input voltage and output current
changes to get the appropriate value. It will also offer a
dynamic response. FLCs have shown clear progress over PID
in terms of efficiency, performance, and speed of response. It
is possible to develop the work of the fuzzy controller in a
way that makes it superior to its predecessor, by adding
intelligent information to the fuzzy rules. This is done by
resetting them through the use of artificial neural networks
(ANN) resulting from the integration of ANN. And FL, with
the use of each of the features of the two control circuits in a
sequential manner, the technology for these systems has
emerged in artificial intelligence and is considered important
and practical solutions when some complex non-linear
problems and issues are difficult to solve and analyze using
regular or traditional techniques. Thus, these units have
demonstrated Their superiority over other control units.

In[10]-[11] applies an artificial intelligence or fuzzy logic
strategy to improve the performance of photovoltaic systems
to variations of I-V and P-V characteristics resulting from
irradiance and temperature that create maximum power point
(MPPT) variation, resulting in fluctuation of the DC voltage
at the input of the boost step converter.

In [12] the work proposed and evaluated 5 MPPT
algorithms. These types are respectively a proportional-
integral controller (PI), a non-linear control based on sliding
modes (SMC), a backstepping approach (BSC), a control
using artificial intelligence based on neural network
(ANNC), and a fuzzy logic control (FLC). Two different
wind parts, a step wind, and a real wind, were considered for
the comparative study.

Parametric adaptive PID control [2] includes Adaptive
PID pole placement control, Adaptive PID control based on
cancellation principles, and Adaptive PID control based on
quadratic performance indices: It achieved extensive
development in non-parametric adaptive PID control, from
artificial intelligence, and it can optimize parameters [13].

The work presented a double boost converter (DBC)
integrated with a three-level diode-clamped multilevel
inverter (TLDCI)and the converter achieved twice the output
voltage in comparison with the conventional boost converter.
The DBC was designed and simulated under open-loop and
closed-loop operating conditions by using Proportional

integral (PI) and fuzzy logic controllers (FLCs) in closed-
loop operations, the DBC was integrated with a three-level
diode-clamped inverter [14]-[17].

In this manuscript comparison of the PID controller with
MPC is made and the responses are presented. MPC is an
advanced control strategy that uses the internal dynamic
model of the process a history of past control moves and a
combination of many different technologies to predict the
future plant output [18][19].

PID controllers are considered one of the most important
and simplest controllers used in various applications,
including controlling the transformer output voltage for
industrial applications. Many technologies have emerged to
represent control units, including expert and intelligent,
which are algorithms inspired by nature for human, animal,
and plant organisms, including the fuzzy logic technology
(FL), the neural network (ANN), the neural fuzzy inference
system (ANFIS), in addition to the genetic algorithm (GA)
and others.

The development is taking place in all sciences, including
engineering science, where many algorithms have emerged
that mimic living organisms such as plants, including roses,
and other animals such as the wolf, and others that specialize
in genes, which is the genetic algorithm, in addition, another

type.

In this study, two non-linear control circuits were
presented, one of which is the open circuit and the closed
circuit, and the design and analysis of the DC boost converter
circuit was carried out, as the control unit is represented by
the use of FLC and PID controllers to improve the circuit’s
work performance and develop it in a way that ensures its
highest levels. A comparison of the two enhancement circuits
without FLC is an open loop. And enhanced with closed-loop
FLC. To develop a proposed control unit that is capable of
dealing with all operating conditions, the block diagrams
were  simulated by  conducting testing  using
MATLAB/Simulink, which consists of the FLC process,
validation of the result obtained, and adjusting the
parameters: membership function, FIS, conclusion. Based on
the obtained result, the simulation results are presented and
the normalization and peak overshoot time are used to
measure the performance. It aims to determine the high
performance of Neuro-Fuzzy controllers compared to
conventional PI controllers and Fuzzy controllers at different
operating points of high voltage and boost converters.

II. METHOD

The method adopted in the current study can be described
by describing the parts and components of the system. Fig. 1
shows the parts of the proposed system to conduct
appropriate tests through which the research objectives can
be achieved by verifying the knowledge of the system
behavior in different operating conditions, which will be
detailed later. The converter part can also be described, and
its other part can be described, which is the traditional
controller, the expert controller, the converter output
connected to the load, and the converter input connected to
the source, as follows: [20].
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Fig. 1. Diagram of the system [20]
A. Boost DC/DC Converters Converters

When looking at the system components, we find that the
focus of the system is DC/DC converters, one of which is DC
boost converters, or step-up converters, as they give an output
voltage greater than the input voltage [21]-[22]. The concept
and importance of boost converters, there are problems with
low-current and boost-converters when transmitting the
output signal in the continuous conduction mode (CCM)
using specific values of bandwidth in the closed-loop
condition so the bandwidth is less than the corner frequency
because at some negative near-zero points the system will
have a small and slow signal response so new methods have
been developed and invented to solve these problems and get
a fast response using a new system and there are two ways
either to develop a high-precision nonlinear model of the
converter or to use an artificial intelligent control system. The
most widely used technology in control systems is fuzzy logic
to obtain a circuit. The modules work better. The intelligent
controller is designed with an approximate system and model.
Many researchers have contributed to the development of
artificial intelligence (AI) controllers for buck converters and
boost converters [1][2].

Basics of Boost DC/DC Converters, the power source in
these converters is numerous and must be constant current,
such as batteries, solar panels, rectifiers, and DC generators,
to stabilize and maintain the energy obtained from inside the
converter, the output current must be less than the input
current or the source current. Therefore, the selection of the
parameters of the electronic circuit must be designed to suit
the requirements. Non-isolated step-up converters are among
the most important converters with an output voltage higher
than the input voltage. They consist of a set of two switched-
mode semiconductor switches (SMPS), in addition to one of
the energy storage components, which is the use of
capacitors, which are connected to the output resistance to
improve the performance of the converter, as well as the use
of inductance, or both. It is possible to increase the efficiency
of the circuit by raising the output voltage and the efficiency
of some converters may reach 96% [24]-[26].

The techniques were used for analog integrated circuits,
and the design technology for control in the linear system.
With the development of high-speed digital circuit
technology, digital control has gradually been replaced by the
analog control unit currently used in converters. High-
frequency switching is a very important role in smart power
supply in the aviation, communications, and automotive
industries [27]-[29].

They are also easy to use, cheap, and lightweight.
Importance in power electronics of boost converters, the
importance of electronic converters as one of the electronic
power systems is highlighted in connecting the sources of
electrical power generation from the power sources such as
generating electrical energy from a solar source and
connecting it to the converter, and the conversion is linked to
a load or storage unit such as batteries or the national grid or
to a micro-grid. The analysis of the inductor current in the
boost converter circuit is very important in the dynamic
response of the boost converter. Also, it can provide the
storage energy information in the converter. That means, any
changes that will happen in the inductor current may affect
the output voltage that will provide steady-state conditions,
the three parameters needed when designing boost converters
are the power switch, inductor, and capacitor. to obtain the
desired output voltage and stability designing the power
switch [30]. To design a boost converter by using the
equivalent circuit in Fig. 2 and the mathematics in equations
(1)-(7) below:

Calculate duty ratio:

I/out — TS — 1 (1)
Vin Toff 1-D
Vin
D=1- )
Vout
Calculate minimum inductance:
di
V.(t) =L— 3
(O =1 G)
V...
AL ==22D 4)
fs
D(1—D)?Ro
Linin 2 ———7"—— 3 (5)
Calculate 25% larger than the minimum inductance
L =1.25L;, (6)
Calculate minimum capacitance:
€ = —0P 7
min = AVoutfs ( )
AV, 1s taken as 1%X V,,,;
Lin Do
Y }
g -1
iDo lil:'
Vin :_,,..l +
fsl = Ry,
v, s—F
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Fig. 2. Circuit Diagram of the boost converter
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B. PID Controller

Types of controllers, Proportional Integral Derivative
(PID), the traditional PI, PD, and PID control units are
considered among the most commonly used control units in
most cases of electronic closed circuits, and the most widely
used of them is the proportional integral derivative (PID)
control, which is considered the most popular control
algorithm in the industry. This is attributed to the advantages
of this system to the PID control units as a result of the
integration of Its performance and operating conditions, as
well as its ease of operation simply and directly [31]-[33].

It is demonstrated that different controllers provide
performance measures such as stability with response speed,
voltage regulation at the specified value, and overcoming
disturbances and transient states of the system. The study
included using a traditional controller type (PID controllers).

The control unit, known as the PID, is widely used
because of its importance and its major role in electronic
circuits. It is composed of three basic axes:

The first includes the proportional, the second the
integral, and the third axis is called the derivative. This
controller represents a diagram of the operation of the system
of the control unit, which works using derivation, for the
variables that enter the system, which includes the plan
signal, the first part to which the signal enters is called the
proportional, which in turn immediately acts on the error, and
then the integral is added to it to make compensation for all
errors, and then to the derivative, which performs future
predictions of errors, and through these three axes, the
procedure of improving controller performance by reducing
steady-state errors and rise/fall times respectively
[20][34][35].

The basic idea of this system's work is to read the sensor,
and through calculations of the responses to the three axes,
the required parameters are extracted for the output part of
the electronic circuit. This system is used in a closed loop, as
the process of reading the sensor is carried out by taking the
appropriate values and repeating them as an output of the
circuit in a fixed loop rate, as was explained in Fig. 3 [36].

The proportional response includes the point of difference
or error, where proportionality depends on the state of the
difference between the point that was determined and the
point of change and the result of the process or what is called
the output, where the relative gain represents the KC ratio of
the output response to that error, and increasing the response
speed will lead to an increase in the relative gain of the
control system for that. It can be noticed in the output voltage
the increase and fluctuation in value as a result of the increase
in KC, and to a greater extent, also notice that the system is
unstable as a result of the increase in the variable of the line
process, and the fluctuation remains continuous and may be
outside the system.

Integrated response, the work of the integrated axis is to
collect the resulting error, and this will lead to an increase in
the value over time, but slowly, and thus an increase in the
integrated axis, and thus the response will increase, but
provided that the error for this case does not have a zero value
and continues until it reaches a certain point called the

saturation state of the control unit, which The integrator is in
the finished state, as in this case the control unit does not
direct the error signal towards zero.

Derived response, the work of this derivative axis
represents the final results if the variable increases rapidly.
Therefore, there is a proportionality between the response to
that derivative with the rate of change of that process.
Therefore, the derivative time parameter Td, as shown in Fig.
4 [36] works to make the control system more effective and
powerful, and its effectiveness is greater with that. Changes
in error, which result from an increase in the speed of the
overall response of the system, and usually a small value for
Td is chosen because the response to the derivative axis is
highly sensitive and is affected by any noise signal, and if
such cases and high noise occur, this may lead to the system
becoming unstable.

Set Error Actuateor System
Point Compensator -.., Output | ___| (Plant)
I

Sensor Feedback

Process
Variable

Fig. 3. Block diagram of a typical closed loop system [36]
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Fig. 4. Block diagram of a basic PID control algorithm [37]

The PI controller is used to regulate to obtain the required
value of the transformer's output voltage regardless of the
disturbances that occur in the load. The performance of the
control unit was evaluated and worked in a situation where
the settlement time is a measure of the performance and
efficiency of the system and the PI makes the overshoot less
[38]. In [39], this research, a design of a new structure PID
controller of the boost converter is offered to optimize the
system and stability compared to the conventional PID. In
this research, a hybrid smart PID controller with a fuzzy logic
controller (FLC) was proposed in a DC-DC converter, as it
represents a non-linear closed loop and is designed
effectively. Its continuously adjusting the PID parameters
according to the load condition, it is possible to improve the
performance of the DC-DC converter.[40], It uses a single-
switch cascade DC-DC boost converter, which has higher
voltage gain and greater efficiency than traditional cascade
converters and other boost-type converters. Because the
proposed single-switch DC-DC boost converter includes one
ontrol switch, it is more efficient, has a smaller size, and has
a lower cost when compared to other types, the transformer
is tested using traditional PID control methods and fuzzy
logic to monitor the dynamic performance [41].
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Conventional proportional-integral (PI), proportional
integral derivative (PID), and nonlinear sliding mode control
(SMC) control techniques are presented and implemented in
double-loop control for DC-DC enhancement and the
dynamic behavior of the converter is observed through
comparative analysis and the response of the controller is
compared. The SMC + SMC controller displays superior
control action for various disturbances compared to the PI +
PI and PID + PID controllers [42].

C. Fuzzy Logic Controller (FLC)

FLC represents knowledge-based controllers, and the
figure shows the structure of the fuzzy logic controller in the
closed-loop system [43][44]. It consists of four parts: the
beginning of the distorted signal input, which is called the
interference interface (FI), and the noise-free output signal,
which is called the interference removal interface (DI). These
two processes include some processes including the rule base
(RB), and the inference mechanism (IM) [45][46].

The way the system works is to input the signals and
classify them through FI into appropriate language
values/sets. To the rule base, RB consists of fuzzy sets
(database) and fuzzy control rules, and then to the inference
mechanism, which is the core and focus of the fuzzy neural
control system, where it can simulate the human decision-
making process, according to the concepts, knowledge, and
inferences of control delays, by establishing relationships and
inference rules. Then it goes to the IM process, which gives
the outputs and inputs to the factory. The fuzzy logic
controller acts as an intelligent controller, and the fuzzy logic
design of the controller can provide the dynamic performance
of small signal and large signals at the same time, which
cannot be achieved by linear control technology, and can
improve the robustness of DC-DC converters. The fuzzy
control action is inferred from the knowledge of control rules
and definitions of linguistic variables, and the defuzzification
interface produces a non-fuzzy control action from the
inferred fuzzy control action [47]. Fuzzy control systems are
based on specialized knowledge that transforms human
linguistic concepts into automatic control strategies without
any complex mathematical model [48]. The simulation is
performed in a boost converter to verify the proposal.

Fig. 5 structure of the fuzzy logic controller on a closed-
loop system, is considered an extension of multivalued logic,
and one of the intelligent controllers for the appliances [49].

FUZZY CONTROL

Reference|
r(t)

Input Output
u(t) ¥()

[

Fig. 5. Structure of the fuzzy logic controller on a closed-loop system [49]

The power feedback control unit for the DC converter is
important to regulate the input without any error occurring in
the next state, in addition to slightly exceeding the required
value of the output and with a quick response, which gives
the circuit high performance and efficiency, ideally and
according to requirements [50][51]. In [52] The control
medium shows the current state of the FC, which contains a
closed loop feeding the external voltage to keep the output
voltage stable, while the inner loop works as a device to sense
the input current. This gives strength and ease to perform the
fuzzy logic process in the control units. In [53] represents a
way to quickly respond to changes in the input voltage and
output current to obtain the appropriate value and a dynamic
response.

FLCs have shown clear progress over PID in terms of
efficiency, performance, and speed of response. And by
developing the work of the fuzzy controller to make it
superior to its predecessor, by adding intelligent information
to the fuzzy rules. This is done by resetting them through the
use of artificial neural networks (ANN) resulting from the
integration of ANN. And FL, with the use of each of the
features of the two control circuits in a sequential manner,
technology for these systems has emerged in artificial
intelligence and is considered important, and practical
solutions to some complex non-linear problems are difficult
to solve and analyze using regular or traditional techniques.
Thus, these units have demonstrated superiority over other
control units [53][54]. In Fig. 6, the block diagram of the
complete system, along with the circuit diagram, is presented
[55].

Vrel  Error
Artificial

+ e(t)
‘O—. Intelligence-Based
b Controller

l

Fig. 6. Block diagram of the complete system [40]

Converter Vout

I1I1. SIMULATION AND VERIFICATION

When we want to simulate a circuit, it is necessary to take
into account the main points and specifications for
controlling the circuit, as they are challenged by the operation
of the circuit, which includes the following:

The occurrence and determination of the fault condition,
the stabilization time of the value, the state of the voltage or
current value that can be exceeded, or the transient value that
achieves the desired result, as well as the amount of
frequency. The obtained stable error state has a major role in
the amount of gain for the DC loop. The relationship is
inverse. In the case of increased gain in the DC loop for the
open loop, we notice a decrease in the error state for the
stable.

Using pulse width modulation (PWM), Pulse width
adjustment represents an important technique for regulating
the average output voltage, as it is used to convert alternating
current power in electronic circuit systems, especially
converters, by varying the duty cycle of the converter at a
higher conversion frequency, which leads to obtaining a low-
frequency voltage or current value at the output.
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The simulation is performed on the circuit by using pulse
width modulation (PWM), and a proportional-integral-
derivative (PID) controller for the load regulation of the boost
converter. The values of the parameters of the boost converter
are shown in Table I.

TABLE I. THE PARAMETERS AND VALUES FOR THE BOOST Dc-Dc

CONVERTER
parameters Rated value
Input Voltage (Vin) 12V
Inductor(L) 160uH
Capacitance (C) 276uF
output Resistance (Rout) 9Q
Output Voltage (Vout) 22V
Switching frequency(fs) 10kHz
Duty cycle 0.454
Power 53.78W
Output current (Iout) 2.44A

In this section, the first state simulation of the open loop
uses the simulation model in Fig. 7 for the boost converter's
circuit diagram and the response result at this state. That is
shown in Fig. 8 below:

e Using pulse width modulation (PWM) Generator DC-DC
with constant 0.485

Continuous

powergui

L 1604H

Fig. 7. Design of boost converter open loop using (PWM),

Vin=1v, Vout=22.08v, Iout=2.454A, Iin=4.604A

Open Loop Boost DC-DC Converter
| | | |

L]
T

@

Winplvott]

lout [amperz|

=

i | I | i i 1
L] 0.002 0.004 0.008 0.008 001 0.012 0014 0018 0.018 002
Time (seconds)

Fig. 8. Iout, Rise time=412.530us, Slew
Iin, Rise time=374.116us, Slew Rate=58.826(/ms)

Rate=4.710(/ms)

e Using pulse width modulation (PWM)

Continuous

‘powergui

ca76yF

]

(PWM),

of  boost
Vin=12V, Vout =21.27V, Iout=2.363A, lin=1.552A

Fig. 9. Design converter open loop using

Cpun Loop Boost DG-DG Sonverter

o o002 0.004 o.008 o000 oo 00z 0.014 0018 oo ooz
T (Aecana)

Fig. 10. Vout, Rise time=412.53us, Slew Rate=42.394(/ms) Iout, Rise
time=412.530us, Slew Rate=4.710(/ms), lin, Rise time=374.116us, Slew
Rate=58.826(/ms)

In this section, the second state simulation of a closed
loop uses the simulation model (PI, PD, PID), in Fig. 11, Fig.
13, Fig. 15 for the circuit diagram of the boost converter and
the result for response at this state. that shown in Fig. 12, Fig.
14, Fig. 16, below:

e Using proportional-derivative (PI)

L]

Fig. 11. Design using proportional-Integrated (PI), P=5, =68, Vout =21.77,
Iout=2.419A, Iin=6.798A

=L —p—{]

Error Gain

1808
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Cizzad Lecp Pl Boset DODC Coestsr
'

Fig. 12. Rise Time and Slew Time of the output and input (V, I)

e Using proportional-derivative (PD)

Continuous.

powergui

P=15,0=0.002

Fig. 13. Design using proportional-integrated (PI), P=15, D=0.002, Vout
=21.67, Iout=2.408A, Iin=3.749A.

s cop P10 beos OCADC soevartar
|

B
Tims {smeanes]

Fig. 14. DVout, Rise time =130.176ps, slew Rate=57.600(/ms)
Iout, Rise time =130.176us.slew Rate=6.400(/ms), lin, Rise time
=275.173us, slew Rate=64.298(/ms), Fall time=168.740us, Slew rate=-
104.854(/ms).

e Using proportional-derivative (PID)

L160pH

P=15,1=160.0=0.001

Fig. 15. Design of boost converter using close loop (PID)controllers, P=15,
1=160, D =0.001, Vout=22.22V, lout =2.468A, lin=3.446A

Fig. 16. Vout, Rise time=130.018pus, Slew Rate=57.660(/ms) Iout, (Rise
time=130.018us, Slew Rate=6.408(/ms), lin, Rise time=275.173us, Slew
Rate=64.298(/ms)

The third state simulation of a closed loop, in this section,
uses the simulation model NFLC:

It is possible to work on developing and using a hybrid
system of fuzzy logic and a neural network with the training
process to obtain learning and prediction for nonlinear
systems. The process of adjusting the system parameters can
carried out according to basic data that depends on an
appropriate output, with changing operating conditions such
as changing the load, the Performance can be known through
the behavior and results of the system to determine the
effectiveness and efficiency of the system according to the
scale of the required rate determined for the output voltage,
the parameters of the under and overpass, the stabilization
time, and the rise time. From this, the level of performance
can be revealed through the simulation results of the proposed
test cases,

e Analytical Terminology

For the requirements of conducting the design of the
converter circuit, the appropriate switches must be chosen for
this purpose, as there are a few switches that are used to
perform the development and analysis process in the fuzzy
logic system unit. These switches include the following: BJT,
power MOSFET, IGBT, and others.

e Membership Functions in Fuzzy Logic

Fuzzy controllers are designed based on general
knowledge, as they do not require mathematical calculations,
but rather a model for conducting the design process in the
boost converter. The controllers are designed to adapt to
different operating points using a fuzzy inference system on
the model Mamdani. By using two input variables, error (e)
and change error (de) where the single output variable in this
fuzzy logic system is the duty cycle(D) of the PWM [38].
That is shown in Fig. 17 to Fig. 20.

FIS Type: mamdani

Current Variable
©r method - e -

Ieslication = Type tnput

Aggregation —_—

— —— |

‘mmm FIS o fzero" ]

Fig. 17. The membership function plots
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Fig. 20. The membership function of (D) error

e Table Rules in Fuzzy Logic Xoeat: o Civom: o T zeway  p

To create a table that includes the states used to control B - R .
the output of the boost converter. The error and error change |“"‘ B ”""‘"“'““’ 101 || Hop | ciess l|
it considered as inputs to the fuzzy logic controller and the ’ne-w |

rules of the fuzzy logical table [56]-[58]. According to the
details in Table II, seven sets of inputs it used, NS- negative
small, NH- negative high, ZO-zero area, PS- positive small,
and PH-positive high, as well as the rules for the control
process. In Fig. 21(a) and (b), an adaptive neuro-fuzzy
inference system (ANFIS) with two inputs with seven
membership functions for each input, one output, and 49
rules. Fig. 22 shows the 3D representation of the rule surface
relating to the value of the output for any combination of the
two inputs.

Fig. 22. Rules representation by the 3D surface view

e Simulation results of ANFIS-Based Controller for a Non-
Linear Power are shown In Fig. 23 and Fig. 24.

TABLE II. THE ERROR RULES, DE ERROR, D

J
D error
PH PM PS 4 NS NM NH ‘
NH Z DNS | DNM | DNH | DNH | DNH | DNH —
NM | DPS Z DNS [ DNM | DNH | DNH | DNH
NS | DPM | DPS 4 DNS | DNM | DNH | DNH
de Y4 DPH | DPM | DPS 4 DNS | DNM | DNH
PS | DPH | DPH | DPM | DPS Z DNS | DNM
I;,I\I_/II ggg ggg ggg [];gl;_/ll [[))}}:I\S/[ D%’S DES Fig. 23. Design of boost converter using close loop NFLC controllers,

Vout=22.18V, lout=2.464A, lin=7.642A.
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Fig. 24. Vout, Rise time =275.173us, slew Rate=64.298(/ms), lin, Rise time
=280.763us, slew Rate=50.508(/ms), reshoot =32.919% overshoot
=16.102%, undershoot=17.058%, Fall time=168.740us, Slew rate=-
104.854(/ms)

1V. DISCUSSION THE RESULTS

Through the results obtained for the boost converter
circuit and the parameters that were chosen to design the
circuit, it is noticed that:

In the case of an open circuit loop, the results showed that
the output voltage reaches a value in the overshoot (30 volts)
and gradually decreases with its fluctuation and stabilizes at
a value of (22.08 volts), (21.27 volts) and the output current
value is (2.454 A), (2.363A) depends of the duty cycle that is
showed in Fig.7 to Fig. 10.

In the case of a closed loop, using the PID controller in
three types(PI, PD, PID)the output voltage rises to the value
of (80volts) it begins to fluctuate slightly until it stabilizes at
a value of (22.77 volts), (21.67 volts), (22.22) and output
current value of up to (2.363), (2.419), (2.408) and that
depends on the types of the PID controller also depends to the
tuning of the values of the elements that is shown in Fig.10,
Fig. 11 to Fig. 16, (P, PD, PID).

Fig. 23 and Fig. 24 show the simulation using the NFL
controller, the output values overshoot (30 volts) and then
fluctuate slightly until it stabilize at a value of (22.18 volts),
and the output current reaches (2.464A). This transitional
phase and the rapid response to reach a stable value for the
Vout state of (22 volts) shows the difference between the
open and closed-loop systems. The wave diagram also shows
the state of the current and its transition to stability very
quickly, which resulted from simulating the induction
current.

Table III Shows the changes in both cases (open-loop
circuit and closed-loop circuit), showing the readings of the
output voltage deviation, the overshoot percentage, the rise
time, the slew time, and the fall time. A closed-loop circuit
with a fuzzy controller has a faster rise time, a faster settling
time, and a lower voltage deviation which is the difference
between the reference voltage setting and the output voltage,
and an open-loop circuit has a slightly higher voltage
deviation.

Table IV shows the simulation results of the FLC circuit
with the variables Rout. At D (45.4 %), Vin (12v), and Vout
(22v), the change in the output voltage appears very slight,
approaching the required value, which shows the superiority
of fuzzy logic control circuits is evident. Fig. 25 to Fig. 32
when using variable duty cycle D values in the circuit of
fuzzy control with the variable Rout.

TABLE III. THE DIFFERENCE IS BETWEEN THE TWO CASES OF AN
OPEN AND CLOSED CIRCUIT
parameters When D=45.4 %, Vin=12v, V out =22v
Rout(Q) 9 10 40 70 100
I out(A) 2.464 2.226 0.573 0.327 0.229
Lin(A) 7.641 7.167 3.897 3.418 3.29
Pout(watt) 54.65 49.55 13.01 7.49 5.258
V out(volt) 22.18 22.26 22.81 22.88 22.9
TABLE IV. THE CHANGE IN OUTPUT RESISTANCE
Open L(?Op ci Closed Loop Circuit
reuit
Details PWM
with PWM PI PD PID NFL
constant
Vin (Volts) 12 12 12 12 12 12
Vref.
(Volts) 22 22 22 22 22 22
Vout 2127
(Volts) 22.08 : 2277 | 21.67 2222 22.18
Act.
Overshoot
Voltage% B 16.102
Undershoot
Voltage% B 17.298
Tout (A) 2.454 2.363 2.42 2.408 2.468 2.46
Tin(A) 4.604 1.552 6.79 3.749 3.446 7.64
fout, Rise | 45395 | 412,53 . 130.176 | 130.018 | 275.17
Time(us)
fin, Rise | 361 147 | 374.11 - 275.173 | 275.17 | 280.76
Time(ps)
Vout, Rise | 453917 | 412530 - 130.176 | 130.018 | 275.17
Time(ps)
Tout, Slew
Rate(/ms) 4307 4710 - 6.400 6.408
lin, Slew
Rate (ms) 50.113 58.826 - 64.298 64.29 50.51
Vout, Slew | 3¢ 5 42.394 - 57.600 | 57.66 | 64.298
Rate (/ms)
Fall time - | 16874 168.74
us
= E

Fig. 25. The circuit when Rout= 10Q
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Fig. 26. Vout=22.26v, lout=2.226A, lin=7.167A
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Fig. 30. Vout=22.88v, Iout=0.327A, Iin=3.418A
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Fig. 32. Vout=22.9v, Iout=0.229A, Iin= 3.29A

Also, when using variable duty cycle D values in the
circuit of fuzzy control with the variable Rout. It gives the
same value as the Table IV.

Casel. When D=70%, Vin= 12v, Vout=40v
Case2. When D=80%, Vin= 12v, Vout=60v
Case3. When D=90%, Vin= 12v, Vout=120v

Fig. 33 to Fig. 35, shows the work of NFL control when
Rout=9 Q, Vin=12v, D and Vout change:

CEEC
[

povergu

Fig. 34. The circuit when D = 80%, Vout = 60v, Rout=9Q

Zainab Ameer Al-Dabbagh, Neuro-Fuzzy Controller for a Non-Linear Power Electronic DC-DC Boost Converters



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

1489

Fig. 35. The circuit when D = 90%, Vout = 120v, Rout=9Q.

In Fig. 36 to Fig. 38, Shows when Rout =100 Q, Vin=12v,
D and Vout change:

R1000

Fig. 38. The circuit when D = 90%, Vout = 120v, Rout=100€2.

V. CONCLUSION

The research provides a comprehensive analysis of the
performance and behavior of the system according to the
proposed test cases, in addition, evaluates the effectiveness of
the methods used to regulate the converter output voltage
using the proposed control units suitable for industrial
applications through experimental evidence of various test
cases as a result of changing operating conditions and

identifying the behavior of the system along with the
performance of those algorithms in adjusting and regulating
the converter output appropriate. The simulation aims to
build and design a high-quality system, through the latest and
best technologies in various fields, including regulating the
output voltage of the boost converter with Adaptive Neural
Fuzzy Inference (ANFIS) technology.

Through the results, appropriate control methods can be
determined, which makes the work and direction of the
researchers and its status a reference for similar future work.
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