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ABSTRACT

In the recent years, Buck converters have been widely involved in a variety of the everyday applications
such as smartphones and PCs. Buck converters can provide better and steadier performance when
integrating a control system in the design. Therefore, it is interesting to work on this integration and gain
the required efficiency in term of the gained voltage. In this paper, PID controller is adopted to control the
output voltage of the Buck converter. An optimization is achieved on the performance of the Buck
converter using two bio-inspired algorithms namely, Particle Swarm Optimization (PSO) and Acrtificial Bee
Colony (ABC). The voltage controlled Buck converter system is simulated using Matlab environment to
validate the proposed PID controller system. In this study, the voltage regulation process of Buck converter
is investigated based on many working disturbances such as the change in the supply voltage, reference
voltage, and load resistance in order to verify the robustness of the proposed PID controller. Finally, the
feedabck voltage control system of the Buck converter is implemented experimentaly in real-time to
validatde the simulated PID controller.
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1. Introduction

In the last four decades, the appropriate use of electrical components has noticeably grown. Currently, there is

strong competition among worldwide companies in making the electronic devices smaller aiming at reducing
the power consumption and increasing the lifetime of the devices. Technologies such as power converters
devices that have attracted the attention of many researchers and developers around the world since these
power electronic devices have currently played a significant role in wide applications fields.

In electrical engineering, power conversion reflects the process of converting the current form of electric-
power to another form. The conversion may happen between AC and DC; it also can happen when changing
the frequency or voltage or the combination of both. The DC-DC type of converters has been widely utilized
in industrial and commercial applications. A recent statistic estimated that approximately 70% of the
consumed power is mainly processed by electronic technologies and devices [1].

A DC-DC converter is an electric circuit that is able to convert the level of DC voltage to another level [1]. A
Buck converter can perform three main functions ; 1) steps down the output voltage of the converter to a
desired value. 2) stable the output voltage. 3) buck converter can be used as a quality factor. Buck Converters
are a type of DC-DC-converters that aims to step down or lower the input DC voltage to a stable output DC
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voltage [3].

Buck converters, which are also called step-down converters, are considered a DC-DC switch-mode power
supply. The main purpose of this type of voltage converters is to lower or buck the input DC voltage to a
stable lower output DC voltage [3]. There are two main types of buck converters; classical and hybrid. The
classical buck converter is simple in terms of concept and topology. Classical buck converters are widely and
efficiently used as a voltage regulator. Practically, adding additional components (e.g., capacitors or inductors
[4]) to a classical buck converter will lead to having a large number of converter topologies with a high ratio
of voltage conversion [5]. The classical buck converters cannot provide smart electronic devices such as
mobile devices, which are under continous development, with the required voltage regulation process.
Therefore, the hybrid buck converters have been introduced and developed by many power researchers. This
kind of converters can provide the load with fast transient response with seamless loop transition
automatically . Most of modern devices like electric tools, smartphones, tablets, laptops, etc.) use hybrid buck
converters. Moreover, fast response and high-efficiency circuitry are the central and core needs for any
electronic device.

Inductors and capacitors components can be used with buck converters for the purpose of increasing the
power conversion efficiency [6]. These components are mainly used to control and transfer the input to the
output based on the current state of the switch. In OFF stat, no power is provided by the source, else the
inductor plays the role of the voltage source . In a buck converter, the energy storage in the inductor is
controlled by the switch. The inductor is considered the current source aiming at keeping the output capacitor
charged . While the capacitor is used to reduce the ripples in the output of the converter. In this case, it
waves-off the output by filtering the harmonic currents away from the load.

According to the aforementioned description, the buck converters can be used for high efficiency over a large
load current range as well as for fast load line transient response [7]. Several controller techniques have been
developed by many power researchers to perform feedback voltage control of buck converters [2], such as
Proportional Integral Derivative (PID), Neural Networks, Fuzzy Controller and Hybrid Control System
approaches. PID is a type of controller technique that is widely used for regulating and controlling process
variables of systems such as position, speed, temperature and pressure, etc. using control loop feedback. The
idea of a PID controller was first introduced in 1911 by the scientist EImer Sperry and then implemented by
Taylor Instrumental Company (TIC) in 1933 [8]..PID controller can be used to control the output voltage of
Buck Convertor [9]. The performance of the PID controller can be optimized by using bio-inspired algorithms
and computations, such as Genetic Agorithm (GA), Partical Swarm Optimization (PSO), Bacteria Foraging
Optimzation Algorithm (BFOA), Artificial Bee Colony (ABC) etc. The optimization methods are involved to
do tuning process of the controller parameters. The integration of Buck converters, PID controllers, and bio-
inspired computations has been widely used in a variety of applications [9].

Furat [10] proposed an approach that used the ABC algorithm where a three-channel cost function was used
to, separately, search the “optimum” value of each of the parameters. The reason behind using a three-channel
was because the single cost function did not reflect the different impact of each parameter. The approach
resulted in providing efficient performance, which was also confirmed in [10]. Civelek et al. In [11], ABC
algorithm is adopted to optimize the PID controller for buck converter system. The presented approach
showed efficient performance in terms of overshoot, settling and rise times when using the Mean Squared
Error (MSE) as the cost function. The authors Sonmez et al. [12] benchmarked the voltage regulation
performance of ABC based PID controller versus GA-PID controller. They executed several simulations using
both algorithms and found that the ABC algorithm outperformed the performance of the GA algorithm in
terms of steady-state error and settling time.

Alma’aitah et al. [13] proposed an approach to tune the parameters of feedback control system for buck-boost
converter with the PSO algorithm. The authors tested the presented regulation system by varying the input
voltage and the output load resistance. Another work proposed by Borin et al. [14] in which PSO algorithm is
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used to develop fixed gain parameters of PID controller for buck converter. They minimized the deviations to
the desired level, which mitigated the time consumed to obtain the required gains. This case was experimented
with by Tumari et al. [15], who involved the PSO algorithm in the design of the PID controller with buck
converters. They used a derivative filter PID (PIDF) in their suggested tuning technique. They found the
optimal gains when implementing a priority-based fitness on the PSO algorithm . Musyafa et al. [16] proposed
an approach that used Arduino with a PSO-based PID in obtaining the best control parameters for a turbine
power control system. The response of the system is assessed using standard performance parameters, which
include settling, rise, peak, and delay times. The results reflected the efficiency of the proposed approach in
terms of the aforementioned measurements. Anead et al. [17] suggested a PSO-PID based method that was
used to assess the nanofluid parameters using the PID and the PSO algorithm implemented in Arduino. The
method successfully provided accurate and efficient outcomes in terms of response and reliability.
Furthermore, the performance of the PSO algorithm has been benchmarked with other bio-inspired
algorithms. Another benchmarking was performed by Moshayedi et al. [18], who compared three bio-inspired
algorithms namely, the PSO, ABC, and Firefly (FA) algorithms. They found that each algorithm was
successful in a particular aspect with some advantage to the PSO algorithm.

According to the literature, there are some limitations and drawbacks in the proposed voltage regulation
approaches. Most of the presented voltage control systems did not test their approaches in specific cases such
as a sudden change in the input voltage or in load. In addition, most of the proposed buck regulation systems
did not pay enough attention to the expected working disturbances, output voltage (Vo and reference voltage
(Vret,)- Hence, this artical is presented to sort out all these drawbacks. The contribution of this work is to
design an efficient voltage regulation system for buck converters using PID controller by considering many
disturbances such as the sudden change in the reference voltage (V), input voltage (Vi,), and load resistance.
The gain parameters of the controller are tuned optimally using two optimization algorithms, PSO and ABC.
These algorithms can positively contribute to the whole PID systems’ performance and results. The simulation
results are validated through the real time implementation of the optimized PID controller in Arduino
electronic device.

2. Buck converter configration and modeling

2.1. Converter setup

The Buck converter is a switched mode voltage regulation system which produces an output voltage less than
the input voltage. The main structure of the Buck converter includes an inductor, capacitor, diode, power
switch and load. Figure 1 presents electrric setup system of the classic Buck converter. The inductor is a
power storage unit in the converter system. It reduces the current ripple and make it smoother. It is also used
to decrease the high values of di/d; that are caused at switching process. In addition, it is used to improve the
regulation process of the converter output voltage, this process is considered crucial during the switching flow
in current that leads to protect the switch when it is under stressed. The capacitor it performs a filter stage in
converter circuit, which is needed for the output voltage waveform to be smoothened. It is also able to filter
the rippled waveform and provide a constant output voltage across the load. The diode is a feewheeling
device, which serves as a controlled switch that uses to provide a path for the inductor current to flow through
the load as soon as the switch is ON. While the power switch is based on MOSFET transistor, which its
switching process is controlled by Pulse Width Module (PWM) signals generated from feedback cotrol
system. In case of the input voltage to the transistor gate is zero, the MOSFET transistor conducts virtually no
current and the converter output voltage is equal to the supply voltage. Finally, the load is any appliance that
is connected across the output terminals of the converter. It can be a simple resistive or complex resistive with
passive and active elements.
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Figure 1. A classic circuit diagram of a Buck converter

According to the above figure, the voltage regulation behavior of the Buck converter depends on two states of
switching [3], which will be discussed in detail in the next subsection.

2.2 Buck converters working modes

There are two modes of operations in Buck converters, which are given below:

2.2.1. Discrete condition mode (DCM)

In this working mode, there is a zero-inductor current period between the ON and OFF switching operations
[19]. Therefore, the inductor current is not continuous. The size and cost of the discrete mode are reduced
compared to the continuous mode [20]. The discrete mode has a fast recovering of the rectifying diode and
high allowable power for the switching transistor. The discrete condition mode is not the concern in this work
because the proposed converter approach is based on the continuous condition mode.

2.2.2. Continuous Conduction Mode (CCM)

In continuous working mode, the current of the inductor flows continuously during the switching period (T ).
During this mode, a priority for reducing the output ripple voltage and harmonics is considered [21]. The
operation of the Buck converter bases on the switching function. Therefore, based on the switch state, two
electric circuits are considered, one for the ON state and other for the OFF state.

2.3. Buck converters switching modes
Buck converters work in two switching modes as described.

2.3.1. Switch ON state

In this working state, the switch is connected to ON state and the voltage source V,(t) is included to the
converter circuit. Figure 2 demonstrates a Buck converter diagram in case the switch status is ON. Under this
state, a reverse current is occurred during the Reverse Recovery Time of the diode, which causes a loss as a
side effect of the ON state as well as the time consumed in the reverse recovery [22]. In low-voltage
switching, the Reverse Voltage and Reverse Current of the diode are low. During this working case, the diode
is Reverse Biased and the load is connected to the supply voltage through the inductor in a direct way. The
inductor current flows through the switch and the voltage of the inductor can be as follows:

Figure 2. Buck converter circuit in switch ON state

dt - (1)
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while the capacitor current is as follows:

dv () . . -
CT =i () —i, () )

In state space formulation of the Buck converter, the inductor current, i; (t) and capacitor voltage V_.(t) are
chosen as the state variables, V;(t) is chosen as an input signal, while V_.(t) as the output signal. The state
vector and control input vector of the Buck converter are given by (3) and (4) respectively:

XO =0 %O =00 V.OI

(©)
u(t) =V, (t) (4)
Based on (1) and (2), the state space representation of the converter system is as follows:
1
o] |9 "ol [
[v; (t)} PR {5}"‘ ®
C RC (5)
i (t)
y(®) =[0 1{ }
Ve (1) (6)
X(t) = Ax(t)+Byu(t) @)
y(t) = Cx(t) (8)
1
B 1
Al 1y B.=| L
Where the state matrix C RCJ input matrix O | and the output matrix C :[O 11

2.3.2. Switch OFF state

During the OFF state of the switch, the freewheeling diode gets ON and provides a path to dissipate the
energy stored in the inductor via the resistor of the load. The schematic diagram of corresponding sub-circuit
of Buck converter is shown in Figure 3. In this working mode, q <t <T , using Kirchhoff’s Voltage Law
(KVL) and Kirchhoff’s Current Law (KCL), the voltage of the capacitor and the current of the inductor in the
converter system are provided in Equations 9 and 10 respectively.

Figure 3. Buck converter circuit on switch OFF state
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di () _ V. ©
dt L

dv (t) i () V(@
dt  C RC (10)

The state and output equations of the Buck converter system based on switch OFF state they are given in
Equations 11 and 12 respectively.

1
[i-L(t)J: 0 —T [iL(t)}{o -
v |1 1 v ] [0]" (11)
C RC
~ i, (t)
yt) =[o 1{\,6(0} (12)
X(0) = AX(D + Bu() ()
14
y(©) =Cx() (9
Where 0 —% oljand C, =[0 1]
Al 2 Bz:[o}
C RC

To derive an average model of the power converter system over one switching cycle,the following techniques

are used:

1-Averaging the circuit: it is an opposed to equation averaging and it is a common approach for circuit
simulations. It can also be applied by separating the switch from the remainder of the converter, then, define
ports of the switch. After that, it is needed to average the switch waveforms.

2- Averaging the state space: it means dividing the switching circuit into two or three structures. The
derivatives of the inductor currents and capacitor voltages are defined for each structure. The voltages and
currents are averaged over one switching cycle.

3- PWM switch modeling: it is a simple continuous space-state method that uses currents and voltage sources
for controlling DC-DC convertors, which is different form the first mentioned technique.

The state space averaging has advantages compared to the first techniques. For instance, the second technique
has a more compact representation of equations as well as its ability to obtain more transfer functions. Also, in
the state-space, both AC and DC transfer functions can be easily obtained. Based on the aforementioned
advantages, this work utilizes the state-space approach.

In this work, the model of the system is formed by state-space averaging technique. The state space
representation of the Buck converter model can be formulated using state space averaging approach by
multiplying (7) (8) by d and (13) (14) by (1 —d) and the resulting equations are added together. The
resulting general state and output equations of the converter are given in (15) and (16) respectively:

X(t) = Ax(t) + Bu(t) (16)
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0o -= d
Where A=Ad+A-DA = | ,I ' B=Bld+(1—d)82={|_} Cc=Cd+@-d)C,=[0 1]
= = 0
C RC

Taking the Laplace transform of Equation 3.15, the transfer function of the DC-DC Buck converter system
with respect to supply voltage is given by (17).

Vo (8)
Vin (S)

—C(sl —A)'B+D (7)

Based on (15) and (16), the above transfer function equation is expressed as follows

d
Vo(s) _ LC (18a)
Vin(s) 32+is+i
RC LC
Vin (S)
V,)_ Lc
d s24 L gy T (18D)
RC LC

In steady state, the average capacitor current is assigned to be zero, the current of the inductor is equal to the
output current of the converter

Vi () =V, D), =V, (O)(T, —T,,) (19)

Based on the above equation, the duty cycle (d ) is formalized as follows:

on (20)

The suitable values for the system parameters are listed in Table 1.

Table 1. The parameters of the system

Component Value
Source voltage 24 \/
Inductance L=0.9uH
Capacitance C=150pF
Load resistance iL=2mQ
Sampling interval h=3uS

PWM sampling interval  hy,,,=30ns

3. Controller technique

PID controller is used to control the output voltage of a Buck converter using known parameters. Despite the
ongoing developments in control theory throughout the last decades, the PID controller has remained the most
popular control technology for a wide range of industrial engineering applications. This is due not only to its
simple structure and ease of implementation in reality, but also to the fact that it gives appropriate and reliable
performance in a variety of control situations. Because it combines proportional, integral, and differential
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control, the PID controller is often known as a "three term" controller. The controller's standard time structure
is as follows:

de(t)

t

u(t) =K e() + K, je(r)dt + K, (21)
0

where U(t)is the controller-command-signal acting on the error signal, e(t) K, K; and K, are the

proportional, the integral and the derivative PID gain respectively. Considering the Laplace transform for (21),
the s-domain transfer function of the controller is formulated as follows:

U (s K,s? + K s+ K,
PID — EES;: : S . (22)

4. Optimization algorithms
In this paper, two optimization techniques are adopted to optimize the performance of feedback PID
controller, namely PSO and ABC.

4.1 PSO tuning method

In the PSO tuning approach, a software agent called “Particle” to the search space of the problem. The
potential optimal solution is characterized or represented by the position of the particle. Hence, each particle
in the search space seeks for best positions aiming at having optimal solutions. The change in the position of a
particle can be achieved by changing the velocity according to some rules [22].

The steps of implementing the basic version of the PSO algorithm are depicted in the flowchart presented in
Figure 4 [23]. According to the figure, the initial step is to initialize the population (swarm), which is a group
of particles (candidate solutions). Then, it is needed to initialize the best-known positions for the particles.
After that, each particle moves in the search space aiming at finding better a position compared to the initial
position. Now, when the particle finds the better position, it updates its best position and calculates the
velocity accordingly. Then, the algorithm tests the termination criterion whether it is met. These steps are
repeated until reaching the termination criterion. In this case, it is not guaranteed to reach a satisfied solution.

The aforementioned description is the basic implementation of the PSO. However, the algorithms can be
updated based on the needs and the goals of the implementation. Most of the updates achieved by developers
were related to the method of how the velocity is updated for the particles. Hence, many variants of the basic
PSO algorithm have been considered in the literature. For instance, the PSO was almost designed to search in
domains that are continuous. A discrete version of the PSO was proposed to work in discrete spaces such as
the Binary PSO that was proposed by Kennedy and Eberhart in 1997 [24]. This update assumes discrete
particle positions and continuous velocity. Another update was introduced by Clerc and Kennedy in 2002 and
was called Constriction Coefficient [25]. It assumes that velocity is restricted by a particular form that
guaranteed a good update to the velocity. Barebones is another version of the PSO algorithm that was
proposed by Kennedy in 2003 [26]. In this variant, the velocity and position of particles are restricted by a
particular procedure that, in turn, is based on sampling a parametric Probability Density Function (PDF). The
other variant is called Fully Informed PSO, which follows a strategy that allows particles to use information
about the neighbors for updating their velocity. This version was proposed in 2004 by Mendes et al. [27]. The
literature includes many versions of the PSO that try to obtain better optimization outcomes for control
problems. Furthermore, PSO has also been used in optimizing PID controllers with Buck converters. This
algorithm has proven its efficiency in optimizing controllers.
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Figure 4. Flowchart of the PSO algorithm

4.2. ABC tuning method

The ABC algorithm is an optimization approach that is inspired by the foraging behavior of bees. It was first

introduced in 2005 by the scientist Dervis Karaboga [28]. In the context of bees’ colonies, three groups of

bees represent the whole community namely, scouts’ bees, onlookers’ bees, and employed bees. In the latter
group, only one bee is assumed for each food source. This means the number of employed bees equals the

food sources around the colony’s hive. The function of each group can be summarized as follows [28]:

e Employed bees: they “GO” to food sources and “COME BACK” to their colony’s hive. Then they
perform specific movements in different directions (e.g., dance-like) aiming at describing the coordinates
of a food source.

e Scouts bees: the employed bees whose food source is abandoned becomes scouts. Then, they start
seeking new food sources.

Onlookers bees: This kind of bees interpret the performed movements by the employed bees and then target

food sources based on interpretations.

To apply the ABC in an application, it is needed to interpret each of the concepts mentioned in the above steps
to its corresponding optimization concept [29]. The potential solutions are represented by the positions of food
sources. The quality of solutions corresponds to the amount of nectar and the number of solutions equals the
number of employed bees.

Now, at the initial step, the initial population (randomly distributed) is generated, which represents food
source positions. After that, the search processes cycle of the scouts, onlookers, and employed bees.

Here, the employed bees modify the source position and consider a new source position. Hence, if the amount
of nectar of the new source is higher than the previous one, the bee forgets the previous source position and
considers the new one. Otherwise, the bee maintains the current considered source position. After completing
the search processes by the employed bees, the position information of the sources is shared with the onlooker
bees on the movements area (dance area) [29]. Each onlooker assesses the information about nectar is
assessed by the onlooker bees, they select the food sources according to the sources amounts of nectar.
Repeating these steps will contribute to determining the abandoned sources by the artificial scouts.
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Figure 5. Flowchart of the ABC algorithm.

5. Control design
The DC-DC Buck converter is utilized to produce a stable desired output voltage. Figure 6 shows Buck
converter under closed-loop voltage control system. The feedback control is based on PID controller, which is
designed to regulate the output voltage of Buck converter with uncertainties. In the voltage control procedure,
the converter output signal is compared with the desired output signal to generate the error signal which fed to
the PID controller.Based on error signal and controller gain parameters the command signal is calculated and
then compared with a sawtooth voltage signal to produce a variable duty cycle PWM signal. The generated
PWM signal is supplied to the gate of the MOSFET to control switching process of the transistor. Proper
tuning for gain parameters can produce control signal required to enable the converter output to follow the
desired input effectively.

Measurement
Unit

— V,

out

Controller [&—— V..

ABC Algorithm

Figure 6. Block diagram of ABC-PID control system for Buck converter

Using the ABC optimization, a tuning process was performed on the gain parameters of the controller. For the
purpose of assessing the robustness of the suggested controller, the regulation performance of the closed-loop
Buck converter was tested under three input disturbances, variation in input power, output voltage, and load
resistance. The performance of the optimized PID controller was tracked for the reference signal trajectories
and assessed using the parameters of transient and steady state responses that, in turn, include rise and settling
time, maximum overshoot and steady state error.
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In this paper, an optimized ABC-PID controller is designed aiming at enhancing the dynamic performance of
Buck converter through to convert a varying DC input voltage (1-40V) with operating frequency

f —10kHz into a stable step and varying output voltage (1—XV) under a specific and changing load
resistance (1—10<Q2). The optimized ABC-PID controller aims to meet the following performance
requirements: t, =0.1s, t, =0.7s, M, =10% and e, =0.02V . The ABC tuning also seeks to minimize

the fitness function based on the converter system's transient and steady state performance characteristics,
which is stated for constant and variable desired inputs:

f, =30M, + 20t, + 20t, +30e_ (23)

This is performed by determining the optimized tuning gain parameters for the suggested PID controller.

6. Simulation and results

The simulations of the voltage controlled Buck converter system with uncertainses were performed using
Matlab enviroment to evaluate the performance of the proposed PID controller based on PSO and ABC
optimization approaches.

6.1. ABC-PSO case #1

In this working case, the Buck converter system is simulated under variation in the value of supply voltage,
reference voltage and load resistance. The reference voltage is triangle signal with amplitude of 5 v and
frequency 0.5 Hz. Figure 7 shows simulink model of the Buck converter scheme with parameters values listed
in Table 2. The simulation response of the system based on PSO-PID and ABC-PID controllers is shown in
Figure 8. It can be seen from the mini-plot of Figure 8.

Table 2. Parameters values of the Buck converter system

Parameter Symbol Value
Input voltage Vin [20 30 10 40] v
Reference voltage Vyer [050]v
Inductance L 69 x 1073H
Resistance R 1-10Q
Capacitance C 220 x 107°F
Ps_simulink
converter simulink_Ps
Ideal Bwitch cuﬂ'ent HPs § convarlar
Sensor > } _/
a / mp e . PS L] .
|—:.T‘ I.»—l—« IO ey (AN \ = 1
L Currant Maast { v _.' > E
. A -
- e L P 7. voltage
n Cl L Variable = ‘ W)
. " \ : +ap8 o o & -~ |Sensor
i:‘ LZ‘-HI Diode ¢ - ‘ Resistor ._‘i-i 3
(A"

s “M l Vout

= 2] 5
5 Current_voltage {

= Ps_simulink
GND simscape Interface fg=0 converter

Solver I . D

configuration
Vref

‘ ’. T F“".f“",; || Triangle wave
PID(=)
i 1

PID controller

Figure 7. Circuit of ABC-PSO case#1
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Figure 8. ABC-PSO case#1 simulation result
6.2. ABC-PSO case #2

In this working case, the Buck converter system is simulated under variation in the value of supply voltage,
reference voltage and load resistance. The desired voltage is a sawtooth signal with amplitude of 5 v and
frequency of 0.5 Hz. The Simulink model block diagram of the Buck converter scheme is the same as in
figure 7 except the reference voltage became a [0 5v] sawtooth signal with parameters values as listed in
Table 2. The simulation response of the system based on PSO-PID and ABC-PID controllers is shown in
Figure 9. It can be seen from the mini-plot of Figure 9 that the tracking response of ABC-PID controller is
better than that of PSO-PID controller in terms of steady state error.

10 ao _ P e - T I i [ Vout (PS0)

g la.895 R ' 2 S Vref
—_ assl o Vout (ABC)
3, 6 ~ 1.959 1.96 1.961 8 8.‘01 8. éﬂz 8.03 B8.04
) cé -
g4 e ;
o P

2 | yd e

of Y ’

| 1 | | | |
0 2 4 6 8 10 12 14
time (sec)

Figure 9. ABC-PSO Case #2 simulation result

6.3 ABC-PSO case #3

In this working case, the Buck converter system is simulated under variation in the value of supply voltage,
reference voltage and load resistance. The reference voltage is square signal with an amplitude of 10 v and
frequency of 0.5 Hz.. The Simulink model block diagram of the Buck converter scheme same as figure 7
except the reference voltage became is [0 10v] square signal inductance is 45mH, while the rest of parameters
value are the same as in Table 2. The simulation response of the system based on PSO-PID and ABC-PID
controllers is shown in Figure 10. It can be seen from the mini-plot of Figure 10 that the ABC-PID controller
showed a more stable output voltage signal with low fluctuation compared with that of PSO-PID controller.

200 W | ! | T, : T —1 | veut(Pso)
0.1 L 5 .-"f Vref
v] ! |

=18 o Vout (ABC)
= 5 5.2 5.4 5.6 6.1 6.15
510/ :
= (
o |
> 5| I

| |

f |

0 1 1 1 1 L 1

0 1 2 7 8 9 10

time (sec)

Figure 10. ABC-PSO case#3 simulation Result
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The results of the simulations of Buck converter based on ABC algorithm under triangle reference voltage are
more accurate with fast achieved response compared with the PSO algorithm.

7. Real hardware implementation

The real time implementation of the Buck converter is achieved using Arduino device (Arduino Mega 2560)
Schematic diagram and setup circuit of the Buck converter system based on PID controller using Arduino
electronic device are shown Figure 11 and 12 respectively.

In this application, the Arduino electronic device works at 4 kHz and the frequency of the triangle signal used
to generate PWM command signal is 4 kHz. Based on these frequency, the Arduino can read the converter
output online and implement the controller process on the measured output voltage in real time. The practical
output voltage of the Buck converter based on ABC tuning method is shown Figure .13.

The real-time response of the Buck converter reveals that the optimized ABC-PID controller is able to deliver
as stable and accurate output voltage.
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Figure 11. Schematic diagram of Buck converter

Figure 12. Hardware setp of Buck converter
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Figure 13. Practical result of the Buck converter system based on ABC tuning method

8. Conclusion

In this paper, a classic and simple PID controller is adopted to regulate the output voltage of DC-DC Buck
converters. The performance of the proposed controller is optimized by using two optimization algorithms,
PSO and ABC, which are adopted to obtain best values for the PID gain parameters. The voltage controlled
Buck converter system is modeled mathematically and then simulated using MATLAB software to validate
the performance of the optimized PSO-PID and ABC-PID controllers.

In this work, the voltage regulation process of the Buck converter is evaluated based on three working
disturbances, which are variation in source voltage, reference voltage and load resistance, to validate the
robustness of the proposed PID feedback control system. The time response of the Buck converter with PSO-
PID and ABC-PID controllers is evaluated based on the standard characteristics parameters, which are rise
time, settling time, overshoot and steady state error. The simulation results have shown that the two
controllers succeeded in adjusting the output voltage of the Buck converter. However, the ABC-PID controller
showed faster response with lower steady state error compared with that of the PSO-PID controller. Finally,
the voltage control system for the Buck converter is implemented in real-time using an Arduino electronic
device to verify the performance of the proposed ABC-PID controller. The experimental results revealed the
effectiveness of the ABC-PID controller and proved its ability to deliver a stable and accurate output voltage
to resistive load in different practical applications.

References

[1] A.F.de Souza, F. L. Tofoli, and E. R. Ribeiro, “Switched capacitor DC-DC converters: A survey on the
main topologies, design characteristics, and applications,” Energies, vol. 14, no. 8, p. 2231, 2021.

[2] K. R. Kuganathan, K. Chandru, M. Partheban, V. V. Yadav, and R. P. Lakshmi, “Design of DC-DC
Convertor for solar and mobile applications,” in 2020 International Conference on System, Computation,
Automation and Networking (ICSCAN), 2020.

654



PEN Vol. 9, No. 4, October 2021, pp.641-656

[3] A. H. R. Rosa, L. M. F. Morais, G. O. Fortes, and S. I. Seleme Junior, “Practical considerations of
nonlinear control techniques applied to static power converters: A survey and comparative study,” Int. j.
electr. power energy syst., vol. 127, no. 106545, p. 106545, 2021.

[4] R. D. Middlebrook, “Transformerless DC-to-DC converters with large conversion ratios,” in INTELEC
"84 - International Telecommunications Energy Conference, 1984.

[5] N. Rana, A. Ghosh, and S. Banerjee, “A comparative closed-loop performances of a DC-DC switched-
mode boost converter with classical and PSO-based optimised type-II/IIl controllers,” Int. J. Power
Electron., vol. 11, no. 1, p. 74, 2020.

[6] K. Eguchi, H. Bevrani, Q. Shafiee, A. Shibata, F. Asadi, “A hybrid LED sink driver using a nesting-
type switched-inductor/switched-capacitor Buck-Boost converter”. Energy Reports, vol.6, pp.82-86,
2020.

[7] Biswas M., Majhi S., Nemade H., “Performance of a coupled inductor for interleaved Buck converter with
improved step down conversion ratio,” IET Power Electronics, vol.14, no.2, pp.239-256, 2021 Feb.

[8] D. E. Rivera, M. Morari, and S. Skogestad, “Internal model control: PID controller design,” Ind. eng.
chem. process des. dev., vol. 25, no. 1, pp. 252-265, 1986.

[9] M. P. E. Rajamani, R. Rajesh, and M. Willjuice Iruthayarajan, “Design and experimental validation of PID
controller for buck converter: A multi-objective evolutionary algorithms based approach,” IETE J. Res.,
pp. 1-12, 2021.

[10] Recep K. A., FURAT M., “Three-Channel Cost Function Based Artificial Bee Colony Algorithm for
PID Tuning,” Avrupa Bilim ve Teknoloji Dergisi , pp.382-392.

[11] O. Civelek, M. Tiiysiiz, and M. S. Ayas, “PID parameter optimization by using ant colony and cuckoo
algorithms for boost converter,” in 4th International Symposium on Innovative Approaches in
Engineering and Natural Sciences Proceedings, 2019.

[12] Y. Sonmez, O. Ayyildiz, H. T. Kahraman, U. Guvenc, and S. Duman, “Improvement of buck converter
performance using artificial bee colony optimized-PID controller,” J. Autom. Contr. Eng., pp. 304-310,
2015. [13] M. AIMa’ et al., “Optimisation of PID controller employing PSO algorithm for interleaved
buck-boost power electronic converter,” Int. j. ind. electron. drives, vol. 5, no. 1, p. 49, 2019.

[14] L. C. Borin, E. Mattos, C. R. D. Osorio, G. G. Koch, and V. F. Montagner, “Robust PID controllers
optimized by PSO algorithm for power converters,” in 2019 IEEE 15th Brazilian Power Electronics
Conference and 5th IEEE Southern Power Electronics Conference (COBEP/SPEC), 20109.

[15] M. Z. Tumari, A. F. Abidin, A. S. Subki, AW. Ab, M.A. Aziz , M. R. Ghazali, “PSO Fined-tuned
Model-Free PID Controller with Derivative Filter for Buck-Converter Driven DC Motor, ” International
Journal of Recent Technology and Engineering (IJRTE), Vol.8, no.3S, pp.1-5, 2019 October.

[16] A. Musyafa, et al., “Design and Implementation Wind Turbine Power Control System Base Particle
Swam Optimization at Low Rate Wind Farm,” International Journal of Mechanical & Mechatronics
Engineering IIMME-IJENS, Vol.19 , no.5, pp. 193805-4747, 2020.

[17] H. S. Anead, K. F. Sultan, and S. Abedul Jabbar, “Assessing the performance of the evacuated tube solar
collector using smart curtain through (PSO based PID) controller and Nano fluids,” Engineering and
Technology Journal, vol. 39, no. 1A, pp. 137-152, 2021.

[18] A. J. Moshayedi, A. Abbasi, L. Liao, and S. Li, “Path planning and trajectroy tracking of a mobile robot
using bio-inspired optimization algorithms and PID control,” in 2019 IEEE International Conference on
Computational Intelligence and Virtual Environments for Measurement Systems and Applications
(CIVEMSA), 2019.

[19] S. Sawai, S. Kurode, B. Tamhane, “Discrete controller with state and disturbance estimation for robust
performance of DC/DC Buck converter,” International Journal of Dynamics and Control, pp.1-11,
2021.

655



PEN Vol. 9, No. 4, October 2021, pp.641-656

[20] K. Dehri, A. S. Nouri, “A discrete repetitive adaptive sliding mode control for DC-DC Buck
Converter,” Proceedings of the Institution of Mechanical Engineers, Part I: Journal of Systems and
Control Engineering, p. 09596518211005576, 2021.

[21] D. R. Nayanasiri, Y. Li, “Pulse-width Modulated Switched Resonator Converter Having Continuous
Buck Gain, ” IEEE Transactions on Industrial Electronics, 2021.

[22] A. Lazinica, Ed., Particle swarm optimization. InTech, 2009.

[23] H. Norouzi and J. Bazargan, “Flood routing by linear Muskingum method using two basic floods data
using particle swarm optimization (PSO) algorithm,” Water Sci. Technol. Water Supply, vol. 20, no. 5,
pp. 1897-1908, 2020.

[24] J. Kennedy and R. C. Eberhart, “A discrete binary version of the particle swarm algorithm,” in 1997
IEEE International Conference on Systems, Man, and Cybernetics. Computational Cybernetics and
Simulation, 2002.

[25] M. Clerc, J. Kennedy, “The particle swarm-explosion, stability, and convergence in a multidimensional
complex space,” |IEEE transactions on Evolutionary Computation, Vol.6, no.1, pp.58-73, 2002.

[26] J. Kennedy, “Bare bones particle swarms,” /n Proceedings of the 2003 IEEE Swarm Intelligence
Symposium. SIS'03 (Cat. No. 03EX706), pp. 80-87, 2003.

[27] R. Mendes, J. Kennedy, J. Neves, “The fully informed particle swarm: simpler, maybe better,” |IEEE
transactions on evolutionary computation, Vol.8, no.3, pp. 204-210, 2004.

[28] D. Karaboga, “An idea based on honey bee swarm for numerical optimization,” Technical report-tr06,
Erciyes university, engineering faculty, computer engineering department, 2005.

[29] M. O. Okwu, L. K. Tartibu, “Artificial Bee Colony Algorithm ”. In Metaheuristic Optimization: Nature-
Inspired Algorithms Swarm and Computational Intelligence, Theory and Applications, pp. 15- 31, 2021.

656



