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	A B S T R A C T
This work seeks to use both traditional control algorithms and advanced optimization algorithms to enhance the performance of a DC-DC converter. The chosen algorithm was PID based on gray wolf optimization (GWO). PID controller is known for its ease of control and wide range of industrial applications. This type of controller has been used successfully in many types of systems, such as power electronics, automation systems, robotics, etc., due to its ability to effectively optimize the system's parameters with minimal effort from the user. To test this new technique on a DC-DC converter different simulations were conducted using MATLAB environment where various parameters were set that can simulate various uses for the DC-DC converter within electrical systems. After conducting these tests, it was found that PID based on GWO controller had good performance when compared against other traditional controllers with regards to response time reliability efficiency higher accuracy low cost, etc. As expected GWO showed better results than conventional methods like PID or PI controllers mainly because it’s an evolutionary approach that allows more flexibility during the configuration process.
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Introduction
The DC-DC converter has been around for many years and is an important part of power electronics. It was first developed in the 1950s as a way to convert direct current (DC) electricity from one voltage level to another, allowing for better control of the device’s power and performance. Since then, it has become a popular choice for powering hybrid energy systems, electric vehicles, aircraft, satellites, and various electronics devices [1], [2]. The essential components of a DC-DC converter are illustrated in Figure.1. DC-DC converters are an essential component of many electronic devices, providing a reliable source of power for various applications. However, despite their widespread use and importance in modern electronics, DC-DC converters also have some major disadvantages that can limit their performance or cause other issues. 
Fortunately, there are several ways to overcome these drawbacks and ensure optimal operation from your DC-DC converter [3], [4], [5]. 
One way to address the disadvantage of DC-DC converters is by using advanced control techniques such as pulse width modulation (PWM) or digital signal processing (DSP) [6], [7]. Conventional PID controllers are designed to handle errors resulting from the work of linear systems and adjust their parameters accordingly [8], [9].
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	Y(s)
	Output.
	
	

	U(x)
	Input.
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Figure 1. Main component of DC-DC converter [3]
To enhance the functioning of this linear system, a control unit is used to create an algorithm. However, traditional techniques have their limitations in terms of performance optimization, so advanced optimization solutions had to be found. These involve GA [10], PSO [11], and GWO [12]. All these approaches simulate hunter-prey dynamics as well as iterative processes based on similar cases or experiences accumulated over time.
The main advantage that comes with using advanced optimization solution such as GWO is that it can provide better results than conventional methods in terms of accuracy and speed when it comes to solving complex problems involving multiple variables. The GWO incorporate a “leader” concept into its structure allowing them to achieve faster convergence rates compared with other evolutionary algorithms due mainly because it eliminates redundant computations during iterations by following only one leader at each step instead all individuals.
This paper attempts to develop a PID tuning scheme using GWO algorithm that can automatically adjust the PID parameters to improve the working performance of the voltage regulation of the converter. An integral time absolute value (ITAS) is chosen as a target function which is an important metric used to measure the performance of a system through measuring the difference between a desired output and actual output over time [13].  
2- Proposed Approach
A PID controller is a device which combines Proportional, Integral, and Derivative gains to provide precise control over a system. As shown in Figure 2, a feedback control system is created by linking reference, error, controller output, and controlled variable (r, e, u, and y respectively). 
[image: ]


Figure 2. Typical feedback system [11]
The mathematical model for the PID controller can be derived from [11]:
	

	(1)


The mathematical model for the DC-DC converter is derived from [14]:
	

	(2)


The ITAE model is equal:
	

	(3)



Figure 3 represent the model of ITAE:
[image: ]

Figure 3. Proposed approach
The proposed approach of using the Grey Wolf Optimization (GWO) algorithm for tuning the coefficients of a PID controller is an effective way to improve its performance GWO is a powerful meta-heuristic optimization technique that takes its inspiration from the hunting behavior of grey wolves in real world. This allows it to quickly find optimal solutions through exploration and exploitation techniques, which are highly beneficial when used with PID controllers see Figure 4.
[image: ]


Figure 4. Proposed approach
[image: ]The Gray Wolf Optimization (GWO) algorithm is an optimization technique based on the hunting mechanism of Gray Wolves in the real world. It is an iterative method which means that after some iterations, the fitness function tries to reach a planned value. The GWO algorithm consists of four types of Gray Wolf: alpha, beta, delta and omega - each representing a different level within their hierarchical structure as shown in Figure 5.




Figure 5. GWO hierarchical structure
The GWO method for tuning coefficients of PID controller can be summed up as:

1- [bookmark: _Hlk125503403]Define the transfer function of the converter.
2- Define controllers coefficients (Kp, Ki, Kd);
3- Define GWO parameters.
4- Initialize the population.
5- Initialize the alpha, beta, and delta values.
6- Initialize the positions of the alpha, beta, and delta wolves.
7- Iterate for a fixed number of iterations.
8- Update the positions of the wolves.
9- Compute the fitness value for the current position.
10- Update the positions of the rest of the wolves.
11- Compute the new position of the wolf.
12- Update the position of the wolf.
13- Find the final solution is the position of the alpha wolf.

The mathematical representation of the GWO can be calculated utilizing the equation [15]:
	

	(4)

	

	(5)

	

	(6)

	

	(7)


The Pseudo code of the GWO:

function [Kp, Ki, Kd] = gwo_pid(y, u, dt);
X = rand(n, 3); % n is the population size
alpha = rand;
beta = rand;
delta = rand;
pos_alpha = X(1, :); % Position of alpha wolf
pos_beta = X(2, :); % Position of beta wolf
pos_delta = X(3, :); % Position of delta wolf
for iter = 1:max_iter
        for i = 1:n
        Kp = X(i, 1);
        Ki = X(i, 2);
        Kd = X(i, 3);  
        J = pid_fitness(y, u, Kp, Ki, Kd, dt);
        if J > fitness(pos_alpha) % Update alpha wolf
            pos_alpha = X(i, :);
        elseif J > fitness(pos_beta) % Update beta wolf
            pos_beta = X(i, :);
        elseif J > fitness(pos_delta) % Update delta wolf
            pos_delta = X(i, :);
        end
    end
    for i = 1:n
        A = 2 * alpha * rand - alpha;
        C = 2 * rand;
        new_pos = pos_alpha - A * (pos_alpha - X(i, :));
        if C > 1
            new_pos = pos_beta - A * (pos_beta - X(i, :));
        end
        if C > 2
            new_pos = pos_delta - A * (pos_delta - X(i, :));
        end
        X(i, :) = new_pos;
    end 
end
Kp = pos_alpha(1);
Ki = pos_alpha(2);
Kd = pos_alpha(3);
end
[image: ]function J = pid_fitness(y, u, Kp, Ki, Kd, dt)

3- Simulation Results:
The simulation process is powered by Table 1, which outlines the components of converter values. 

Table 1. Components value [1].
	Component
	Description
	Value

	Vsource
	Input voltage
	12V

	VLoad
	Output voltage
	24V

	Ck
	Capacitor
	1470µF

	L
	Inductor
	330µH

	Rload
	Output resistance
	3Ω

	fPWM
	Pulse width modulation frequency
	7.874kHz



[image: ]This process is divided into three scenarios: the first one without a P-I-D controller Figure 6, 7, the second one with a P-I-D controller based on the Z-N method Figure 8, 9,, and the third one using a P-I-D controller and GWO Figure 10,11.
[image: ]Figure 6 Model of first case.
[image: ]Figure 7. Simulation of first case.
Figure 8. Model of second case.



Figure 9. Simulation of second case.
[image: ]

Figure 10. Simulation of third case.


[image: ]

Figure 11. Simulation of proposed system

[bookmark: _Hlk125746237]Examining the results of the three scenarios reveals that the third one (with GWO) demonstrates an especially formidable dynamic response, and achieves superior outcomes in system overshoot, settling time, and rise time see Table 2.


Table 2. Results of scenarios
	Approach
	Overshoot   %
	Rise time(S)
	Settling time(s)

	Converter without controller
	55.7
	0.011
	0.0018

	Convertor with PID Using Z-N
	24.8
	0.00416
	0.000323

	[bookmark: _Hlk125746310]Converter using PID with GWO
	-
	0.0004
	0.0001



4- Conclusion: 
PID controllers are an ubiquitous control solution, widely used for their straightforward architecture, reliable control performance, and user-friendliness. They require no deep understanding of mathematics, control theory, or electrical engineering and can be applied in a broad range of applications. With proper tuning, PID controllers outperform any other control option and provide the greatest performance gains. In this paper the GWO is used as tuning method for the PID coefficients.
The designed PID controller using GWO algorithm gives a powerful performance benefit over the traditional Ziegler-Nichols method, exhibiting lower system overshoot, settling time and rise time. Utilizing modern AI optimization to complement the PID controller designed by the conventional method provides an optimal tuning solution. Among the many optimization tools available, GWO is a recent and efficient choice.

References
[1]	C.-H. Lee, “Renewable and Sustainable Energy Reviews,” Coast. Ocean, vol. 5, no. 2, pp. 62–70, 2012.
[2]	V. Sebestyén, “Renewable and Sustainable Energy Reviews: Environmental impact networks of renewable energy power plants,” Renew. Sustain. Energy Rev., vol. 151, p. 111626, 2021.
[3]	D. Mitić, M. D. Almawlawe, D. Antić, and M. Milojković, “An approach to design of digital sliding mode control for buck-boost converter,” in Proc. of International Symposium on Power Electronics-Ee, 2015, pp. 1–4.
[4]	M. LešO, J. Žilková, M. Biroš, and P. Talian, “Survey of control methods for DC-DC converters,” Acta Electrotech. Inform., vol. 18, no. 3, pp. 41–46, 2018.
[5]	F. Mumtaz, N. Z. Yahaya, S. T. Meraj, B. Singh, R. Kannan, and O. Ibrahim, “Review on non-isolated DC-DC converters and their control techniques for renewable energy applications,” Ain Shams Eng. J., vol. 12, no. 4, pp. 3747–3763, 2021.
[6]	V. Sidorov, A. Chub, and D. Vinnikov, “Performance Improvement of PWM Control Methods for Voltage Step-Down in Series Resonant DC–DC Converters,” Energies, vol. 13, no. 17, p. 4569, 2020.
[7]	D. S. Padimiti and M. Ferdowsi, “Review of digital control techniques for automotive DC-DC converters,” in 2005 IEEE Vehicle Power and Propulsion Conference, 2005, pp. 5-pp.
[8]	J. C. Mugisha, B. Munyazikwiye, and H. R. Karimi, “Design of temperature control system using conventional PID and Intelligent Fuzzy Logic controller,” in 2015 International conference on fuzzy theory and its applications (iFUZZY), 2015, pp. 50–55.
[9]	A. K. Gaurav and A. Kaur, “Comparison between conventional PID and fuzzy logic controller for liquid flow control: Performance evaluation of fuzzy logic and PID controller by using MATLAB/Simulink,” Int. J. Innov. Technol. Explor. Eng., vol. 1, no. 1, pp. 84–88, 2012.
[10] H. Feng et al., “Robotic excavator trajectory control using an improved GA based PID controller,” Mech. Syst. Signal Process., vol. 105, pp. 153–168, 2018.
[11] S. J. Bassi, M. K. Mishra, and E. E. Omizegba, “Automatic tuning of proportional-integral-derivative (PID) controller using particle swarm optimization (PSO) algorithm,” Int. J. Artif. Intell. Appl., vol. 2, no. 4, p. 25, 2011.
[12] Z. Abderrahim, “A New Improved Variable Step Size MPPT Method for Photovoltaic Systems Using Grey Wolf and Whale Optimization Technique Based PID Controller,” 2021
[13] F. G. Martins, “Tuning PID controllers using the ITAE criterion,” Int. J. Eng. Educ., vol. 21, no. 5, p. 867, 2005.
[14]  M. Almawlawe, D. Mitić, D. Antić, and Z. Icić, “An approach to microcontroller-based realization of boost converter with quasi-sliding mode control,” J. Circuits, Syst. Comput., vol. 26, no. 07, p. 1750106, 2017.
[15] M. A. ŞEN and M. KALYONCU, “Optimal tuning of PID controller using grey wolf optimizer algorithm for quadruped robot,” Balk. J. Electr. Comput. Eng., vol. 6, no. 1, pp. 29–35, 2018.

 

image5.wmf
a


oleObject1.bin

image6.wmf
b


oleObject2.bin

image7.wmf
d


oleObject3.bin

image8.wmf
X

a

r


oleObject4.bin

image9.wmf
X

b

r


oleObject5.bin

oleObject6.bin

image10.wmf
,

12

rr

rr


oleObject7.bin

image11.png




image12.jpg
; i _,| w w_,| pene i
0 —H ot ¥ ot >0





image13.wmf
.int..

0

()()()

t

cproprrorrrorderrror

d

utKEtKEtdtKE

dt

=*+*+*

ò


oleObject8.bin

image14.wmf
(

)

2

_()

*

_();     =0.2083     

_()

1

*

sourceload

c

load

VV

Ys

LC

Gs

Us

ss

RC

a

a

-

==

æö

+

ç÷

èø


oleObject9.bin

image15.wmf
0

_*()

ITAEtetdt

¥

=

ò


oleObject10.bin

image16.jpg




image17.jpg
«© &, K5 Kd u)
cw PID




image18.png




image19.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

 -x ;   

 - x ;

 -  x;       

XXDA

a

XXDA

b

XXDA

c

aa

bb

dd

=

=

=

r

rrr

r

rrr

r

rrr


oleObject11.bin

image20.wmf
(

)

(

)

(

)

(

)

(

)

(

)

 x  - ;     

 x  - ;

 x  - ; 

DCXX

DCXX

DCXX

aa

bb

dd

=

=

=

r

rrr

r

rrr

r

rrr


oleObject12.bin

image21.wmf
1

2

12

2;  

2;

: ( 2  0)    

,:

Aara

Cr

a

rr

=×-

=

®

r

rrr

r

r

r

rr


oleObject13.bin

image22.wmf
(

)

1

_(1);

3

newabc

XtXXX

+=++

rrrr


oleObject14.bin

image23.jpg
1.4

1.2

Amplitude
= =]
o »

2
a

0.2

System: Gef
Peak amplitude: 125
Overshoot (%): 24.8
Attime (seconds): 0.00073

Step Response

T T T

System: Gef
Settling time (seconds): 0.00416

i
i
i
i
i
i
i
i
i
i
1
1
i
i
i
i
i
i
i

1 L g

3 4 5 6

Time (seconds)




image24.jpg
2.105¢6

T+ 666,75 + 1.25¢6.





image25.jpeg
Amplitude

=
2

09

08|

sysm: ot
Poskanyiute 0977
Ovrton (4) 857

At scont) 0001 |

£\

s

02

01

ysen: ot
Seting tne facons} 0011

0002 0.004 0.006

0.008
Time (seconds)

001 o0z 0014

0016




image26.jpg
2105¢6

FiD(s) ]

666,75+ 1.2

6





image27.jpg
PID Controter

[c e

|

yoout

w 205e6

Fr e+ 1550





image28.jpg
1.8

16

14

1.2

Amplitude
o
™ =

=
=

o
~

02

Step Response

10 15
Time (seconds)

20

25




image2.png




image3.jpeg
Loanisma

‘N woneerinc

seitnes





image4.png




image1.emf

