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 Solar energy is well suited to combating global warming as a leading 

renewable energy supply. Solar systems in the form of photovoltaic (PV) 

generation are incredibly dependent on their operating circumstances 

regarding their techno-economic feasibility. The nonlinear control challenge 

is exacerbated by the partial shading (PS) environment, which results in 

significant power losses. High tracking and settling time, oscillations at 

global maxima (GM), and local maxima (LM) trapping under PS 

circumstances are all apparent shortcomings of metaheuristics-based 

maximum power point tracking (MPPT) control systems in the literature. 

This work provides a new meta-heuristic method called the arithmetic 

optimization algorithm (AOA) technique based on MPPT control of PV 

systems to address these issues. The suggested technique improves PV 

system performance by allowing faster and more accurate tracking and very 

low oscillations. The simulation results demonstrate the suggested AOA 

control technique stands out for its ease of implementation, robustness, and 

steady-state power tracking efficiency of up to 99.643%. 
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1. INTRODUCTION  

Photovoltaic (PV) systems and other renewable energy sources are in high demand right now 

because fossil fuels cause major environmental problems like global warming, environmental degradation, 

and water pollution [1], [2]. Solar energy is expected to be a significant renewable energy source in the 

present and future due to the sun's abundance and sustainability [3], [4]. Because of the nonlinear properties 

of the PV array, the maximum power point tracking (MPPT) method is utilized to ensure that the PV array is 

constantly producing the maximum power attainable [5], [6]. In the literature, many MPPT strategies have 

been described and discussed [3], [7]. They are divided into two categories: traditional MPPT methods and 

advanced MPPT methods. The traditional MPPT methods include perturb and observe (P&O) [8], [9], 

incremental conductance (INC) [10], [11], and incremental resistance (INR) [12]. They are the most often 

used strategies due to the fact that their structures are straightforward and they are easy to put into operation. 

In the steady state, however, their duty cycle oscillates [8], resulting in power losses. Besides, the ability to 

track the maximum power point (MPP) under uniform solar irradiation has been demonstrated using 

conventional MPPT techniques. Traditional approaches have failed to track the true MPP in fast-changing 

climates and partially shaded conditions. The advanced methods include fuzzy logic [13], artificial neural 
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network (ANN) [14], and evolutionary computation [15], [16]. It is possible to get greater performance under 

uniform sun irradiation and partially shaded conditions [8]. 

This paper presents a new MPPT based on arithmetic optimization algorithm (AOA) with fractional 

order proportional integral controller (FOPI) to track MPP. The proposed MPPT was compared with 

conventional methods such as P&O, INC, and the classical MPPT based on a proportional integrative (PI) 

controller. The results demonstrated the AOA with FOPI has less fluctuation, less ripple and faster tracking 

of the maximum power point. 

The structure of this article is as follows: section 2 explains the proposed system. In section 3, the 

arithmetic optimization method is illustrated. Section 4 represents the proposed MPPT based on AOA-FPI. 

Section 5 shows the results and discussion.  

 

 

2. PROPOSED MAXIMUM POWER POINT TRACKING CONTROL BASED ON AOA-FPI 

Figure 1 depicts the schematic diagram of the PV system investigated in this study. The topology 

comprises a PV array and a DC-DC quadratic boost converter (QBC). 

 

 

 
 

Figure 1. Proposed system 

 

 

2.1.  Modeling of photovoltaic array 

There are just a few forms of equivalent circuit models for PV cells in the literature. Single diode 

types with shunt and series resistance are well known in the circuit design community. The current 𝐼𝑝ℎ which 

is proportional to the quantity of solar irradiation and is used to express the amount of electrical energy 

produced by PVs. While the resistance of the shunt component reflects the leakage current, the resistance of 

the series component indicates the internal resistance [17]. Additional information and equations regarding 

the single-diode equivalent circuit of the PV cell may be found in [18], [19]. 

 

2.2.  Design of quadratic boost converter 

Several advantages to using a QBC include increasing efficiency and voltage gain without 

increasing the number of switches or the duty cycle used. Because this converter introduces less current 

ripple into the source, the efficiency and life span of the PV arrays can be increased in tandem with them 

[19]-[22]. The QBC depicted in Figure 2 has a single switch and contains two capacitors, three diodes, two 

inductors, and load resistance in addition to the switch [23]. The optimization procedure using the AOA is 

illustrated in Figure 3. Those converters that are cascaded combine converters back to back with the help of 

additional switches. The QBC is an example of a converter that performs a similar function but with only one 

switch, unlike other types. Its voltage conversion ratio is more significant than a traditional boost converter. 
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When combined with PV systems, wind energy systems, and microgrid applications, this converter becomes 

more suitable for a power system [20], [22]. In (1), the formula for the output voltage gain is provided: 

 

𝑉𝑂 = [
1

(1−𝐷)2] 𝑉𝑖𝑛   (1) 

 

where ′𝐷′ is the duty cycle and ′𝑉𝑖𝑛′ is the input voltage. 

 

 

 
 

Figure 2. Electrical model of QBC [23] 

 

 

 
 

Figure 3. AOA flowchart 

 

 

3. THE ARITHMETIC OPTIMIZATION ALGORITHM 

The arithmetic optimization method is a recently discovered optimization technique based on the 

proven laws of arithmetic operations [24]. Geometry, algebra, and analysis are the three pillars on which 

numerical theory is built, and they constitute one of the most important components of contemporary 

mathematics. The core mathematical parameters for data analysis are arithmetic operators (division, addition, 

multiplication, and subtraction). There are two phases to the AOA method: exploration and exploitation. 
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3.1.  Fractional order proportional-integral-derivative controller  

Among the benefits of using a FOPID controller are the fact that it has no steady-state error, has 

gain and phase cross-over frequencies, in addition to the gain and phase margin, and provides robustness 

against variants in the phase crossover frequency and high-frequency noise. The FOPID controller can be 

expressed mathematically as (2): 

 

𝑢(𝑡) = 𝐾𝑃𝑒(𝑡) + 𝐾𝐼 ∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝐷
𝑡

0
[𝑑𝑒(𝑡) 𝑑𝑡⁄ ] (2) 

 

following the application of the Laplace transform to the equation, we obtain the (3): 

 

𝐿𝐹(𝑠) = (𝐾𝑝) + (𝐾𝑖 𝑠𝜆⁄ ) + (𝐾𝑑`𝑠𝜇) (3) 

 

where: 

𝐾𝑃  : represents the proportional constant 

𝐾𝐼   : represents the integral constant 

𝐾𝐷  : represents the derivative constant 

𝜆 , 𝜇  : indicates real numbers 

The AOA is used to optimize the three parameters of the FOPID (𝐾𝑃 , 𝐾𝐼 , and 𝜆). Figure 3 shows the 

block diagram of FOPID [24]. Setting 𝜇 and 𝜆 equal to 1 creates a classical proportional integral differential 

(PID) controller. As a result, the traditional PID controller is really a particular instance of the FOPID 

controller. The FOPID schematic diagram show in Figure 4. This addition increases flexibility, reliability, 

and system performance. This increases the system's stability and robustness against rapid changes. Now, the 

designer must determine five variables instead of three, making performance more difficult [25].  

 

 

 
 

Figure 4. The FOPID schematic diagram [24] 

 

 

4. PROPOSED MAXIMUM POWER POINT TRACKING 

In contrast to traditional MPPT controllers, optimization controllers are resilient in the face of rapid 

climatic changes. The AOA with FPI controller is used in this section to optimize the MPPT controller. AOA 

is connected to the FOPI controller via fitness function; the performance index used in this study is integral 

time absolute error (ITAE) to reduce the error and overshoot, as depicted in Figure 5. 

 

 

 
 

Figure 5. Proposed AOA MPPT strategy 
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𝐼𝐼𝑇𝐴𝐸 = ∫ 𝑡 |𝑒(𝑡)| 𝑑𝑡
𝑇

0
 (4) 

 

 

5. RESULTS OF SIMULATION  

MATLAB/Simulink software is utilized to test a PV system's suggested design for MPPT. The P&O 

approach-based controller, IC algorithm-based controller, and traditional MPPT based on PI controller are 

compared with the AOA-FOPI-based controller. The PV module is connected to a DC-DC converter as 

illustrate in Figure 1. Table 1 contains the information that pertains to this PV panel. The suggested system is 

simulated in a variety of circumstances so that the proposed MPPT performance can be evaluated under a 

variety of environmental situations. In the first case, the temperature is constant at 25 ℃ and the solar 

radiation is variable. In the second case, the temperature is variable and the solar radiation is constant at  

1000 W⁄m2. In the third situation, both the temperature and the amount of sunlight change at the same time. 

The results show in each case that the proposed AOA-FPI shows better performance compared to the 

traditional methods, as the proposed system shows faster tracking of the maximum power point and less 

fluctuation. 

Case 1: temperature remains constant while irradiance varies as shown in Figures 6-8. 

 

 

Table 1. describes the data sheet of the PV panel used in this work 
Model Pmax (W) Vmp (V) Imp (A) Voc (V) Isc (A) 

LR5-72HPH-535M 535 41.5 12.9 49.35 13.78 

 

 

 
 

Figure 6. Step change of irradiance (𝑊 𝑚2⁄ ) 

 

 

 
 

Figure 7. Response of voltage 
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Figure 8. Dynamic response of PV power under variable irradiance 

 

 

Case 2: irradiance remains constant while temperature varies as shown in Figures 9-11. 

 

 

 
 

Figure 9. Step change of temperature 

 

 

 
 

Figure 10. Dynamic response of voltage under variable temperature 
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Figure 11. Dynamic response of PV power under variable temperature 

 

 

Case 3: change in irradiance and temperature at the same time as shown in Figures 12-15. 

 

 

 
 

Figure 12. Step change of irradiance 

 

 

 
 

Figure 13. Step change of temperature 
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Figure 14. Dynamic response of voltage under variables irradiance and temperature 

 

 
 

Figure 15. Dynamic response of PV power under variables irradiance and temperature 

 

 

6. CONCLUSION 

A new AOA for MPPT is proposed in this research. The suggested AOA-FOPI based on the MPPT 

controller has been tested with rapid irradiance and temperature variations to evaluate its performance. The 

outcomes of the simulations demonstrate that the suggested controller is superior to the P&O method-based 

controller, the IC method-based controller, and the traditional MPPT controller based on PI. Compared to 

other controllers, the suggested controller has a quicker response rate and higher precision. The suggested 

model's simulation results outperform those of the traditional methods, according to the results of the 

performance study. 
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