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Abstract.

1�Introduction��
In response to mounting concerns over climate change 

and the depletion of traditional energy sources, 

governments globally are advocating for the 

advancement and extensive integration of renewable 
energy technologies, specifically focusing on solar 

systems [1-3]. Significant reductions in the cost of 

photovoltaic (PV) technology and simplified installation 

procedures are further accelerating this transition to 

sustainable energy [4-5]. Solar irradiance and 

temperature variations play critical roles in affecting PV 

generator performance, resulting in fluctuating power 

outputs throughout the day [6]. The intersection of the 
load line and the IV characteristic curve determines the 

operational point of a photovoltaic (PV) device when it 

is connected directly to a load [7-8]. This frequently 

results in an operating point that is not at the maximum 

power point of the PV generator, which lowers 

efficiency [9–10]. PV systems use Maximum Power 

Point Trackers (MPPT) in conjunction with DC-DC 

converters to optimize the operating point and 
maximum power production in order to overcome this 

problem [11]. Golden Section approaches, Incremental 

Conductance, and Perturb and Observe are examples of 

common MPPT procedures [12–14]. However, 

conventional systems encounter difficulties in scenarios 

of partial shading, where uneven solar irradiation may 

generate multiple peaks in the I-V characteristic curve 

[15]. As a result, metaheuristic algorithms are gaining 
traction as replacements for traditional methods in 

MPPT and other engineering applications [16-19]. In 

this study, we introduce an enhanced iteration of the 

Aquila Optimizer, known as the Accelerated Aquila 

Optimizer, designed for Maximum Power Point 

Tracking. This algorithm underwent testing under three 

complex partial shading scenarios, showing superior 
performance in tracking speed and efficiency compared 

to both the standard AO and Particle Swarm 

Optimization algorithms in all conducted experiments. 

2�PV�Modelling��
A PV cell is a type of specifically constructed 

semiconductor device that is the basic part of a 

photovoltaic generator. The single diode model (SDM) 
is the most basic of the models that mimic PV cells. Its 

corresponding circuit is shown in Figure 1 and consists 

of a series resistance Rs for contact resistance, a shunt 

resistance Rsh for leakage current, and a photo-current 

source for the cell's output [20]. A PV array is made up 

of panels, whereas a PV module is made up of many 

linked PV cells. 

The output PV current can be found using: 
 

��� = ��� − �� ��	
��
�����
����� � − 1� − �
�����
����          (1) 

 

 Where ��� and ���  are the current and voltage generated 

by the PV panel, and Is is the diode's reverse saturation 

current. q represents the electron charge (1.60217662 × 

10−19 C), while a is the diode ideality factor. � denotes 

the Boltzmann constant (1.38064852 × 10−23 J/K), and ! signifies the temperature of the p-n junction. 
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The Single Diode Model [10]. 

3�Proposed�Optimizer�

3.1�Aquila�Optimizer�

The Aquila Optimizer (AO) derives its name and 

methodology from the strategic hunting behaviors 

observed in Aquila (eagle) species [11-13]. As a 

metaheuristic algorithm, the AO is intricately crafted to 

address intricate optimization challenges by simulating 

the nuanced hunting strategies of these majestic birds. 

Emulating nature's efficiency in pursuit, the AO unfolds 
through a structured, multi-phase process that 

systematically blends exploration and exploitation 

phases. These phases are strategically designed to 

navigate diverse and complex search spaces effectively, 

aiming to swiftly converge towards optimal solutions. 

Each stage of the AO's iterative journey is underpinned 

by a series of equations tailored to enhance its 

adaptability and precision in optimizing a wide range of 
parameters and constraints. 
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Where U and L are respectively the upper bound and 

the lower bound of the search space. B and D are factors 

both fixed at 0.01. EI, G1 and G2 are computed as 
follows:  

 

EF = KLM�NOPQ(QP�)L (10)

G1 = 20234 − 1                                                           (11) G2 = 2 +1 − #
,-                                                             (12) 

 

3.2�Accelerated�Aquila�Optimizer�

While the original Aquila Optimizer (AO) is effective 

for many engineering problems, it faces challenges in 

Maximum Power Point Tracking (MPPT) due to its 

online optimization nature. Some AO equations cause 

large perturbations, which are undesirable in the narrow 

MPPT search space and can lead to power losses. To 
address this, we improved AO's exploitation ability for 

smoother search operations in MPPT applications. 

Three modifications were made: 1- Stage 1 is now 

enabled only in the first third of the iterative process to 

reduce large perturbations. 2- Removing equation 8 to 

avoid solutions outside the search space and 3- Guiding 

the final phase with a new equation: 

"#�$(%)&&&&&&&&&&&&&&⃗ = "*&&&&⃗ + B × G1 × �56 × "�$&&&&&&⃗ − "�@&&&&&&⃗ �                     (13) 

Where "�$&&&&&&⃗  and "�@&&&&&&⃗  are two randomly chosen solutions from 

the population.  

The overall flowchart of the Accelerated Aquila optimizer is 
shown in Fig.2: 

 

� �

4�System�Overview�
 A MATLAB/Simulink-based standalone PV system is 

developed to rigorously assess the efficacy of the 

proposed Accelerated Aquila Optimizer (AAO) method 

across three distinct and challenging partial shading 

scenarios. These scenarios, meticulously detailed in 

Table 1 and visually represented in Fig. 3, encompass 

varying degrees of shading conditions. The simulation 
setup aims to comprehensively evaluate how the AAO 

algorithm performs under these realistic conditions, 

providing insights into its robustness and efficiency in 

optimizing PV system performance amidst partial 

shading.  
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A thorough block diagram of the full system 

configuration is shown in Figure 4. It has seven 213W 

PV panels arranged in a sequence to effectively capture 

solar energy. The boost converter, which operates at a 

high-frequency switching rate of 50 kHz, is an essential 

part of the system. In order to ensure effective power 
distribution throughout the system, this converter is 

essential in optimizing the voltage output from the PV 

panels to meet the needs of a 40 Ω resistive load.  
 

 

5�Results�and�Discussion�
Figures 5, 6, and 7 illustrate the power curves 

corresponding to each scenario, complemented by their 

respective duty cycle analyses. Notably, the power 

curve derived from the AAO algorithm showcases 
significantly smoother characteristics compared to those 

generated by alternative methods. This observation 

highlights the AAO algorithm's exceptional capability 

in mitigating power losses by maintaining a stable and 

optimal operational point. The minimal perturbations 

observed in its power curve underscore its superior 

performance in achieving consistent energy output 

under varying conditions. Such stability is crucial in 
enhancing the overall efficiency and reliability of 

photovoltaic systems, ensuring maximum power 

extraction across different environmental and 

operational scenarios. The quantitative outcomes in 

terms of efficiency and convergence time are presented 

comprehensively in Table 2. Across all evaluated 

scenarios, the Accelerated Aquila Optimizer (AAO) 

algorithm consistently achieved the highest levels of 

efficiency compared to its counterparts, the standard AO 

and PSO optimizers. This signifies the algorithm's 

robust capability in maximizing energy extraction from 

photovoltaic systems across varying environmental 

conditions and partial shading scenarios. Moreover, the 
AAO algorithm demonstrated remarkable prowess in 

swiftly identifying and maintaining the global 

Maximum Power Point (MPP) in every case study. This 

highlights its superior exploration capabilities, crucial 

for ensuring optimal performance and minimizing 

energy losses. By efficiently adapting to changing solar 

irradiance and environmental factors, the AAO 

algorithm not only enhances energy conversion 
efficiency but also facilitates stable and reliable 

operation of PV systems. 

The results underscore the algorithm's effectiveness in 

balancing the trade-off between exploration and 

exploitation phases, crucial for rapid convergence to the 

MPP. Specifically, the AAO algorithm's average 

convergence time of 0.216 seconds showcases its 

efficiency in swiftly adjusting to dynamic changes in 
solar conditions. This performance enhancement is 

attributed to refinements such as the exclusion of 

Equation 8, which historically caused significant power 

fluctuations in standard AO algorithms. Additionally, 

the integration of Equation 13 has proven beneficial in 

smoothing transitions between exploration and 

exploitation phases, contributing to a consistent and 

optimized energy output. 
In summary, the detailed analysis presented in Table 2 

confirms that the AAO algorithm not only excels in 

efficiency metrics but also in its ability to adapt and 

optimize under challenging operational conditions. 

These findings substantiate its role as a leading-edge 

solution for maximizing the performance and reliability 

of solar photovoltaic systems. 
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6�Conclusion�
In this work, a novel Accelerated Aquila Optimizer was 

designed to be an MPPT algorithm. The proposed 

optimizer introduces amendments to the original AO 

algorithm by removing an equation that causes high 

fluctuations, and adding a new equation for faster finer 
exploitation and minimal perturbations. Moreover, the 

first stage has been shortened into one third of the total 

number of iterations to further boost the tracking speed.  

 

 

 

 

Consequently, the Accelerated Aquila Optimizer (AAO) 

exhibited exceptional performance compared to the 
standard Aquila Optimizer (AO) and Particle Swarm 

Optimization (PSO) algorithms across various critical 

metrics. This superior performance was rigorously 

demonstrated in a simulated standalone PV system that 

encountered several complex partial shading scenarios. 

Across these challenging conditions, the AAO 

consistently outperformed both AO and PSO in terms of 

efficiency, speed of convergence, and accuracy in 
locating the global Maximum Power Point (MPP). 
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These findings underscore the algorithm's robustness 

and efficacy in optimizing PV systems under diverse 

operational challenges. Future research will focus on 

further validating the AAO through expanded 

experimental trials in real-world PV installations, 

aiming to confirm its practical applicability and 

reliability across broader environmental conditions and 

system configurations. 
For future research directions, consider validating the 

Accelerated Aquila Optimizer (AAO) for Maximum 

Power Point Tracking (MPPT) in real-world settings 

under varying environmental conditions and partial 

shading scenarios to establish its empirical reliability. 

Enhance the algorithm's adaptability to dynamic 

environmental changes by integrating real-time data and 

adaptive learning mechanisms. Develop hardware 
prototypes and integrate AAO into commercial MPPT 

controllers, evaluating performance through hardware-

in-the-loop simulations and diverse PV system 

configurations. Extend optimization capabilities to 

multi-panel arrays, exploring hierarchical strategies and 

distributed control approaches. Investigate integration 

with energy management systems for smart grid 

applications and hybrid renewable energy systems, 
ensuring compatibility and enhancing overall system 

efficiency and stability. Assess the algorithm's 

robustness against faults and deviations, and conduct 

comparative studies with emerging MPPT algorithms to 

benchmark performance metrics. Improve PV model 

parameter estimation accuracy and optimize 

computational efficiency for scalability in large-scale 

installations. Finally, conduct economic and 
environmental impact assessments to quantify benefits 

in energy cost reduction and carbon emissions 

mitigation. 
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