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Abstract 

The solar photovoltaic system is a vital part of the distributed energy generation system. Because of the 

varying orientation of the modules about the sunlight or due to shading, photovoltaic modules can be subjected to 

mismatching problems. The maximum power point tracking function must be carefully designed for these scenarios. 

The DPP architecture discussed in this study includes one or more DC/DC converters for each PV module. The output 

terminals of the converters are interconnected to a voltage dc bus, which is managed by a DPP converter. The 

functional restrictions arising from the connection of the DPP converters, mismatching phenomena, and the MPPT 

capabilities of the load associated with its input terminals at the modular levels are all taken into account in order to 

identify the system's optimal operating point. To address this issue, this paper suggests a particle swarm optimization 

(PSO) technique to control the performance of the DPP converter. The performance of the PSO maximum power point 

tracking technique for the DPP converter is analyzed with and without the switched inductor. The simulation findings 

reveal that the PSO technique has improved output power and reduced ripple under partial shading conditions and 

its performance is compared to the conventional MPPT P&O technique.  

Key Words: DC-DC converter, Differential power processing converter, MPPT, Partial 

shading, PSO, photovoltaic (PV) modules switched inductor. 

Introduction 

The use of renewable energy sources (RES) has captivated the attention of the modern 

world and almost all the countries in the world are exploring the possibilities of reducing their 

dependance on conventional energy so us. RES has several advantages including availability, 

environmental friendliness, and low maintenance. Photovoltaic (PV) modules are one of the most 

well-known renewable energy resources in the world because they have a longer lifespan and 

several advantages [1]. MPPT controllers are classified as either analog or digital from the 

perspective of control. In analogue controllers, the control signal is created as a reference voltage 

that is compared to the converter output voltage, and the mismatch signal is then processed by a 

typical control system that uses a proportional integral derivative (PID) controller [2]. 

In digital MPPT controllers, the output signal is d (duty cycle), which is transmitted directly 

to the converter switch through a pulse width modulation (PWM) generator. Because of their ease 

of installation and higher reliability, these controllers are commonly employed in modern PV 

systems [3]. When using digital controllers, the value of d changes discretely by the value of d 

after a specific sampling time ts, and the numerical values have a direct impact on the MPP's 

accuracy and tracking speed as sun irradiance and temperature change. 

To extract the MPP of the solar array under uniform solar irradiation of the PV system, a 

number of classic approaches, such as perturb and observe (P&O) [4], incremental conductance 

[5], constant voltage [6], and others [7], were established. Despite their success in detecting these 

maxima, the approaches failed to catch the global maximum power point (GMPP) in cases of 
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partial shading of the PV panels. As bypass diodes are used to reduce the effect of hot spots, the P-

V characteristics of a PV panel under PSC become more difficult, with many local peaks and one 

global MPP [8]. 

Recent research has proposed several evolutionary optimization methodologies for 

minimizing the impact of PSC on PV arrays. Likewise, they have been utilized to find the global 

maximum power point of photovoltaic (PV) panels when conventional approaches fail to 

converge[8-9]. Researchers employed the genetic algorithm (GA) [10, 11], artificial intelligence 

methods employing fuzzy logic, and neural networks [12, 13] to determine the global maximum 

power point. [5], [7-9], and [14] offer a thorough analysis, classification, and comparison of the 

global maximum power point techniques. The ease of hardware implementation, cost, speed, and 

precision of tracking global maximum power points under various operating conditions of PV 

panels are used to compare the efficacy of various global maximum power point systems. 

Particle swarm optimization has proved to be the most effective approach for predicting 

GMPP of PV arrays under the PSC (PSO). In addition, several engineering problems have been 

deemed simple to implement and quick to extract the optimal solution [15, 18], 19]. According to 

literature studies [17-27], the most difficult aspect of applying the PSO algorithm to detect the 

GMPP of PV systems is the setting of its parameters. 

Moreover, numerous researchers have used trial and error to determine the primary 

parameters of PSO (i.e., the number of particles N, the coefficient of inertia w, the acceleration 

coefficients c1 and c2, and the sample time ts) without considering the topology and parameters 

of the DC-DC converter and the solar panel configuration [17-27]. 

In [20], [22]-[24], [26], and [27], for instance, a recommended PSO algorithm for 

calculating the GMPP of a PV panel using three particles is given, but in [15] and [18], four 

particles are used for the PSO controller. Five particles are used in [16] and [19], but [21] advocates 

the use of six particles. In [25], nine particles are indicated, but [17] use 10. The improper selection 

of PSO parameters causes an increase in the PV system's GMPP extraction and a drop in the 

accuracy of MPP efficiency, resulting in a decrease in the PV plant's overall efficiency. 

The DC-DC boost converter coupled to a resistive load is utilized in the majority of 

research studies employing PSO in searching in GMPP [17-27]. 

The research findings cannot be applied to the design of self-contained solar power plants, 

because the predominant building methods rely on connected buck-boost DPP converters. The 

objective of this project is to design a stand-alone PV system that can provide maximum power to 

high-power grid-connected consumers. The output voltage and current of the PV panels are sent 

to the controller unit, which captures the MPPT under PSC and provides the DC-DC buck-boost 

converter with the optimal duty cycle. 

Bidirectional buck-boost converters can be used without switched inductor DPP converters 

as shown in Figure 1. Each DPP converter can impose a specified voltage ratio between output 

voltage by adjusting the duty ratio according to PSO algorithms. 
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Figure. 1. DPP converter without switched inductor  

The main contribution of this paper is to present a new methodology for DPP converter 

with switched inductor for selecting the optimal settings of the PV system's MPPT controller based 

on the PSO algorithm's basic principles. Furthermore, this work analyses the topology and 

configuration of the PV panel for designing and selecting the parameters of the buck-boost 

DPP converter that is connected to the DC bus.  

The organization of the rest of this research paper is as follows: The Proposed Methodology 

of DPP Converters is discussed in Section 2. Conventional MPPT is presented in Section 3. MPPT 

is presented in Section 4, which is based on the particle swarm optimization technique. The 

simulation results of the DPP converters with and without switching inductors are presented in 

Section 5. A comparison of conventional MPPT and PSO MPPT techniques is made in Section 6. 

Finally, Section 7 provides the conclusion of this paper. 

Proposed Methodology of modified DPP Converter Operation 

The fundamental aspect inside the DPP without switched inductor converters used against 

the influence of voltages of the process of its series-connected domain use only a small fraction of 

the average power used by the system. In [29], several topologies that combine DPP are described 

as the bus-to-element topology which performs voltage regulation by offering balancing currents 

immediately from the bus to the intermediate node. The parallel modified DPP with switched 

inductor converter circuit topology is shown in Figure 2. 
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 Figure. 2. DPP with switched inductor converter 

Conventional MPPT P&O Algorithms 

 Because of its simple feedback structure, ease of implementation, and reduced number of 

parameters, the perturb and observe (P&O) method is classified as the most widely used MPPT 

algorithm. This approach, as shown in Figure 3, works by perturbing the operating point toward 

the MPP regularly by increasing or decreasing the operating voltage [45]. During each stage, the 

output power Pn is computed by multiplying the observed output voltage and output current. This 

value is then compared to the previous perturbation Pn+1; if the output power is increased, the 

perturbation will continue in the same direction; otherwise, it will reverse. The operational point 

begins to oscillate around the MPP after the MPP is reached (Pn = Pn+1) [45]. 
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Figure 3. The flowchart of the P&O algorithm. 

MPPT based on particle swarm optimization 

The fundamental issue is that the photovoltaic system is supplying maximum power under 

various weather circumstances; as a result, new MPPT controllers have been introduced to improve 

its performance, such as INC and P&O algorithms, which show significant potential, particularly 

under STC. However, under Partial Shading Conditions, where the P-V characteristic incorporates 

numerous MPPs, its tracking performance suffers dramatically. Typically, old procedures attain a 

local MPP, which reduces the system's efficiency. Many MPPT techniques based on metaheuristic 

(MH) optimization have been proposed to address this constraint, including Cuckoo Search, Grey 

Wolf, Genetic Algorithm, and Particle Swarm Optimization. This is a stochastic-based approach 

for solving multivariable optimization problems, such as the shaded PV array, that is modeled after 

social behavior. This method offers quick convergence, precise output, and a stable steady state. 

Particle Swarm Optimization (PSO) method 

Particle Swarm Optimization (PSO) is a stochastic, population-based Evolutionary 

Algorithm search invented by Kennedy and Eberhart in 1995 [31] as an alternative to the Genetic 

Algorithms technique [32, 33, 34, 35, 36]. It is inspired by the social behavior of birds. Searching 

the global optimum of a multivariable function optimization with many local optimums is 

preferable [32, 37]. The PSO approach begins with a group of random particles that are essentially 

alternative solutions to the problem. These particles exchange experiences and knowledge to arrive 

at the best solution. Each particle in this swarm updates its position xi and velocity vi during each 

iteration based on a comparison between Pbest, which represents the local (private)best position 

reached by this particle, and Gbest, which represents the global best position reached by the entire 

swarm during their movement in the D-dimensional space depicted in Figure 4 [32, 33, 34, 35,36]. 
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The basic PSO algorithm that is used to update xi and vi is as follows: 

𝑣𝑖(𝑘 + 1) = 𝑤 × 𝑣𝑖(𝑘) + 𝑐1 × 𝑟1 × (𝑃𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘)) + 𝑐2 × 𝑟2 × (𝐺𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘))---------------(1) 

𝑥𝑖(𝑘 + 1) = 𝑥𝑖(𝑘) + 𝑣𝑖(𝑘 + 1), 𝑖 = 1,2 … … 𝑁𝑝-------------------------------------------------------(2) 

Where:  

k: The iteration number.  

w: The iteration weight.  

c1, c2: Acceleration coefficients.  

r1, r2: Random variables.  

Np: Number of particles. 

Step 1: The initialization  

Randomize the positions and velocities of a population of particles in D-dimensional space 

[32, 36, 38, 39, 40]. 

Step 2: Assess your fitness. 

Each particle's fitness is assessed by providing a candidate solution to the objective 

function [32, 36, 38, 39, 40]. 

Step 3: Update the best data for each individual and the entire world. 

Compare each particle's current fitness to its prior one and update the best global fitness 

Gbest and the private local fitness Pbest values [32, 36, 38, 39, 40]. 

Step 04: Refresh the locations and velocities. 

Equations (1) and (2) are used to update the position xi and velocity vi of each particle [32, 

36, 38, 39, 40]. 

Step 05: Determination of Convergence 

Return to step 02 until the convergence requirement is met, then check the end conditions 

and halt the optimization [32, 36, 38, 39]. 

 

Figure 4. Particles movement in the space search. 
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 Table I 

Parameters of PSO algorithm. 

S. No Parameter Values 

1 w 0.4 

2 c1 1.2 

3 c2 2 

4 k 50 

 

The simulation studies were carried out under steady-state and partial shading situations 

for assessment and comparison analysis. Table I lists the parameters for the PSO method, that are 

used to implement the proposed algorithm using M-file code. 
 

 

Figure 5. The flowchart of the PSO algorithm. 
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MPPT based on Particle Swarm Optimization (PSO) 

                   Particle Swarm Optimization (PSO), in addition to its simplicity [30] and ease of 

implementation, effectively solves multi-objective optimization problems, such as in the case of 

shaded PV arrays where the photovoltaic P-V characteristic exhibits more than one MPP (multiple 

peaks) [32, 34, 36, 37, 40, 41, 42]. As a result, the PSO algorithm is used as an MPPT controller 

to ensure that the PV system operates at the optimal MPP, which is the most efficient state, where 

the objective function is the PV array output power and the duty cycle of the DPP with switched 

inductor converter represents the particle position xi [34, 35, 38, 40]. The steps of a PSO-based 

MPPT controller are as follows as shown in Figure 6. 

Step 1: Initialize the program and the settings. 

                 The particles can be positioned in predefined positions or at random in the search space, 

with the latter's number determined by the number of local peaks in the photovoltaic P-V 

characteristic [33, 38, 40, 43, 44]. The following is how particle positions are determined: 

𝑥𝑖(𝑘) = 𝑑𝑔 = [𝑑1, 𝑑2, 𝑑3 … … 𝑁𝑝], 𝑖 = 1,2 … … 𝑁𝑝-----------------------------------(3) 

                  The size of the search space is defined by NP, which is the number of particles in the 

population. The parameters C1, C2, and w should be established during this stage, while the duty 

cycles should be defined as private best positions Pbesti [32, 34, 36] in the first iteration. 

Step 2: Evaluate the objective function. 

                    The objective function, which must be maximized, is used to compute the fitness of 

each particle [32, 33, 39, 40, 43, 44]. This is stated in equation (4). 

𝑃 (𝑥𝑖(𝑘)) < 𝑃 (𝑥𝑖(𝑘 − 1))-------------------------------------------------------------(4) 

Step 3: Determination of the greatest overall fitness for the individual. 

                      Each particle's local fitness is calculated and compared to the previous one; if the 

current fitness Pbesti is better than the previous one, the current location xi is replaced. All the values 

of Pbesti in the swarm are compared to each other to find the value of the global best fitness Gbest, 

and the best value is assigned as Gbest [32, 33, 39, 40, 43, 44]. 

Step 04: Determination of the greatest overall fitness for the individual. 

                       During this stage, each particle's velocity and position are changed, with the velocity 

being dependent on the position of Pbesti and Gbest in the search space [32, 33, 39, 40, 43,44]. 

Step 05: Verifying the finished result. 

                       The previous process is repeated until the particle reaches the MPP with a velocity 

close to zero, causing the steady-state to be stable (without oscillation), and the tracking process 

is terminated after validating the stopping criterion as shown in Figure 6 [33, 34, 35,39, 40, 43]. 
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Figure 6. Flowchart of PSO algorithm based MPPT 

Simulation Analysis 

This part attempts to verify the proposed approach, which was used to pick the parameters 

defined in sections MPPT based controller, is correct. MATLAB/Simulink tool was used to run 

all simulations [28] in this investigation. In general, DPP converters with switched inductors must 

satisfy certain performance specifications that are arranged during their design as shown in Table 

II. The parameters of a modified DPP converter with switched inductor are as follows: capacitor 

C1=C2=C3=C4=10mF, inductor L1=L2=L3=L4=10mH, switching frequency=25 kHz, D1=D2=0.5, 

and RL=10Ω. 
Table II 

DPP converter Parameters 

Parameters Without Switched Inductor With Switched Inductor 

Capacitors 10µF 10µF 

Inductors 10mH 10mH 

Resistors 10Ω 10Ω 
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Frequency 25 KHz 25 KHz 

Input voltage 33V 33V 

Output voltage 47V 58V 

Irradiation levels 1000W/m2-300W/m2 1000W/m2-300W/m2 

 

 

Conventional MPPT P&O Algorithms  
Without Switched Inductor 

                  The simulation demonstrates the MPPT controller's capacity to discover and monitor 

the maximum power point under standard conditions (Ir=1000W/m2-300W/m2, T=25oC) by 

employing the conventional MPPT algorithms presented in the section. 

 

Figure 7. Output Current of DPP Converter 
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Figure 8. Output Voltage of DPP Converter  

 

Figure 9. Output Power of DPP Converter 
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   DPP converter without a switched inductor for a period of starting to 1 second, 3.8A of 

current is sustained at steady-state under irradiation of 1000 W/m2. Irradiation level is maintained 

at 600 W/m2 for a period of 1 to 2 seconds while the 2.2A current is decreased. Current is ramped 

up by 3.5A in a period of 2 to 3 seconds to maintain steady state at an irradiation level of 800 

W/m2. The output current without the switching inductor is shown in Figure 7. 

 For a period of starting to 1 second, a 38V voltage is maintained at steady-state with an 

irradiation level of 1000 W/m2. During the next 1 to 2 seconds, the 22V voltage is steadily reduced 

to maintain a 600 W/m2 irradiation level. At an irradiation level of 800 W/m2, the 35V voltage is 

raised to reach a steady state within 2 to 3 seconds. Figure 8 shows the output voltage without the 

switching inductor.      

For a period of one second, 150W power is kept at a steady-state at an irradiation level of 

1000W/m2. During a period of 1 to 2 seconds, the 50W power is gradually decreased to maintain 

a steady-state 600 W/m2 irradiation level. An irradiation level of 800 W/m2 is achieved at 125W 

for 2 to 3 seconds at a steady-state power level. Figure 9 shows the output power without the 

switching inductor.  

With Switched Inductor 

The greatest current required to sustain the steady-state in a period commencing to 1 second 

is 1000 W/m2,4.0A. In a period of 1 to 2 seconds, the irradiation level of 600 W/m2,2.3A is reduced 

to maintain a steady state. In a period of 2 to 3 seconds, the current is increased to maintain a 

steady-state at an irradiation level of 800 W/m2,3.6A. Figure 10 shows the output current with 

switched inductor. 

 

Figure 10. Output Current of DPP Converter 
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Figure 11. Output Voltage of DPP Converter 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Output Power of DPP Converter 

ISSN: 0369-8963

Page 576

PERIODICO di MINERALOGIA                                                                                                           Volume 91, No. 3, 2022

                                                                                                                                         https://doi.org/10.37896/pd91.3/91343



 
 

. 

MPPT based on Particle Swarm Optimization (PSO) 

Without Switched Inductor 

It is important to note that in most scientific studies of the PSO, the N and max parameters 

are determined in conjunction with the algorithm's parameters for a three PV panel configuration, 

which can limit the simulation coverage of the conclusions. The objective of this study is to 

evaluate the relationship between the number of particles and the PSO algorithm's performance 

while taking into account the PV string's configuration.  

The operational range of the DPP converter without switched inductor (i.e., PV side), 

which is determined by the values of the irradiance and the temperature of the PV modules, must 

be specified before the parameters of the DPP converter with and without switched inductor may 

be selected. The following ranges of changes in external climatic conditions are considered in this 

study: Temperature T = 25°C and irradiance G = 300-1000 W/m2. 

The DPP buck-boost converter without switched inductor should have the following 

operational power characteristics, as shown in Figure.1 rated powers of Power=220W and an input 

voltage range of Vin=47-18V. 

It can be seen that the operating range of the input voltages and the rated power of the DPP 

buck-boost converter without switched inductor can be conveniently analyzed, using data from the 

specific requirements of the PV module, and supposing that though climatic conditions change, 

the MPP voltage (VMPP), as well as the MPP current (IMPP), would then change proportionally 

to the open-circuit voltage or the photocurrent. 

The highest voltage needed to maintain a steady-state in a range of 1 second to 1000W/m2 

is 47V. The 26V voltage will change and decrease in 1 to 2 seconds to maintain a steady-state at a 

500 W/m2 irradiation level. The irradiation level of 800 W/m2,34V is increase in a 2 to 3 second 

interval to maintain a steady state. The output voltage without the switching inductor is shown in 

Figure 13. 

The DPP converter without switched inductor has the following features. In a period of up 

to 1 second, 4.7A current is maintained at steady-state at a 1000 W/m2 irradiation level. 2.6A 

current is lowered to maintain a steady-state in a period of 1 to 2 seconds when the irradiation level 

is 600 W/m2. Current 3.4A is increased at the irradiation level, 800W/m2, to maintain a steady-

state in a period of 2 to 3 seconds. Figure 14 shows the output current without the switching 

inductor. 
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Figure 13. Output Voltage of DPP Converter 

 

Figure 14. Output Current of DPP Converter 
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Figure 15. Output Power of DPP Converter 

                       The irradiation level of 1000W/m2,214W is the maximum power to maintain the 

steady-state in a period of starting to 1 second. In the irradiation level of 600 W/m2,72W power is 

decreased to maintain a steady-state in a period of 1 second to 2 seconds. In the irradiation level of 

800 W/m2,121V is increased to maintain a steady-state in a period of 2 seconds to 3 seconds. The 

output power without switched inductor is shown in Figure 15. 

 

                     The same DPP converter without switched inductor can be used with the specifications 

given above. Table III depicts the various shading patterns for each PV panel arrangement, while 

Figure. 15 depicts the voltage, current, and power characteristics of these situations 
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Figure 15. DPP converter without switched inductor 

. 

Table III 

DPP converter without switched inductor  

S. No Irradiation levels W/m2 Current (A) Voltage (V) Power (W) 

1 PV1 PV2 PV3 Ipv1 Ipv2 Ipv3 Vpv1 Vpv2 Vpv3 Ppv1 Ppv2 Ppv3 

2 1000 500 700 4.7 2.3 3.2 47 23 32 214 52 102 

3 950 450 650 4.4 2 2.9 44 20 29 190 43 88 

4 900 400 600 4 1.8 2.6 40 18 26 160 32 72 

5 850 350 550 3.8 1.6 2.4 38 16 24 146 22 60 

6 800 300 500 3.4 1.4 2.2 34 14 22 121 18 54 

7 750 1000 450 3.2 4.6 2.1 32 46 21 106 210 44 

8 700 950 400 3 4.3 1.8 30 43 18 90 196 34 

9 650 900 350 2.8 4 1.6 28 40 16 78 160 24 

10 600 850 300 2.6 3.8 1.4 26 38 14 72 146 18 

11 550 800 1000 2.4 3.4 4.6 24 34 46 60 122 210 

12 500 750 950 2.2 3.2 4.4 22 32 44 54 102 190 

13 450 700 900 2.1 3 4 21 30 40 44 90 160 

14 400 650 850 1.8 2.8 3.8 18 28 38 32 78 146 

15 350 600 800 1.6 2.6 3.4 16 26 34 22 60 121 
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With Switched Inductor 

The results of a simulation of the operation modes of the Particle Swarm Optimization 

based on MPPT of a PV system under changing solar irradiation of the solar panels under the PSC 

are shown in Figure 16. Furthermore, in the suggested model under investigation, the selected 

parameters of the DPP with switched inductors defined in this section are applied.  

 

 
Figure 16. Output Current of DPP Converter 

 
Figure 17. Output Voltage of DPP Converter 
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Figure 18. Output Power of DPP Converter 

The characteristics of the DPP converter with switched inductor are given below. In the 

irradiation level of 1000 W/m2, 5.4A current is maintained at a steady-state for a period of starting 

to 1 second. In the irradiation level of 600 W/m2, 2.9A current is decreased to maintain a steady-

state in a period of 1 second to 2 seconds. In the irradiation level of 800 W/m2,3.4A current is 

increased to maintain a steady-state in a period of 2 seconds to 3 seconds. The output current 

without switched inductor is shown in Figure 16.  

The irradiation level of 1000 W/m2,55 V is the maximum voltage to maintain the steady-

state in a period of starting to 1 second. In the irradiation level of 600 W/m2,23V is decreased to 

maintain a steady-state in a period of 1 second to 2 seconds. In the irradiation level of 800 W/m2,34 

V voltage is increased to maintain a steady-state in a period of 2 seconds to 3 seconds. The output 

voltage with a switched inductor is shown in Figure 17. 

The irradiation level of 1000 W/m2,267W is the maximum power to maintain the steady-

state in a period of starting to 1 second. In the irradiation level of 600 W/m2,53W is decreased to 

maintain a steady-state in a period of 1 second to 2 seconds. In the irradiation level of 800 

W/m2,123W power is increased to maintain a steady-state for a period of 2 seconds to 3 seconds. 

The output power with a switched inductor is shown in Figure 18.  

Results show that the switched inductor based DPP converter performance without 

switched inductor based DPP converter in the MPPT in all scenarios examined as shown in Table 

IV. According to the simulation results, the change in the duty cycle of the DPP buck-boost 

converter with switched inductor is in good agreement with the values defined in Section 5. When 

the duty cycle is dependent on solar irradiation, the track performance depicted in Figure 19 has 

been obtained. These findings suggest that the approaches for constructing the PV system 

suggested in this paper are effective and precise. 
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Figure 19. DPP converter with switched inductor 

Table IV 

DPP converter with switched inductor  

S. No Irradiation levels W/m2 Current (A) Voltage (V) Power (W) 

1 PV1 PV2 PV3 Ipv1 Ipv2 Ipv3 Vpv1 Vpv2 Vpv3 Ppv1 Ppv2 Ppv3 

2 1000 500 700 5.9 2.9 4.1 59 29 41 347 84 173 

3 950 450 650 5.2 2.6 3.8 52 26 38 278 72 148 

4 900 400 600 5 2.4 3.5 50 24 35 250 58 126 

5 850 350 550 4.7 2 3.2 47 20 32 222 44 107 

6 800 300 500 4.5 1.8 2.9 45 18 29 205 32 88 

7 750 1000 450 4.4 5.8 2.6 44 58 26 196 346 72 

8 700 950 400 4.1 5.2 2.4 41 52 24 173 278 58 

9 650 900 350 3.8 5 2 38 50 20 148 250 44 

10 600 850 300 3.5 4.7 1.8 35 47 18 126 222 32 

11 550 800 1000 3.2 4.5 5.9 32 45 59 107 205 347 

12 500 750 950 2.9 4.4 5.2 29 44 52 88 196 278 

13 450 700 900 2.6 4.1 5 26 41 50 72 173 250 

14 400 650 850 2.4 3.8 4.7 24 38 47 58 148 222 

15 350 600 800 2 3.5 4.5 20 35 45 40 126 205 

The operating modes of the PV system with the various irradiation studied 1000W/m2-

300W/m2, respectively, have been simulated to assess the viability of utilizing a PSO algorithm 

with the specified parameters in the PSO MPPT controller of a PV system based on PV1, PV2 and 

PV3 configurations I-V and P-V characteristics. The various irradiation studied 1000W/m2-

300W/m2, respectively, have been simulated to assess the viability of Global maximum power 

point as shown in Figure 20. 
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Figure 20. I-V and P-V characteristics 

 

Comparison of Conventional MPPT and PSO MPPT Techniques 

Conventional MPPT Techniques 

Figure 21 shows the output voltage of DPP converter without switched inductor levels 40V, 

23V, 34V, and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2 as the same 

irradiation levels with switched inductor the following output voltage levels 42V,24V and 36V. 

The results show better output voltage performance with switched inductor than without switched 

inductor. It can be seen that the PSO MPPT algorithm design has a better output voltage response 

than conventional MPPT for a variety of irradiation level changes in PV panels.  

Figure 22 shows the output current of DPP converter without switched inductor 4.0A, 2.3A, 

3.4A, and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2 as the same irradiation 

levels with switched inductor the following output current 4.2A,2.4A and 3.6A.  The results show 

better output current performance with switched inductor than without switched inductor. It can 

be seen that the PSO MPPT algorithm design has a better output current response than 

conventional MPPT for a variety of irradiation level changes in PV panels.  
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Figure 23 shows the output power of DPP converter without switched inductor 150W, 

50W, 125W, and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2 as the same 

irradiation levels with switched inductor the following output power is 177W,58W and 130W. The 

results show better output power performance with switched inductor than without switched 

inductor.   It can be seen that the PSO MPPT algorithm design has a better output power response 

than conventional MPPT for a variety of irradiation level changes in PV panels.  

 

Figure 21. Output Voltage of DPP Converter for conventional MPPT  

 

Figure 22. Output Current of DPP Converter for conventional MPPT 
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Figure 23. Output Power of DPP Converter for conventional MPPT 

PSO MPPT Techniques 

Figure 23 shows the DPP converter with switched inductor responses for output current of 

5.9A, 3.0A, 4.8A. and without switched inductor responses for output current of 4.5A, 2.0A, 3.8A 

and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2. The results show better 

output current performance with switched inductor than without switched inductor. It can be seen 

that the PSO MPPT algorithm design has a better output current than conventional MPPT for a 

variety of irradiation level changes in PV panels.  

Figure 25 shows the DPP converter with switched inductor responses for output voltage 

levels of 59V, 30V, and 48V and without switched inductor responses for output current of 45V, 

23V, 38V and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2. The results show 

better output voltage performance with switched inductor than without switched inductor. It can 

be seen that the PSO MPPT algorithm design has a better output voltage than conventional MPPT 

for a variety of irradiation level changes in PV panels.  

Figure 26 shows the DPP converter with switched inductor responses for output power of 

350W, 97W, 148W and without switched inductor responses for output power of 203W, 53W, 

145W and varied irradiation levels of 1000W/m2, 500W/m2, and 800W/m2. The results show better 

output power performance with switched inductor than without switched inductor. It can be seen 

that the PSO MPPT algorithm design has a better output power than conventional MPPT for a 

variety of irradiation level changes in PV panels.  

Table V 

Compare conventional MPPT and PSO MPPT techniques 

S. No Without switched inductor With switched inductor 

Voltage 1000W/m2 40V 59V 
500W/m2 23V 30V 
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800W/m2 34V 48V 

Current 1000W/m2 4.0A 5.9A 
500W/m2 2.3A 3.0A 
800W/m2 3.4A 4.8A 

Power 1000W/m2 150W 350W 
500W/m2 50W 97W 
800W/m2 125W 148W 

 

Figure 24. Output Current of DPP Converter for PSO MPPT 

 

Figure 25. Output Voltage of DPP Converter for PSO MPPT 
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Figure 26. Output Power of DPP Converter for PSO MPPT 

 

The P&O technique has a better performance under partial shade, but the PSO technique 

exceeds the conventional techniques when it comes to finding the Global maximum power point, 

according to the simulation results as shown in Table V. The P&O and PSO technique have an 

improved output power and reduced ripple under partial shade as shown in Figure 27,28,29 and 

30. 

 

The tracking time of the GMPP has been reduced while using the selected parameters in 

the PSO controller, according to the simulation findings. The operating modes of the PV system 

simulated results to see if a PSO algorithm with the specified parameters could be used in the 

MPPT controller of a PV system based on PV1, PV2 and PV3 configurations. In all of the simulation 

results, the PSO controller ignores the local peak and correctly detects the GMPP.  

Under the partial shading condition, when the irradiation level is 500W/m2 of the 

simulation time of 0.9ms, maximum power is obtained using PSO algorithm.  For the same 

irradiation simulation time 1ms, maximum power is obtained using P&O algorithm. Ripples are 

reduced is PSO algorithm compared to P&O algorithm. Performance of output power P&O MPPT 

and PSO MPPT techniques as shown in Table VI. According to the simulation results, the change 

in the duty cycle of the DPP converter is in good agreement with the Section 6 stated values.  

Table VI 

Performance conventional MPPT and PSO MPPT techniques 

S. No  Irradiation levels W/m2 PSO algorithm P&O algorithm 

1  

Output power 

 

500W/m2 200W 140W 

2 800W/m2 410W 260W 

3 1000W/m2 595W 590W 
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Figure 27. PSO MPPT for under partial shade P-V characteristics 

 

Figure 28. PSO MPPT for under partial shade I-V characteristics 
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Figure 29. P&O MPPT for under partial shade P-V characteristics 

 

Figure 30. P&O MPPT for under partial shade I-V characteristics 
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Conclusion 

 The paper presents a novel method for the parameterization of components of an 

autonomous PV system with an MPPT controller, ensuring the most efficient use of solar energy 

array, MPPT controller, and buck-boost converter with switched inductor connected to a grid are 

all components of the suggested PV system, which is established in MATLAB/Simulink. A new 

approach for determining the settings of DPP converter with switched inductor buck-boost DPP 

converter is proposed. The present study compares modified versions of the PSO designed to 

extract the MPPT of a PV array under the PSC. In these algorithms, we have examined the optimal 

sample time, parameters, number of particles, and number of iterations. The optimal sample time 

for each controller is 3ms.The results show that with and without switched inductor of DPP 

converter output response compared.  

Finally, it can be stated that the upgraded DPP converter with switched inductor has a fair 

chance of being implemented in the MPPT control unit of a standalone PV system. The simulation 

findings reveal that the P&O technique has better performance, but when it comes to finding the 

Global maximum power point, the PSO technique provides improved output power and reduced 

ripples over conventional techniques. 

Future study may concentrate on the practical implementation of the switched inductor in DPP 

converters and the use of additional optimization strategies for tracking the MPPT. 
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