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Abstract 

The use of optimal maximum power point tracking (MPPT) methods is essential for 

producing effective photovoltaic (PV) systems. Two MPPT parameters, i.e., perturbation 

amplitude and perturbation time, affect how effective MPPT algorithms are. The tracking 

speed and steady-state oscillation are both impacted by MPPT algorithm improvement. The 

optimization techniques for MPPT parameters are examined and divided into fixed and 

variable techniques in this article. During MPPT performance, the set MPPT parameters 

remain constant, and tracking speed and steady-state oscillation should be traded off. To 

enhance the steady state oscillations and tracking speed, the variable MPPT settings will be 

altered. To assess the actual contributions of the optimization techniques to the MPPT 

efficiency, some of them are also simulated, compared, and discussed. Investigations are 

also conducted into key aspects of the optimization techniques, such as noise immunity, 

stability, and computational effort. 

Keywords: MPPT, perturbation amplitude, perturbation time, MPPT efficiency. 

 

Introduction 

PV systems, which can be installed in 

remote and residential areas and are 

environmentally friendly, have lately 

grown in appeal. Maximum power point 

(MPP), which in PV systems is where 

output power reaches its maximum, is 

constantly moving depending on 

temperature and irradiance level. As a 

consequence, an operation point should 

be situated at MPP in order to get the 

most power possible from the PV 

generator (PVG). As a result, maximum 

power point tracking (MPPT) algorithms 

must constantly monitor MPP.  

Generally speaking, due to uniform 

irradiance and partial shading conditions, 

MPPT algorithms are divided into two 

groups. Examples of the first group 

include the perturb and observe (P&O) 

and incremental conductance (INC) 

algorithms. Under partial shading 

conditions, particle swarm optimization 

(PSO) and hybrid methods are used to 

identify the global MPP. MPPT designs 

with either a single loop or multiple loops 
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typically employ MPPT algorithms. With a 

single-loop MPPT arrangement, the MPPT 

algorithm instantly alters the duty cycle D 

of the interface power converter (IPC). 

Nevertheless, the input voltage controller 

(IVC) adjusts the duty cycle in the multi-

loop MPPT architecture. Vpv and Vo, 

respectively, stand for the small-signal 

components of the PV voltage and power 

output to load. Maximum power point 

tracking (MPPT) control techniques can 

increase the effectiveness of photovoltaic 

(PV) systems. Its primary purpose is to 

extract as much as feasible. The PV 

modules' output under a variety of 

climatic conditions and partial darkness 

(PSCA number of MPPT strategies have 

been developed from the literature to 

monitor the maximum power point 

efficiently, ranging from traditional 

methods to artificial intelligence and bio-

inspired systems. Each technique has 

advantages and drawbacks of its own. 

Modelling of photovoltaic (PV) devices with 

modern maximum power point tracking 

(MPPT) controllers and power converters 

is subjected to a thorough analytical 

analysis. To maximize solar energy 

production regardless of the weather. The 

paper includes a number of examples and 

color illustrations that provide students, 

researchers, and engineers looking to 

learn from professionals on how to apply 

MPPT in photovoltaic systems with 

theoretical and practical advice. Coverage 

encompasses established and recently 

enhanced techniques for simulating PV 

arrays and cells under matched and 

unmatched conditions. The performance 

of MPPT algorithms is also covered in the 

text. 

OPTIMIZATION METHODS OF ΔD 

Fast and precise monitoring of MPP is 

made possible by making the right choice 

of DD. Therefore, understanding DD     

optimization techniques is crucial to 

achieving high PV system effectiveness. 

Fixed ΔD  

In the fixed D methods, D is determined 

during the planning phase and remains 

constant while the MPPT is operating. 

Large D boosts oscillation amplitude in 

the steady state while shortening the 

transient time. Small D reduces 

oscillation amplitude in the steady state 

while increasing transient time. Therefore, 

a trade-off between transient speed and 

steady-state economy is required. 

Irradiance Rate 

This sort of technique's main objective is 

to select D in a way that the MPPT 

algorithm can distinguish between 

changes in PV power brought on by duty 

cycle modulation and changes in 

irradiance. As a result, when the 

irradiance level varies with the rate of G, 

the MPPT algorithm does not fail to 

monitor MPP. 

 

where G0 is the DC gain of; VMPP is the 

PV voltage at MPP; G is the rate of the 

irradiance change; and Kph and H are the 

parameters. 

Grid-connected System 

The bulk capacitor adds a second 

perturbation into the grid-connected PV 

systems depicted in Figure, which causes 

the MPPT algorithm to malfunction. In 

actuality, the MPPT algorithm is unable to 
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differentiate between variations in PV 

voltage brought on by duty cycle 

modulation and variations brought on by 

the grid. If the following equation chooses 

D, the issue will be solved. 

 

 

Fig. Dual stage grid-connected system 

 

where Cb, Vb, and fac  are the bulk 

capacitor, the voltage across Cb, and the 

grid frequency, respectively. 

 

Variable ΔD 

Variable D may improve the MPPT 

algorithms' steady-state performance as 

well as their dynamic effectiveness, 

according to certain research. These are a 

few key strategies that are discussed  

ΔP -based Method 

The operation point moves away from 

MPP when the value of V is small because 

it causes the value of D to be big. 

Moreover, a division operation is required. 

Hence, using merely the difference in P is 

one approach that might be used to solve 

the issue. ΔD = N2 | ΔP | 

Controller-based Method 

Digital controllers can use P as an error 

indication to generate the variable D. 

These techniques primarily contribute to 

lowering oscillations around MPP and 

enhancing PV systems' dynamic reaction 

to rapidly shifting environmental 

conditions. 

 

 

 

Prerequisites 

 

MPPT Algorithm: 

An algorithm used in photovoltaic (PV) 

inverters to continuously adjust the 

impedance seen by the solar array in 

order to maintain the performance of the 

PV system at, or relatively close to, the 

peak power point of the PV panels under 

varying conditions, such as changing 

solar irradiance, temperature, and load. 

Solar inverter engineers employ MPPT 

algorithms to maximise the electricity 

generated by PV systems. The algorithms 

adjust the voltage so that the system 

operates at the "maximum power point" 

on the power voltage curve. 

Designs for PV system controllers 

commonly use MPPT algorithms. The 

algorithms account for elements like 

temperature and varying irradiance to 

ensure that the PV system generates the 

most power feasible at all times. 

 

Perturbation and observation (P&O):  

The conventional Perturb & Observe 

technique has been frequently used 

because of how easy it is to build. This 

phase of monitoring and perturbation 

continues until the operating point 
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converges at the MPP. The method 

compares the power and voltages of time 

(K) with the sample at a time to determine 

how long it will take to reach MPP (K-1). A 

slight voltage perturbation changes the 

power of the solar panel; if the power 

change is positive, the voltage 

perturbation follows the same route. The 

MPP is further away if the delta power is 

negative, therefore the disturbance must 

travel a greater distance to reach it. 

Hence, the complete PV curve is evaluated 

using tiny perturbations in order to 

calculate the MPP. 

 

 

 

Simulation results of reviewed methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No      Optimization Method           ΔD        ηMPPT (%) 

1 Irradiance rate Fixed, 2.0%              90.4 

2 Grid connected PV systems Fixed, 2.4%              83.6 

3 ΔP -based method Variable,              81.1 

4 Controller based method Variable,              87.7 
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 Simulation responses 

 

 

 

      Fig. Irradiance rate 

 

 

 

          Fig. Delta P method 

 

Conclusion  

MPPT tracking speed and effectiveness 

should be optimized in accordance with 

DD and Tp. In this study, various 

methods for optimising the MPPT 

parameters are reviewed, categorised, 

simulated, contrasted. Key characteristics 

like noise immunity, robustness, and 

computational effort are examined, and 

the impact of each and comparison. 

Additionally, this article clarifies the need 

for distinct optimization techniques for 

steady and transient states. 

Additionally, minor improvements in the 

MPPT efficiency are made by some of 

online 

system identification techniques opens up  

improving the zero-oscillation method's 

reliability. 

 

 

 

Fig. Grid-Connected PV System 

      

 

     

Fig. Controller based method    
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