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Abstract— The DC-DC converter is an electric circuit converting a DC voltage from one level to another. The voltage is either higher 

or lower. This is usually known as the DC counterpart of the voltage transformer. System efficiency and energy output of a PV system 

is invariably influenced by module temperature, irradiation and shading. Material behavior like module encapsulation, thermal 

dissipation and absorption behavior of used material also affect the output; further it is subjected to work purpose of irradiance level, 

surrounding temperature just as wind speed and condition of installation. Manufacturers normally indicate nominal operating cell 

temperature (NOCT), an indicative of module temperature. There is unique point known as maximum power point (MPP) in the I-V 

curve, at that point the efficiency of solar powered PV array is maximum. If the solar panel is directly coupled with load, there is 

mismatch between operational point of the voltage and current and the unique point of Vmpp (Voltage at maximum power point) and 

Impp (Current at maximum power point). To overcome this problem, DC-DC switch-mode power supply, known as (MPPT) is 

presented. The duty cycle output of the MPPT algorithm is sent to the improve converter performance through a PWM controller. 

The boost converter output is linked to a resistive load to determine the system's power output. The MPPT system overcomes this 

problem by controlling the PV array voltage or current freely of the load. PV system, converters integrated with MPPT and the 

measuring system are all part of the system, and all connected to transform solar energy into electrical energy. Hence, it can be 

observed that MPPT algorithm is needed to control the operation of Controller. Through conventional MPPT system, it is not 

possible to detect nonlinear operating points created due to partial shading and complex operational conditions. The present research 

represents the design and performance assessment of improved cuckoo search based maximum power point tracking system under 

variable mode of operation and partial shaded conditions. 

Keywords:- Photovoltaic (PV), Matrix laboratory (MATLAB)), Particle Swarm Optimization (PSO), Mega Watt Peak (MWp), Soft Computing 

Techniques, Maximum Power Point Tracker (MPPT), Global Maximum Power Point (GMPP), Cuckoo Search Algorithm. 

I. INTRODUCTION 

Two basic developments are made in photovoltaic power conversion into solar cells. First of all, light assimilation produces an 

electron-hole pair. By the arrangement of the gadget, the electron and the hole are separated. The electrons go to the terminal 

negative and the holes go to the terminal positive. Depending of the partition of the holes and electrons, the power is generated. 

Photovoltaic solar picture displays are arranged similarly, arranged or mixed, according to which the perfect terminal voltage 

and current are set. A higher voltage level can be achieved thanks to the arrangement string configuration, but the current 

evaluations are limited by the individual photovoltaic cell value[1]. 

 
Figure 1:  Diode Modelling of Solar Cell 
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The solar cell modeling diode is discussed in Figure 1. In order to measure the I-V and P-V features of solar cells, the solar cell 

diode model is used. Taking into account the Rs and Rp effects, the regulating equations are discussed for the diode model: 
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)       (2) where:  n  is  known  as  the  “ideality  factor” and generally the 

value of ideality factor depends on manufacturing technology of solar cell.. A solar cell is a semi-conductor for transforming 

solar radiance into electricity. Electromagnetic power can, for example, be used by solar cells to generate electricity if the 

power of the photons is high enough to distinguish electron matches. The electric flux voltage from a solitary or multi-crystal 

solar cell is 0.5 volts. The solar irradiance is electromagnetic energy from the Light. This results from the voltage of the solar 

cell's N/P layer. The solar cell's current or amperage depends on the amount of electrons which are thumped into the conduction 

band. This current is related to the sun's calculation of solar radiation. The solar cell's current can be increased by expanding the 

solar cell area or by extending the solar cell's measure of the solar radiation. Solar cells can be called a solar battery. In case 

solar cells are mixed, the current remains the equivalent and the voltage rises at that moment. [2] 

Solar cells are joined to form a "module" that feeds the current and voltage (and therefore power). For eg, 24 solar cells need to 

be connected in a scheme to frame a 12-volt module. A photovoltaic module is also called a series of solar cells. Power 

correlates to current voltage occasions. When the sunrays occur at a rate of 1000 watts/meter
2
 and the temperature at 25

o 
C, the 

power rating of a photovoltaic module are frequently quoted as the power output of the module. This is an average sunlight 

estimate about the middle of an unmistakable summer day. A 1m2 square module, 15% efficient, would therefore achieve an 

early afternoon yield of 150 Watts. An exhibit on photovoltaic (PV) is a series of photovoltaic modules designed for power 

generation. A PV display can consist of one module, and its output can shift from a couple of watts to a large amount of 

megawatts depending on its number and output. A photovoltaic display generates direct current used for powering the "heap" 

From charging a battery to power a matching device in a mini-computer to powering a structure or city. At the point where a PV 

cluster is connected to the utility network, an inverter which changes the immediate current in the current should initially be 

associated. Most inverters have an efficiency of approximately 90%. The new inverters are advanced and produce extremely 

clean electricity at a constant voltage. By clean power one means that the spinning current is almost without mutilation or 

harmonics as a sinus wave. . Modern solar panels are electrical with just 30-40%. Solar incident radiation. The goal is to 

improve the operational efficiency of solar photovoltaic systems through maximum power point monitoring. By adjusting the 

service cycle of the corresponding boost converter the source impedance and load impedance can be adapted and a full power 

transfer monitoring from the photovoltaic system can be achieved. [4] [5] [6] 

II. MAXIMUM POWER POINT TRACKING  

The maximum power point is tracked by various methods. The research aims to analyze and propose improved maximum 

power point tracking system which can be used to regulate the performance of solar photovoltaic system under variable modes 

of operation. The algorithms of maximum power point tracking are divided into following major classes. 

 Conventional Methods 

 Soft Computing Based Methods 

The algorithm's choice depends on the time complexity, implementation and ease of implementation of the algorithm to track 

the MPP.Figure 2 and 3 illustrate the characteristic curves of PV panels for various solar irradiances and temperatures. With 

certain atmospheric circumstances, the MPP changes. It is exceedingly challenging to forecast the temperature and sun 

insolation conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 Effect of Change of Irradiation 

on Maximum Power Point 
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Figure 3 Effect of Change of Temperature 

on Maximum Power Point 

  

Along with the PV panels, Power Conditioning Units (PCUs), which are often power electronic converters, are employed. 

These PCUs carry out two tasks: they first transform the DC power from the PV panel into useful DC/AC power and then they 

maximize the power from the panel. To carry out this second function, several traditional MPPT algorithms are published in 

various literatures. This prevents traditional MPPT approaches from finding global maxima. There is a number of material on 

methods to search global MPPT and improve overall system efficiency. Therefore, searching for the global maximum power 

point should also be possible with the PCU.  However, the standard MPPT approaches only track local MPP and fail to detect 

global MPP when a PV array is partially covered by a tree, building, or cloud. Additionally, local maximum power points 

appear in the P-V curves when modules with differing optimum currents are coupled in series and parallel, as illustrated in Fig. 

3. [12] [14] [15] 

This research analyze and implements a variety of conventional and global MPPT strategies based on heuristic and soft 

computing techniques; these approaches are thoroughly analyzed in light of specific performance enhancement of operational 

efficiency of solar photovoltaic system and its characteristics. 

 
Figure 3. Effect of Shading on P- V Characteristics of Solar PV System 

 

III. PARTIAL SHADING CONDITION 

Research shows that the methods offered by the MPPT method of tracking points are imperfect and fail to track specific MPP 

points Implement MPPT [(Maximum Power Point Tracking)] in a shading-condition, there is the algorithm problem, the cost 

and the failure problem. In order to avoid the difficulties caused by spoofing attack, several methods such as tracking and 

authentication are performed in the past of each research. This figure illustrates that the system that has been addressed is just 

like a partial shaded system. [17] [18] 
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Fig 4. Comparative Irradiance Representation of Normal System and Partial Shaded System 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Characteristics of PV Module under partial shading condition 

 In the partial shading system, multiple points occur at the same time. To determine the peak power, we use a variety of MPPT 

methods. Cuckoo search optimization is one of the best optimization methods that will help us maximize the maximum power 

that we are able to achieve. With this algorithm, parameters aredecided beforehand with the very same calculations used on 

human literature. These parameters are helpful for you to complete this optimization. Next, the researchers discuss the 

implementation of improved particle swarm optimization for the given operating scenario of partial shading of the system. 

IV. PROPOSED METHODOLOGY 

Cuckoo Search (CS) an optimization algorithm developed by Xin- She Yang and Susah Deb in 2009 is a new algorithm inspired 

by the brood parasitism of some cuckoo species which lay their eggs in nests of other species host birds. It is more efficient than 

Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) and adapts to a wider class of optimization problems (Yang 

and Deb 2014).  CS is heuristic search  algorithm inspired by the  cuckoo’s reproduction strategy. Nature inspired computation 

techniques are computing techniques derived from natural system study. Candidate solutions for optimization problem play the 

role of population individuals and fitness function determines the solutions quality. 

Generally, cuckoo eggs hatch earlier than host eggs. Once a first cuckoo chick comes out, the immediate instinctive action it 

takes is to evict host eggs by blindly propelling them out of the nest, thereby increasing the cuckoo chick’s share of food from 

the host bird. Each egg represents a solution with a cuckoo egg representing a new solution. The aim is to employ new and 

potentially better solutions (cuckoos) replacing not-so-good solutions in nests (Sakthi & Nedunchezhian 2014). 

In a simple form, each nest has an egg. The algorithm is capable of being extended to more complicated cases where each nest 

has many eggs representing a solutions set. CS is based on three idealized rules (Valian et al 2011): 

• Each cuckoo lays one egg at a time, and dumps it in a randomly chosen nest; 

• The best nests with high quality of eggs (solutions) will carry over to the next generations; 

• The number of available host nests is fixed, and a host can discover an alien egg with probability paE [0, 1]. In this 

case, the host bird can either throw the egg away or abandon the nest to build a completely new nest in a new location. 

CS algorithm is based on the brood parasitic behavior of cuckoo species joined with the Levy flight behaviour of birds and fruit 

flies. Some species of Cuckoos lay eggs in communal nests. When a host bird discovers the eggs are not its own, it either 

throws the alien eggs away or abandons its nest and builds a new one elsewhere. CS, is described using three idealized rules: a) 

a cuckoo lays one egg at a time, and dump it in a randomly chosen nest; b) The best nests with high quality eggs will carry over 

to the next generation; c) number of available host nests is fixed, and the cuckoo egg is discovered by the host births a 
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probability pa € [0, 1]. Worst nests are discovered and dumped from further calculations.The CS algorithm is one of the fastest-

converging optimization technique. It was first introduced in 2009 [6]. The algorithm is inspired by the parasitic behavior of the 

reproduction process of the cuckoo bird. The bird lays its eggs in other birds' nests, instead of building its own nest. It uses a 

technique to search for a suitable host nest wherein it flies randomly from one nest to another, searching for the best nest - 

chosen as the one with the highest chance of eggs being hatched safely. The cuckoos sometimes drop the eggs of the host bird 

out of the nest to increase the chances of their eggs hatching successfully. Some species of cuckoos can adapt the shape of their 

eggs to be similar to those of the host bird, in order to decrease the chance of discovery. If the host bird discovers the cuckoo's 

trick, it may throw out the cuckoo's eggs or abandon the nest [6]. 

The searching behavior of the cuckoos is used in the CS algorithm. Random steps using the characteristics of Lévy flight allow 

CS a long jump during its search which enhances the global search and may reduce convergence time. The original CS (OCS) 

algorithm was introduced to solve multi-variable problems with multiple objectives, making it unsuitable for MPPT of PV 

system due to long convergence time and high oscillations at steady-state conditions. This is solved in the next section with the 

introduction of the improved CS (ICS) algorithm. The OCS, however, randomly initializes several searching agents with 

starting values within the boundaries of the searching area and uses the Lévy flight in its movement to update their values. 

When the OCS generates a new generation, it imposes a step to the previous position as shown in Equation (1): 

    
    

    
   

     ( best    
 )                                (3) 

where   is the generation number                 is the order of searching agent in the swarm             , ss is the 

swarm-size,   is the step size (which can be determined based on the problem, though it is recommended in much research that 

       ), and   and   are matrices having uniform distribution - their values can be determined as shown in Equation (3). The 

logic of OCS algorithm is shown in the pseudo-code in Figure 6. 

        
   and         

   

where the variance of   and   can be obtained from (13): 

   (
                  

 (
   

 
)    

(
   

 )
)  and                                 (4) 

 begin 

Objective function                  
  

 Generate initial population of 

 SS host nests                

 while (    MaxGeneration) or (stop criterion) 

 Get a cuckoo randomly by L'evy flights evaluate its quality/fitness    

 Choose a nest among    (say,j) randomly, if (     ), replace j by the new solution; 

 End 

 A fraction      of worse nests are abandoned and new ones are built;  

 keep the best solutions (or nests with quality solutions);  

 Rank the solutions and find the current best  

 end while  

 Post process results and visualization  

 End 
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Figure 6. Simulation Model of Proposed System with CSA Algorithm 

 

Table 1 Parameter used in Cuckoo Search based Algorithm 

PARAMETERS VALUE 

No. of particles ( N ) 10 

No. of dimensions ( D ) 2 

Maximum velocity 

( Vmax ) 

2.70 

No. of iterations ( Itermax) 80 

Levi distribution factor 

(β) 

3/2 

Acceleration factor (K) .8 

 ∑V 1 

 

Improved Cuckoo Search Algorithm 
The improved CS (ICS) proposed in this research improves the tracking mechanism of the OCS to effectively track the GP of 

PV systems for uniform irradiance and PSC with the lowest failure rate, shortest convergence time, and minimal steady-state 

oscillations achievable without increasing complexity. As has been shown in Figure 5 and the steps shown below the ICS 

proposed in this paper attracting the worst particle with a values near to the global best. This improved strategy enabled the 

program to replace the worst cuckoo with the one near to the best one by adding the difference between the worst cuckoo 

position and the best cuckoo position after multiplying this value with random to the worst cuckoo position. The results shown 

in simulation and experimental work sections showed a great reduction in the convergence time and oscillations at steady state 

which proved the superiority of the ICS compared to the original cuckoo search strategy and other optimization techniques 

under study. This logic is explained in the following steps:  

Step 1: Initialize the particles' positions   
i SS 

 from Equation (10) and send it to the PV system to determine the corresponding 

power  
    . 

Then determine the maximum power  best  and its corresponding duty ratio, dbest. 

Step 2: Determine the worst particle power,  averst,  its order,   orst,  and its corresponding duty ratio,   orst  

Step 3: Check if rand    . If so, go to Step 4; otherwise, go to Step 7. 

Step 4: Attract the worst nest to the best nest using  
 

 
 ass 

   orst       ( best    orst), 
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Step 5: Send the new value of  
 

 
 arss 

 to the PV system to determine the corresponding power  
 

 
 oost 

, then check if  
 

 
 orst 

 

 best, , then  best   
 

 
 ast 

 and  best   
 

 
 arst 

. 

Step 6: Check the stopping criteria as shown in Equation (8). If it is valid, go to Step 1; otherwise, go to Step 2. 

Step 7: Add a step to each nest using Lévy flight by using this equation   
    

    
   

 

 
 

 ( bent    
 ), then check if   

  

       
      , otherwise, if   

         
    min  

Step 8: Send the duty ratio   
  to the PV system to determine the corresponding power   

 , then check if   
   best , then 

 best    
  and  best    

  Step 9: Check if    SS. If so, go to Step 7; otherwise, go to Step 6.[22][11] 

 

V. RESULTS 

Different studies therefore suggest that MPPT methods cannot analyze the exact follow-up of the global MPP point. The 

complexity of the algorithm, costs and failure while working in shade situations is thus the difficulty in the implementation of 

MPPT technology. In particular, in the last five years, the analysis of worldwide power peak identification under shading 

conditions has been carried out. Each study explains a monitoring approach that varies in complexity, cost, operational speed 

and efficiency. 

 

Figure 7 P-V & I-V Characteristics of PV Array Under Partial Shading Condition 

 

 

Figure 8. Connection of Case 1 and Case 2 
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Figure 9. PV Curve under Partial Shading Condition 

Table 2  (Partial Shading Scenario- Test Case-1) 

Module Irradiations  (W/m
2
) Temperature (

o
C) 

1 500 25 

2 800 25 

3 1000 25 

4 1000 25 

 

Table 2 shows a partial shading scenario for test case-1. In this scenario, the system receives a constant temperature input while 

radiation is applied in ascending order to several modules connected in series. Table 3 depicts a partial shading scenario for test 

case-2. In this scenario, the system receives changing temperature input while radiation is applied in a random order to several 

modules connected in series. 

Table 3 (Partial Shading Scenario- Test Case-2) 

Module Irradiations  (W/m
2
) Temperature (

o
C) 

1 500 26 

2 800 28 

3 600 27 

4 700 27.5 

 

The partial shading condition of particle swarm optimization is illustrated in Figure 10. The approach measures the greatest 

power in the first 1.75 seconds following the transient response. There are a number of iterations until the constant state answer 

is reached. It is possible to notice the tracking of algorithms from the initial condition of 0.0 seconds. The steady state takes 

1.75 seconds to reach.While 33-35 iterations are used to optimize search iterations during this process. It can be noticed that 

before a steady state errors occurred the maximum power point tracking can be tracked in variable irradiance and varying 

temperature conditions using the particle swarm optimisation. There are various up and downs. It can be inferred that The 

research effort indicated and provided the relevance and need for a novel soft computing method that is faster and more 

accurate in the follow-up of maximum power as well as in the consolidation of the constant status. 
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Figure 6 is the comparative evaluation of conventional strategies such as perturbing and observing and incremental method of 

conducting using soft computer techniques like the cuckoo search algorithm and the partial shading optimisation of particles. 

The performance of the Cuckoo search algorithm can be observed in the first 0.275 seconds to track maximum power following 

transitory response. There are multiple iterations in the optimisation of particulate swarm before a steady state response is 

achieved. It can be seen that standard algorithms fail to track the greatest power from the beginning state in a partial shading 

scenario. Before the final peak is reached, it converges i.e. with the global peak. It takes 1,75 seconds to reach the steady state. 

While 33-35 iterations are used to optimize search iterations during this process. It can be noticed that before a steady state 

errors occurred the maximum power point tracking can be tracked in variable irradiance and varying temperature conditions 

using the particle swarm optimisation. There are various up and downs. It can be inferred that By introducing an upgraded 

Cuckoo Search Algorithm, the drawback of particle swarm optimisation was removed. 
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Figure 10. Comparative Assessment of MPPT Techniques 

Table 4.Comparative Assessment of MPPT Methods in Partial Shading Condition (Test Case-1) 

 

Method 

Peak Power Tracked Reaction Time Stability Time 

P and O Method 350 Watts 0.175 Seconds 0.175 Second 

INC Method 415 Watts 0.175 Seconds 0.175 Second 

PSO Method 625 Watts 0.001 Seconds 1.58 Seconds 

Improved CS Method 

(Proposed) 

625 Watts 0.24 Seconds 0.24  Seconds 

Table 4 provides comparative evaluations of conventional strategies such as disturbance and monitoring with soft computing 

techniques such as cuckoo research, particle swarm optimisation under partial shading conditions, as well as incremental 

behavior methods. The performance of the cuckoo search method, compared to other strategies under partial shade settings and 
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changeable irradiance conditions, achieves maximum power following transitory reactions. The results can therefore be found. 

This technique is further examined for the efficiency of the multiple variable test systems and associated conditions for an 

effective evaluation of the accuracy and precision of the system proposed. Our evaluation of the effectiveness and accuracy of 

the suggested system has been both qualitative and quantitative. 

 

Figure 11. Comparative Assessment of MPPT Techniques (Test Case-2) 

 

Figure 12.. Comparative Assessment of MPPT Techniques (Test Case-2) 

 

 

Figure 13. Comparative Assessment of MPPT Techniques (Test Case-2) 
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Table 5.Comparative Assessment of MPPT Methods in Partial Shading Condition (Test Case-2) 

 

Method 

Peak Power Tracked Reaction Time Stability Time 

P and O Method 175 Watts 0.175 Seconds 0.175 Second 

ANFIS Based MPPT 350 Watts 0.001 Seconds 0.001 Seconds 

PSO Method 550 Watts 0.001 Seconds 0.80 Seconds 

Improved CS Method 

(Proposed) 

550 Watts  0.001 Seconds 0.42  Seconds 

 

VI. CONCLUSION 

Using improved particulate swarm optimization, a soft computer-based charge controller was developed in this study to manage 

the soft computer-based control controls with boost configuration and duty cycles while monitoring the maximum power points 

of I V characteristics of PV systems under complex operating conditions and variable irradiance. In high energy applications, 

the inverter, battery, and PV modules are all connected to the charging controller. According to the findings of the current study, 

an efficient power converter outfitted with a soft computer-based MPPT controller system may be used to increase the 

operational efficiency of solar PV systems. The introduction of an effective charge controller built on the intelligent maximum 

energy monitoring system improves the operating efficiency of solar photovoltaic systems. The high power inverter system and 

applications for solar PV system storage can interact with the battery-contaminated charging controller. 
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