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Abstract 
 

This article comes up with maximum power point tracking (MPPT) of 

photovoltaic (PV) module with cuckoo search (CS) approach. It outlines 

CS's notion by focusing on the levy flight importance in the algorithm's 

converging rate. The role of CS is elucidated with related expressions. To 

confirm CS as a feasible solution, extensive computation is performed 

against particle swarm optimization (PSO). The assessment includes step 

variation in insolation. Then the result is simulated through MATLAB 

software and then reported. CS outruns PSO to tracking potential, settling 

time, dynamic response and convergence.  

 

Keywords: MPPT algorithms, Cuckoo Search, Particle Swarm 

Optimization, Solar MATLAB/SIMULINK, Photo-voltaic 
 

1 Introduction 
 

Ecologically clean energy usage becomes an attractive field in the 

present scenario because of rising global energy requirements and 

environmental challenges [1]. In all clean energy sources, the sun's 

energy has been well-focused due to its handiness, cleanness, and never-

ending nature [2]. In many regions of the earth, the production of power 

has been done with photovoltaic (PV) plants on a large scale [3]. 

Modeling and optimizing the PV system is necessary before its 

installation due to PV arrays' low efficiency. One and two diode models 

are the most famous [4]. MPPT is adopted to PV system to get better 

efficiency. P~I and P~V graphs are nonlinear in PV cells, so many 
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search algorithms are widely applied [5][6]. MPPT is an abstraction of 

extreme power out of the PV panel, and it is a judgmental component of a 

PV system. To transmit peak power from the PV system (variable 

resistance due to surrounding environmental changes) to load, both 

resistances remain the same. MPPT controlled Converter is introduced 

between source and load to meet this condition [7][8].  

Distinct MPPT methods like perturb and observe (P&O) [9], open ~ 

circuit voltage [10] and short ~ circuit current based [11] schemes to be 

implemented earlier. But there are few demerits with these techniques if 

rapid alterations present in insolation and also temperature. Moreover, 

these algorithms cause considerable power losses and oscillations in case 

of partial shading situations. These demerits can be managed with 

artificial intelligence techniques [12][13]. At present several authors 

introduce a modish topology named as cuckoo search (CS) algorithm. 

'Cuckoo' birdlife pattern is adopted in an optimization algorithm 

named 'cuckoo' [14]. This algorithm is based on the distinct breeding and 

bird egg. This modeling is utilized in the matured cuckoos and eggs. In 

comparison with many MPPT algorithms, CS is confirmed to be more 

powerful, has a higher rate of convergence and shows better performance 

in reaching MPP [15]. 

The article is shaped as follows: PV system block diagram is 

illustrated in segment 2. CS algorithm basic concepts are elucidated in 

Segment 3. Simulation results of CS and PSO algorithms are noted in 

Segment 4 & Finally, conclusions are focused on Segment 5.  

 

2 Block Diagram of PV System 
 

The above system mainly consists of 

 PV modules  

 Converter with boost the DC voltage 

Series/parallel connection of solar cells named PV module or current 

source to induce energy in electrical form when sunlight exists. To 

explain the behavior of the solar cell, one or double diode models have 

been introduced. In this article, Gonzalez-Longatt [16] introduced the 

one-diode model to model the PV cell and shown in fig.1.  

 
 

Figure 1 PV MPPT system 
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The mathematical representation of the corresponding electric circuit 

used in the model is (1) 

I = np Isc - np Io* {e
[q(V/ns + Rs I)/nk Tk] 

-1} (1) 

 Where V is the voltage of the system at the output, I ~ the current of 

the system at the output, Rs ~  cell series resistance, q ~  charge of the 

electron, Isc ~ light-emitted current, k- Constant of Boltzmann, Tk ~ 

atmospheric temperature(K), n ~ ideality factor of the diode, Io ~ reverse 

current at saturation, ns ~ no. of series-connected cells and np ~ number 

of parallel-connected cells of the PV system. As shown in G Longatt 

[17], with the influence of temperature and insolation, the Isc revised, and 

Io is influenced by temperature. The PV system model is simulated using 

(1) in MATLAB. 

 
Figure 2 PV Panel P-V and I-V Characteristics 

 

Fig. 2 describes two major trajectories, i.e., current/voltage and 

Power/voltage. These graphs are used to examine the temperature effect 

and insolation level on the module a Load line introduced on the  I/V 

graph based on the associated load. 

The load impedance decides the location of the load line intersection 

on the I/V graph [18]. Therefore, a DC/DC converter is requisite to equal 

the impedances of load and PV array. The converter duty cycle is adapted 

to provide that this line cuts the I/V graph at MPP and is depicted in fig.2.  

 

3 MPPT Algorithms 
 

Numerous algorithms are applied to reach MPP in the overall PV 

system. The fulfillment of PSO and CS approaches to attain MPP in this 

solar system is scrutinized in this paper. A brief note of two techniques is 

given in this section. 

 

3.1 Cuckoo Search algorithm 
 

Yang and Deb put forward a population-dependent meta-heuristic 

method named CS algorithm to figure out numerical optimization issues 

[19]. The algorithm was motivated by birds of cuckoo's breeding action, 

like   Guiro and Ani, where their eggs lay in new birds formed nests as a 

reproduction planning. If the host bird identified an egg of cuckoo in its 

nest by the host bird, that bird will remove it from the nest or discard it 
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 [20][21]. In CS, the solution is notified as each host birds' egg, and an 

egg of cuckoo serves as a new candidate solution. Also, three main rules 

are described as follows [22][23]: (1) At a time, each cuckoo arranges 

one egg (a candidate solution) and discharges it in a nest of host; (2) Eggs 

with good quality in the nests (better solution) will be transported to the 

later generation; and (3) when the available nests of the hosts are fixed, 

and then a bird of host can identify a migrant egg with possibility. To 

identify better candidate solutions, Levy flight and random walk with 

bias are in the CS technique. This flight is a global random walk in this 

the width of step follows a heavy-tailed with probability function i.e. 

Le’vy∽u = t - λ, where (1 < λ ≤ 3) (2) 

The proceedings for searching the suitable nest by the bird cuckoo 

modeled using le'vy flight.  

2-dimensional schematic of Le'vy flight is represented in fig.3 

  

 
 

Figure 3 Le'vy flight 

 

Pseudocode of CS can be outlined as shown in fig.4 

Initiation 

Cost function: F(z), z=(z1,………zq)
v 

Size q for the generation of the population initially  

Nests of hosts Xj (j = 1, 2, ……q)  

While (v < max. production) or (stop generation) 

Acquire a  cuckoo randomly using le'vy flight. 

Determine the value of fitness, Fd. 

Pick randomly a nest surrounded by q (say, s). 

If (Fd > Fs) 

Replace s by the current result; 

End 

A fragment (Tf) of bad nests is left; 

In extension, create new nests; 

Place the optimum solution. 

Rank the information and estimate the present best 

stop while 

display the data 

End 
Figure 4 Cuckoo Search Pseudocode 
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When finding the next iteration value X(t+1), a le'vy flight value is 

implemented  

                       (3) 

 α > 0 is the step dimension practiced to the optimum solution with 

α=1[24-25]. Equation (3) includes mainly two terms, i.e., one term is the 

location at present, and the other one is the transition probability. ⊕ 

Indicates product multiplication with entry wise. 

 

3.2 Particle Swarm Optimization 
 

One of the enhanced methods is PSO and implemented based on the 

social point of view of bird instant in a crowd and further used to 

evaluate the best result in an n-D space to estimate an enhanced solution 

to the problem. Particle Populations are applied to calculate the best 

optimum solution. Every bit in population applies a pair of fundamental 

rules for calculating the best-enhanced solution & it picks the best 

functional bit and the best solution estimated by the bits. Hence total bits 

in the population mingle towards the most satisfactory solution. The 

position of particles in a population is modified using Eq. (4), 

  
      

      
                                                                   (4) 

where component velocity ∅i is estimated as in Eq. (5) 

  
                             

                    
        (5) 

where, ω ~ weight of inertia, r1, r2 ~  variables of random nature and 

between 0 and 1 with uniform distribution, c1, c2 ~ the cognitive and the 

social coefficients, Pbesti ~ i
th
 particle best position and Gbest ~ best 

position of total bits. 

THE traditional PSO algorithm flow chart is depicted in Fig. 5, and 

steps involved to execute the PSO algorithm is outlined as follows,  

[Step A] (Initialization): In the space of n-dimensions of optimization 

issue, particle number is mentioned with uniform distribution. 

Coefficients of Social and cognitive values, the weight of inertia and the 

initial velocity are assigned randomly.  

[Step B] (Fitness function computation): For every particle, the 

optimum fitness value is estimated. This function is calculated using the 

candidate solution and objective function.  

[Step C] (Revising separate and the global best): With the fitness 

value at the current particle position is correlated with global and each 

particle best values, and revised if current fitness values are more than 

values of each particle and global best.  

[Step D] (Position and velocity particles updation): Each position and 

velocity particle are updated using Eqs. (4) and (5).  

[Step E] (Verifying for convergence): The process is dissolved if the 

criteria for convergence satisfies else iterations are increased by one and 

then step 2.Algorithms for MPPT are accomplished so that the PV 

system performs sustained MPP, irrespective of solar intensity, 

resistance, and temperature of the load shown in figure 5. 
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Figure 5 Flow Chart of Traditional PSO 
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4 Simulation Results 
 

This article intends to inspect the PV system's time-domain 

performance indices with CS and PSO simulations using MATLAB 

software and depicted in Figure 6. 

 
 

Figure 6 Simulink-Based Solar PV System Diagram. 

 

4.1 Model Specifications 
 

Specifications of user-defined solar panels at STC are tabulated in 

table.1. Simulations for both algorithms are performed at 50KHz 

switching frequency. 

 
Table 1 Specifications of PV Module 

 

Parameters of solar panels Values 

Irradiance(G) 1000W/m
2
 

Total cells in series (Ns) 36 

Total cells in shunt (Np) 1 

Max-Power (Pmax) 4310W 

Voltage value at MPP 205V 

Current value at MPP  21.2A 

Open circuit Voltage 230V 

Short circuit Current 28.4A 

Cell temperature (Tc) 298
o
K 

Reference temperature (Tr) 273
o
K 

Reverse saturation current 

at standard condition(Io) 

4.4972e-

13A 
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4.2 Simulation Outcome 
 

CS and PSO algorithms are carried out with fixed insolation G = 

1000 W/m2 and temperature T = 250C. From Figures 7 to 10 , it presents 

the P - V characteristic, applied duty cycle from controller to Converter, 

power and voltages at input and output of overall PV system with CS 

technique. 

 

 
 

Figure 7   PV System P~V Graph (CS algorithm) 

 

 
  

Figure 8 Input Duty Cycle to Converter (CS algorithm) 

 

 
Figure 9 PV Overall System and Load Power (CS algorithm) 
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Figure 10 PV Overall System and Load Voltage (CS algorithm) 

 

Figs. 11–14 display the P-V curve, input duty cycle to Converter, 

input/output power and voltages at input and output of PV overall 

system with PSO method. 

 

 
 

Figure 11 PV Curve of the Overall System (PSO methodology) 
 

 
Figure 12 Converter input -Duty cycle (PSO methodology) 
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Figure 13 PV Panel and Load Power (PSO technique) 

 

 
 

Figure 14 PV Array and Load Voltages (PSO technique) 

       

The CS and PSO-based simulated system achievements are depicted 

in the form of performance indices and outlined in Table 2. 

 
Table 2 Performance Indices of Solar System Comparison 

 

Performance Indices 
Cuckoo 

Search 

Particle Swarm 

Optimization 

Input Power (Watts) 4879 4879 

Settling time (µsec.) 0.947 0.954 

Max. Power (Power at MPP), W 4305 4300 

Peak Overshoot (%) 
0.23% 

(10W) 

0.46% 

(20W) 

Steady state error(Watts) 5 10 

Power ripple at steady state(W) 0 30 

% ripple in output voltage 0.44% 0.48% 

M P P
V

 (V) 205 205 

M P P
I

 (A) 21.2 21.2 

o u t
V

 (V) 228 227 
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The numerical standards are mentioned in the table. Two can be 

treated as tolerable indices of these two algorithms. Anomalies occur due 

to many factors such as power values, sample information etc. At steady-

state power, the graph settles at a constant value with less settling time in 

CS than PSO methodology. As far as the dynamic behavior is examined, 

CS shows negligible ripples at a steady-state power value related to PSO. 

The transient part of the system response changes makes generous power 

loss in PSO (10W) over CS (5W) method. Voltage ripple percentile at 

steady state is less in CS (0.44%) compared to PSO (0.48%) method. 

Peak overshoot is also relatively less in CS (0.23%) over PSO (0.46%). 

So CS algorithm exhibits superior performance over the PSO technique 

to track MPP for the PV system. 

 

5 Conclusion 
 

In this paper, Cuckoo search and Particle swarm MPP tracking 

algorithms are simulated for PV based system. The performance 

matrices of CS and PSO methods are related to the PV system. The 

simulation result shows that CS can reach the MPP earlier compared to 

PSO. At MPP, oscillations are observed in both methods but relatively 

less in CS. The methodology applied can be easily enforced in the 

cuckoo algorithm in terms of steady-state error, oscillations in transient 

behavior, and tracking speed. The CS is also able to produce a relatively 

minimum voltage ripple at load over PSO.    

Based on this information, this simulated work's future scope will be 

implemented on the hardware using PSO and CS methods. The 

hardware development of the above algorithms will bring noticeable 

attentiveness to the PV community. 
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