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Abstract

The increased usage of electrical energy in themtemes leads to a greater demand. It invitegelatevelopment in the
production of electrical energy from renewable ggesources. It involves more evolving technologi®sit of all energy
extraction from solar would be abundant. Photovof&V) are one such components helps in deriviingd amounts of energy,
this has become more easiest method due to itooetodiabilities and the world has aimed its insran developing the PV
technology, which gives clean energy. This papéedilve is to implement various Maximum Power Pdinacking (MPPT)
algorithms, mainly Cuckoo Search Algorithm, fuzaygic control (FLC) and conventional perturb and eskie (P&O),
incremental conductance (INC) on solar PV systefiwse controlled MPPT algorithms helps in drivin@€-DC boost
converter, which helps to obtain maximum outpubfrihe PV Panels/cells/modules/Arrays. The obtanesdlts are compared
with each other under several operating conditidhe. operating conditions include change in irradé&g change in temperature
dynamically, and partial shading on PV panels. Thplemented MPPT algorithms require only the PVagrvoltage and
current to control DC-DC converter, which makesntheconomically feasible and attractive. From thsults, it can be
observed that Cuckoo search algorithm gives begtailts under partial shading situations.
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1. Introduction

Out of all available non-conventional energy rses, solar energy is the one which can be coreiddue to its abundant
availability. Solar panels are the basic componémtdraw the energy from sun. The principle invalia deriving electrical
energy from solar modules is the photovoltaic @fféte primary and main advantage of the photoimitaodule is, it is easily
available source and holds no moving parts, thgnerbducing no noise leading to low maintenancescaghough there are many
advantages in production of electricity from PV mted/Arrays, the efficiency drops due to electrigatl optical losses. These
losses are very complicated to handle and thesedaway occur due to partial shading conditions.
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Figure 1. Schematic diagram of MPPT Controller with PV system

From a PV system, maximum power extraction depamdthree factors. One is by selection of PV arrdlys,second one is
reconfiguration of the PV arrays and the third anwith the help of MPPT techniques (Rajani and BRglm 2021; Ramesh et al,
2021).MPP tracker is required for getting global MPP.Uf@1 gives the schematic diagram of MPPT Contralith PV system.

Various types of MPPT techniques performance has berified in this paper. The remaining part &f tfraper is organized as
Part 2 gives the idea about PV system, Part 3 eplgartial shading conditions, Part 4 briefs theshcommonly used and
effective MPPT algorithms including Cuckoo seartyoeathm. Part 5 discusses the simulation resutts Bart 6 concludes the
paper.

2. PV System

A solar cell, often known as a photovoltaic cedlthie initial component of a solar panel. Each gbaitaic (PV) unit is made of
multiple interconnected PV cells in series, patallecombination of both. Series connected PV meslgive maximum voltage
and a parallel connection are used to get maximument. Photovoltaic array is a linked collectiohphotovoltaic modules
(Pakkiraiah et al, 2016; Sarayu Vunnam et al, 20Ph¢ schematic view of solar cell is shown in Fega.

PV cells are essentially semiconductor diodes with-n junction which is exposed to light. It creatdectricity when it is
illuminated by sunlight. Dealing with the nonlingaoperties of PV array is a key problem when elyiplp PV power production
systems. Since the diode is a non-linear circeiingint with inherent impedance that defines thenwgdtbperating point, a solar
panel's i-v characteristics are non-linear (Clegical, 2015). The maximum power from a solar paael be extracted when it is
operated at global maximum voltage. The MPP isidrae given to this voltage.

Practical Model

Figure 2. Schematic view of solar cell

PV properties are influenced by irradiance and &napire (Clerici et al, 2015). Because of passiagds, neighboring houses,
or plants, the PV array receives variable amouhisradiance (Pakkiraiah et al, 2016). There exs#seral PV models, few of
them are multi-diode model, two-diode model, sirgjlede model, empirical PV models (Anubha et aD20 Here, single diode
model is considered in all three situations of idsanplified and practical modes. The correspogdinodeling equations are
given.

The following (1) is a mathematical descriptiortlod 1-V properties of a realistic PV cell model.

Vi TRI Vit Rl
|t,cell =1 Pv,cell_l r[eX{ Loel R LCE"J_];|_ beel F{“Fi = (1)
h
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(2) is a mathematical model for describing the ¢haracteristics of a realistic PV module with niscinked in series.
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(3) is a mathematical model for describing thédurves of a PV array.

feslehl] ool

Where py is cell current produced by solar irradiance [hdiode reverse leakage current [A]tHe PV cell's terminal current
[A], Vcell, and \f .= kT/q are the PV cell's terminal atltermal voltages, respectively, where k is Boltzmsaronstant, T is
the cell operating temperatuiy, is the shunt resistance andifthe series resistance. The number of seriesexded modules
are represented bysMnd the number of parallel connected modules epeesented by NTerminal voltage is ¥ andterminal

current is §.

The characteristics of PV system under diffenegatliance and temperatures are given in figuaadfigure 4.
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Figure 3. P-V curve of system at 1000(Winirradiance, 2%C
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Figure4. P-V curve of system at different irradiance, gemature conditions

The specifications of the PV system used for theukition are given in Table 1, Table 2 gives thgpoupower deviations of
PV module at various irradiations at°25 and the output power variations of PV array undeious irradiations at 25C are

shown in Table 3.
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Table 1. Tata Power Solar Systems TP250MBZ PV Module Spetifins

Table 2. Power output of PV Module at different irradiatso& 25°c temperature

Specification Value

Maximum Power (W) 249
Voltage at MPP VMPP (V) 30
Short-circuit current Isc (A) 8.83
Open circuit voltage Voc (V) 36.8
Current at MPP IMPP (A) 8.3
Cells per module (Ncell) 60
Series-connected modules per string 1
Parallel strings 1

Irradiation (W/nf)

PV Module Output (W)

1000

249

800 200.275
600 150.55
400 100.13
200 49.15
Table 3. Specifications of PV Array at different irradiat® & 25°c temperature

Irradiation (W/nf)

PV Module Output (W)

1000

996

800 801.1
600 602.2
400 400.12
200 196.6

3. Partial Shading Conditions

Due to the shadows of stationary or moving disjdike trees, buildings, and other structurestiglashading occurs in PV
arrays. The irradiance of the PV system changes repect to these factors. Because of varioudidmaes on series modules,
the same current should pass through all seriesik@edcausing certain modules to act as a burdemoarshaded modules. In
order to shield these modules from the hot-spohpiena, the current of the shaded modules mayecasa¢gative drop voltage,
which increases. PSC produces numerous peaks ifP-thlecharacteristics of a PV array (Ali Omar Baltaak 2020). The
temperature of the shaded module Due to a phenamarmawn as hot-spot, this high temperature oriigemperature may harm
shaded PV systems. As a result, a parallel dioddetto each module to avoid the shaded moduler thle& voltage reverses.
The one with the most power is known as the glpeak (GP), while the others are known as local pélaR). Figures 5, 6, and 7
provide different case studies of PV curves foious irradiance settings on PV modules.
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Figure5. Case study-1: P-V curve for [1000 1000 1000 18001 irradiance
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Figure 6. Case study-2: P-V curve for [1000 700 500 500] ifmadiance
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Figure 7. Case study-3: P-V curve for [500 1000 800 1000j\fradiance

4. MPPT using Cuckoo search algorithm

To optimize the power generated by the solaepand improve its output efficiency, it must b mt its optimal power point.
In addition, existing solar panels have a relayiyebor efficiency(M orales, 2010). The efficiency lowers even more, when there
is imbalance between input and output. The sunlisteon affects the maximum power point. PV's noadir current—voltage (I-
V) curves, which give a single MPP on its powertagé (P-V) curve, offer a significant difficulty its use (M. E. Ropp et al,
2000). The situation is made more difficult by faet that these properties are affected by sokolation and temperature. MPP
changes as these factors change over time. BeodaseV source's high initial capital cost and lessrgy conversion efficiency,
it's required to run it at MPP to get the most poaut of it. A DC-DC converter is often used alonigh PV source and its duty
cycle is adjusted to meet the MPP. There are maRPPM(maximum Power Point Tracking) algorith(@heikh et al, 2007). Out
of those numerous methods the famous methods anertPand Observe (P&O) (Jacob Jareslumgatt et al, 2011; Moring et
al, 2012), Incremental Conductance (INCiKalashani and Farsadi, 2014). Parasitic Capacitance (PC), Hill Climbing (HC),
Constant Voltage (CV), Constant Current (CC), étdificial intelligence based MPPT algorithms (Vamt al, 2021), are
Artificial Neural Networks (ANN), Fuzzy logic ComHer (FLC) (Eltamaly, 2021), Adaptive Fuzzy log@ontroller, etc. Bio
inspired based MPPT algorithms are Particle swartimization, Modified Particle swarm optimizatio@rey Wolf optimization,
Cuckoo Search (CS) (Enany, 2017), Artificial beelddy(ABC), Ant Colony optimization, Cat Swarm apikzation, Bat
Algorithm (BA), Jaya Algorithm (GA), Firefly Basedlgorithm (Titri et al, 2021), Differential Evolign (DE), Genetic
Algorithm(GA), etc. In this work, to get MPP und@8C the Cuckoo search algorithm has been usecharrdgults are compared
with P&O, IC, fuzzy methods.

Yang and Deb were the first to propose the Cacsmarch algorithm. The CS algorithm is a Meta-istiar(MH) approach
inspired by the re-production habit of cuckoo bpkcies. Instead of building its own nest, the kgg its eggs in the nests of
other birds (Enany, 2017). It utilizes a strategychoose a good host nest in which it flies rangofrdm one nest to the next,
looking for the best one - defined as the one \lith best probability of eggs hatching successf(lHgany et al, 2012). The
cuckoos sometimes drop the eggs of the host birdfailne nest to increase the chances of their bggshing successfully. Some
species of cuckoos can adapt the shape of thes ®ghe similar to those of the host bird, in orttedecrease the chance of
discovery. If the host bird discovers the cuckotrisk, it may throw out the cuckoo’'s eggs or abamdbe nest. The CS
optimization technique is based on this naturali¢ecy.

Cuckoo birds, in nature, execute a quasi-ranflging or movement that resembles Lévy flight. Ttkem "Lévy flight" refers to
a movement or flight whose step length follows thy distribution, allowing the CS algorithm to neakuch a "large jump"
among their tiny flights. This "long leap" is ansential characteristic that allows the CS algorittanmavoid LMPP while also
reducing the amount of time it takes to achieve ®MEnany et al, 2012). The algorithm is shown aFgure 8.
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Initialize CS parameters, n particles of the nest

(set initial values V1,V2,V3................Vn)
I Initialize host nest population I
v
| While(i<MaxGeneration) |

I Get a cuckoo randomly by L’evy Flight I

I Calculate the fitness Pi I

v

Choose a nest among n randomly(say j)

NO

if Py >P;

| Replace j by the new solution |

!

| Abandon a fraction Pa of worst egg |

¥

| Keep the best solutions |

¥

| Rank the selutions and find the current best solution |

¥

| Pass current best solution to nest generation |

+

| Post process results and visualization |

Figure 8. MPPT algorithm with a cuckoo search

Mathematically Lévy flight is given by:

Xrl:Xij +a OLlevy ()
For MPPT it is simplified to:
Vit =V +aOlevy=V, +s (5)

Where S denotes a change in location, and watehote normal distributions, K denotes a randtap soefficient. Step size
entry wise multiplication is equal tod)(power law index is 1.8}, and the integral gamma functiortis
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4. Results and Discussions

In MATLAB/SIMULINK, the MPPT algorithms are sinfated and the outcomes are assessed. The speaificaf the boost

converter components are tabulated in Table 4.

Table 4. Specifications boost converter

Annam et al. / International Journal of Engineerji8gience and Technology, Vol. 14, No. 3, 20221420

Specification Value
DC Link Capacitor 10uF
Output filter Capacitor | 0.23mF
Load resistance %3
Inductance 1.2mH

The simulation result of uniform irradiance &0D W/nf at 25C for single panel Tata Power Solar Systems TP250M#&ing
Fuzzy logic, Incremental conductance and P & O ritlgms are evaluated and their results are showhRigare 9 and their
performance comparisons are shown in Table 5. EigOrdepicts the dynamic change in irradiance sitial findings. Only the
converter output voltage with regard to the simafatime is included in the simulation results.

T
250 [~

er(watts)

Pow

| 1 | | | | | I |
0 1 2 3 4 5 6 7 8 9 10
Time(seconds)

Figure 9. Simulation result of uniform irradiance of 1000m/at 25C

Table 5. Comparisons for 25°C temperature and 1000 $Wradiance

Algorithm PV Module Converter Efficiency Settling time
Output (W) output(W) %
P&O 249 200 80.32 0.8
INC 249 197 79.11 0.85
Fuzzy logic 249 230 92.36 1.6
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Figure 10. Simulation result of dynamic change in irradia@&C

From Table 5, it can be observed that fuzzyddgised MPPT controller has less steady state @ropared to P&O and INC. But fuzzy logic
based MPPT has 0.8 sec and 0.75 sec more setttisgcompared to P&O and INC. The output power fisingle moduleThe PV array has
four panels connected in series. The simulationlt®sre carried for the same. As Fuzzy logic imesl lot of complicated
calculations in evaluating the membership functiditse Fuzzy logic MPPT algorithm is limited to onipiform irradiance and
dynamic irradiance change here.

4.1 Case study-Ifhe Simulation result of uniform irradiance ataray of [1000 1000 1000 1000] W/rat 25C temperature for
Cuckoo search, Incremental conductance and P&Qidigts are shown in Figure 11. Their respective garnsons are given in
Table 6.

1000

N

500 1050 7
2 o Z 1000 s —
Z o = S f =
= 5 050 = Cuckoo search
/\; E‘: INC
2 am = I —_—P &0 _

900 |- ——GMPP
200 02025 03 035 | 04 .

Time(seconds)

| | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time(seconds)

Fig. 11 Simulation result of uniform irradiance: Array[a000 1000 1000 1000] W/mat 25C temperature

From Table 6, it can be noted that P&O has 0.29% 0.9% more efficiency compared to INC and Cuockduckoo search has
0.22sec and 0.215sec more settling time compar@&@ and INC. From Fig.9, it has been observed dsatllations are high in
Cuckoo search method. Hence, under uniform irragiaondition P&O operating better than Cuckoo dearc

Table 6. Comparisons for 25°C temperature and 1000 ¥tradiance

Algorithm PV Module Converter Efficiency Settling time
Output (W) output(W) %
P&O 996 995 99.89 0.08
INC 996 986 98.99 0.085
Cuckoo Search 996 993 99.6 0.3

4.2 Case study-2Simulation result of partial shading at an arr&§1®00 700 500 500] W/fat 25C temperature for Cuckoo
search, Incremental conductance and P&O algorigmashown in Figure 12. Their respective compassoB given in Table 7.
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Figure 12. Simulation result of partial shading irradianceray [1000 700 500 500] W/nat 25C temperature

From Table 7, it can be observed that P&O ard inethods fail to track the GMPP. But Cuckoo seatattessfully tracked the

GMPP with efficiency 99.88% and settling time 0&sB&0O and INC tracked LMPP with settling time (288c and 0.03sec
respectively.

Table 7. Comparisons for partial shading: Array [1000 700 500] W/nf irradiance at 2% temperature

Algorithm PV Module Converter Efficiency Settling time
Output (W) output(W) %
P&O 537.6 319(LMPP) 59.33 0.032
INC 537.6 310.5(LMPP) 57.77 0.03
Cuckoo Search 537.6 537(GMPR) 99.88 0.5

4.3 Case study-3Simulation result of partial shading at an arr&y500 1000 800 1000] W/frat 25C temperature for Cuckoo
search, Incremental conductance and P&O algorigmashown in Figure 13. Their respective compassoB given in Table 8.
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Figure 13. Simulation result of Partial shading: Array [5000D 800 1000] W/rirradiance at 2% temperature

From Table 8, it can be observed that P&O and IN€&hads tracked the GMPP in this partial shadingabse of initial duty
cycle selection. Cuckoo search also tracked the BMith efficiency 99.79% and settling time 0.25s2&0 and INC tracked

GMPP with settling time 0.07sec and 0.065sec rasmdg. P&O and INC methods falil to track the GMPPsome partial shading
conditions but Cuckoo search method tracks the GMRI#t shading conditions

Table 8. Comparisons for partial shading: Array [500 1000 8000] W/r irradiance at 2% temperature

Algorithm PV Module Converter Efficiency Settling time
OQutput (W) output(W) %
P&O 637.8 637.5 99.9 0.07
INC 637.8 637.5 99.9 0.065
Cuckoo Search 637.8 636.5 99.79 0.25




19 Annam et al. / International Journal of Engineerji8gience and Technology, Vol. 14, No. 3, 20221420

5. Conclusions

In this paper, the analysis of various MPPT atgms performance on solar PV system under vairioadiances has been done.
The MPPT algorithms considered are Perturb and ®@bsécremental Conductance, Fuzzy logic and Cacearch. From the
results, it can be noted that under uniform andadyio irradiance cases the Fuzzy logic based MPPihadegives greater
efficiency than P&O and INC algorithms. But Fuzpgic includes complexity as the number of memberéimctions increases.
So, Fuzzy logic MPPT method is limited only to wnifi irradiance and dynamic irradiance change cdseder partial shading
conditions Cuckoo search algorithm has been coregidi®r the global maximum power tracking. The hssare compared using
incremental conductance and P & O MPPT algorithtngekoo search algorithm successfully track globakimum power point
under all partial shading conditions. Also it coudive better performance when used in conjunctioth \the conventional
algorithms.

Nomenclature

i-v Current Vs Voltage
p-v Power Vs Voltage
Ipy Photo Current (A)

I Diode reverse current (A)
l¢ Terminal Current (A)

Vi Terminal Voltage (V)

V¢, cell Thermal Voltage (V)

Rs Series Resistance (ohms)
Rqh Shunt Resistance (ohms)

Ng Series connected modules
Np Parallel connected modules
lo PV array terminal Current (A)
Vo PV array terminal Voltage (V)
Ve Open circuit voltage (V)

Vvpp Voltage at MPP (V)

Ivpp Current at MPP (A)

lsc Short-circuit Current (A)

Vs PV output voltage (V)

T Time period of complete cycle (t)
Toft Off time period (t)

Ton ON time period (t)

A Inductor Voltage (V)

Ve Voltage across capacitor (V)
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