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Abstract.: Photovoltaic (PV) systems are the most popular electric
power generation systems for domestic as well as industrial
applications because of its sustainability and excess availability in
nature. Under Partial Shading Condition (PSC), the nonlinear
characteristics of solar PV consist of multiple local Maximum
Power Points (MPPs) and oneglobal MPP. Hence, itisdifficult to
operate the operating point of the solar PV closer to true MPP.
Therearedifferent tracking methods available for MPP Tracking
in the literature. The classical Maximum Power Point Tracking
(MPPT) methods are not suitable under partial shading
conditions because the operating point of PV may settle down to
any one of the local MPP. Also, these methods failed to mitigate
the oscillations across the operating point of solar PV. The
recently developed evolutionary based MPPT techniques are
becoming more prominent in order to avoid the drawbacks of
classical MPP techniques. In this article, different types of MPPT
techniques such as evolutionary, metaphor-metaheuristic and
hybrid MPPT techniques are discussed in detail along with their
advantages and disadvantages. The comparative analysis is
carried out by considering the parameters such as tracking speed,
oscillation across MPP, settling time, implementation complexity
and efficiency.

Key Words: Boost converter, duty cycle, MPPT, optimization
techniques, PV array, PSC.

I. INTRODUCTION
From the last few decades, the installation of PV power
generation systems has been increasing worldwide because of
its long-lifetime benefits and large-scale government
subsidies [1]. In India, solar PV is the fast-developing
industry and itsinstallation capacity keep on growing. As per
the Indian government ministry, the installation of solar PV
power as of 31 December 2018 is25.21GW [2]. Solar energy
can be converted into different forms such as solar thermal
electricity, solar heat, and solar photovoltaic. The features of
solar energy are highly reliable, environmentally friendly
nature and easy to harvest when compare to al other
renewable sources [3-4]. The solar energy is converted to
electrical power either by utilizing indirect concentrated PV
module or adirect PV module. The single solar cell generates
0.7t0 0.8V [3] whichisnegligible. The series and the parallel
combination of modules form an array [5].
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In order to increase the voltage rating of the PV system, tens
of PV cellsare interconnected in series and parallel to form a
module [6].

The PV array generates nonlinear |-V and P-V characteristics
at different irradiation and temperature conditions and it is
difficult to transfer the maximum power from the source to
load. In order to extract and transfer the maximum power, the
MPPT technique is used to track and operate the operating
point of PV at MPP. Most of the researchers working on the
development of different advanced and hybrid MPPT
techniques for fast-tracking of MPP [7] and the number of
publications (2009 to 2019-April) on MPPT are given in
Tablel. From Table.l, it is observed that the number of
MPPT publicationsisincreasing every year. It resembles that
the MPPT isgrabbing more interest in the current research on
PV technology.

The classical MPPT techniques are Perturb & Observe (P& O)
[8], Incremental Conductance (IC) [9], Fractiona Short
Circuit Current (FSCC) [10], Incremental Resistance (IR)
[11], Fractiona Open Circuit Voltage (FOCV) [12] and
Ripple Correlation Control (RCC) [13]. The FSCC MPPT
method having a great advantage of the linear relationship
between the operating current of PV at MPP with respect to
the short circuit current [10]. In similar, FOCV MPPT
technique, the operating voltage of PV at MPP is directly
proportional to the open-circuit voltage of PV [12]. The
implementati on and understanding the operation of FSCC and
FOCV MPPT methods are easy which are used in street lights
where the necessity of accurate MPPT tracking is not
required. The drawback of FSCC and FOCV MPPT methods
is huge power loss because of periodic shunt down of the PV
power generation systems when determining the open-circuit
voltage and short circuit current of PV.

The P&O and Hill Climb (HC) MPPT method works on
the same principle but the implementation is different. There
are different perturbations sizes that are used in P& O to
improve the MPP tracking performance of solar PV [8].
However, the conventional MPPT techniques are not suitable
to track MPP under PSC.

In order to overcome the drawbacks of conventional
MPPT techniques, soft computing and optimization
techniques are utilized in articles [14] and [15] to extract the
maximum power of solar PV. The advantages of soft
computing techniques are highly robust, more flexible and
easier to implement compare to conventional techniques. The
soft computing MPPT techniques are Artificia Neura
Network (ANN), Fuzzy Logic Controller (FLC), ANFIS,
Bio-inspired, Chaos theory, and differential evolutional [16].
In addition, fuzzy logic MPPT controllers are most widely
used for the extracting maximum power under partial shading
condition of solar PV [17].
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This techniqgue does not require any mathematical

calculations. Hence, the implementation-

Table.1. Number of MPPT articles publication from the year 2009 to

2019-April [8]

Typeof journal Years
200 201 201 201 201 201 2015 2016 201 2018 2019,
9 0 1 2 3 4 7 April
Books 1 0 1 0 1 2 1 2 2 1 1
|EEE-Journals Articles 293 360 501 569 699 852 864 1082 737 856 861
other 1 1 0 2 0 2 1 2 0 5 3
Total 295 361 502 571 700 856 866 1086 739 862 865
Elsevier-Journals Books 86 97 83 124 216 198 215 224 243 312 313
Articles 109 125 179 199 277 352 3926 4562 586 6231 6243
2 7 8 6 2 1 5
other 81 92 138 236 218 171 162 202 238 227 229
Total 125 144 201 248 320 389 4303 4988 634 6770 6785
9 6 9 0 6 0 6
Overall publications 155 180 252 248 342 474 5169 6074 708 7632 7650
4 7 1 0 2 6 5

-complexity is less when compared to other conventional
techniques. In addition, the fuzzy logic controller is used in
HC, IC and P&O MPPT techniques to enhance their
performance efficiency.

Fuzzy logic MPPT tracking involves three processes,
fuzzification, inference, and defuzzification. In the article
[18], the authors considered the PV voltage error (e) and
change of error (Ae) as the input variables to track MPP of
solar PV. The boost converter is interfaced in between PV
system and load to step up the PV voltage. The drawback of
the fuzzy controller is that it requires more training time for
solving complex problems.

A high expertise person is required for the selection of
membership function in a fuzzy technique [19]. In order to
overcome the drawbacks of the fuzzy controller, an Adaptive
Neuro-Fuzzy Interface System (ANFIS) is utilized in the
article [20] to improve the dynamic response of solar PV at
different irradiations and temperature conditions. The MPP
tracking in ANFIS is done by calculating the open-circuit
voltage of solar PV which is measured by periodically shut
down of the PV system. Hence, the power loss exists in the
photovoltaic power generation systems. The block diagram of
PV fed dc-dc converter isgiven in Fig.1.

Single Switch Boost Converter
e S—

Ipv

SIEL
Inverter
/

Dpc-nc
converter

—_—— e —
I Ipv

i Current i,
LS 1o

CTTMeRTE
P Pulsewidth
--=-> Modulator

...............

MPPT Controller
C;, C,— ilp & olp Voltageregulators

Fig.1. Schematic of PV grid-connected system [§]

In order to overcome the drawbacks of above MPPT
techniques, a powerful bio-inspired evolutionary, swarm
intelligence and hybrid optimization MPPT techniques are
explained in this work in detail to solve the all complex and
nonlinearity problems of solar PV without computing
mathematical equations.

1. PARTIAL SHADING OF SOLAR PV

The numbers of PV cells can be connected in series and
paralel to form an array of PV [21]. Whenever the shading
effect occursonthe PV panels, the shaded panel consumesthe
power of the unshaded panel. As a result, a huge power loss
occursinthe PV system.

Dueto this power loss, the overall power generation capacity
has been reduced. The hot spot effect damages the PV cell
when the reverse operating voltage is increased beyond the
breakdown voltage of PV. In order to overcome thisissue, an
antiparallel diode D' is connected across each solar panel to
improve the efficiency of solar PV and the losses are reduced
at higher extended level [22]. The partial shading solar PV
stringsand nonlinear power against voltage characteristicsare
givenin Fig.2(a) and (b).

:

—

—

Blocking T Blocking T Blocking T
Diode Diode Diode
D4 - D4 s D4 i
¢
VI Lo Y] Eme Y] =
;
V&~ B = oty

(i). Uniform Irradiation

Condition

(ii). Par

tial Shading

Condition-1

(iii). Partial Shading

Condi

tion-2

Fig.2 (a). Partial shading of the PV panel
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Fig2(b). Nonlinear P-V characteristicsat different
shading patterns conditions

From Fig. 2(a), the bypass diodes D,, D,, and D3 which are
useful to eliminate the reverse recovery losses of PV module
at partial shading condition and it is observed that, at uniform
irradiation condition (1000W/m?), there is one MPP which is
tracking by different conventional MPPT techniques. From
Fig. 2(b), it is shown that under partial shading conditions
(1000, 800, 500W/m? and 1000, 800, 200W/m?), they are two
local MPP’s and one global MPP which is required to extract
the maximum power of solar PV.

[11. EVOLUTIONARY MPPT TECHNIQUES

In EV MPPT technique, there are three stages. In the first
stage, different duty values are randomly initiated to all
individual population and the second stage is involved to
obtain the fitness value of each individual population. In the
fina stage, for the reproduction process, the best fithess
function is evaluated among al individual fitness functions.
From the article [23], the EV MPPT techniques are classified
as, Differential Evolution [24], Evolution Program, and
strategy [25], Genetic Programming [26], and Genetic
Algorithms[27] are consisting of different operating features
which are given in Table.2.

Table.2. Differentiation between the features of EVP, ES and

GA’s, [27]

Evolutionary Evolutionary Genetic

Programming Strategy Algorithms
Evolution type | Species mode Distinct mode Genetic mode
Illustration Discrete Continuous Continuous
Regener ate Sexual Panmictic Sexual
Distinction of Mutation Mutation and Mutation and
operatives recombination crossover
Adaption in Adaptive Self-adaption Non-adaptable
the distinction
of operatives

A. Differential Evolution MPPT Tracking

The DE technique is easy to implement because it requires
few operators to obtain an optimal solution. In general, there
are few populations of particles and iterations required to
solve the noise problems. In every iteration, the difference
between the two particles is evaluated to mutate each other
particles [24]. From the article [28], the two-dimensional
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vectorsare used in DE for every iteration or generation with a
population (ps; a=1,2,3,4...... Np).

The number of particles (Np) needed in each and every
iteration is the same which is described in Eq.1. In the first
iteration, the first target vector is selected to search the entire
search space. After obtaining the first iteration results, there
are three random vectors selected and a mutation parameter
‘m’ is utilized to initialize the weight value to the two vectors
and the weight difference between the two vectorsis added to
the third vector to obtain the donor vector whichisillustrated
in Eqg.1.

Va = P +m* (Paz2 — Faa) D

Where the range of mutation 'm isin between 0 and 1. So,
based on the mutation value, the donor vector covers the
entire population and it is added with the random vector to
generate a new trial vector (t,) and this process is called
crossover. The condition of the trial vector is given in Eq.2.
After completion of crossover, a selection is carried out
between the trial and random vectors.

V40<d<1l
tv={d e @

P, <0

The Eq.2 is used to obtain the optimal solution which is
used for the next iteration. This process continues until
achieving the optimal solution. The basic operation of DE is
giveninFig.3 (a) and its application on MPP tracking is given
in Fig.3(b).

Start

| Basic Vector, Py |
a=123...N

Selection of random vectors;(Py, I<_
P2.Ps,...Pr)

| Generation of donor vector (V) |

| Calculation of trial vector (t,) |

v

Selection of best random vector for
next iteration

Obtained
Qptimal solutiop

Yes

@
Fig.3 (a). Basic operation of the DE technique
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target vector is a duty cycle (d). At theinitial stage, different
duty values are randomly initiated to all particle’s positions
(P, i=1,2, 3...n) to search the entire search space of the P-V
curve. After initiadlization, the highest power of particle
positionisconsidered as P4 and its corresponding duty cycle

| Initialization of duty cycle (d;; i=0.1, 0.3,0.5..n)

—>| Calculation of fitness function (P,) |

Yes
[setect tnebest vatue of b, and o | isconsidered as dyes. The analysis of DE MPPT technique for
4 o different application isillustrated in next section.
o a. Literature survey of the DE based MPPT Technique
[Generation of donor vector (Va)] So far, the majority of software-based MPPT techniques scan

the multidimensional |-V and P-V characteristics of PV in
order to track MPP under partial shading condition. Based on
[ Trawmesra | a scanning approach, one of the most frequently used MPPT
technique is DE. In DE evolution, multiple iterations are
¥ required for finding the MPP position on the P-V curve. Asa
[ updacawyoyaed | result, the obtained MPP of PV will not be at the desired
position [30].

| cacuiation of wial vector (i) |

| seectbesvaeduyd |

()
Fig.3(b). Operation of DE based MPPT controller

The partialy shaded PV panel consists of more than one
MPP. In order to track global MPP, a differential evolution
MPPT technique is used in the article [29] because of its
features such as global search, high convergence and tracking
speed and easy to implement. The dc-dc converter is
interfaced in between the PV system and load. The duty of
boost converter is updated by using the DE MPPT technique
to operate the MPP of PV closer to the global MPP. Here, the

Table.3. Analysis of DE based M PPT technique for different applications

S.No Author Article  MPPT method  Control Variable  Application Results

1 Tajuddin [28] DE Duty cycle/ Standalone or  The authors compared the DE MPPT
Converter or grid-connecte  technique with HC technique in terms of
Inverter d PV system accuracy and convergence speed. From the

simulation results, the authors concluded
that the DE MPPT technique convergence
speed is less but the MPP tracking
accuracy is high.

2 Hamed Taheri [31] Modified DE Voltage or Standalone The PV peformance is based on the
current of the systems change of irradiation and temperature
boost converter conditions. The authors used a modified

DE MPPT technique to improve PV power
extraction.

3 Muhammad [32] DE with ANN  Duty cycle/dc-dc ~ Standalone The authors used a hybrid intelligent (DE

Sheraz converter systems with ANN) MPPT techniqueto transfer the

maximum power from the sourceto load at
diverse atmospheric conditions.

Table.4. Analysis of GA based MPPT technique for different applications

S.No  Author Article  MPPT method Control Variable ~ Application Results

1 Li, Guigiang [27] GA Voltage Standalone The authors considered PV power as a fitness
PV systems function and duty values randomly initiated to
all agents to track MPP with less computational

complexity.
2 Stefan Daraban  [33] Modified GA Voltageor current  Standalone The authors have developed a hybrid GA based
of the boost systems MPPT controller by using the digita
converter microprocessor and it is tested at diverse

atmospheric temperature conditions.

3 C. Larbesand [34] GA with Fuzzy Duty cycle/boost Standalone The global MPP of PV is tracking by GA with
S.M. Cheikh converter systems the fuzzy controller at different irradiation and
temperature conditions.

o o perturbing the PV voltage. As a result, the implementation
In order to overcome this issue, modified DE MPPT  complexity is reduced compared to the fundamental DE
techniqueisusedinthearticle[31] andit requiresanoptimum  technique. The analysis of DE based MPPT technique for

duty cycle information to adjust the duty of the boost ifferent applicationsis given in Table.3.
converter. In addition, it gives high accuracy in MPP tracking

because it does not require any random numbers for

Retrieval Number: L29761081219/2019©BEIESP Published By:
DOI: 10.35940/ijitee.L2976.1081219 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 2209 & SciencesPublication

Exploring



OPEN 8ACCESS

B. Evolutionary Program Based MPPT Tracking

The Evolutionary Program (EP) isatechnique which israrely
used to extract the maximum power of solar PV. In the article
[25], Rajasekar has proposed evolutionary programming to
overcome the drawbacks of artificial intelligence MPPT
techniques. The EP based MPPT tracking happens in three
stages, at first stage different duty values are randomly
initiated to all the candidates and in second stage mutation is
used to perturb the population arbitrarily. In the final stage,
each candidate competes with another candidate.

C. Genetic Algorithm Based MPPT Tracking

The GA implementation flowchart is given in Fig.4. In the
article [27], the author ‘Li and Guiqiang’ proposed GA as an
MPP tracking technique under shading condition of a PV
system. The position of chromosomes is indicated as Y
which is calculated by using Eq.3.

Yk =vk ®3)

Where V¥ is the PV voltage at the k" iteration. In the first
iteration, the individual chromosomes best positions are
selected by evaluating the performance of each chromosome.
Inthe next step, two individua chromosomes are combined to
form a child chromosome is called crossover. The PV -

power is considered as a fitness function to harvest the
maximum power of PV.

(childchrome)®

Vev

d*=1- 4

Where d“ and Vpy are the duty cycle of the boost converter
and PV voltage.

Start iteration=0

Generate population of particles
(chromosomes)

Evaluate fitness value for each
chromosome

Yes 1 i
e
No
| Start next iteration |

v
Add two target vectors to
generate child vector

Initialize the weightsto all
target vectors (mutation)

@
Fig.4. Flowchart of G A MPPT controller

a. Literature survey of GA based MPPT Technique

From the article [33], the authors have proposed a
modified GA for the extraction of extreme PV power by
absorbing the excessive sunlight energy. In thisalgorithm, the
P& O techniqueis used to obtain the optimal value of the duty
cycle by reducing the number of population and iterations. As
a result, the MPP tracking time of GA is reduced. From the
effective operation of P&O, the GA parameters such as the
number of agents, search space and iterations are optimized.
The macroblock isused in GA to reduce the boost converter
components and simulation time. Most of the ANN-based
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MPPT techniques do not require any mathematical
computation and it is having a property of high noiserejection
capability. The analysis of GA for stand-alone and
grid-connected PV systemsisgivenin Table4.

V. METAPHOR-METAHEURISTIC MPPT
TECHNIQUES

The metaphor-metaheuristic algorithms are applied for
solving al complex optimization problems with help of
different figures which is called metaphor. Due to the feature
of global and random search, these techniques solve the high
difficulty in optimization problems with less time. In the real
world, most of the optimization problems are
multidimensional, complex in constraints and nonlinear.
Hence, in this article different metaheuristic MPPT
techniques are discussed to obtain the MPP of solar PV.
Those are Particle Swarm Optimization (PSO) [35], Ant
Colony Optimization (ACO) [36] and Artificial Bee Colony
(ABC) [37].

A. PSO based MPPT Technique

Among al of the optimization techniques, PSO is one of
the most popular swarm intelligence optimization techniques
which is proposed by Kennedy and Eberhart in 1995. After
that, it is used in many problems optimizations like
engineering designs, workers scheduling in industries and
computational intelligence[35], [38]. The operating principle
of PSO is inspired by the swarm behavior in nature such as
fish schooling and birds flagging. In the PSO agorithm, the
individual trajectories of agents (particles) search the entire
search space of objective function in a particular direction by
adjusting their positions. The movement of particlesinvolves
two major components. stochastic and deterministic. Each
particle moves randomly from its own position to a global
position in the search space of optimization function. The
particle position 'Y and velocity \/ are updated by using
Eqg.5 and 6.

VEL=WAL + 00y (Ret i — Yo+ AalObes i — ¥i) (5)

Y}:—l: y}( +V}(+1 (6)

Where v and yi™ are the updated K" particle velocity

and position at interval t+1. The variables ¢, and ¢, are the
random vectors whereas o and B denotes the learning
constraints. The variable ppeg « iSthe best position of particle k
and Qgrest 1S the obtained particles best position [39].

The PSO technique is used in MPPT tracking under
partial shading condition because of its attractive features are
high tracking speed and less steady state oscillations across
MPP. Moreover, this technique gives high accuracy in MPP
tracking at different solar irradiation and atmospheric
temperature conditions. In addition, this technique requires a
one-dimensional vector for MPP tracking. In the article [40],
the deterministic PSO MPPT techniqueis proposed to control
the duty cycle of the dc-dc converter. Here, different duty
values (positions) are randomly initiated to all particles and
PV power is considered as a fitness function or objective
function.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring



Evolutionary and Metaphor-M etaheuristic MPPT Techniques for Enhancing The Operation of Solar PV
Under Partial Shading Condition

In the first iteration, all particle positions or duty values
are adjusted by utilizing Eq. 7 and 8. The particle velocity is
controlled by varying the distance between the two particles.
The distance between the two particles varied by utilizing the
learning constraints. The initialization and implementation
flowcharts of PSO are given in Fig. 5.

Adffl:WdfﬁaCl(dbeq,k —df()+ﬂ02(Dbest,k —df() (M

ditt=dl +Adit )

Where '\ is the inertia weight and Ad is the variation of the
duty cycle. The best duty cycle of particlek isdy and Dyegk IS
the best duty value after computing al particles where the
maximum PV power is extracted. The main advantage of the
PSO technique is high convergence speed to obtain the value
of duty cycle for achieving high converter output voltage but
the convergence speed is based on the initial position of
particles.

a. Literature survey of PSO based MPPT Technique

In the article [41], the PSO technique is applied to solve
al complex nonlinear problems but it is having drawback is
that it is difficult to initialize the operating and design
parameters. In addition, this technique is not suitable to solve
scattered problems. In order to overcome these issues, a
hybrid PSO-PI controller is proposed in the article [42] for a
standalone PV system. At first PSO is applied to track global
MPP. Once the operating point sticks on M PP the oscillations
across MPP occurs. In order to eliminate oscillations at MPP,
a Pl controller is included with PSO. An adaptive sampling

time technique is used to move the operating point of PV
towards the MPP. The objective function “f* in this hybrid
technique isthe PV output power is derived as,

f (y'})> f(Pest) 9
In vector y*, there are three reference voltages which are

applied to the dc-converter to step up the PV voltage and is
givenin Eq.10.

ylzf/1 V2 V3J (10)

At global MPP, the differentiation of power p(t) with

respect to the voltage v(t) is zero and the error parameter e(t)
is derived as,

P()

t)=—=

e(t) V()

The error value is minimized and the slope of the PV

curveisadjusted by using aPl controller. The voltage at MPP

is derived asfollows.

Vnpp = Cpe(t) +k* Ie(t)* dt (12)

Where C,, is the error co-efficient and k; is the integral

constant. The optimization process repeated by utilizing Eq’s

7 to 12. The analysis of PSO based MPPT technique for
different applicationsis given in Table.5.

(11)

B. Ant Colony Optimization based MPPT Technique

Fromthe literature survey [36], the swarm intelligence
study is increasing continuously. ACO is the one of the most
widely used swarm intelligence optimization technique which
is used to solve the real-world

Table5. Analysis of PSO based MPPT technique for different applications

S.No  Author Article  MPPT method Control Variable  Applicatio Results
n
1 Abdmoulehand  [35] PSO Voltage or Standalone  The PSO technique is this article to track the
Zeineb current PV systems  global MPP with high convergence speed.
2 Alivarani [42] PSO with PI Voltage/PV Standalone  In this article, Pl contraller is used in PSO to
Mohapatra controller power PV systems  suppress the oscillations across M PP.
3 Rahul [41] PSO with P&O Duty cycle/boost ~ Standalone  The PSO-P&O MPPT technique is used to track
suryavansi converter PV systems  MPP at various atmospheric conditions.
4 B.C. Kok, and [43] PSO with ANN Duty cycle/lboost  Standalone  Inthisarticle, thefuzzy logic controller isapplied
H.H. goh converter systems to measure the irradiation level of solar PV.
Based on thisirradiation level, the PSO is used to
extract the optimum power of the PV panel.
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Initialization of PSO

- Initialize al particle positions
d(k)=linespace (dmax, dmin, Np)

- Initialize random vectors
Pres=0; k=1,2,3....Np
Povbes=0; k=1,2,3....Np
-Initialize the global search vectors

Gpes=0, Joest-0ld=0.
- Initialize the PV power
Pp\/:O

|
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Set iteration K=1
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Fig.5. Initialization of swarm particlesand itsapplication in MPPT controller

nonlinear problems such as program scheduling of workersin
the industry, image processing, material design, power
electronic circuits implementation. The applications of ACO
algorithm is illustrated in Fig.6(b). The ACO technique is
implemented by Macro and Aran in the year1990 and its
working principleis considered from the foraging behavior of
ants. Ants follow the optimum path in the entire search space
to find the best solution. When the ant searching for food, it
will communicate with other ants by utilizing the chemical
exchanger phenomenon. Each and every ant is able to follow
the chemical substance produced (pheromone) path of other
ants. If an ant finds afood source in searching space it marks
the searching path with pheromone to follow the other ants
until individual antsfind the shortest path. At first, the ACOis
used for combinational problem solving and nowadays many
researchers utilizing this technique for different optimization
problem applications.

@

Aron and Gose Double bridge experiment on ACO

Fig.6. (a). Explanation of ACO operating with double
bridge experiment
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Circuital Engineering

Programming Civil Mechanical Electrical Communication Computers
Sales Job Job Image Power Data
man schedulng schedulng processing Electronics Computing

(b)

Optimizing Applications
Fig6(b). ACO technique utilization in the engineering
field

The author Chandra M ohan explained the ACO algorithm by
considering the Deneubourg double bridge experiment. In
this, there are two bridges, oneis the shortest path bridge and
another one is the longest path bridge which is shown in
Fig.6(a). In probability condition, the ants select the shortest
bridge to reach the nest, then the formation of pheromone is
more in the shortest path when compared to high distance
path. Thisis the probability of the remaining ants to choose
the shortest path [44]. The selection probability of the shortest
path of antsis evaluated by using Eq.13.

(ny+m)”

(13)
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Here, n; isthe number of ants has sel ected the shortest path to
move from nest to food and n; is the remaining ants used the
longest path to reach the food. The constraints (m, k) are
adjusted continuously until achieving the shortest bridge.

From the advantages ACO in engineering filed, in the
article [45], the authors used the ACO MPPT technique to
transfer the maximum power from the source to load by
controlling the PV current. The duty of the dc-dc converter is
adjusted corresponding to the PV peak current for step up the
PV voltage. Under the partial shading condition, multiple
MPP’s can be identified. The PV voltage Vpv and current | pv
parameters are considered to evaluate Vmpp. At initial
different positions (duty cycle) of ants are considered
randomly and its movement observed until the ants return the
nest to obtain the maximum pesk voltage. Consider ‘N’
number of particles to achieve the optimal solution and its
random solutions are ‘K’ which are ranked based on their
evaluation value (f(s;) <f(sp) <....f(sp). For each dimension of
random solutions, the probability function is considered as a
gaussian function. The Gaussian sampling technique is used
to generate the new solution for every dimensional particle
[46]. The flowchart representation of ACO MPPT technique
isgiveninFig.7.

Start

| Initialization of parameters; g(y), G(y) and Q I<_

————> v
Evaluatethe PV Voltage (Vp,), Current
(Ipv) and Power (Pyy)

!

|Se|ect the best value of P; and d; |

Re-initialize the obtained
solutions

Evaluatetheall individual ants
solutions

v

| Iteration= iteration+1 |

v

| Calculation of trial vector (t) |

—>| Check MPP is constant or not |

eck either operatiny
eQqditions varying or_po

Fig.7. ACO based MPPT controller

a. Literature survey of ACO based MPPT Technique

From the article [36], ACO technique is attracting the
researchers to apply on industrial optimization problems. In
an article[46], an ACO MPPT isapplied for MPP control and
it isinspired by the social behavior of ants. The PI controller
isused to tunethe agentsin the ACO algorithm and it is tested
by using astandalone PV system. The ant colony Pl controller
based MPPT performance is improved by including a
Fractional Open circuit Voltage MPPT method. In addition, it
tracks the MPP effectively and efficiently. From the Matlab
Simulink results, the authors concluded that the proposed
hybrid (ACO-PI with FOV) MPPT technique giving superior
performance at static and dynamic irradiation conditions over
conventional MPPT techniques. The analysis of ant colony
with some other techniquesis givenin Table.6.

Table.6. Analysisof ACO based MPPT technique for different applications

S.No  Author Article  MPPT method Control Variable  Application Results
1 Jiang, LianLian  [36] ACO Voltage/boost Standalone PV The ACO MPPT used for PV voltage and
converter systems current control application to transfer the
optimal voltage from the PV system to resistive
load.
2 Beshear and A.  [46] ACO-PI with Voltage/dc-dc Standalone or  The fractional open circuit voltage method is
H. Adly FOvV converter Grid-connecte  used in ant colony method to reduce the
d systems oscillations across MPP and Pl controller is
used for stabilizing the MPP.
3 Kinattingal [47] ACOwithP&O  Voltageor current Standalone or Here, initialy, P&O technique used to reach
Sundareswaran, Grid-connecte  MPP. After that, the ACO techniqueis used for
d systems fast convergence of MPP.
4 M. Adly [48] ACOwith Fuzzy  Voltage/boost Standalone In this paper initially, a fuzzy logic based
converter systems fractional open circuit voltage method is added
with ant colony technique for accurate
convergence of MPP.
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C. Artificial Bee Colony Based MPPT Technique

ABC algorithmisinspired by the foraging behavior of honey
bees. The honey bees live is in the form of a colony. The
honey bee can communicate with one and another in the form
of pheromone (chemical exchange) and waggle dance. If any
bee find the food source and it brings back some food to the
nest and it shares the food source location by waggle dance.
The waggling dance varies from one group of species to
another group of species and some bees used the directional
dancing and strengths to share the direction and location of
food source. In this way, the ABC optimization technique is
utilized for the discrete and combinational problem-solving
application [37]. The main componentsinvolved in honey bee
forage selection is a food source, employed and unemployed
foragers. The communication of bees is dependent on the
quality of the food source. The probability employed foragers
sharing of their information is directly proportional to the
profitability of food source. In this way, the honey bees find
the food source.

From the article [49], the authors used the ABC MPPT
technique to track MPP under partial shading condition. At
the initial stage, al the bees scanned the local MPP’s and
global MPP. After that, it moves forward to update the bee’s
positions. Here, the duty of boost converter is considered as
the food source and the PV power is considered a fitness
function. In this technique, the number of iterations required
to select the optimal distance from food sourceto nest is less.
As aresult, the convergence speed of ABC is reduced. The
bees are randomly initialized with different duty values (food
source positions) in the search space by utilizing Eq.14.

(i —2)* (dutyirey — dutyirin)
N p -1

Where P; is the honey bees’ position and j indicated as a

number of bees (j=1,2, 3.... Np). Here, the maximum duty

R =duty, + (14
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(dutyex) @nd minimum duty (duty,,,) values are selected as
10% and 15% respectively. The evaluation of PV power for
each duty cycle majorly depends on the simulation model and
the quantity of nectar (food source). The beesare classified as
employed bees and non-employed bees (onlookers). The
employed bees and onlookers are separated into two phasesto
track global MPP. In the first phase, Eq.15 is used to update
the employed honey bees’ positions within its neighbor bee
positions and in the second phase, the quantity of reactor is
high then the onlooker is moved closer to the employed bees.
The onlooker positions are updated by using Eq.16.

R(n+1) =R (n) +4(x () -x; (n)) (15)
R(N+D)=R(n+¢ (d“ty"ﬁ ~0iin) (1)
P21
2

Where n is an iteration number and @ is the random number
which isto be considered as a constraint to obtain the optimal
solution of multidimensional problem. The operation ABC
MPPT techniqueisgivenin Fig.8.

a. Literature survey of ABC based MPPT Technique

In the family of swarm intelligence techniques, ABC isa
most useful metaheuristic swarm intelligence technique which
isused to obtain the optimal solution of all complex problems
[50]. Many research articles analyzed ABC agorithm
optimizing behavior and it is compared with the other
optimization techniques like GA, PSO, and GSA, etc. From
the comparison results, they state that the ABC isasimple and
less computation complexity agorithm which is used to track
the MPP of solar PV. In an article [51], ABC based direct
control MPPT technique is used to adjust the duty cycle of
boost converter without using a Pl controller. The Analysis
ABC MPPT technique for different application is given in
Table.7.

| Initialization different duty valuesto all bees |<—

=

If PV power>0

Select the position of all bees in between the
maximum duty value & minimum duty value

Yes

Determine the photovoltaic

power at each duty cycle
k7

Move randomly, the employed
bees closer to the unemployed

epending on 1000 source
location, update the all bees
ion

If obtained duty is
optimum duty valu

If changein PV
voltage and current is
greater than zero

»
v No

Update the Bees poitions

If obtained best
particle position

| Operate boost converter to step up

the PV voltage

c

Fig.8. ABC optimization technique based M PPT tracking
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Table.7. Analysis of ABC based MPPT technique for different applications

S.No  Author Article  MPPT method Control Varigble  Application Results
1 Pallavi Sawant [37] ABC Voltage Standalone PV The authors proposed ABC MPPT technique
systems for harvesting the maximum power of PV and it
iscompared with other conventional and swarm
intelligence techniques.
2 A. S. Oshaba [50] ABCwithtwo Pl Current Standalone Inthe ABC method, there are two PI contrallers
controllers systems used. One is tracking MPP by controlling PV
output voltage and current. The sensed PV
parameters are given to MPP block to regulate
the duty of dc-dc converter and the second
controller is used to control the speed of dc
machine.
3 B.Babarand A. [51] ABC with GA Voltage Standalone or MPPT is a one of maor technique in solar
Craciunescu Grid-connecte  power generation systemsto generate electricity
d systems from PV cells and it is compared with genetic

algorithm in terms of efficiency and oscillations
across MPP.

V.CONCLUSION

In this article a detaled anaysis of evolutionary and
metaphor- metaheuristic MPPT techniques have been carried
out under uniform and non-uniform irradiation conditions.
The hybrid MPPT techniques are compared successfully with
evolutionary and metaphor- metaheuristic MPPT techniques
in terms of oscillations across MPP, settling time, tracking
speed and accuracy of MPPT tracking, etc. There are so many
MPPT techniques that are used to control the duty of boost
converter for standalone and grid-connected PV application.
For MPP tracking, it is highly difficult to justify which oneis
the best MPP technique under partial shading condition.
However, in this article based on the discussion of different
MPPT techniques, the performance and suitability of each
technique have been compared with other techniques. The
selection of MPPT for a particular application majorly
depends on the algorithm compl exity, cost, accuracy, tracking
time and convergence speed, etc. Thisreview articleis helpful
for al researchers and students who are working on PV power
generation systems under non-uniform sunlight intensity
conditions.
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