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A nature based novel maximum power point tracking algorithm
for partial shading conditions

Introduction. The huge demand of green energy over past few decades have drawn the interest of scientists and researchers. Solar
energy is the most abundant and easily available source but there have been so many problems with its optimum extraction of output.
The factors affecting the maximum power point tracking of PV systems are input irradiance, temperature, load etc. The variations in
irradiance level lead to partial shading that causes reduction in performance by not letting system to operate at maximum power
point. Many methods have been proposed in literature to optimize the performance of PV systems but each method has shortcomings
that have failed all of them. The actual problem occurs when partial shading is very strong, this is where most of the methods totally
fail. So proposed work addresses this issue and solves it to the fullest. The novelty in the proposed work is that it introduces a new
nature-based algorithm that works on the principle of plant propagation. It is a natural optimization technique that plants follow to
survive and propagate in different environmental conditions. The proposed method efficiently tracks the global peak under all
shading conditions and is simple to implement with high accuracy and tracking speed. Purpose. Building an algorithm that can track
global peak of photovoltaic systems under all shading conditions and extracts the maximum possible power from the system, and is
simple and easy to implement. Methods. The method is implemented in MATLAB / Simulink on an electrical model that uses a PV
array model. Different shadings are applied to check for the results. Results. The results have shown that for different photovoltaic
configurations the algorithm performs very good under uniform and partial shadings conditions. Its accuracy, tracking efficiency
and tracking time has increased reasonably. Practical value. The project can be very beneficial to people as it enhances the
performances of PV systems that can make them self-sufficient in electrical energy, focuses on sustainable development and reduces
pollution. This way it can have huge impact on human life. References 40, tables 5, figures 18.

Key words: renewable energy, partial shading conditions, maximum power point, global maximum power point, local
maximum power point, seeds, runners.

Bcemyn. Benuuesnuii nonum na 3eieny emepeilo 3a oCMAaHHi Kinbka O0ecsamuiimes npusepnys ysazy uenux ma oocnionuxis. Consuna
eHepeisl € Haubinbw nowupeHum i OOCMYNHUM OJCePenoM, ate Mano micye Oydxce bazamo npobiem 3 ONMUMATLHUM OMPUMAHHAM
6UpoONEeHol enepeil. @akmopamu, wo enIUBAIOMb HA BIOCMENCEHHS MOYKU MAKCUMATIbHOT NOMY’CHOCIE (DOMOETEKMPUYHUX CUCTEM, €
6XIOHA OCGIMIeHICb, MeMnepamypa, HABAHMANCEHHS Md iH. SMIHU Pi6Hs 0CGIMIEHOCMI NPU3B00AMb 00 YACKOBO20 3AMEMHEHHS, SKe
BUKTIUKAE 3HUNCEHHS NPOOYKMUBHOCMI, He 00380AI0YU CUCEMI Npayoeamu Ha MaKCUMAbHil mouyi nomyxcHocmi. Y nimepamypi
OY10 3anpoOnoHO8ano bazamo memoodie 018 onmumizayii pobomu GomoereKmpuyHUX CUCeM, ane KOHCeH Memoo MA€e HeOOMiKU, 5Ki
cmpumyloms ix euxopucmanis. Peanvni npobiemu sunuxaioms, KOIu 4acmkoge 3amemHeHHs 0ydice CUbHe; came 8 YbOoMy BUNAOKY
binvuicms Memooie OeMoHCmpyIomy cgoi Haubinbwi nedoriku. Omoice, 3anpononosana poboma npucesyena yiti npobnemi ma supiuye
it nognoro mipor. Hoeusna sanpononosanoi pobomu nonsicac 6 momy, wjo 80HA 3aNPOBAOICYE HOBUI NPUPOOHULL ANCOPUMM, WO
npayioe 3a NPUHYUNOM DOSMHOJICEHHS pocauH. Lle npupoonuii memoo onmumizayii, AKoMmy cRiOyiomb pOCIUHU, WOO SuUlCUMU |
DO3MHONCYSAMUCS. 8 PISHUX YMOBAX HABKOAUUIHBO2O Cepedosuiya. 3anponoHosanuti Memoo eheKmueHo 6i0cmedcye enobanbHuil niK 3a
6CiX YMOB 3ameMHeHHs, € NPOCMUM Y peanizayii 3 UcoKolo moynicmio ma wieuoxicmio giocmedicennsn. Mema. Ilobyoosa aneopummy,
AKULl Modce gidcmedicysamu enoOANbHI NiKY (HOMOeNeKmpuuHUX CUCmeM Npu 6CIX YMOBAX 3AMIHEHHA MA SUOLIAMU 3 CUCTEMU
MAKCUMATILHO MOXMCTIUEY NOMYAHCHICG, € npocmum i neekum y peanizayii. Memoou. Memoo peanizoeanuii y MATLAB/Simulink na
eleKMPUYHItl MOOeNi, AKA BUKOPUCTOBYE MOOeTb (POMOeNIeKMPUUHUX eneMeHmis. [l nepesipku pe3yibmamis 3acmoco8yromovCs pisHi
s3amemnenns. Pesynemamu. Pesynomamu noxaszaau, wo 015 piznux gpomoenexmpuunux Kongieypayii areopumm oyoice 006pe npayioc 6
yMosax pienomMipHo20 ma uacmkosozo samemuenns. Hoeo mounicmv, egexmusHicmo eidcmedicenns ma uac 6i0CMedICeHHs. 3HAUHO
soinbwunucy.  Ilpakmuuna yinuicme. [poekm moodice Oymu Oyoce KOPUCHUM, OCKUIbKU 6IH NOKPAWYE XAPAKMEPUCTIUKU
pomoeneKmpuuHUX cucmem, wo Modice 3pooumu ix camoooCmamHimy 8 enekmpoenepeemuyi, KOHYEeHMPYEMbCsL HA CMAIOMY PO3SUNKY
ma ckopouye 3a6pyonents 008K Takum YUHOM, ye MOodice Mamuy 6elude3Hull gnaue Ha scumms moouny. bion. 40, Tabm. 5, puc. 18.
Kniouogi cnosa: BiTHOBJIIOBaHA eHepris, YMOBH YacTKOBOr0 3aTeMHEHHsl, TOUKA MAKCHMAaJbHOI MOTY:KHOCTI, r100ajbHa
TOYKA MAKCHMAJIBHOI MOTYKHOCTI, JIOKATbHA TOYKA MAKCHMAJILHOI OTYKHOCTI, HACIHHS, TATOHHU.

1. Introduction. Immense use of electronic greenhouse source and technologically expanding in its

appliances in this era [1], rapid consumption of fossil
fuels [2], atmospheric issues, and energy crisis [3] have
attracted wide attention toward usage and exploration of
renewable energy (RE). But, these sources have the
disadvantage of limited storage of the energy and tapping
of power. Due to the lacking of storage mechanism, there
is a high need for extraction of this abundant energy,
especially during day-time [1]. The high yield from these
RE sources is obtained only when researchers are able to
enhance the efficiencies in both outstanding parameters
like conversion and energy storage. The photovoltaic
(PV) energy is abundantly available source among RE
sources because it is universal, it is easily and freely
available, eco-friendly, has less operational and
maintenance cost, it is economically attractive for longer
duration of time, driving an increasing load with

material usage, and is noiseless [1, 3]. PV systems have
been in high demand over the past decade with its total
global installation amount of more than 500 GW [4].
Clean electrical energy can be obtained form solar energy
using PV arrays. PV arrays are made by making parallel
and series combination of PV modules and that make a
basic part of PV systems. The PV array has a high
nonlinear relation between output current and voltage and
it depends mainly on atmospheric conditions like
temperature and irradiance. Under uniform conditions the
P-V curve contains one peak while multiple peaks appear
when in partial shading conditions (PSCs) that includes
local peaks (LMPPs) and a global peak (GMPP) [2].
However, the main hinderance for PV panels have been
their low energy efficiency because of nonlinearity
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in I-V behavior that has its dependence on atmospheric
conditions [3]. Solar PV systems are being controlled
with many maximum power point tracking (MPPT)
techniques to optimize the output power of PV array.
Furthermore, there are many internal and external factors
affecting the output efficiency of PV system such as solar
irradiation, series and parallel resistance, internal
temperature, diode factor, load, PV array surface, shadow,
dirt, and so on. For improving efficiency of system, it is
imperative to have an MPPT that can improve converter
output power efficiency and tracking speed [5]. The
output power mainly depends on the parameters like cell
temperature (7), irradiation (G) and load connected to it
[1]. We know that MPPT matches the operating point and
it is usually mounted between PV arrays and converters as
shown in Fig. 1.

Bls

Fig. 1. Solar PV system with MPPT mechanism

Temperature and irradiance levels are utilized by
MPPT methods to harvest optimum power from PV
system and to determine the output characteristics.
Unfortunately, there is a negative effect of non-linear
behavior of irradiance and temperature on PV system’s
efficiency. Due to these reasons, when irradiance is
varying the I-V and P-V curves of PV system get multiple
peaks on them that are referred as LMPPs and a GMPP.
This condition is shown in Fig. 2, 3 [5].

Fig. 2. PV array
W/m?

W/m?

1000 W/m?

O1000 (1500

O1c00 O 500

|
|
- NENEEE
|
|
|
|
i [ |

EEEE HENNEE NENENE
R 1 . 3 & 1 | L L 1 3 L .|

Fig. 3. Shading over a PV array (@) uniform shading (b, ¢)
partial shading

Many MPPTs have been suggested to optimize the
PV system’s performance, but the confusion occurs when
one has to pick one technique for a particular PV system
as each method has their merits and demerits [5].
Generally the evaluation criteria for performance of
MPPT techniques include accuracy of tracking and a
response that is stable at steady and transient state [6]. To

make a successful MPPT technique to work on PV arrays,
it’s imperative for it to operate at GMPP not LMPP and it
should work under varying irradiance conditions [2].

This manuscript is divided into sections as: section 2
describes other MPPT techniques in literature. Section 3
presents the proposed technique, section 4 presents the
simulation studies and discussion, and section 5 gives the
concluding remarks.

2. Literature review. The work [7] presented a two-
step method that is based on the GMPP tracking that tracks
more effectively than Particle Swarm Optimization (PSO)
in PSCs. But the problem with it is that this is a complex
algorithm that makes use of three different methods to
look for GMPP and for sudden changes. In [8] C. Huang
proposed a technique that tracks the MPP at a faster speed
based on a natural cubic-spline-based prediction model
and it is incorporated into the iterative search process. The
iterative processes are computationally burdening and also
since the proposed method is a model-free algorithm that
has a demerit that the environmental dynamics can’t be
judged with it. R.F. Coelho et al. in [9] presented a new
method that proposes an MPPT sensor that is temperature
based and from the aspect of design it is very
sophisticated. This method works on the fact that the
voltage of module depends directly on the surface
temperature of PV panel. But because of dependence on
temperature the effects of irradiation changes and load
changes get ignored and ultimately attaining MPPT gets
affected. N. Karami et al. in [10] described at least 40
methods that include advanced classical methods for
example three-point weight comparison method, parasitic
comparison, method, intelligent, and optimized
techniques. The methods are not effective enough to be
used in all the conditions.

Perturb and Observe (P&O) algorithm is among
classical algorithms which uses slope of PV curve to
extract the maximum power from the PV panel, but there
are oscillations around MPP in the output of the P&O
algorithm [11]. The work in [12] presented a method that
changes the perturbation steps during transient operation
by utilizing a fixed scaling factor with Incremental
Conductance (IC) to solve the problems occurred in P&O
algorithm. It removes the oscillations that occur around
MPP and increases the efficiency. The method still is
comparatively more time consuming and hard to
implement. In [13] the authors designed an MPPT method
that is called delta P&O in which a variable step size is
advised to enhance MPP Tracking but oscillations around
MPP are still there that causes power fluctuations at
steady state. The paper [14] proposed an MPPT technique
that perturbs the voltage and the duty cycle but still isn’t
effective in PSCs and has oscillations around MPP. In
[15] another hybrid technique of P&O was proposed that
hybridized fuzzy logic with P&O. The performance
analysis of the technique has shown some overshoots and
oscillations at output. The article [16] proposed a
technique that lacks the current-sensor and where PV
voltage and cell temperature is measured and from where
PV current can be calculated using a look up table [17].
However, this technique is complex and is unreliable
because of difficulties in temperature calculation and
accuracy in model.
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The paper [5] reviewed nearly all necessary and in-
stream methods that have been tried to extract MPP under
shading conditions. In the category for uniform shading it
mentioned some online and offline methods. In online
methods, P&O method [18], IC method [19], Hill
Climbing (HC) method [20], Beta () method [21],
Current Sweep (CS) method [22], Constant Current (CC)
method [23], Curve Fitting (CF) method [24], Pilot Cell
(PC) method [25], Lookup Table (LT) method [26], Load
Voltage and Load Current (LV & LC) maximization
method [27], and PV output senseless (PVOS) method
[28]. All the techniques used for uniform shading have
oscillations around MPP which decreases the power and
also they can’t perform under partial shading conditions.
For non-uniform shading conditions, there are many
hybrid techniques that have been proposed to serve the
purpose of GMPP tracking that include Perturb &
Observe with Genetic Algorithm (P&O-GA) [29] &
Perturb & Observe with Particle Swarm Optimization
(P&O-PSO) [30], Incremental Conductance with Particle
Swarm Optimization (INC-PSO) [31], Hybrid Grey Wolf
Optimization with Fuzzy Logic Controller (GWO-FLC)
[32], Hill Climbing with Adaptive Neuro-Fuzzy Inference
System (HC-ANFIS) [33], Modified Hill-Climbing with
Fuzzy Logic Control (MHCL-FLC) [34], Improved
Artificial Neural Network with Particle Swarm
Optimization (IANN-PSO) [35], and Incremental
Conductance with Simple Moving voltage Average (INC-
SMVA) [36]. The above mentioned methods have been
effective in dealing with uniform shading conditions but
when shading is strong they fail to track GMPP and stuck
at local peaks. The research work [37] proposed Flower
Pollination algorithm (FPA) for GMPP tracking in PSCs
and [38] utilized FPA and hybridized it with Opposition
based Learning (FPA-OBL) that has a great potential of
performing under partial shading conditions but this
technique gets complicated when implementation is done
as it involves a machine learning technique as well.

All above mentioned methods have been effective to
some extent to track MPP in uniform shading and GMPP
in non-uniform shading conditions but still there is a need
of more work and exploration to increase the efficiency
and output. The diversity in algorithms is always better as
it gives number of choices to adopt a technique on the
basis of their merits and demerits. This paper proposes a
novel nature inspired algorithm that has been in use for
some other scientific purposes [39] but has never been
utilized in MPPT. In this paper it has been used for
GMPP tracking under uniform and PSCs.

The aim of the paper is development of an
algorithm that can track global maximum power point of
photovoltaic systems under all shading conditions and
extracts the maximum possible power from the system,
and is simple and easy to implement.

This research work advises a new technique to attain
GMPP of PV arrays in PSCs. The algorithm is naturally
inspired by the process of plant propagation specifically
the strawberry plant propagation. The proposed technique
is a single algorithm and is easily to implement with less
parameters, and its approximation strength is so strong
that it catches GMPP even in hardest of the irradiance
changes. The simulation studies are carried in MATLAB /

Simulink and are compared to other frequently used
MPPT algorithms.

3. Proposed technique.

The survival approach of strawberry plant through
an adapted propagation strategy:

The plant of strawberry [39] lies in Rose family
category. The industry of strawberry fruit started from
Paris in the 17th century with its European type. Amedee-
Francois Frezier (mathematician and engineer) was hired
for drawing South America’s Map, when returned from
Chile in 1714, brought Chilean type of strawberry plant
that has a bigger size fruit. The modern plant is a result of
different crossings and evolution.

A. Propagation Strategy

The pure plants generally propagate using seeds, but
the most modern hybrid species are infertile that they
can’t propagate using seeds so they use runners. The
runners work in this way: the parent plant send runners or
root that when they touch ground, they grow roots from
where daughter plants grow. The runners are produced on
a principle that follows a reaction to stimuli, for example
a stronger plant will grow a concentration of small plants
around it but a weaker plant will grow small number of
plant but at a longer distance. That means stronger plant
which is at a good atmospheric condition i.e., light and
humidity, sends short runners but a weak plant which
isn’t at a good atmospheric condition sends runners less in
number but longer in length to look for a good
atmospheric condition for its survival. The runners are
sent in all directions but more runners are sent towards a
better spot. This happens because of what we call tropism
or a response of growth to a stimulus [40].

B. Assumptions from Observations

Keeping in view the observations made above, it is
supposed that the plant in order to flourish in an
atmospheric  condition, goes through a survival
optimization problem and those who can solve it they
survive. The inspiration got from this survival of plant
makes us use this approach as an optimization tools that
looks for good solutions to an objective function in a
solution space and gives best values in the end.

C. Designing an Optimization Problem from
Strawberry Plant’s Survival Strategy

Let’s say the problem to be optimized is:

f(x)=max 7, (1)

xeS
where x represents a point in search space S.

The job of survival optimization is to look for the
finest position x in the domain S that can provide the
finest growth f{x) for the daughter generation.

The Algorithm Strawberry Plant Propagation (SPPA)

The algorithms who search for global optimization
usually have two characteristics i.e., concentration and
exploration. In concentration, the algorithm searches
locally and converges at a local optimum while in
exploration it avoids local optimum and goes for global
optimum solution. Both these characteristics are
conflicting and a successful algorithm will have a balance
between them. In strawberry propagation, concentration is
implemented by sending short runners in large number to
search for good solutions and diversification is
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implemented when fewer runners are sent that are longer
in length as compared to the solutions that are not at good
spot. The pseudo code of algorithm is presented in Fig. 4.

Require: objective f{x), x € R*
Generate a population P={p; .1 =1, ..m}
541
for g+ 1 to g,
do
compute N; = f{p), ¥V p,e P
sort P in descending order of N
create new population ¢
foreachpi;i=1,_,m
do {best m only}
I; «— set of runners where both the size of the
set and the distance for each runner (individually) is
proportional to the fitness N
¢+ & U r; {append to population; death occurs by
omission above}
end for
P+ ¢ {new population}
end for
return P, the population of solutions

Fig. 4. The plant propagation algorithm (PPA)

Similar too many other algorithms in nature, SPPA
also need some variables, functions and initial values. For
SPPA they are a fitness function, population size, number
of generations, number of runners and distance if each
runner.

The algorithm works on the basis of population of
shoots where every shoot in a population is a
representative of a solution in the S. Every shoot is
supposed that it has grown a root that is similar as the
evaluation of an objective function. Every shoot sends out
runners to explore S. The number of shoots is denoted by
a variable m in the algorithm.

The SPPA is naturally iteration based and at each
generation, all shoots send out runner. There is a
parameter g, that gives a termination criteria on the
basis of which it is decided that how many times to send
out runners.

Solutions are sorted based on their fitness values.
The fitness value of runners is dependent on objective
function’s values, but the real relation among values of
objective function and fitness could be modified for a
specific problem. However, the SPPA believes that
fix) € [0, 1]; if it doesn’t, the equations are needed to be
modified that are utilized to decide the numbers of
runners and the distance for each. Presented below are
some case studies and the actual fitness functions for
each case will be presented along with the problem
statements.

The number of runners and the distance each runs
are determined by the functions that are presented below.
The functions have a requirement that the fitness must lie
in the range (0, 1). The mapping of fitness value, f(x), is
done to satisfy the following equation:

N(x) = (tanh(4-fix) — 2) + 1). 2)

Figure 5 depicts the effect of mapping function. The
necessity of this mapping is described below. This
mapping facilitates with a way of finding even more
better solutions over less-good ones.

08
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Fig. 5. Effects of mapping function that is used to convert fitness
values from [0; 1] to (0; 1) and emphasizing more better
solutions

The numbers of runners that are produced are
proportional to fitness values. The function used by
default is:

1, = [Amax . N; . 7], 3)
where n, represents the numbers of runners generated for
the solution i in the present population; n,,, gives the max
number of runners to be generated; N; represents the
fitness, that is mapped (using (2)), of solution i, and
r € [0, 1] is a random number for every solution in every
generation.

Fitness mapping function and ceiling operator when
combined make sure that at least one runner is generated
by each single solution, and even for the solutions that
least in the fittests, and ones that have fi{(x) = 0.
The ny,x number of runners is generated by fittest
solutions. And for different studies here, n,.x is kept
nmax = 5. The distance travelled by every runner obeys a
same principle. That distance is described as:

d.;=2-(1-N)-(r—0.5), 4
where 7 is the search space dimension.

For j = 1,..,n each d,; belongs from (-1, 1). It is
made sure by the fitness mapping function that the best
solutions will possess the capacity to throw runners out at
a distance > 0 even if fi(x) = 1. The distance computed
will be utilized to renew the solution i on the basis of the
bounds on x;:

X' =x+ (bj— a)d,,. 5)

The values of x*j are managed in such a way that it is
made sure that the newly created points are within the
limits [a;, b;].

4. Simulations, results and discussions. The electrical
model used for simulations is shown in Fig. 6 and values
of components are listed in Table 1. The PV module used
is SunPower SPR-305E-WHT-D and its characteristics
are shown in Table 2, 3.

Ll D

A00 Dt
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Fig. 6. Electrical circuit for simulation studies
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Table 1
Values of electrical components used for simulations

Components Symbols Values
Capacitor 1 Cl 1x10° F
Capacitor 2 Cc2 1x10° F
Inductor L1 10x10° H
Resistor R variable Q
Table 2
Characteristic parameters of SunPower SPR-305E-WHT-D
Parameters Symbols| Values
Max power Pypp 305 W
Open circuit voltage Voc 642V
Short circuit current Isc 596 A
Current at Py, Typp 5.58 A
Voltage at Py Virp 547V
Temp. coefficient of current /. K; 0.06 %/K
Temp. coefficient of voltage V,.| K, |-0.173 V/K
No. of cells per module Ng 96
Table 3
Boost converter’s parameters
Parameters Symbols| Values
Device on state resistance Roy 1102 Q
Snubber resistance Rg 1x10°Q
Snubber capacitance Cs inf F
Forward voltages [device V}, diode V]| V¢ [0,0]V
Diode forward voltage Via 1107V
Current source snubber resistance Ry, inf Q

The configurations of PV arrays used are 1slp, 2slp
and 3slp as shown in Fig. 7. The simulation results for
conﬁgurations are elaborated separately below.

[Temperaturc-|
Tempenmre - Tempemlure
Irddld“LL
[ Temperature]

(Temperaturd |
Fig. 7. PV arrays configurations: (a) 1slp; (b) 2slp; (c) 3s1p

[Irradiance |
Tem eramre

The simulations done on above configuration are
discussed here as:

Configuration Islip.

Since 1slp has only one PV module in it so it can
have only uniform shading conditions as in the Fig. 7 is
shown. The characteristic curves and power extraction
curves us1ng proposed technique for 1slp are at 100 and
500 W/m? shown in Fig. 8, 9. For 1000 W/m® the rated
power is 300.88204 W and power extracted using PPA is
300.88054 W which is 99.99 % efficient in this case.

While for 500 W/m? the rated power is 148.77592 W
and extracted power using PPA is 148.67529 W which
has an efficiency of 99.93 %. The MPP tracking ability of
PPA is very high in uniform shading conditions as it is
seen from above discussed results.

Configuration 2sl1p.
Figures 10-13 show output results of 2slp

configurations under different shading patterns. Figure 10
shows rated curves, and output power curve of 2slp
at 1000, 1000 W/m>. The rated power is 605.64547 W
and power extracted using PPA is 605.14782 W with
efﬁc1ency of 99.91 %. Figure 11 shows curves for 1000,
500 W/m* where rated power is 324.38211 W while that
extracted using PPA is 323.75138 W, which has an
efficiency of 99.8 %. This was partial shading conditions
where shading at two PV panels was different that makes
shift the MPP and PPA quite accurately tracked MPP

Figure 12 shows curves for 500, 500 W/m? that has
rated power of 301.27333 W while extracted power is
301.04306 W with efficiency of 99.92 %. Similarly,
Fig. 13 also shows graphs for rated power and extracted
power at 200, 100 W/m®. The rated power in that case is
61.74939 W and extracted power is 61.26584 W with
efficiency of 99.21 %.

Configuration 3s1p.

Figures 14-18 present characteristic curves and
output curves for 3slp at different shading patterns
Figure 14 shows curves for 1000, 1000, 1000 W/m” where
rated power is 912.51031 W while extracted power is
912.16287 W that has an efficiency of 99.95 %.

Figure 15 shows curves for 1000, 750, 500 W/m®
where rated power is 496.11087 W and extracted power is
495.49489 W that has an efficiency of 99.87 %.

Figure 16 shows curves for 1000, 750, 750 W/m’
where rated power 705.90873 W and extracted power is
705.52431 W with 99.94 % efficiency.

Figure 17 shows curves for 1000, 500, 500 W/m’
where rated power is 474.246 W and extracted output
power is 474.19434 W with efficiency of 99.98 %.

Figure 18 shows curves for 500, 500, 500 W/m?
where rated power 451.81051 W and extracted power is
451.16105 W which has an efficiency of 99.85 %.
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Fig. 8. 1s1p at irradiance of 1000 W/m?>:

(a) — characteristic P-V curve;

(b) — characteristic I-V curve;

(c) — power extracted using proposed method
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Fig. 9. 1s1p at irradiance of 500 W/m?:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c)— power extracted using proposed method
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Fig. 10. 2s1p at irradiance of 1000, 1000 W/m®:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
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Fig. 11. 2s1p at irradiance of 1000, 500 W/m®:

(a) — characteristic P-V curve; (b)— characteristic I-V curve; (c)— power extracted using proposed method
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Fig. 12. 2slp at irradiance of 500, 500 W/m?:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
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Fig. 13. 2slp at irradiance of 200, 100 W/m?:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
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Fig. 14. 3s1p at irradiance of 1000, 1000, 1000 W/m?>:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
i(‘hi.ru&;lumslm P-W Curve ol 3slp at 1000, 750, 500 “_-_.m:i i(‘hm-actcrcstir: I-V Curve of 3zl p at 100, 750, 500 meii 1 Pt Curve of 3s!p at 1080, 750, 500 Win? }
-
P,W = LA = LlPW —
M
(172 '?jl:i 4901 18XT) 4 ‘_‘———-_.\ SEHF 4
500 ) E 1
S :'1 | uep i
4 | i zsl ~, (17273437, LR}
: ] A
eV . I—-—__._\
e |
; \
y i v,V \orv 2l
L] T T T T i T T T 1 T T T T T T
i A0 it 50 EL] 350 ] 30 ] i30 i 350 00 0.2 0.4 0.6 0.8 1.0
a b c
. . . 2
Fig. 15. 3slp at irradiance of 1000, 750, 500 W/m":
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
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Fig. 16. 3slp at irradiance of 1000, 750, 750 W/m?:

(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method
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Fig. 17. 3slp at irradiance of 1000, 500, 500 W/m®:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method

00

Fig. 18: 3slp at irradiance of 500, 500, 500 W/m?:
(a) — characteristic P-V curve; (b) — characteristic I-V curve; (c) — power extracted using proposed method

Comparison to other techniques. The most
commonly used MPPT algorithms are P&O, HC, IC,
PSO, GA, FPA, etc. The algorithms are effective for
uniform and weak shading pattern but they fail to track
MPP when shading is strong. The FPA-OBL is another
technique used for strong shading that has very good MPP
tracking ability. The proposed PPA also performs very
good under all shading conditions. The simulation results
have shown its effectiveness in all shadings. In Table 4
one can see that under strong shading conditions the

Table 4
Detailed description of results for all configurations
Shading Rated Extracted Efficiency,
Config.| patterns, | power, t,s o
W/m> W power, W %
1sl 1000 300.882 | 300.880 |0.6822| 99.99
P s00  [148.775 | 148675 [0.6771] 99.93
1000, 1000| 605.645 | 605.147 [0.67725] 9991
21 1000, 500 | 324.382 | 323.751 |0.6771 99.80
P 500,500 | 301.273 | 301.043 [0.67905| 99.92
200,100 | 61.7493 | 61.2658 |0.6892 | 99.21
1000,
1000, 1000 912.510 | 912.162 [0.67835| 99.96
100506(?50’ 496.110 | 495.494 |0.67855| 99.87
1000, 750,
3slp 750 705.908 | 705.524 [0.6783| 99.94
100506300’ 474246 | 474.194 |0.6786| 99.98
50(;’0%00’ 451.810 | 451.161 |0.6787 | 99.85

efficiency of PPA has been 99.8 % that is the sign of its
effectiveness. It is simple and has high MPP tracking and
short tracking time. It doesn’t have oscillations around
MPP. The efficiency of PPA is 99 % in all the cases
which makes it very effective and a good choice among
other popular methods.

Table 5 shows the brief comparison of techniques.

Comparison of Proposed technique with P&O, HC, IC anzagifi
Algorithm Osactiﬁggns to lolc::lnritlllagxima Complexity
P&O Yes Yes Complex
HC Yes Yes Complex
IC Yes Yes Complex
FPA No No Less complex
SPPA No No Less complex

5. Conclusions.

The paper presented a novel technique for maximum
power point tracking that is based on the plant
propagation technique.

The technique is effective in all type of shading
conditions i.e., uniform, weak and strong.

It is a simple, less complex and fast converging
technique with lesser number of parameters that has an
edge of being easily computable technique as compared to
its contemporary techniques.

The simulation studies are carried on MATLAB /
Simulink and results are promising in all shading
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conditions especially in strong shading conditions. The
output efficiency is 99 % plus in all cases and has a
tracking time less than 0.7 s in all cases.

Conflict of interest. The authors declare that they
have no conflicts of interest.
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