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Abstract- This paper describes an efficient solution to make a solar photovoltaic (SPV) generator more promising and
acceptable to generate continuous power over the different inherent and extraneous unpredictable factors. A significant
problem of the SPV generators is to harness optimal power and its complicated nonlinear power-voltage characteristics with
multiple sags swells under shedding conditions and dynamic insolation patterns. A novel state-of-the-art technique of
maximum power point tracking (MPPT) using multi-input and single-output (MIASO) based nonlinear autoregressive moving
average controller (NARMA-L2) is used. It is employed to govern two inputs of two SPV generators by controlling one output
duty cycle of one boost converter to take out continuous maximum power under macro and micro-dynamic environmental
data. It can adjust power supply according to demand under the same or different insolation pattern. One of the strongest
reasons to use this technique is to improve the system’s performance to the next level of perfection as it can easily be able to
differentiate the global point of maximum power (GPMP) and local point of maximum power (LPMP). Its efficient control
capability with a large no of a database is showing its proficiency in uncertain nonlinear environmental conditions, and
controllability of separate controllers for each SPV generator. In this paper, the post-performance in terms of least MSE (Mean
Square Error) and the maximum efficiency is enhanced up to 98.15%, and 97 % for macro and micro environmental data
respectively. The MATLAB simulation results of the SPV generator configuration with the proposed novel MPPT technique
are found superior.

Keywords MIASO, NARMA-L2, MPPT, FFMNN, SPV, MSE.

Nomenclature

MPPT Maximum Power Point Tracking

LPMP Local Point of Maximum Power

GPMP Global Point of Maximum Power

SPV Solar Photo Voltaic

PV Photovoltaic

MIASO Multi-Input And Single Output
NARMA-L2 Nonlinear Autoregressive Moving Average Controller
ANN Artificial Neural Network

PVisyst PVsyst Simulation Software

Isource Source Current, Amps

Iy Reverse Saturation Diode Current, Amps
\& Voltage Across Diode, Volt

Rp Parallel Resistance, Ohm
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lpv Current Across PV Solar, Amps

q Absolute Value of e-Charge, Coulomb
N Ideality Factor

K Boltzmann’s Constant, J/K

T Absolute Temperature, °C

Vv Generated Voltage in SPV Generator, Volt
Rse Series Resistance, Ohm

FFMNN Feed Forward Multi Neural Network
d1& d2 Baise Signals

Vip Inputs Voltage, Volt

Vop Output Voltages, Volt

lop Output Current, Amps

AV Ripples in Voltage

Al Ripples in Current, Amps

fow Switching Frequency, Hz

L Inductance, Henry

C Capacitance , Farads

SAM System Advisor Model

NREL National Renewable Energy Laboratory
DR Duty Ratio

1. Introduction

Sustainable development goal 13 of the 17 goals is the
action needed for Climate Change. With the increase of
population and new technological advancement, there is an
increase in the requirement of energy in the recent past [1].
Earlier most of the electricity was produced by
conventional energy sources. Due to unfavorable issues of
conventional energy sources like the adverse effect of
greenhouse gas, costly maintenance, restrictions of
installation sites, and selection of a site,it is required to use
clean and environment-friendly source of energy. In
contrary to established conventional types of energy
sources, the power generation from various types of
renewable energy sources has a leading role to mark a
new epoch to constitute sustainable energy in the power
system [2]. The worldwide average consumption of
nonconventional energy increased at the rate of 2% every
year from 2008 to 2018 [3].

The meteoric growth in energy requirement forced us to
fulfill the power demand based on availability over the
wide area, efficacy, and invulnerability criteria for the
populace. Thus different types of renewable energy sources
provide the required feasibility of sustainable generation as
per consumer’s needs. There are different types of REGS
(renewable energy generation sources) ocean wave energy,
wind energy, biomass energy, solar energy, and geothermal
energy system, etc [4].

Out of different REGS, solar energy source has been
flashed as trending and leading renewable sources as it is
solely and in combination with other types of REG is found
cost-effective and efficacious. In the past two decades,
many research on SPV generators has been conducted as an
important nonconventional energy source because it is
inexhaustible, abundant, and clean REGS [5-7]. SPV
generators can produce electrical energy from solar

irradiance through a solar PV panel. The conversion
efficiency of the SPV generator is 15-22% which indicates
that it can change 1/6 to 1/5 part of solar energy into
electrical energy [8]. The power output from SPV generator
is directly affected by the episodically and unpredictable
environmental conditions. As a result, this is one of the key
issues to get power and enhance conversion efficiency with
varying solar irradiance and temperature. SPV generators
situated at the site can experience many geographical
factors like dust deposition, cloudy weather, building sheds
and so many reasons to project irregular shadows on the PV
solar panel’s surface thus there are multiple sag and swells
on the PV curve. Therefore this is another issue that makes
PV characteristics more complex [9].

2. Related Survey

To investigate and review the work related to MPPT
techniques, ANN and MIASO for SPV generator has been
done in this section. In this context to obtain maximum
possible power from SPV generator, to control tracking
efficiently, proper tracing of the global point of maximum
power on PV curve many research fellows explored the
performance of PV solar modules and different tracking
control strategies. There are more than 50 different MPPT
techniques and approximately tens of thousands of
publications on control techniques available in the literature
for photovoltaic applications. All these are categorized into
four groups as conventional tracking schemes, novel
tracking schemes, hybrid tracking schemes, and modified
hybrid tracking schemes. The conventional tracking
schemes are easy to contrive however they may not be able
to differentiate between LPMP and GPMP and tracking
speed is also slow. Novel tracking schemes and hybrid
tracking schemes are better in accuracy but need tricky
computation and again associated with the similar problem
of uncertainty in tracking GPMP from multi peaks under
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dynamic insolation patterns. Modified hybrid tracking
scheme has a specialty of more accuracy but needs efficient
computational skills and costly realization. However, to
optimize the SPV generator this is difficult to choose a
particular control technique from so many of the techniques
available in the research domain as every process has its
pros and cons [10-22].

In the present scenario, the automation environment
leads us to deal with time-bound problems. In this context,
many researchers prefer artificial neural network (ANN) in
SPV generator as it offers better tracking speed, reduced
power oscillation, and efficient performance over the
previous demerits of other MPPT techniques [23-28]. Day
by day it draws the attention of researchers because of its
proficiency and demonstrates a superior performance with
inherent and extraneous factors. One of the strongest
reasons that enforce the author to use the ANN-based
controlling technique is their excellent capability to model
with aforementioned nonlinearity, complex characteristics,
and uncertainties, and in addition their not dependency on
appropriate  mathematical implementation of SPV
generator. This will be a more acceptable renewable energy
source if we found judicious controllability of key issues
like better efficiency, better controllability to produce
maximum power, and better performance under shedding
conditions for that reason author has proposed a technique
to integrate multi-input single output with an MPPT scheme
to get aforementioned objectives in the SPV generator.
Numerous research works are conducted related to multi-
input and multi-output. However, very few works have
been proposed related to multi-input and single output in
literature [29-31].

In this paper, the author presents a novel MPPT
technique using MIASO based NARMA-L2 controller. In
this context, the following contribution is developed for
SPV generator configuration, and performance is proved by
post evaluation and simulation results under micro and
macro environmental variables:

1. Novel MPPT technique using MIASO based
NARMA-L2 controller for two SPV generators
with one boost converter.

2. Design MIASO based NARMA-L2 controller
using mathematical equations.

3. System Design of a PV Array

A PV solar system consists of an array of series, parallel
possible combinations of PV modules to get desired output
voltage, current, and power capacity. The rated value of
voltage and power of a SPV cell is 0.35 volt -0.45 volt, 1-2
W respectively. This varies according to the material used
and the surface area [7]. Fig.1 is showing the circuit
diagram of one cell of SPV generator [32]. And the
mathematical formulation of the generated voltage in SPV
generator is represented by the following Eq. (1) — (3).
Source current lsource Varies according to solar irradiation.
Applying KCL (Kirchhoff current law) on two resistance
equivalent models of SPV. We get the current equation of
one cell of SPV generator —

liource 1a Vi /R, -1, =0 (1)

source ~

Diode current I is the total current through diode due to
activated electrons and holes presented by Eq. (2).

(QVd/NKT) ), .

4=, (e
The generated voltage Vpy is shown in Eq. (3), when the
load is connected at the output terminal. It is equal to the
difference of diode voltage (Vd) and the voltage drop
across series resistance.

va =V4R,| ov -(3)
Rse
Isourc Vt:l!: W\'. -
Y i Ipv
i SR Vpy
|l

Fig.1 Circuit diagram of one cell of SPV generator

Here q is the e- charge and it has a standard value i.e.1.6 x
10-19 C. And K is Boltzmann’s constant and has a
standard value i.e.1.38 x 10—23 J/K.
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Fig.2(a) SPV generator with MPPT controller and its

nonlinear characteristics and Fig.2 (b) SPV generator with

MPPT controller and its nonlinear characteristics under

partial shedding condition
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Figure 2(a) is showing a SPV generator with an MPPT
controller and its nonlinear characteristics. And Fig.2(b) is
representing a SPV generator with an MPPT controller
under the partial shedding condition resulting in many
peaks and corresponding complex nonlinear characteristics.
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4. Proposed Methodology

4.1 Description of the MPPT technique using MIASO
based NARMA-L2 Controller

Here inputs of two SPV generators are controlled by two
NARMA-L2 controllers and one output signal is given to
the switch in the boost converter. Therefore maximum
power output from two SPV generators can extract. And
continues power flows to the load if one SPV generator is
disconnected. NARMA-L2 is a remarkable neural network
structure for precise tracking and efficient input to output
restrain. This controlling process gives direction for
linearization of desired SPV generator’s output pattern
where this is an affine function of two updated signals from
output [28].

This adopts the following actions:

4.1.1  The identification process of SPV generator
4.1.2  Control design process

4.1.1 The identification Process of SPV generator

In this process, we train a neural network. Parameters
used by the author for the identification process are
mentioned in Table 1.

Table 1. Parameters used in identification process

= = = = 2
Dataset E> §_ §: §E §2 §>
Parametersl' 8 8 8 8 8
Size of the
) 5 3 3 3 5
Hidden Layer
Delayed
Controller 1 1 1 1 1
Outputs
Delayed Plant
Outputs 1 1 1 1 1
sl 001 | 001 | 001 | 001 | 0.01
Interval

Generate 1091

Training Data | 0 246 100 31 981

LIRS 300 | 300 | 300 | 300 | 300
Epochs

20% | 20% | 20% | 20% | 20%

o of of of of of
Validation data data data data | data
set set set set set
20% | 20% | 20% | 20% | 20 %

Testin of of of of of
g data data data data | data

set set set set set

From Table 1. the total no of samples of datasets are
divided into three sets of the sample which is arbitrarily
picked by neural network tool. Out of which, 60% samples
are used for training of the network, 20% for validation,
and the rest 20% for testing. Testing Samples are used to
find MSE. Validation samples are used for the network to
make it familiar with the pattern.

Model

° Reference |_Yr T

+ Controller u
/ —Pp| Plant

ro-4d

rod

Fig.3 Block diagram of standard NARMA-L2 controller
with FFMNN

The baises and weight are reorganized. Then set to a
new value in each iteration according to the output from
plant and sample pattern used for SPV generator.

The NARMA-L2 approximate configuration has two f
and g FFMNN as shown in Fig.3. With the help of these
SPV generators are recognized by the controller [34-35].
The system equation is-

N

(-7
R AP

g[y(t)’y(t—l)""y(t—n+1)’“(t—1)""“(t—p+1)} @)

xu
(t-1)

Here p and g are indicating previous output and input
numbers.

4.1.2 Controller Design Process

Two FFMNN are used. This is represented by fnn and
gnn. In the authors' configuration, each one is a feed-
forward with 3, 3, 3, 5, and 5 layers for five datasets. Three
layers are consist of an input, a hidden and an outermost
layer. Five layers are consist of an input, three intermediate,
and an outermost layer. The input layer of the fnn FFMNN
has two nodes. One is output power and the second one is
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d1, d2 baise signals. The input layer of the gnn FFMNN has
two nodes for the duty ratio and d1, d2 bias signal. There
are three intermediate nodes of the hidden layer. The
outermost layer has only one node for each of the two
systems and then one DR (duty ratio) output node. The
outgoing signal represents the DR signal for the point of
maxima on the curve.

To design a NARMA-L2 controller the controlling signal
can be generated by using Eqg. (4) [33].

Yy Yo Ya-pe ’}

y(tl—dl) -fan
-1+ Yage

= -(5)
{y(m Y1+ Y (a-psa) ,j|
gnn

u

Wiy By oe - - Wira—gen

" Y2y Y t2-1yo+ -+ Y (t2-pe1) 2
y(tZ—d 2" nn

Wiy Uiragyse -+ Bra—gea)

Uip) = -(6)
@ {y(m) Y (t2-1) >+ Y (t2-p+1) 7:|
gnn

Wiy Uiiogyse - - Wia—gey

We set y(¢14+a1)= Y(t1+d1)ref and y(iz4az) = Y(t2+d2)reft0
follow the base trajectory yiiany™ and Yizraz ™
respectively. Therefore our output of the system y ;a1
and Y2442y is following as per teaching. Put these new
values to the designed NARMA-L2 in Eq. (5) and Eq. (6).
Then the rearranging output of the controller:

Yy Yy o Yipsy»

ref
y(ll—dl) -fan
Wiy Wiimgy o+ iamgqun

™ -(7)
(t1)
Yy Yy Yips»

Wiy Baegy oo+ - Uiragen

ol _fon MERICEIRM R

Yt2-d2) U u u
_ (t2) 7 (t2-1)2° * " 2 (t2—-gq+1)
U2y = -(8)
Yt2)sY t2-1y>- Y t2-ps1) >
Wiy Uiiom1yse - - Wra_gen)
Uy= Uyt Uita-ta) -(9)

ref |77 (-1 (@ —p+1)

y
—d
(t1~di) u('tl)u(tl—l)"”u(tl—q +1)

Y=t
] Yoy m-1 Yt -p+y’

gn
Y-yt - g+

Ytz —td2) Y (t2—td2-1)"""
ref fn

Y(t2+d2-1td2) M"Ytz -td2—p+1)"Y(t2 -td2)

“t2-td2 -1 (12 —td2—q +2)

Ytz—td2)Y(t2-td2-1)" Ytz —td2-p +1)’
nn

Y2—td2) (t2—td2 -1 (2~ td2 —q +1)

-(10)

Equation (7) to (10) is showing a rearrangement of the
control signal for the MIASO based NARMA-L2 controller
to approximate SPV generator configuration.

4.2 The Procedure of Controller’s Functioning-

The training procedure telecast results are based on
MSE at minima. During the training process, our aim is to
train both the controllers with the previous desired value as
a mimic. It is a teaching process for the controllers and both
the controller learns how to behave efficiently for expected
output. In this procedure, an error signal is generated if
there is a difference between the output of the plant and
desired output. In each iteration, the error actuates a
controlling signal to produce steps for corrective actions of
the neuron’s weight and baise. And this loop of corrective
settlement is continued until the training data attains the
desired pattern to get the target response within close range
with less chattering as possible. After some iteration, the
controller is well trained and the currently generated
weights are stored.

The prime objective of the presented methodology is to
trace two inputs that may be the same or of a different
pattern. After that continuous maximum possible generation
of two SPV generators is provided to the connected load.
This is followed by a setting of the suitable duty ratio for
both SPV generators at the delay which serves solution to
the following main issues:

1. Able to produce the maximum power output.

2. Better control over macro and micro-environmental
data.

3. Gives power output without any confusion of local
maximum power value at the local dip in the curve
in case of shedding.

4. Continues power supply to
insolation pattern.

load at variable
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Fig.4(a) Block diagram of the MPPT technique using
MIASO based NARMA-L2 controller
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Generate Duty Cycle

Fig.4(b) Flow chart of MPPT technique using NARMA-L2
controller

The block diagram of the proposed MPPT technique
using MIASO based NARMA-L2 controller for SPV
generator is presented in Fig.4(a) and the flow chart of the
proposed technique is presented in Fig.4(b).

The Proposed controller generates controlling signal DR
which is presented by following Eq. (11).

P P
pv (1) pv(11-1)
P ref -fan| P
pv ( t1+d1) pv (tl—p+l)
DR ,..DR
(1) (t1-g+1)
P P ,..P
pv(t1) pv (1) pv (tipe1)

DR ,..DR
(t1-1) (t1-g+1)

P P
pv (2-td2) " pv (t2-td2-1)

,..P ,
ref pv (t2-td2-p+1)

p
pv (©2+d2-td2) DR
(t2-td2-1)

DR
L (t2-td2-g+1) i
+ = = }

P P
pv (12d2) " pv (t2-td2-1)

,...P R
pv (t2—td2—p+1)
gnn

DR(tZ-tdZ-l) 1)

,..DR
L (t2-td2-g+1) i

DC-DC Boost Converter Model

A boost converter is connected between the SPV
generator and load. For effective controlling and to trace
global maxima at PV curve there is an important variable of
boost converter that is duty ratio [36-37]. Generally boost
converter is considered ideal for the offline evaluation
therefore its input power and power at output terminals are
equal. Here only one boost converter has been proposed
because it reduces the requirement of no of cells of SPV
generator, switches, reduces switching loss, enhances
efficiency, and is an economical solution.

Parameters of boost converter models are calculated by
using Eq. (12) - (13):

V (V -V
Inductance,L= M -(12)
fSWx IXVOP
I (V. -V
Capacitance,C= M -(13)
fSW>< vaOp
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Where V;,, ,V,,are inputs and output voltages in volt
respectively and I, is output current in amps.

AV,AT are ripples in voltage and current respectively and
fsw 18 Switching frequency.

5. Experimental Setup

PV solar module is selected in Matlab R2016a, and
module design parameters of an array for well-supportive
PV modules used in this paper are cross-verified by using
two more softwares PVsyst 6.8.1 and SAM software
developed by the national renewable energy laboratory
(NREL)[28]. The database is selected according to the
variable, unpredictable insolation, and temperature pattern
exploring the potential of the proposed scheme for SPV
generator. This model can be recreated for other well-
supportive modules with a suitable rating of boost converter
for other recorded databases in the same manner.
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Fig.5(a) Efficiency-irradiation characteristics of the
proposed system
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50 200 250 30
Voltage (Volt)

g
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Fig.5(b) The IV and PV characteristics of the proposed
system

The characteristics of efficiency-irradiation are shown in
Fig.5(a). And the characteristics IV and PV of the proposed
configuration under variable, unpredictable insolation, and
temperature pattern are expressed in Fig.5(b). Parameters

description for one SPV generator module with their rated
values used for the proposed technique is mentioned in
Table 2.

Table 2. Parameters of one SPV generator module used are
mentioned below

PARAMETERS VALUES OBTAINED
Maximum Power 249.86 w
Open Circuit Voltage, 376V
(Voc)
Cells Per Module, (Ncell) 60 no.
Short-Circuit Current, Isc 8.55 Amp
Light GenerIaLted Current, 8.5795 Amp

The key issues we have attempted to find the solution
include-

1. Efficient controlling under nonlinearities and
episodically uncertainties which are unavoidable
issues.

2. Extracting power from SPV generator at maxima
to increase the sustainability of SPV generator.

3. Obtaining power with dynamic environmental
conditions varies according to the season for a
long term over any area with less chattering.

4. Controlling two inputs of two SPV generators with
one boost converter to make the system efficient in
case of shedding conditions and supply continues
power economically.

Input Dataset

The controller is trained by using Levenberg-Marquardt
standard algorithm. The author has used five sets of the
database to prove the controlling efficiency of the controller
to make SPV generator more justifiable as a famous source
of renewable energy.

1. Database-I- This set is containing 10910 samples
of variables presented by insolation pattern-1 in
Fig.6. The purpose of taking a large no of samples
is to check the controlling proficiency of the
controller in dynamic conditions. This is our aim
to design a controller that can work efficiently on
large environmental data which varies according
to season over a large period worldwide.

2. Database-11- In this set author is using 246
samples indicated by insolation pattern-11 in Fig.6.
The purpose of taking 246 samples for the second
case is to validate the controller's feasibility in any
condition whether it is working for macro or
micro-environmental data.
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3. Database-I11- In this set 100 samples are taken
represented by the temperature dataset as shown in
Fig.6. These samples consist of temperature data
that affects the performance of the SPV generator.

4. Database-1V- In this set 31 samples are taken
indicated by insolation pattern-1V in Fig.6. These
samples consist of micro-environmental data with
unpredictable weather changes during sunny days.

5. Database-V- In this set 981samples are taken as
mention in Fig.6 by insolation pattern-V. These
samples consist of macro-environmental data with
large variation of insolation pattern.

,I,l]sgjajjgwnﬁlagttgm-,l Insolatmn Pattern-I1

1000
x 1.168
500 Y 10001\-‘1—

11'15

=]
=]
S

‘X 1421

Y: 9804,‘

Tc. nuraturo. Dalasct

X 1.263
Y: 65
2

O

lnsolatmn Pattern- I\
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X:1 166 ‘
Y: 1000
500 //—_—/,__g

1T 15

Insolation(watt/m2

=)

Insolation(watt/m2)
g
o
o
(4]

hmp( ()

Insulatum Pattern-V

1000 o V.V,
X 0.7883
Y: 1000 \LLI

Insolation(watt/m2)

Insolmion(\\ :m/mi!)_l

1[15 2

Fig.6 Database-1, Database-I1, Database-I1l, Database-VI,
and Database-V

6. Results and Discussion

Performance analysis of MPPT technique using MIASO
based NARMA-L2 controller on SPV generator has been
done. In this context post-processing performance
assessment has been divided into two sections:

7.1. Part-I-

Here in this section the evaluation of the performance of
MPPT technique using MIASO based NARMA-L2
controller of SPV generator is carried out through
performance index.

1. MSE (Mean Square Error)- This is a
minimization criteria. This is the error calculated
as the difference between generated plant output
and targeted response. This index is in terms of
quantity to find the closeness of forecasts or
predictions to get the desired outcome.

13 .
MSE=— Z (Desired_output-plant_output)®
n-
-(14)

Here n is number of data sample

2. Mu- This is a measure representing the
compliance or learning rate of the network. If this
is at the maximum value it means the learning rate
has attained its maximum position and training.
After reaching this wvalue it will result in
termination of validation.

3. Gradient — This shows the direction of alteration
in values.

Table 3. Summary of Performance Index

No. of Samples 10910
MSE 7.4252e-07
Database-I MU 16-09
Gradient 6.873e-07
No. of Samples 246
MSE 0.00310
Database-I1 MU 1605
Gradient 0.000173
No. of Samples 100
— MSE 0.024867
11 Mu le-10
Gradient 3.83e-16
No. of Samples 31
Database- MSE 0.2033
v Mu 1e-09
Gradient 4.4974e-14
No. of Samples 981
MSE 0.0011397
Database-V M 1607
Gradient 8.3689e-5

From Table 3. author found out that the MSE value is
7.4252e-07 for database-l which is less than the value
0.00310, 0.024867, 0.2033 and 0.0011397 for database-II,
database-111 , database-I1V and database-V respectively. It is
indicating that accuracy is enhanced for a large number of
training samples and that fulfills our aim. As a result of this
controller can efficiently and precisely trace the desired
output. And we got higher output under dynamic
conditions.

7.2. Part-I1-

Here in this section, the effectiveness of the proposed
MPPT technique using MIASO based NARMA-L2
controller of SPV generator is demonstrated by simulation
results, and  simulation is carried out in
MATLAB/Simulink. Fig.7 is showing a MATLAB model
of the proposed SPV generator with MPPT technique using
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MIASO based NARMA-L2 controller. This model is
representing past data or present values as input and desired
parameters. Here the input is desired reference. Two
NARMA-L2 controllers are used for two SPV generators.
Five data sets as shown in Fig.6 are used as inputs for the
teaching process of these two controllers. Here time delay
of 1.8 sec and 2 sec is created between two input signals of
SPV generator and one output signal as the duty cycle is
generated to extract power output at maxima.

MIASO Based MPPT
Technique based Controller

Signal onel

PV Array2

uuuuuuuu

Enableisable [ DC 4 nductor

Link 1 Mogfet -E.E
Diode3 7
Signal one2 I

PV Arrayl

mmmmmmmm

Boost Converter

Fig.7 MATLAB modeling of the proposed technique for
SPV generator
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Fig.9 Performance of controller obtained after training for
dataset-11
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Fig.10 Performance of controller obtained after training for
dataset-111

Performance of controller obtained after training is
presented in Fig.8(a), Fig.9(a), Fig.10(a), Fig.11(a), and
Fig.12(a) for dataset-l, dataset-1l, dataset-11l, dataset-1V
and dataset-V respectively.
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Figures8(b), Fig.9(b), Fig.10(b), Fig.11(b), and
Fig.12(b) are indicating the correlation between the input
and output of the controller. One indicates the strong
correlation for dataset-1 in comparison to dataset-11, dataset-
I, dataset-IV, and dataset-V. It proves how precisely

output followes input and strongly indicates the best
performance.
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Fig.11 Performance of controller obtained after training for
dataset-1V
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Fig.12 Performance of controller obtained after training for
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Fig.13 Errors during the training, testing, and validation
process with databaset-I, databaset-11 and databaset-I11

Figure 13(a), Fig.13(b), Fig.13(c) represents the errors
during the training, testing, and validation process with
database-1, Fig.13(d), Fig.13(e), Fig.13(f) represents the
errors during the training, testing, and validation process
with database-Il, Fig.13(g), Fig.13(h), Fig.13(i) represents
the errors during training, testing and validation process
with database-IlI.

Figure 14(a), Fig.14(b), Fig.14(c) represents the errors
during training, testing and validation process with
database-1V, and Fig.14(d), Fig.14(e), Fig.14(f) reports the
errors during training, testing and validation process with
database-V.
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Fig.14 Errors during the training, testing, and validation
process with databaset-1V and databaset-V

1276




INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

S. Chahar and D. K. Yadav, Vol.11, No.3, September, 2021

In Fig.15 proposed scheme is implemented on two SPV
generators to control one boost converter for 246 samples
which is a complex case of variation in insolation at
different levels from 100 watt/m2 to 1000 watt/m2 at 25°C .

From Fig.15 the value of power obtained with the
controller is 9765 watt at 1000 watt/m2 insolation, 25°C.
And the rated power is 9994 watt, at 1000 watt/m?
insolation and 25°C. It illustrates that power conversion
efficiency using the proposed technique is 97.70%. That
enhances the SPV generator output at variable insolation
patterns.

In addition, the proposed technique is controlling the
output of both SPV generators at a 1.8 sec delay. From 1.8
sec to 2.5 sec, both SPV generators are working at low
incident insolation 600 watt/m2 or below. Power at low
incident insolation of both connected SPV generators is
4957 watt which is proving that the controller is efficiently
controlling both connected SPV generators.

Power Output_ MPPT

GPMP of |_»- L GPMP of
SPV GENERATOR-1K X:1.248 « N SPV GENERATOR-2
00 | Y: 9765 | 4957Watt A Multiple-LPMP of.

v Vultiple-LPMP or P SPV GENERATOR-2

ol——y N |SPV GENERATOR-1 t A ‘ i

Power(Watt)

checked performance for fast-changing insolation that
varies from 10.18 watt/m2 to 980.46 watt/m2 at 25°C.

The value of power obtained from simulation results is
9606 watts as shown in Fig.17 and the rated power of one
SPV generator is 9787 watt at 980.46 watt/m2 insolation,
25°C presented by Fig.16. It shows that power conversion
efficiency using the proposed technique is 98.15%.
Therefore it illustrates that the proposed technique is
working more efficiently on large no of dynamic
environment data.

Module type: Trina Solar TSM-250PA05.08

0.9804 kim?

Current (Amp)

L L

Voltage (Volt)

\

Power (Watt)

Voltage (Volt)

Fig.16 Rated PV and VI curve

Fig.15 Power, Voltage and Current output with the
proposed technique for dataset-I

Now at 2.5 sec SPV generator-1 is disconnected being
out of order in this condition then SPV generator-2 will
supply continuous power to the load and will provide
maximum power 9765 watt at 1000 watt/m2 insolation,
25°C. This proves that the proposed technique can control
both SPV generator or one SPV generator if the second
SPV generator is out of order or according to demand.

There is more than one LPMP as shown in the
simulation result from Fig.15. The proposed controller is
intelligent enough to differentiate between GPMP and
LPMP. Thus SPV generator with the controller gives
maximum power 9994 watt at 1000watt/m2 power density.

This is the biggest argument that we have to check the
controllability of the controller for large no of seasonal,
weekly, monthly, and yearly worldwide environmental
data. Therefore in Fig.17, the proposed scheme is
implemented for 10910 samples to see the proposed
technique’s performance on fast-changing and large no of
samples at different levels of insolation. Here the author has

Power Output_ MPPT
o >
GPMP of |_ [ rmemtty - A~ LPMP of
SPV GENERATOR-1 X: 1.432 4967 walt SPV GENERATOR-2
[ v:9606 A——sk GPMP of
PV-1 &PV-lllworking SPV GENERATOR-2

Pow er(wats)

<.
LPMP of SPV GENERATOR-1

-~

o BB E

V(Volt)

I(Amp)

Time

Fig.17 Power, Voltage and Current output with the
proposed technique for dataset-11

In addition, the proposed technique is controlling the
output of both SPV generators at a 2 sec delay. From 2 sec
to 2.5 sec, both SPV generators are working at insolation
considered 600 watt/m2 or below. The power extracted at
low-level insolation of both connected SPV generators is
4967 watt as shown by Fig.17 which is demonstrating that
the controller is efficiently controlling both connected SPV
generators.

Now at 2.5 sec, SPV generator-1 is disconnected being
out of order. And at this condition, the SPV generator-2 is
supplying continuous optimum power i.e. 9606 watt at
980.46 watt/m2 to the connected load. This is indicating
that two SPV generators can supply power reliably
according to the requirement of the connected load.

There is more than one LPMP as shown in Fig.17. The
proposed controller is trained to differentiate GPMP and
LPMP. Here the SPV generator-2 gives maximum power
9606 watt at the power density of 980.46 watt/m2.
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In Fig.18 proposed scheme is implemented for 100
samples to see the proposed technique’s performance on the
variation of temperature.

Power Output_MPPT
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25°C | x.2.203 oo
5000 + Y: 9740

Power(watt)

V(volt)

30t e

1 (Amp)

10F
o}
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Fig.18 Power, Voltage and Current output with the
proposed technique for dataset-111
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Fig.19 Power, Voltage and Current output with the
proposed technique for dataset-1V

The value of power is 9740 watt and the rated power is
9994 watt, at 1000 watt/m2 insolation and 25°C It is
expressing that power conversion efficiency using the
proposed technique is 97.40%.

Here two more datasets are used to check controller’s
working in unpredictable codition. In Fig.19 proposed
scheme is implemented for 31 samples as micro-
enviornmental sample-II.

The value of power is 9707 watt and the rated power is
9994 watt, at 1000 watt/m2 insolation and 25°C It is
expressing that power conversion efficiency using the
proposed technique is 97.12%.

In addition, the proposed technique is controlling the
output of both SPV generators at a 2 sec delay. From 2 sec
to 2.5 sec, both SPV generators are working at insolation
considered 500 watt/m2 or below. The power extracted at
low-level insolation of both connected SPV generators is
3604 watt as shown by Fig.19 which is showing that the
controller is efficiently controlling both connected SPV
generators.

Now at 2.5 sec, SPV generator-1 is disconnected and at
this condition, the SPV generator-2 two is supplying
continuous optimum power i.e. 9707 watt at 1000 watt/m2
to the connected load. This is indicating that two SPV
generators can supply power reliably according to the
requirement of the connected load.

There is more than one LPMP as shown in Fig.19. The
proposed controller is trained to differentiate GPMP and
LPMP. Here the SPV generator-2 gives maximum power
9707 watt at the power density of 1000 watt/m2.

In Fig.20 proposed scheme is implemented for 981
samples as macro-enviornmental sample.The value of
power is 9755 watt and the rated power is 9994 watt, at
1000 watt/m2 insolation and 25°C It is expressing that
power conversion efficiency using the proposed technique
is 97.60%.

In addition, the proposed technique is controlling the
output of both SPV generators at a 2 sec delay. From 2 sec
to 2.5 sec, both SPV generators are working at insolation
considered 500 watt/m2 or below. The power extracted at
low-level insolation of both connected SPV generators is
1745 watt as shown by Fig.20 which proves that the
controller is efficiently controlling both connected SPV
generators.

Now at 2.5 sec, SPV generator-1 is disconnected and at
this condition, the SPV generator-2 is supplying continuous
optimum power i.e. 9755 watt at 1000 watt/m2 to the
connected load. This is indicating that two SPV generators
can supply power reliably according to the requirement of
the connected load.

There is more than one LPMP as shown in Fig.20. The
proposed controller is trained to differentiate GPMP and
LPMP. Here the SPV generator-2 gives maximum power
9755 watt at the power density of 1000 watt/m2. Therefore
we found that for five different datasets proposed scheme
has proved its better performance.
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Fig.20 Power, Voltage and Current output with the
proposed technique for dataset-V
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Table 4. Performance Summary of Proposed Technique

Power Power ..
P Rated MPPT | -
Fast-
- . 9787 watt
% CDhangln_g/ at 980.40 9606 98.15 %
£ ynamic watt/m2, watt
) Samples 25°C
= Micro- 9994 watt 9765
@ | environment at 100(2) watt 97.70 %
= | al Samples-I watt/m?,
) 25°C
§ Temperature at 1000 97.40 %
ko Samples watt/m?, watt
8 25°C
= Micro- 9994 watt
B | environment | at 100(2) 9707 97 12%
8 | al Samples- watt/m?, watt
a I 25°C
> Macro 9994 watt
D ) 9755
% environment at 1009 97.60 %
& | al Samples watt/m?, watt
) 25°C

7. Conclusion

The most important achievement of this paper is the
improved performance of the proposed novel MPPT
technique using MIASO based NARMA-L2 controller for
two SPV generators with one boost converter in finding a
point of maximum power on macro and micro-dynamic
environmental data. The system simulation offers the least
MSE 7.4252e-07, 0.024867, 0.00310, 0.2033 and
0.0011397 for the large number of samples 10910, 246,
100, 31 and 981 respectively. This proves that it can control
the output precisely to get desired output, for macro as well
as micro-environmental data. From the simulation results, it
is proved that the controller works excellently with one
SPV generator or both simultaneously. Therefore SPV
generator can supply power continuously to the connected
load if one source gets disconnected being out of order. In
addition, it is found that the power tracking efficiency of
the proposed MPPT technique is 98.15% for large no of
dynamic weather data, and 97.70%, 97.40% 97.12%,
97.60% efficiency for 246 samples,100 samples, 31
samples, 981 samples of weather data respectively. It
indicates that the proposed technique enhances the
performance of both SPV generators on macro and micro-
weather data over a long period and as well as for seasonal
variations. Also, it is proved that the proposed technique is
intelligent enough to differentiate GPMP and LPMP on
complex nonlinear PV curves as it is supplying power at

maxima. Two SPV generators with one boost converter
provide the best economic solution and both SPV
generator's capacities can control according to demand.
Finally, it is established that the proposed methodology
optimizes the performance of SPV generators to accept it as
a more promising renewable energy source.
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