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ABSTRACT
Renewable energy is a possible choice that will optimistically guide us away from fossil fuels. Among them,
Solar Photovoltaic (SPV) energy is an inevitable form of renewable energy. A DC-DC converter functions as an
interface connecting SPV panels and the load for transferring maximum power. Here, the DC-DC power
converter is tuned by a Maximum Power Point Tracking (MPPT) controller to exploit the solar array at a
maximal power point. Frequently employed MPPT approaches namely Incremental Conductance (IC) and
Perturb and Observe (P-O) provides sustainable performance under uniform atmospheric condition but the
tracking gets complex under fluctuating atmospheric conditions. Here, the MPPT controller is built for the DC-
DC converter utilizing Artificial Neural Network (ANN) since the method of approximation is quick, accurate,
and robust. The systems were developed with Zeta and Cuk converters to provide efficient performance, and the
execution is calculated with the Boost-Converter. The performance assessment of MPPT based on P-O and ANN
with all converters was studied using the software MATLAB/Simulink for uniform and different atmospheric
conditions. The simulation outcomes depicted that the implementation of ANN based MPPT algorithm with zeta
converter exhibited a more efficient output power range than Cuk and Boost converter in all fluctuating climatic
conditions with controller efficiency rate of 99.50% and converter’s efficiency rate 99.8% in gaining out
maximum power tracking process.
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almost all situations it is crucial and hard to monitor
the Maximum Power Point (MPP). Several MPPT
approaches are presented in the studies [1-4].

I. INTRODUCTION
Solar Photovoltaic (SPV) is the most

significant feasible and plentiful energy source of all
renewable energy sources. It is an eco-friendly form
of energy that does not generate any hazardous
gases. Despite several advantages, the conversion
efficiency of the SPV system is reduced
substantially. The SPV system's conversion
capability largely depends on three variables: the
capacity of the solar cell, the power converter, and
the potentiality of the MPPT technique. The
enhancement of the MPPT techniques is the
preferred choice to increase the effectiveness and
simplicity of operation of photovoltaic systems. The
maximum power point is nevertheless regularly
changed by solar radiation and temperature; under
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Traditional MPPT methods and advanced MPPT
methods are the primary groups. They have got two
major groupings. The first includes Hill climbing
(H-C), Perturbation and Observation (P-O),
Incremental conductance (I-C). The latter usually
comprises Artificial Neural Networks, Evolutionary
Algorithms, and Fuzzy Logical Controllers, widely
used recently because they are able to deal with the
linear, non-linear, complicate and insufficient
patterns of data in terms of their resilience, logical
reasoning and interpretation potentials and their
capacity in learning. However, in terms of efficiency
and response time, the ANN controller demonstrated
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good performance in rapidly changing situations [5,
6].

The design of the converter renders a crucial
part in every method of tracking. The MPPT tracker-
controlled converter is used to match the load and
maximize the power of the SPV panel [7]. A DC-DC
converter is attached in the middle of the load and
the SPV panel with an MPPT controller to detect
that the PV is operated near MPP [8]. DC-DC
converters are frequently grouped into two classes:
Isolated and Non-isolated DC-DC converters. Non-
isolated converters are easy to design and cost-
effective in contrast with isolated converters. Many
non-isolated converters are suggested in the
literature [9]. This work describes the design and
analysis of Boost, Cuk, and Zeta converters under
varying atmospheric conditions.

A Boost converter furnishes higher output
voltage in comparison with source voltage. It is
typically employed to regulate the input supply ad to
significantly enhance the line power factor.

A Cuk converter may be employed to
interface nearly matched load or battery to module
voltages as it furnishes output voltage with reversed
polarity and magnitude less, equivalent or greater
than that of the input voltage. A Cuk converter has
distinct benefits namely capacitive energy transfer,
broad transformation ratio, continuous input and
output current, and complete usage of transformer.
[10].

The Zeta converter is a choice to regulate the
unregulated supply of input power. This Zeta
converter is utilized to offer positive output obtained
from input voltage, wherein it is also used to
maximize or minimize the voltage level. Some of the
application usages of Zeta converters are in short-
circuit protection and in Power-factor correction
application.

In this paper, traditional P&O and proposed ANN-
based MPPT are realized by Boost, Cuk and Zeta
converter for changing irradiance and temperature
conditions and their capabilities are evaluated for
constant and fluctuating atmospheric circumstances.

I1. MATERIALS AND METHODS
2.1 System Design
The SPV system incorporates a SPV panel,

DC-DC power converter, MPPT tracker and a load.
Fig.1 displays the SPV system with the
proposed control algorithm. DC-DC converters
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employed here are Boost, Cuk and Zeta converters.
MPPT controllers used in this work are P&O and
ANN based MPPT controllers.

DC-DC Load

PV Panel >
*  Converter

Control
signal
Vpv
Neural Network MPPT
controller

Ipv

Figure 1: SPV system representation with the
proposed control algorithm

2.2 Solar PV Panel Model

An SPV cell is an electrical device that
creates electricity from light energy. Several SPV
cells are linked in parallel or serially to create an
SPV module and an array is created by numerous
SPV modules. Typically, an SPV structure displays
nonlinear I-V and P-V attributes that alters by
irradiance and temperature [15]. Fig.2 depicts the
electrical representation of the SPV cell
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Figure 2: Solar PV cell electrical diagram

The current output of the SPV module is specified
by
Gl Vot T} A

Lpo = 1y = I, [xp (Lo | Latlaf )
where I, -SPV array’s current output, Vp, -SPV
array’s voltage output, I, - current generated by
light, Ry, and R a- shunt and series resistance
correspondingly, A-ideality factor of diode,, Q-
electronic charge (1.602x107%*°C), k-Boltzmann

constant (1.38x10~*2)/K), and T - temperature of the
cell. The reverse saturation current I, is

o = loper [,_,:r]g BXp q_;i (% —é\]] 2
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Where Tr - reference cell temperature and Eg -
semiconductor’s bandgap energy.

The photocurrent Iph relies on solar PV irradiance
and temperature of the cell as follows:

H
[ph = g + k(T _Tra']m )
Where Iy -short circuit current, G denotes solar
irradiance, k. denotes short circuit current’s

temperature coefficient.
The solar PV array power can be stated as

va = [pvvpv (4)

Table 1: PV panel Specifications

(PZ\IZE\QZ{I(E:I'_I’ERISTICS VALUE
Maximum power (Ppax) 100 W
Current-Short circuit (Is) 6.30 A
Current-Maximum power (lmpp) 570 A
Voltage-Open circuit (Vo) 21.40V
Voltage-Maximum power (Vmpp) 17.70V
Resistance-Shunt (Rq,) 56.570 Q
Resistance-Series (Rs) 0.170Q
Ideality factor of diode 0.96540

Table 1 presents the solar panel characteristics
employed in this paper.1000W SPV array is formed
by connecting two 100W panels serially and five of
those panels are linked in parallel.

2.3 Converter Modeling

The Maximum Power Point of the SPV
model differs with fluctuating atmospheric situations
and the MPPT regulator must modulate the duty
cycle of the converter for tracing the new MPP.
Therefore, the converter used should be equipped to
match the MPP with altering environmental
situations. In addition to the limit of the converter
design parameters, due to the environmental change,
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the duty cycle will vary. So, these parameters should
be determined suitably to obtain good performance
at changing atmospheric circumstances. This article
compares Boost converter, Cuk and Zeta converter
for constant and fluctuating  atmospheric
circumstances.

2.3.1 Boost Converter

A Boost converter is otherwise known as a
step-up chopper as the output voltage is of higher
magnitude in comparison with the source voltage. It
belongs to a second-order converter and it functions
by a single switch. Fig.3 displays the electrical
representation of the Boost converter. The diode
becomes reverse biased thereby inducing a raise in
current across the inductor while the switch is in ON
condition. The diode is forward biased and hence the
energy in the inductor is transferred from the storage
element to the load when the switch is in OFF
condition [11].

m

L Diode

Pulse o J
Generatori L
R Switch { c R Vout
— Vin I3

N

Figure 3: Electrical representation of a Boost
converter

Design equations of Boost converter:

Mowe _ 1
Vin  [1-D¢ (5)
_ 1*?In':1*?:1'u|:_1*?ln:"
b= TRV ©)
Laud
C=riv_ )

Wherein D-duty cycle of the converter and f;-
switching frequency. Table 2 denote the
specifications of Boost converter.

2.3.2 Cuk Converter

The output voltage of the converter is
higher or lesser in contrast with the supply voltage
with opposite polarity. Boost converter is the source
side and the Buck converter is the output side. A
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Cuk converter possesses numerous benefits namely
capacitive energy transfer, continuous input and
output current, broad transformation ratio, and
complete usage of transformer. Fig.4 depicts the
electrical representation of Cuk converter.

[}

Pulse
Generator I

LTI
L MM%Q
.

Figure 4: Electrical representation of a Cuk
converter

k.

dm T a
—)

The current i ; creates the magnetic field of
the inductor and the energy is transferred across the
inductor to the load when the switch is ON. The
inductor L; attempts to sustain the current flow by
reversing the polarity and thus transferring energy to
the load through Capacitor C; while the switch is
OFF [11].

Design equations of Cuk converter:

=g ®)
L= ©)
Ly = @ (10)
Co=re (12)
¢, = 12)

Whereas D-duty cycle of the Cuk converter, f.-
switching frequency and V., .ripple voltage. Table 2
presents the specifications of the Cuk converter.

2.3.3 Zeta Converter

In this proposed framework, the Zeta
converter has been selected due to its benefits
exhibiting adaptability, lesser settling-time that
could be interfaced with a higher range of frequency
transformers. The Zeta converter circuit diagram has
been described in fig.5. Zeta converter can convert
the input voltage into non-inverted output voltage.
This output voltage has a higher value or possesses a
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Diode cz2 i R %
Vout

DOI: 10.9790/9622-1204010920

lower value than the value of input voltage. This
converter is suitable for operating the discontinuous
operation modes and also continuous operation
modes. The ON state of Zeta converter is attained in
the following condition such that the power
electronic switch is ON and Diode-D is in OFF. The
power or energy across the inductor L, and L, were
retrieved from ¥;- voltage source. Meanwhile, the
current in L; and L, are increasing linearly. This
type of mode operation is referred to as charging
mode. While the switch is in OFF state and the diode
possess ON state, the energy which is saved in
inductors L; and L, does discharges and the transfers
into load. The power within the inductors linearly
decreases in this model. Hence this operation mode
is referred as the discharging operation mode of Zeta
converter.

7 I
Gt:Irl:lm' I—<Sm c L2
ﬂT-'n'm L1 E :@ Disde c2 R % v

Figure 5: Electrical representation of a Zeta
converter

The consecutive equations are employed to design
the Zeta converter:

i

= ﬁ (13)
L, = ;ITL[: (15)
= qir (16)
C,= j[”f 17
C2 =g (18)
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Table 2. Specifications of converters

VALUE

COMPONENT | Boost Cuk Zeta
Ly 55uH | 100 uH | 100 pH
L, - 100 uH | 100 pH
C, 230 uF | 200 pF 50 pF
C, - 20 uF 1mF
R 250 25Q 25Q
fs 50 KHz 50 KHz | 50 KHz
2.4 Maximum Power Point Tracking

MPPT  technique is applied for

computation of duty cycle of the converter. The
fundamental aim of the MPPT technique is to get
peak output from the PV panel despite changes in
the environment. Many control approaches are
available for maximum power tracking [12]. Much
prevalent control technique are Incremental
Conductance and Perturbation and Observation
methods. They generally perform well during
constant irradiance and temperature conditions.
However, these algorithms struggle to track
maximum power under various environmental
conditions. This project implements P&O and ANN
based MPPT techniques for tracking maximum
power and evaluating its performance in constant
and fluctuating climatic situations.

2.4.1 Perturb and Observe (P-O) based MPPT.

The Perturb and Observe (P-O) algorithm is
frequently utilized in solar photovoltaic systems
because of its simplicity and its easy deployment [3],

[4]
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Figure 8: Flow diagram of P-O algorithm

The principle of this algorithm is to
introduce a perturbation which changes the PV
power. When AP/AV >0, the voltage is improved by
adding AD. When AP/AV <0, the voltage is reduced
by subtracting AD. This process is continued till the
MPP is acquired [3]. The flow diagram of P-O
algorithm is explained in fig .8.

2.4.2. Artificial Neural Network based MPPT.

Artificial Neural Networks can be seen as
equivalent and dispersed information processing
structures that comprise several processing units
named neurons. The net consists of a considerable
number of processing elements named neurons.
They are interconnected by directed links with an
associated weight.

The multilayer feedforward architecture
that employs a backpropagation approach is
employed to correct the biases and the weights.
ANN includes 3 layers, the input, the hidden and the
output layer as presented in fig.9. The input layer
comprises 2 neurons (Temperature (T) and
Irradiance (G)), the hidden layer comprises 5
neurons, and the output layer comprises 2 neurons
(Maximum current (Impp) and maximum voltage
(Vmpp). Levenberg Marquardt (LM) algorithm, a
rapid approach is employed for training the network.
Fig. 9 depicts the proposed topology of the artificial
neural network.

An activation function employed by the
hidden layer is ‘tansig’. An activation function
employed by the output layer is ‘purelin’. Irradiation
is varied in accordance of 100W/m2 and temperature
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in accordance of 5 degrees are defined as inputs and
corresponding I-V and P-V graphs are plotted and
the voltage and current at the peak power are
estimated.

Hidden layer

Input layer Output layer

Maximum

Maximum

Figure 9: Topology of Neural Network

Best Validation Performance is 0.040024 at epoch 26

Train
Validation
Test
102 Best

Mean Squared Error (mse)

o 5 10 15 20 25 30
32 Epochs

Figure 10: Performance of Neural Network

500 samples as mentioned above are
acquired. In the samples, 70% is employed to train
the network and 30% is employed to test the
network. Once the training is completed, the
network is introduced to the system to ascertain
maximum voltage proportional to irradiance and
temperature. The deviation in Vmpp and Vpv is fed
as the duty cycle of the converter [13]. Fig.10
depicts the execution of the neural network.

I11. RESULTS AND DISCUSSIONS

The system is designed in
MATLAB/Simulink for changing atmospheric
circumstances. Fig.11 and fig.12 depict the 1-V and
P-V graphs of the array at changing irradiance and
static temperature correspondingly. Fig.13 and fig.15
depict the I-V and P-V curves of the array at
changing temperature and static irradiance
correspondingly.
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Figure 11: I-V graph of SPV array under different
irradiation conditions
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Figure 12: P-V graph of SPV array under different
irradiation conditions
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Figure 13: I-V graph of SPV array under different
temperature conditions
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Figure 14: P-V graph of SPV array under different
temperature conditions
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The performance of P-O and ANN based
MPPT for all three converters were examined under
uniform and non-uniform atmospheric
circumstances. The system is evaluated with three
distinct cases. Firstly, at uniform irradiance and
temperature circumstances. Secondly at the change
in irradiance with fast ramp sequence and third at the
change in irradiation with slow ramp sequence.

3.1 Case 1: At uniform Temperature (T) and
Irradiance (G).

The output power of P-O and ANN based
MPPT for the three converter under constant
irradiation  (G=1000 W/m? and temperature
(T=25°c) is shown in figs.15, 16 and 17 respectively.
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Figure 15: Boost converter output for uniform
condition
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Figure 16: Cuk converter output for uniform
condition
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Figure 17: Zeta Converter output for uniform
condition

Pmpp denotes the maximum power of
the SPV array. Pboost-ann and Pboost-po represent
the output power of ANN and P-O MPPT using
Boost converter respectively. Pcuk-ann and Pcuk-po
represent the output power of ANN and P-O MPPT
using Cuk converter respectively. Pzeta-ann and
Pzeta-po define the output power of ANN and P-O
MPPT using Zeta converter respectively.

It is obvious from the results that the ANN
based MPPT furnishes better performance for all
these three converters. Between the converters, Zeta
converter furnishes increased efficiency than the
Boost and Cuk converters.

3.2 Case 2: At the change in irradiance with fast
ramp sequence.

The input as depicted in fig.18 is introduced
to the system and its equivalent power output
observed employing P-O and ANN based MPPT for
three converters are shown in figs.19, 20 and 21
respectively.

1000

I I I I I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Time (s)

Figure 18: Irradiation change (Fast ramp sequence)
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Figure 19: Boost converter output with fast ramp
sequence
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Figure 20: Cuk converter output with fast ramp
sequence
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Figure 21: Zeta converter output with fast ramp
sequence

The Output power gains of this ANN and
P-O based MPPT techniques using these various
converters under rapidly changing irradiance
conditions were compared. It is clear that the output
power obtained using ANN model is higher than P-
O based MPPT for all the three converters.
Moreover, ANN based MPPT with Zeta converter
exhibits higher efficiency than the other two
converters
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3.3 Case 3: At change in irradiance with slow ramp
sequence

The input as depicted in fig.22 is introduced
to the system and its equivalent power output
observed employing P-O and ANN based MPPT for
three converters are shown in figs.23, 24& 25
respectively.
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Figure 22: Irradiation change (Slow ramp sequence)
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Figure 23: Boost converter output with slow
ramp sequence
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Figure 24: Cuk converter output with slow ramp
sequence
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Figure 25: Zeta converter output with slow ramp
sequence

It is observed from the figures above P-O
based MPPT cannot track MPP under varying
atmospheric circumstances. [14] Suggests enhanced
P-O with checking algorithm. Although this
technique is simple and low-cost, they have several
drawbacks. They cannot, for example, achieve high
speed and efficiency simultaneously. Furthermore,
researchers have lately recognized the sliding mode
control (SMC) method for its various strengths, like
consistency, parameter variance robustness, dynamic
performance, and ease of implementation [15].
However, when applied to a DC/DC converter, this
strategy has some drawbacks, like chattering
phenomenon. FL technique have the benefit of being
centered on PV systems and different knowledge
representation. However, they have the disadvantage
of being strongly subjective in establishing rules and
membership functions. Some drawbacks include the
failure to respond quickly during times of varying
solar irradiance (G). With low G, the MPPT's
precision reduced [16].

On the other hand, the proposed ANN
based MPPT provides better tracking and efficient
power output for all atmospheric conditions.

Under low irradiance conditions, buck
converters perform well for MPPT. The opposite
property is possessed by a boost converter. Buck-
boost, on the other hand, works well in all irradiance
conditions. The main disadvantage is that it has a
long response time due to the higher duty cycle
changes [17].

It is evident from the results that the boost
converter struggles in tracking MPP in low
irradiance levels since the point is in the non-
operating area. The Cuk converter provides
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satisfactory performance. Similarly, the Zeta
converter also vyields a better efficiency and
performance rate in all the conditions of irradiances
for both slow ramp sequence and fast ramp
sequences. The Zeta converters with ANN based
MPPT technique provide higher power gains in all
atmospheric conditions as well.

3.4 Performance of MPPT controller and
Converter
The efficiency of the MPPT controller

P
IMPPT=7
Pt

(19)

Where  Ppy-PV array’s power output and
Pmpp=Maximum power that can be obtained from
SPV array.

The efficiency of the converter

Migo-gs (20)
1

p

Where Pdc= DC-DC converter’s power output.
Table 3 represents the execution of converters at
G=1000 w/m*and T=25°c.

Table 3 Execution of converters

OVER

RISE SETTLING UNDER
DC- MPPT TIME TIME SHTOO SHOOT
DC (MS) (MS) (%) (%)
Boost P&O | 9.46 14.84 2.20 4.20
00S
ANN | 0.87 1.50 0.47 3.15
Cuk P&O | 4.84 - 3.21 5.96
ANN | 0.48 0.83 0.16 2.05
P&O | 7.62 15.9 4.15 6.12
Zeta

ANN | 21 2.36 0.18 1.98

DOI: 10.9790/9622-1204010920

The overall overshoot-variations and
undershoot data variations and the rising time and
settling time have been analysed for ANN and P-O
methods based MPPT using these three converters.
By these data comparisons, it has been depicted that
Zeta converters with ANN exhibit a lesser
percentage of overshoot and undershoot rate. Cuk
converter with ANN exhibits better rise time and
settling time. Table 4 illustrates the efficiency
comparisons of the converters based on MPPT
algorithms using the ANN model and P-O models
with uniform conditions.
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Table 4 Uniform Condition

fimppPT | fiDC

CONVERTER | MPPT (%) (%)
Boost P-O 95.92 | 95.34

ANN 99.60 | 95.34
Cuk P-O 96.99 | 99.19

ANN 99.6 | 99.19
Zeta P-O 97.8 | 96.2

ANN 99.7 99.3

From table 4 it is depicted that the
converter efficiency of Zeta converter employing
Ann model based MPPT is higher than Boost and
Cuk converter in uniform conditions. The Zeta
converter with ANN provides effective performance
under uniform conditions with controller efficiency
of 99.7% and converter efficiency of 99.3%. Table 5
demonstrates the efficiency comparisons of the
converters based on MPPT algorithms using the
ANN model and P&O models with fast ramp
sequence. The efficiency of these three converters
with P-O and ANN models are estimated.

Table 5 Fast Ramp Sequence

fiMPPT fioc
CONVERTER | MPPT (%) (%)
Boost P-O 95.6 96.44
ANN | 98.25 96.44
Cuk P-O 97.59 98.97
ANN | 99.67 99.47
Zeta P-O 96.5 98.8
ANN | 99.5 99.8
Table 6 Slow Ramp Sequence
imPPT fibc
CONVERTER | MPPT (%) (%)
Boost P-O 90.17 96.44
ANN 96.79 96.61
P-O 97.63 99.0
Cuk ANN | 9969 | 9951
Zeta P-O 96.2 98.6
ANN 99.5 99.2

From table 5 it is depicted that Cuk and
Zeta converter with ANN model provides good
performance under a fast ramp sequence. The Zeta
converter with ANN provides effective performance
with converter efficiency of 99.8%.Table 6

Www.ijera.com
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represents the efficiency comparisons of the
converters based on MPPT algorithms using the
ANN model and P-O models with slow ramp
sequence.

The efficiency of these three converters
with P-O and ANN modesl are estimated. From
table 3 it is depicted that both Cuk and Zeta
converter with  ANN model provides good
performance compared with Boost converter. From
tables 4, 5& 6, it is apparent that the presented ANN
based MPPT furnishes precise tracking in constant
and fluctuating atmospheric circumstances compared
with P-O in all the converters.

[18] demonstrates an adaptive incremental
resistance procedure that alters the operating point to
the Right hand side of the 1-V curve in response to
adverse changes in irradiance and load resistance.
Despite the algorithm's promise of fast tracking, it
can steer away from the MPP tracking curve in the
presence of dynamically changing irradiance. A
voltage reference-based drift-free P&O algorithm
that tracks the MPP in the presence of fast -
changing irradiance is demonstrated in [19]. The
technique, however, has a poor transient stability
when exposed to a sudden change in irradiance. To
detect a change in irradiance, the methodology in
[20] measures up the deviation in power between
two samples as well as the voltage of the last two
samples. The method, on the other hand, has a slow
tracking speed.

But the above results enumerate that the
proposed ANN with Zeta converter furnishes
efficient performance for varying atmospheric
circumstances in all three cases.

1V. CONCLUSION

In this paper, Boost, Cuk and Zeta
converter using Neural Network based Maximum
Power Point Tracking is designed and analyzed for
fluctuating climatic circumstances. The system is
designed in a MATLAB/Simulink software for
changing atmospheric circumstances. The results
demonstrate that the MPPT based on ANN delivers
excellent performance when compared with P-O
regarding tracking and efficiency under rapidly
changing climatic conditions. ANN with Boost
converter has poor performance in low irradiance
levels and improved execution in high irradiance
levels. ANN with Cuk converter delivers satisfactory
behavior in all atmospheric circumstances.
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Nevertheless, ANN based MPPT controller with
Zeta converter exhibited more efficient performance
than Cuk converter in all fluctuating climatic
conditions with controller efficiency rate of 99.5%
and converter’s efficiency rate of 99.80% in gaining
out maximum power tracking process.
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