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Abstract- This article explores the performance of the photovoltaic (PV) system with a quadratic boost converter (QBC)
employing different MPPT control algorithms. The extraction of maximum power from high penetrating renewable energy
sources (RES) and to step up the low voltage renewables into the desired voltage level with minimal power semiconductor
switches are the foremost targets in the present renewable energy systems. Ample MPPT control techniques and power
converter are available in the present research era. In this paper, the quadratic boost converter is premeditated for the analysis
of the PV system with real-time data in the southern region of 13°39!29.3!'N 79929109.3!'E. The quadratic boost converter has
a higher voltage gain value with lower voltage stress and switching loss when compared with conventional boost converter.
The efficacy of MPPT techniques in a 400 W PV system is evaluated by considering the P&O and ANFIS based MPPT
controllers and the obtained results show the ANFIS based MPPT controller gives the best and stable output compared to the

conventional P&O algorithm with real-time data in MATLAB/ Simulink environment.

Keywords High voltage gain; MPPT; PV System; Quadratic Boost Converter; Renewable sources.

1. Introduction

The rapid increase in the usage of fossil fuels in the
power sector makes the concern about fossil usage and its
effects on the present world environment conditions [1, 2].
As well known, the present research geared up towards the
renewable green energy sources to identify the clean and
cheap energy sources, by extract maximum energy from the
available sources and to convert available low rated energy
sources into the required energy level by using the advanced
techniques in the power semiconductors [3].

From the literature, among all the renewable energy
sources PV attained a special interest due to its abundant
availability, clean and noiseless pollution-free operation. The
power generation based on solar energy results in less
voltage output. In order to improve this low voltage profile,
there is a requirement for a variety of converter types as well

as Maximum Power Point tracking methods. In [4], the
authors carried out a literature survey between the years 2010
to 2017 on the PV system with different MPPT techniques,
the authors have also depicted the importance of extracting
maximum power from the available renewable PV system.
Similarly, a literature survey has been done in [5], to increase
the voltage transfer conversion gain in the power electronic
converters. The voltage conversion gain mainly depends on
the usage of power semiconductor and reactive power
components which is to be employed in the converter circuit
design [6]. Each converter topologies have its own structure,
gain values, efficiency and switching stress during the
different operating duty cycle period [7].

Hill climb search (HCS) or perturb and observe (P&O)
based MPPT technique is preferred when the optimum
relation is known [8]. To track the optimum point in the
P&O method is that by considering the varying the
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maximizing variable constantly as well as observing the
extracted power. Depending upon the acquired power
variation along with perturbs operation, the successive size
of the perturbation and direction is found until the technique
achieves the optimum point. Generally, the dc-link
components such as current and voltage are used as input to
the control system whereas; the duty cycle is generated as
output for the converter switch [9]. Thus, this reduces the
system complexity and increases its dependability. The only
setback of P&O algorithm is its convergence speed during
variation in irradiance. During the variations in irradiance,
the P&O system output will revolve around the MPP until
the input system is being consistent [10].

The soft computing based MPPT strategy like a fuzzy
logic controller (FLC) [11] and artificial neural network
(ANN) are proposed to overcome the drawback of the P&O
controller [12]. Soft computing strategies have better
convergence speed and faster response during the changes in
the irradiance and the temperature of the PV system. FLC
based MPPT controller requires knowledge on system
parameters in advance which makes the implementation
complex process. The neural network is an enhanced
controller which is used in non-linear systems to provide
better stability. But the training of the neural network
algorithm is complex. Hence, to overcome this ANFIS based
MPPT technique is used which is the combination of FLC
and NN. ANFIS strategy has quick response and simple
implementation [13]-[15]. A detailed analysis of different
MPPT techniques such as conventional, soft computing and
hybrid techniques with their Advantages and disadvantages
is presented [7].

The power electronic converter (PEC) is an essential
component in the configuration of renewable based system
[16]. The DC-DC converter is incorporated in the PV
application to enhance the voltage based on the load
requirement. The topology such as boost, buck-boost [2, 17],
single-ended primary inductance converter (SEPIC) [18] and
Cuk converter [18 - 20] are generally used for renewable
application. Boost and buck-boost converter are the most
basic converter topology. They have simple structure and
cost-effective. But for high voltage application, the Boost
converter fails for its high switching loss and voltage stress
which reduces the overall efficient of the system [21, 22].
The QBC is proposed in this paper which works on the
principle of two stage boost converter. The QBC have low
switching loss and causes less stress on the switch by
limiting the inrush current.

The aim of this paper is to analyze the performance of the
PV system with QBC in MATLAB/Simulink by considering
the real-time solar irradiation data in the region of
13939129.3!'N  79°29'09.3'E. The effectiveness of the
developed system is analyzed with constant irradiation data
of 1000 W/m2 at 25°C in standard test conditions and from
the real time-varying irradiation data on March ‘19,
September ’19 and December ‘19. The output power
obtained in all three time periods is compared and
demonstrated with the MATLAB/Simulink results. Fig. 1
illustrates the 400 W PV systems with the high voltage

transfer gain QBC converter. The maximum power
extracting duty cycle is derived from the ANFIS based
MPPT controller.

> ANFIS MPPT
Viv »  Controller

| I :
U Duty cycle, 5,
| i
|
I D,
|

C T

400 W PV System
Fig. 1. Block diagram of the proposed system.

The paper is organized as follows; Section 2 represents
the modelling of the PV system which is used in the
proposed system. Section 3 describes the modelling of the
quadratic boost converter and its parameters used for the
proposed configuration. Section 4 explains the ANFIS based
MPPT strategy and its structure. Section 5 illustrates the
results of the proposed system by integrating with
MATLAB/Simulink. Section 6 summarizes the findings of
the proposed system.

2. Modelling of PV System

A PV system module consists of PV array which is
arranged in series and parallel configuration to achieve the
desired power. A single diode model of the PV system is
shown in Fig. 2.

Rse Il’V
ID Ish +
Ln G) DY Ry Vev

Fig. 2. Equivalent circuit of single diode PV cell

The output of the PV system depends on the
specifications of the parameters of the PV module. In the
proposed system, the Kyocera KD135GX-LP PV module is
considered to design a 400 W PV system. The detailed
parameter specifications of the PV module are listed in
Table. 2. The output of the PV system relies on the solar
irradiations and temperature. The mathematical modeling of
the PV system is derived from the basic Ipy-Ver
characteristics of the PV panel are as follows.

The output voltage (¥,v) and output current (I,v) of PV
system are defined as,
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where, K is Boltzmann’s constant (1.381 *102J/K) and
g is elementary charge (1.603*10™" C) Writing the shunt
current as Ipwse= (V + IRs) / Ren. Rse : series resistance )
Ren : shunt resistance (£2). Ix represents Phase current (4)
and T represents Temperature (°C). The modelling
parameters of PV system are avalibale in literature for
different irradiance and temperature [23] —[28].

3. Converter Analysis

The converter configuration of contemplated QBC for
high voltage transfer gain in 400 W PV systems is shown in
Fig. 3. It comprises of control switch S, three diodes of D,
D> and Ds, two capacitors C; and C: and inductors of L; and
L> with a load resistance of R.

B

D,

D1 D3

Fig. 3. Quadratic Boost Converter Topology

The voltage transfer gain of QBC is given in Eq. (3)

V 1

0

G=—2=__—
v, (1-6) ®

The modelling of parameters of QBC is as follows [2],
V,=—=35 S

Where, V, and V; are the output voltage and input
voltage respectively. D refers to the duty cycle.

The inductors are selected as follows,

Ly=——1mn %D 5)
2>|<AILI *fs
1
Al =—">— (6)
L1 (1—D)2

V..
, = i min * D (7)
2*AILZ *fs
IO
Al =" (®)

The capacitors in QBC are selected as,

[ *D
Co = (9)
(I-D)AV, * £,
V.
V.= ! 10
cl (1 _ D) ( )
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V Vcl (12)
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Fig. 4. Quadratic Boost Converter Voltage Transfer Gain

The voltage transfer gain of quadratic boost converter
with different duty cycle ratio are presented in Fig. 4 and
compared to the conventional Boost converter, the quadratic
boost converter gives a maximum gain of 100, were as in
conventional Boost converter gives a maximum of 10
voltage gain.

3.1. Operating modes

In Mode-I: The control switch, S is in ON condition,
then the diode D: is in forward bias condition, whereas
diodes D; and D; are in reverse bias condition. The current is
supplied to inductors L; and L2 by supplying voltage through
a capacitor, C;as represented in Fig. 5.
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Fig. 5. QBC in Switch ON Condition

i

In Mode-II: The control switch, S is in OFF condition,
then the diode, D> is in reverse bias and diodes D; and D;s are
in forward bias condition. The charging inductors L; and L
are in charging mode through the capacitors C; and C:
respectively as represented in Fig. 6.

S A
s

+ —

VS'T Ci= S Cz__ R2Vo

Fig. 6. QBC in Switch OFF Condition

The designed parameter values of QBC for 400 W PV
system are listed in Table. 1.

Table 1. QBC Design parameters

Parameter Specifications Values
Power Rating 400 W
Input voltage 18V
Output Voltage 380V
Switching frequency 20 kHz
Inductor, L1 4.3 mH
Inductor, L 4.75mH
Capacitor, Ci 17.23uF
Capacitor, C2 5.75 uF
Load resistor, R 358.4 Q

4. ANFIS MPPT Controller

In literature, the maximum power extracting methods in
a PV system are grouped into conventional, soft computing
and hybrid methods. In conventional, the maximum power is
extracted by using the methods hill-climbing, perturb and
observer, incremental conductance methods, etc., these
methods are simple in structure and easy to implement in the
renewable PV system.

In the developed PV system, the maximum power is
extracted by using the ANFIS MPPT controller to derive the
operating duty cycle of the QBC converter [2]. ANFIS
MPPT controller is a combination of fuzzy and neural

network. The combined feature of a single MPPT controller
tracks the maximum power extracting duty cycle point in
renewable energy source systems with high accuracy and
speed.

4.1 ANN-ANFIS Training:

The number of layers considered for the proposed study
is 5 as shown in Fig. 7. The transfer function model used is

the sigmoid function. In the below equations X, is the i

input value; W is the weights assigned among the input and
the hidden layer; N is the

neurons; Wy, is the weight among hidden and the output layer,

total number of input

and £ is the number of output.

N
L, = le.wij (13)

N
M, =Y w.L, (14)

For the training of ANN, voltage and current inputs are
considered in the hidden layer.

With two fuzzy if-then rules the formation of ANFIS
data is explained in the following equations, which is derived
from the T-S method of the fuzzy system.

if (ais X1)and (bisY1) and (d is Z,) as)
then f1=Fa+Qb+z
if(aisXZ)and(bisYZ) and(disZz)

(16)
then f2=Pa+Q,b+z,
One of the inputs given to the controllers is the output of
the hybrid algorithm. The output from the ANFIS is given to
the DC/DC converter.

The inputs to the ANFIS is a DC voltage and DC current
control pulse.

Fuzzification Product Output

Normali De - Fuzsificati
|—’ Layer 4—|—’ Layer <—|—’ Layer <—|" Layer T Layer<—|
X v

Fig. 7. Structure of ANFIS controller
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The functions of 5 layers in the fuzzy inference system
are provided below,

Layer 1: The nodes in the first layer is defined as a
square node which is represented as,

Ny, =ty ) fori=12
Ny = pyp fori=3,4
N, = ,uzl_(c)fori =5,6

(17)

Layer 2: The nodes present here are called circle nodes,
which multiplies all inputs and provides a product output.

N, =¢ = Hx () My )Mz () (18)

Layer 3: The normalized firing strengths are calculated
in the third layer circle nodes. The firing strength is
calculated by using the successive relation.

— 0.
N, =¢=—"— 19
AT "

Layer 4: These layers are defined as squared nodes
defined with the function below,

N, =61 (20)

Layer 5: This is the final layer in the structure, which is a
circled node that provides a summation of all inputs forms
the previous layer.

N, =Y. 4./, (ANFIS) 1)

The rule system produces an optimum duty cycle in
order to keep the dc bus voltage always constant and also to
meet the load requirement in all weather conditions. The duty
ratio of the bi-directional DC/DC converter is generated
based on the rules and the input parameters.

There will be two inputs in the controller system and one
output for ANFIS. This output is given to the PWM device
then to the battery management system. Through this
proposed method the DC link voltage is enhanced and also
there will be a constant DC supply voltage.

In this paper, a developed 400 W PV system is analyzed
with ANFIS MPPT controller and conventional P&O MPPT
controller. The comparative performance results of the
developed system with QBC converter output at the load side
are compared.

5. Simulation Results and discussion

A 400 W PV system is designed in MATLAB/Simulink
model by considering the Kyocera KD135GX-LP module

parameters datasheet as listed in Table 2. The proposed PV
system with QBC along with the MPPT and PWM generator
is modelled in the MATLAB/Simulink environment as
shown in Fig. 8.

Fig. 8. Proposed Design and simulation of PV connected
Quadratic boost converter

Table 2. PV System rating and specifications

PV Parameters Specifications at STC

Module type Kyocera KD135GX-LP
Series connected modules per 1

string

Parallel strings 3

Open circuit voltage, Voc 22.09V
Short circuit current, Isc 8.369 A
Voltage at maximum power point, 17.7V

Vmp

Current at maximum power point,  7.629 A

Iimp

Series resistance, Rs 0.105 ohm
Parallel resistance, Ry 142.84 ohm
Saturation current, Lsa 9.845¢7A
Phase current, Ipn 8.37A

In Fig. 9 it shows the Kyocera KD135GX-LP model 135
W PV system P-V and I-V characteristics and Fig. 10 shows
the P-V and I-V characteristics of 400 W PV system, which
is designed from the Kyocera KD135GX-LP module by
connecting one series module per string and three strings in
parallel.

Kyocera KD135GX-LP
10

1 kW/m
< 0.75 kW/m? \@\
§ s- oskwim? 0
3 0.25 kW/m?
(8]
0 Ny
0 5 10 15 20 3
Voltage (V)
150
W/m?
€ 5075 KW/m?
: 50 i o 0,5\k\\/'l}f
2 " o o.zskvv/n}i
0 = - - R} Y

10 15 20 25
Voltage (V)

Fig. 9. 135 W PV system P-V and I-V characteristics of
Kyocera KD135GX-LP.
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Array type: Kyocera KD135GX-LP; 1 series modules; 3 parallel strings
0

1 kW/m
< 50l o7sKWm?
g 0.5 kW/m? N
= — . N
£ 10~ go5 kWim? N
(1} 5 10 15 20 25
Voltage (V)
400 —e1kW/m?
E / o 0.‘75\k Im?
5 200 0E W2
2 — = — 505 kWin
=] - N N\
< 025 kw/s\“
o - — 4N
(1} 5 10 15 20 25

Voltage (V)

Fig. 10. 400 W PV system P-V and I-V characteristics of
Kyocera KD135GX-LP.

In Fig. 11 it exhibits the 400 W PV system output with
the output voltage of 17.7 V, current of 22.8 A and power of
400 W at standard test conditions. The output of the PV
system is fed to QBC with ANFIS based MPPT controller,
which gives the step-up the output voltage of 378 V, current
of 1.01 A and 381.78 W power to the load, by operating
converter duty cycle of 0.784 with a voltage gain of 21.4,
which revealed in Fig. 12.
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—
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173
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0.2 04

Fig. 11. Kyocera KD135GX-LP model PV system output
voltage, current and power

o 450
2 350
< 250/
g 150
= 50
> 0

0 0.54 081 1.08 135 162 189 216 24
21
5 05
i~
=
© 9

0 027 054 08 1.08 135 162 189 216 2.4

400 F 2 r 2 T 2 T I

N o o e ==
g 30 [~ : 1 :
5 2007 ——— ANFIS Output
g 100 P&O Output
Y J F F

0 0.27 054 0.81 1.08 135 1.62 1.8 216 2.4
Time (Sec)

Fig. 12. PV system fed QBC converter output voltage,
current and power

To evaluate the performance of the developed PV
system, different solar irradiation data profiles along with
humidity, module and ambient temperatures are considered
in the region of 13°39!29.3''N 79929!09.3''E in March ’19,
September *19 and December *19 which are presented in the
Fig. 13 to Fig. 16 respectively. From the figures, it can be
intercepted that the irradiance and temperature which is the
main component for generation of power from PV system are
non-linear in nature throughout the day and year too. It can
be seen that the high irradiance and temperature can be
obtained during time period of 1.00 PM to 4.00 PM. And in
months March have higher production of power when
compared from September and December months due to high
irradiance and temperature value.
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< 8001 %0 ]
2 600 507 ]
= . 377 ]
T 4004 246 240 T
£ 2004 107 =« AV ]
= 34444440 4 254 3 3 3
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Fig. 13. Availability of Solar irradiation data on March’19,

Sep’19 and Dec’19.
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Fig. 14. Humidity data on March’19, Sep’19 and Dec’19.
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Dec’19.
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Fig. 16. Ambient temperature on March’19, Sep’19 and
Dec’19.

The developed PV system with QBC output voltage,
current and power profiles on March ’19 are shown in Fig.
17 with respect to change in input weather data on March
’19. Similarly, on September’19 and December ’19 PV
system output profiles of voltage, current and power are
shown in Fig. 18 and Fig. 19 respectively.
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Fig. 18. PV system fed QBC converter output voltage,
current and power on December 2019.
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Fig. 19. PV system fed QBC converter output voltage,
current and power on September 2019.
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Fig. 20. Comparison of PV system fed QBC converter output
power

In Fig. 20 the comparison of PV system fed QBC output
power on all three considered weather condition profiles is
illustrated. The output profile reveals that the output power
of the PV system depends much on the solar irradiation and
temperature data, as solar irradiation falling on the solar
panels is disturbed by the environment cloudy condition in
the sky. The obtained output power varies from time to time
and on an average the maximum power is obtained for the
period 12:00 to 13:00 noon. From March’ 19 data, sudden
drop and rise in power generation are observed in the system,
which is due to the presence of clouds in the selected regions.
As stated earlier, March produces more power than that of
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September and December due to the availability of high
irradiance and temperature for longer time. From, Fig. 20 it
can depicted that the power generated in March’ 19 during
12.00PM is 300 W which exist for longer time, whereas
during September the 300 W can be achieved for lesser
duration at 3.00 PM. During, December’ 19 there is high
fluctuation in the irradiance and temperature which causes
the system to produce fluctuating power.

In Table 3 an analysis of power produced during time
interval of 12.00 PM and 3.00 PM for better assessment is
shown for three different months.

Table 3. Power rating for March’ 19, September’ 19 and
December’ 19 during 12.00 PM and 3.00 PM

Month/

Time March’ 19 September’ 19 December’ 19
Interval
12. 00 PM 300 W 180 W 100 W
3.00 PM 215W 300 W 190 W

6. Conclusion

In this paper, a 400 W PV system along with QBC is
designed in MATLAB/Simulink environment. The
performance of the developed system is analyzed by
considering the P&O and NN based MPPT controllers under
standard test conditions of 1000 W/m? and 25°C. The NN
based MPPT controller proven the best result compared to
the conventional P&O MPPT techniques. For the analysis of
developed PV system with real-time data, the input weather
conditions are taken in the region of 13%39!29.3!'N
79929'09.3"'E on March ’19, December 19 and September
’18. The obtained power output results are compared and
analyzed with conventional techniques. The proposed
technique has a better stability and high voltage gain of about
10 with less voltage stress across the switch. From the
results, the output power of the PV system depends much on
the solar irradiation, humidity and temperature data on the
PV panels.
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