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Abstract:

In this paper, the method to increase PV power output and
obtain improved MPP (Maximum Power Point) with changing
temperature and irradiance have been mapped and discussed.
In order to achieve this, the components and subsystems have
been analyzed and validated. The validated models are then
used to maximize the power output of the conversion system.
Solarex MS-60W panel is modeled using solar cell equations
in  MATLAB/SIMULINK environment. To obtain stable
voltage output, two different models of DC/DC Converters are
supplemented. Closed loop buck converter using state space
nonlinear differential equations and MATLAB/SIMULINK
direct component model are compared to reveal best results. A
comparison is formulated for models and advantages of Fuzzy
Logic Controller showing better performance and optimization
in MPP determination using chosen membership functions is
highlighted.

Keywords: Photovoltaics, Sustainability, Buck converter,
Solarex MS-60W, MATLAB/SIMULINK Fuzzy Logic
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1. Introduction

Solar is an upcoming futuristic sustainable technology that has
expanded tremendously and appears to be largest contributor
in Green technology applications nowadays. With thrust on
implementing solar power systems in recent years, Maximum
Power Point Tracking systems are being designed and
implemented. MPPT systems deliver maximum power output
under all varying conditions of temperature and irradiance. It
corresponds to a well-tuned system that maintains STC
(standard test conditions). STC include temperature of 25 °C
(298.15K) and an irradiance of 1000 W/m?. However, by
fluctuations in temperature and irradiance due to environment
changes output is distorted. Thus, to effectively monitor
process control applications, balanced output using STC are
framed through a controller.

Succeeding session describes PV model as per datasheet of
Solarex MS-60W developed in Matlab using Simulink.
Further it is simulated for constant as well varying
temperature and irradiance conditions. The output against
connected load delivers maximum output at STC but direct
connection of load with panel load makes system expensive. It
appears to be highly non adaptive for instant changes and time
consuming. Thus, Converter specifically Buck converter is

www.amity.edu/ajcs

used in between panel and load as it is easy to design. The
nonlinear characteristic output from solar cell requires a
controller to work appropriately for fluctuating conditions. For
this, Fuzzy Logic Controller is supplemented to give robust
output and fixed set point as per STC.

2. Solar Cell Panel Modeling

Fig.1 gives dc equivalent model of solar cell. It is designed in
MATLAB (Simulink) by modeling solar cell equations. The
simulated model appears as Fig. 2.
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Fig. 1. Solar Cell DC equivalent model

Solar panel modeled is designed in accordance with
specifications of Solarex MS-60W available. Table 1 gives a
comparison of datasheet and modeled panel.

Table 1: Specifications compared for Solarex and model

. .| Specifications for G=1KW/m? 25°C
Characteristic
Solarex MS-60W Our Model
PMPP 60 W 59.39 W
VMP 171V 16.64 V
IMP 35A 3.567 A
ISC 38A 3.7981 A
VOC 211V 21.07V

Fig. 2 subsystem shown is simulated and results for modeled
structure of Solarex MS-60W appears as indicated in Table 2
and 3.
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Fig. 2. Solar Panel Subsystem

Table 2: Simout variables for Solarex MS-60W panel

T°C Voc Isc Vwmpp Impp Pwmep
5 21.31 3.754 18.06 3.317 59.92
10 21.25 3.765 16.69 3.578 59.75
15 21.19 3.776 16.68 3.575 59.65
20 21.13 3.787 16.66 3.571 59.53
25 21.07 3.798 16.64 3.567 59.39
30 21.01 3.809 16.62 3.563 59.23
35 20.95 3.82 16.6 3.557 59.06
40 20.89 3.831 16.57 3.5652 58.87
45 20.83 3.842 16.54 3.545 58.67

3. Maximum Power Point Determination using Buck
Converter

The converter outputs can be monitored for STC through MPP

Tracker circuit. The block diagram of same is given in Fig. 3.

Table 3: Simout variable G for Solarex MS-60W panel

G VvOC ISC VMPP IMPP PMPP
Step 204 | 2.28 16.4 2.109 | 34.61
Constant 21.1 3.8 16.64 3.567 59.39
Trapezoidal | 20.8 | 3.04 17.12 2.752 | 47.12

The experiment summarizes that irradiance cause higher
change in I-V and P-V Characteristics in comparison to
variable temperature. The two parameters of solar cell i.e.
Open circuit voltage Voc and Short circuit current Isc effect
MPP which can be seen from results in Table 2 and 3. Voc
decreases sharply with increase in lsc with increase in
temperature thereby resulting decrease in power output.
Similar results are observed for change in irradiance also.
Thus, to maintain STC at all points MPP needs to be tracked
and output voltage required at STC needs to be converted for
all conditions.
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As concerns the different blocks used in tracker, PV output
power gets reduced with changes in temperature and
irradiance. The compensation of same is made by use of
Converters. Buck converter being simplest in design and
providing prevention of sudden short circuit is used to “buck
up” or “decrease” output from PV panel.

It utilizes four main components including BJT (operating as a
switch), diode, inductor and filter capacitor at output followed
by Load. Pulse input is applied at gate of BJT to switch
Converter ON and OFF. On the basis of switching Duty cycle,
converter operating frequency is determined, and output
voltage is stabilized. Buck converter is shown in Fig. 4.
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Fig. 4. Basic circuit of Buck converter
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Two different Buck converter models are simulated, and
experiments are performed for variable temperature and
irradiance. These are mentioned below.

Model-A

Model A is designed using State space equations. Instead of
applying KCL for circuit simplification, ON or OFF condition
is considered taking ideal semiconductor devices. This means
zero ON voltages, zero OFF currents and zero switching
times. However, for total simulation time T, Duty cycle D is
calculated. D refers to ratio of time for which circuit operates
in ON condition to total time.

State space equations use binary values of inductor and
capacitor. MOSFET is categorized as ON and OFF based on
operational input pulse at gate given by Controller or a
Frequency Generator. MOSFET in ON condition gives
inductor current i, (t) and the capacitor voltage vc(t) as,
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and in OFF condition appears as,
ldt 1= % dT<t<T, Q: OFF
—==—i 2 )
lde C R )

Above equations in Simulink are modeled as in Fig. 5.
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Fig. 5. Buck Converter using state space variables

Model-B
Model B uses direct components to determine output instead
of ON and OFF variables. SIMULINK components are

directly used with trigger pulses at Gate input of MOSFET.
Fig. 6 shows uncontrolled Pulse Generator or frequency
generator at Gate input.
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Fig. 6. Buck Converter using Pulse Generator
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Experiments highlight that uncontrolled pulse Generator does
not initiate current in inductor and output across load. Thus,
Controller needs to be introduced in circuit to obtain
appropriate output.

Comparison of Model-A and Model-B

Based on models discussed above, comparison is framed prior
to outputs obtained across Converter A and B for uncontrolled
pulse generator trigger at Gate. Table 4 summarizes the
outputs for changeable temperature at constant irradiance.

Table 4: Converter outputs for variable Temperature

T°C VOC STC V CONVA V CONVB
5 21.31 .01065 .01079
10 21.25 .01062 .01076
15 21.19 .01059 .01073
20 21.13 .01056 .01070
25 21.07 .01053 .01067
30 21.01 .01050 .01064
35 20.95 .01047 .01060
40 20.89 .01044 .01056
45 20.83 .01041 .01051

Since the outputs are too small to be used as outputs across
load, an ordinary pulse generator cannot be used as an input
pulse to converter. A comparison was directed for different
irradiance functions changing to Step and Trapezoidal. No
change was observed with outputs mentioned in Table 5.

Table 5: Converter outputs for variable Irradiance

Panel V CONVA V CONVB

T°C Step Trapezoidal | Step | Trapezoidal
5 0.01061 0.01063 |0.01075| 0.01077
10 0.01058 0.01060 |0.01076| 0.01078
15 0.01055 0.01057 |0.01078( 0.0108
20 0.01052 0.01054 ]0.01082| 0.01084
25 0.01049 0.01051 |0.01088( 0.0109
30 0.01046 0.01048  |0.01094| 0.01096
35 0.01143 0.01145 [0.01100( 0.01102
40 0.0114 0.01142 |0.01106| 0.01108
45 0.01137 0.01139 |0.01112| 0.01114

It is analyzed from readings that pulse input to converter needs
to be controlled through Controller to generate desired
outputs.

4. Fuzzy Logic Controller for Stabilization

Controller establishes set of control functions required to
make appropriate adjustments in voltage output across panel
using Converter. Conventional controllers being inaccurate
and linear are replaced by Fuzzy Logic Controllers. The Fuzzy
logic controller designed here, is used to adjust the converter
output voltage by adjusting duty cycle through variation of the
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gate voltage. Practically, panel sensors are incorporated at the
end to measure the online variations in temperature and
irradiance. The basic block diagram using Controller, PV and
Converter subsystem is given in Fig. 7.

control
error signal output
£ Int Outt P Int Outt » 1)
In1 Outt

Fuzzy Logic Controller PV & Converter Subsystem

Fig. 7. Block diagram of Controller with PV and converter
subsystem

A fuzzy system is a knowledge-based system which utilizes
fuzzy if-then rules and fuzzy logic in order to obtain the
output of the system. There are certain advantages of using
Fuzzy controllers. They give better output, faster response by
monitoring variations and easy tuning. The different processes
in obtaining controlled outputs from FLC are represented in
Fig. 8.
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Fig. 8. Processes used in FLC

Presently a two-input single-output fuzzy logic controller is
designed with the input variables as: the error (E) and change
in error (CE) given by equations 3 and 4.

P(n)-P(n-1)

Em=" @)
I(n)-1(n-1)

CE (n)=E (n) - E (n-1) 4)

The output variable is Duty Cycle of the converter (D)
which specifies a ratio for input and output voltage.
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D = Vour/Vin 5)

The input variables in a fuzzy control system are mapped into
sets of membership functions termed "fuzzy sets". The
process, of converting a crisp input value to a fuzzy value, is
called "fuzzification". The input-output variables used, are
shown in Fig. 9.
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Fig. 9 Fuzzy Logic Controller with membership functions

Gaussian membership functions with 50% overlapping shown
in Fig. 10 are taken as membership functions.
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Fig. 10. Fuzzy Membership Functions

The Fuzzy Logic is a rule-based systems and deals with
situations using set of rules. A Fuzzy IF-THEN rule is a
knowledge representation scheme for capturing knowledge
(typically human knowledge) that is imprecise and inexact in
nature. This can be achieved by using linguistic variables to
describe elastic conditions (i.e. conditions that can be satisfied
to a degree) in the IF part of Fuzzy rule. The Knowledge Base
is structured in frames, which represent the operator
knowledge about the plant in the form of geometrical
structure, process representations and control sequences. The
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fuzzy logic can be derived into a 515-rule matrix that consists
of 25 rules. Table 6 shows the fuzzy logic rules formulated.

Table 6: Fuzzy Logic Rule Matrix

E | CE|] NB NS Z PS PB

NB z z NB [ NB NB

NS z z NS | NS NS

z NS z z z PS

PS PS PS PS z z

PB PB PB PB z z
where,

B: Negative Big, NS: Negative Small, PS: Positive Small,
PB: Positive Big, Z: Zero

The 5 x 5-rule matrix may be redefined in 25 rules as for
instance, If E (n) is NB and AE (n) NB, then D is Z, If E (n) is
NB and AE (n) NS, then D is Z and so on....

On the basis of these rules developed, the system works, and
the implication method is applied. After the implication
method, the output for each rule is aggregated and the
defuzzification is done to find the crisp output.

Defuzzification method gives a quantitative summary, i.e.
given the possibility distribution of the fuzzy output. The
Defuzzification method used for the present case is the
centroid method as this is the most prevalent and physically
appealing of all the defuzzification methods.

Experiments were conducted by selecting different ranges of
membership functions. It was found that most appropriate
value for universe of discourse for error input is taken [-8, +8]
and change in error is chosen [-10, +10] for the panel voltage
set point. The output variable duty cycle is chosen to be as [-8,
8]. Simulink model Fig. 11 shows MPP tracking using FLC.

Fig. 11. Fuzzy Logic Controller

The simulation results for FLC based on two models of Buck
Converter are tabulated in Table 6 for variable temperature
and irradiance followed by outputs in Fig. 12.
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Table 6: Converter outputs using Controller for variable
temperature and irradiance

T°C VOC VCONV A V CONVB
5 21.31 7.243 21.27
10 21.25 7.223 21.25
15 21.19 7.204 21.2
20 21.13 7.184 21.14
25 21.07 7.164 21.08
30 21.01 7.143 21.02
35 20.95 7.122 20.96
40 20.89 7.101 20.9
45 20.83 7.08 20.83

Time offset: 0

Fig. 12. Converter output using FLC

5. Conclusions

The performance of two different Buck converter models is
studied. The system has been simulated for open loop without
using controller and thereafter by FLC. The effect of closed
loop has been analyzed on both variable parameter’s
temperature and irradiance. Simulation for open and closed
loops and their affects on each other are also discussed.

The effect of the interaction between the two variable
parameters has been analyzed using the Fuzzy control system.
From the various tests performed, it can be concluded that the
performance of the system was closer to MPP at STC, while
using the FLC in Model B for selected values of components.
The simulation obtained after implementing Fuzzy Logic
Controller give optimized results for chosen membership
functions. The oscillatory behavior observed for converter for
varying temperature conditions is stabilized using FLC.
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