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Abstract

A fuzzy logic based photovoltaic controller for shaded photovoltaic power generation is proposed based on P&0O MPPT method. To ob-
tain stable operation and maximum output, the parameters of fuzzy logic controller is adjusted in real time for various shaded conditions.
The performance of proposed method of fuzzy controller is examined and validated using MATLAB/Simulink environment.
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1. Introduction

Renewable energy sources have become important part of energy
power generation. Eco-friendly nature, sustainability, simplest
technology and less maintenance are important features of these
Renewable energy sources. But intermittent nature of renewable
sources causes the uncertain behavior which promotes the unpre-
dictable output. The possible reasons for uncertainty are angle
of inclination of solar panel, sun irradiation and partial shading on
the panel etc. It is desirable to operate solar panel to get max-
imum output which is called maximum power point tracking
and hence the efficiency of solar power generations can be im-
proved. The existed result[1],[3],[6] shows performance of
in-conductance and Perturbation & Observation methods and their
comparisons are discussed in [6], [7]. In [9] the use of Incremen-
tal conductance method is presented. Heuristic methods such as
Genetic Algorithm and Revisited Perturbation Frequency are dis-
cussed[10],[11] and have problem like local minimum problem and
lack of convergence. PID controller based Fuzzy logic controller is
introduced in [2]. In this paper P&O based fuzzy logic control-
ler[12] for shaded solar power generation is proposed and imple-
mented. The organization of the paper is given as follows. Model-
ing of Solar Cell is presented in Section Il. Fuzzy logic controller
for MPPT are discussed in Section Ill. MATLAB simulation and
corresponding results are discussed in Section IV and Sections V
discusses conclusion remarks.

2. Photovoltaic Cell Model

The photovoltaic (PV) cell is basically a PN Junction diode which
works on photovoltaic effect. When Photon energy that is solar
irradiation is stricken on the PV cell, electrons-hole pairs are pro-
duced due to incident of photos which acts as a PN junction diode.
The Volt-Ampere relationship of a PV cell is given by

qv

[=1Ip+1, (ensT —1) (1)

Here Ip denotes current due to photons and o denotes reverse
saturation current. Equation (1) is the diode current equation,
therefore practical PV cell can be modeled as diode parallel with
current source along with series and shunt resistances shown in
fig.1.
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Fig. 1: Electrical equivalent circuit of PV Cell

The series and shunt resistances in fig. 1 are equivalent resistances
when PV cell is connected to an external load. The current in
equation (1) can be modified after connecting load with series and
shunt resistances as

Q(V+IR5)
Iy +1, (e nKT — 1) + (VHRS) )

Rsp

Here I denotes current due to photons, lo denotes reverse satura-
tion current, Rs& Ry, are series and shunt equivalent resistances.
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When photons strike PV cell, initially it carries only photon cur-
rent Ir which is current due to photons and voltage across cell
becomes zero at this instant. Therefore the corresponding current
is said to be short-circuit current Is;and is given by

Ise =IpwhenV =0
The photon current I depends on solar irradiation G in KW/m2

and it is proportional solar irradiation. The relation between Ip(G)
and G is given by

b (6) = Gi 1 (Go)

The standard irradiation Go is 1 KW/m2.

When current starts flowing in PV cell, voltage across cell is de-
veloped and this voltage is said to be open-circuit voltage V.
This voltage is given by

oo KT L
=— In—
oc q IO

Using V. and I the characteristics of PV cell can be determined
as shown in fig.2.
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Fig. 2: 1-V characteristics of PV Cell

The -V and P-V characteristics under the different insolation
such as 1000 W/m?, 800 W/m? , 600W /m? are shown in fig.3.
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Fig. 3: P-V and |-V characteristics of PV Cell

Photovoltaic (PV) array is arrangement of array of individual PV
cells in series and/or parallel combinations. The performance of a
such PV array is affected by configuration of array, temperature
and insolation. If cells are connected in series then the modules get
mismatched that limits the output current, decreases the output
power, creates hot-spot in cell may damage the cell. Hence, by-
pass diode is connected in parallel ~ with module. The PV array
consider in this paper consisting of 9 PV modules arranged into
three parallels, each having 3 modules connected in series. The
simulation diagram is shown in fig. 4 for different cells with
partially shaded simulated by different insolation.

|

Fig. 4: Arrangement of PV cell to form PV Array

The output power of the PV array is the product of voltage
across array and output current and maximum power is given by
Pm=Vmlm, . Power output depends on solar irradiation, temperature
and shadow on PV array. The aim of MPPT is to obtain opera-
tional condition to get maximum output power. To achieve this set
of hyperbolas can be plotted a set of hyperbolas at IVV=constant.
The power for corresponding point which is tangent to the cell I-
V curve. By finding fist derivative of power equation and setting it
to zero, we can obtain maximum power point of the cell. Fig. 5
Shows -V curves that change with the irradiation of sun. As irra-
diation increases, the current also increases and corresponding
maximum power point moves the upwards. In fig. 5 points A,B are
local maximum power points and point C is the global maximum
power point.
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Fig. 5: Maximum power points of PV Array

3. Fuzzy Logic Controller for MPPT

3.1 Proposed Block diagram for MPPT

The proposed block diagram of P&O fuzzy logic controller for
shaded PV generation is shown in fig.6. The output of PV array
panel is given to Boost converter. The purpose of this converter is
to obtain maximum power point by changing duty cycle. Boost
converter is basically DC-DC converter and used to increase out-
put DC voltage levels. The duty cycle is controlled by fuzzy con-
troller which is connected as feedback device as shown in fig.6.
The basic circuit diagram of Boost converter is shown in fig.7.
MOSFET in the circuit acts as switch. When MOSFET is ON
(closed) then inductor gets charged and when it OFF(open) induc-
tor gets discharged and capacitor gets charged. Thus the terminal
voltage is controlled by changing duty cycle of switching pulse.
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Fig. 6: Schematic diagram of proposed MPPT
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Fig. 7: Boost Converter for MPPT

The concept of fuzzy logic was advanced by Dr. Lotfi Zadeh.
Fuzzy logic is a many valued logic and process of fuzzy logic is as
follows:

e  Fuzzification

e  Rules base

o  De-fuzzification

In Fuzzification stage, depends on membership functions, the in-
put numerical variables are converted into linguistic variables or
fuzzy variables. In MPPT fuzzy logic controller, error E and de-
rivative of error dE/dt are input variables. Set of rules will be
prepared and processed. In the defuzzification stage, depends on
membership functions, linguistic variables or fuzzy variables are
converted into output numerical variables, which is analog signal
used to control Boost converter for MPPT. The advantages fuzzy
logic controllers are:

e  Work with imprecise inputs

e Work with inaccurate mathematical model

¢ Handle nonlinearity
Cost of implementation fuzzy logic controller is costly. The pro-
cess of fuzzy logic controller is visualized in the fig. 8.

3.2 P&O method and Fuzzy logic for MPPT

The operating condition of the PV array can be altered by P&O
method which applies a perturbed voltage dV. Previous sampling
interval output power and that of the present sampling interval are
subsequently compared. Based on these two voltages, MPPT
controller can regulate PV array to operate either at higher
operating voltage or lower operating voltage. After numerous
of iterations, the PV array system will be operated at a particular
optimum power point, at which maximum output power will be
generated.

Rule Base

Fuzzification ~+| Interface Engine —— Defuzification ——

e

Fig.8 Process of Fuzzy logic controller

The P&O method algorithm is used to identify maximum power
operating voltage, and continually iterate the process for optimal
voltage, to track the next maximum power point. This iterative
process lead to the problem of power and voltage fluctuations.
The fluctuations are more when the perturbation level is high.

Hence fuzzy logic approach is included in the conventional P&O
method [3]. The power loss in PV array can be made mini-
mum, by varying the size of perturbation level dV.
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Fig.9 P&O method flow chart diagram

The membership function of P&O based fuzzy logic has four
input variables which are Py, Py.1, Vi, Vi and Vi, is the output
variable. For each every input/output, unique membership func-
tion names should allotted, so that rules for inference engine can
be written without any ambiguity. Names of membership func-
tions, its range and fuzzy rules are shown in tablel and table2
respectively.

Tablel: Membership Functions names and range

Input MF Description Range
PVL Power Very Low [0, 0.25, 0.5]
Py PL Power Low [0.25, 0.5,0.75]
PH Power High [0.5, 0.75, 1.0]
PVLP Pow_er Very Lp\_/v at [0, 0.25, 0.5]
Previous condition
P || ouscondition | 1025,:05075]
PHP Power Hl_g_h Previ- [05,0.75, 1.0]
ous condition
VVL Voltage Very Low [0, 0.25, 0.5]
Vi VL Voltage Low [0.25, 0.5,0.75]
VH Voltage High [0.5, 0.75, 1.0]
VVLP Voltage Very Low
at Previous condi- [0, 0.25, 0.5]
tion
Vi1 VLP Voltage I__(_)W Previ- [0.25,0.5,0.75]
ous condition
VHP V_oltage Hl_gh Pre- [05,0.75, 1.0]
vious condition
Output MF Description Range
OVL Output Very Low [0, 0.25, 0.5]
Vs OL Output Low [0.25,0.5,0.75]
OH Output High [0.5,0.75, 1.0]
Tablel:2 Rules for fuzzy inference engine
Rule Inputl Input2 Input3 Input4 Output
Rulel PL PVPL VVL VLP OVL
Rule2 PL PVPL VVL VHP OVL
Rule3 PL PVPL VL VLP OL
Rule4 PL PVPL VVL VVLP OH

4. Simulation Results

In this paper the standard cell SX-3190W of BP Solar Manufac-
turer [13]is considered. As it is shown in fig.4 a set of such PV
cell are arranged in series and parallel combinations with partial
shadings. The I-V and P-V Characteristics of PV cell are shown in
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fig.2 & fig.3 for different temperatures and varying irradiance.
The short circuit current ISC vary linearly with Irradiance for the
values are 1000 W /m?2, 800 W /m? , 600W /m?2. The open circuit
voltage V, vary with Temperature for the values are 25°C, 50°C,
75°C. The irradiation and temperature are the parameters of PV
cell and vary with the environmental conditions. The proposed
P&O based fuzzy controller block diagram is shown in fig.10.
Inputs to the system are irradiation and temperature, and based on
inputs and its characteristics the proposed controller is designed.
Irrespective of variations in parameters, the output of PV cell is
maintained constant. Fuzzy controller can adjust such that it can
control and sets to get maximum output for various combinations
of variation in parameters. In fig. 8 the proposed system is shown
which consists of Shaded PV panel, P&O based Fuzzy controller
and boost converter. Shaded PV panel is combination of 9 PV
modules arranged into three parallel, each having 3 PV modules
connected in series. The output of Shaded PV panel is given to
boost converter which is controlled by P&O fuzzy logic controller
to get maximum output. Fuzzy takes voltage V and Power P as
error signals. Along with 2 error signals their derivatives are 4
inputs to the Fuzzy controller as shown in fig.9. the proposed sys-
tem is simulated for 700 W /mZirradiance and 27°C, temperature.
These two inputs are common for all 9 PV panels. Since they are
connected in series parallel combinations their control is difficult
but the proposed fuzzy controller could able to maintain constant
output voltage of 198 V with maximum variation of 5% which is
shown in fig.12.
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Fig. 10: Simulink diagram of proposed system
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Fig.11: Fuzzy controller with P, V inputs

Fig.12: Output of proposed MPPT tracking system

5. Conclusions

A shaded PV array is formed using individual PV cells connect-
ed in series and parallel combinations. A MATLAB/SIMULINK
model for shaded PV array is developed and simulated. Fuzzy
rules are framed based on P&O. based on these power con-
verter switching is controlled and hence output power generat-
ed becomes constant, which is at maximum power point. The
designed system adapt to Maximum power operating
point to changes in PV system. It is observed that for shaded
PV array, power output generated is more and constant when an
MPPT with P&O fuzzy is employed in the given system.
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