World Applied Sciences Journal 35 (12): 2580-2590, 2017
ISSN 1818-4952

© IDOSI Publications, 2017

DOI: 10.5829/idosi.wasj.2017.2580.2590

Evaluation of GA Tuned PI Controller for Maximum Power Point
Tracking for Solar PV System under Partially Shaded
Conditions Based on Two Diode Model

'S. Karthika, °P. Rathika and *D. Devaraj

! Assistant Professor, ECE Dept., V.V. College of Engineering, Tisaiyanvilai, India
*Professor, EEE Dept., V.V. College of Engineering, Tisaiyanvilai, India
*Professor, CSE Dept., Kalasalingam University, Krishnankoil, India

Abstract: The electric power supplied by a photovoltaic (PV) power generation system depends on the solar
irradiation and temperature. The PV system can supply the maximum power to the load at a particular operating
point which is generally called Maximum Power Point (MPP), at which the entire PV system operates with
maximum efficiency and produces its maximum power. This paper presents a GA tuned PI controller for the
maximum power point tracking for photovoltaic system. The proposed MPP Tracking controller is designed for
10kW solar PV rooftop system. This paper proposes an improved modelling approach for the PV system by two
diode model. This two diode model has better accuracy at low irradiance level that allows more accurate
prediction of PV system performance during partial shaded conditions. The proposed GA tuned PI controller
based MPPT algorithm increases the efficiency of the PV system, by tracking the global Maximum Power Point
(MPP) using evolutionary technique. The proposed system is simulated by using MATLAB-SIMULINK. From
the simulation results, GA tuned PI controller has shown better performance during partial shaded conditions.
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INTRODUCTION

Solar photovoltaic is a phenomenon where the solar
irradiation is converted directly into electricity through
solar cell [1-5]. Each photovoltaic cell array has an
optimum operating point called the Maximum Power Point
(MPP), which varies depending on cell temperature and
the present irradiation level.

The two main problems with solar photovoltaic
systems are the low conversion efficiency and the
variation of power generation with changing weather
conditions. A PV generation system should operate at its
Maximum Power Point (MPP) to increase system
efficiency. Therefore, MPP tracking is very crucial for PV
power generation systems. However, the MPP changes
with the irradiation level and temperature due to the
nonlinear characteristics of PV modules. To overcome this
problem, many MPPT algorithms have been developed.

There are several algorithms have been widely
developed and implemented to track the MPP. The
various MPPT algorithms are Perturb and Observe (P&O)

method [6-9], Incremental Conductance (IC) method
[6-10], Artificial Neural Network method [11], Fuzzy Logic
method [12], Constant Voltage [13], Three Point Weight
Comparison [14], [15], Short Current Pulse [16], Open
Circuit Voltage [17] and Temperature method [18].
These algorithms differ in many aspects such as required
sensors, complexity, cost, range of -effectiveness,
convergence speed, correct tracking when irradiation
and/or temperature change and hardware needed for the
implementation. A complete review of different MPPT
algorithms can be found in [8] the most commonly used
methods are Perturb and Observe (P&O), incremental
conductance and three-point weight comparison.

Among these, Perturb and Observe (P&O) method is
widely used in practical PV systems for the MPPT control
due to its simple implementation, high reliability and
tracking efficiency [5], [19], [20].Problem that arises in
P&O MPPT method is that the operating voltage in PV
panel always fluctuates due to the need of continuous
tracking for the next perturbation cycle. As a result, under
rapidly changing atmospheric conditions, this method
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performs well, but this case will be more complicated if the
half or more of the PV array does not receive uniform
irradiation, as in partially cloudy conditions due to
passing by clouds, towers, trees etc...
conditions, the P-V curve has only one maximum point,
however, if the PV array is partially shaded, there are
multiple maxima in these curves. The Perturb and observe
and the Incremental conductance, fail to extract the

In normal

maximum power of the PV panel if the PV generator is
partially shaded. Hence, in this paper a GA tuned PI
controller based MPPT technique is proposed in order to
predict the global maximum point. This paper also
proposes an improved modelling approach of the two
diode model to simulate the Photovoltaic system which
allows more accurate prediction of PV system performance
during partial shaded conditions.

Two-Diode Model of Photovoltaic Module: The general
model of solar cell can be derived from physical
characteristic of the diode. Among the modeling methods
of PV cell, the two diode model is known to be accurate
model [21], [22]. The equivalent circuit of two diode solar
cell is shown in Fig. 1. The output current of the diode can
be described as,

I =1 plexp(22) — 1] (1)
nVT
Vb

I yo=1 prlexp(—=) 1] (2)
nVT

where 1, and I, are the diode current, 7, and I ,are the
reverse bias saturation currents of diodel (D1) and diode2
(D2) respectively. The term [, is introduced to
compensate the recombination loss in the depletion
region as described in [23]. V}, is the voltage across the
diode, 7, is the solar ideal factor of the diode and V; is the
thermal voltage.

Thermal voltage V- however can be defined as:

v, =KL (3)
q

where K is Boltzmann constant (1.3806503*10% J/K), T is
temperature in degrees Kelvin and q is electron charge
(1.6021764*107"°°C).

To model the I-V characteristic of PV array, equation
(4) has been derived from the circuit shown in Fig. 1,

IZIPV_]d1_1d2_V+RSI S
sh

where I, is the light generated current, /,, and I, are the
diode current, V is the PV array terminal voltage, R; is the
equivalent series resistance of the array and R, is the
equivalent parallel resistance. The series resistance is the
sum of structural resistance of PV panel and it has strong
influence when PV panel acts as voltage source. The
parallel resistance R, has more influence when PV panel
acts as current source.

The light generated current of the photovoltaic cell
depends linearly on the solar irradiation and is influenced
by the temperature according to the following equation.
1, =0 +k,AT)Gi (5)

n

pv,n

where I, is the light-generated current at the nominal
condition (usually 25°C and 1000W/m?), A, = T-T, (being
T and T, the actual and nominal temperatures [K]), G
[W/m?] is the irradiation on the device surface and G, is
the nominal irradiation.

For a single diode model the diode saturation current
1, and its dependence on the temperature is given by,

Isc,n + KIAT

L= Voen + KAz (6)
exp(- ) -
t

where a is the diode ideality constant, K, and K] is the
current and voltage coefficients. [, and V,, are the
nominal short circuit current and nominal open circuit
voltage. To simplify the model, in this work, both of the

reverse saturation currents, /,, and /,, are set to be equal.

1 + KA
I =1 =1 = sc,n 12T
o177 027 % 0 Voen+KyAr (7
exp(——

-1
aV, )

Thus using these equations the 10kW solar PV
system is designed to analyze their performance under
standard and partial shaded conditions.

Simulation and Analysis of 10kW Solar PV System: The
Proposed MPPT algorithm is designed for 10kW solar PV
system. The system contains totally 49 solar modules.
They are connected as shown in Fig.2. They are arranged
in seven rows. Each row consists of seven modules. Table
I shows the specifications of a single PV module. Each
module consists of 54 solar cells.
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Fig. 1: Equivalent circuit of a two diode solar cell
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Fig. 2: 10kW solar PV system

Table 1: Parameters of the XL 6P54G200 PV module at 25°C and

1000W/m?
Peak Power (W), Pypp 200
Peak Power Voltage (V), Vypp 27.16
Peak Power Current (A), Iypp 7.89
Open Circuit Voltage (V), V. 33.64
Short Circuit Current (A), I, 8.21
Temperature Coefficient of current (mA/°C) , K; 0.003
Temperature Coefficient of voltage (mV/°C) , K, -0.123
Number of series cells, N 54

The performance characteristics of thel0kW solar PV
system has been studied and analyzed under the
following conditions.

Case A: Standard Conditions: The PV system is simulated
under standard test condition at the Insolation level of
1000W/m’ and temperature 25°C.

The I-V characteristics of 10kW solar PV system are
obtained by simulation which is shown in the Fig. 3 (a).
The voltage and the current characteristics are multiplied
to get the P-V characteristics as shown in Fig. 3(b). The
different operating voltage of solar cell will produce
different output power under different temperature but
has a unique maximum power point as shown in Fig. 3(b).
The temperature and the irradiation depend on the

atmospheric conditions, which are not constant during
the year and not even during a single day; they can vary
rapidly due to fast changing conditions. This causes the
MPP to move constantly, depending on the irradiation
and temperature conditions. If the operating point is not
close to the MPP, more power losses occur. Hence it is
essential to track the MPP in any conditions to assure
that the maximum available power is obtained from the PV
panel.

Case B: Partially Shaded Conditions: The performance of
the PV array is affected by temperature, solar insolation,
shading and array configuration. The PV arrays get
shadowed completely or partially by the passing clouds,
neighboring buildings, towers and trees. The curves in
Fig.4 represent the I-V and P-V characteristics of the solar
PV under partially shaded conditions.

The PV system is simulated under partially shaded
conditions with bypass and blocking diodes where the
temperature is 25°C and the Insolation level is 1000W/m’
and modules are receiving full insolation is 200W/m’ on
shaded modules. If the bypass diodes are not present, the
shaded modules will limit the current output of the
unshaded modules of the series assembly. This may not
lead to thermal destruction of the PV modules but may
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Fig. 3 I-V and P-V Characteristics of solar PV system
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Fig. 4: 1-V and P-V Characteristics of Solar PV System under non uniform conditions without bypass and blocking diodes
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Fig. 5: I-V and P-V Characteristics of Solar PV system with bypass and blocking diodes

also decrease the available output power from the PV
array. The blocking diodes will prevent the reverse current
through the series assemblies. This reverse current may
cause excessive heat generation and thermal breakdown
of PV modules.

The curves in Fig. 5 represent the I-V and P-V
characteristics of the solar PV under partially shaded
condition with bypass and blocking diodes. The
10kW solar PV system with bypass and blocking
diode is shown in Fig. 6. The I-V and P-V
characteristics under partially shaded condition shows
that the presence of bypass diodes will allow the

unshaded modules of all the series assemblies to conduct
their maximum current at a given insolation and
temperature.

Fig. 5 reveals that the array having bypass and
blocking diodes introduces multiple steps in the I-V
characteristics and multiple peaks in the P-V
characteristics, under the partially shaded conditions.
Under partially shaded conditions, the PV characteristics
get more complex with multiple peaks. It is observed that,
the PV system voltage and current are measured at 135V
and 57A respectively, corresponding to the maximum
power point.
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Fig. 7: GA tuned PI Controller based MPPT solar PV panel

Conventional Maximum Power Point Tracking
techniques can trap at local maxima under partial shading
[24-27]. This significantly reduces the energy yield of the
PV systems. In order to solve this problem, a maximum
power point tracking algorithm based on GA tuned PI
controller that is capable of tracking global MPP under
partial shaded conditions is proposed.

e

GA Tuning

Proposed System: The block diagram of proposed solar
PV system is shown in Fig. 7. It mainly consists of a PV
array, a buck boost dc-dc converter, GA tuned PI
controller and load. A pure resistive load is connected to
the PV module through the buck boost dc-dc converter.

The Photovoltaic array generates the DC voltage
which does not have constant values, but fluctuates
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depending on the intensity of solar irradiation and
temperature. Hence, a DC to DC boost converter is used
to regulate the output voltage of the PV module and to
keep the system to operate at its maximum power point in
order to draw maximum possible power from solar panels
at all times, regardless of the load. The proposed
controller is used to generate the optimal voltage from the
photovoltaic system by modulating the duty cycle applied
to the buck boost dc-dc converter using GA algorithm.
The GA based Maximum Power Point is used to minimize
the voltage fluctuation and to trap the maximum power
under partial and rapidly fluctuating shadow conditions.
The output of the GA tuned PI controller is used to
generate the voltage reference of the PWM (Pulse Width
Modulation) signal. And this pulse is given to the buck
boost converter circuit to change the output of the
photovoltaic system. The GA tuned PI controllers can
track the maximum power point under partially shaded
conditions.

Review of Genetic Algorithm: GA is stochastic search
method where an initial set of possible solutions (called as
population) is modified in successive steps using the
Darwinian principle of natural selection, recombination
(crossover), mutation to yield an optimal solution.

Generate Initial Population

[
.

Calculate the Fitness Value

v

Select Parents for Representation

h 4
Apply Crosszover & Mutation

v

Evaluate Fitnesgs of Individuals

If

Converged?

Yes

Fig. 8: Flow Chart of Genetic Algorithm

Each individual in the population is called a
chromosome and represents a possible solution. GAs use
three fundamental operators: selection, crossover and
mutation. Selection operator is used to select the best
individuals (solutions) in a population. The crossover
operator creates new individuals by mixing couples of
selected individuals in a population and the mutation
operator creates a new individual by randomly mutating
a selected part of a selected chromosome. Better
convergence of the GA is achieved by both exploiting the
search space by selection and crossover operators and
exploring the search space for new information by
mutation operator.

Fig. 8 shows the various steps in applying GA for
any optimization problem. GA maintains a population
of individuals that represent solutions to the problem.
Each individual in the population is evaluated to give
some measure of its fitness to the problem using the
objective function (i.e. PI parameters k, and k; in this
case).

In each generation, a new population is formed by
selecting the more fit individuals based on a particular
selection strategy. Some members of the new population
undergo genetic operations to form new solutions. The
two commonly used genetic operations are crossover and
mutation. Crossover is a mixing operator that combines
genetic material from selected parents. Mutation acts as a
background operator and is used to search the unexplored
search space by randomly changing the values at one or
more positions of the selected chromosome. The above
steps are repeated until the convergence criterion is
satisfied.

GA Tuned PI Controller: When designing a PI controller
using GA, the first important consideration is to create a
random population with ‘n’ binary individuals, with a
choice of length. A population is a binary matrix where the
number of lines represents the number of individuals
and column number represents their length. In this case,
the individual is just the gain parameters of the PI
controller.

The selection of individuals to produce successive
generations plays an important role in GA. Tournament
selection is used in this work. In tournament selection, ‘T’
individuals are selected randomly from the population and
the best of the ‘T is inserted into the new population for
further genetic processing. Tournaments are often held
between pairs of individuals, although larger tournaments
can be used. This procedure is repeated until the mating
pool is filled.
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Fig. 10: 10kW Solar PV System

As the proposed GA uses a two point crossover the
proposed two point crossover randomly selects two
individuals from the population. Next, one gene from each
individuals is selected randomly and their values are
swapped. In Fig. 9 (a), the highlighted strings are the
selected genes for two point crossover. The children after
the crossover operation are shown in Fig. 9(b).

A mutation operator introduces new population
into the old population and thereby allows faster
convergence and prevents tracking to a local optimal
value. For this case, bit-wise mutation is applied
which switches a few randomly chosen bits from 1 to 0
or from 0 to 1 with a small mutation probability. Next,
the new population is integrated into the old population.
Generation by generation the program creates new
best individuals corresponding to the maximum fitness
value.

The best individuals i.e., the gain parameters (kp, ki)
have been given to the PI controller. The output of the PI
controller is used to generate the voltage reference of the
PWM (Pulse Width Modulation) signal which is given to
the buck boost converter circuit to change the output of
the photovoltaic system.

Simulation Results: The 10kW solar PV system
considered for the experimental setup is shown in Fig. 10.
It comprises seven parallel assemblies each with seven

series connected PV modules, each having a rating of
Pypp=200W, V,,,=27.16V, VOC=33.64V and I,.= 7.894
at an insolation level of 1000W/m*> and 25°C
temperature. The simulation model for the system is
designed by using MATLAB. The performance of the
proposed system has been simulated under the following
conditions.

Case A: Under Uniform Conditions: The performance of
the proposed technique has been examined for fixed solar
Irradiation level at 1000W/m? and at cell temperature 25°C.
The maximum voltage that is obtained corresponding to
the PV array is 159V, without any maximum power point
tracking techniques. Then, GA tuned PI controller MPPT
technique is applied to the controller of buck boost dc-dc
converter. In this case, the maximum voltage obtained is
205V. For comparison, the PV system is simulated using
conventional PI based MPPT techniques and the result is
shown in Fig. 11 and 12.

From the Figure 12, it is observed that the GA tuned
PI controller can track the maximum power point at .001s
and also it generates constant voltage without any
deviations. Hence the proposed controller can track the
maximum power point faster than the conventional PI
tracking controller. Therefore the GA tuned PI controller
has better performance compared to the conventional PI
based MPPT techniques.
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Table 1: Power generated as a function of MPPT technique

Conditions MPPT Methods Power (W) Voltage (V) Current (A)
Under Standard Conditions GA tuned PI 8610 205 42
PI 6519 159 41
Under Partially Shaded Conditions GA tuned PI 7020 135 52
PI 4480 128 35
Case B: Under Partially Shaded Condition: The REFERENCES
performance of the proposed technique has been
examined under partially shaded condition (irradiation = 1. Bidyadhar Subudhi, Raseswari Pradhan, 2013. A

200 and irradiation=1000W/m?). It is assumed that the
array initially receives uniform irradiation of 1000W/m’.
A step change in irradiation level ie. 200W/m’ is
considered and that causes partial shading of the array.

The simulation result for this condition is shown in
Fig. 13 and Fig. 14.

It is observed that, the PV system voltage and current
are maintained 135V and 52A
corresponding to the maximum power point. For
comparison, the PV system simulated using
conventional PI controller under partially shaded
condition and the result is shown in Fig. 14. From the
figure, it is observed that the GA tuned PI controller can
track the MPPT at 0.001s and also it generates constant
power without any deviation. Hence the proposed
controller can track the MPP faster than the conventional
tracking controller.

From the data given in Table 1, it is observed

at respectively,

is

that the GA tuned PI controller can track the
maximum power compared to the conventional PI
based MPPT techniques under partially shaded
conditions.

CONCLUSION

This paper has presented an intelligent MPPT
control strategy for the PV system using GA. The
maximum power point tracking technique was
simulated using MATLAB/Simulink. The proposed
controller can track the global maximum power point,
faster compared to conventional PI based MPPT
technique. It has the capability of reducing the
voltage fluctuation after MPP has been recognized
under partial and rapidly fluctuating shadow conditions.
The simulation results show the efficiency of the GA
tuned PI controller in maintaining the stable maximum
power point under change in irradiation and temperature
conditions.
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