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Varying weather specifically temperature and irradiation have a significant impact on Solar Photo Voltaic (SPV) output
performance and efficiency. Both the output voltage and power are unstable due to the unwanted solar fuel variation.
Therefore, Maximum Power Point Tracking (MPPT) plays an important role in the case of SPV. Although different MPPT
techniques are imposed to mitigate the above-said issues, the Perturb and Observe (P&O) is unique in its operation and
simple to design. But when P&O comes under a sudden large variation of solar parameters, it fails to track and move away
from the Maximum Power Point (MPP). A sliding mode controller superimposed with conventional P&O known as
Superimposed Sliding Mode Controller-P&O (SISMC-PO) is proposed in this paper that improves the tracking accuracy and
tries to minimize the transient disturbance during the rapid change in irradiation. Input side capacitor current and error in
SPV voltage with reference voltage are taken as the input to the SMC whereas solar voltage and current are taken as the
input to the P&O MPPT. SISMC-PO produces highly efficient and robust control of the switching frequency with a suitable
step size that drives the switch of the DC-DC boost converter which is tested and verified by MATLAB/SIMULINK.
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Nomenclature

SMC Slidding mode controller
MPP Maximum power point

FOCV Fractional open-circuit voltage
FSCC Fractional short circuit current
SPV Solar photo voltaic
S Switch
P&O Perturb and observe
SISMC-PO Superimposed sliding mode controller-P&O
Temp Temperature
Irr Irradiance
PWM Pulse width modulation
PV Photo voltaic

Introduction

Motivation and Incitement

Electricity consumption is rapidly increasing which
causes harmful emissions and environmental
pollution. The Kyoto Agreement directs strict
principles to bring down greenhouse gas emissions
from the power sector for which power generation
from sustainable energy resources is kept in high
demand on a priority basis.' Solar power throughout
the day can produce or fulfill the energy requirement
for a year.’
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Among the energy resources, solar energy is
abundantly available and most suitable to generate
electricity anywhere during the daytime. But the
problem with the SPV is that its efficiency is very less
around 17-20%"* and Solar power is greatly affected
by irradiation, ambient temperature, partial shading
conditions, wavelength, reflection, and cloud
coverage.” So we put stress on extracting the MPP
which is possible only when a boost converter with an
appropriate switching signal can dynamically match
the impedance between the SPV and load under
varying weather conditions.” Shading or cloudy
weather is an unavoidable situation that produces
local maximum points and a global maximum point
which is hard to search quickly.” Application of SPV
includes both power generation and heating of water
whereas the tracking method follows sun-tracking,
MPPT, and both simultaneously.® In sun-tracking, the
position of the SPV changes accordingly to the way
the sun moves whereas in MPPT the electronics
circuit matches the impedance between the SPV and
sink to deliver the optimal power.’

Literature Review

Apart from this, different MPPT techniques are
implemented such as Fractional Open-Circuit Voltage
(FOCV), Fractional Short Circuit Current (FSCC),
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fuzzy logic, neural network, Perturb and Observe
(P&O), and incremental conduction algorithm."® The
P&O method is very simple and easy to implement.
However, it has certain limitations such as this
method's failure to track MPP under rapid change
of environmental conditions. The efficiency reduces
due to power oscillations caused by changes in
environmental conditions. It is difficult to control the
step size in P & O method.

The SMC dominates other methods by its inherent
robustness, flexibility, and ease of hardware
implementation."" SMC can be applied directly to the
nonlinear system which gives the MPPT tracking a
much more effective manner."> Uncertainty of load
and weather conditions, the SCM is the best fit for the
nonlinearity of the SPV system function."> Proper
control of SPV temperature, MPP can be operated
without the MPPT algorithm.'* Oscillation and
response time depend on the step size.”” When the
weather changes, particle rearrange their position near
to global maximum which results in time-saving.'
The stand-alone system can extract the MPP using
neural network-based and modified P&O MPPT
control under changing weather conditions.'”'*

Contribution and Paper Organization

This paper proposes SISMC-PO method-based
MPPT which tracks the MPP under different weather
situations. The chattering effects are not considered in
this proposed controller. The control law for this
proposed method improves the robustness. The
sliding surface of the proposed SMC is designed to
have insensitive to external disturbances and
improves the steady state performances. The principle
of the SMC control strategy is to force the initial
conditions of the states to move towards the sliding
surface during the reaching phase and helps the states
to slide on the sliding surface to reach the desired
location. The proposed SISMC-PO controller
properly tracks the MPP under rapidly varying
irradiation conditions.

Material and Methods

Solar Photovoltaic

Isoltech15TH-215-P  solar PV  model with
electrical characteristics is shown in Table 1. Two
parallel string and two series-connected modules per
string is used for the solar array for this proposed
simulation study. The array has a maximum power
capability of 852.6 Watts. The Short circuit current
and open-circuit voltage of the array consisting of two

Table 1 — Data per PV Module

Maximum power 213.15W
Open circuit voltage (Voc) 363V
The voltage at maximum power
. 29V
point (Vmpp)
Cells per Module 60
Short circuit current 7.84 A
Current at.max1mum power 735 A
point (Impp)
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Fig. 1 — SISMC-PO: (a) Circuit diagram, and (b) Block diagram

modules is 15.68 A and 72.6 V respectively. At the
maximum power point, the current and voltages are
14.7 A and 58 V respectively for the array.

The circuit diagram and structure are shown in
Fig. 1(a) and Fig. 1(b) respectively.

DC-DC Boost Converter

This is an isolator between the SPV and load
whose prime function is impedance matching between
the sources and load to withdraw maximal power
from the source. As the irradiation varies the
switching signal is automatically adjusted to produce
an appropriate switching frequency to operate the
boost converter in such a way that will produce
different impedance to match.

When the switch is on, the inductor starts charging
and the part of the circuit gets separated from the
load. The load gets the energy from the discharging
capacitor and at the time of switch-off conditions, the
load gets power from the SPV and the capacitor starts
charging.

When the switch is closed, the state-space equation
of the converter is:
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Table 2 — Boost converter parameter

Input capacitor (Cin) 100 microfarads
Inductor (L) 2 milli-henry
Output capacitor (C) 100 microfarads
Load resistance (R) 20 ohms
Switching frequency 5000 Hz

L’g]:[g Rcm][xz HVPV ..(D

The state-space equation while the switch is open

-

The average state-space model is shown in Eq. (3)
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where, x1 = Ipy,x; = VoutaL = Vpy & Cip a

v,
"T”t. Here Vpy and V,,; are the solar voltage and

output voltage respectively D = Dg;spyc—po 1S the
duty cycle produced by the proposed controller that
generates the gate signal for the switch and R is the
load resistance. The parameter of the converter is
shown in Table 2.

MPPT Technique

The MPPT algorithm is important to extract the
MPP from the array by the P&O method and the
SISMC-PO method of MPPT is as follows.

P&O Method

In the P&O method, the voltage is disturbed and
the change in power is observed. If the change in
power is positive, the same process repeats until the
peak point is reached. After MPP point the change of
power decreases in nature as compared to its previous
value. So the voltage value is reduced to come near to
the MPP. This makes the power oscillate near its
MPP. Here the response time and oscillatory nature of
conventional P&O methods are commendable that
depend on the step size. Here the step size is “deltaD”
of 0.000125 taken. The flow chart for P&O is shown
in Fig. 2 (a).

To reduce the oscillation, if the step size is
reduced, the response time increases and vice versa.
For this reason, it is difficult to choose the optimal
step size to give a better result. As the oscillation
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Fig. 2 — MPPT algorithm (a) P&O, and (b) SISMC-PO

persists, the loss of the system is increased and this
condition reduces the system's performance and
efficiency.

Although the P&O works well under gradually
varying ambient irradiation and temperature,
however, fails to track the peak point when the solar
PV comes under sudden disturbances due to sharp
changes in irradiation. Under uncertain disturbances,
P&O suffers transient and, in some cases, it is seen it
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diverges from the global maximum point. So to
overcome this issue, many methods have been
proposed but their performance is not up to the mark.

SISMC-PO Method

The SMC is a very robust model that reduces the
order of the compensated dynamics and provides
robustness response with bounded disturbance in
finite time. The overall system control law for SMC is
shown in Fig. 2(b).

The state-dependent sliding surface is given as
sS=y,+cy, ..
where, y;and y, represents the states of the system
5=y, ... (9
The state-space dynamics are given by

Vi =Yz ... (6)
y2=U+f(yt)

Further, the control dynamic is modified as
s=U+f(y,t)+cy, .. (7D
Assuming

U=—cy, +v

And

v= —Asgn(s)
s = —Asgn(s) + f(y,t) ... (8)

Since,

1Al > 1f (v, 0

To converge the states at the desired location, the
Lyapunov function is satisfied as

Ss<0 .. (9)

However, the control law and voltage error for the
proposed SISMC-PO designed based on SMC is
shown in Eqs (10) & (11) respectively. The flow chart
for the proposed controller is shown in Fig. 2 (b).

U= (Vpy = Vyer )Gy + icin * Ga ... (10)

Verror = (VPV - Vref) . (11)

where, Vp, is the solar voltage, i.;;, is the capacitor
current, Vo 1S the error between solar voltage (Vpy)
and reference voltage (Vy.r), and Gy, G, are the gains
for the SMC as shown in Fig. 3(b).

Considering the two states of the boost converter in
the proposed system,

Y1 = (VPV - Vref) and y, = icin

The flow chart of P&O is shown in Fig. 2(a), in
which, the voltage Vp,, and current Ipy, samples are
collected initially to calculate the corresponding
power. Then change in voltage and change in power
are calculated. The change in parameters is then
compared with zero as shown in the flow chart. Based
on the conditions, the duty ratio (D) is produced
followed by “deltaD”. The transient responses in
responses are checked. The presence of transients is
minimized by a suitable control law designed from
the proposed SISMC-PO as illustrated in Fig. 2 (b).

The proposed SISMC-PO combines the output
signals of the P&O and SMCin such a way as to
produce a better switching signal to the converter. The
duty cycle of SISMC-PO is given in Eq. (12).

.. (12)

Dsismc—po = Verror * Gy + icin * G2) * Dpgg ... (13)

The output load voltage obtained using (14)

Dsismc-po = U * Dpgo

Vv . (14)

Vout =
1-Dsismc-pPo

Proposed controller decays the power oscillation
and minimizes the settling time of the response with
proper selection of the step size and optimizing the
gain of SMC. The step size in the case of P&O:

deltaD = D(k) = D(k — 1) ... (15)

Switch

(Boost
Converter)

MPPT Dp&o

Product

Fig. 3 — SISMC-PO, (a) Block diagram, and (b) Simulink diagram
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where, D(k) and D(k-1) are the present and previous
duty ratios.

During oscillation, the magnitude of both D(k) and
D(k-1) are nearly the same but the movement is in
opposite direction, so the (deltaD = 0), and during
non-oscillatory conditions, the value of deltaD is
nonzero. During normal operating situations, the
value of the SMC gain is kept as high as near 1, so the
large step size of the convention P&O reduces the
settling time. But at the time of oscillation, to reduce
the step size, the control law U of SMC is kept low, to
reduce the oscillation. The optimal value of G; and G,
decides the value of U. By using fsolver G, and G, are
obtained as 1 and 2 respectively shown in Fig. 3(a).
The complete control structure for SISMC-PO is
shown in Fig. 3(b). It is shown that the duty ratio
Dpgo 1s developed from the MATLAB coding which
is multiplied with control signalU from the sliding
mode control structure.The product of U and Dpg is
passed through a PWM generator for generating a
PWM signal which is the triggering pulse to the boost
converter.

Results and Discussion

The simulation study for both the conventional
P&O method and the proposed SISMC-PO method is
carried out using MATLAB/SIMULINK with a solar
array (array type: lsoltech 1STH-215P) of two series

900 900

modules and two parallel strings. Both aforesaid
methods are conducted for 1.5 sec simulation time.
MPPT tracking and solar PV parameter variations are
observed under both slow and quick-changing
irradiation conditions. The irradiation values are
taken such as 0, 300, 500, 1000, 500 and 0 w/m’
respectively.

The traditional P&O Power tracking is indicated in
Fig. 4(a), whereas Fig. 4(b) shows the proposed
SISMC-PO simulation result. It is seen that the
change in irradiation from one value to another, there
exists a transient for the transition state. The P&O in
Fig. 4(a) takes 0.025 sec to settle down the steady-
state value whereas SISMC-PO in Fig. 4(b) does not
take any time to approach the final value. Transient
oscillation happens in the P&O method when the
irradiation changes rapidly from 1000w/m’ to
500w/m?. There survive an overshoot and damped
oscillation at the P&O method which is reduced
significantly in the SISMC-PO method. The solar
voltage of both methods is shown in Fig. 4(c) and Fig.
4(d). The same disturbance point is considered for the
productivity analysis and comparative study of the
new method with the conventional method. The value
of G; and G, are obtained by using the f-solver
optimization technique in MATLAB which are found
to be 1 and 2 respectively. The transient in voltage
and current is high in the P&O method as compared
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Fig. 4 — Comparison of methods for power, voltage and current: (a) Power (P&O), (b) Power (SISMC-PO), (c) Voltage (P&O), (d)
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to the proposed method from 1.01 to 1.02 sec as
shown in Fig. 4(e) and Fig. 4(f). In both mentioned
methods, it is seen that the duty cycle is continuously
varying to adjust the irradiation change to operate the
system optimally. It is observed that the duty ratio is
very sensitive in the proposed SISCM-PO method
during disturbances of irradiation and works
satisfactorily to minimize the transients which are
indicated whereas the duty ratio is less sensitive in the
conventional P&O method. The duty cycle of
SISMC-PO varies from 0.5 to 0.3 under transient
conditions adopting SMC control law. However, the
duty ratio of P&O remains almost constant which is
0.3 due to the fixed step size. Hence SISMC-PO
improves the sensitivity to the parameter variation
that helps in transient mitigation.

In each step of irradiation variation, there is a
transient, but at t = 1 sec, the transient appeared as
severe and significant. The power loss due to transient
at t = 1 sec is considered in this study to validate the
efficacy of the proposed model. The transient power
loss in P&O is 160 W and 5 W in SISMC-PO which
is reduced by 96.87%. Similarly, the voltage and
current transient are reduced by 86.66% and 90%
respectively by the proposed controller.

In an ideal case, the maximum power of 852.6 W
can be tracked under 1000 w/m” irradiance. However,
the simulation result shows the SISMC-PO tracks 830
W under 1000 w/m” irradiance. This indicates that a
2.65% loss appears in the simulation from the ideal
case. The efficiency is found to be 97.34% for the
proposed controller.

Conclusions

A new MPPT algorithm SISMC-PO has been
implemented in this work to show its superiority over
P&O algorithm. The concept behind the algorithm is
to start with a basic P&O method with a fixed step
size and once oscillation occurs; it tried to reduce the
step size by providing a lower value of the SMC
control law. This finds the appropriate Dg;spc—po tO
operate the switch which helps to reduce oscillation
significantly and improve convergence. The
chattering effects are not considered in the proposed
work which can be considered to get better result. The
proposed work helps the researcher to pick a suitable
control method for MPPT tracking with greater
efficiency. This study is carried out under a solar
power-based island mode test model which can be
extended to the grid-connected mode with multiple
power resources like solar, wind, etc.
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