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ABSTRACT

Power-Voltage (P-V) characteristics of PV module are non-linear but it has a unique maximum
power point. Maximum power point tracking (MPPT) techniques are used to maximise or to
increase the output power of photovoltaic system for all time. These techniques give maximum
output power, irrespective of the irradiation condition, temperature and electrical characteristics of
loads. For the purpose of tracking the maximum power, MPPT techniques use some electronic
converters. In this paper, an improved perturbation and observation (P&O) technique has been
modeled and simulated in MATLAB/Simulink. The proposed technique is a modification of
conventional P&0O method. In the conventional P&O technique, the perturbations of the module
operating point introduce with a fixed magnitude.
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1. INTRODUCTION

The photovoltaic cell converts the sunlight into
electricity. Since, the generation from PV
systems has two major problems: its low
efficiency of conversion of electric power and a
high cost of PV cell. The generation of PV
system depends on the weather condition. The
photovoltaic cell V-l characteristic is non-linear
and changes with a change in irradiation,
temperature and load impedance where
irradiation and temperature are dynamic [1,2].
The maximum power point location continuously
changes and also it is difficult to find an accurate
operating point, but this point can be exactly
pointed by search algorithms. Hence the MPP
tracking is a technique which leads the module
towards the higher output. There are so many
Maximum Power Point Tracking Techniques that
have been already discussed and proposed in
the research papers; e.g. Perturb and Observe
(P&O), Incremental Conductance (IC), Fractional
open-circuit voltage (FVoc), Fractional short-
circuit current (Flsc), Neural network (NN), Fuzzy
logic control (FLC) [3-16].

2. MATHEMATICAL
SOLAR CELL

EQUATION OF

A solar cell is nothing but a p-n junction modeled
in a thin wafer of semiconductor. Due to the
photovoltaic effect, the electromagnetic radiation
from the sun can be a change in to electricity.

The equivalent circuit of a PV cell is as shown in
Fig. 1.

The current source is cell photocurrent denoted
by Ion. The intrinsic shunt and series resistances
are denoted by Ry, and R; respectively. The
value of shunt resistance (Rq,) is very large and
the value of series resistance (R;) is very small.
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Usually the value of Rg, is very large and that of
Rs is very small.

The PV module can be modeled mathematically
as given in equations below.

Module photo-current:

L = User + Ki (T — 298)] x 1000 (€]

Module’s reverse saturation current:
qV;

Ls = Iy /[exp (Nski‘;T) —1] (2)

The module saturation current:
T3 qXEp(l 1

Rt

o = lys Tr] exp [ i 7 @3)
The current output of PV module is:

Ly = Np X Ly, — N, X I [exp {%}I’””RS)} - 1] 4)

Where,

Np, = 1and Ns = 36

I,y is cell current in (A).

q is the charge of electron = 1.6x10™° (coulomb).
K is Boltzmann constant (j/K) = 1.3805x107%°.

T is operating temperature of module in Kelvin.
T, is reference temperature in Kelvin.

N, is the number of cell in parallel.

Ns is the number of cell in series.

Rs; Rsn are series and shunt resistance (ohms)
respectively.

lsc is the short circuit current (A) at reference
temperature.

V.. is the open circuit voltage (volts).

I, is the diode saturation current.

K; is temperature coefficient of short circuit
current.

A is the ideal factor of the PN junction.

w ¥V < Load

Fig. 1. PV cell modeled as diode circuit



3. REFERENCE PV MODULE

A PV module of 36 W is taken as the reference
module for simulation and comparison. The
specification of PV module is given in Table 1.

Table 1. Electrical characteristics data of
reference Photovoltaic module

Rated Power 36.75 W
Voltage at Maximum power (V,,) 1771V
Current at Maximum power ( I,) 2.07 A
Open circuit voltage ( Vo) 2117V
Short circuit current ( lse) 225A
Total number of cells in series (Ns) 36

Total number of cells in parallel (N,) 1

Series Resistance (R) 0.2210hm
Parallel Resistance (R,) 415 ohm

Note: The electrical specifications given in Table 1 are
under the standard test conditions (STC) i.e. at
irradiance of 1000 W/m? and cell temperature of 25°C

4, MAXIMUM POWER POINT TRACKING

Maximum Power Point Tracking is commonly
written as MPP tracking or MPPT. MPP tracking
is an electronic system which operates the
Photovoltaic (PV) modules to deliver maximum
capable power for all operating time. The

Isc
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physical movement of module towards the sun to
deliver maximum power comes under
mechanical tracking which is different from
MPPT techniques as this is electronic system
of tracking the maximum power by varying
the electrical parameters of the PV module
[17-20].

The output current of PV panels varies
depending on the status of the load. Fig. 2 shows
current (l)-voltage (V) and power (P)-voltage (V)
characteristics of a certain PV panel. Over a wide
range of | and V, it is very essential to find a point
that maximises the output power. The power is
calculated by the product of V and I. The point
maximising the power consequently enables for
users to extract maximum capable power from
the PV cell. The point is called the Maximum
Power Point (MPP) and the technique of finding
this point is called Maximum Power Point
Tracking (MPPT) [21-30].

The MPPT controlled PV system is shown in Fig.
3. The output of PV array is to be given to MPPT
controller from which the duty cycle generated.
This duty will be converted in the form of pulses
using PWM and then these pulses are given to
switching converter. The load is connected to the
output terminal of converter [16].

Pmax

IMp f==ssmsmsemmemmccnunnann.

P-V curve

Power

Vmp Voc

Voltage

Fig. 2. Power-voltage and current-voltage characteristics

Photovoltaic Switching
o » Load
Array Converter
MPPT
Controller

Fig. 3. Block diagram of a

MPPT controlled PV system



4.1 Perturb
Algorithm

and Observe (P&O)

The P&O algorithm for MPP tracking is the
simplest techniques among all the MPP tracking
techniques in literatures [19,25] and [28]. It is
based on the simple mathematical condition, i.e.
dP/dV = 0, where P and V are power and voltage
at output of PV module respectively.

In this algorithm a small perturbation is
introduced in the system. It causes the change in
output power of the photovoltaic module. The
perturbation introduced will be continued in the
same direction if the delivered power increases.
The perturbation will be reverse at the next
instant of maximum power point as the power
decreases after MPP. After some time the output
power of PV module reached in the steady state
and oscillate near the MPP. In order to minimise
the oscillation in power the perturbation size
should be made very small. The algorithm is
developed to set a reference voltage (Vger) of
the PV module corresponding to the maximum
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voltage (Vuax) of the PV module. A Proportional
Integral controller then moves the operating point
of the PV module to that particular voltage level.
At last it is observed that the PV system with
Perturb and Observe MPPT technique have
some power loss and also the P&O technique
fails to accurately track the maximum available
power under fast varying atmospheric conditions.
But still the P&O algorithm is very popular
because of its simplicity.

From Fig. 2, it can be seen that increase in
voltage increases power when the PV array
operates in the left of MPP and power decreases
on increasing voltage when the same is operates
in the right of MPP. The position of operating
point with respect to MPP has been summarised
in Table 2. Hence if dP/dV > 0, the perturbation
should be same and if dP/dV < 0, the
perturbation should be reversed. The process
should be repeated periodically until dP/dV = 0
(maximum  power point) reached. Flow
chart of conventional P&O algorithm is shown in
Fig. 4.

Start

Measure V (n). I (n)

Calculate dP/dV

dP/dV =0

dP/dWV =0

Fig. 4. Flow chart of conventional P&O algorithm

Table 2. Operating point with change in sign of power and voltage

Change in power Change in voltage dP/dVv Operating point
Positive Positive Positive Left of MPP
Negative Negative Positive Left of MPP
Positive Negative Negative Right of MPP
Negative Positive Negative Right of MPP




Simulink model of conventional P&O algorithm is
shown in Fig. 5. Under sudden changing
atmospheric conditions P&0O method does not
respond well as illustrated in Fig. 6. Due to small
perturbation of AV in the PV voltage V under
constant atmospheric conditions the operating
point moves from A to B. Since power decreases
to B so according to P&O algorithm the
perturbation should be reversed. And when the
power curve shifts from P4 to P, due to increase
in irradiance the operating point will change from
A to C. Now there is an increase in power so
again according to P&O algorithm the
perturbation should be kept same which results
in the divergence of operating point from
Maximum Power Point. So the P&O technique
need some change to track MPP correctly even
under rapid change in irradiance.

4.2 Improved Perturb and Observe (P&O)
Algorithm

The limitation of the Perturb & Observe algorithm
of tracking under rapidly changing irradiation is
addressed and a simple improvement is
proposed. This improved algorithm performs an
additional measurement of power in the middle of
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the MPPT
perturbation.

sampling period without any

This algorithm takes three different voltages (V,,
Vy, V) and corresponding three different current
(Ia, Iy, lc), and then obtains three different power
(Pa, Pp, Pc) by multiplying the corresponding
voltage and current. At the points A, B, C, if
insolation level get changed then according to
the location of operating point (location may be at
left of MPP, right of MPP or at MPP), the MPPT
algorithm again decide the three points A, B, C
and then the module voltage may be increased
or decreased or remains same to get maximum
power.

In this algorithm if perturbation value is taken
very high, the steady state steps will have a large
oscillation in the output power of PV module
which leads to decrease the efficiency. Also if the
perturbation value is taken very small then it will
respond very slowly to change in irradiance. It
will also reduce the efficiency of PV module. The
flow chart and Simulink model of improved
perturb and observe algorithm is shown in Figs. 7
and 8 respectively. Tracking concept of improved
P&O algorithm is illustrated in Fig. 9.

Switch1
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Fig. 5. Simulink model of conventional P&O algorithm
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Fig. 6. Divergence of P&0O from MPP
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Fig. 10. Boost converter circuit

5. BOOST CONVERTER

Boost converter is basically used to deliver
higher output than that of input. In the proposed
method of MPP tracking technique, a boost
converter (DC to DC) is chosen to vary the
electrical parameters of PV module to get
maximum available power for all operating time
[4]. Boost converter circuit is shown in Fig. 10. It
delivers the higher output than the given input as
per the following formula:

Vin

1o )

Vour =

Here, D is the duty cycle of the boost converter.
This duty cycle (D) is being controlled by the
output of PWM which is controlled by the MPPT
algorithm.

The duty cycle of this DC-DC converter is
controlled in compliance with the varying solar
irradiation by using a MPP tracking algorithm. In
this paper the modified Perturbation and
Observation method is being used to precisely
track the maximum power point with minimum
possible oscillations at the time of rapid change
in irradiance.

6. SIMULATION RESULTS

The behaviour of power generation from PV
system on rapid change in irradiance has been
discussed in this section. Corresponding the time
of tracking (tracking speed) of maximum power
has also been discussed. An irradiation pattern is
taken for rapid change in irradiation for both
(conventional and improved perturb and observe)
technique. The irradiation pattern is given in
Table 3.

Table 3. Irradiation pattern for rapid change

Irradiation (W/m?) Time range (sec)

700 0.00-0.73
1000 0.73 -1.11
700 1.11-1.50
1200 1.50 - 1.87
800 1.87 -2.18
1000 2.18-2.63
400 2.63 —2.80

6.1 PV System with Conventional P&O
Algorithm

Power curve of PV module with conventional
P&O algorithm at rapid change in irradiance is
shown in Fig. 11. At starting the irradiation is 700
W/m? for 0.00 to 0.73 sec. After 0.73 sec
irradiation is 1000 W/m® Here at the time of
change in irradiation, a large oscillation can be
seen in power curve. Similarly, on every sudden
change in irradiation, a large oscillation occurs till
the steady state reached.

Range of variation in power on sudden change in
irradiation and range of time to settle the
oscillation is given in Table 4.

6.2 PV System with
Algorithm

Improved P&O

Power curve of PV module with improved P&O
algorithm at rapid change in irradiance is shown
in Fig. 12. At starting the irradiation is 700 W/m?
for 0.00 to 0.73 sec. After 0.73 sec irradiation is
1000 W/m®. Here at the time of change in
irradiation, a large oscillation can be seen in
power curve. Similarly, on every sudden change
in irradiation, a small oscillation occurs till the
steady state reached.
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Power curve at different irradiation
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Fig. 11. Power curve on rapid change in irradiation with conventional P&O algorithm

Table 4. Oscillation in power and time taken to settle for conventional P&O algorithm

Change in Irradiation (W/m?)

Range of variation

in Power (W) Range of time (sec) to settle

700 — 1000
1000 — 700
700 — 1200
1200 — 800
800 — 1000
1000 — 400

20.71-35.47
22.28 - 23.91
32.34 -43.34
24.65 - 27.58
26.37 - 35.50
10.32-12.74

0.732-0.787
1.131-1.182
1.498 - 1.559
1.875-1.940
2177 -2.292
2.625-2.765

Power curve at different irradiation

g T — - —— | ——— i wari — T T
ZE] w1l x 1.531e+004
Y: 4439 14905008 Y443
0r- X 7576 AECHE TR X 224884004 =
.
¥:35.08 Imemum
3B ® 11000 Wim2 7
20 $ 02“5 X 1.872e+004
E— 12843 -
X 1.118e+004 { - — - — - — - — - — - L e ——————
Y2623
N
700 W/m2 TEEE a | 700 Wm2 I'"'.“
z % iy s wﬁwmmmmm f’ 12691 384004 —
] é iiz; K 1.1568+004
H ¥:23.85
o —
X: 265264004
¥:1383 v 400 Wim2 | _|
i
X 268784004
Y1265 —
5 —
0 ! ! ! ! !
0 05 1 15 2 25 3

Fig. 12. Power curve on

Time (s

)

rapid change in irradiation with improved P&O algorithm



Range of variation in power on sudden change in
irradiation and range of time to settle the
oscillation is given in Table 5.

The comparison of dynamic response of both
techniques is given in Table 6.

M. Killi and S. Samanta, reported the time to
track the peak due to change in power level is
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0.08 sec with adaptive conventional P&O and
0.05 sec with adaptive drift free modified P&O
due to change in isolation from 270 W/m? to 480
W/m?® (shown in Fig. 13) [31]. C. Hua and Y.
Chen, also reported the time 0.05 sec to track
the peak due to change in power level (shown in
circle in Fig. 14) [32].

Table 5. Oscillation in power and time taken to settle for improved P&O algorithm

Change in Irradiation (W/m?) Range of variation in Power (W)

Range of time (sec) to settle

700 — 1000 34.26 - 36.91
1000 - 700 24.22 - 25.81
700 - 1200 42.06 - 44.30
1200 - 800 25.70-27.76
800 — 1000 35.09 - 36.90
1000 — 400 12.65 - 13.93

0.735-0.758
1.118 - 1.157
1.488 - 1.531
1.879-1.929
2.237 - 2.246
2.652 - 2.697

Table 6. Summary of oscillations and settling time of power for both conventional and
improved P&O algorithm

Conventional P&O algorithm

Improved P&O algorithm

Change in Irradiation

(W/m°) AP (W) AT (s) AP (W) AT (s)
700 — 1000 5.76 0.055 2.65 0.023
1000 - 700 1.63 0.051 1.59 0.039
700 - 1200 11.00 0.061 2.24 0.043
1200 - 800 2.93 0.065 2.06 0.050
800 — 1000 9.13 0.115 1.81 0.009
1000 — 400 242 0.140 1.28 0.045
14
— — — Adaptive conventional P&C

= 12 Adaptive drift free modified P& __-_ u B N

a:_}' b Lo R = k. 2 e, ]
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Fig. 13. Adaptive technique for conventional and drift-free modified P&0O MPPT for one time
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7. CONCLUSION

The range of variation in power on a sudden
change in irradiation and range of time to settle
the oscillation in case of conventional and
improved P&O technique is given in Tables 4
and 5 respectively. Summary of comparison of
dynamic response for both techniques is given in
Table 6. From Table 6, it can be seen that the
improved P&O algorithm have small oscillation
on a sudden change in irradiation and take less
time to settle the oscillations in power than
conventional P&O algorithm. The simulation
results are obtained for 0 to 2.80 sec at six time
sudden change in irradiation. Average power
output of PV module recorded in case of
conventional P&O is 27.88 W and the same in
case of improved P&O is 28.86 W.

Hence, it can be concluded from the results that
the improved P&O technique of maximum power
point tracking of PV module in case of sudden
change in irradiation responds much better than
conventional P&O technique.

8. FUTURE WORK

The proposed modified technique can be
implemented on hardware and tested for online
photovoltaic generation systems. It can also be
extended like the proposed technique can also
be added with the algorithms to reduce the
partial shading effects. Also, the performance of
proposed technique can be extended by
improving the converter topologies.
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