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Implementation of Perturb & Observe and INC MPPT of
PV system with Direct Control method using Buck and
Boost Converter
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Abstract— This paper highlights tracking maximum
power points using perturb and observe and incremental
conductance methods. MPPT techniques are the most
important part of extracting the maximum power from a
PV system. In this study, a DC-DC conversion system using
a buck and boost converter has been designed for a 5Kw
PV system. The MPPT controller communicates tracking
data (current, voltage, duty cycle and power at each
algorithm step). The controllers are simulated using
MATLAB/Simulink.

Index Terms- Photovoltaic, MPPT Techniques, DC-DC
Converter.

I INTRODUCTION

Solar energy is the most important source of
renewable energy sources. The main application of
photovoltaic systems is in either stand-alone (water
pumps, domestic and streetlights, electric vehicle and
space applications) or grid-connected configuration
(hybrid systems, power plants) [1-5].

Unfortunately, PV generation systems have two major
problems. The conversion efficiency in electric power
is low (generally less than 17%, especially under low
irradiation conditions) and the amount of electric
power generated by solar arrays changes continuously
with weather conditions [6-9].

Moreover, the solar cell V-1 characteristics are non-
linear and change with irradiation and temperature. In
general, there is a unique point on the V-l or V-P curve
called the maximum power point at which the entire
PV system (array, inverter etc.) operates with
maximum efficiency and produces its maximum
output power [10-13]. The location of MPP is not
known but can be located either through calculation
models or by search algorithm. MPPT techniques are
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used to maintain the PV array operating point at its
MPP.

Many MPPT techniques have been proposed in the
literature. Examples are the Perturb and Observe
method, the Incremental Conductance method, the
Artificial Neural Network Method, the Fuzzy Logic
method etc. The P&O and Inc. techniques are the most
widely used [14].
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Figl: PV module and DC-DC Converter with MPPT

Among the various MPPT techniques, P&O and Inc.
are the most efficient and widely employed algorithms
in PV systems. However, these algorithms require
both voltage and current sensors, which results in more
implementation costs. The voltage can be Easily
censored by a resistive potential divider circuit, but
current sensing is difficult, and it has some elements
like the presence of undesired signals (i.e., noise) in
response, and power loss. Hence an MPPT method by
sensing PV module voltage is a good choice for
minimizing the power loss and price reduction. MPPT
control algorithm can be implemented by using direct
duty cycle control or closed-loop control
(voltage/current reference). The conventional MPPT
methods with direct duty cycle control are generally
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implemented by considering a fixed perturbation in
duty cycle (AD) based on the desired tracking system.

Il. PV ARRAY MODELING

The PV array block is a five-parameter model using a
current source IL (light-generated current), diode
current (10), series resistance Rs, and shunt resistance
Rsh to represent the irradiance- and temperature-
dependent I-V characteristics of the modules.
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Figure 2: Single diode equivalent circuit of a Solar
Cell
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The diode |-V characteristics for a single module are
defined by the equations

Va
I; =1, |exp A -1
T

T
V= FX n; X Ncell

Where,

lg = diode current (A)

\& = diode voltage (V)

lo = diode saturation current (A)

n = diode ideality factor, a number close to 1.0
k = Boltzmann constant = 1.3806e-23 J.K-1

q = electron charge = 1.6022e-19 C

T = cell temperature (K)

Ncell = number of cells connected in series in a
module

Ill.  SOLAR PV MODULE

A solar PV module is a collection of solar cells,
connected in series. These combinations of solar cells
provide higher power than a single solar cell. The PV
modules are available in the power ratings range from
3 watts to 300 watts.

The parameters of the solar PV modules (Voc, ISC,
Wp), mentioned by the manufacturer are measured
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under some standard conditions of temperature 25
degrees Celsius and solar radiations 1000 (W/m2).
These test conditions are known as standard test
conditions (STC)

The most important parameter of a PV module is its
peak output power. The solar PV modules are rated in
terms of the peak power (Wp) output. It is the most
important parameter from a user's point of view. The
Wp is specified by the manufacturer under so-called
standard test conditions (STC). The model rating
under STC is widely accepted by the manufacturers
and the users.

A PV model is made up of many cells connected, and
the electrical behaviour of PV modules is similar to PV
cells. Therefore, the PV module parameters are also
similar to solar cell parameters, which include open
circuit voltage(Voc), short circuit current (Isc),
maximum PowerPoint (Pm), voltage at maximum
PowerPoint (Vm), current  at maximum
PowerPoint(Im), fill factor (FF) and efficiency of the
cells. A solar cell PV module also has the same set of
parameters most of the time all the above parameters
are mentioned in the datasheet of the model supplied
by the manufacturer.

Maximum Power (W): For TSMC solar TS-110
Power obtained at maximum power point (Vmp, Imp).
Pmax is computed as Pmax = Vimp X Imp. The default
value is 109.871 W.

Cells per module (Ncen)
Number of cells per module.

Open circuit voltage Vo (V)
Voltage is obtained when array terminals are left open.

Short-circuit current lsc (A)
Current obtained when array terminals are short-

circuited.

Voltage at maximum power point Vi (V)
The voltage at the maximum power point.

Current at maximum power point Imp (A)
Current at maximum power point.

Temperature coefficient of V. (%/deg.C)
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Defines variation of V. as a function of temperature.
The open-circuit voltage at temperature T is obtained
as

Voer = Voc (1 + beta_Vo(T-25)),

where Vcis the open-circuit voltage at 25 degrees
C, Vo is the open-circuit voltage at temperature T (in
degrees C), beta_Vc is the temperature coefficient (in
%J/degrees C), and T is the temperature in degrees C.
Temperature coefficient of Is. (%/deg.C)

Defines variation of Is; as a function of temperature.
The short-circuit current at temperature T is obtained
as

lser = Isc (1 + alpha_ls(T-25)),

where Is is the short-circuit current at 25 degrees
C, lser is the short-circuit current at temperature T (in
degrees C), alpha_ls is the temperature coefficient (in
%/ degrees C) and T is the temperature in degrees C.
The default value is 0.1 %/deg. C

IV. DC-DC CONVERTERS

To implement MPPT, a PV array is operated in
configuration with a DC-DC converter. DC-DC
converter is the heart of the MPPT hardware. It
interfaces the PV source and the DC-AC inverter. The
converter must be carefully chosen as the efficiency of
the entire system depends on the performance of the
converter. Among all the available converter
topologies, boost converter topology is most
commonly used for MPPT applications. This is
because the current drawn by the boost converter from
the PV module contains less harmonic distortion as
compared to other converters. Also, the PV voltage
can be stepped up for grid-connected systems.

V. BUCK CONVERTER
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Buck Converter

Figure 3: Buck Converter

DC to DC buck converter is a converter in which DC
voltages are stepped down to the desired level by high-
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frequency switching of semiconductor switches such
as MOSFET or IGBTs. This type of converter is also
called a step-down converter. If we talk about
regulated supply, then it is not so difficult on the AC
side but on the DC side it is so much difficult, and this
is only possible with high-frequency switching of
semiconductor switches. This type of converter is
mainly used in switch mode power supplies and DC
motor control systems.

The MPPT controller determines the maximum power
point according to the irradiation level and
temperature after measuring the voltage and current of
the PV. The controller generates the pulse width
modulation (PWM) switching signal to control the PV
system to operate at its maximum power.

Equation demonstrates the mathematical relations
between PV’s voltage Vs, load voltage Vo, and duty
cycle D. To achieve the accurate Vs at the maximum
power, a tracking system is necessary.

The relation between the output and input voltage of
the converter is as follows.
V, =D XV
Or

D=

BSIES

Inductance (L) and Capacitance (C) are calculated
from the formula given by:

(1-D)R
Lmin :T
L= 125 Lmin
_1-D
- Ao £2
oL ()

Where,

Vs = PV voltage,

Vo, = Output voltage,

f = Switching frequency,
AVl Vo= Ripple voltage

VI. BOOST CONVERTER

A step-up converter is necessary to increase the level
of the PV voltage. The DC-DC converter can be
employed as a switching mode regulator used for
modifying uncontrolled DC voltage to a controlled DC
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output voltage. At fixed frequency controlling is
normally accomplished by PWM and the switching
device. In general, the DC-DC converter for the PV
system is used in conjunction with the MPPT
controller to control the input voltage and current from
the PV to reach its maximum power point.

The boost converter operates in two modes. During
Mode | when the switch is closed, the current rises

gradually through the inductor and the diode D is off
during this interval.

Inductor
4 Diode

3
C-D Voltage Switching : Capacitor
Source 2 I || é Device —
1

Fig 4: Boost Converter

During Mode Il when the switch is opened, the current
flows through the inductor, diode, capacitor, and load.
The switch has a duty ratio of D which is defined as

_ o _tom

ton ttogr T
The MPPT controller determines the maximum power
point according to the irradiation level and
temperature after measuring the voltage and current of
the PV. The controller generates the pulse width
modulation (PWM) switching signal to control the PV
system to operate at its maximum power.

Equation demonstrates the mathematical relations
between PV’s voltage Vs, load voltage Vo, and duty
cycle D. To achieve the accurate Vs at the maximum
power, a tracking system is necessary.

The relation between the output and input voltage of
the converter is as follows.

Vs
%_1—0
Or
17/
D=1--
Vs
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Inductance (L) and Capacitance (C) are calculated
from the formula given by:

D(1 - D)?R

Lmin ZT

L=125L;,C b
- 4 min ZT
RGOS

Where,

Vs = PV voltage,

V, = Output voltage,

f = Switching frequency,
AVl Vo, = Ripple voltage

The inductance and capacitance are calculated to
maintain the inductor current ripple and capacitor
voltage ripple values within 10% and 5% respectively.
The boost converter is designed to operate at a
switching frequency of 50kHz. The switching of the
DC-DC is regulated by using different MPPT
techniques. The most widely used maximum power
point tracking method is the Perturb and Observe
(P&O) or hill climbing method which has been
considered in this work.

VII.  MAXIMUM POWER POINT TRACKING

Maximum PowerPoint Tracking (MPPT) techniques
are very significant, as one can improve the efficiency
of the PV model through them. There are many
methods of MPPT, such as Perturbation and
Observation (P&O), the incremental conductance, the
Fractional Open-Circuit Voltage, the Fractional Short-
Circuit Current, the fuzzy logic control and the Ripple
Correlation Control. All the above vary in complexity,
cost, popularity, convergence speed, hardware
requirements and efficiency levels. In this section, we
examine the Perturbation and Observation (P&O) and
Incremental Conductance algorithms.

VIIl. PERTURB AND OBSERVE ALGORITHM.

The perturb and Observation algorithm, also known as
the hill climbing method, is one of the most used
methods due to its ease of implementation. The slope
of the curve is zero at the maximum power point
(MPP), positive on the left side of the MPP (increasing
power region) and negative on the right side of the
MPP (decreasing power region). Therefore, the
algorithm is repeated and oscillated until the MPP is
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reached. The oscillation can be minimized by reducing
the step size of the perturbation, but this slows down
the process of reaching the MPPT.

The control variable of the P&O algorithm is the Duty
cycle (D). The algorithm aims to extract maximum
power in the solar panel by varying the duty cycle in
step size until the optimal operating point is reached.
To do this, three possible actions can be performed,;
either D stays the same, D is increased, or D is
reduced. A ‘Switch’ block is used to implement the
required ‘if> cases. First, the algorithm checks if AP >
0. Then it checks if AV > 0. If the algorithm detects
that the operating voltage is lower than VMPP, it
adjusts the duty cycle by adding a fixed value AD to
get a higher voltage. It keeps adjusting until the
condition is no longer true and the operating voltage is
higher than VM PP it subtracts AD from the duty cycle.
In the conventional P&O MPPT developed, the step
size AD is fixed for all input voltages. These changes
are then applied to the PWM Generator which controls
the switching of the converter. The fixed step size is
set as 0.01.

Decrement Duty Ratio ” increment Duty Ratio | I Increment Duty Ratia || Decrement Duty Ratic

Fig5: Flowchart of P&O algorithm
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IX. INCREMENTAL CONDUCTANCE
ALGORITHM

The time complexity of the perturb & observe
algorithm is much less but on reaching very close to
the MPP it does not stop at the MPP and keeps on
perturbing in both directions. When this happens the
algorithm has reached very close to the MPP and we
can set an appropriate error limit or use a wait function
which ends up increasing the time complexity of the
algorithm. [5] However, the method does not consider
the rapid change of irradiation level (due to which
MPPT changes) and considers it as a change in MPP
due to perturbation and ends up calculating the wrong
MPPT.

dv'= Wikl - Wik-1),

di= Kk} - 1]

Figure 6: Flowchart of the implemented P&O
algorithm

The disadvantage of the perturb and observe method
to track the peak power under fast varying atmospheric
conditions is overcome by the INC method. The INC
can determine that the MPPT has reached the MPP and
stop perturbing the operating point. If this condition is
not met, the direction in which the MPPT operating
point must be perturbed can be calculated using the
relationship between dl/dV and —I/V This relationship
is derived from the fact that dP/dV is negative when
the MPPT is to the right of the MPP and positive when
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it is to the left of the MPP. This algorithm has
advantages over P&O in that it can determine when
the MPPT has reached the MPP, where P&O oscillates
around the MPP. Also, incremental conductance can
track rapidly increasing and decreasing irradiance
conditions with higher accuracy than P and O.

X. DESIGN OF CONVERTERS FOR 5KW

Solar panel: TSMC Solar TS-110C

Neen: 100

Voc: 51.6 V

Vm:39.1V

lsc: 3.36 A

Im: 2.81 A

MPP: 109.871 W

(i)Buck converter

5 kW solar panel

The total number of modules used is 48 (8 series and
parallel) Therefore, total power = 5.273 kW
Input and output parameters

Vin =372V

In=7.5A

V, = 230V

A Vo/V,=0.005

f=10 kHz

Duty cycle

D= VV—‘; = % =0.618
Inductor Design
Let R=10 Q

(1-D)R
Lmin > T

(1-10.6182) x 10

 2x10000
=1.909 x 107*H
L=125Ln
=1.25 % 1.909 x 10~*
=2.375%x 107*H

Capacitor Design

_1-D
- AV,
8L (W)fz
B 1-0.6182
" 8% 2.375x 10~* x 0.005 x 100002
=4x107%C

(i) Boost converter
Five kKW solar panel
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The total number of modules used is 46 (2 series and
23 parallel)
Therefore, total power = 5.054 kW

Input and output parameters
Vin=90V

In=35.37A

Vo =230V
A Vo/V=0.005
f=10 kHz

Duty cycle

D=1-1mn

Vo

=1 90—06086
B 230

Inductor Design
Let R=10 Q

D(1—D)?R
Lopin > T
_0.6086(1 — 0.6086)% x 10
a 2 X 10000
= 4.6617 x 10~5H
L = 1.25Lppin
= 1.25 X 4.6617 x 10~°H
=5.8271 x 107°H

Capacitor Design
D
AV,
R (V—o)f
B 0.6086
~ 10 x 0.005 x 10000
=1.2172 x 103C

C =

Xl.  OUTPUTS

The simulation is run for one simulation time for a
5kW solar array with the above-mentioned design
values of buck converter without MPPT, with P&O,
and INC algorithm and output is observed.

PV output with a buck converter

Simulation Diagram

Without MPPT
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Figure 7: Simulation diagram of PV system with
Buck converter without MPPT

With P&O Algorithm

= {..J' - A <=
Figure 8: Simulation diagram of PV system with
Buck converter with P&O Algorithm

5kwW
Without MPPT

vDC

Figure 10: Voltage output of the Buck converter
without MPPT

With P&O Algorithm

oof

vocl]

Figure 11: Voltage output of the Buck converter with
P&O Algorithm

With INC Algorithm
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vDC

Figure 12: Voltage output of the Buck converter with
Inc. Algorithm

Table: Output comparison of 5kW PV array with Buck
converter without MPPT, with P&O, and with INC
Algorithms (Insolation: 1000W/m2, Temperature:
25%)

Vv | lpv Vo lo () | Power
MIA [V (kW)

Without | 392 [ 5.8 | 212.2 | 10.61 | 2.252
MPPT

P&O 392 | 5.8 | 233.7 | 11.69 | 2.732
Algorithm
InC 378 | 9.14 | 223.6 | 11.18 | 2.5
Algorithm

PV output with boost converter

i.Simulation Diagram

a) Without MPPT
r‘
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Figure 13: Simulation diagram of PV system with
Boost converter without MPPT

b) With P&O Algorithm
=]

> e
Figurel4: Simulation diagram of PV system with
Boost converter with P&O Algorithm

c) With INC Algorithm
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Boost converter with Inc. Algorithm

ii.5kwW
a) Without MPPT

T T T T T T T T
vDC
200 =

Figure 16: Voltage output of the Boost converter
without MPPT

b) With P&O Algorithm

vDC
T

250

T =
—/DC

Figurel7: Voltage output of the Boost converter with
P&O Algorithm

c) With INC Algorithm

vDC
250 T

T =
VDG

Figurel8: Voltage output of the Boost converter with
Inc. Algorithm

Table: Output comparison of 5kW PV array with
Boost converter without MPPT, with P&O, and with
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Inc. Algorithms (Insolation: 12000W/m?, Temperature:

25%)
Vv | lov Vo lo (1) Power
M 1A 1V (kw)
Without MPPT 92 34 203 | 135 2.741
P&O Algorithm | 81 51 229 | 15.27 | 3.495
InC Algorithm 80 51 229 | 15.26 | 3.494
CONCLUSION

From the simulation result, it is observed that there is
an increment in the power obtained when both P&O
and INC MPPT are applied, but output using INC
MPPT is partially better than P&O. Above results are
obtained for standard test conditions of isolation
1000w/m? and temperature of 25-degree centigrade.
By increasing in insolation level, we will be able to
achieve higher output. The above design and analysis
will be done for the Buck-Boost Converter with higher
insolation.
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