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Abstract: In this paper maximum power point of solar PV
system is identified recursively using an adaptive maximum
power point tracking (MPPT) method for improved dynamic
performance. This adaptive controller modifies the behaviour of
the system using certainty equivalence principle to maintain the
load voltage as constant irrespective of the variation in solar
insolation conditions. It also enhances the tracking speed of
maximum power point by directly adjusting the duty cycle of the
DC-DC converter based upon the system output voltage. Math
Work Simulink environment is used for evaluating the
performance of the entire system. The simulated results indicate
enhanced dynamic performance with improved voltage gain.
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LINTRODUCTION

Renewable energy resources gain their importance due to
enormous power consumption and exhaustion of fossil fuel.
Among several energy resources, the photovoltaic energy
provides the solution for energy crisis and provides a
sustainable environment. Energy provided by the sun in one
hour is equal to the amount of energy required by the human in
one year. The problems caused while harnessing solar energy
using PV modules are varying due to changing environmental
conditions such as varying insolation and temperature. Due to
the non-linear characteristics of PV module, the changes caused
by the varying insolation strictly affect the efficiency and
output power of the PV modules. The PV module operating
characteristics highly depend upon uncontrollable temperature
& sun irradiation- as sun radiation varies throughout the day,
the operating point of the module also varies throughout the
day.

The optimum maximum operating point varies with the varying
insolation and cell temperature, hence it is always necessary to
track the maximum power point (MPP) of a PV array. The
Maximum Power Point Tracking (MPPT) system consists of a
power converter and controller circuit to maintain MPP. There
are several methods for MPPT which vary in convergence
speed, cost, and implementation complexity such as Perturb and
Observe method (P&O) and Incremental Conductance (IC)

method. P&O method is highly preferred because of its
simplicity. P&O is the perturbation of operating voltage of PV
array. However, P&0O method cannot compare the array
terminal voltage with the actual MPP voltage, since the change
in power is due to perturbation of array terminal voltage [1].
Due to rapid fluctuation of weather conditions, P&O method
loses its direction while tracking its optimal MPP [5] and takes
more time to reach MPP [4]. Conversely Incremental
Conductance method overrides the aforementioned problem,
since array terminal voltage is always adjusted with MPP
voltage [1] and it has higher gain and accuracy than P&O
method [4]. However, IC method eliminates the fluctuation
around MPP, it also has some drawbacks such as increased
complexity and increased computational time. There are some
MPPT such as fuzzy logic control and neural network algorithm
methods which have to be specially designed and offer high
accuracy. Though these methods provide good performance
under varying atmospheric conditions, they require large
amount of storage data and extensive computation along with
the intense knowledge of the system [1-3].

The recursive identification of MPP using adaptive controller is
proposed in this paper. This controller overrides the
aforementioned problem and well suits for solving non-linear
characteristics of solar PV system. In this method the array
terminal voltage is always adjusted with optimal MPP voltage.
It offers high accuracy under varying climatic conditions with
simple implementation and reduced computational complexity.

The main objective of this paper is to improve the dynamic
characteristics and to steadily track the MPP under varying
insolation conditions. The feasibility of the proposed system is
achieved by employing the Cuk Converter as the integral part of
MPPT controller. In accordance with the adaptive controller,
the pulse width modulation (PWM) signals are generated to
control the duty cycle of the converter.

I.MATHEMATICAL MODELLING OF APV CELL

The basic structural unit of a solar module is the PV cell. A
solar cell converts energy in the photons of sunlight into
electricity by means of the photoelectric phenomenon. The
equivalent circuit model of a solar cell is shown in Fig. 1. It is
modelled using a current source, a diode and two resistors. The



diode is connected in parallel to current source; the photon
energy incident on the PV cell generates current. The current
source (I.) is proportional to the amount of energy incident on
PV cell.

L(4 Ra v

Fig.1. Equivalent Circuit Model of a Solar Cell
The I-V characteristics of the equivalent solar cell model can be
determined by the equations (1) to (3). The current through
diode is given by:

o = I [exp(a(v + IR, )/KT) —1] &)
While, the solar cell output current is given by:

I=1, -1y -1, @
And,

=1, -1 [exp(@(V+ IR )/KT) -1]- (V + IR,)IR,,
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Where,

I..=CT 3 [exp(-Egap / KT)] (4)
L= Dy e o140l T T ) ©)
Where:

I: Solar cell current (A)

I: Light generated current (A)

Io: Current across Diode (A)

Isai: Diode saturation current (A)

q: Electron charge (1.6x107° C)

C: Temperature Coefficient (°C)

a: Current Coefficient (°C)

Egap: Band gap of semiconductor material (J)

K: Boltzmann constant (1.38x102% J/K)

T: Cell temperature (°C)

Tac : Cell temperature under standard testing conditions (25 °C)
G: Irradiation level (W/m?)

Gste:  Irradiation level under standard testing conditions
(1000W/m?)

V: Solar cell output voltage (V)

Rs: Solar cell series resistance (Q)

Rsn: Solar cell shunt resistance ()

Isn. Current flowing through shunt resistance.

The electrical specifications are listed in Table I.

TABLE |

ELECTRICAL SPECIFICATIONS OF SOLAR PV SYSTEM

Short Circuit Current (Isc) 5.45A
Open Circuit Voltage (Voc) 22.2V
Voltage at Pmax (Vmpp) 17.2v
Current at Pmax(Impp) 4.95A
Maximum Power (Pmax) 85W

The resultant curves for varying insolation are shown in Fig. 2.

100
1000W/m2
80 8
=) '
5
2
a0} .
20¢ .
0= :
0 5 10 15 20 25
PV Voltage(V)
@
6
1000W/m?
5 L .
BO0W/m?
_4r .
= 600W/m
2 ]
o
a 400W/m?
2F .
. 200W/m?
| R

0 5 10 15 20 25
PV Voltage{V)
(b)
Fig.2. Characteristic Curve of Solar PV Cell for varying
Insolation Condition
(a)P-V Characteristics of a Solar Cell
(b) 1-V Characteristics of a Solar Cell

I1I.MODELLING OF CUK CONVERTER

It is always necessary to select a highly efficient power
converter which offers high voltage gain with low duty cycle,
which is supposed to operate as the main part of the MPPT [9].
A Cuk converter is a single-switch converter, which consists of
a cascade of a boost converter followed by a buck converter.



The Cuk converter combines the desirable input properties of
boost converter and desirable output properties of buck
converter and performs general conversion function (increase or
decrease of input voltage) of a conventional buck-boost
converter with highest efficiency where the conversion ratio M
=Vo/Vi varies with the duty ratio D of the switch. The basic
schematic of cuk converter and its operation is shown in Fig. 3
& Fig.4 (a) & (b).

1 C1 i
— -
B N R | S
Mool ay- 12
L= s ]
va GBT F Qo DI €2 "7 3 R
1]

Fig.3. Circuit Diagram of Cuk Converter

The Cuk converter operates in two modes with respect to the
inductor current. During mode 1 the switch Q1is turned on, the
current flows through the inductor L1 and the diode D1 is
reverse biased due to polarity reversal of capacitor C1.During
mode 2 the switch Q1 is turned off, the capacitor C1 will charge
from the input supply and the energy stored in the inductor L2
is transferred to the load [15].

When the switch is turned on,
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Fig.4 (a) Operation of Cuk converter when switch is on
When the switch is turned off,
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Fig.4 (b) Operation of Cuk converter when switch is off
From the above equations, the average output voltage of the
converter is given by,

-D
V, = \Y% 10
0 (l—D) g (10)

The average input current is given by,

| —(L)I (11)
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The peak to peak ripple current of inductor L1 is given by,

DV
Al , =—2 12
SR (12)

Where f is the switching frequency of the converter.
The peak to peak ripple current of inductor L2 is given by,
DV,

Al =—2 13
2= (13)

The main advantage of using Cuk converter is the continuous
current at both the input and output of the converter due to the
presence of inductor both at the input and the output terminals.
Due to the capacitor energy transfer mechanism, it ensures good
efficiency with reduced ripples.

IV.ADAPTIVE MPPT CONTROLLER FOR MPP

IDENTIFICATION

The proposed adaptive MPPT controller mainly aims to solve
the MPPT controller design at every instance of time since it
mainly depends upon the varying insolation condition. If PV
array feeds a load, the intersection of load characteristics and
the I-V curve of the PV array curve cannot always occur in
MPP, so, power lower than the maximum power is only
delivered to load. Hence, to draw maximum power from solar
PV system, it is necessary to move the load trajectory correlated
with MPP trajectoryasatoa’,btob’ ... and e to e’ as shown in
Fig 5.
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Fig.5. MPP Characteristics of a PV Cell

The MPPT controller design mainly involves the tuning of
controller parameters efficiently and quickly for a PV system
which has non-linear dynamic characteristics. In proposed
method, the parameter tuning algorithm will recursively



identify the MPP with adjustable parameters and modify its
behaviour. It adapts to changes in the real time varying
insolation condition to achieve high quality of feedback control.
Recursive Identification of MPP mainly involves the principle
of certainty equivalence [19], according to which control
parameter duty cycle (k) is estimated for all instants of varying
insolation conditions to produce the desired control output
(k’=k(n-1)) for n™" iteration.
A. Design of Adaptive MPPT controller

In this method, adaptive perturbation of step size has been
proposed to obtain the control signal at MPP using parameter
estimation method to adjust the array terminal voltage with the
optimal MPP voltage. The PV output voltage (Vpv) and output
current (Ipv) are given as an input to the MPPT algorithm and it
generates the Vs voltage. This V. is the operating point of PV
panel coincides with MPP of PV panel. The parameter
estimation block apprehends the output of PV panel and
varying insolation condition, accordingly updates the controller
output (k’). It is mainly considered for analysing the
performance of non-linear behaviour of the system [16]. The
varying insolation condition and their corresponding operating
points of current and voltage are taken as the regulating
parameters to maintain the consistent operating MPP to
improve the dynamic performance of the system.
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Fig.6. Functional Block Diagram of Adaptive MPPT controller

The objective function of the controller is to maintain the point
at which maximum power is obtained from solar PV system as
given by,
dPpv
dvpv
The simplified flowchart of this method is shown in Fig.7.
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Fig.7. Flowchart for Adaptive MPPT Controller

The power obtained from solar PV system is,
Ppv = Vpv = [pv

(15)
From equations (14) & (15),
Ipv+V dlpv 0
pv pv =
dVpv (16)

The dynamic resistance (Rpv) of solar PV system is given by,

Vpv
Rpv = —£~

Ipv 17
From equations (16) & (17),

dVpv
Rpv = — P
From equations (16) & (18),
dlpv Vpv
Ipv +V =Ipy ———
pY L dVp BY Bpv
(19)

Due to varying insolation conditions, equation (16) is not
possible for all atmospheric conditions and always results in
tracking error (e).

From equation  (19),



dlpv Vpv

Ipw+Vpyr——=Ipv———=¢
P avpy TP Rpv

(20)
Where e is the tracking error of solar PV system.
On simplifying equation (20),
Ipv*Rpv—Vpv=e=Rpv=2¢'

(21)
At MPP, assume e¢’=0 and it satisfies,
Vpv = Vmpp 22)

And, again from Equation (15) to (22) are recursively repeated
to identify MPP to operate the system at a consistent operating
point.

V.SIMULATION RESULTS

The Simulation of solar PV system provides high reliability,
continuous monitoring of Solar insolation variation and
generates the control signal for Cuk Converter using MPPT
algorithm based upon the Solar PV output for improved
Voltage gain with reduced ripples. The Simulation for Cuk
Converters in Solar PV System using adaptive MPPT
Controller is shown in Fig.8.
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Fig.8. Simulation Diagram of SPV system with Cuk Converter
using Adaptive MPPT Controller

The Solar PV system using cuk converter is simulated for the
varying solar irradiations. Here the power is maintained at its
maximum value using the MPPT controller. The maximum

power obtained for varying insolation conditions are shown in
Fig.9.

Fig.9. MPP for varying Insolation Condition

From Fig.10, it is clear that the MPP is reached faster in
proposed MPPT method rather than IC method. Thus, in the
proposed method by minimizing the MPP tracking error the
convergence speed is increased. Under varying insolation
conditions, the transition of system from 800 W/m? to 500
W/m? possess certain tracking error in obtaining the MPP,
proposed MPPT system reaches its MPP in 10s ahead of IC
method which is denoted as ‘e’. It is always necessary to
operate a system with reduced ripple content for increased
efficiency. Fig.11 to Fig. 15 show the PV system voltage Ripple
(AVpv), Converter Output Voltage (Vo), Converter Input
Current (lo) and their Ripple (AVo & Alo).From the results, it is
observed that the PV system voltage ripple (AVpv) is reduced
by 1.7021V in proposed MPPT method.
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Fig.10. PV output Power (Ppv) of proposed and existing MPPT
method



PV output Voltage (vpv)
i

(b)
Fig.11. Projected view of PV voltage ripple (AVpv)
(a) Existing method (b) Proposed method
Fig.12. shows the converter output voltage (Vo) for existing
and proposed MPPT method and also the transition occurring
when insolation varies from 800 W/m?to 500 W/m? and Fig.13.
shows projected view of converter output voltage ripple.

From Fig.13, the ripple content (AVo) of proposed method
is reduced to 0.17V where as it is 3.139V in case of existing
method.
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Fig.13. Projected view of Converter output voltage ripple (AVo)
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Fig.14. and Fig.15. show the converter input current (lin) for
existing and proposed MPPT method and its projected view
for ripple respectively.
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Fig.12. Converter Output Voltage (Vo)
(a) Existing method (b) Proposed method
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Fig.14. Converter Input Current (lin)
(b) Existing method (b) Proposed method
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Fig.15.Converter Input Current Ripple (Alin)
(a) Existing method (b) Proposed method
From Fig.15, the ripple content (Alin) of proposed method is
reduced to 0.0314A compared to 0.3193A in existing method.

V1. EXPERIMENTAL RESULTS

The experimental setup is constructed according to the
simulation specification. The PIC controller PIC 16F877A from
microchip is used to implement the control algorithm to
generate the duty cycle for Cuk converter. The experimental
setup for the proposed PV system is shown in Fig. 16.
MOSFET IRF 840 is chosen as the switching device with
switching frequency of 10 kHz.
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Fig. 16. Experimental Setup for the proposed Solar PV system

CHZ

(a)

800W/m?

O S00W/a?

[ransition {rom $00W/m? to S00W/m?

(b)
w\r of Output voltage ripple
! M e :
(c)

Fig. 17. Experimental results for the proposed Solar PV system
(a)PWM signal generated for Cuk converter
(b) Output Voltage of Cuk converter
(c)Projected View of output voltage ripple
Fig.17. shows the Experimental results for insolation variation,
where the results are found to be similar to results obtained
from simulation. Fig 17(a) shows the PWM generated for Cuk
converter using the proposed method. Fig.17 (b) shows the
converter output voltage with quick transition when insolation
varies from 800 W/m? to 500 W/m? with reduced oscillations.
Fig. 17 (c) shows the projected view of converter output voltage
ripples, it is found to be around 0.181V compared to 0.17 V in
simulated results.




VII.CONCLUSION

In this paper, Adaptive MPPT Controller is proposed to track
the optimal MPP of PV array based on controlling the duty
cycle of the Cuk converter connected to the PV array output
terminals. The proposed system is simulated and their
functionality is proven using Math Work Simulation
environment and also verified experimentally. From the results
obtained, it proves that the proposed controller is skilled of
tracking the PV array maximum power under varying insolation
conditions improving the efficiency of solar PV system offering
improved dynamic performance with reduced ripple content
and high tracking efficiency.
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