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Abstract: Generally switching power supplies performance well than the linear power supplies as the supply
voltages can be stepped up, stepped down and inverted. In this paper a boost converter is used for stepping
up the solar voltage. Solar energy source has high nonlinear characteristics due to rapidly changing
atmospheric conditions and hence it is necessary to improve its efficiency and make it cost effective. Maximum
Power  Point  Tracking  (MPPT) controller is needed to improve the efficiency of photovoltaic (PV) system.
There are several MPPT techniques available among which Perturb and Observe (P&O) and Incremental
Conductance (INC) algorithm is taken up in the work. This paper also presents the comparison of proposed
variable step size P&O and INC algorithm with the fixed step size based P&O and INC algorithm. The simulated
result shows the advantages of the proposed method where the variable step size is adjusted by the developed
PI controller. The performance measures are also tabulated using MATLAB/ Simulink which proves the
efficiency of the proposed method.
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INTRODUCTION a smaller scaling factor do not reached steady state

Nowadays photovoltaic applications grab more use variable step size based P&O and INC technique in
attention due to energy crisis. It also meets the pollution this paper. The step size is automatically tuned based on
free and the noise free requirement. Photovoltaic’s the PI controller. If the operating point is far away from
sources are used in many applications such as battery the MPP the developed controller increases the step size
charging, home power supply, water pumping and satellite value which enables fast tracking ability likewise if the
power systems etc. The PV systems are highly nonlinear operating point is close to the MPP the controller
[1]  and  hence  have  low power conversion efficiency. decreases the step size value and therefore oscillations
The maximum power point tracking is needed for the solar are reduced and achieves high efficiency. In this paper the
system to compensate the effects of instability and direct variable step size based P&O and INC MPPT is simulated
proportionality in the input parameters solar irradiation in MATLAB and the results show that the proposed
and temperature [2]. The MPPT is based on the principle method has better efficiency in the static and dynamic
of impedance matching between load and PV module. performances compared with the fixed step size P&O and
There  are  different  MPPT   techniques   available  [3]. INC MPPT algorithm.
The voltage and current based MPPT are offline
techniques. It is not suitable for fast varying atmospheric Mathematical Model of a PV Module: A solar cell is a P-N
conditions [4]. The online techniques like Perturb and semiconductor  junction  that   converts   solar  energy
Observe (P&O) and Incremental Conductance (INC) into electrical energy. A solar cell exhibits a nonlinear I-V
algorithm are widely used. In both the tracking and  P-V characteristics  which  vary  with solar
approaches a fixed step size is widely used but the irradiation and cell temperature. Fig.1 shows the
disadvantage is the selection of fixed step size by trial and equivalent circuit model of a solar cell. The characteristics
error method. A larger scaling factor contributes to faster equation for the PV module can be obtained by the
dynamic and excessive steady state oscillations whereas following steps.

output [5]. To solve this problem a method is proposed to
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Fig. 1: Equivalent circuit of a solar cell

Applying Kirchhoff’s current law: electron charge, k (=1.3805×10 J/K) is a Boltzmann’s

I = I  – I  – I (1) reference temperature, A is an ideal factor (Si poly = 1.3)PH D SH

where I  is a light generated current, I  is the diode kW/m , I  cell’s short-circuit current at a 25°C andPH D

current and I  is the shunt current. 1kW/m , K is the cell’s short-circuit current temperatureSH

(2) resistance, R is the series resistance, N  number of series

(3) is modeled by simulating equations 5 to 9 using

Substitute equation (2) and (3) in (1) we get identified from the manufacturer’s data specification of a

(4) (STCs). STCs means the condition of solar irradiation and

(5) standard  test  conditions  are  simulated  and shown in

(6) Boost Converter: DC-DC converters are used as

(7) step-up converter is shown in Fig. 3.

(8) during T period. During the mode 1 operation the switch

the load for a time T . As the current tends to decrease
(9) polarity of the emf induced in L is reversed as a result

Since a typical PV cell produces less than 2.5W at The average voltage across the load can be stepped up
0.58V approximately, the cells must be connected in series by varying the duty cycle D. 
/ parallel configuration on a module to produce enough
power [6]. I  is the cell’s saturation of dark current, I  is (10)S RS

the cell’s reverse saturation current, q (=1.6 ×10  C)19

23

constant, T  cell’s working temperature, T  cell’sC Ref

E (=1.1) band-gap energy,  is the solar insolation inG
2

SC
2

I

coefficient, V  is the open circuit voltage, R is the shuntOC sh

s s

cells and N  number of parallel cell. To calculate the R andp s

R are calculated [7] by iteration method. The PV modulesh

MATLAB/Simulink and all the model parameters are

KCP 12060 solar modules under standard test conditions

temperature at 1000W/m and 25 C respectively as shown2 º

in Table 1. The I-V and P-V curves of a solar cell under

Fig. 2.

switching mode regulators to convert an unregulated DC
voltage to a regulated DC voltage. The basic circuit of a

During the mode 0 operation the switch S is ON and
diode D is reversed biased. The inductor stores energy

on

is off. Since the inductor current cannot die down
instantaneously, it is forced to flow through the diode and

off

voltage across the load V  exceeds the source voltage V .o in
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Fig. 2 I-V and P-V characteristics of solar module at STCs 

Fig. 3: Boost converter

Table 1: Data specification of KCP 12060 module

Data specification Rating

Open circuit voltage V 21.20 VOC

Short circuit current I 4.03 ASC

Voltage at maximum power V 17 Vmp

Current at maximum power I 3.50 Amp

Rated power 59.5 W
Number of cell’s in series N 36s

Number of cell’s in parallel N 1p

The Boost converters parameters L & C can be
designed by:

(11)

where L is the inductance, f  is the switching frequencys

and R the load resistance.

(12)

where V  is the ripple voltage and C is the capacitanceo

The  boost  converter  parameters  values are shown
in Table 2. The small signal model of the boost converter
[8] is.

(13)
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Fig. 4: Root locus of the open loop control to output transfer function with PI controller

Table 2: Data specification of boost converter
f Open circuit voltage of a PV module [V ] V L C Rs in o L

20Khz 21V 36V 35mh 120µF 60

The PI controller can be developed by tuning from desired level of duty cycle is not achieved. If the D is
the root locus plot of the control to output transfer made high the system oscillates around the MPP. The INC
function [9] as shown in Fig. 4. The parameter values of algorithm tracks the MPP at faster speed for fast varying
proportional gain K =6.5182e-4 and integral time T =0.013. atmospheric conditions. The principle of the INCc i

Maximum Power Point Tracking: In general the adjusting the duty cycle. Fig. 6 shows the flow chart of
operating point of a solar module in a system is decided the incremental and conductance algorithm. If dI/dV>-I/V
by its load. Maximum power point tracking technique is then the duty cycle is reduced and if dI/dV<-I/V then the
used to improve the efficiency of the PV system under duty cycle is increased. The increase and decrease of the
varying atmospheric conditions. The MPPT mechanism is duty cycle depends directly on the step size D. In fixed
based on the principle of impedance matching between size INC method the step size plays a vital role in
load and PV module, which is necessary for maximum performing the incremental action. If the selected step size
power transfer. The impedance matching is done by using is small then the MPP is never reached. Since the fast
a DC to DC boost converter by changing the duty cycle changing atmospheric conditions cannot be compensated
of the switch. The P&O MPPT is simple and easy to by the sluggish incremental condition. Similarly large step
implement. The principle of the P&O algorithm is to size leads to the oscillation around the MPP. Therefore
increase or decrease the voltage by adjusting the duty both the tracking methods P&O and INC algorithm are
cycle.  Fig. 5 shows the flow chart of P&O algorithm if modified by developing a PI controller to manipulate the
dp/dv >0 the duty cycle is decreased and if dp/dv <0 then D and provide the appropriate step size to track the MPP
the duty cycle is reversed. Thus increase and decrease of at faster rate. Thus the developed PI control loop improve
the duty cycle is based on the step size D. If the the efficiency by varying step size. The block diagram of
perturbation fixed step size D is chosen small the system the PV fed boost converter with a variable step size based
convergence speed towards the MPP is slow and hence P&O and INC algorithm is shown in Fig. 7.

algorithm is to increase or decrease the load voltage by
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Fig. 5: Flow chart of P&O Method

Fig. 6: Flow chart of INC Method
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Fig. 7: Block Diagram of variable step size based P&O and INC algorithm

Fig. 8: Simulated variable Temperature and Irradiation inputs of PV module

Table 3: Comparison of Input & Output Voltage, Current and Power values of a fixed and variable step size P&O algorithm
Variable input of temperature and irradiation
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Fixed step size P&O Variable step size P&O
------------------------------------------------------------------------- -----------------------------------------------------------------------

D =0.015 D depends on PI controller
------------------------------------------------------------------------- -----------------------------------------------------------------------

Parameters R =60 R =40 R =30 R =25 R =60 R =40 R =30 R =25L L L L L L L L

PV Voltage (V) 17.63 17.48 17.49 17.22 17.78 16.95 16.81 15.95
PV current (A) 1.228 1.806 2.388 2.812 1.251 1.982 2.685 3.385
PV Power (W) 21.66 31.57 41.76 48.42 22.25 33.59 45.13 53.99
Boost voltage (V) 35.09 34.8 34.47 34.15 35.7 35.72 35.75 35.76
Boost current (A) 0.586 0.8658 1.158 1.365 0.596 0.8976 1.192 1.435
Boost power (W) 20.56 30.12 39.9 46.61 21.27 32 42.61 51.31

Simulation Results: Simulations are carried out using for fixed step size perturb and observe and incremental
MATLAB Simulink. Fig. 8 shows the simulated variable conductance algorithm for different set of T ,  and R  as
temperature and irradiation inputs. Fig. 9 and 11 shows follows T =28°C,  = 450 W/m  and R =60 , T =30°C,
the simulated input and output voltage, current and power =650  W/m  and  R =40 ,   T =32°C,    =  850W/m  and

c L

C L C
2

2 2
L C
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Fig. 9: Simulated Input & Output Voltage, Current and Power waveforms of PV fed boost converter with fixed step size
P&O algorithm

Fig. 10: Simulated Input & Output Voltage, Current and Power waveforms of PV fed boost converter with variable step
size P&O algorithm
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Fig. 11: Simulated Input & Output Voltage, Current and Power waveforms of PV fed boost converter with fixed step size
INC algorithm

Fig. 12: Simulated Input & Output Voltage, Current and Power waveforms of PV fed boost converter with variable step
size INC algorithm



Middle-East J. Sci. Res., 24 (4): 1159-1168, 2016

1167

Table 4: Comparison of Input & Output Voltage, Current and Power values of a fixed and variable step size INC algorithm
Variable input of temperature and irradiation
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Fixed step size INC Variable step size INC
------------------------------------------------------------------------- -----------------------------------------------------------------------

D =0.015 D depends on PI controller
------------------------------------------------------------------------- -----------------------------------------------------------------------

Parameters R =60 R =40 R =30 R =25 R =60 R =40 R =30 R =25L L L L L L L L

PV Voltage (V) 17.49 17.32 17.33 17.07 17.77 16.8 16.34 15.53
PV current (A) 1.272 1.866 2.471 2.905 1.253 2.021 2.79 3.495
PV Power (W) 22.24 32.33 42.81 49.59 22.28 33.96 45.57 54.26
Boost voltage (V) 35.52 35.15 35.3 34.58 35.94 36 36 36
Boost current (A) 0.5932 0.8777 1.175 1.371 0.6001 0.9059 1.201 1.44
Boost power (W) 21.07 30.82 41.48 47.06 21.56 32.6 43.26 51.85

R =30  and T =35°C,  = 1000W/m and R =25 . Fig. 10 3. Mohamed A. Eltawil and Zhengming Zhao, 2013.L C L
2

and 12 shows the simulated input and output voltage, MPPT techniques for photovoltaic applications.
current and power for variable step size based P&O and Renewable   and    Sustainable    Energy    Reviews,
INC algorithm the same set of T ,  and R . Table 3 and 4 25: 793-813.c L

shows the comparison of input and output voltage, 4. Pallavee,  Bhatnagar  and  R.K.  Nema,  2013.
current and power of the fixed and variable step size P&O Maximum power point tracking control techniques:
and INC algorithm. State of the art in photovoltaic applications.

CONCLUSION 23: 224-241.

Solar energy is the most promising renewable energy Advanced incremental conductance MPPT algorithm
source but it has low efficiency. The simulated results with a variable step size. IEEE Power Electronics and
show the improved efficiency obtained in PV fed boost Motion Control Conference, pp: 603-607.
converter using variable step size based perturb and 6. Huan-Liang Tsai, Ci-Siang Tu and Yi-jie Su, 2008.
observe and incremental conductance MPPT algorithm Development of generalized photovoltaic model
compared with fixed step size P&O and INC algorithm. using MATLAB/SIMULINK. Proceedings of the
The  disadvantages  and difficulties of the fixed step size World Congress on Engineering and Computer
algorithm are overcome by the modified method. The Science, pp: 1-6.
automatic step size selection achieved in our work by the 7. Marcelo Gradella villalva, Jonas Rafael Gazoli and
PI controller implies its satisfactory performance under Ernesto Ruppert Filho, 2009. Modelling and circuit-
dynamic and steady state conditions. The simulation based simulation of photovoltaic arrays. Brazilian
results verify the effectiveness of the proposed INC Journal of Power Electronics, 14(1): 35-45.
algorithm for fast varying atmospheric conditions and 8. Sai  Krishna  Reddy,  M.,  Ch. Kalyani, M. Uthra and
shows high efficiency. D.  Elangovan,  2015.  A  small  signal  analysis  of
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