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Abstract: Utilization of renewable energy resources is gaining more importance due to improved rate of returns on investment and the
technology. Solar energy is the main resource at present to receive wide spread acceptance due to the maturity of the technology
among all renewable energy resources. The power production from the solar source largely depends upon the irradiance and the
temperature and hence requires complex control strategies for better utilization of energy. Many researchers have been working on
improving the solar power extraction by way of maximum power point tracking and other means. This paper presents the modified
Perturb and Observe (P&O) algorithm with Moving Average Filter (MAF) to extract the maximum power from the solar for
photovoltaic systems. The paper also presents a buck converter controlled by the modified algorithm to charge the battery of a
photovoltaic system. The proposed system is simulated and implemented in hardware. The simulation and experimental results show a
good performance of the modified algorithm and its suitability for photovoltaic applications.
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1. Introduction

The fast depletion of the fossil fuel resources and their
negative impact on the environment are the cause for concern
in meeting the demand for energy. This rapid demand for
energy can only be fulfilled with renewable energy resources.
The use of renewable energy resource not only improves the
supply and demand ratio of power but also avoid the global
warming. Thus the world moves towards green energy era as
these renewable energy resources do not contribute to
greenhouse gases. The solar renewable energy is the most
sought resource due to the devices used to extract power from
the source has simple structure and ease of use.

India is endowed with a vast solar energy potential. India
receives one of the highest global solar radiations of about
5,000 trillion kWh per year as per the global study. Most part
of India receives solar irradiance of about 4.5 kWh /m” per
day. Enormous amount of power can be extracted from solar
but is limited by the conversion efficiency of the available

technology. The maximum efficiency of the -currently
available technologies is less than 22.2% as per the literature
done. However, recent information indicates that the multi
junction cell technology has efficiency slightly greater than
40.7% as claimed by U.S Department of energy (courtesy
Google).

The maximum power point tracking techniques are
employed to harvest maximum power from solar. The most
popular MPPT techniques are Perturb & Observe (P&O),
Incremental Conductance (INC). These techniques suffer from
certain drawbacks. The P & O technique is simplest and easy
to implement but has an issue of oscillations. INC has better
efficiency than P & O but it is complicated. In order improve
the efficiency and remove the noted drawbacks of P & O
technique, the paper presents the work on modified P & O
algorithm for photovoltaic systems.

The paper is arranged in such a way that the section 2
describes the related work done in the past, section 3 details
the problem overview, section 4 deals with the proposed work,
section 5 presents the simulation, experimental models along



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Ballaji A. et.al., Vol.9, No.1, March, 2019

with results and analysis of the proposed work and section 6
presents the conclusion.

2. Related Work

In the past many techniques have been proposed by
researchers on the MPPT. In [1], the evaluations of P & O,
INC have been presented with the extended operating
conditions. At varied temperature and different operating
conditions, the performance of these techniques is studied and
tabulated. The study has revealed that the P & O has a faster
dynamic performance over a distinct wide range of operating
conditions compared to its sibling incremental conductance
technique. In [2], the buck boost and buck converters are used
along with P & O to improve the performance of PV system.
The study shows that the performance of the PV system with
buck converter controlled by P & O has better over buck-boost
controlled by P & O. It has been observed that the
performance of the buck and buck-boost converters had an
effect with sudden change in operating conditions like
temperature irradiance etc. In [3], the performance study of
INC MPPT with boost converter has been presented using
MATLAB/SIMULINK model. It was only a simulation
model. In [4], a Simulink model and experimental models
have been developed to study the performance of the PV
system with boost converter controlled by the P & O and INC
MPPT techniques. As per the authors the performance of the
system with boost converter controlled by INC MPPT
technique is 3 times faster than that controlled by P & O
MPPT. In [5], [6] the performance study of Photovoltaic (PV)
systems with P & O MPPT are presented. The results indicate
that the drift and instability was observed due to change in
irradiance and temperature. In [7] to [15], the basic MPPT
techniques P & O, INC have been subjected to various
operating conditions by employing Buck Converter, Buck-
Boost Converter, Boost Converter, CUK converter, in
conjunction with PID controller and other means. The
performance study by all these researchers have indicated that
these techniques suffer from instability, drift, cumulative
errors, speed etc. The performances of these systems have also
had an effect on the applications as well.

3. Problem Overvien
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Fig.1. (a) I-V and (b) P —V characteristics of PV panel at
different Irradiance and Temperature conditions [16]

The I-V and P-V characteristics of a photovoltaic cell are
shown in figure 1 which shows that selection of appropriate
operating points can only lead to extraction of maximum
power from the source. This is possible through MPPT
tracker. The MPPT tracker automatically ascertains the
voltage and current to reach their peak values i.e. (Vypp) &
(Impp) for certain temperature and irradiance and hence the
maximum power output (Pypp). Perturb and observe method
is one of the popular algorithms owing to its simplicity.
However, in Perturb and Observe algorithm, the operating
point swings at the MPP which leads to reduced efficiency
affecting the charging process of battery leading to poor life
expectancy of battery.

From Figure 1 it is clear that the change in irradiance has an
effect on the maximum power point.

It has been noted from the work presented in the past by the
research community, the drift, instability and oscillations of
the operating point is the main concern in achieving the
highest efficiency. The problems mentioned here could be
eliminated by employing the Moving Average Filter (MAF) in
conjunction with P & O control algorithm.

4. Proposed Modified P & O Technique with MAF

The proposed MPPT algorithm has P & O as the basic
algorithm and MAF as the extension algorithm to improve the
efficiency by eliminating the oscillations and drift in the
operating point and thus forms the modified P & O MPPT
technique. The flow chart of the basic P & O algorithm is
shown in Figure 2.
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Fig.2. Flow chart of P & O algorithm
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Moving average filter is used in almost all applications where
mean values and precision is most important. It is also known
as running average technique and mostly applied in financial
transactions with unweighted values. However, it assumes
most significance in noise elimination within communications
systems. The MAF can be simple or weighted depending upon
the application. In the proposed system, it is a weighted MAF,
since each value has a multiplying factor to represent changing
weights at different positions within the simple window. The
MAF can be better understood from the Figure 3.
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Fig.3. MAF explained [Courtesy Google]

The MAF depends upon the number points (step size) to
average the values. Mathematically, MAF is given by given

. 1 m-1 . .
y[l]=ﬁz‘,_ox[l =] (M
Where x [ ] is the input signal and y / ] is the output signal and

M is the number of points in the moving average.

Figure 4 shows the flowchart of proposed modified perturb
and observe technique using moving average filter.
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Fig.4. Flow chart of P&O using MAF

4.1 The Simulation results

The simulation and experimental models of the proposed
system and associated results are discussed in this section.
Figure 5 shows the schematic representation of the PV cell
model to obtain I-V characteristics. The simulation is carried
out with a variable load to obtain the I-V characteristics of the
solar panel.
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Fig.5. Simulation model of 20W Panel (36 cells)

Figure 6 and 7 show the I-V and P-V characteristics of the
selected 36 cells polycrystalline type solar panel.
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In Figure 6, the panel current verses panel voltage
characteristics at different irradiance of 600 w/m’ to 1000
w/m” are plotted.
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. | — 00WMsg T Figure 8 shows the schematic of the buck converter whose
10 - specifications are: Vi, = 18V; Vo, = 14.17V; fy =25
L a 0 KHz; L = 270uH; C = 220uF; Load = 7W 12V DC LED Bulb.

6t 1 Figure 9 shows the steady state output voltage with ripple of

less than 10 mV.
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Fig.7. P-V characteristics of 20W Solar panel
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Fig.10. Experimental prototype of the buck converter

The schematic representation of the proposed system is
shown in Figure 11.
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Fig.11. Schematic representation of the system proposed.

The MPPT algorithm requires information of voltage and
current. Hence to acquire the solar voltage and load voltage a
signal conditioning circuit is designed around LM358 a dual
operational amplifier device along with passive components.
The schematic of the same is shown in Figure 12.
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Fig.12. Signal conditioning circuit for voltage acquisition.

From the above figure:

The voltage at pin 3 and 1 of LM358 is given by:

22k

V=V*—— @
S 100k + 22k

V, =V;*0.167 3)
v

V. =—1 4)

5 0.167 (

Further, the relation between the analog input and digital
output of the analog to digital converter is given by:

V.. = ADCcount * —5 (5)
1023

a

V e = ADCcount *0.00488 (6)

Therefore, the input from solar V] is equal to Va e

And hence from (4) and (6)

Ve = ADCcount * 0.00488 (7)
0.167
Vg = ADCcount *0.0293 (8).

Similarly the load side voltage is determined.
Next current is acquired by using a Hall Effect current sensor

(ACS712-05A). The typical circuit of the ACS712-05 sensor
is shown in Figure 13.
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Fig.13. Hall effect current sensor ACS712-05A [Data Sheet]

The ACS712-05A has a sensitivity of 185mV/A and the offset
voltage of 2.5V. The operating voltage is 5V.

The output voltage of this sensor is fed to ADC, therefore:

The input of the A to D given by:

Vadc=%+0.185*1 )
5

V;dc=5+0.185*1 (10)

From (6) and (10)

I = (ADCcount -512)*0.0264 4 (11).

The schematic of the buck converter is shown in Figure
14.
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Fig.14. Buck Converter Power stage.

The circuit parameters of the buck converter are:
Input voltage V=18V DC,

Output voltage Voyr= 15.2V DC,

Output Current /o= 1A, DC

Maximum Duty ratio Dy x= 0.85

Inductor L= 270uH,

Output Capacitance Cp = 220pF,

Input Capacitance Cpy =47uF.

Switching frequency fs = 25 kHz.
Ripple Voltage AV = 50mV.

The specifications of solar panel, Battery and load used in the
experiment are:

The solar panel specifications:

Open circuit voltage=21.2V

Short circuit current of=1.13A

Optimum voltage = 17.71V

Optimum current = 1.2A

Battery specifications:

Nominal voltage=12V
Capacity= 7.2Ah

Type: Lead acid

Load= Up to 20W any DC load.

Load specifications:
7W LED bulb was used as load in the experiments.
System has 3 slots to connect load.

4.3 Experimental results
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Fig.15. 1 vs V characteristics of the PV system

The microcontroller generates the gate signals as per the
modified P&O algorithm by sensing voltages and currents.
The experimental results with and without MAF algorithms
were recorded and plotted in Figure 15.

From figure 15, it is clear that, the output of the PV system has
drift and oscillations without the application of MAF and has
an almost smooth curve with MAF. The P & O sampling time
is 100 s while that of MAF 10. Figure 16 shows the power vs
voltage of the PV System with and without MAF.
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It is observed that, the proposed algorithm with MAF has no
drift in power extraction as compared to the system without
MAF. The estimated efficiency of the system is well above
90% with operating condition 33 degree Celsius and
1080W/m’

5. Conclusion

Maximum power extraction is possible through various MPPT
algorithms and one of the popular methods is P&O algorithm.
The main limitation of it is the wide drift in the extracted
power due to the oscillations introduced inherently by the
algorithm. To overcome the power drift, the basic P & O
algorithm was modified with MAF algorithm to improve the
performance of the PV system. The drift and the oscillations
present in the basic P & O algorithm were completely
eliminated by MAF as evident from the results obtained
experimentally. The location of the maximum point near the
peak is evidence of good performance of the proposed
technique. A buck converter designed and developed for the
experiment was able to deliver the intended performance by
extracting the expected output. The output of the buck
converter was used to charge the battery and the load. The
experiments results confirm the better performance of the P &
O with MAF technique for the maximum power point tracking
of the solar PV system. Further work is in progress to test the
system under variable temperature and irradiance.
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