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Abstract

This paper presents a simple checking algorithm for maximum power point tracking (MPPT)
technique for Photovoltaic (PV) system using Perturb and Observe (I algorithm. The main benefit of
this checking algorithm is the simplicity and efficiency of the system whose du cle produced by the
MPPT is smoother and changes fast#ccording to maximum power point (MPP). This checking algorithm
can determine the maximum power first before the P&O algorithm takes place @:lenmfy the voltage at
MPP (Vues). which is needed to calculate the duty e for the boost converter. To test the effectiveness
of the algorithm, a simulation model of PV system has been carried out using MATLAB/Simulink under
different level of irradiation; or in other words partially shaded condition of PV array. The results from the
system using the proposed approach prove to have faster response and low ripple. Besides, rheglsuﬁs
are close to the desired outputs and exhibit an approximately 98.25% of the system efficiency. the
other hand, the system with conventional P&0O MPPT seems to be unstable and has higher percentage of
error. In summary, the proposed method is useful under varying level of irradiation with higher efficiency of
the system.
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1. Introduction

Development of alternative energy is rapidly growing around the world. Because of the
increase in usage of natural energy, the world faces problems of depletion of natural sources
such as petroleum and coal. Therefore, many efforts are being made in finding the most suitable
and best way of preserving the natural source.

Most researchers nowadays focus on upgrading the efficiency of the solar
conversion, lowering the cost of photovoltaic (PV) systems, as well as improving the rellgeflity of
the PV systems. The efficiency of solar cells can be affected by many factors such as
temperature, insolation, spectral characteristics of sunlight, PV array’s degradation and
shadow [

Maximum power point tracking (MPPT) techniqueone of the methods used to
increase the efficiency of the PV systems, where it functions to extract the maximum available
power from the PV arrays so that the systems can operate at optimum condition. There have
been more than 19 distinct MPPT techniques introduced by researchers [2]. Reference [3]
stated that fixed duty cycle is the easiest offline method that can be used as it does not require
any feedback implementation. However, if there are changes in the operating environment, the
efficiency will be low.

Researchers have suggested Fractional Short Circuit Current (SCC) and Fractional
Op@ircuit Voltage (OCV) as the improvement of the fixed duty cycle [4, 5]. In these methods,
the Maximum Power Point (MPP) current, lwer and Maximum Power Point Voltage (MPP)
voltage, Vyrr are found by calculating the product of short circuit current with k; (0.78 < ki<
0.9) and open circuit voltage with k; (0.71 < k< 0.78), respectively. The MPP values of these
methods are, however, less accurate because they are only approximated.
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In the meantime, some researchers suggest the use of some s.eft computing based
method such as Artificial Neural Network (ANN) and Fuzzy Logic Control (FLC) [6-9]. These
methods can assure a good performance and can perform well in various atmospheric
condition, besides not requiring accurate mathematical modelling. Nevertheless, the
effectiveness of these methods depends on the user knowledge. The u must have
background knowledge about PV arrays study to get optimization use. Particle Swarm
Optimization (PSO) is an advance technique used by researches [10-12]. It gives great
performance in any condition compared to the others but the method is too complex and
expensive for domestic use.

The most common approach to find MPP is using Perturb & Observe (P&Q) algorithm
[13-19]. The tecHEEJue is simple and requires low cost for implementation. The method operfis
by detecting the output power of the PV array. P&0O operates stage by stage fg4 perturbing and
compares the output power by applying the perturbed voltage to change the operating voltage
of the PV array. However, the conventional P&0O MPPT has lots of flaws, especially when the
sun irradiﬁ is not uniform. This causes inefficiency of the PV system. Nevertheless, in this
research, P&O algorithm has been used as the MPPT of the system, with some adjustments
made to increase the efficiency, as will be elaborated in the next section.

2. Partigs$hading Condition
artial shading condition is one of the crucial issues in PV syste he irradiance level

becomes inconsistent when part of the sun ray is being blocked by the cloud, trees or nearby
buildings [20-24]. The shaded cells may get reversed bias; producing high resistance which
consumes more power and consequently reduces the load current, |,.

In addition, this condition would exhibit multiple local MPP and caﬂ nonlinearity to the
PV curve. The conventional P&O MPPT would undergo some confusion to track the true MPP
for the PV system to operate at optimum condition. Figure 1 shows more description on the
partial shading condition.
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Figure 1. PV curve under uniform and non-uniform irradiation

The normal operation afﬁo MPPT is perturbing to the next voltage based on the last
sign of increment of power until the MPP is reached. In the other words, as the power increases,
the next perturb voltage will increase. Once the power decreases, the perturb voltage will start
to decrease. For normal condition, the tracking process would not have any problem since there
is only one peak, as shown in the figure. However, for the varying level of irrafgllion, the P&O
MPPT would most probably be trapped at the first MPP, which is around 12V, due to the basic
operation of the P&0O MPPT. 3

Lots of researchers have contributed in modifying the conventional P&0O MPPT so thap
can be used in partially shaded PV system. Reference [13] designed a scheme that is able to
improve the performance of P&0O MPPT by eliminatingzile steady state oscillation and avoiding
the divergence of the algorithm from the MPP locus with buck-boost converter as the DC-DC
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converter. Reference [24] proposed a gift free P&O MPPT using direct ratio control technique
with SEPIC converter on the system. There is also an innove idea from reference [6] which
includes ﬂecking algorithm to search the real MPP. The proposed system consistgl a PV
array and grid-connected PV inverter. In short, the basic idea of these three methods is to use
extra checking condition in the traditional P&O algorithm to improve the performance of the
MPPT. The conventional P&O MPPT would not operate well under different level of sun
irradiation until it has been modified.

3. Proposed Modified P&O MPPT

As mentioned earlier, partial shading condition would contribute to multiple maximum
power point (MPP). The idea for the proposed method originates from the previous works by
other researchers. The difference of the proposed d with the three previous mentioned
methods: it was much simpler, by which a checking algorithm is added to the P&O algorithm
that can track the real MPP first, as presented in Figure 2. The proposed system was connected
to the boost converter which will be described in detail in the next section.
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Figure 2. Proposed Modified P&O MPPT with checking algorithm

The checking algorithm is simply comparing the power, P, with the previous power, P,
1. If Pn1is larger than P,, the value of P, will be chosen and compared again with the next
power.

Eventually, the largest value of power will be chosen as the MPP for the algorithm.
Then, the voltage at MPP (Vyep) can be tracked easily based on the tracked global MPP by
using smaller step size for better accuracy. Once the Viupr has been tracked, the duty cycle will
(D) be calculated using the boost converter equation:

D = 1-(Vin/ Vou ) (1)

this study, the output voltage or named load voltage, Vout was decided to be fixed
at 40V. In order to ensure the effectiveness of the boost converter, the calculated D was limited
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to be between 0.1 and 0.8. A simulation using MATLAB/Simulink was done to test the proposed
algorithm.

4. Simulink Model of Photovoltaic System

For simulation in this study, the full system consisted of 36 series solar cells, proposed
MPPT algorithm, boost converter and resistor as the load, as shown in Figure 3. Boost
converter was chosen for the system due to its simplicity, higher accuracy and cost saving. The
switching frequency for the boost converter was 30000 Hz whi e value for inductor and
capacitor used were 16mH and 375pF, respectively. A 1000 Q of resistor was used as the load
for the system.
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Figure 3. Simulink model for photovoltaic system

Meanwhile, the irradiance was varied with time, as shown in Figure 4. The values for
the solar irradiance were chosen based on the previous warlaby other researchers. The
irradiance was set up for the photovoltaic system to undergo the partial shading condition. The
aim of this study was to verify the efficiency of the output at the load side, current, |, voltage,
V.u. @and power, P,; under varying level of solar irradiation.
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| |
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Figure 4. Solar Irradiation versus time

5. Results and Discussions

Thi rpose of this paper is to present comparison and discuss the results from the
two methods of conventional P&O and proposed checking algorithm with P&O. It is known that
the voltage and current produced by the solar module, as well as the duty cycle needed by the
boost converter, are affected by the solar irradiation. Different level of irradiance will cause
nonlinearity to the PV curve as well as varying the MPP.
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Figure 5. The results of D produced by two distinct methods

It can be seen that the conventional P&O MPPT produced almost a constant D, at 0.5,
which then slightly dec ed within 10 to 15 seconds. This might be due to the abrupt change
in the irradiance level, from 1000 W/m? to 800 W/mZ. In the meantime, the proposed checking
algorithm depicted a better duty cycle; it changed instantly according to the changing irradiance.
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Figure 6(3). Output current at the load side

VIV)

Proposed

Conventjonal

Time (s)

Figure 6(b). Output ﬁage at the load side
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Figure 6(c). Output power at the load side

From the results obtained for the duty cycle, it can be expected that the output current,
voltage and power would also be different if applied on the three distinct algorith he boost
converter will operate according to the given D from the MPPT and also the input voltage from
the PV array. The results for the |,1, Vou @and Py for two methods (conventional and proposed)
are presented in Figure 6 (a), (b) and (c).

It was shown that the proposed checking algorithm of P&0O algori gave a faster
output response, whose system started to be in steady state at 2.1s, compared to the
conventional P&0O algorithm, whose time to be in steady state started at 6s. Besides, the
proposed method provided lower ripple response than the conventional method. As mepned
earlier, the desired voltage for the boost converter was 40V. From the obtained results (Figure.
6 (b)), it can be seen that the voltage produced by the system with proposed checking algorithm
was nearly 40V. It was different from the system with conventional P&QO algorithm, which
produced inconsistent voltage and apparently not equal to the requir@«oltage. This happened
because of the major drawback of the conventional algorithm-unable to track the true maximum
power point (MPP) as it had been influenced by the different level of irradiation. In contrast, the
proposed method for the MPPT system has proven that in any level of irradiation, the MPP can
still be tracked and produce the needed output for the system.

4. Conclusion

The photovoltaic system is highly affected by the partial shading condition, which is
one of the crucial issues in harvesting solar energy. Numerous techniques have been proposed
and elaborated extensively by researchers to tackle the partial shading issue, but most of
methods are complex and costly. The obtained siﬁtion results have verified that the
proposed technique-a simple checking algorithm for Perturb and Observe (P&0) Maximum
Power Point Tracking (MPPT) - can be used under several levels of irradiation effectively. The
obtained results from the system with the proposed approach are close to ttﬁjesired output. It
gives approximately only 1.75% of error, thus has 98.25% system efficiency. On the other hand,
the system with ¢ ntional P&0O MPPT seems to be unstable and has higher percentage of
error. In short, the proposed technique is a simple and inexpensive method with only addition of
a checking algorithm into the P&O MPPT, yet gives a better result for the system.
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