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Abstract: The perturb and observe (P&O) algorithm is an easy and effective method used for tracking
maximum power point. However, this technique suffers from deviation when irradiation changes
suddenly. Moreover, the impact of this deviation is high when the insolation variation is rapid. This
error is due to the incorrect decision taken by the conventional P&O method throughout the first step-
change in the duty cycle during the increase in irradiation. The proposed P&O is a modified
conventional P&O that focuses on using additional dI parameter with variable step size ADn. In this
manner, the conventional P&O algorithm is allowed to identify the source of deviation caused by rapid
irradiance changes. The efficiency of the proposed P&O is assessed using simulation in
MATLAB/Simulink. Results show that the proposed P&O effectively tracks maximum power and
prevents deviations in rapidly changing climate conditions within a short time, which is lesser than the
conventional P&O method. In addition, the proposed P&O has a rapid dynamic response. A DC-DC
boost converter is utilized in this work to validate the proposed P&O algorithm.

Keywords: Photovoltaic, P&O algorithm, DC-DC boost converter, maximum power point
1. Introduction

The world’s demands for energy are increased by thirtyfold over the two recent decades because of its
rapid development in the industrial field worldwide, as well as the consistent expansion of the
complexity of present-day ways of life [1]. Researchers around the world are searching for new
energy sources that are more efficient and economical than conventional ones [2],[3]. Renewable
energy sources meet urgent energy demands, such as electrical power [4]; among all types of efficient
green resources, solar energy is considered the most effective and optimal way of providing efficient
solutions for handling difficulties and challenges that obstruct the current society [5] .Solar energy
uses photovoltaic (PV) technology because it is an optimal way of extracting electric energy from the
sunlight; furthermore, it has high reliability, long effective life, low maintenance cost, and immediate
reaction during changes in temperature and irradiance [6],[7],[8]. PV systems have two main
limitations. First, a PV system depends on weather conditions, such as the amount of irradiance and
changes in temperature [9],[10]. Second, research confirmed that solar cells could convert 20% of
sunlight energy into electrical energy because the power conversion efficiency of the PV module is
low [11]. Maximum power point (MPP) tracking (MPPT) technique is used to guarantee that the PV
systems continuously operate at their MPP [12],[13]. To attract MPP, different algorithms that may
classified into two classes [14], namely, conventional MPPT algorithms (e.g., perturb and observe
(P&O) [15], incremental conductance [16], fractional short-circuit [17], and fractional open-circuit)
[18] and intelligent methods (e.g., fuzzy logic control [19] and artificial neural network) [20], are used

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



ICE4ACT 2019 IOP Publishing
Journal of Physics: Conference Series 1432 (2020) 012061  doi:10.1088/1742-6596/1432/1/012061

in the MPPT technique. These methods differ in terms of tracking speed, cost, sensor requirements,
complexity, time to reach MPP during the variation of irradiation and temperature, efficiency range,
and hardware needed during their implementation [21]. Conventional MPPT algorithms have
numerous advantages, including simplicity and low implementation cost [22]. Previous studies have
stated that the P&O algorithm is the most popular MPPT method. The P&O method is also known as
the (hill climbing) method [23], because it climbs the power curve to achieve the MPP. Despite these
advantages, the P&O algorithm has drawbacks, among which is the deviation that occurs during quick
insolation variations that reduces the proficiency of the P&O algorithm [24].The current paper
provides a precise and easy solution on the deviation issue under dynamic changes in irradiance by
assessing another parameter and by altering the current (Al) and variable step sizes (ADn). To this
end, a DC-DC boost converter is used to validate the proposed P&O algorithm.

2. Modelling of PV Module

Solar cell model

Many solar cell models are available, and every model has distinct behavior under varied weather
conditions. Figure. 1 shows the single diode model, which is utilized in the PV module design because
of its simplicity [25],[26]. In this circuit, (I1,) is the photocurrent produced by light, (Ip) is the diode
saturation current, (Igg,) IS the shunt current that flows through the shunt resistance, (Rgy) is the
leakage current, (Rg) is the series resistance that represents the losses caused by the current that flows
through it, (Vo) is the open-circuit voltage, and (I) is the PV module current [27].

Ry ‘
M ;-—o

—
‘ D D _v_ ‘RS” v
-
ip T IRsh
0

Figure 1. Equivalent Solar PV Circuit Cell Model.

The output current can be expressed by Equation (1).

I=1I —Ip—Ig, 1)
In this model, the Shockley equation is used for an ideal diode (Equation (2):
I = 1, [exp(rs gy

where n represents the diode ideality factor, and Vis the thermal voltage, which can be expressed by
Equation (3):

_KTe
g 3)

Where K is the Boltzmann constant, which is equal to (1.381x10%), and q is the electric charge,
which is equal to (1.60217662x107'%). The current loss that results in shunt resistance is given by
Equation (4).

Vi

V+IR
S

o 4
By combining Equations (2, 3, and 4), the final equation of the single diode model is expressed as
Equation (5).

lrsh =
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Figures. 2 and 3 demonstrate the characteristics of P—-v and 1 -V curves under different irradiation

and temperature, respectively. 1—v and pP-v curves of the PV array rely on temperature and
insolation cases, respectively.
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Figure. 2 1-V and P-V curves for different irradiations.
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Figure. 3 1-V and P-V curves for different temperatures.
Table 1 shows the parameters of the PV module.

Table 1.Parameters of JWP 250 W desert module and array

Parameters PV module PV array
MPP Pypp 250 W 1000 W
Maximum current lypp 8.30 A 16.6 A

Maximum voltage Vpp 3012V 60.24 V

Short-Circuit Current lgc 9.20 A 18.40 A

Open-Circuit Voltage Voc 37.10V 7420V
Temperature coefficient of Ve 0.318 V/C —0.318 V/IC

Temperature coefficient of lgc 0.065A/C 0.065A/C

Number of cells 60 240

Figure. 4 shows the block diagram of the PV module system with MPPT control.
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Figure. 4 Block diagram of the PV system with MPPT control.

Boost converter

DC-DC boost converter is used for the testing because of its high effectiveness (Figure. 5). The
effectively adapted MPPT controller is utilized to provide and manage a fitting output voltage that has
a level that is considerably higher than the input voltage following Equation (6). Converter parameters
are given in Table 2.

Diode

. l _JWT M -l
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Figure. 5 MPPT system with DC-DC boost converter.

VA
Vy = —n_
(1-D) ©6)

where:
V,: Output voltage of converter

Vi, : Input voltage of converter

D : Duty cycle
Table 2. DC-DC boost converter parameters.
Parameters For each module
Inductor 71.13 pyH
Capacitor 23.38 pyF
Input capacitor 470 pF
Resistive load 65 Q

Frequency 25 KHZ
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3. Proposed P and O algorithm

The proposed P&O MPPT is created on the basis of the observation of AP and Av . As previously
mentioned, conventional P&O algorithm is suffering from deviation because of confusion whenever
irradiation shifts. This confusion can be removed by adding parameter Al . The deviation phenomena
can be prevented by identifying the shift in irradiance based on AP, Av , and Al data.

Case 1: If irradiance decreases when working at Point 2, then a new point in the new irradiance curve,
that is, point 3, is reached by the operating point. Then, the algorithm at Point 3 must decide (Figure.
6). At Point 3, the values of AP, AV , and Al are negative. Thus, the negative value of change in
power caused by perturbation or irradiance decreases the value of the extra parameter. Al can detect
this condition. AP, AV , and Al will only be negative if irradiance decreases. Thus, a reduction in
irradiance can be detected using the additional parameter Al . Thus, the duty cycle is reduced by using
a new variable step size AD, by pushing the point near the MPP, where the drift issue can be
eliminated (Figure. 7).

Rapid Decrease of Irradiance
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Figure. 6 Observation of change in current.
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Figure. 7 Rapid decrease in irradiance

Case 2: Case 2 is similar to the increase in Case 1, that is, if irradiance increases when working at
Point 3, then a new point in the new irradiance curve, that is, point 4, is reached by the operating
point. Then, the algorithm in Point 4 must decide (Figure. 8). At Point 4, the values of AP, AV , and
Al are positive. Thus, the positive value of change in power caused by perturbation or irradiance
increases the extra parameter. Al can detect this condition. AP, AV , and Al will only be positive if

irradiance increases (Figure. 9). Therefore, increase and decrease in the duty cycle by AD, can be
expressed by Equation (7)

AD, = +M |22
Al

(7)
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Figure. 8 Observation of change in current in rapid increase in irradiance.
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Figure.10 shows the flowchart of the proposed P&O algorithm, where AD, is the variable step size;
and M is a fixed parameter called scaling factor, which is tuned manually.
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Figure. 10 Flowchart of proposed P&O algorithm.
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4. Simulation results for conventional proposed P and O algorithm

Rapid increase in irradiance

In the first case (Figure. 11), the irradiance begins at 200 W/m? until the first second. In the first
second, irradiance will be increased from 200 W/m? to 400 W/m? by one step-up of 200 W/m? until
the second- second. In the second-second, step-up irradiance will be increased from 400 W/m? to 600
W/m? until the third second by a step size of 200 W/m?2. In the third second, another step-up change
from 600 W/m? to 800 W/m? also occurs by a step size of 200 W/m?,

Signal 1

800

600

400

Irradiance

200

0 1 2 3 4 5 G
Time (sec)
Figure. 11 Irradiance pattern levels in Test 1.

In this case, the response of the proposed P&O algorithm at this change can be observed when
irradiance is increased at the first second from 200 W/m? to 400 W/m?. The MPP tracking time of the
proposed P&O algorithm in this change is only 0.15 sec, and the extracted power is 403.81 W. The
proposed P&O algorithm succeeds to reach the MPP within five iterations.

At the second-second, irradiance will be a step-up from 400 W/m? to 600 W/m?2. The MPP can be
reached within a tracking time of 0.08 sec, and the extracted power is 606.13 W. The proposed P&O
algorithm also succeeds to reach the MPP of the system within three iterations.

At the third second, irradiance will be a step-up from 600 W/m? to 800 W/m?2. The MPP can be
reached within a tracking time of 0.03 sec, and the extracted power is 805.20 W. The proposed P&O
algorithm succeeds to reach the MPP within one iteration.

For the same condition, in an irradiance of 200 W/m?, the response of conventional P&O at this
change can be observed when irradiance is increased at the first second from 200 W/m? to 400 W/m?2.
The MPP tracking time of the conventional P&O algorithm in this change is 0.30 sec, and the
extracted power is 403.40 W. The conventional P&O succeeds to reach the MPP within 10 iterations.

At the second-second, irradiance will be a step-up from 400 W/m? to 600 W/m2. The MPP can be
reached within a tracking time of 0.23 sec, and the extracted power is 605.10 W. The conventional
P&O algorithm succeeds to reach the MPP within eight iterations.

At the third second, irradiance will be a step-up from 600 W/m? to 800 W/m?2. The MPP can be
reached within a tracking time of 0.07 sec, and the extracted power is 798.50 W. The conventional
P&O algorithm succeeds to reach the MPP within two iterations.
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Figure. 12 Comparison of proposed and conventional P&O algorithm during the rapid increase in irradiances on power,

current, and voltage in Case 1.

Figure.12 shows that tracking using the proposed method is faster, and it has fewer iterations and
lesser deviation when the increase in insolation is faster than the conventional P&O method.
Therefore, the proposed method is more effective than the conventional method in this case. Table 3
demonstrates the comparison in tracking the results of the proposed and conventional P&O methods
during a dynamic change in irradiance by a step-up size of 200 W/m?,
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Table 3. Comparison of the tracking results of the proposed and conventional P and O algorithms under dynamic change in
irradiance by step-up of 200 w/m? in case 1

A step change in From- to From- to From- to
irradiance (200-400) W/m? (400-600) W/m? (600-800) W/m?
Theory 403.98 W 606.60 W 805.55 W
Maximum power that
can be extracted from PV 40381 W 606.13W 805.20W
Proposed system Tracking time 0.15s 0.08s 0.03s
No. of iteration 5 3 1
Maximum power that
can be extracted from PV 403.40W 605.10W 798.50 W
Pand O method L
Tracking time 0.30s 0.23s 0.07s
No. of iteration 10 8 2

Rapid decrease in irradiance

The irradiance in the second case begins at 600 W/m? until the first second (Figure. 13). In the first
second, the irradiance will be decreased from 600 W/m? to 400 W/m? by one step-down of 200 W/m2
until the second-second. In the second-second, another step-down irradiance will be decreased from
400 W/m? to 200 W/m? also by a step size of 200 W/m?.

Signal 1

0.5 1 1.5 2 2.5 3 3.5 4
Time (sec)
Figure. 13 Irradiance pattern levels in Test 2.

In this case, in an irradiance of 200 W/m?, the response of the proposed P&O algorithm at this change
can be shown when irradiance is decreased at the first second from 600 W/m? to 400 W/m?. The MPP
tracking time for the proposed P&O algorithm in this change is only 0.09 sec, and the extracted power
is 403.60 W. The proposed P&O algorithm succeeds to reach the MPP within three iterations.

At the second-second, the irradiance will be a step-down from 400 W/m? to the 200 W/m?. The MPP
can be reached within a tracking time of 0.08 sec, and the extracted power is 199 W. The proposed
P&O algorithm succeeds to reach the MPP within three iterations.

For the same condition, in an irradiance of 200 W/m?, the response of the conventional P&O
algorithm at this change can be observed when irradiance is decreased at the first second from 600
W/m? to 400 W/m?. The MPP tracking time of the conventional P&O algorithm in this change is 0.15
sec, and the extracted power is 403.49 W. The conventional P&O algorithm succeeds to reach the
MPP within five iterations.

At the second-second, irradiance will be a step-down from 400 W/m? to the 200 W/m?. The MPP can
be reached within a tracking time of 0.12 sec, and the extracted power is 195.80 W. The conventional
P&O algorithm succeeds to reach the MPP within four iterations.
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Figure. 14 Comparison of the proposed and conventional P&O methods during the rapid increase in the irradiances on
power, current, and voltage in Case 2.

Figure. 14 shows that the tracking using the proposed method is faster and need fewer iterations and
lesser drift when the reduction in irradiance is faster compared with the conventional P&O algorithm.
Therefore, the proposed method is more effective in this case than the conventional method. Table 4
demonstrates the comparison in tracking the results of the proposed and conventional P&O algorithms
during a dynamic change in irradiance by a step-down size of 200 W/m2.

Table 4. Comparison of the tracking results of the proposed and conventional P and O algorithms under dynamic change in
irradiance by a step-up of 200w/m? in test 2.

A step change in From- to From- to
irradiance (600-400) W/m? (400-200) W/m?
Theory 403.98 W 199.1W
Maximum power that can be
extracted from PV 4036 W 199w
Proposed system
Tracking time 0.09s 0.08s

10
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No. of iteration 3 3
Maximum power that can be
extracted from PV 40349 W 19580 W
Pand O method o
Tracking time 0.15s 0.12s
No. of iteration 5 4
5. Conclusion

The performance of the proposed P&O algorithm is compared with that of the conventional on in all
tests to validate its effectiveness in terms of the dynamic changes in irradiance conditions. The results
show the efficiency of the proposed P&O algorithm in attracting MPP in a shorter time and with
lesser iterations without oscillation around MPP than the conventional P&O algorithm.
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