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Abstract- Tracking the maximum power output is significantly important for the optimized photovoltaic operation. Maximum
power point (MPP) is never constant and directly depends upon the solar irradiance and temperature of the cell. Hence, it is
primordial to employ any technique to track MPP. This paper uses a modified Perturb and Observe (P&O) algorithm based on
the Global Maximum Power point (GMPP) for a standalone photovoltaic system. It turns out to be a novel, simpler and

efficient approach to accommodate the aforementioned problem and efficiently track MPP under varying climatic conditions.
Simulation results verify the effectiveness of our proposed scheme in terms of accuracy, tracking time, robustness, simplicity
and efficiency under static and dynamic atmospheric circumstances. Under normal conditions, MPP is tracked within 0.1
seconds, while for partial shading, GMPP is tracked within 0.15 seconds with an efficiency of 99.19%.
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1. Introduction

The earth receives a force of around 1.8 x 1011 MW,
directly from the sun [I]. Sun is the most sustainable,
plentiful, maintenance-free and pollution-free source of
energy and it is now the hottest research topic. However,
solar energy has several drawbacks that limit its widespread
use. In this regard, relatively high production and installation
costs, storage depreciation, and especially low conversion
efficiency are some of the key hurdles to overcome the
widespread use of solar energy. In addition, because solar
energy from the sun is not always constant throughout the
day, we must devise efficient and practical techniques to
capture the greatest, matchless and abundant energy of all the
times [2].

Over the past years, several MPPT technologies have
been established and used that have different costs,
convergence, tracking speed, software/hardware application
and different methodologies. Some of the most reliable
methods so far for researchers and PV industrial corporations
are climbing, Perturbation, and Observation (P&O),
conductance method and fractional-open-circuit voltage
method [3].

The P&O technique involves perturbations in the
operational PV array voltage, while the climbing method

includes perturbations in the duty cycle of any power
converter. Both techniques are distinct means of envisioning
the same basic methodology because the output from PV
array is unswervingly troubled through the duty cycle and/or
effective voltage [4]. For example, Figure 1 elaborates the
phenomena through I-V and P-V curves taken from a solar
cell module. It has been provided with the open circuit (OC)
voltage at 1000 W/m solar radiations with Voc = 21.6V with
short-circuit (SC) current of Isc = 5A. The voltage increases
in small-scale steps, the calculated power is stored, whereas,
the next perturbation takes the direction that depends upon
the difference between values of current and the preceding
power value to trace MPP.

The incremental conductance technique takes the sign
(dP/dV) of the P-V curve slope, i.e., 0 at MPP. As it is
positive at the left side of the MPP, and negative at the right.
Whereas, in fractional-open-circuit voltage technique, the
effective voltage is considered to be an immovable portion of
Voc of the array, irrespective of the input/output settings.
Though, considering some shielding of the PV system, P-V
and/or I-V curves do not have a single MPP. Moderately,
multiple peaks depend on the pattern of shading (s). In tour
scenario of multiple MPPs, various tracking methods
described above do not converge towards GMPP and also
offers complex modeling. So, we have to adopt better
technology to solve this problem.
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Fig. 1: I-V/P-V curves of a PV module

GMPP tracking of partly shaded PV structures has
widely studied in the literature. Various techniques are
compared in terms of their partial shading response and
effectiveness of PV modules and energy outputs [5-7].
Researchers reviewed a variety of MPPT technologies such
as power-curve slope methods for finding GMPP,
instantaneous operating power optimization, load-line
tracking, power boosting techniques, neural networks,
Fibonacci search, and particle group optimization (PGO). In
the power-curve slope method, since the GMPP is blindly
alarmed on any side of local MPP [8], the partial shading
condition suddenly changes with the tracking speed not fast
enough. Load track tracking only applies to certain shaded
patterns and has a high error rate. The percentage error for
the power increase technique that uses particle swarm
optimization (PSO) is relatively small, but at the same time,
the tracking frequency is small too [9]. An improvement in
the performance of a PV solar panel is observed under
dynamic climatic conditions when adaptive Neuro-fuzzy
interference system is applied that is based on the MPPT
[10]. Immediate operating power optimization is quite fast to
track GMPP, but the difficulty associated is the pre-
evaluation of current at further extreme values. The
Fibonacci search seems likely to the P&O technique,
excluding for the modification in step size selected by the
Fibonacci arrangement, so this method can deceive local
maxima relatively to global ones. Neural network technology
illustrates the satisfactory speed and accurateness, but it is
contingent on the arrangement and needs an isolated sensor
for energy measurement [11-13]. Hardware implementation
based study, that uses incremental conductance MPPT is
observed to provide 33% PV output efficiency [10]. Particle
cluster optimization has alike construction to the hill-
climbing method, but this procedure shows a composite
execution and needs a commanding microcontroller for
digital application [14].

A novel method showed the effectiveness of the two-
staged PSO algorithm, under shading conditions, for
cascaded PV-modules. However, the complexity and extra
time involved restrict its further implementation [15]. A
novel technique for improved transient response through
derivative control is suggested. It is proved that, as bus
voltage fluctuates, the range of PV panel is improved by 80%
[16]. Whereas this technique is further modified and
improved for a quicker response to the abrupt atmospheric
changes [17]. P&O algorithm for MPPT with confined space

search approach is also found to be an effective approach
[18]. A. Zbeeb et al. Tracked GMPP using primary and
secondary derivatives as a meaning of the duty cycle. This
algorithm emphasis on unexpected changes in the air and
does not deliver a way to path GMPP [19].

Investigators have used essentially two methods of
finding global MPPs. Both methods used the entire P-V or I-
V curve as a global/blind scanning approach. It makes it
overall a complex and time-consuming way that uses heavy
calculations and affluent hardware based specialized devices.
Whereas our current work established a new, simpler, and
efficient method to track MPP by solving and overcoming
the aforementioned problems. Moreover, this algorithm is
found to be more accurate and efficient that can track the
global maximum power point (GMPP) in dynamic
input/output conditions.

2. The Behavior of MPP under Variant Conditions

MPP is greatly affected due to several factors including
variable irradiations, output loading, and partial shading. The
following section discusses and simulates the effects of all
these parameters in MATLAB / Simulink.

2.1. Influence of solar radiation/corrosion resistance on
MPP

The power is directly proportional to the survey level
(W/m?). The resultant radiations are quite noticeable at short-
circuiting currents, however, not at the open-circuit voltage
of the PV system. For example, Figure 2 demonstrates the
pretentiousness of MPP, if irradiance changes from 200 to
1000 W/m”.

The increase in Solar irradiance increases the short
circuit current of the solar PV cell. Hence, the PV cell
temperature increases, as a result, its performance decreases.
The increased temperature also decreases the open circuit
voltage of the PV cell. In short, the maximum power point of

the PV cell is reduced.
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Fig. 2: I-V/P-V curves of a PV module at various solar
irradiations

2.2. The consequence of load resistance in MPP
The load linked to the output of the PV plant is not

always constant. It changes rather on the claim. As a
consequence, the operational fact of the PV structure
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depends on the cost of the output load. For example, Figure 3
shows that increasing load resistance origins the PV output to
rise for the first time, approaching the MPP value, and the
output load resistance equals the exceptional value of the
optimal resistance (Roy). Also, Load resistance increases
with Ry that decreases PV output intensely. Therefore, to
obtain maximum output in a PV plant, the output resistance
must be equal to the optimal value.
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Fig. 3: operating points of /-}V/P-V curves for distinct values
of load resistance (Ry)

2.3. Partial shading effect in MPP

Four series arrays of modules are used in simulation
purpose as exposed in Figure 4. The power productivity of
PV scheme is conspicuously reduced when shading is
performed on the smooth percentage of the PV collection. It
is not necessary for the shadow to cover the entire module,
whereas shading of even a single cell has the ability to bring
down the output sharply, that in return affects the overall
output of the string. Also, if there is an unshaded string, it
continues to supply the power normally. For instance, if
module cell 4 is shaded (500W/m?), but the remaining
modules are subjected to uniform illumination (1000W/m?),
the characteristic curve is plotted in Figure 5.
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Fig. 4: Modelling of PV array

|-V Curve with M4 under Shading P-V Curve with M4 under Shade
|All Modules under Uniform Irradiation
9
300 Pmax1=352 W
n Isc=5A —
&‘ =
= g 20 Pmax]
3 p Pmax2=165 W/ Uniform Irradiation|
5 3IModule 4 under Shading M4=500W/m2 | H
o
P I ER 1 S S
@ =
i 5_ 150
100 Pmax)
1 M4 under Shade
50
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Array Voltage (v) Array Voltage (V)

Fig. 5: 1-V and P-V curves of a shaded (M4) PV array
without a bypass diode
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Fig. 6: (a) Simulink model for partial shading with bypass
diodes. (b) I-V/P-V curves of shaded (M4) and unshaded PV
array using bypass diodes.

3. MPPT Algorithm and Equivalent Model

The basic purpose of MPPT is forcing the resistance of
the PV array near to optimal values under all climatic
conditions and varying output loads. By using the inherent
characteristics of a DC/DC power converter, the input
resistance is made dependent upon the duty cycle (D)
because the output resistance of the array cannot be
continuously adjusted as the weather conditions change.
Regardless of the load resistance, MPPT (duty cycle
adjustment) retains the resistance seen at PV array at the
optimal value. A flow chart of a comprehensive PV system
through our suggested algorithm is given away in Figure 7.
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The photovoltaic system consists of a solar PV module, a
DC-DC Power Electronic converter, and its control signal,
that is decided by the maximum power point tracking
Algorithm as shown in fig. 7 (a). the power converter could
be a buck converter, boost convert, buck/boost, a flyback
converter, forward converter or SEPIC converter. In the
proposed MPPT model we have used a buck converter.

PV SYSTEM LORVER
CONVERTER

7(a)

Start

N = Total number of Modules
Set Vief= 0.85"Va(00)

Apply P&O
(Track right peak)

Store MPPi.e., Ppax1, Vmax?: Dmax1

l

No

Yes

Call GMPP

7(b)

N is the overall number of modules in Figure 7 (b), and
Vit is the reference voltage at which the agitation begins,
Va(OC) points to the open-circuit voltage of array, whereas
Vi is the operating voltage corresponding to the ith module,
the amount of Vys (maximum) is the module voltage,
supplying the maximum power. The projected algorithm
consists of mainly two further parts: unchanging weather

condition, the foremost algorithm (MPP) and partial shading,
i.e., GMPP algorithm.

Note the algorithm starts by manipulating the total
number of modules (N) and sets the orientation voltage (V)
accordingly to 85% of collection voltage. The MPP is
intended by applying the P&O and its price is kept (i.e.,
Piaxt> Vimaxl, Dmax1)- The attendance of partial shading is
sensed through perceiving the working voltage of a given
module, as shown in Figure 8 (a). Figure 8 (c) shows that
when M4 is under the shadow, the M4 voltage is equivalent
to the negative value of the diode’s forward voltage because
M4 is not conducting and the bypass diode across M4
conducts. M4 also starts after point C, which can be seen in
figure 8 (b). This is an identification of the shaded module's
voltage that represents a partial shade that equals the
negative of the diode’s forward voltage until the end of the
first peak. Partially shaded modules have voltages less than
zero or lower voltages than normal modules, as shown in
figure 9. The yellow line is for shading module and the
magenta line is for the normal module. After detecting partial
shading, and the GMPP is utilized to set a new Vi,
depending on the partially shaded area of modules (L). MPP
(left peak) is pursued and values, Ppax2, Vinaxo, Dmaxz, are
stored. Finally, Py, (right peak) and Py (left peak) are
compared and the resultant value is the peak.
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Fig. 7: (a) Block diagram of the complete PV system, (b)
and (c) flow chart of our proposed algorithm
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Complete model based on the proposed algorithm is
designed in Simulink. Current and voltage signals are being
fed to the controller and in returns, it provides us with a

monitored duty cycle signal which is used to drive the
average voltage-based DC/DC bridge buck converter. Duty
cycle signal before entering the converter is limited between
the values of 0 and 1 and then the scaling of the duty ratio
signal is carried out. All the module voltages are also fed to
the controller to identify the presence of the partial shading.
Fig. 10 shows an MPPT controller that contains multiple
blocks, switches, input and output ports. The controller
receives the current and voltage signal and starts tracking the
right peak by block no. 4. After a time, lapse, the presence of
partial shading is sensed by block no.2 and the control is
handed over to block no. 3 and the MPP of the left peak are
tracked. Then both the MMP’s are compared by block no. 5
and the control is transferred to whether block no.3 or 4
depending upon the powers of the two peaks. MPPT
controller continuously tracks the MPP, hence, whenever the
weather changes and shading occur, the controller senses it
through the whole cycle described above and then responds
accordingly. It adjusts the duty cycle in a quick manner to
track the maximum power point efficiently.
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Fig.10: MPPT Controller
4. Simulated Results

A comprehensive PV scheme is self-possessed of 4
modules linked in series. Fig. 11 shows the Simulink model
having parameters: P,.x=352 W, Voc=86.4 V, and Isc=5 A
and by means of the projected algorithm, an MPPT
component is intended to combine with the DC/DC buck
converter.

4.1 Uniform Irradiation MPP

All modules should be beneath unchanging irradiation,
ie, G = 1000 W/m® with a load of 1.63 Q (Ry) is linked.
The orientation voltage is selected as Vs = 0.85 * 86.4 =
73.44V. The simulation results are shown for 0.5 seconds in
Fig. 12, with D = 0.34, and Vpy = 70.56V, the MPP is
outlined in 0.1 second, Ipy = 4.98 A, and Ppy = 352 W.
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Fig. 12: PV array voltage, power and duty ratio under uniform irradiation (1000 %/m")

4.2 MPP for sudden weather changes

It can be seen from fig. 13 that the irradiation is
maintained at 600 W/m with a duty cycle of 0.25 W and a
power of 230 W between 0 and 0.4 seconds. In 0.4 seconds,
the weather suddenly changes, and the irradiation increases
to 800W/m”. MPPT detected this variation and, subsequently
a very petite period of time, attained a power output of 290
watts with a duty cycle relation of 0.29. After 0.7 seconds,
the irradiation increases to 1000 W/m?” and the power ranges
the maximum value, 352 watts with the duty ratio of 0.34.

4.3 Under Load Variations, MPP

Connect the following three load resistors (R; =1 Q, R,
=3 Q, R; =5 Q) with solar irradiation fixed at 1000W/m>.
1)0~0.3sec. RL=R;
2) After 0.3 seconds. R =R || R,
3) After 0.6 seconds R =R, || Ry || R
In the simulation results (Figure 14), it can be seen that
MPPT kept the power extracted from the PV array under all
load resistor combinations at an optimum value of 352 watts
by adjusting the duty cycle ratio appropriately.
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Fig. 13: PV array power and duty ratio under abrupt changing weather
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Fig. 14: PV array voltage, power and duty ratio under changing loads

4.4 MPP under Partial Shading

In this unit, approximately the modules were shaded (low
dose) and GMPP was traced if there were multiple maximum
values.

Case-1: M4 is shielded (600 W/m’)

Rendering to the MPP algorithm, the voltage for the correct
peak is set at 73.44V and the MPP at the right peak (P =
230Watt) is tracked (see Figure 15). As soon as partial
shading is noticed, the switch is passed to the GMMP
algorithm, the left peak orientation voltage is set to (1 — 1/4)

* (86.4 — 17.56) = 51.63V, and the left peak (Pp.xo = 260W)
is tracked. The comparison is then complete and the duty
cycle and voltage for the higher peak (P = 260 Watt) is
set as a reference.

Case-2: M4 and M3 are under shade (600 W/m®)

M3 and M4 are kept under shade (600 W/m?) and the
simulation results are shown in Figure 16. Using M4 and M3
shades two peaks are formed, the power of the right peak is
= 230W and the peak of the left peak is Py = 170
watts. From the simulation results, you can see that MPPT
tracks the correct peak and then traces to the left. After

mdx 1
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comparison, the voltage and duty cycle of the higher peak
(Pmax1 = 230 Watt) is set as a reference.

To sum up, a detailed comparison of various MPPT,
techniques, including our proposed one, has been provided in

o Table 1. i
P2=260W
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Fig.15: (a) P-V curve with M4 under shade (b) PV array voltage, power and duty ratio with M4 under shade (600W/m?)
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Fig. 16: (a) P-V curve with M3&M4 under shade (b) PV array voltage, power and duty ratio with M4 and M3 under shade
(600W/m?)
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Table 1: Comparison of various MPPT techniques.

Ref. MPPT technique C01'1trol Converter Observations
variable type
Proposed GMPP based Duty cycle DC/DC This algorithm is faster, simpler and more
P&O Buck precise than the existing algorithms. GMPP is
converter tracked more efficiently in static and dynamic
atmospheric conditions.
(Kamran et al. Confined search Duty cycle Boost This paper proposes a modified P&O algorithm
2018) [18] spaced P&O converter integrated with dual axis solar tracker that limits
the search space of the algorithm within the
maximum power point containing the area.
Limitation of the algorithm’s search space
narrowed the response time to the changing
weather conditions that in return declines the
steady-state oscillations at the MPP.
(Killi and Drift-free P&O Duty ratio, SEPIC Suggested approach in this paper is the
Samanta, 2015) algorithm dynamic converter avoidance of drift for varying irradiance to track
[20] perturbation MPP accurately. As, the authors concluded that
simple P&O algorithm undergoes a drift due to
wrong decision-making capacity of the
algorithm, in high solar insolation.
(Tang et al., Model predictive MPC duty Boost MPC based MPPT algorithm is proposed for the
2017) [21] control cycle converter large-scale marine PV system. The system
makes the maximum solar energy utilization
possible by overcoming the varying nature of
partial shadings.
(Kchaou et al., Second order Duty ratio Boost A robust MPPT algorithm is presented that uses
2017) [22] sliding mode converter second order sliding mode control strategy. The
control outcomes prove that the algorithm provides fast
response and less chattering under varying
atmosphere.
(Chaieb and Simplified Duty cycle Buck The study suggested a modified particle swarm
Sakly, 2018) Accelerated converter optimization algorithm. The results show that
[23] Particle Swarm the proposed approach is able to track the
Optimization GMPP, especially under the partial shading
conditions.
(Kamran et al. LabVIEW Based Duty cycle Boost The authors developed a solar cell simulator
2018) [5] variable step sized converter integrated with variable step sized P&O
P&O algorithm on LabVIEW.
(Al-Dhaifallah et Fractional order Duty cycle Boost The paper presents a fractional order control
al., 2018) [24] control based converter based  incremental  conductance @ MPPT
incremental algorithm. The results show high tracking
conductance accuracy for remarkable climate changes. The
integration of the fractional order control with
the conventional INC algorithm increases the
tracking speed by 41. 67 %.
(El Khazane and Finite Time Duty cycle DC-DC The proposed FTSMC MPPT technique ensures
Tissir, 2018) Sliding Mode converter the fast error tracking capability for the PV
[25] Control (FTSMC) pumping system.
(Hifsa et al. Incremental Duty cycle Boost The authors proposed a maximum power point
2018) [26] Conductance converter tracker based on Incremental conductance
integrated with a algorithm integrated with an optical temperature
temperature
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controller controller for an indoor PV system.
(Alik and Jusoh, | Variable step size Duty cycle Boost A modified P&O algorithm is observed to
2018) [27] P&O converter increase the efficiency of the system by 16 % in

partial shading conditions.

5. Conclusion

Varying solar irradiance and the temperature of the solar
cell directly affects the performance of the solar system. This
document presents a simple MPPT procedure to track the
GMPP simulated in MATLAB/Simulink. The simulation
results completely validate the solidity of the proposed
technique by guaranteeing the meeting of operating points to
GMPP under modified input/output circumstances of the PV
structure. Simulation results confirm that the projected
algorithm is  faster and more precise than
the existing algorithms. We have exposed that in normal
weather circumstances, MPP is tracked in 0.1 seconds, and
after that under partial conditions, the algorithm tracks
GMPP in 0.15 seconds. Hence, the proposed MPPT
algorithm not only reduced the tracking time but also
minimized the oscillations at the maximum power point.
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