Volume 10, Issue 5
October 2021

ITEE Journal ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-21 International Journal of Information Technology and Electrical Engineering

Introducing Dynamic Capability in Photovoltaic System Maximum Power Point
Tracking Algorithm

Md Ehtesham
Department of Electrical & Electronics, Maulana Azad National Urdu University, Cuttack Campus

E-mail: mdehtesham87@gmail.com

ABSTRACT

Photovoltaic (PV) power has become the most attractive choice among various renewable resources. However, one major
challenge associated with PV interfacing is its intermittent output characteristic which varies dramatically with the operating
conditions. Thus designing an effective maximum power point tracking (MPPT) algorithm is a key aspect for optimizing PV
system performance. Numerous MPPT algorithms have been proposed earlier having their own specific advantages. However,
these are found to have two major limitations which have to be essentially addressed. Firstly, they become ineffective in the
dynamic conditions where there is rapid change in environmental parameters like insolation and temperature. Secondly, they fail
to discriminate between global and local peaks under partial shading conditions. Therefore, to achieve a reliable and efficient
system operation, this paper presents an optimized algorithm which enhances the model-based (MB) tracking capability so as to
overcome both the above deficiencies. On the basis of modified governing equations and incorporating the precised estimation
of parameters, it predetermines the MPP analytically. First simulated results are obtained where it is tested for dynamic
variations of all the three parameters. Then the experimental validation is carried out on a 2 KW installed panel where real time
data is recorded through CR1000 data logger and environmental parameters are sensed with elements like pyranometer,
humidity sensor, etc. Numerous experimental results are analyzed for tracked MPP in the dynamic conditions, which are then
summarized in tabular forms. These are finally plotted and compared with simulated results to illustrate the effectiveness of
proposed MB algorithm.
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carried out with two different approaches depending on
selection of voltage or duty cycle for causing perturbations. It
can effectively track maximum power and can be easily
implemented. But there is one major drawback associated
with P&O that as the perturbation rate increases it also leads
to higher oscillations in system around MPP and thus
selection of proper step-size poses a challenge. Kim et al. [12]
proposes an alternative approach with variation in step-size so
as to mitigate this drawback. Here oscillations at steady state
have been reduced significantly and higher system efficiency
has been achieved. However, it shows capability of tracking
MPP effectively only while operating conditions are uniform.
Performance is found to be sluggish and convergence is poor
under partial shading. Similarly, IC technique applied by
Dhaouadi et al. [13], analyzes MPPT capability under system
transients with greater oscillating frequencies. The proposed
technique is simple and efficient but the drawback is that it is
found to be effective in low power applications only without
any dynamic change in conditions. Reference [14] proposes a
modified IC algorithm to overcome the limitation somewhat.
It optimizes the controller gain by means of incorporating
Grey Wolf technique. However, tracking capability is found
to be satisfactory only for variance in solar insolation and that

1. INTRODUCTION

Over the last few decades there has been a
tremendous trend of exploiting the renewable sources of
energy on account of various factors like climatic concern,
depletion of conventional energy reservoirs, global warming,
etc. Among all the renewable sources, Photovoltaic (PV)
promises to be the most attractive solution as a result of latest
advancements in semiconductor materials and power
electronic converters. Despite of several advantages that PV
system offers [1], one major challenge for the large scale
interfacing of PV power is its non-linear output characteristics
which vary with the ambient operating conditions [2]. The
situation gets further worsened for dynamic conditions where
there is rapid variation in the environmental conditions [3].
Thus it demands for comprehensive assessment of
characteristics in terms of dynamic behaviour and to design
advance tracking scheme so that PV panel is essentially made
to operate at maximum power point (MPP) in order to
optimize the system performance.

There have been a large number of MPPT
algorithms applied by the researchers [4-8]. These techniques

differ from one another from various functional aspects and
have their individual pros and cons. Rigorous review of
MPPT algorithms reveals that these can be broadly divided
into (a) conventional and (b) soft computing techniques. As
far as conventional MPPT techniques are concerned, it is
found that perturb and observe (P&O) [9] and incremental
conductance (IC) [10] are preferred most. Thakran et al. [11]
implemented P&O algorithm where MPPT analysis has been
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too over a small scale only, as dynamic variation of other
parameters give rise to a truncated error in the system. Also,
inclusion of optimization algorithm has increased the
controller complexity significantly.

With the evolution in intelligence technique, there
have been a number of MPPT algorithms developed in recent
years on the basis of soft computing. Among these
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evolutionary techniques, the likes of fuzzy logic control
(FLC) [15], artificial neural network (ANN) [16], genetic
algorithm (GA) [17] and particle swarm optimization (PSO)
[18] are some of the most explored ones. In [19] a FLC based
MPPT scheme has been implemented which shows good
tracking capability for load variations as well. The biggest
merit of FLC based algorithms is their tracking speed and
they are found to be best suited option for reduction in
settling time. However, FLC suffers from the limitation that
once rules have been defined they can hardly be modified and
therefore it requires significant training for achieving
effective tracking under dynamic conditions. Thus FLC is
seldom used alone and preferably it is combined with other
tracking algorithms to be incorporated as hybrid technique
[20]. But then system complexity becomes a major issue.
Based on Neuro-Fuzzy algorithm, Abadi et al. [21] have
implemented an adaptive tracking which considerably
improves the conversion efficiency and is found to be
applicable under all conditions. But the ANN technique poses
the challenge of longer computational time and greater
memory requirement which in turn enhances the complexity.
Similarly, GA based algorithms which are mainly employed
for stochastic searches, also have the same drawback of large
memory and training requirement because of high initial
population. PSO applied in Reference [22] is found to be
another evolutionary algorithm that has gained prominent
attention recently. It is particularly well suited for tracking of
global maxima under partial shading cases where panels are
non-uniformly illuminated. However, initialization of
parameter is a challenge in PSO based technique which
results into the randomness in initial duty cycle. Another
drawback of PSO technique is that with the increase in
population size, computational difficulty also increases. In
context of effectiveness of various tracking schemes it should
also be noted here that partial shading phenomenon gives rise
to several ill effects causing considerable amount of power
loss with danger of panels even getting damaged [23, 24].
Therefore, to design a simple and effective algorithm for
minimizing the consequences of partial shading continues to
be another challenging aspect in the field of MPPT, even
though there have been many proposed work.

Thus in view of detailed analysis of MPPT
algorithms as discussed above, it is observed that there exists
a number of techniques which perform satisfactorily in
uniform conditions where steady variations are only
permitted. However, there are two major and common
drawbacks associated with these methods which need to be
addressed for efficient and reliable PV system performance.
The first is that they fail to respond effectively when there is
dynamic change in the environmental conditions. It means
that their operating point drifts away from MPP when the
conditions are varied rapidly. Secondly, they show
incapability to guarantee successful tracking of global MPP in
case of the partial shading or non-uniform irradiance. Thus in
order to overcome the above deficiencies, here in this work a
simplified and enhanced model-based (MB) MPPT algorithm
is proposed. It has distinct capability of working effectively
both in dynamic conditions with rapid and continuous
variations in environmental parameters as well as for the
shaded conditions. On the basis of mathematical modeling
governing equations have been framed and precisely
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estimated parameters have been employed to avoid heuristic
searching of maxima. Thus proposed MB algorithm ensures
reliable tracking in dynamic working conditions by means of
pre-determination analytically.

2. SYSTEM MODELING FOR PROPOSED MB
ALGORITHM
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Fig. 1 Equivalent single diode PV circuit

There are two main aspects involved in accomplishing
model based MPPT algorithm which induces the distinguished
tracking feature. First of all it implies the task of accurate
modeling of PV panel. Several models for the PV panel have
been proposed in literature where single diode and two diode
model are found to be most common ones [25, 26]. Single
diode model shown in Fig. 1 is found to be the most suitable
one, offering simplicity with enough accuracy and hence it has
been applied here while modeling the PV circuit. A
replacement track is created by the parallel connected diode
(bypass diode) which prevents the damaging effects of hot-
spots. On the basis of equivalent circuit the expression for
output current can be simply given as Equation (1).

[= Iph - ID - Ish (1)

Now, applying theory of semiconductors the
modified expression can be given as Equation (2).

=11, (exp (V+Rsl) _ 1) _ V4RI @
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Where, I, is the reverse saturation current, « is the
ideality factor and V: is the thermal voltage. Here for restricting
the panel operation around MPP, characteristic matching is
performed by tuning the thermal voltage from time to time with
the series resistance (Rs). The relevancy of shunt resistance can
be ignored as it hardly impacts the behaviour for MPP region
[27]. Thus all the factors affecting accuracy of PV model have
been taken care and these set a benchmark for governing the
PV characteristics under dynamic conditions.

Now the next important aspect while optimizing this
tracking algorithm and which is crucial for developing dynamic
capability is estimating the parameters with great precision.
Generally, panel specifications are declared by the
manufacturer (as given in Table 1) indicating voltage and
current ratings for vertices like open circuit, short circuit and
MPP. Thus PV model can be defined utilizing rated values
from datasheet for Standard Test Conditions (STC: Insolation
S= 1000 W/m?, Temperature T= 25° C). But designing the
model using specified data may lead to certain inaccuracy due
to dispersion of the manufacturing scheme and unused rated
values. Thus to obtain a highly precised model, here in MB
algorithm all the environmental parameters are measured
precisely with the help of pyranometer and humidity sensor as
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shown in the next section. Then accordingly PV panel
parameters are estimated so as to get a highly accurate tuning
with environmental conditions. This predictive approach leads
to prediction of error in advance to switching signals fed to
converter and thus allows fast jump in the array voltage for
rapidly varying environmental conditions. It utilizes the
precised modeling and estimation which enables it to pre-
determine the MPP analytically. Therefore, the proposed
algorithm avoids searching of MPP heuristically which is
commonly applied in literature. Consequently, it achieves a
significant enhancement in tracking capability under dynamic
conditions resulting into high accuracy and efficiency.

Finally for successful implementation of MB
algorithm some mathematical operations are carried out which
leads to accurate characterization of the PV panel in the region
of MPP. Once the operating voltage and current for MPP is
obtained then the output power is differentiated and equated to
zero as expressed by Equation (3) and Equation (4). Imposition
of these set of equations leads to fine tuning of panel and
bounds the system to operate at its MPP under all sort of
dynamic conditions.

Im
Vo = Voo +V; In(1—|—”)— Rl (3)
avh oy (Ml gy g @)
dl 1=l mp _ s mp
mp ‘sc

3. HARDWARE CONFIGURATION

Table 1

Specifications of practical 2 KW panels installed
S.No. | Parameters (per module) Value
2 Vmpp 17.7V
3 Impp 56 A
4 Voc 217V
5 Isc 6.2 A
6 Tolerance 2%

This section presents the description of hardware

setup along with all its components that provided a platform
for experimental analysis of MB algorithm. PV panels of 2
KW rating were explored for this work which consists of ten
polycrystalline modules, five monocrystalline and five thin
film modules each of 100 W rating. A picture of installed
panel is shown by Fig. 2, whereas the panel specifications
have been summarized in Table 1. As discussed earlier, crux
of MB algorithm is the optimum estimation of PV model
parameters as a function of their dependency on
environmental conditions. Thereby, variations in factors like
solar insolation, humidity and wind speed have been tried to
be measured with utmost accuracy. Pyranometer has been
used here to precisely measure the solar insolation. It is a
sensor that measures flux density or global radiation and bears
almost a linear relation with the frequency band of total solar
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radiation. It can also measure the diffuse radiation for which
pyranometer is shaded with a disk placed for preventing the
direct incidence of beam. Similarly, a humidity sensor has
been also used to give the measure of water vapour in the
atmosphere. It is related with the temperature in the sense that
vapour content of hot air is greater than that of cold air. A
picture of the installed sensors has been shown in Fig. 3.

Fig. 2 PV panels installed on roof-top

(b)
Fig. 3 (a) Pyranometer (b) Humidity Sensor

Further, it has to be noted here that any kind of
monitoring scheme utilizing sensor monitoring requires a
data collection system. For this purpose a portable CR1000
data logger was installed which keeps recording all the
measured values of parameters as well as corresponding
variations in panel characteristics. This data logger was
synchronised with a display board setup inside the lab and at
the same time it was also connected to a computer. Hence the
instantaneous values of current, voltage and power were
available in the display board whereas a continuous record of
the same was stored in the system. Fig. 4 shows a picture of
data logger installed on roof-top and the corresponding
display panel is shown in the Fig. 5.
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Fig. 5 Display board setup

4. RESULTS AND DISCUSSIONS

Having estimated all the parameters precisely with
their dependency established on the working conditions, now
the detailed analysis of tracking performance is presented in
this section. Here the effectiveness of proposed algorithm is
evaluated for rapid variations of all sorts of environmental
conditions including partial shading over their full practical
range. First the MB algorithm is tested in MATLAB/Simulink
platform where simulated results of tracked MPP for dynamic
insolation, temperature and shading are presented. Then the
real time performance is analysed where experimental results
have been discussed. Finally for validating the effectiveness of
MB technique both the results are plotted and compared.

A. SIMULATION RESULTS

Simulink model has been strictly designed on the
basis of mathematical equations characterizing the MB
algorithm as discussed earlier. First the photocurrent (lpn) is
evaluated as a function of solar radiation, then after proper
computation of reverse saturation current (l) and thermal
voltage (V:) diode current is obtained as shown by building
blocks in Fig. 6. Here it can be seen that diode current has
exponential dependency on thermal voltage. Thereafter the
summation of diode current and shunt current is subtracted
from photocurrent to result into the panel output current as
illustrated by the blocks in Fig. 7. Thus once the tuned values
for current and values are estimated for MPP operation, these
are exported to workspace for processing maximum power
output as shown in Fig. 8.
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Now before going for dynamic variations in operating
conditions, first of all the output characteristic is observed at
standard test condition (STC). This sets a benchmark for the
rest of evaluation and also ratifies higher tracking efficiency of
proposed algorithm. Fig. 9 shows the PV curve obtained at
STC where it is observed that maximum power of 1920 W is
successfully tracked when panel voltage reaches a mark of
about 190 V. Thus MB algorithm is not only effective for
dynamic conditions but it is also capable of yielding a higher
tracking efficiency.
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Fig. 9 PV characteristic obtained at STC

Now effectiveness of proposed tracking algorithm is
tested by obtaining PV power characteristics under dynamic
conditions where different parameters are varied alternately.
First the impact of insolation variation over tracking ability is
tested where temperature is kept constant at 25 °C and
insolation varies dynamically throughout the scale from 100
W/m? to 1000 W/m?. Thus output characteristics also changes
dynamically and correspondingly for each particular
characteristic global maxima is tracked effectively. Therefore,
numerous PV curves are obtained with successful tracking of
MPP for insolation varying dynamically from 100 to 200 to
300 and so on. Since it is impractical to present here all the
characteristics and MPP tracked for corresponding insolation,
thus only one such characteristic obtained at insolation of 600
W/m? is shown here in Fig. 10. It is found that MPP is
successfully tracked here giving maximum power output of
1092 W near a voltage level of 185V.

s X: 1div=30V
o Y: 1 div=200W

] e [ £ =

Fig. 10 PV characteristic at an insolation of 600 W/m? (T= 25°C)

Next, temperature is varied throughout a scale of 12°C
to 45°C keeping the insolation at a level of 1000 W/m?. Again
numerous PV curves are obtained with successful tracking of
MPP for temperature varying dynamically. Fig. 11 shows one
of the characteristics which is obtained for operating
temperature of 15 °C. Finally effectiveness of MB algorithm is
tested for dynamically tracking MPP for the shaded panels. As
shown in Fig. 12 MPP is tracked successfully for dynamic
variations in shading percentage in steps of 10%. Interestingly,
for shaded conditions the voltage variation is not much
significant up to a level 70% of shading. However, the current
varies much significantly with shading. Further, it is observed
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that panel current becomes negative for a fully shaded case as
an impact of reverse saturation.

s X L div=350V
Y: 1 div=200W

4 [ v ] i

X 1div=10%
T: 1div =200W

Fig. 12 MPP tracked for dynamic % shading

B. EXPERIMENTAL ANALYSIS

Results of the simulation work have been extensively
verified with that of experimental one for validation of the
effectiveness of proposed tracking scheme. As stated in section
3, practical monitoring of dynamic variations was carried out
by means of sensors followed by estimation of data. The
corresponding estimated values in terms of variations in
current, voltage and power at point of tracked maxima have
been recorded by data logger. Further, these readings were also
tracked continuously in the display panel shown in Fig. 5 and
stored in computer as well. As done in the case of simulated
results, here also we start with first tracking the MPP at STC
for which the obtained readings are summarized in Table 2.
This is demonstrated by summarization of the experimentally
tracked maxima for alternate dynamic conditions where apart
from the maximum power output, the corresponding current
and voltage readings at MPP have also been specified.
Following the sequence as before next investigation has been
done for tracking ability under dynamic insolation in between
100 W/m? to 1000 W/m?. Table 3 summarizes the experimental
results obtained corresponding to it.
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Table 2
PV panel readings obtained at STC

Voltage (V) Current (A) Power (W)

50 11.181 584.3

100 11.013 1124.7

120 10.831 1298.3

140 10.373 1558.9

160 9.825 1780.1

180 8.987 1882.5

190 8.743 1924.6

200 8.375 1895

210 8.013 1680.8

220 6.435 1245.6

225 3.015 795.4

230 0.331 170

Table 3
MPP tracked for dynamic insolation

Insolation (W/m?) | In (A) Vi (V) MPP (W)
100 1.401 159.2 107.62
200 2.729 163.4 267.32
300 3.413 171.3 459.13
400 4.345 179.5 675.39
500 5.136 181.7 838.12
600 6.711 185.1 1088.31
700 7.326 187.5 1314.52
800 9.432 189.4 1514.81
900 10.759 190.7 1714.37
1000 11.103 1915 1908.68

Similarly, the effectiveness of MB algorithm is
experimentally verified for dynamically tracking MPP for the
typical case of shading. The proposed scheme is found to be
equally effective for tracking under dynamically varying
shading as well. Table 4 summarizes the results for shading
where current also varies significantly and even becomes
negative for fully shaded panels because of reverse saturation.

Table 4
MPP tracked for dynamic partial shading

Shading (%) MPP (W) | Va(V) I (A)
0 1923.96 229.89 11.18
10 1731.61 229.35 10.03
20 1517.12 22516 9.15
30 1304.23 22187 7.97
40 1093.78 213.02 6.83
50 885.75 216.29 5.69
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60 680.47 211.34 4.55
70 479.57 204.13 341
80 285.45 189.5 2.27
90 97.72 123.29 1.13
100 0.29 0 -0.17

Finally for validation of effectiveness of proposed MB
algorithm the tracked maximum power measured by
experimental work and predicted by simulation work are
plotted and compared. First the comparison of power output
characteristics obtained at STC is shown in the Fig. 13. It is
found that MB algorithm is not only capable of tracking MPP
in dynamic conditions but at the same time it also gives out a
high tracking efficiency. Then the comparative result of MPP
tracked for dynamic variations in the insolation has been
plotted in Fig. 14 and finally results are compared and plotted
for the most typical one i.e partial shading case in Fig. 15.
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Fig. 13 PV power output tracked at STC
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Fig. 14 MPP tracked for dynamic insolation.

Int. j. inf. technol. electr. eng.



Volume 10, Issue 5

October 2021

ITEE Journal ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-21 International Journal of Information Technology and Electrical Engineering

2500 -~

2000 -

=g Veasured MPP

e=fi== Predicted MPP
1500

1000 -+

500 -

0 10 20 30 40 50 60 70 80 90 100
% Shading

Fig. 15 MPP tracked for dynamic shading.

5. CONCLUSIONS

There are several challenges being faced as
photovoltaic power penetrates deep into the distribution
system. One of the major tasks is to restrict the operation of PV
panels at MPP irrespective of environmental variations and
hence it requires effective and efficient tracking algorithm.
This work has presented an enhanced model based MPPT
algorithm which is found to be very effective under dynamic
conditions. Here, accurate modeling of PV panel combined
with precised estimation of parameters have given a distinct
feature to proposed MB algorithm and thus provided a
comprehensive solution to overcome the limitations of earlier
techniques. A detailed performance analysis has been carried
out to signify the effectiveness of MB algorithm. First
simulated results have been obtained which are then
investigated experimentally by tracking the real time values.
Finally both the results are compared and found to be matching
closely. Thus it has been verified that MB algorithm is very
efficient and effective for tracking not only in dynamically
varying insolation or temperature but additionally it is equally
capable for typical case of shaded panels also.
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