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Abstract: The power output of the photovoltaic (PV) array is nonlinear, and maximum power point tracking (MPPT) is
required to boost the efficiency of solar energy generation. The traditional perturb and observe algorithm is frequently
used, but it is difficult to comprehensively consider the tracking accuracy and response speed at the same time.
Misjudgment occurs when the solar insolation changes drastically. In view of these shortcomings, this paper presents a
variable step size threshold search algorithm. The modified algorithm can quickly track the maximum power point and
restrain fluctuations near the maximum power point. Matlab is utilized to simulate and prove the effectiveness of this

modified algorithm.
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1. INTRODUCTION

In today's society of science & technology and rapid
economic development, the efficient use of energy and
the issue of environmental protection are becoming
prominent. As an extensively distributed clean
renewable energy, solar energy has broad application
prospects. However, the output characteristics of
photovoltaic cells are nonlinear due to the influence of
insolation, ambient temperature, etc [1]. For the sake to
solve this practical problem, it is necessary to track the
maximum power point during photovoltaic power
generation.

At present, the algorithms of maximum power point
tracking mainly include: perturb and observe algorithm,
conductance incremental algorithm, fuzzy control
algorithm, etc. Perturb and observe algorithm is
frequently utilized in practice because it is simple to
control or does not require high sensor accuracy.
However, the traditional perturb and observe algorithm
always oscillates next to the maximum power point,
meanwhile the step size is difficult to choose, and the
misjudgment  will occur when the external
environmental conditions change rapidly.

A variable step size threshold search method is
presented in the paper, to overcome the perturbation
caused by the drastic changes of the external
environment on the basis of the traditional perturb and
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observe algorithm. In addition, the modeling and
maximum power point tracking strategies for
photovoltaic power generation was established under
the Matlab/Simulink platform, and the rationality of the
algorithm was validated by simulation.

2. PHOTOVOLTAIC
CHARACTERISTICS

CELL MODELS AND

Photovoltaic cell is a device that can converts sun's
radiant energy into electrical energy directly, and its
working principle is mainly the photoelectric effect of
semiconductors. That is, when sunlight shines on the
P-N semiconductor junction, a new electron-hole pair is
created. And under the action of the P-N junction
electric field, the holes flow from the P region to the N
region, meanwhile the electrons flow from the N region
to the P region, and a current is created when the
circuit is turned on [2, 3].

When the insolation is constant, the photovoltaic
cell can be regarded as a constant current source that
can stably produce photocurrent 1, . Under ideal
conditions, R, is small and negligible, while Ry, is big.

The equivalent model for volt batteries is shown in
Figure 1 [4].

From the above figure, it is shown below the
mathematical model of photovoltaic cells could be
obtained by:

I=1,~1;~1

q U+IR;
=1 ,—-1_,exp| —(U+IR, )|-1;—
ph sat { Xp[nkT ( s ):| } RS},

(1)
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Figure 1: The equivalent circuit for photovoltaic cell.

The volt-ampere characteristics curve for the
photovoltaic cell could be obtained from above
equation (1), as shown in Figure 2.
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Figure 2: The Vvolt-ampere characteristic curve of

photovoltaic arrays.

3. THE BASIC PRINCIPLES OF THE PERTURB AND
OBSERVE ALGORITHM

The perturb and observe algorithm is a frequently
used algorithm in engineering practice [5]. Its working
principle is: first let the photovoltaic cell work at a given
working point, and then periodically decrease and

increase the voltage and current output (ie.,
perturbation), and detect the real-time change trend of
the power output from the photovoltaic cell while
perturbing. Compare the values before and after the
perturbation to determine who will be adjusted for the
next cycle. Through this way, the maximum power
point for the photovoltaic cell is constantly approached.
The traditional perturb and observe algorithm control
system has a simple structure and does not require
high sensor accuracy, which is easy to implement [6].

However, the perturb and observe algorithm will
oscillate back and forth near the maximum power point,
causing a partial loss of power. At the same time, the
choice of perturbation step size is a difficult problem,
can not meet the system response speed and tracking
accuracy at the same time. The big step size can
accelerate to make response speed faster, but at the
expense of tracking accuracy, and can cause
oscillation. However small step size, the tracking
accuracy in the steady state is increased but sacrifices
the response speed. In addition, when the
environmental conditions change drastically, there will
be the phenomenon of misjudgment, and finally the
tracking deviates more and more from the maximum
power point.
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Figure 3: The MPPT implementation circuit.
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4. MODIFIED VARIABLE STEP SIZE THRESHOLD
SEARCH

The current output from the Boost converter is
continuous, smooth, and has little ripple, so the Boost
converter was chosen as the implementation circuit for
MPPT, and the connection is shown in Figure 3. By
adjusting the duty cycle ratio of this DC/DC converter
switch, the output impedance and the load impedance
are matched. So that this system is always operating at
its best state and providing maximum power to the
load.

For a photovoltaic power generation, the method of
MPPT adopted in the paper is a modified variable step
size threshold search method based on the traditional
fixed step size. From the photovoltaic characteristic
curve, it is easily to see that the power output AP is
variable when the perturbation AU is constant. When
closer it is near the maximum power point, smaller the
AP becomes. Whereas farther away from the

Start

maximum power point, greater the AP becomes. If the
sampling interval is short enough, [AP/AU| can be
thought of as the slope of the curve. AP/AU is
constantly changing in real time. The variable step size
is M times as large as |AP/AU|, and M is an
adjustment factor for the step size. The formula of
variable step size is as follows:

AL =Mx

<
AU 2)

Large step size could improve tracking speed, while
small step size could increase tracking accuracy.
MPPT control is performed by changing the size of the
duty cycle ratio according to the change of the power
output. Finally, a threshold 6 is set, and when the
output power changes less than the § , this system can
be regarded as being at the maximum power point in
the current environment. The control flow diagram of
the system can be observed from Figure 4.
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Figure 4: The control flow chart of improved perturbation method.
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Figure 5: The simulation results.

5. SIMULATION RESULT AND ANALYSIS

For the sake to verify the effectiveness and
correctness of the variable step size threshold search
method, this paper uses Matlab to establish a system
model, and selects the Boost circuit as the DC/DC
converter of the model. On Figure 5 shows the
simulation results of the system. It can be observed
that under the condition that the external environment
temperature remains unchanged, when the insolation
changes abruptly, in this system the oscillation of the
voltage output is very small. And then quickly returns to
a stable state, which can quickly identify the changes in
the external environment, to adjust the operating state
in time. Effectively reduce the oscillation next to this
maximum power point, and ensure the maximum
power output of the system.

6. CONCLUSION

In view of the shortcomings of the traditional perturb
and observe algorithm, this paper proposes a new
MPPT algorithm variable step threshold search
method, which can effectively avoid oscillation next to
this maximum power point. Through simulation, it could

be validated that the modified algorithm has the
advantage of good static stability, fast dynamic
response speed and strong antiperturbation capability,
which solves the problem of the maximum power point
tracking in the photovoltaic system to some extent.

ACKNOWLEDGMENT

The study is supported by general program of
Langfang municipal level science & technology project
code number 2023011050.

REFERENCES

[1] Liu YH, Liu CL, Huang JW, et al. Neural-network based
maximum power point tracking methods for photovoltaic
systems operating under fast changing environments [J].
Solar Energy, 2013; 89(2): 42-53.
https://doi.org/10.1016/j.solener.2012.11.017

[2] Verma D, Nema S, Shandilya AM, Dash SK. Maximum
Power Point Tracking (MPPT) Techniques: Recapitulation in
Solar Photovoltaic Systems [J]. Renewable and Sustainable
Energy Reviews, 2016; 54(9): 1018-1034.
https://doi.org/10.1016/j.rser.2015.10.068

[3] Shi S, Zhou ZX. Applied Technology in Simulation of
Photovoltaic Cell Model Based on MATLAB/Simulink [J].
Applied Mechanics & Materials, 2014; 662: 209-213.
https://doi.org/10.4028/www.scientific.net/ AMM.662.209

[4] Faraji R, Rouholamini A, Naji HR, et al. FPGA-based real
time incremental conductance maximum power point tracking




22 Journal of Solar Energy Research Updates, 2024, Vol. 11

Wei Xie

(5]

controller for photovoltaic systems [J]. The Institution of
Engineering and Technology, 2014; 7(2): 1294-1304.
https://doi.org/10.1049/iet-pel.2013.0603

Ghasemi MA, Forushani HM, Parniani M. Partial Shading
Detection and Smooth Maximum Power Point Tracking of PV
Arrays Under PSC [J]. IEEE Transactions on Power

6l

Electronics, 2016; 31(9): 6281-6292.
https://doi.org/10.1109/TPEL.2015.2504515

Subudhi B, Pradhan R. A comparative study on maximum
power point tracking techniques for photovoltaic power
systems [J], IEEE Trans. Sustain. Energy, 2013; 4(1): 89-98.
https://doi.org/10.1109/TSTE.2012.2202294

Received on 04-04-2024

DOI: https://doi.org/10.31875/2410-2199.2024.11.03

© 2024 Wei Xie; Zeal Press.
This is an open access article licensed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium,

provided the work is properly cited.

Accepted on 07-05-2024

Published on 11-05-2024



