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Control system For optimal photovoltaic (PV) power-generation conversion, maximum power point tracking
MPPT (MPPT) is essential. This study introduces a reliable and advanced third-order sliding mode control
Sliding mode (TOSMC) based MPPT, aimed at addressing its main drawbacks such as chattering phenomena
Chattering and voltage and power ripples. In order to demonstrate the capabilities of the proposed TOSMC

Photovoltaic

control, a comprehensive study has been conducted. This study compares the TOSMC control with

traditional perturb & observe and incremental conductance methods. Various factors such as
tracking time, power oscillations, voltage and current ripples, robustness, and power efficiency
have been taken into consideration. The verification of the recommended PV system is conducted
using the MATLAB interface. Hence, diverse scenarios of atmospheric conditions have been
applied such as fast fluctuation and realistic changing of irradiation across one day. The results
obtained provide strong evidence for the effectiveness of the control method utilized,
demonstrating superior performance.
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1. Introduction

Renewable energy sources are becoming the dominant energy source
since the beginning of the 21st century. Traditional energy sources
are insufficient to satisfy the energy requirements of modern
civilization including the industrial revolution. Furthermore, these
sources generate inherent pollution, which poses a significant risk to
human health. Nonconventional sources of energy can serve as a
viable and prominent alternative in the advancement of human
progress. Utilizing alternative energy sources is a crucial and
accurate choice in the present day[1]. In recent years, there has been
a significant increase in the study and manufacture of photovoltaic
(PV) systems. Despite this noticeable progress, PV solar panels still
demonstrate an extremely low conversion efficiency. Moreover, the

PV module generates a power output that demonstrates nonlinearity
and fluctuates in response to atmospheric conditions. The variations
in performance reduce the operational efficiency of the PV panel,
causing the operating power to deviate from the maximum power
point (MPP) [2]. To deal with the aforementioned challenge, the PV
system needed to be forced to operate at the optimal MPP. The latter
technique refers to the maximum power point tracking (MPPT)
algorithm, which is the main topic of this study. Over the past ten
years, a multitude of MPPT methods have been implemented in
academic publications. The two most renowned algorithms utilized
are the perturb and observe method, as well as the incremental
conductance technique. These approaches are simple to execute and
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rely on the abrupt adjustment of the duty cycle or voltage [3].
However, the lack of robustness of conventional MPPT against the
intermittent nature and weather shifting promoted academic
researchers to develop new techniques to deal with this challenge. A
novel framework for enhancing MPPT in solar panels by reducing
the search space and deriving an irradiance-free relationship between
open circuit and MPP voltage has been introduced in [4]. The study
verifies the suggested algorithm's effectiveness on three prevalent
solar panel variants and showcases its improved performance in
response to varying weather circumstances. The authors in [5]
introduced an enhanced INC-based MPPT strategy for optimizing
PV systems in remote areas. The suggested technique incorporates
adaptive perturbation step adjustments in response to weather
variables and integrates a drift avoidance method to ensure reliable
tracking. A hybrid MPPT algorithm using particle swarm
optimization (PSO) and conventional methods to optimize PV output
power across varying climatic conditions was presented in [3]. The
approach integrates PSO with P&O and INC methods, dynamically
adapting the step size according to solar irradiation to enhance
efficiency. Alternatively, Artificial Intelligence techniques are also
employed to serve in this topic. In Ref.[6], Fuzzy Logic served as an
MPPT and as a consequence the system efficiency reached 97 % as
well as the power fluctuations were reduced. In order to handle the
nonlinearity of PV systems and overcome the uncertainty resulting
from unstable weather changes, nonlinear robust control algorithms
have been widely used in the literature [7], [8], [9]. The study in [10]
proposes a new hybrid approach to maximize the PV system’s power
output and improve energy quality by combining robust sliding mode
control (SMC) and INC algorithm. Thus, this control technique
effectively tackled problems that included chattering and control
dynamics. Various studies have explored the integration of SMC
with different control strategies to enhance MPPT performance. For
instance, a study in [11] proposed a Backstepping SMC (BSMC)
method with a fuzzy inference system and PSO optimizer for
parameter fine-tuning, resulting in improved stability and power
extraction capabilities under changing atmospheric conditions.
Second-order sliding mode control (SOS-MC) has been suggested in
numerous papers [12], [13], [14] to overcome the conventional SMC
drawbacks, especially the chattering phenomenon. A robust super-
twisting algorithm based on SOSMC was presented and discussed in
[12]. The previously indicated technique exhibited rapid
responsiveness and reduced chattering in comparison to the first-
order SMC. A novel robust approach called Third-order sliding mode
control (TOSMC) has been used widely in different systems to
provide rapid convergence rates, precise tracking precision, and
minimized chattering[15], [16], [17].

Based on an extensive review of the literature, it is observed that the
persistent issues posed by varying atmospheric conditions, whether
they are realistic and overcast or highly unstable, have not been well
addressed. Therefore, this inspires the authors to develop a
Maximum Power Point Tracking system that can efficiently operate
under these circumstances. This research presents a new and strong
tracking control method called Third-Order SMC for achieving
maximum power output in solar photovoltaic systems. The suggested
control technique is characterized by its straightforward design,
effortless implementation, exceptional precision, and swift tracking
capabilities.

The paper consists of five sections. Sect. 2 provides a comprehensive
overview of the researched system. The proposed design for an
MPPT controller is presented in Section 3. Section 4 includes an
elucidation of the simulation results and a discussion. Section 5

addresses the final findings and conclusions of the work.

2. General Description

A standard stand-alone photovoltaic (PV) system consists of a PV
array, a dc/dc converter to adapt the power generated by the PV
supplier, a controller to manage disruptions, and a load, as shown in
Figure 1. The PV array demonstrates a non-linear characteristic that
varies considerably with the operating conditions, posing challenges
in accurately predicting the optimal outputs required to ensure
maximum power generation, this explains the importance of the
MPPT controller in the studied system.
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Fig. 1 :PV generator with MPPT control.
2.1 PV cell model

1. The primary elements of a solar photovoltaic (PV) power system
consist of PV panels, which are commonly interconnected in series
and/or parallel configurations to enhance power output production or
increase voltage. The PV cell can be described as a combination of a
current source, a diode, a series resistance (Rs), and a shunt
resistance (Rp), as shown in Figure 2.
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Fig. 2: PV Cell
2.2. Boost converter model
DC-DC converters are used as power conditioning units to regulate
and increase the voltage from a solar source to the appropriate output
voltage.
The nonlinear time-independent system of the converter can be
expressed in a general manner as follows:

X = f(X)+h(X)u

(1)
Where
X=[loy V', uefo 1]
Vov — Vo ﬁ
L L
F)= v and  h(X)=| T
Thus, we obtain
dlpy :VPV_VO +ﬁu
dt L L
av, [ V, +Iﬂ ﬁu
dt RC, C, )L @

3. Controller Design

The TOSMC approach has recently appeared as a viable
alternative to the SMC approach. It is a method that does not follow
a linear pattern. The primary benefits of this approach, in contrast to
various other tactics like feedback linearization control or
backstepping control, are its simplicity and straightforward
implementation. Furthermore, it is an efficient solution for uncertain
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systems that address the key limitations of the standard SMC
technique discussed in the literature[15], [18].

In order to design any typical controller based on SMC, the first
step is selecting the sliding surface in which the system state
converges to it. However, in the studied case we aim to enforce the
PV system to provide its maximum power output, for this reason, we
select the sliding surface as follows [13] :

oP, 1, al,
s(xt)=—2 =P P _
N, Ve OV, @

pv

The second step consists of defining the control input law (5 ),which
includes two main terms given by

0 = 0q + Srosme 5)

Where the term of the suggested TOSMC method is
determined by the summation of three inputs, which are given as
follows:

Srosme = glx/ﬁ' Sign(S)+szsign(S)+03 -sign(S)
(6)

61,0, and B3 are arbitrary gains. Wherein the equivalent term &,
can be defined based on the following condition

s'{ds} X =[ds} (h(X)s,, + F(X))=0

ax ] " lax -
Therefore, we obtain
V,
Gy =1-—F
Vo ®

4. Simulation Results:

This section assesses the performance of the TOSMC MPPT
controller under varying environmental circumstances. In addition,
the TOSMC controller has been compared to traditional MPPT
methods such as P&O and INC to evaluate its comparative
performance. Various atmospheric profiles have been selected to
evaluate the suggested controller in the following subsections.

4.1 Case 1: Fast-changing irradiance
In this scenario, the intensity of radiation has been altered over time
while maintaining the same temperature of 25 degrees Celsius. The
irradiance was initially set at 800 W/m2, then dropped to 600 W/m2,
and subsequently increased to a maximum value of 1000 W/m2. It
was then decreased again to 800 W/m2, as depicted in Figure 3. This
profile exhibits instances of highly fluctuating irradiance in the form
of ramps. Figure 4 illustrates the power performance of the three
controllers being studied. The initial state (occurring between 0 to
0.2 seconds) has been selected for analysis, as indicated in Table 1
and Figure 7. The settling time data have been recorded as 58 ms for
the P&O method and 29 ms for the INC method, while the proposed
TOSMC MPPT needed only 15 ms to achieve the MPP. Moreover,
the responses of the PV voltage Vp, and PV current Ip, are
represented in Figures 5 and 6, respectively. Accordingly, it has
appeared that the innovative MPPT provided superior performance in
terms of minimizing the voltage and current ripple as well as less
fluctuation around the peak power point.
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Fig. 3 : Irradiance Profile.
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Fig. 4 : PV power performance under hard variation irradiance.

T ,ubu m
BRI

PV Voltage (V)
o
o

N
o

08 0805 081 0815 082 0825

[—P&0 —INC —TOSMC|

0 ‘ | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4

t(s)
Fig. 5: PV Voltage performance under hard variation irradiance.
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Fig. 6: PV Current performance under hard variation irradiance.
Table | : In-depth comparative examination.

Index

. P, V I
p MPPT Settling PV PY PV
] - Ripple Ripple Ripple
> Method Time (ms
g ) V) (A)
3 P&O 58 2.38 0.68 0.53
S INC 29 0.42 0.65 0.25
N 0.05
" TOSMC 15 0.37 0.38 5
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Fig. 7 : Graphical representation of performance analysis.

4.2 Case 2: Realistic weather fluctuation

This test case includes realistic data on irradiance fluctuation, as
depicted in Figure 8. Figure 9 displays the photovoltaic (PV) power
response of the developed TOSMC controller compared
to both (P&O) and (INC) methods under realistic meteorological
conditions. The suggested technique demonstrates efficient tracking
of the MPP with minimal fluctuation and fast response, nevertheless,
the perturb&Observe and incremental conductance (INC) exhibit
noticeable fluctuations. Figures 10 as well as 11 illustrate the
photovoltaic (PV) voltage and current, respectively. The results
clearly showed the higher performance of the recommended MPPT
algorithm in terms of power efficiency, robustness, tracking time,
and greatly diminished oscillatory behavior.
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Fig. 8 : Realistic irradiation profile.
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Fig. 9: PV power output under realistic irradiation test.
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Fig. 11 : PV Current output under realistic irradiation test

5. Conclusion

This study examines the comprehensive development of a third-order
sliding mode control (TOSMC) based MPPT controller for efficient
attainment of maximum power response in Solar Photovoltaic (SPV)
systems. The TOSMC controller was developed with the aim of
achieving four key objectives simultaneously: a straightforward
design that is easy to implement, minimizing oscillations around the
MPP, robustness to uncertainty and fluctuating environmental
circumstances, and demonstrating fast reaction. In order to evaluate
the effectiveness of the controllers in achieving maximum power
response, various performance metrics were employed. These
metrics encompassed the settling time of the power, steady-state
power variations, as well as voltage and current ripples. The findings
obtained demonstrate that the suggested controller effectively
addresses oscillations around the MPP and delivers improved
performance in comparison to the incremental conductance (INC)
and perturb and observe (P&O) methods.

6. References

[1] D. Mazumdar, C. Sain, P. K. Biswas, P. Sanjeevikumar,
and B. Khan, “Overview of solar photovoltaic MPPT methods: a
state of the art on conventional and artificial intelligence control
techniques,” Int. Trans. Electr. Energy Syst., vol. 2024, no. 1, p.
8363342, 2024.

[2] A. Harrison, N. H. Alombah, and J. de Dieu Nguimfack
Ndongmo, “A New Hybrid MPPT Based on Incremental
Conductance-Integral Backstepping Controller Applied to a PV
System under Fast-Changing Operating Conditions,” Int. J.
Photoenergy, vol. 2023, 2023, doi: 10.1155/2023/9931481.

[3] M. H. Ibrahim, S. P. Ang, M. N. Dani, M. I. Rahman, R.
Petra, and S. M. Sulthan, “Optimizing Step-Size of Perturb &
Observe and Incremental Conductance MPPT Techniques Using
PSO for Grid-Tied PV System,” IEEE Access, vol. 11, no. February,
pp. 13079-13090, 2023, doi: 10.1109/ACCESS.2023.3242979.

[4] A. Harrison, C. Feudjio, C. R. F. Mbobda, and N. H.
Alombah, “A new framework for improving MPPT algorithms
through search space reduction,” Results Eng., vol. 22, p. 101998,
2024.

[5] A. Chellakhi, S. El Beid, Y. Abouelmahjoub, and H.

CAS Vol.04 No. 1 2025

194



Optimized Third-Order Sliding Mode MPPT for Photovoltaic Systems in Variable and Realistic Weather Conditions Nassir et al.
Doubabi, “An enhanced incremental conductance MPPT approach
for PV power optimization: A simulation and experimental study,”
Arab. J. Sci. Eng., pp. 1-20, 2024.

[6] K. Ullah, M. Ishaq, F. Tchier, H. Ahmad, and Z. Ahmad,
“Fuzzy-based maximum power point tracking (MPPT) control
system for photovoltaic power generation system,” Results Eng., vol.
20, p. 101466, 2023.

[7] Naghmash, H. Armghan, I. Ahmad, A. Armghan, S. Khan,
and M. Arsalan, “Backstepping based non-linear control for
maximum power point tracking in photovoltaic system,” Sol. Energy,
vol. 159, no. October 2017, pp. 134-141, 2018, doi:
10.1016/j.solener.2017.10.062.

[8] A. Kihal, F. Krim, A. Laib, B. Talbi, and H. Afghoul, “An
improved MPPT scheme employing adaptive integral derivative
sliding mode control for photovoltaic systems under fast irradiation
changes,” ISA Trans., vol. 87, pp. 297-306, 2019.

[9] N. Deghfel, A. E. Badoud, F. Merahi, M. Bajaj, and I.
Zaitsev, “A new intelligently optimized model reference adaptive
controller using GA and WOA-based MPPT techniques for
photovoltaic systems,” Sci. Rep., vol. 14, no. 1, p. 6827, 2024.

[10] F. Messaoudi, F. Farhani, and A. Zaafouri, “A new
approach to MPPT hybrid incremental conductance-sliding mode
control  for PV  grid-connected,” Meas. Control, p.
00202940241240666, 2024.

[11] F. Jamshidi, M. R. Salehizadeh, R. Yazdani, B. Azzopardi,
and V. Jately, “An improved sliding mode controller for MPP
tracking of photovoltaics,” Energies, vol. 16, no. 5, p. 2473, 2023.
[12] A. Kchaou, A. Naamane, Y. Koubaa, and N. M’sirdi,
“Second order sliding mode-based MPPT control for photovoltaic
applications,” Sol. Energy, vol. 155, pp. 758-769, 2017, doi:
10.1016/j.solener.2017.07.007.

[13] N. Deghfel, “High-performance Super twisting sliding
mode MPPT control for photovoltaic system under partial shading
conditions,” in 2023 20th International Multi-Conference on
Systems, Signals & Devices (SSD), IEEE, 2023, pp. 84-88.

[14] K. Kayisli, “Super twisting sliding mode-type 2 fuzzy
MPPT control of solar PV system with parameter optimization under
variable irradiance conditions,” Ain Shams Eng. J., vol. 14, no. 1, p.
101950, 2023, doi: 10.1016/j.asej.2022.101950.

[15] S. Kadi, H. Benbouhenni, E. Abdelkarim, K. Imarazene,
and E. M. Berkouk, “Implementation of third-order sliding mode for
power control and maximum power point tracking in DFIG-based
wind energy systems,” Energy Reports, vol. 10, pp. 3561-3579,
2023.

[16] D. Naamane, Z. Laid, and M. Fateh, “Power quality
improvement based on third-order sliding mode direct power control
of microgrid-connected photovoltaic system with battery storage and
nonlinear load,” Iran. J. Sci. Technol. Trans. Electr. Eng., vol. 47,
no. 4, pp. 1473-1490, 2023.

[17] S. Ding, C. Huang, C. Ding, and X. Wei, “Straight-line
tracking controller design of agricultural tractors based on third-order
sliding mode,” Comput. Electr. Eng., vol. 106, p. 108559, 2023.

[18] H. Benbouhenni and N. Bizon, “Improved rotor flux and
torque control based on the third-order sliding mode scheme applied
to the asynchronous generator for the single-rotor wind turbine,”
Mathematics, vol. 9, no. 18, 2021, doi: 10.3390/math9182297.

CAS Vol.04 No. 1 2025 195



