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ABSTRAK

Photovoltaic (PV) adalah salah satu sumber energi terbarukan yang sangat
dipengaruhi oleh kondisi lingkungan dan dibutuhkan Maximum Power Point
Tracking (MPPT) yang efisien dan tahan terhadap gangguan. Penelitian ini
berfokus pada peningkatan efisiensi sistem PV, yang kinerjanya sangat dipengaruhi
oleh suhu, iradiasi, serta gangguan noise sensor, melalui penerapan MPPT. Metode
konvensional seperti Perturb and Observe (P&O) dan Incremental Conductance
(INC) masih menghadapi keterbatasan berupa osilasi di sekitar titik daya
maksimum dan sensitivitas tinggi terhadap perubahan lingkungan. Penelitian
terdahulu telah mengembangkan MPPT berbasis variable-step P&O dengan Sliding
Mode Control (SMC) yang dioptimasi menggunakan Grey Wolf Optimizer (GWO).
Meskipun metode tersebut meningkatkan akurasi pelacakan MPP, kajian mengenai
pengaruh noise pengukuran dan penerapan filter atau estimator belum menjadi
fokus utama. Penelitian ini mengusulkan kombinasi Smooth Variable Structure
Filter (SVSF), P&O, SMC, dan GWO. SVSF berfungsi sebagai alternatif Kalman
Filter untuk memperhalus sinyal dari sensor, P&O menghasilkan referensi
tegangan, SMC sebagai pembentuk duty cycle, dan GWO digunakan untuk
mengoptimasi parameter SMC. Hasil simulasi berbasis MATLAB menunjukkan
bahwa metode SVSF-P&O-SMC-GWO lebih unggul pada kehalusan sinyal dan
kinerja tracking output dibanding baseline P&O-SMC-GWO maupun KF-P&O-
SMC-GWO. Secara numerik, metode usulan mampu mereduksi noise dengan
MAAP sebesar 89,2749% dan RMSAP sebesar 76,1478%, lebih tinggi dibanding
KF (67,5527% dan 65,8060%). Efisiensi tracking output mencapai 99,2721%,
melampaui KF (98,9288%) dan baseline (98,7309%). Nilai MAE output sebesar
0,8699% dan RMSE output sebesar 1,9578%, lebih rendah daripada KF (1,2202%
dan 2,0984%) serta baseline (1,7507% dan 2,4291%). SVSF juga menghasilkan
RMS APout terendah sebesar 1,6064 W/sampel, dibanding KF (1,9656 W/sampel)
dan baseline (4,0089 W/sampel). Waktu konvergensi tercepat, yaitu 7,042 s,
dibanding KF (7,056 s) dan baseline (8,472 s). Secara keseluruhan, metode yang
mengintegrasikan SVSF memberikan keseimbangan terbaik dalam meningkatkan
akurasi tracking, mengurangi fluktuasi daya, serta mempercepat kestabilan sistem
MPPT.

Kata Kunci: PV, MPPT, SVSF, SMC, GWO
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ABSTRACT

Photovoltaic (PV) systems are renewable energy technologies whose
performance is strongly influenced by environmental conditions, thereby requiring
an efficient and disturbance-resilient Maximum Power Point Tracking (MPPT)
strategy. This study aims to improve PV system efficiency under variations in
temperature and solar irradiance, as well as disturbances caused by sensor noise.
Conventional methods, such as Perturb and Observe (P&QO) and Incremental
Conductance (INC), still exhibit limitations, particularly oscillations around the
maximum power point and high sensitivity to changing environmental conditions.
Previous research has developed a variable-step P&O-based MPPT method
integrated with Sliding Mode Control (SMC), whose parameters are optimized
using the Grey Wolf Optimizer (GWQO). Although this approach improves MPP
tracking accuracy, the effects of measurement noise and the application of filtering
or state-estimation techniques have received limited attention. Therefore, this study
proposes an integrated SVSF-P&O—-SMC-GWO framework. The Smooth Variable
Structure Filter (SVSF) serves as an alternative to the Kalman Filter (KF) for
smoothing sensor measurements, while P&O determines the reference voltage,
SMC generates the converter duty cycle, and GWO optimizes the SMC parameters.
MATLAB-based simulation results demonstrate that the proposed SVSF—P&O—
SMC-GWO method provides smoother signals and superior output-tracking
performance compared with both the baseline P& O-SMC-GWO and KF—-P&O—
SMC-GWO methods. Quantitatively, the proposed method achieves reductions of
89.2749% in MAAP and 76.1478% in RMSAP, exceeding the corresponding
reductions obtained using the KF-based method, namely 67.5527% and 65.8060%,
respectively. Its output-tracking efficiency reaches 99.2721%, surpassing the
efficiencies achieved by the KF-based method (98.9288%) and the baseline method
(98.7309%). Furthermore, the proposed method produces an output MAE of
0.8699% and an output RMSE of 1.9578%, which are lower than those obtained
using the KF-based method (1.2202% and 2.0984%) and the baseline method
(1.7507% and 2.4291%). The SVSF-based method also yields the lowest RMS
APout value of 1.6064 W/sample, compared with 1.9656 W/sample for the KF-
based method and 4.0089 W/sample for the baseline method. Moreover, it achieves
the fastest convergence time of 7.042 s, compared with 7.056 s for the KF-based
method and 8.472 s for the baseline method. Overall, integrating SVSF provides
the most balanced improvement in tracking accuracy, power-fluctuation
suppression, and MPPT system stabilization.

Keywords: PV, MPPT, SVSF, SMC, GWO
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