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ABSTRAK

REDUKSI GANGGUAN IMPULSE PADA CITRA SATELIT BERBASIS
ALJABAR MANY-VALUES GUNA MENINGKATKAN RESILIENSI
INFORMASI VISUAL

Citra satelit Synthetic Aperture Radar (SAR) dan optik memiliki peran penting
dalam bidang pertahanan, namun rentan terhadap gangguan impulsif salt and
pepper akibat malfungsi elektronik. Salah satu metode yang telah dikembangkan
untuk mengatasi gangguan ini-adalah Lukasiewicz Algebra with Square Root
Noise-removal Method (LASRNM);-berbasis aljabar many-values. Meskipun efektif
pada kepadatan gangguan rendah, metode ini. memiliki keterbatasan dalam
merestorasi citra pada kepadatan gangguan-tinggi, ditandai dengan munculnya
blok-blok residual noise..'Guna mengatasi kelemahan tersebut, penelitian ini
mengusulkan dua-metode:baru berbasis aljabar _many-values, yaitu Adaptive
Many-Values Fuzzy Filtering (AMVFF) dengan pendekatan kernel adaptif tertarget
dan Randomized- lterative Many-Values Fuzzy Filtering (RIMVFF) dengan
pendekatan pengacakan iteratif padackernel tetap. Pengujian menggunakan citra
benchmark dan citra satelit menunjukkan bahwa kedua metode yang diusulkan
mampu meningkatkan kualitas restorasi-citra berdasarkan metrik PSNR dan SSIM.
AMVFF menunjukkan performa optimal pada kepadatan gangguan rendah,
sementara RIMVFF unggul secara konsisten di' seluruh tingkat kepadatan
gangguan. Temuan ini menunjukkan bahwa integrasi konsep aljabar many-values
dengan pendekatan adaptif dan iteratif mampu meningkatkan efektivitas restorasi
citra dan memperkuat ketahanan informasi'visual pada skenario gangguan berat,
yang relevan untuk aplikasi pertahanan dan pemantauan strategis.

Kata kunci: aljabar many-values, citra satelit, filtering, gangguan impulsif, kernel
adaptif, pengacakan iteratif
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ABSTRACT

IMPULSE NOISE REDUCTION IN SATELLITE IMAGES BASED ON
MANY-VALUES ALGEBRA TO ENHANCE VISUAL INFORMATION
RESILIENCE

Synthetic Aperture Radar (SAR) and optical satellite imagery play a crucial role in
defence applications but are vulnerable to impulsive salt and pepper noise caused
by electronic malfunctions. One existing solution to mitigate this problem is
Lukasiewicz Algebra with Square Root Noise-removal Method (LASRNM), a
filtering method based on many-valued algebra. While effective under low-noise
conditions, LASRNM -shows limitations at high-noise densities, leading to the
appearance of residual noise -blocks. To address this issue, this study proposes
two novel many-valued algebra-based methods: Adaptive Many-Valued Fuzzy
Filtering (AMVFF) using a 'targeted adaptive kernel, and Randomized lIterative
Many-Valued Fuzzy' Filtering (RIMVFF) employing iterative randomization on a
fixed kernel size:~Experimental results using benchmark and satellite images
demonstrate that both proposed methods improve image restoration quality in
terms of PSNR and SSIM. AMVFF performs well under low-density noise, whereas
RIMVFF consistently outperforms-across-all noise levels. These findings indicate
that integrating many-valued  algebra with~adaptive and iterative approaches
enhances restoration performance and strengthens visual information resilience,
especially in_high-noise conditions relevant to defence and strategic monitoring.

Keywords: adaptive kernel, filtering, iterative randomization, impulse noise, many-
values algebra, satellite images
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