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RINGKASAN

SURYO PRAKOSO PUTRA. Model Deteksi Horizon Berbasis Deep Learning
untuk Pengendalian Attitude Satelit. Dibimbing oleh IMAS SUKAESIH
SITANGGANG, HARI AGUNG ADRIANTO dan MOHAMMAD
MUKHAYADI.

Sikap atau orientasi satelit terhadap Bumi merupakan komponen penting
dalam sistem kendali orientasi (attitude control system), khususnya pada satelit
inikro dengan keterbatasan perangkat navigasi seperti LAPAN-TUBSAT, yang star
tracker dan sun sensor-nya telah terdegradasisetelah hampir dua dekade mengorbit.
Salah satu pendekatan untuk mendukung koreksi orientasi secara otomatis adalah
deteksi horizon Bumi berbasis citra visual. Dalam penelitian ini dikembangkan
model deteksi horizon bernama HorizonSegNet yang memformulasikan deteksi
horizon sebagai tugas segmentasi semantik biner ground-space. Model
memadukan encoder EfficientNet-B0O pra-latth ImageNet dengan empat blok
decoder bergaya U-Net untuk menghasilkan masker segmentasi tingkat piksel.
Citra disegmentasi menjadi dua kelas, yaitu Space dan Ground, dengan skip
connection darisetiap tahap encoder diteruskan ke decoder untuk mempertahankan
informasi spasial selama upsampling. Garis horizon kemudian diekstraksi dari batas
masker segmentasi menggunakan algoritma RANSAC; kemiringan garis
menghasilkan estimasi sudut roll dalam derajat absolut, sedangkan intersep
vertikalnya menghasilkan estimasi nilai pitch.

Sebuah dataset baru berisi 4775 frame LAPAN-TUBSAT (rekaman 2013—
2015) yang dianotasi manual disusun, mencakup rentang sudut roll —75° hingga
+75°, lalu dibagi menjadi 3820 frame latih dan 955 frame uji (seed = 42). Evaluasi
menggunakan metrik Intersection over Union (IoU) untuk kualitas segmentasi dan
Mean Absolute Error (MAE) sudut untuk akurasi estimasi orientasi.
HorizonSegNet mencapai mean 1oU 98,21% dan rata-rata MAE roll 0,61°
peningkatan 93,4% dibandingkan baseline regresi langsung HLE-Net V2 (MAE
9.28°). Sekitar 95% frame uji memenuhi toleransi operasional ADCS 2°,
menunjukkan kelayakan praktis pipeline rekomendasi yang diusulkan. Dengan
latensi 66,4 ms/frame pada CPU, sistem layak dijalankan di ground station sebagai
rekomendasi koreksi sikap bagi operator tanpa modifikasi perangkat keras satelit.
Hasil penelitian ini diharapkan berkontribusi pada pengembangan sistem orientasi
satelit berbasis visual yang ringan dan mampu bekerja secara mandiri, terutama
untuk satelit mikro dengan keterbatasan perangkat keras.

Kata kunci: deteksi horizon, EfficientNet, estimasi attitude, LAPAN-TUBSAT,
segmentasi semantik



SUMMARY

SURYO PRAKOSO PUTRA. Deep Learning-Based Horizon Detection Model for
Satellite Attitude Control. Supervised by IMAS SUKAESIH SITANGGANG,
HARI AGUNG ADRIANTO, and MOHAMMAD MUKHAYADI.

The attitude, or orientation of a satellite relative to the Earth, is a critical
component of the attitude control system, particularly for micro-satellites with
limited navigation hardware such as LAPAN-TUBSAT, whose star tracker and sun
sensor have degraded after nearly two decades in orbit. One approach to support
automatic orientation correction is visual Earth-horizon detection. This study
develops a horizon detection model named HorizonSegNet, which reformulates
horizon detection as a binary ground—space semantic segmentation task. The model
pairs an ImageNet-pretrained EfficientNet-BO encoder with four U-Net-style
decoder blocks to produce a pixel-level segmentation mask. Each input image is
segmented into two classes, Space (0) and Ground (1), with skip connections from
every encoder stage forwarded to the decoderto preserve spatial information during
upsampling. The horizon line is then extracted geometrically from the boundary of
the segmentation mask using the Random Sample Consensus (RANSAC)
algorithm; the slope of the fitted line yields the roll angle in absolute degrees, while
its vertical intercept yields arelative pitch estimate pending full camera calibration.

A new dataset of 4,775 manually annotated LAPAN-TUBSAT frames
(recordings from 2013-2015) was constructed, covering roll angles from —75° to
+75°, and split into 3,820 training frames and 955 test frames (seed = 42). Model
performance was evaluated using Intersection over Union (IoU) for segmentation
quality and the Mean Absolute Error (MAE) of the angle for orientation-estimation
accuracy. HorizonSegNet achieves a mean IoU of 98.21% and a mean roll-angle
MAE of 0.61° — a 93.4% improvement over the direct-regression baseline HLE-
Net V2 (MAE 9.28°). Approximately 95% of the test frames fall within the 2°
operational tolerance of a typical Attitude Determination and Control System
(ADCS), demonstrating the practical viability of the proposed recommendation
pipeline. With an inference latency of 66.4 ms per frame on a CPU, the system is
suitable for deployment at the ground station as an attitude-correction
recommendation tool for operators, without any modification to the satellite
hardware. The results of this study are expected to contribute to the development of
lightweight, vision-based satellite orientation systems capable of operating
autonomously, particularly for micro-satellites with constrained hardware.

Keywords: attitude estimation, EfficientNet, horizon detection, LAPAN-TUBSAT,
satellite imagery, semantic segmentation
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