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ABSTRAK

RANCANG BANGUN ROBOT PENYEMPROT HERBISIDA BERBASIS
COMPUTER VISION MENGGUNAKAN DEEP LEARNING UNTUK
EFISIENSI PENGENDALIAN GULMA DI PERTANIAN

Wahyu Nabilla Farhan
Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas Diponegoro

Peningkatan kebutuhan produksi pertanian akibat pertumbuhan populasi menuntut
pengendalian gulma yang lebih presisi dan efisien. Data Direktorat Jenderal
Hortikultura menunjukkan peningkatan luas panen cabai rawit periode 20192023,
sementara gulma menyumbang sekitar 23% kerugian agrikultural sehingga menjadi
faktor pembatas produktivitas yang signifikan. Metode penyemprotan herbisida
konvensional masih menghadapi kendala inefisiensi, risiko lingkungan, dan potensi
resistensi gulma. Penelitian ini mengembangkan robot rover berbasis computer
vision menggunakan algoritma YOLO yang terintegrasi dengan modul pan-tilt
servo untuk penyemprotan selektif. Sistem memanfaatkan Raspberry Pi 5 untuk
pemrosesan citra dan ESP32 untuk kendali aktuator. Model mencapai mAP@50
sebesar 95,2%, precision 95,7%, dan recall 89,6%. Pengujian modul pan-tilt
berbasis Euclidean Distance menghasilkan MAE 1,17 cm, RMSE +1,38 cm, dan
error maksimum 2,24 cm. Uji robot dilapangan menunjukkan precision 100%
terhadap tanaman cabai dengan recall fluktuatif (1,00-0,57) dan rata-rata F'/-score
sekitar 0,86. Hasil ini menegaskan sistem mampu melakukan penyemprotan gulma
secara selektif dan aman, meskipun masih memerlukan peningkatan stabilitas dan

deteksi untuk implementasi lapangan.

Kata Kunci : Penanganan Gulma, Computer Vision, Object Detection, YOLOv11n,
Raspberry Pi 5
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ABSTRACT

DESIGN OF A COMPUTER VISION-BASED HERBICIDE SPRAYING
ROBOT USING DEEP LEARNING FOR EFFICIENT WEED CONTROL
IN AGRICULTURE

Wahyu Nabilla Farhan

Automation Engineering, Vocational School, Diponegoro University

The increasing demand for agricultural production driven by population growth
requires more precise and efficient weed control systems. Data from the Directorate
General of Horticulture indicate a rising trend in cayenne pepper harvested areas
during the 2019-2023 period, while weeds account for approximately 23% of total
agricultural losses, making them a significant constraint on productivity.
Conventional spraying methods still face challenges related to inefficiency,
environmental risks, and the potential development of weed resistance. This study
develops a rover-based robot utilizing computer vision with the YOLO algorithm
integrated with a servo-based pan-tilt module for selective herbicide spraying. The
system employs a Raspberry Pi 5 for image processing and an ESP32 for actuator
control. The detection model achieved an mAP@50 of 95.2%, precision of 95.7%,
and recall of 89.6%. Evaluation of the pan-tilt module using Euclidean Distance
resulted in a Mean Absolute Error (MAE) of 1.17 cm, an RMSE of £1.38 cm, and
a maximum error of 2.24 cm. Field testing demonstrated 100% precision in
protecting chili plants, with fluctuating recall values (1.00-0.57) and an average
F1-score of approximately 0.86. These results confirm that the system is capable of
performing selective and safe weed spraying, although improvements in
mechanical stability and detection are still required for full-scale field

implementation.

Keywords : Weed Management, Computer Vision, Object Detection, YOLOv11n,
Raspberry P15
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