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ABTRACT

DESIGN OF A DEEP LEARNING BASED APPLE MATURITY
CLASSIFICATION SYSTEM WITH YOLOVS IMPLEMENTATION AND
HYPERPARAMETER OPTIMIZATION

Lintang Rifatatiar

Automation Engineering, Vocational School, Diponegoro University

The apple sorting process at the post-harvest stage is still commonly performed
manually, which can lead to inconsistent results, low efficiency, and high
dependency on operator subjectivity. To address this issue, this study designs and
develops an apple ripeness classification system based on deep learning by
implementing the YOLOvS algorithm with hyperparameter optimization. The
system classifies apples into three categories: ripe, semi-ripe, and unripe, and is
integrated with a conveyor mechanism and mechanical actuators as an automated
sorting system. The YOLOvS model was trained using an apple image dataset that
underwent  annotation, augmentation, and preconditioning processes.
Hyperparameter optimization was performed using the One-Factor-At-a-Time
(OFAT) approach on key parameters such as learning rate, batch size, optimizer,
weight decay, and epoch. The trained model was then converted into HEF format
and deployed on a Raspberry Pi 5 integrated with a Hailo-8 Al accelerator to
achieve real-time inference. The mechanical system employs a conveyor driven by
a power window motor with a pulley and belt transmission system, while servo-
based diverters are used to direct apples into their respective output paths.
Experimental results indicate that hyperparameter optimization improves training
stability and detection performance, as evidenced by more balanced confidence
scores and improved mAP across all classes. The implementation of the Hailo-8
accelerator significantly increases inference speed from 11.07 FPS to 30.02 FPS.

Keywords: YOLOv8, Deep Learning, Apple Ripeness Classification,
Hyperparameter Optimization, Automated Sorting System.
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ABSTRAK

RANCANG BANGUN SISTEM KLASIFIKASI TINGKAT KEMATANGAN
APEL BERBASIS DEEP LEARNING DENGAN IMPLEMENTASI YOLOVS
DAN OPTIMASI HYPERPARAMETER

Lintang Rifatatiar
Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas Diponegoro

Proses penyortiran buah apel pada tahap pascapanen masih banyak dilakukan
secara manual sehingga berpotensi menimbulkan ketidakkonsistenan hasil,
rendahnya efisiensi, serta ketergantungan terhadap subjektivitas operator. Untuk
mengatasi permasalahan tersebut, penelitian ini merancang dan membangun sistem
klasifikasi tingkat kematangan apel Dberbasis deep learning dengan
mengimplementasikan algoritma YOLOvV8 yang dioptimasi melalui tuning
hyperparameter. Sistem dirancang untuk mengklasifikasikan apel ke dalam tiga
kelas, yaitu matang, setengah matang, dan tidak matang, serta diintegrasikan
dengan mekanisme konveyor dan aktuator mekanik sebagai sistem sortir otomatis.
Model YOLOVS dilatih menggunakan dataset citra apel yang telah melalui proses
anotasi, augmentasi, dan preconditioning. Optimasi hyperparameter dilakukan
menggunakan pendekatan One-Factor-At-a-Time (OFAT) terhadap parameter
utama seperti learning rate, batch size, optimizer, weight decay, dan epoch. Model
hasil pelatihan kemudian dikonversi ke format HEF dan diimplementasikan pada
Raspberry Pi 5 yang dipadukan dengan akselerator Al Hailo-8 untuk meningkatkan
performa inferensi secara real-time. Sistem mekanik menggunakan konveyor
berbasis motor power window dengan transmisi pulley dan belt, serta mekanisme
diverter berbasis motor servo untuk proses pemisahan apel. Hasil pengujian
menunjukkan bahwa optimasi hyperparameter mampu meningkatkan stabilitas
pelatihan dan performa deteksi model, ditunjukkan oleh peningkatan nilai
confidence score dan mAP yang lebih proporsional antar kelas. Implementasi
Hailo-8 berhasil meningkatkan kecepatan inferensi dari 11,07 FPS menjadi 30,02
FPS.

Kata kunci: YOLOvS, Deep Learning, klasifikasi kematangan apel, optimasi
hyperparameter, sistem sortir otomatis.
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