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ABSTRAK

Penelitian ini merancang dan mengimplementasikan sistem hybrid SmartGlove-
CAM untuk pengenalan gestur tangan statis dan visualisasi pose tangan 3D secara
real-time. Tujuan penelitian adalah: (1) merancang sistem yang menggabungkan
data sarung tangan sensor (sensor flex dan IMU) dengan deteksi YOLOvVS dari
kamera eksternal untuk mendeteksi dan mengklasifikasikan gestur tangan statis; (2)
mengimplementasikan prototipe terintegrasi dengan komunikasi real-time berbasis
UDP antara glove, modul deteksi kamera, modul fusi, dan Unity; serta (3)
memvisualisasikan gerakan jari dan pergelangan tangan secara real-time pada
model tangan 3D di Unity. Sistem mengombinasikan lima sensor flex dan satu IMU
(MPU-9250) per tangan yang dikendalikan ESP32, dengan deteksi visual oleh
YOLOv8n. Modul fusi memetakan tangan kiri/kanan, menyaring nilai flex untuk
meredam jitter, dan memvalidasi label kamera menggunakan klasifier statis
(RandomForest) yang dilatih dari dataset lokal. Kebijakan kendali menetapkan: (a)
saat tidak ada deteksi kamera, artikulasi jari mengikuti nilai sensor flex real-time;
(b) saat gestur tangan terdeteksi dan tervalidasi, pose mengikuti label tersebut; dan
(c) rotasi pergelangan selalu mengikuti IMU. Evaluasi fungsional pada konfigurasi
uji menunjukkan inferensi YOLO = 20-25 FPS (320x416), pengiriman glove = 50
Hz, dan latensi end-to-end < = 150 ms. Hasil ini mendukung bahwa fusi sensor—
visi menjaga kontinuitas pose tangan saat kamera terganggu sekaligus
memungkinkan validasi visual untuk gestur statis, sehingga sistem layak untuk

aplikasi VR/AR, pelatihan, dan antarmuka hands-free berbiaya rendah.

Kata Kunci: hand gesture recognition, smart glove, YOLOvS, ESP32, IMU, UDP,

Unity, real-time.
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ABSTRACT

This research designs and implements a hybrid SmartGlove-CAM system for static
hand gesture recognition and real-time 3D hand pose visualization. The objectives
of the study are: (1) to design a system that combines data from a sensor glove (flex
sensors and an IMU) with YOLOvS-based detection from an external camera to
identify and classify static hand gestures, (2) to implement an integrated prototype
with real-time UDP communication between the glove, camera detection module,
fusion module, and Unity, and (3) to visualize finger and wrist movements in real
time on a 3D hand model in Unity. The system integrates five flex sensors and one
IMU (MPU-9250) per hand, controlled by an ESP32, with visual detection using
YOLOvSn. The fusion module maps left/right hands, filters flex values to reduce
Jjitter, and validates camera labels using a static classifier (RandomForest) trained
on a local dataset. The control policy specifies that: (a) when no camera detection
is available, finger articulation follows real-time flex sensor data; (b) when a hand
gesture is detected and validated, the pose follows the detected label; and (c) wrist
rotation is always driven by the IMU. Functional evaluation on the test
configuration shows YOLO inference at =20-25 FPS (320x416), glove data
transmission at =50 Hz, and end-to-end latency below =150 ms. These results
demonstrate that the proposed sensor—vision fusion preserves hand pose continuity
during camera interruptions while enabling reliable validation of static gestures,
making the system suitable for VR/AR applications, training, and low-cost hands-

free interfaces.

Keywords: hand gesture recognition, smart glove; YOLOVS,; ESP32; IMU,; UDP;

RandomForest; Unity; real-time visualization.
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