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ABSTRAK

Penerapan teknologi pembelajaran berbasis computer vision semakin
memungkinkan dengan menawarkan peningkatan efektivitas, interaktivitas, dan
efisiensi dalam pembelajaran dengan meningkatnya kemampuan perangkat keras
dan internet. Penelitian ini mengobservasi dan menemukan solusi pengaplikasian
computer vision dan Web Real-Time Communication (WebRTC) pada
pembelajaran, yaitu presentasi dan tes/kuis. Penelitian menerapkan solusi yang
dinamis dan aksesibel dalam mengatasi ketergantungan pada operator atau
perangkat keras dalam metode presentasi tradisional serta menawarkan interaksi
natural. Selain itu, penelitian ini menerapkan teknologi tersebut untuk mencegah
kecurangan pada ujian daring yang diawasi (online proctored exam).
Pengembangan sistem dilakukan dengan metode Research and Development
(R&D) pendekatan spiral. Sistem memanfaatkan deteksi posisi landmark tangan
menggunakan MediaPipe serta klasifikasi gestur dengan model Convolutional
Neural Network (CNN) yang dilatih berdasarkan fitur sudut sendi landmark tangan.
Dua fitur utama sistem ini, yaitu kontrol presentasi berbasis gestur (seperti
menggerakkan kursor dan menavigasi presentasi), serta kuis interaktif pilihan
ganda yang dijawab dengan acungan jari. Aplikasi dikembangkan pada dua
platform berbeda, yaitu aplikasi desktop berbasis PyQt5 dan aplikasi web berbasis
React dan Django dengan WebRTC untuk transmisi video pada tes online secara
real-time. Evaluasi dilakukan melalui pengujian fungsional (black-box) dan
pengujian teknis terhadap performa sistem. Hasil menunjukkan bahwa model CNN
mencapai akurasi sebesar 0.9733, presisi 0.9739, recall 0.9733, Fl-score 0.9731,
dan mAP 0.9916. Waktu respons rata-rata 145,3 ms, yang menghasilkan frame rate
22,3 FPS pada aplikasi desktop, lalu frame rate inbound dan outbound rata-rata
sekitar 15-15.2 FPS pada aplikasi web termasuk latensi RTT dan frame assembly
tercatat sekitar 480-500 ms, menghasilkan sistem dengan performa dan
responsivitas yang baik.

Kata Kunci: CNN, computer vision, gestur tangan, interaksi natural, monitoring,
WebRTC



ABSTRACT

The application of computer vision-based learning technology is becoming
increasingly feasible, offering enhanced effectiveness, interactivity, and efficiency
in educational settings with the increasing capabilities of hardware and the internet
this study observes and finds solutions for applying computer vision and Web Real-
Time Communication (WebRTC) for learning, precisely presentations and
tests/quizzes. This research presents a dynamic and accessible solution to reduce
reliance on operators or additional hardware in traditional presentation methods
while enabling natural interaction. Furthermore, it applies this technology to
prevent cheating in online proctored exams. System development is carried out
using the Research and Development (R&D) method with spiral approach. The
system utilizes hand landmark detection using MediaPipe and gesture classification
with a Convolutional Neural Network (CNN) model trained on angular features
derived from hand joint landmarks. The system’s two main features are gesture-
based presentation control (e.g., cursor movement and presentation navigation)
and an interactive multiple-choice quiz answered through finger-count gestures.
The application is developed on two different platforms: a PyQt5-based desktop
application and a web-based application using React and Django, employing
WebRTC for real-time webcam video transmission during online tests. Evaluation
was conducted through functional (black-box) testing and technical performance
testing of the system. Results show that the CNN model achieved an accuracy of
0.9733, precision of 0.9739, recall of 0.9733, Fl-score of 0.9731, and a mean
Average Precision (mAP) of 0.9916. The system recorded an average response time
of 145.3 ms, resulting in a frame rate of 22.3 FPS on the desktop application, and
an average inbound and outbound frame rate of approximately 15—15.2 FPS on the
web application, with RTT and frame assembly latency ranging from 480-500 ms,
indicating a system with reliable performance and responsiveness.

Keywords: CNN, computer vision, hand gesture, monitoring, natural interaction,
WebRTC
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