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ABSTRAK

Peningkatan jumlah kendaraan bermotor di Indonesia menuntut adanya
sistem pemantauan lalu lintas yang cerdas dan efisien. Penelitian ini bertujuan
mengimplementasikan dan  mengevaluasi  algoritma YOLOv11l untuk
mengklasifikasikan kendaraan bermotor ke dalam lima kelas sesuai tabel klasifikasi
kendaraan pada Pedoman Kapasitas Jalan Indonesia (PKJI) Surat Edaran Nomor
21/SE/Db/2023, yaitu Sepeda Motor (SM), Mobil Penumpang (MP), Bus Besar
(BB), Kendaraan Sedang (KS), dan Truk Besar (TB), serta menghasilkan data
volume kendaraan per satuan waktu sebagai indikator kepadatan lalu lintas, pada
tiga kondisi pengujian nyata, yaitu kondisi cerah, malam, dan hujan. Sistem
dikembangkan menggunakan pendekatan multi-stage detection dengan dua Model
YOLOv11n yang bekerja secara berjenjang, di mana Model 1 mendeteksi empat
Kelas awal dan Model 2 melakukan klasifikasi lanjutan khusus untuk membedakan
Kelas KS dan TB. Dataset Pelatihan berjumlah 9.080 citra untuk Model 1 dan 3.575
citra untuk Model 2, diperoleh dari ekstraksi Video lalu lintas nyata dan dianotasi
menggunakan platform Roboflow. Sistem diintegrasikan ke dalam aplikasi berbasis
web menggunakan Flask yang dapat diakses secara daring melalui Ngrok. Hasil
Pelatihan Model 1 mencapai mMAP@50 sebesar 0,943 dan Model 2 sebesar 0,970.
Pada tahap pengujian, kondisi cuaca cerah menghasilkan performa terbaik dengan
Precision rata-rata 0,948, Recall rata-rata 0,796, dan F1-Score rata-rata 0,841,
diikuti kondisi hujan dengan Precision 0,840, Recall 0,789, dan F1-Score 0,770,
serta kondisi malam dengan Precision 0,912, Recall 0,717, dan F1-Score 0,745.
Tantangan utama yang teridentifikasi adalah tingginya misclassification antara
Kelas TB dan KS yang persisten pada ketiga kondisi pengujian akibat kemiripan
visual kedua Kelas, dan semakin parah seiring menurunnya kualitas visual
lingkungan.

Kata Kunci: Object Detection, PKJI, Klasifikasi Kendaraan, Multi-Stage
Detection, YOLOv11.
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ABSTRACT

The increase in the number of motor vehicles in Indonesia requires a smart
and efficient traffic monitoring system. This study aims to implement and evaluate
the YOLOv11 algorithm to classify motor vehicles into five classes according to
the vehicle classification table in the Indonesian Road Capacity Guidelines (PKJI)
Circular Letter Number 21/SE/Db/2023, namely Motorcycles (SM), Passenger Cars
(MP), Large Buses (BB), Medium Vehicles (KS), and Large Trucks (TB), as well
as to generate vehicle volume data per unit of time as an indicator of traffic density,
under three real-world testing conditions, namely sunny, night, and rainy
conditions. The system was developed using a multi-stage detection approach with
two YOLOv11n Models working in stages, where Model 1 detects the initial four
classes and Model 2 performs advanced classification specifically to distinguish
between the KS and TB classes. The training dataset consisted of 9,080 images for
Model 1 and 3,575 images for Model 2, obtained from real traffic Video extraction
and annotated using the Roboflow platform. The system is integrated into a web-
based application using Flask, which can be accessed online via Ngrok. The training
results for Model 1 achieved a mAP@50 of 0.943 and Model 2 achieved 0.970. In
the testing phase, sunny weather conditions produced the best performance with an
average Precision of 0.948, Recall of 0.796, and F1-Score of 0.841, followed by
rainy conditions with a Precision of 0.840, Recall of 0.789, and F1-Score of 0.770,
and night conditions with a Precision of 0.912, Recall of 0.717, and F1-Score of
0.745. The main challenge identified was the high misclassification between the TB
and KS classes, which persisted in all three test conditions due to the visual
similarity of the two classes, and worsened as the visual quality of the environment
decreased.
Keywords: Object Detection, PKJI, Vehicle Classification, Multi-Stage Detection,
YOLOv11.
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