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INTISARI

Inspeksi knalpot kendaraan bermotor dalam pengujian berkala masih
dilakukan secara manual, sehingga rentan terhadap subjektivitas dan human error
serta tidak efisien untuk skala massal di Unit Pelaksana Teknis Pengujian
Kendaraan Bermotor (PKB). Penelitian ini mengimplementasikan algoritma
YOLOv11s untuk mendeteksi knalpot berkarat secara otomatis, mengevaluasi
kinerja model, serta menganalisis tekstur permukaan menggunakan metode Gray
Level Co-occurrence Matrix (GLCM) sebagai alat bantu inspeksi uji kolong
kendaraan.

Data primer dikumpulkan di UPT. PPTP Kota Tangerang berupa 500 gambar
dua kelas (knalpot normal dan berkarat) dari kendaraan JBB di bawah 3,5 ton,
dibagi menjadi 350 data latih, 100 validasi, dan 50 data uji. Anotasi bounding box
dilakukan di Roboflow; model dilatih 30 epoch dengan optimizer AdamW dan
confidence threshold 0,5 di Google Colab. Analisis GLCM dilakukan pada area
cropping bounding box menggunakan empat sudut arah dan kuantisasi 16 level
untuk mengekstrak fitur contrast, correlation, energy, dan homogeneity.

Model YOLOv1ls mencapai mAP50 sebesar 0,926 dan akurasi global
76,56%. Kelas knalpot normal menghasilkan Precision 0,963, Recall 0,945, F1-
Score 0,954; kelas knalpot berkarat memperoleh Precision 0,767, Recall 0,855, F1-
Score 0,809. Selisih mAP50 dan akurasi global disebabkan 23 false positive dari
latar belakang. Analisis GLCM pada 29 objek berkarat menghasilkan rata-rata
contrast 0,3794, energy 0,2624, homogeneity 0,8812, correlation 0,9727, dan
waktu pemrosesan rata-rata 245,3 ms per frame.

Dengan demikian, kombinasi YOLOv1lls dan GLCM terbukti mampu
mendeteksi korosi knalpot secara otomatis dengan performa memadai. Nilai
homogeneity tinggi (0,8812) dan contrast rendah (0,3794) mengonfirmasi
kemampuan GLCM membedakan tekstur permukaan secara kuantitatif. Penelitian
lanjutan disarankan memperluas dataset lintas lokasi PKB, menambah klasifikasi
tingkat keparahan karat, dan melakukan validasi silang dengan teknisi untuk
meningkatkan generalisasi sistem.

Kata kunci: deteksi objek, GLCM, knalpot berkarat, kendaraan bermotor,
YOLOv11s
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ABSTRACT

Exhaust pipe inspection in periodic vehicle testing was still carried out
manually by technicians, making it prone to subjectivity and human error and
inefficient for large-scale implementation at Vehicle Testing Unit (PKB). This study
implemented the YOLOv11s algorithm to automatically detect rusty exhaust pipes,
evaluated model performance, and analyzed surface texture characteristics using
the Gray Level Co-occurrence Matrix (GLCM) method as an automated tool to
support undercarriage inspection.

Primary data were collected at UPT. PPTP Kota Tangerang, consisting of 500
images of two classes (normal and rusty exhaust pipes) from vehicles with a gross
vehicle weight below 3.5 tons. The dataset was divided into 350 training, 100
validation, and 50 test images. Bounding box annotation was performed in
Roboflow; the model was trained for 30 epochs using the AdamW optimizer with
a confidence threshold of 0.5 in Google Colab. GLCM analysis was applied to
cropped bounding box regions using four directional angles and 16-level
quantization to extract four texture features: contrast, correlation, energy, and
homogeneity.

The YOLOv11s model achieved a mAP50 of 0.926 and a global accuracy of
76.56%. The normal exhaust class yielded Precision 0.963, Recall 0.945, and F1-
Score 0.954; the rusty exhaust class obtained Precision 0.767, Recall 0.855, and
F1-Score 0.809. The gap between mAP50 and global accuracy was attributed to
23 false positives from the background. GLCM analysis on 29 rusty objects
produced average values of contrast 0.3794, energy 0.2624, homogeneity 0.8812,
correlation 0.9727, with an average processing time of 245.3 ms per frame.

The combination of YOLOv11s and GLCM proved capable of automatically
detecting exhaust pipe corrosion with adequate performance. The high
homogeneity value (0.8812) and low contrast value (0.3794) confirmed GLCM's
ability to distinguish surface texture conditions quantitatively. Future research was
recommended to expand the dataset across multiple PKB locations, add rust
severity classification, and conduct cross-validation with experienced technicians
to improve the generalizability of the system.

Keywords: object detection, GLCM, rusty exhaust pjpe, motor vehicle, YOLOv11s

XVii



