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This study developed a defect-detecting system for automotive wheel nuts. We proposed an image processing method
using OpenCYV for efficient defect-detection of automotive wheel nuts. Image processing method focused on noise removal,
ratio adjustment, binarization, polar coordinate system formation, and orthogonal coordinate system conversion. Through
data collection, preprocessing, object detection model training, and testing, we established a system capable of accurately
classifying defects and tracking their positions. There are four defect types. Types 1 and 2 defects are defects of products
where the product is completely broken circumferentially. Types 3 and 4 defects are defects are small circumferential dents
and scratches in the product. We utilized Faster R-CNN and YOLOv8 models to detect defect types. By employing
effective preprocessing and post-processing steps, we enhanced the accuracy. In the case of Fast RCNN, AP values were
0.92, 0.93, 0.76, and 0.49 for types 1, 2, 3, and 4 defects, respectively. The mAP was 0.77. In the case of YOLOvS8, AP
values were 0.78, 0.96, 0.8, and 0.51 for types for types 1, 2, 3, and 4 defects, respectively. The mAP was 0.76. These
results could contribute to defect detection and quality improvement in the automotive manufacturing sector.
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Fig. 1 Wheel nut in an automotive

~ ——Die3

Fig. 2 Schematic drawing of one forging process in the forging
process for the wheel nut

Fig. 3 Detailed image of the fractured die of the 3rd forming stage
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(c) Defect 3

(d) Defect 4

Fig. 5 Examples of defects from original images
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Fig. 8 Image augmentation due to data imbalance

2. Image cutting 5. binary conversion

cv2.inRange o

™

cv2.warpPolar

Vi

/

3. Boundary extraction and noise 6. Transforming
removal coordinate systems (a) Original image (b) Left/Right Inversion

and adding margins

Fig. 6 Image processing procedure

(b) Defect 2

(c) Upside down (d) Flip left/right up/down

(e) +15° rotation (f) -15° rotation

Fig. 9 Examples image augmentations
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Table 1 Average

precision of each class

AP (Faster-RCNN) [%]

AP (YOLOVS) [%]

AP (Defectl) 92 71
AP (Defect2) 93 98
AP (Defect3) 75 70
AP (Defect4) 48 58

mAP 77 76
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1. Imaging of the product 2. Image

processing

3. Defect detection

4. Display defects in images

Fig. 12 Flow chart of the entire defect detection process
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Fig. 14 Photo of defect 1 not detected by YOLOVS

Fig. 15 Photo of defect 4 not detected by YOLOv8 and Faster
R-CNN
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