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A Study on Tire Surface Defect Detection Method Using Depth Image
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ABSTRACT

Recently, research on smart factories triggered by the 4th industrial revolution is being actively conducted. Accordingly, the
manufacturing industry is conducting various studies to improve productivity and quality based on deep learning technology with robust
performance. This paper is a study on the method of detecting tire surface defects in the visual inspection stage of the tire manufacturing
process, and introduces a tire surface defect detection method using a depth image acquired through a 3D camera. The tire surface
depth image dealt with in this study has the problem of low contrast caused by the shallow depth of the tire surface and the difference
in the reference depth value due to the data acquisition environment. And due to the nature of the manufacturing industry, algorithms
with performance that can be processed in real time along with detection performance is required. Therefore, in this paper, we studied
a method to normalize the depth image through relatively simple methods so that the tire surface defect detection algorithm does not
consist of a complex algorithm pipeline. and conducted a comparative experiment between the general normalization method and the
normalization method suggested in this paper using YOLO V3, which could satisfy both detection performance and speed. As a result
of the experiment, it is confirmed that the normalization method proposed in this paper improved performance by about 7% based on
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mAP 0.5, and the method proposed in this paper is effective.
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Fig. 1. Tire Vent Spews
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Fig. 2. Depth Data Acquisition Environment



Table 1. C5-2040CS30-330 Specification[3]

Values
FOV(mm) 330
Z-Range(mm) 300
Working Distance(mm) 400
Lateral Resolution(um) 161
Height Resolution(m) 5.0
Point per Profile 2048

Fig. 3. Tire Surface Depth Image (Tread)
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Fig. 4. Depth Information Change According to Tire Size
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Fig. 5. Tire Surface Depth Image Histogram
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Fig. 7. Tire Tread Surface Depth Image
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Fig. 10. Tire Area Detection using Projection Histogram

Fig. 11. Detected Tire Area
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Fig. 12. Min-Max Normalized Tire Surface Depth Image
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Fig. 14. Create Training & Test Data
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Fig. 15. YOLO Network Architecture[12]
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Table 2. Algorithm Experiment Environment

Test environment
(o Windows 10
CPU AMD Ryzen 7 3700X
Memory 64 GB
GPU NVIDIA Geforce RTX 3090
Library Pytorch 1.8. OpenCV 4.5.2

Table 3. YOLO V3 Training Parameters

Parameter Values
Learning rate 0.001
Momentum 0.9
weight decay 0.0005
Activation function Leaky Relu
Learning epochs 200

Batch Size 35

;;;;;;;

Fig. 17. Precision (Epoch 200)
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Fig. 18. Recall (Epoch 200)

0.5, mAP 0.5:0.955 uehdl Z1izo|o}. 7} Iefjatof
Data #12 T4, Data #2& F2A, Data #3+= 3|80
2 ®7I5H3h
Data #19] 3% sh5 A3
7t olAo 2 ALo] FFAE R

o2

Al B7F A BFolA 4

%ol ATE HAlth

Data #2& Epoch 80< 7|H 2= Data #1Hth H7} A
WO g St ATE HolFlon,

B ERA o &
Data #3%= Data #29} uE7FA 2 H]5=38F EpochollAl A%,
Al & A5 Aol

Yoz 235 HolFU Data #13} H|1



218 YEX2|SfR=2X/ATEY0 H HOJE S5t H113 H52(2022. 5)

Fig. 19. mAP 0.5 (Epoch 200) Fig. 20. mAP 0.5:0.95 (Epoch 200)
Table 4. Best Precision & Recall Table 5. Best mAP
Precision Recall mAP 0.5 mAP 0.5:0.95
Data #1 81.13 52.46 Data #1 48.62 17.75
Data #2 87.65 79.34 Data #2 78.74 32.84
Data #3 90.01 83.09 Data #3 85.17 35.38

Fig. 21. Tire Vent Spews Detection Result (Upside : Label Data, Downside : Prediction Results)
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