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ABSTRACT

tHF

Byung-Gyu Kim

Tire wear and defect are important factors for safe driving condition. These defects are generally
inspected by some specialized experts or very expensive equipments such as stereo depth camera and
depth gauge. In this paper, we propose tire safety vision inspector based on deep neural network (DNN).

The status of tire wear is categorized into three:

"safety’, 'warning’, and 'danger’ based on depth of

tire tread. We propose an attention mechanism for emphasizing the feature of tread area. The
attention—based feature is concatenated to output feature maps of the last convolution layer of ResNet-101
to extract more robust feature. Through experiments, the proposed tire wear classification model improves
1.8% of accuracy compared to the existing ResNet-101 model. For detecting the tire defections, the
developed tire defect detection model shows up-to 91% of accuracy using the Mask R-CNN model. From
these results, we can see that the suggested models are useful for checking on the safety condition of

working tire in real environment.

Key words: Tire Wear Classification, Tire Defect Detection, Deep Learning, Attention, Classification,
Object Detection, Semantic Segmentation
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Fig. 1. Non—contact Measurement prototype system, (a) Stereo vision system, (b) Epipolar plane, and (c) ROI,
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Fig. 2. Comparison of images processed Bi—lateral filtering. (a) Weared tire and (b) Normal tire,
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Table 1, The standard of classification tire wear,

Tire tread depth Class
Greater than 3 mm Safety
1.6 mm - 3 mm Warning
Not more than 1.6 mm Danger

Input 1
Input 2 .
: =y
i 7 + Tire-wear(0%)
i AR
! sy O + Tire-wear(40%)
: . ‘ : O + Tire-wear(80%)
Input 8
Bias
[ - - J
Input Layer Hidden Layer ~ Output Layer

(b)

Fig. 3. Classification of tire tread wear using accelerometer signals. (a) Results of feature extraction and (b) Artificial

neural network structure,
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Fig. 4. Flowchart for Tire Safety Vision Inspector,
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Safety, (b) Warning, and (b) Danger.

olE T AW Azt Belol stAelt BRol BA gue sz mang 18% 2719 86.1%2) %é
ol 4FHO R golo] mtrE R/ 9 &4 19 RATH =3 oM nfA3E mdd HEd u
A= FAsA Element-wise 14+ 2.t} Concatenate 14+o] =&
Aol o Foe AS A48 T3 ¢+ AUk

42 O0i2= &7 &yt Fig. 905 24 53 HEH o2 A’ ‘Fof ‘9
Elolo] mirE &R/ 2 & A3 5 dolE @'og £/ Eolojoltt thefet ¥y A=
AloA EFl= Z20] 16 mm, 3 mm 7]F22 kA (3 AEHoE BHT AL AT F It =3 Fig.
m Z23), ‘F2/(1.6 mm &3 3 mm °|3}), ‘9 & 10 ResNet-1015F & -830& wj<} ojgld w23 &

(16 mm #lIHo g BF IS v HAFE 86.1%E 24318 v Class Activation Map (CAM)[25] A3}
248t =3 EH S Zo] 3 mm 7]—%°§ ‘FAEG o]tk CAMol & 4 FAA % F+2& vhA| 2o GAP
mm Z3), ‘Fo(3 mm ©|H)'E o] &F Y& o]-§st olm X B/ Ao dFS IAA &

A= 96%E AT Table 2& 71& ResNet- £ Zhot A A3 sk WH EolH. Fig. 10011/\1 o
101 =Rk ARR e wel & =EolA Algshs 2 U] 71& 57 =9 ResNet-101S AHE IS
45 438 AF4E ¥wsdh ResNet-101 2 RE ‘Fo FEf 2ol A Erolo] EHE FHo] ofd ¢
Abgske] QPR ‘T 7 A ) EHAE BR W7 geo] R TS Wol 717 AL &<l

&2 f oo

Table 2. Performance comparison of the proposed attention mask with ResNet—101,

Model Operation Accuracy(%)
ResNet-101 - 84.3
ResNet-101 w.t. attention Element-wise 84.3
ResNet-101 w.t. attention Concatenate 86.1
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Fig. 10. Comparison of CAM results, (a) ResNet—101
without attention and (b) Resnet—101 with the
proposed attention mask,
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