SHUSSSX| M40 H M 2= pp. 113-121

February 2023/113

< | ron

Korean Soc. Precis. Eng., Vol. 40, No. 2, pp. 113-121

") Check for updates

http://doi.org/10.7736/JKSPE.022.107
ISSN 1225-9071 (Print) / 2287-8769 (Online)

st xl—o=l El-olo-lol ul.EE xI-I

Wear Estimation of an Intelligent Tire Using Machine Learning
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E}0]0), Acceleration sensor (7} MIA]), Fast fourier transform (<5 ZE2|0f] HeEt),
), K-nearest neighbor (K-Z|Z2& 0|R)

Tire-related crashes account for a large proportion of all types of car accidents. The causes of tire-related accidents are
inappropriate tire temperature, pressure, and wear. Although temperature and pressure can be monitored easily with TPMS,
there exists no system to monitor tire wear regularly. This paper proposes a system that can estimate tire wear using a 3-
axis accelerometer attached to the tread inside the tire. This system utilizes axial acceleration, extracts feature from data
acquired with the accelerometer and estimates tire wear by feature classification using machine learning. In particular, the
proposed tire wear estimation method is designed to estimate tread depth in four types (7, 5.6, 4.2, and 1.4 mm) at
speeds of 40, 50, and 60 kmph. Based on the data obtained during several runs on a test track, it has been found that
this system can estimate the tread depth with reasonable accuracy.
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Fig. 1 Acceleration-based intelligent tire
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Fig. 2 Structure of tire conditions monitoring system
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Fig. 4 Analysis of acceleration signal in time domain; (a) 7 mm
tread depth, (b) 5.6 mm tread depth, (c) 4.2 mm tread depth,
(d) 1.4 mm tread depth
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Fig. 5 Analysis of acceleration signal in frequency domain; (a) 7
mm tread depth, (b) 5.6 mm tread depth, (c) 4.2 mm tread
depth, (d) 1.4 mm tread depth
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Feature Extraction Process

Fig. 8 Comparison of machine learning ideas
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Table 1 Number of training datasets

Velocity Tire tread depth
[km/h] 7 mm 56mm  42mm 1.4 mm fotal
40 72 72 144 144 432
50 72 72 72 72 288
60 72 72 72 72 288
Total 216 216 288 288 1,008
Table 2 Number of test datasets
loci Tire tread depth
\Eif(f)ljht]y 7 mm 56mm 42mm 1.4 mm Total
40 144 72 144 144 504
50 144 72 72 144 432
60 72 72 72 72 288
Total 360 216 288 360 1,224

Table 3 Accuracy of MLR for classify the tire tread depth [%]

Velocity Tire tread depth
Total
[km/h] 7 mm 56mm 42mm 1.4 mm
40 0.0 93.1 66.7 5.6 33.9
50 1.4 87.5 55.6 30.6 34.5
60 8.3 62.5 52.8 30.6 38.5
Total 2.2 81.0 60.4 20.6 352

Table 4 Accuracy of SVM for classify the tire tread depth [%]

Velocity Tire tread depth
Total
[km/h] 7 mm 56mm 42mm  1.4mm
40 91.0 77.8 97.9 98.6 93.3
50 50.0 81.9 100.0 94 .4 78.5
60 88.9 87.5 98.6 97.2 93.1
Total 74.2 82.4 98.6 96.7 88.0

Table 5 Accuracy of K-NN for classify the tire tread depth [%o]

Veloci Tire tread depth
[km/ ht]y 7 mm S56mm 42mm  14mm Tota
40 98.6 95.8 98.6 98.6 98.2
50 95.8 87.5 98.6 98.6 95.8
60 972 88.9 100.0 98.6 96.2
Total 972 90.7 99.0 98.6 96.9

Table 6 Runtime and training time of machine learning models to
classify tire tread depth

MLR SVM K-NN
Training time [ms] 6.984 34.612 14.842
Runtime [ms] 1.209 1.530 1.958
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