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Abstract : The amount of acceleration and deceleration can be optimized when a vehicle can predict the types of road surfaces in
advance. Myriads of methods for predicting road surfaces have been proposed, but they required costly equipment or had poor
prediction performance. This paper suggests a different method for predicting road surfaces by recognizing that each material has

its unique acoustic impedance. By transmitting ultrasonic waves into road surfaces that a vehicle intends to analyze, the reflected
ultrasonic signals from the surface can be classified by a model developed from machine-learning. To measure the effectiveness of
the method in a real-world situation, several types of specimens were created, and different sets of data were acquired from each
test. Furthermore, the data were obtained from different road surfaces to verify the effectiveness of the method in the real world.

Key words : Machine learning(”] 2| €}<5), Road type estimation(=1
impedance(+23F ¢4 3 ©22), Ultrasonic sensor(F2-3} AlA]), Preview sensor(

Nomenclature
F, : feature of 1-th layer
b : bias of convolutional layer
w : weight of convolutional layer
C;, :number of input channel

: bias of classifier layer

B
W :weight of classifier layer
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Photo. 1 Ultrasonic transmitter and receiver are installed in front of
frontal tires with the ground facing
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Spectrogram

(time - frequency)

Fig. 1 The network architecture for material classification
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[E1] (b
Fig. 2 The box made indoor material classification (a) is a view
outside the box, and (b) is an inside view of the box from the
side

Photo. 2 Bundles of aluminum, stainless steel, transparent PVC and
gray PVC in various sizes
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Table 1 Accuracy result of raw material classification

Material type Accuracy (%)
Aluminum 100
Stainless steel 100
Transparent PVC 100
Gray PVC 96
Average 99
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Estimation of Frontal Road Type Using Machine Learning and Ultrasonic Waves
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Fig. 3 Raw signals and transformed spectra of all road types in the spectrogram, the color represents the power of the corresponding
frequency at the time. In other words the bright yellow means strong, the dark blue means weak signal
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Photo. 3 Sample scenes where data sets are obtained on various road types using the experimental equipment. Collecting database using
sensor module on bicycle. Asphalt, snow, earth, and painted road surfaces are listed in order

Table 2 The number of samples for each road surface type

Road surface type Train set Test set
Asphalt 788 339
Cement 440 189

Dirt 633 272
Marble 211 135
Paint 215 91
Snow 207 93
Water 431 185
Ice 315 90
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Table 3 Accuracy result of raw material classification
Road types Asphalt | Cement Dirt Marble Paint Snow Water Ice Accuracy (%)
Asphalt 339 100
Cement 189 100
Dirt 2 270 99.26
Marble 135 100
Paint 2 89 100
Snow 50 43 46.24
Water 2 185 97.96
Ice 90 100
Avg. 95.72
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