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Abstract : Lidars and stereo cameras are used as preview sensors for advanced suspension systems. However, there are
circumstances where these sensors are not able to recognize the road surface well due to physical or algorithmic issues.
Sensor modules with a high-performance processor and high-capacity memory are very expensive, making mass
production very challenging. To overcome this challenge, this paper introduces ultrasonic sensors as a cost-efficient
tool to build sensor modules. Aside from being cost-efficient, the ultrasonic sensor module has a relatively simple
algorithm that makes it possible to retrieve road surface data with micro controller units. This paper also suggests
methods to obtain real-time road surface information from the environment with high noise level. To test the suggested

methods, simulations and road tests were performed.

Key words : Preview control sensor( ]l 71 A ©]-& 4lA]), Ultrasonic sensor(Z= -3} 4141), Road surface estimation(1=
W 374), Road surface mapping(*=% v 3), Time-of-flight(H] 8 A] 7})

Nomenclature
d : distance between sensor and road surface
b : distance between sensors
@ : slope of road surface
v : sound velocity
ty,;  :time-of-flight
d, : model-based distance between sensor and
road surface
d,, :distance between sensor and road surface for
n-th receiver including assumptions
d, : flight distance from transmitter to n-th receiver
t, : flight time from transmitter to n-th receiver
tyn : time deviation in n-th receiver

*Corresponding author, E-mail: sbchoi@kaist.ac.kr

d,,  :distance deviation in n-th receiver
a,, :distance correction parameters for n-th receiver
b, : longitudinal position correction parameter
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Fig. 1 Mounting position of sensor module
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Fig. 2 Multi-received signal from the moving ultrasonic
sensor module
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Fig. 3 Diagram of geometrical relationship between road
surface and sensor module

Table 1 Simulation result in noise-free environment
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Fig. 4 Simulation result in noise-free environment
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Fig. 6 Outdoor road surface estimation result
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