"m Check for updates

Transactions of KSAE, Vol. 31, No. 10, pp.815-825 (October, 2023) Copyright © 2023 KSAE/215-08
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2023.31.10.815

7P & B

Analytical Redundant Virtual Sensor Design for Hyper-Safe Driving Platform
Beomhyuk Park” - Seungyong Choi" - Dohyun Kim" - Wanki Cho" - Seung-Han You "

YSchool of Mechanical Engineering, Korea University of Technology and Education, Chungnam 31253, Korea
2 Future Convergence Engineering, Korea University of Technology and Education, Chungnam 31253, Korea
(Received 1 June 2023 / Revised 11 July 2023 / Accepted 12 July 2023)

Abstract : In order to advance the commercialization of autonomous vehicles, it is imperative to prepare fallback for sensor
and actuator failures. This study focuses on the design of robust virtual sensors to counteract failures in key sensors
associated with vehicle motion, namely the yaw rate, lateral acceleration, and steering angle sensors. Analytical redundant
models were developed and utilized to create alternative virtual sensors. Each virtual sensor incorporates four analytical
redundant models: the left/right speed difference of the front wheel, the left/right speed difference of the rear wheel, the
lateral physical model, and the induced signal from other sensors. The determination of the final alternative virtual signal is
achieved through weighting the redundant models, employing a combination of vehicle domain knowledge and artificial
intelligence techniques. The efficacy of the proposed virtual sensors was validated through extensive testing across various
driving scenarios using the CARSIM software.

Key words : Analytical redundancy(3l] 4] 4] %-5), Autonomous vehicle( A&~ 3§ 2}-5 %}, Hyper-safe driving platform(Z
kA 3] Z 23, Recurrent neural network(5=$+ 217 7, Virtual sensor(7}H-414)

Nomenclature A : distance from the C.G to rear axle, m
3 - side slip angle in vehicle body, rad Cr : cornering stiffness at front tire, N/rad
N > . . .
yaw rate in vehicle body, rad/s G : cornering stiffness at rear tire, N/rad
’7 : b . .
. . ay : lateral vehicle acceleration, m/s
) : front wheel steering angle input, rad
. . O, toc : toe angle of front wheel, rad
5 : rear wheel steering angle input, rad -
o . 5, : toe angle of rear wheel, rad
Vx : longitudinal vehicle speed, m/s ntoe & ’
. F : longitudinal tire force, N
vy : lateral vehicle speed, m/s ¥ g ) ’
F, : vertical tire force, N
Vheel : wheel speed, m/s o
heel slip rati o : model reliability
K : wheel slip ratio . .
hicl K Afrrlrr  : front left, front right, rear left, rear right

m : vehicle mass, kg
r, : yaw moment of inertia, kg * m’ =
T: : tread at front axle, m L. kl =
L  tread at rear axle, m A2 AFA AR LT 719 E0] A&FY 5
I : distance from the C.G to front axle, m e slol] vIxlE slelAA AR ROl AJEFE A=}
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Table 1 Yaw rate analytic redundant models

Yawrate
Definition
model
Vx.fr Vx.[l
. —V,(tan(8;,) — tan(8
Ym1 cos(8;,) cos(8.) b (tan(®,) ()
Ty + I;(tan(8;,) — tan(8;))
Vx.‘rr _ Vx.rl _ —
Ym2 COS(Srr) COS(&TZ) Vy(tan(&ﬂ) tan(srl))
Tr - lr(tan(srr) - tan(srl))
Yms Ymodel
ay.sensor
Yma —Vx
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2
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Fig. 1 Yaw rate redundant model2 w/ and w/o considering
toe angle
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Fig. 2 Yaw rate redundant model2 considering slip ratio
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Table 3 Analytic redundant models for front steer angle
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Table 4 MSE and inference time of case

Case Network Units MSE Inference time
1 LST™M 32 0.238 5.5213
2 LST™M 16 0.295 4.4944
3 LST™M 8 0.386 4.4146
4 GRU 32 0.246 5.8715
5 GRU 16 0.292 4.4217
6 GRU 8 0.375 4.3759
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Table 5 Vehicle parameter for simulation analysis
Parameter Description Value Unit

(o Cornering stiffness of front tires | 299,300 | N/rad
C, Cornering stiffness of rear tires | 315,000 | N/rad
/ Wheelbase 3.010 m
Iy Distance from c.g to front tires 1.509 m
I Distance from c.g to rear tires 1.501 m
m Vehicle mass 2234 kg
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Table 6 Mean square error of virtual sensors

Weighted sum GRU
Yawrate [deg/s] 8.4143 3.7046
Lateral acceleration [g] 0.0208 0.0247
Front wheel angle [deg] 0.3875 0.0966
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