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Application of Adaptive Reference Model to Lateral Control of

Four-Wheel-Steering Vehicles

Student : Wei-Jen Shih Advisor : Dr. Te-Sheng Hsiao

Institute of Electrical Control Engineering

National Chiao Tung University

ABSTRACT

In this paper, a four-wheel-steeting (4WS) control system consisting of a robust H
output tracking controller and ‘an adaptive reference model is proposed to enhance driving
safety. The controller commands front and rear steering angles with the objective of tracking
reference sideslip angle and yaw rate signals-corresponding to the desired vehicle handling
performance.

The desired vehicle handling performance is expressed as a reference model designed
based on the single track vehicle model. For better driving safety, the reference model has
zero sideslip angle in steady state. In order to ensure that the reference signals comply with
the physical limits of the vehicle, we designed an adaptive law to adjust the parameters of the
reference model such that a feasible trajectory is generated in emergency cases.

Experiments are conducted based on a remote controlled model car. This experimental
vehicle is equipped with sensors and a DSP controller to implement the proposed 4WS control
system. The experimental results confirm that the sideslip angle is decreased and that the

adaptive reference model can provide a better trajectory in emergency cases.
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X=Ax+Bo+Ah 4.7)
o
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) X
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HP ek B _#-(4.12)58 de s 187 3

)?0:{_’} (4.17)

ch
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#4(4.21)82 (4.22) 3 & w (4.20)7 2 5]
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5.2.1 ARX #7F

-k &ifiﬁi&pﬁ%ﬂ:% - BHE LA AN LT

y(t)+ay(t=1)++a, y(t—n,) G.)
:blu(t—nk)+-~-+bnhu(t—nk—nb+1)+e(t)

H e e(t)s v 3 (white noise) > 5 ng 28 P >ny — 15 F B8P > ny s B~ fH e

¥ > (5.1)7  f£ 5 ARX 3] (Auto-Regressive eXogenious model)

RO T

n

A(z) =l+az" +eta, z
B(z)=b +b,z" +---+bnbz_””+1

AIG.)R T e g &

T
ﬁz[al a,--a, b1"‘b,,] (5.2)
LR 5B G(z O) S JkH(z 0 0)

1

G(z - 0)::i2§; ~ H(z 9):44(2) (5.3)
Pl y(6)=G(z > O)u(t-n)+H(z > 0)e(t)
REH TR R

o(t)=[~y(t=1)-y(t-n,) u(t-n)-u(t-n —n,+1)] (5.4)
19R[22]7 eha s > SRR (- DPFF > — 9 A7 & chily DRI 9 (¢)6) &

$(t10)=H"(z > 0)G(z > O)u(t-n,)+[1-H"(z > 6)]y(2) (5.5)
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#(5.2) ~ BHF B X (567 ¢ 0 @
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1-(T,/2)s
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MPER ST s =00 B FPFFEH Gz A3 Bt AR D - o IS R A5,

AR R i L X

4 0¥ ay A e
wAE(5.8) 3 O ¥t ay A SHCH AR A S A B

#xng,=2-n,=3-n,=0

-1 -2
b t+bz +bz

bz*+b,z+b
o) =1 72" B35 (¢
(t) z2 +az+a, ( )

a, (1)

l+az"'+a,z” /

56



R T UL L T T
1-(7, /2)s
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Predict Correct

(1) Compute the Kalman gain
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