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Abstract © This paper presents a comparative study on the effects of multiple actuator combinations on path tracking control.
First, the state-space model with a lookahead distance is derived from a 2-DOF bicycle model and a target path. There are
several actuators for path tracking: front-wheel steering(FWS), rear-wheel steering(RWS), 4-wheel steering(4WS), and
4-wheel independent steering/driving/braking(4WIS/4WID/4WIB). A control input is composed through front-wheel
steering, 4-wheel steering, and the control yaw moment. Then, the control yaw moment is converted into tire forces generated
by FWS, RWS, RWIS, 4WS, 4WIS, 4WID, and 4WIB. The controller is designed based on the model predictive control
(MPC). To check the effects of these actuators on path tracking, a simulation is done on a vehicle simulation package.
Simulation results show that additional actuators, except for FWS and 4WS, have little impact on path tracking performance.

Key words : Path tracking control(7d & 5= #|©]), Lookahead distance(l| 7 4 2]), Model predictive control( =2 o] -
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Nomenclature J¥] : side-slip angle (rad)

C; C,  :comering stiffhess of front and rear wheels (N/rad) X siEpmiue o1 3 ettt o ytees po(Lim)
e - ateral offset error with respect to a target path (m) 056, : steering angles of front and rear wheels (rad)
€ : heading error with respect to a target path (rad) % : steer'mg .angl ot wheel 1(md) _
L : yaw moment of inertia at vehicle C.G. (kg * m’) abyvody: longiudmel gt lpterslroniro] tire foromn ()
F., F,, F; :longitudinal, lateral and vertical tire forces (N) AMy : control yaw moment (N --m)
Fy Fy,  :lateral tire forces of front and rear wheels (N) & + variable weight on a particular tire force
I 1, : distances from C.G. to front and rear axles (m) & ipsedosshp anglesofwheel i (rad)
m : vehicle total mass (kg) ity  tergetand real heading sngles (rad)
T : sampling time (s) ¥ sy tate (rad's)
Tw, Tp:  : traction and braking torques at wheel i (N + m) ¥ Sifite-oa-irictices coutiiciet
4t : half of track widths of front and rear axles (m)
Vo Wy : longitudinal and lateral velocities at vehicle LME

C.G. (m/s) 21F5 3t 9 Ao} EokllA] A= FF Alojo] B3
apa,  :slip angles of front and rear wheels (rad) A= 2y 5000 FoF thekel A meEo] A gl
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213 A (Input configuration)©| THEo]Z ) |0} 7| =
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Fig. 1 2-DOF bicycle model and a target path
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0w 2w =L
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= 0 0 ! _2_1 =| *
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2 =7oA AR FF Aoj7]dd g 75719 4
< Heo}slr] &M Table 13} o] 5712 48 +A
(Input Configuration, IC)& ARk Table 164 K%
o] 57119] ICE Aol ¥Y &5 6, AMS Z37o|w ZHICe
wel 4= 3E By 7t Ael9t) Table 19141 By 2
9)€] BolA i A Folrk. =3 Table 19141 718 IC
ulth AR < A TE719 E5o] A H o . o
E 59 1C#32] 7-$- FWS, RWS, RWIS, 4WID, 4WIBE

Table 1 Input configurations for path tracking control

IC Control inputs | Input matrix and available actuators

B2 = By(1)
1C#1 ll1=5f F;l‘rs :

B2 = [By(1) B,(2
1C#2 | wy =[5, 6,]" 4\2;3 [B(1) B(2)]

B2 = [Ba(1) Bx(3)]

1C#3 | ws =6, AM]T
w =0y AM] FWS, RWS, RWIS, 4WID, 4WIB

B2s = [B2(1) B2(2) B2(3)]

4WS, 4WID, 4WIB

B2s = Bx(3)

FWS, 4WS, 4WIS, 4WID, 4WIB

ICH4 |y =[d;5, AM]"

IC#5 ll5=A_ﬂd;
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Fig. 2 Control yaw moment and control tire forces generated
by actuators
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