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Research on Steering Haptic to realize Shared Control

Kenji TAKAHATA

Abstract

(Received Sep. 30, 2020)

Although the final goal of this research is sharing control, which transitions between automatic

driving and manual driving with the driver’s intention, this time we focused on the steering feel

of the SBW system during that transition.

We have verified the feasibility by the research that a steering reaction force generation

control law that allows the user to intuitively understand the intention of the vehicle added

information such as the vehicle states side and Road Information to the steering reaction force on

the SBW system. In the future, driver assistance technologies that will evolve that autonomous-

driving vehicles will be familiar to the driver, will make the driver assistance vehicle or the

autonomous vehicle a receptive mobility in a society where senior drivers are increasing.

We would perform a simulation to verify the feasibility of Haptic adding the Road Information,

therefore we would report these valuable res

ults.
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where,

T, : Synthetic Torque

J, : Inertance of Steering mechanism

D,: Mobility of Steering mechanism

K : Stiffness of Steering mechanism
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Fig.1 Road information required for steering Haptic
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Fig. 2 Hysteresis of Steering on center in Lissajous (Typical)
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Fig. 3 Mechanization block of Haptic generation Law

Table 1 Generation method for each Haptic

Case Hold Predict Corrective Note
Method Steering | Haptic Steering |  Haptic Steering | Haptic
MM Control | Stiffness Mobility Inertance Tmpedace
Control
Optimal DC Predict Corrective Ferquency
Observer Components Components Components Shaping
Lissajous Hysteresis Gain Hysteresis
Shaping On center (Tilt) Off center
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where,

P(s): Transfer function of Haptic motor (Plant)
T, : Mesurement torque of Haptic motor

1 . . . .
J,, =— 1 Noramlized Inertia moment of Haptic motor mechanism
am
a,, : pole of Haptic motor mechanism
I, : Mesurement current of Haptic motor

K, : Torque constant
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Table2 Simulation parameters of Haptic motor mechanism

Parameter : } Nomenclature

Js: Inertia of Moment of Haptic motor mechanism
(Inertance of Steering mechanism)

Ds: Damping Coefficient of Haptic motor mechanism
(Mobility of Steering mechanism)

Ks : Stiffness of Haptic motor mechanism
(Stiffness of Steering mechanism)

R4 Armature resistance of servo motor

L.: Armature inductance of servo motor

K:: Torque constant of servo motor

K Back electromotive force constant of servo motor

K,: Current feedback gain of servo motor

i,: Armature current of servo motor

( State Equation of Haptic motor steering system )

X =Ax+Bu, (4)
y=Cx
where,
7
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@
ia
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. 1|0 0 LJ, 0
- ﬂ 0 —(RD,+K,K,) —(L,D,+RJ,) KK,
0 -K,J, 0 —(R, +K,)J,
0 K, 0 0 0
B::LO c: 0 D, 0 O
L0 0 0 J 0
1 0O 0 0 0

u,, : Haptic desired control input

0 : Motor output shaft(Steering) angle

@ : Motor output shaft(Steering) angular rate

@ : Motor output shaf(Steering) angular acceleration

( MM controller )

X = Ax+Bu

replace u :== Rr+ Fx

X = Ax+B(Rr+Fx) (5)
=(A+BF)x + BRr

s Xx=A,x+BRr

where,

A, :=A+BF

y=Cx

F=[f, 1, 1]

R=—(CA]'B)"

/, : Feedback gain of angle

/, : Feedback gain of angular rate

f, :Feedback gain of angular acceleration
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Fig. 4 Optimal Observer system configured by MM control
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