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Abstract: At the time of usual, driver steer steering wheels so that the yaw rate may be controlled. In an

unexpected case like risk aversion, drivers steer steering wheels so that generating of a lateral acceleration may

be suppressed. To control both horizontal acceleration ayand yaw rate γ, new physical value D∗is defined by

the expression D∗ = day + (1− d)V γ(0 ≤ d ≤ 1). Here, d is the weighting function. As an amount of goal

states of a vehicle, the D∗ value which has an alignment engaging a lateral acceleration and a yaw rate defined

is inputted. It is a thing of making the amount of real situations of a vehicle follow an ideal value by a control

rule. In this research, the value of d which uses a D∗ control is designed to variable, and the new D∗ control

rule also corresponding to side wind disturbance, steering-wheel operation, and change of the road surface

situation is built.
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Fig 1: Four-wheel model
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may=Ffly + Ffry + Frly + Frry + Yw (1)

Iγ̇=(Ffly+Ffry)lf−(Frly+Frry)lr−Nm−lwYw (2)

mV̇ =−Fflx − Frlx − Ffrx − Frrx (3)

Nm=df{Fflx + Frlx − (Ffrx + Frrx)} (4)
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3.1 [7]
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Fig 2: Coordinate system
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|β| � 1

β β̇ γ

u = V cosβ ≈ V v = V sinβ ≈ V β

u̇ = V̇ cosβ − V β̇ sinβ ≈ V̇ − V β̇β ≈ V̇

v̇ = V̇ sinβ + V β̇ cosβ ≈ V̇ β + V β̇

⎫⎪⎬
⎪⎭ (5)

G R G

Ṙ (6) R̈ (7)

Ṙ = ui+ vj = V i+ V βj (6)

R̈ = axi+ ayj = (V̇ − V βγ)i+ (V̇ + V β̇ + V γ)j

≈ V̇ i+ (V̇ β + V β̇ + V γ)j (7)

3.2

Ffry, Ffly, Frry, Frly

Kfr,Kfl,Krr,Krl

βfr, βfl, βrr, βrl (8)

Ffry = −Kfrβfr, Ffly = −Kflβfl

Frry = −Krrβrr, Frly = −Krlβrl

}
(8)

δfr, δfl, δrr, δrl

γ

2

δf , δr

βf , βr (9)

βf = βfr = βfl = β +
lf
v
γ − δf

βr = βrr = βrl = β − lr
v
γ − δr

⎫⎪⎬
⎪⎭ (9)

3.3

μ(λ) λ Magic For-

mula Model[8]

μij(i = f, r j = f, r)

Nij(i = f, r j = f, r)

(10)

Fxfl = μflNfl, Fxfr = μfrNfr

Fxrl = μrlNrl, Fxrr = μrrNrr

}
(10)

N (3)

(11)

mV̇ = −(μfl + μfrμrl + μrr)N (11)

(4) (10) (12)

Nm=df{μfl+μrl−(μfr+μrr)}N=dfμμN (12)
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(1) (2) (8) , (9) , (11) , (12)

xp = [β γ δf δr]
T ur

(13)

uf , ur

ẋp = Apxp +Bpur +Hphp (13)

Ap=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−(P1 +mV̇ )

mV
−1− P2

mV 2

KF

mV

KR

mV

−P2

I

−P3

IV

KF lf
I

−KRlr
I

0 0 − 1

τf
0

0 0 0 − 1

τr

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Bp=

⎡
⎢⎢⎢⎢⎢⎣

0

0

0
1

τr

⎤
⎥⎥⎥⎥⎥⎦ , Hp=

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

0
1

mV
0

0 − lw
I

dfμμ

1

τf
0 0

0 0 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
hp=

⎡
⎢⎣
uf

Yw

N

⎤
⎥⎦

KF=Kfr +Kfl, KR=Krr +Krl,

P1=KF +KR, P2=KF lf −KRlr,

P3=KF l
2
f +KRl

2
r

δf

τf uf

(15)

δ̇f = − 1

τf
δf − 1

τf
uf (14)

δr τr ur

(15)

δ̇r = − 1

τr
δr − 1

τr
ur (15)
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ay γ

D∗[1] (16) d

D∗ = day + (1− d)V γ (0 ≤ d ≤ 1) (16)

ay = V̇ β + V (β̇ + γ) (16) (17)

D∗ = d(V̇ β + V (β̇ + γ)) + (1− d)V γ

= Cpxp +Dphp (17)

Cp =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

−d
P1

mV

−d

(
V +

P2

mV

)
+ V

dKF

m
dKR

m

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

T

Dp =

⎡
⎢⎢⎣
0
d

m
0

⎤
⎥⎥⎦
T

(18)

ẋref = Arefxref +Brefuref

yref = Crxref

}
(18)

D̂∗ D∗
r

e (19)

e = D̂∗ −D∗
r = Cpxp +Dphp −D∗

r (19)

xa=[xp z]T ua=ur

ẋa=Aaxa +Baua + EaD
∗
r +Hahp

=

[
Ap 0

Cp 0

]
xa+

[
Bp

0

]
ua+

[
0

−1

]
D∗

r+

[
0

Dp

]
hp (20)

ur

ur = K1xp +K2

∫ t

0

edτ +K3xref (21)

K1,K2,K3 J

J =

∫ ∞

0

(
qe2(t) + ru̇2

r(t)
)
dt (22)

K1,K2,K3

AT
1 P11+P11A1+Q1−P11B1r

−1BT
1 P11=0 (23)

AT
1 P12+P11A2+P12Ar−P11B1r

−1BT
1 P12=0 (24)

[K1 K2] = −r−1
[
BT

p dDp

]
P11 (25)

K3 = −r−1
[
BT

p dDp

]
P12 (26)
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Fig 3: D∗model following control system

q ≥ 0, r > 0

A1=

[
Ap 0

Cp 0

]
, B1=

[
Bp

0

]
, Q1=

[
0 0

0 q

]
, A2=

[
0

Cr

]

6 d

D∗ d

d = 0.5

[3]

β

(a) β̇

(b) d Value

Fig 4: Relations of the differential of slip angle and

the value of d
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Fig 5: Condition of numerical simulation
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Table 1: Trajectories and various parameters

Line Type Width Color

Reference solid 10 Purple

d = 0.1 broken 6 Blue

d = 0.5 dotted 6 Green

d = 0.8 chain 6 Red

Switching d solid 6 Cyan

d = 0.1, 0.5, 0.8 d
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(a) Lateralacceleration responses

(b) Rear steering angle

(c) d Values

Fig 6: Road surface condition is not uniform with

sidewind
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