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Abstract: A high-performance longitudinal acceleration control is a crucial technology for the advanced vehicle dynam-

ics and the active safety-system. However, its practical realization is still with difficulties because of the strong nonlinearity

and uncertainty in the vehicle acceleration system. For this reason, a new acceleration control approach based on the active

disturbance-rejection control(ADRC) is proposed. First, a dynamic model of the vehicle longitudinal locomotion is built

and the engine-brake cooperation strategy for the acceleration control is designed. Next, a two-subsystem affine dynamic

model is developed for the engine-vehicle acceleration model and the brake-vehicle acceleration model. Two correspondent

controllers based on the linear discrete ADRC algorithm are designed. Finally, simulations are carried out to validate the

new approach. The results show that the rapid response and high-precision performances can be achieved simultaneously

in the vehicle longitudinal acceleration control.

Key words: vehicle; acceleration; active disturbance-rejection control; nonlinearity; uncertainty

1 (Introduction)

(adaptive cruise control, ACC) (platoon

control)

, 20 [1].

,

.

[2] ,

– –

, –

Mapping . [3]

– ,

.

[4] ,

. [5]

,

.

,

, (active distur-

bance-rejection control, ADRC)

, .

: 2010−09−30; : 2011−01−15.

: 863 (2007AA04Z206); (KF09061);

(2008319817070, 2009318000072); (2008BS05003).



1190 28

2 (Vehicle longitudi-

nal locomotion model)
2.1 (Engine model)

,

, (1):

TengṪe = −Te + Td, (1)

: Te, Td ;

Teng .

2.2 (Brake model)
[6, 7] . Fb(t) �

Fbmax , (2) (3) .

Ḟb(t) =
1

Tb(t)
[−Fb(t) + Kb(Fb)u(t − τb(t))], (2)

Kb(Fb) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

K1, 0 � Fb < Fb1,

K2, Fb1 � Fb < Fb2,

K3, Fb2 � Fb < Fb3,

K4, Fb3 � Fb < Fb4,

(3)

: Fb(t) ; Fb1∼Fb4 ;

Fbmax = Fb4 ; Tb(t)
; Kb(Fb) , Fb(t)

; u(t) , ; τb(t)
; K1∼K4 .

2.3 (Transmission and

wheel system model)
(coutinnuously variable transmis-

sion, CVT) ,

, (4)∼(7) CVT [8]:

Ieω̇e = Te − Tin, (4)

Isω̇s = Tini1η1 − Tout

i2i0
, (5)

i1 = ωe/ωs, (6)

ω̇e = ω̇si1 + ωs

di1
dt

, (7)

: Ie +CVT ;

Is + CVT

; Tin, Tout CVT ; ωe

; A.

,

(8)∼(10):

ω̇W =
Tout − (Fd + Fb)r

IW

, (8)

ωs = i2i0ωW, (9)

ω̇e = ω̇WRg + i2i0ωW

di1
dt

, (10)

: IW ; ωW ; Fd

; Fb

; Rg , Rg = i1i2i3; r

.

2.4 (Vehicle longitudinal

locomotion model)
, ,

, (11)∼(17)

:

v(t) = rωW, (11)

v(t) = v0 +
� t

0
a(t)dt, (12)

x(t) = x0 +
� t

0
v(t)dt, (13)

Ieω̇e =Te−(Fb+Fd)
r

Rg

− IWω̇W

Rgη1

− Isω̇s

i1η1

, (14)

Faero = CaAρ(v(t) + va(t))2/2, (15)

Froll = Crmg, (16)

Fd = Faero + Froll + mg sin β + λ 0ma(t), (17)

: a(t) ; v(t) , v0

; x(t) , x0 ; Faero ;

Froll ; m ; g
; λ0 ,

,

, [6, 9]

( 1); B.

1 Rg, λ0 v(t)
Table 1 Relations among the Rg, λ0 and v(t)

v(t)/(m·s−1) Rg λ0

v(t) � 7 18.25 1.1

7 < v(t) � 12.5 10.08 1.07

12.5 < v(t) � 20 6.28 1.05

20 < v(t) � 26.5 4.7 1.03

26.5 < v(t) 3.312 1.02

3 (Coordinated

strategy for vehicle acceleration control)
(11)(14) (17), :

a(t) =
Te − [(Fb + Fd0)

r

Rgη1

+ Ieωs

di1
dt

]

IeRg

r
+

IW

Rgη1r
+

IsRg

i1
2η1r

+
λ0mr

Rgη1

,

(18)

Fd0 = Faero + Froll + mg sin β. (19)

(18) , Te Fb ,

a(t) .

ea(t) , ea(t) = a(t) − ad(t) ,
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if ad(t) � 0 and ea(t) � e+
a , then

brake off and engine on;

else

engine on and brake on;

if brake command � b+
c , then

brake command = 0

end

end

: e+
a , b+

c .

, engine ,

brake : (ad(t) <

0), e+
a brake command

b+
c .

– –

.

4 (Design of

vehicle acceleration ADRC controller)

,

. 1 ADRC
[10, 11] , (20)

.

1 ADRC

Fig. 1 Second-order ADRC controller structure

{
x(n) = f(x(n−1), · · · , x, w(t), t) + b(t) u,

y = x.

(20)

(20) 1 : x(n) x n , w(t)
, u , b(t) , y ,

f(x,w(t), t)
; r0 , v1 r0 ; z1

y , z2 f(x, ẋ, w(t), t)
; e1 , u0 NF , b0 b(t) ;

NF (nonlinear feedback); ESO(extended

state observer) .

4.1 – ADRC
(Design of engine-vehicle acceleration sys-

tem ADRC controller)
(1)∼(17)

, ,

, .

(18) , Td

–

ȧ(t) = faTe(t) + baTe(t)Td, (21)

baTe(t) =
1/Teng

IeRg

r
+

IW

Rgη1r
+

IsRg

i1
2η1r

+
λ0mr

Rgη1

,

(22)

faTe(t) =
−(Ḟb + Ḟd0)

r

Rgη1

− Ie

d(ωs

di1
dt

)

dt
IeRg

r
+

IW

Rgη1r
+

IsRg

i1
2η1r

+
λ0mr

Rgη1

−

TebaTe(t) + waTe(t), (23)

: faTe(t) ,

, ESO

; baTe(t) , ADRC

b0, ; waTe(t) (18)

.

(21) –

ADRCaTe ,

2.

2 –

Fig. 2 Architecture of engine-vehicle acceleration control

system

,

ADRCaTe
[12], ESO NF

[13] (24)(25):⎧⎪⎪⎪⎨
⎪⎪⎪⎩

e = z1(k) − y(k),
z1(k + 1) =
z1(k) + Ts(z2(k) − β01e + b0u(k)),
z2(k + 1) = z2(k) − Tsβ02e,

(24)

{
e1 = v1(k) − z1(k),
u0 = KPe1,

(25)

: Ts ; β01, β02 ESO ,

β01 =2ωn, β02 =ω2
n; ωn ; KP NF
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.

:

ωn;
[12] rTD

hTD;
[13] KP; ( 1

A B ) (22) b0,

Rg v(t) ; Ts 0.002 s.

.

4.2 – ADRC
(Design of brake-vehicle acceleration system

ADRC controller)
(18) , (2), u(t −

τb(t)) :

ȧ(t) = fab(t) + bab(t) · u(t − τb(t)), (26)

:

fab(t) =
Ṫe − (− 1

Tb(t)
Fb(t) + Ḟd0)

r

Rgη1

g(Rg)
−

Ie

g(Rg)
·
d(ωs

di1
dt

)

dt
+ wab(t), (27)

bab(t) = − rKb(Fb)
g(Rg)Rgη1Tb(t)

, (28)

g(Rg) =
IeRg

r
+

IW

Rgη1r
+

IsRg

i1
2η1r

+
λ0mr

Rgη1

, (29)

wab(t) (18)

.

τb 0.05 s , , (26)

–

ADRCab
[14], 3.

(28) 1 A B K1∼K4

bab(t) , ADRCab

ADRCaTe .

3 –

Fig. 3 Architecture of brake-vehicle acceleration control

system

5 (Simulations)
CVT

( 4)

. Fb1∼Fb4 1022 N,

5799 N, 9780 N 12669 N, u :

170, 315, 415 515, m=1400 kg( 1208 kg),

Teng = 0.15 s, Tb(t) = 0.15 s, τb(t) = 0.05 s, Ie =
0.1454 kg · m2, Is = 0.28 kg · m2, Iw = 0.5 kg · m2,

r = 0.3m, v0 = 40 m/s, a0 = 0,

g = 9.8m/s2
, A B .

5.

5 : ,

; ADRC ,

,

,

.

4

Fig. 4 Simulation conditions
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(a)

(b)

5

Fig. 5 Simulation Results

6 (Conclusions)
1)

, –

.

2)

,

, ,

,

.
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(Appendix meaning and normal values of the parts of
formula variables)

A (4)∼(7)

Appendix A Meaning and normal values of the parts of

formula (4)∼(7) variables

i1 CVT — 0.442 ∼ 2.436

i2 CVT — 1.428

i0 CVT — 5.247

ωs CVT rad/s —

η1 CVT — 0.95
di1
dt

CVT — 0.2

B (11)∼(17)

Appendix B Meaning and normal values of the parts of

formula (11)∼(17) variables

va(t) m/s —

Ca — 0.3

Cr — 0.015

A m2 1.2

ρ kg/m3 1.25

β rad —
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