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Abstract: A novel decentralized hybrid indirect and direct adaptive fuzzy H-infinity controller is proposed for a class

of uncertain large-scale single-input single-output(SISO) nonlinear systems in this paper. By the combination of fuzzy sys-

tems and H-infinity tracking technique, no sign function is utilized in the decentralized adaptive fuzzy control algorithm.

The integration of two types of adaptive fuzzy controllers removes the limitation on the individual incorporation of plant

knowledge and control knowledge. We prove that the closed-loop large-scale system is stable and possessed of H-infinity

tracking performance. The algorithm is applied to the longitudinally following control of vehicles within automated high-

road systems(AHS) and simulation results demonstrate better tracking properties of the hybrid adaptive fuzzy H-infinity

control system with smaller control magnitudes.
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2 (Problem formulation)
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, i(i = 1, · · · , N){
y

(ri)
i = fi(Xi) + giui + Δi(X, t),

ψ̇i = Wi(Xi), i = 1, · · · , N,
(1)
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3 (Main results)
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,

(14)

θ̇iu =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

γiusiξiu(Xi),
‖θiu‖ < Miu

‖θiu‖ = Miu siθ
T
iuξiu(Xi) � 0;

P[γiusiξiu(Xi)],
‖θiu‖ = Miu siθ

T
iuξiu(Xi) > 0.

(15)

P[γiusiξiu(Xi)]
Δ= γiusi(I − θiuθ

T
iu

‖θiu‖2 )ξiu(Xi),

η̇i =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

γiη

2
s2

i ,

(|ηi|<Miη) (|ηi|=Miη ηi �0);
γiη

2
s2

i [1 − σiη(|ηi| − Miη)],

.

(16)

1 1, 2 (1),

HAFC (2)(8)(9), (12)∼
(16),

(3) (4).

η̃i = ηi − η∗
i , Lyapunov

V (t) =
N∑

i=1

�i

2
(eT

i Piei +
αiθ̃

T
if θ̃if

γif

+
αig̃

2
i

γig

+

(1 − αi)θ̃T
iuθ̃iu

γiu

+
η̃2

i

γiη

). (17)

(17) (5)(9) (11)∼(15)

V̇ =
N∑

i=1

�i[eT
i PiBi(ωi − 1

2
gi(ηi +

1
ρ2

i

)eT
i PiBi −

Δi(X, t)) − eT
i Qiei +

giη̃i̇̃ηi

γiη

]. (18)



1166 28

Di
Δ=

1√
gi

[ωi − di(t)], (16)

(18)

V̇ =
N∑

i=1

�i{eT
i PiBi[−1

2
gi(ηi +

1
ρ2

i

)eT
i PiBi −

ci(X) + Di

√
gi] − eT

i Qiei} =
N∑

i=1

�i{−1
2
[
√

η∗
i gie

T
i PiBi +

ci(X)√
η∗

i gi

]2 +

eT
i PiBi

√
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√
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4 (Application)
(intelligent

transport systems, ITS) 3

, (automated high-

way system, AHS). AHS

. HAFC

.

i [14]⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

ψ̇i = vi − vi−1,

v̇i =
1
m

(−av2
i − d + fi),

ḟi =
1
τ
(−fi + ui),

yi = ψi + L + ρvi,

(22)

: ψi = xi − xi−1, yi , ui > 0
, ui < 0 . 10 mph

, ρ = 0.9. 1.

1

Table 1 Variables and parameters of vehicles

x / m

v / (m·s−1)

f / N

L = 2 / m

m =1300 / kg

a =0.3 / (N·s2·m−1)

d =100 / N

τ =0.2 / s /

y
(2)
i =

1
m

(fi − av2
i − d) − ρ

m
(2aviv̇i +

fi

τ
)+

ρ

mτ
ui − v̇i−1,

ri = 2. Lyapunov

, 1. i

Xi =

⎡
⎢⎣xi1

xi2

xi3

⎤
⎥⎦ = Φ(ψi, vi, fi) =

⎡
⎢⎣ yi

Lfi
yi

vi

⎤
⎥⎦ ,

: fi=

⎡
⎢⎢⎢⎣

vi

1
m

(fi−av2
i −d)

−1
τ
fi

⎤
⎥⎥⎥⎦, Lfi

yi yi

fi Lie . Jacobian
∂Φ

∂(ψi, vi, fi)
, Φ
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, (22) (1)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ẋi1 = xi2,

ẋi2 = (
1
ρ
− 1

τ
)(xi2 − xi3) − 2axi2xi3

m
+

a

m
(2 − ρ

τ
)x2

i3 −
ρd

mτ
+

ρui

mτ
+

(
1
ρ
− 1

τ
− 2axi3

m
)xi−1,3 − ẋi−1,3,

ẋi3 =
1
ρ
(xi2 − xi3 + xi−1,3).

(23)

, . yi = xi1 = 0,

yim = 0.

:

a) ki = (1, 2)T, Qi = diag{5, 5},

(5) Pi =

[
15 5
5 5

]
. Mia = 50,

Miu = 100, γia = 4, γiu = 4, γig = 3, γiη = 3; εi =
0.01; θia(0), θiu(0) [−π, 4] , ηi(0)

[2π, 3π] ; Xi(0) = (
π

6
,

π

3
, 57)T; v0 = 55 + 6 sin

πt

4
.

b)

μF1ja
(xik) = μF1ju

(xik) =

exp{− [xik + π/3 − (j − 1)π/9]2

(π/18)2
t},

: i = 1, 2, 3, 4; j = 1, · · · , 7; k = 1, 2, 3.

c) 4 (N = 4),

i HAFC( (2)),

(23). αi = 0.5, ρi = 0.003, 1∼
4 .

1, 2 ,

HAFC 0, HAFC

, .

αi , αi = 0.5 HAFC

( 3), ( 4).

1 4

Fig. 1 Intervehicle spacing errors of the four subsequent

vehicles

2 1∼4

Fig. 2 Input signals of vehicles 1∼4

3 αi

Fig. 3 Following performance
� 10

0
e2
i (t)dt of vehicles under

different αi

4 αi

Fig. 4 Input magnitude
� 10

0
|ui(t)|dt of vehicles under

different αi

5 (Conclusion)

H∞ .

HAFC [2,8∼11] , [15]

. ,

HAFC

IAFC DAFC ,

.



1168 28

(References):

[1] , , , .

[J]. , 2010, 27(1): 94 – 98.

(WU Min, ZHOU Guoxiong, LEI Qi, et al. Fuzzy decoupling con-

trol for gas pressure of collector for coke-ovens with asymmetry[J].

Control Theory & Applications, 2010, 27(1): 94 – 98.)

[2] WANG L X. A Course in Fuzzy Systems and Control[M]. Engle-wood

Cliffs: Prentice Hall, 1997.

[3] TONG S C, LI Y. Fuzzy adaptive backstepping robust control for

SISO nonlinear system with dynamic uncertainties[J]. Information
Sciences, 2009, 179(9): 1319 – 1332.

[4] CHEN B, LIU X P, LIU K, et al. Direct adaptive fuzzy control of

nonlinear strict-feedback systems[J]. Automatica. 2009, 45(6): 1530

– 1535.

[5] LIU Y J, WANG W, TONG S C, et al. Robust adaptive tracking

control for nonlinear systems based on bounds of fuzzy approxima-

tion parameters[J]. IEEE Transactions on Systems, Man, Cybernetics,
Part A, 2010, 40(1): 170 – 184.

[6] LIU Y J, TONG S C, WANG W. Adaptive fuzzy output tracking con-

trol for a class of uncertain nonlinear systems[J]. Fuzzy Sets and Sys-
tems, 2009, 160(17): 2727 – 2754.

[7] , , , . MIMO

[J]. , 2010, 27(12): 1783 – 1786.

(HE Naibao, GAO Qian, JIANG Changsheng, et al. Adaptive fuzzy

control for MIMO non-affine nonlinear systems[J]. Control Theory &
Applications, 2010, 27(12): 1783 – 1786.)

[8] ER M J, CHIN S H. Hybrid adaptive fuzzy controllers of robot ma-

nipulators with bounds estimation[J]. IEEE Transactions on Indus-
trial Electronics, 2000, 47(5): 1151 – 1160.

[9] WANG C H, LIN T C, LEE T T, et al. Adaptive hybrid intelligent

control for uncertain nonlinear dynamical systems[J]. IEEE Transac-
tions on Systems, Man, and Cybernetics, Part B, 2002, 32(5): 583 –

597.

[10] PENG Z F, WANG W, LIU Y J. A combined adaptive fuzzy control

method with the function continuous supervisory control[C] //Pro-
ceedings of the 25th Chinese Control Conference. Harbin: IEEE,

2006: 1194 – 1199.

[11] DING Q X, CHEN H T, JIANG C S, et al. Combined indirect and

direct method for adaptive fuzzy output feedback control of nonlin-

ear system[J]. Journal of Systems Engineering and Electronics, 2007,

18(1): 120 – 124.

[12] , , , . MIMO H∞
[J]. , 2010, 25(11):

1707 – 1712.

(HUANG Yishao, ZHOU Dequn, WANG Zhengwu, et al. H∞
tracking-based decentraliz-ed adaptive output feedback fuzzy control

for a class of large-scale MIMO nonlinear systems[J]. Control and
Decision, 2010, 25(11): 1707 – 1712.)

[13] TONG S C, LI H X, CHEN G R. Adaptive fuzzy decentralized con-

trol for a class of large-scale nonlinear systems[J]. IEEE Transactions
on Systems, Man, and Cybernetics, Part B, 2004, 34(1): 770 – 775.

[14] HUANG Y S, ZHOU D Q, CHEN X X. Decentralized direct adaptive

output feedback fuzzy H∞ tracking design of large-scale nonaffine

nonlinear systems[J]. Nonlinear Dynamics, 2009, 58(1): 153 – 167.

[15] , . [J].

, 2009, 24(6): 641 – 646.

(HUANG Yishao, ZHOU Dequn. Decentralized adaptive fuzzy slid-

ing mode controller and following control of vehicles[J]. Journal of
Systems Engineering, 2009, 24(6): 641 – 646.)

:

(1976—), , , ,

, E-mail: y s huang@yahoo.cn;

(1974—), , , ,

E-mail: lonkj@sohu.com;

(1963—), , , ,

, E-mail: min@csu.edu.cn;

(1969—), , , ,

, E-mail: heyong08@yahoo.com.cn;

(1983—), , , ,

, E-mail: llyu@csu.edu.cn.


