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Mixed H-two/H-infinity control based on game theory and

its application to the vehicle active suspension system
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Abstract: The H-two/H-infinity control is formulated as a non-zero game model with incomplete information. A 2 x 2
non-zero game model is constructed, and two channels, robust performance channel and dynamical performance channel , are cho-
sen as players. H-two and H-infinity controls are pure strategies. An algorithm for mixed H-two/H-infinity control, based on the
Nash bargaining theory, is derived to achieve the Nash equilibrium point. The algorithm is applied to a vehicle active suspension
system, and H-two/H-infinity output feedback controller, based on the Nash equilibrium point, is then constructed. Computer
simulations with MATLAB demonstrate that the active suspension system achieves a good balance between robust stability and
optimally dynamical performance.
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Fig. 1 Controlled plant block diagram
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Fig. 2 Block diagram of the generalized plant
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Fig. 3  Simplified diagram of control system
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3 REXHBZEMEHRE (Simulation of a
vehicle active suspension system)

3.1 "X FE R IR (Generalized plant)
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Fig.4 Active suspension diagram
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Fig. 5. Mixed H,/H,, game area
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5) M f(x,y) = (x-=1.88)(y - 0.844) fl g(x,
y) = 078%] T(x) = 2.16x% - 5.5708x + 2.8388.

6) 185 x* = 1.29,y" = 2. 12. SN
(x",y") = (1.29,2.12).
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3.3 {AEZ 2R (Result of simulation)

THESHOR AR (8 10 Fah B AR S5
assl,ass2, ass3, ass4, pss, game 73 FI X R H % 1.
FE2LFEI HEI DB, UM% S &
Hy/Ho IRA R 5.

A /dB
|
w

- - assl
[ ass2
. ass3
ve-. asséd
— game
o pss

107

=30

10!
J/Hz
B 6 ¥ B T A A 2 50O N £ 8 bR B DR A R
Fig. 6 Frequency response of body vertical acceleration
to front road displaces
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Fig. 7 Frequency response of body pitch angular acceleration
to front road displaces
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Fig.8 Body vertical acceleration
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Fig. 9 Body pitch angular acceleration


http://www.cqvip.com

%6 % TSR H/He IR A6 RHARE Eah 85 5L 887
0.025 T
1 —- assl
A - ass2
0.02 [“ —- ass3
) --- ass4
] — game
E |
£ B |
E N I 5
N
- S N S -0.005 - N -
0 05 1 15 2 25 3 35 4 0 0.5 1 1.5 2 2.5
t/s tls
BI 10 ATE AR Y BlLL B A A
Fig. 10 Front suspension deflection Fig. 11 Rear suspension deflection
—— 1
0.8[ ! — - assl
H ---ass2 0.8
0.6}1 3 —- ass3
--- assé 0.6},
0.4}; — game !
AR | U SR | o 0.4
02 o
£ g 02
" 0 D 0
-02 ; -02
—04 ,”5 -04
06k o F N -
0 05 1 15 2 25 3 35 4 0'60
t/s tls
P12 (onge 7l T T T 0 2 Y i B 13 Coug A i T 50 AT A T W

Fig. 12 Body vertical acceleration of white noise input
4 Z5%E (Conclusion)

XEREFADN BEFEBEAE2ERL FRIEE
G FRERL, A oK /MR P SR R B i
R# Hy/H IRSEHE—BE R, TR N H/HL IR
BRI S ES R R ESE TR
R 198 iRHH Hy/He ESIRBEER TR, 5
SCE P45 A0 IR § 7 FAH HREE AR IR B RDIR
TR e A B . R B E N R G TE R
W, N FiEdAA & BRBARERTRAS
MR TR RE . i TSR e MR A
Jﬁ?‘i%ﬁﬁ%%ﬂj?’)\ﬂ@i LB EAAET, xR

TEHER , 7552 245 i () 0 w2 o RO ) B A K &
%ﬁﬁ%lﬂ@ﬁﬁtﬁ%ﬂ@ DAL=

£ % 30 K (References) :

[1] BERNSTEIN D S,HADDED W M. LQG control with an H., perfor-
mance bound: a Riccati equation approach [J]. IEEE Trans on Auto-
matic Control ,1989,34(3) :293 - 305.

[2] ZHOU K,GLOVER K, BODENHEIMER B, et al.Mixed H, and H,,

Fig. 13

(3]

(4]

(5]

(6]

(7]

(8]

l9]

Body pitch angular acceleration of white noise input

performance objectives I: robust performance anmalysis [ J]. IEEE
Trans on Automatic Control ,1994,39(8) : 1564 - 1574.

DOYLE J, ZHOU K, GLOVER K, et al. Mixed H, and H,, perfor-
optimal control [J]. IEEE Trans on Automatic
Control ,1994,39(8) : 1575 - 1586.

ISIDORI A. Mixed H,/H .. Control [M].New York: Springer-Ver-
lag, 1995173 - 216.

SCHERER C, GAHINET P, CHILALI M. Multiobjective output-feed-
back control via LM optimization { J). IEEE Trans on Automatic
Control ,1997,42(7) : 896 — 910.

KHARGONEKAR P P,ROTEA M A.Mixed H,/H., control: a con-

mance objectives [[ :

vex optimization approach [J]. IEEE Trans on Automatic Control,
1991,36(7):824 - 837.

W L C. X R IR AT (M. JE 5T : A U L 4L, 1988
5-88

(THOMAS L C. Game Theory and Its Application [M]. Beijing:
Liberation Press,1988:5 - 88.)

YAMASHITA M, FUIIMORI K, HAYAKAWA K, et al. Application
of H, control to active suspension system [1]. Automatica , 1994,
30(11):1717 - 1729.

HAYAKAWA K, MATSUMOTO K, YAMASHITA M, et al. Robust
H.. output feedback control of decoupled automobile active suspension
system [J]. IEEE Trans on Automatic Control,1999,44(2):392 —


http://www.cqvip.com

888 7= wW B % 5 M H B 20E

396.
J10]  WANG Jun, WILSON D A, HALIKIAS G D. H, robust-perfor-

& B

sBX (1972—) . B . AT RFRI5ALTR¥RH
Uil , 2R 4R A7 ) A B4 ¥ il , E-mail : johnshi _ min @ tom. com;

BREE (1951—) .5 88 Wt4 S0, TEMROEIER
FH¥F 515, E-mail; cww @mail . hf . ah. cn.

mance control of decoupled active suspension systems based on LMI
method [ C] // Proc of American Control Conference. New York:
IEEE Press,2001:2658 - 2663 .

(R EFFEM)— P HAR

ZRASREV(ARSBERER)— 5, R— A YESEMENEE BT/ B &S

L
ABILEEHAGEHNE T A 20 1L 80 FULORERERMNEBEHNEAMIE, ERiA T 84 Ha

TE N BSOS AN B S P A% Ao B B R BIE MO i SRR R TR E S8 B f il IR, LA RS R i AR AN MR
REARERHORAR . T EIISHLEREE R VA & B BIF AR BRI 9 — 3, 1R & 0 R A sk E 2 Be H0
TEEEE, EE TRR TR BEENAR 2BNEFE BARD GEFHY, HEASNEENSSH
FIRRAN IR, (8 T MM A % i R RS e Lt R g 30 77 0 /9 AU Al e 5 P Ay REf i
&AW R EZ RS AT AN J LA D7 T AR, R) 2 B B 5 4l LABKGT , A M AR S N AR B

AP RIEE I ZEMRABEMRPERN L REERN, BPHNERNEE THEEZEMRAEH
FHER 5K WRBTEEARNBERER. B EMATRANRFERELR T HFEERENEESE
PRI )R _

AHER AL EMHERBERRAT B, ESE LS FH G0, DR AR < 908 % £ L FF A/
HEAH, W HREEEREN R TEENLERRARTLEESE R—AEEESEMHEHOFERM
ERBTREHB BMSE .

(F AR


http://www.cqvip.com

