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PSO-fuzzy-hybrid Control Strategy of Semi-active Suspensions

Yan Tianyi Yan Haijing Hou Zhaomeng Wang Yulin Zhang Luzou Chen Huanming
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Abstract: A half-car model of semi-active suspension systems with 4-DOF was designed in Matlab, and a
fuzzy hybrid controller was built. Then, the membership functions and rule of fuzzy hybrid control
strategy were optimized by particle swarm optimization ( PSO). In order to verify the proposed control
strategy, a series of experiments of PSO-fuzzy-hybrid control strategy on the platform of hardware-in-the-
loop were carried out. It showed that compared with traditional fuzzy control strategy, PSO-fuzzy-hybrid

control strategy enhanced the overall performance of the semi-active suspension system effectively, and
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obtained better control performance in all different road input excitations.
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Fig. 1 1/2 model of semi-active suspension system
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Fig.2 System block of PSO-fuzzy hybrid control
2.2 RFREMUEX
ki B G AL B (PSO) 56 i1 Eberhart
Kennedy T 1995 4F4& 11 & & —Fh 3 T4
AL TR RGEW 1A A — 2 BEDLAR , a0
WA, 78 PSO R AAL B X, AR LA
R 1B ifp LR R 23 ) TP LA — 2 R R AT,
XA AR B A B TR 2B AR AR T2
KBNS RATIT 1 F AR, A AR T8 —
AP pR Rk A R O ELJIGE A 2 5 R
AORLE (U AT AL X,) A1 H AT 1k 4 B A e far
BN P,) , USSR B A R R BLRY
FRAFALE (A RRAE P,) KL THE B 4 i B 0 A
TAEfFE R R AT R, AE—1 D 4EE R
HA m ASRLT, 5 0 AR B AL & 3 53 51
X, = <Xi,1 ’Xi,2 T ’Xi,d> Al V.= ( Vi,l s Vi.2 PR Vi,d) s
TEARF— YR AU R ARG A P, = (P,
Pi,2a""Pi,d) %H%EH:&{E Pg = (Pg,l an,z’ "',Pg,d>
KBNS [ A 1) 5 LR A B AL R
R A T R
Vi (t+1) =V, (1) +c;r (P, =X, (1)) +
ey (P, -V, (1) (5)
X o——BMERE ¢ o;—INER T
ry 0 ~ 1 Z 5] A i AL AR
N T BRIER AR E M, ke T — MR
M FRR V., FHEARR GR35 3l 3R i ko) B
Vi,j(t+1)$v'x (6)

ma:

FHRLARE T ¢ B E AL TT R N

TR A A T B R TR S ]
X, (t+1) =X,,;(t) +V, (t+1) (j=1,2,--,d)
(7)

Ferp s BT 22 P A EA TR w SR Shi
WA LRI T SR | R R RN K 2R s
AN SR NI 5 FE A UGR AR B PEA R

O() =0, + I (8)
A M
0 KA T
KL
@SB T

min

N T S MR A R S TR A RN AT K
REST i ] 7 BE R AC A EAT B S84, ¢ SR
N ey SRAEREIN, RAIE TR 4 S S RE 0T
BB IERN T ¢, Fe,

Cl(j):(clp_clj)%-’-clj (9)

cz(j)=<cze_cz/>%+czj' (10)

I —E ) Y )Y
B R—T
2.3 KT BHEMENE
HRAR A TP 19 5T 40 4 47, A5 SCR 03
B K

f=tim] Tq (5, (0 ~x, ()2 4 (0 Ta (1)

K ——Re MR A R 5L

RO B 0, 0, A o B2RA 7 S8
SAFE{0,S,M,N,L,V, P} X5k JE B R ECR
TR, R T IR th B RN 6 AN R ULE
I

o -oe(- (5] )

X B—mlih oA EE
S——1R i T £ i P2

BT IS P DA A FE XTI B RO
A 21 Zm i 2t 42 AR T b 49 2%
BRI A 91 ANz, ] PSO SIE R T Jm FE 1
B B SRR AL B 52 |, 1 ek /& 2L Y
PSR 2 ] 2 K ), 7 A8 M 422 T 4% 1) 20 1 R Ay

pel [ X, X, , oo, Xy 17, Ji AR 42 1 45 14 20 £ H5 A
p2[ X\, X, o0 Xy 1o o — BRI R mb T -

FSRH) 425 i 45 SR J 32 2 )
a =addvar(a,'input’,vl’,[ -3535]);
a =addmf(a, input’,1,'ES’, gaussmf’, [ pcl (1) pecl
(2) 1)



4 ¥

b BB R

20134

a = addmf (a, input’, 1,"EL’,’ gaussmf’, [ pcl (13)
pel (14) )

a =addvar(a,'input’,’v2",[ -55]);

a = addmf (a, input’,2,’ES’,’ gaussmf’, [ pcl (15)
pel (16) ])

a = addmf (a, input’,2,"EL’,’ gaussmf’, [ pcl (27)
pel (28) ])

a = addvar(a, 'output’,’alpha’,[0 1]);

a=addmf (a, output’,1,’Z1’," gaussmf’, [ pcl (29)
pel (30) ]

a = addmf (a, output’, 1,’Z9"," gaussmf’, [ pcl (45)
pel (42) ]

HSRY) 2 T AW D0 2t
ruleList =

[11pel(43) 11

77 pcl(91) 11 ];
a = addrule(a,ruleList) ;

R AR TSRS, ] PSO S
AR TR S - QOX AL oKL 19 o7 B HE AT 90 B
b, B E BRI m =50, 4%k d =91 o . =0.4,
®, =0.9, HRERKE 0 =50,V,, =0.5,X,, =
0.5, FALRI AR AL AR A A7 B RS . MR hE
FI8) 24 S 0] D 7 32 eR A, JF B AT 4290 Simulink
RS TG rP AR v ) RORY 42 1l % ) 3l 12 Y iR T
ML BRIEAT JE 19 4 B i B B R Eh BT 4

AL T i 2 3 0 R R, OMRAE = (11) PR
AL 18 N BE K 21 BRI 57 R 3 i A
FEAS LT P, of XA R4 G N B P, S
PR Bir 22 g B S P, 036 R R AT LA, AR A
TP HILAE (R P, ORI TR, %5
ATl 2 (7) 75 B ACE R th(8)
A M T ¢, o, , ¥ S HAAAKX(4) 15
HOBT AR vV, RS (5) W T Y R 2 A TR X
S B P, 0 VKT Vo T VAR Y
QOB T, KRG EBERAR (6) , 75 B
KL 7 BB X, o @F B2 75 il 2 35 B e Rk
B 50, #5705 J2 U 5 1] 20 R D), 5 ) 5 1) 20 3R ),
hith P, 25 FUHRAE

A FARTE AR, A Simulink T % 0[5l 3
FRY 172 ik Eah B8 BT, Horp K1
NZAE SRR RGN E RS

23 RGO RIS A DCS BN T <1

B3 TR RESRA ROBDRITR 542 i SRS 1) 32 30
R B
Fig.3  Simulation model of PSO-based fuzzy hybrid
control strategy of semi-active suspensions
®1 ERIEPBERFEISY

Tab.1 Parameters of semi-active suspension system model
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