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Sliding Mode Adaptive Active Suspension Control Combined with Particle
Filter State Observation
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Abstract: When applying active suspension control, challenges such as parameter perturbation and the
inability to directly acquire state variables in the algorithm may arise. Therefore, developing a robust control
algorithm based on state observation is crucial. In this paper, a dynamic model of semi—vehicle roll suspension is
established. A nonlinear filtering function coordinates the suspension deflection and the vertical acceleration of the
vehicle body. It is then combined with a fuzzy sliding mode algorithm to achieve continuous sliding mode switching
by utilizing fuzzy approximation, aiming to improve the chattering problem. On this basis, the stability of the control

system under parameter perturbation is proven through the Lyapunov method, and a parameter adaptive law is
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designed. Additionally, for the state variables that cannot be directly measured in the algorithm, a particle filter

state observer is designed to estimate their values in real-time. Finally, simulation analyses are conducted under

typical working conditions, such as sinusoidal road excitation and random road excitation. The results demonstrate

that the designed observer can provide real-time and accurate state information required by the control algorithm,

and the fuzzy sliding mode controller with parameter adaptability exhibits good robustness and greatly improves

vehicle posture and ride comfort.

Key words: active suspension ; particle filter state observer; parameter adaptive ; fuzzy sliding mode
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Fig.1 Active suspension dynamic model of

the roll-plane half car
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Fig.3 Fuzzy sliding mode adaptive controller structure based on

PF state observer
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BT sh B AR KRR TE, MiAe EshiE b, FSMC
M SMC A Rk . R 2 I T IR G R,
PAS SMC Fl FSMC. (1) 4= £ Jin 3 J£ 121 75 L4843 53]
0.486 2 m/s*, 0.232 1 m/s* Fll 0.228 4 m/s*, SMC FlI
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FSMC 203 U001 43591 R 52.26% .53.02% ; K1 6 (b) %=
B 046 73 0 7 £t FSMC R BLRE y fe k. 1
197 AR B P8 7R, SMC L PAS 42 Tt 26.63%, Tii
FSMC Bl 35 F2 8 15 5] 28.95%. K 6(¢) . (d) FIFE 2 7]
AT, AHEE TR B R SE, SMC AT FSMC 1Y 228 4t Fi
MG B AR TE AR A B AL, SR A T A 2R M 8 I ok Al
K By 5r B BN 2 A5 AR S A5 B (H 25 T i o
) 5 748 25 S BUR SRS M50 s TR AE K
Fx2 TRZHEBERRGMEHFRGIT

Tab.2 RMS statistical of suspension system response under

working condition 2

g, e b =30 e

=t St
(m-s™) s/ (°) P /m 25 I /m
PAS 0.486 2 0.129 2 0.004 8 0.001 6
SMC 0.232 1 0.094 8 0.007 7 0.002 7
FSMC 0.228 4 0.091 8 0.007 9 0.002 8

433 A=

Bl 7 7 AR 2 s B 2828 R Guis R A BH 2 A
S NI B 44 K A 35 5, FSMAC 7EA7 S50 138 W A4
FATR B 7 (a) B 0 26 B in 3 B2 AR X T FSMC By
G XS ORI 7 () FLCE) BT RO S50 A 18 1 A RE
5 3 by o Ad 1Tt R G sh S 80 . % 3 R FSMC M
FSMAC 4= B i B2 14 75 AREH 53 5120 0.225 5 m/s®
F110.206 7 m/s*, FSMACHH#L T FSMCPEREFR T 8.34%.
NP7 () 8 R R P T LA HE 2 B f A /)i
e, FSMC A FSMAC 1935 75 HE 535124 0.110 8° A1l
0.100 7°, PERESE— AR TH2499.12%. K1 7(c) B AL sl
FE, FSMC Fl FSMAC {934 5 #AE 5351 4 0.007 7 m Fl
0.007 9 m, Bl 7(d) AFE I Eh 2L , FSMC Al FSMAC )
Y107 HRAE 53 514 0.002 6 m #10.003 2 m, ¥ i F 4 5
FRIVZE 46 1] 7 A B 1) 249 O 00077 2R SO N IR (R
INTE AR S A AT
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Fig.6 Comparison of suspension system responses under random road excitation
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Fig.7 Comparison of random road excitation suspension system response under system parameter perturbation

x3 IR=ZMNERRFEMEHFRGE T
Tab.3 RMS statistical of suspension system response under 5 4& i@

A
working condition 3

o S

T/ s ks e N s Ly
T A e ) B S A LR L

FSMC
FSMAC

02255 0.1108 00077 00026 O U R B AR 4 d s, SR 5 AE 25 R S I R

0.206 7 0.100 7 0.007 9 0.003 2 yﬁ%%&m@%ﬁx%%?,%% Lyapunov%%‘ﬁiﬁ
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