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Fig.2 1/4 vehicle model with semi-active suspension
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Tab.1 Control objective of suspension under different

road conditions
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Fig.3 Model predictive control architecture for semi-active suspension adapting to different road levels
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Fig.4 Training structure of suspension system inverse model
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(c) Simulation results on class-C roads
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4 LmERR B BT ) 9 UG A0l 30 425K (11015 ) , 35

oAy B8 UE 4 L% SR A T A LA R B o R e 1 S )
ML ik — TP R G AR . 1/4 %k F BRI
R 8 IR . kA B (i B, PR
SRRy 200 Ho, B0 T 6 5 1 7 %08 155 17
\ | s T

A . -
o) -~ %ﬁ Ny . TA
—— %ﬁ@mg%’//'
A

= R B

;7
Tt i

B8 1/4 72 E B0 4 4

Fig.8 Test bench of 1/4 vehicle with semi-active suspension
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Fig.9 Combined filter and its hardware circuit
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- SR TR IR R 48 MR/ (mes ™) TEAE B for 35 5 HRAE /KN BT 5 AR(E /cm
1jj FL R 1 . N 15 . K 56
0~50 0.464 0.513 (4 10.6%) 0.411 0.387 (¥ 5.8%) 0.499 0.492 (¥ 1.4%)
50~100 1.133 1.252 (4 10.5%) 1.282 1.188 (v 7.3%) 1.598 1.565 (¥ 2.1%)
100~150 0.763 0.834 (4 9.3%) 0.800 0.737 (¥ 7.9%) 0.955 0.953 (¥ 0.2%)
5 & it 5) 7E B ML 18 Y 51 R AT X H A B AT, 45 R

1) % BAT B — B R4 ] 5 W / 2 BTG kil A
AN TR AT B e B0 4 50 3l 7 2 VR RE R 5K 00 T AL, LR R
AR EE B HON ISR B AR I T — MBS TR AFE A
78S TR 0 4 7 SR

2) 38 i U AR B JE e SRR R, AR T /g R
A BELJE A% 8 78 IRV A ) AR o AR B R L
PR T R A BELJE 5 23 2 22 U A Y L Y

3) T A I R MM M 2 Bt T T A
2y 77 2 W S A B T e A A O 3 O AR LSRR L 4R
TS T AR G L AG T A % A GO O ik 56
BT AT Bl i v TR A% RS R TR

4) R % AT S AR R U P AR A L Bt T
S T 25 20 1 3 7 ) 2 S gl sk AR AR N 47 7 SR
I R P38 AL S AL T 2% 90 s T B 2R P ) S 8, 5K
BLT A5 G T AR B 1 s TERE A T P

F W] % T A G 1 T ARSI N 4 < AT 3 G B
Gk T B AR R B D G TR T Y R AR T
WA, LA C s T~ eI e fe . K S 05
L5 LR — 30, SR T 4 SR W T AT

z % X M

[1] YATAK M Z, AHIN F. Ride comfort-road holding
trade-off improvement of full vehicle active suspension
system by interval type-2 fuzzy control[J]. Engineering
Science and Technology, an International Journal,
2020, 24(6): 259-270.

MUHAMMED A, GAVRILOV 1 A. Unscented

Kalman-filter to manage the handling-comfort trade-off

[2]

of quarter-of-vehicle[ J]. Transactions of the Institute of
Measurement and Control, 2022, 44(1): 232-244.
A, e, UK, ALk E ARG ADD
Fems T [T]. MR SRS, 2023, 43(1): 197-202.

[3]



#®

34 RURNE S Y YRS A i

N )2 3 Bl A

R T 667

[6]

[7]

[9]

[10]

LIN Changbo, WANG Yue, XU Enyong, et al. Study
on improved ADD control strategy for semi-active sus-
pensions[J]. Noise and Vibration Control, 2023, 43(1):
197-202. (in Chinese)

MRS, ZIEN, AT, % LR E RO L E
HERBAGEEEGHEM I R MK 528,
2025, 45(3): 438-445.

FENG Guizhen, LI Zhengchuan, HAN Xiangyu, et al.
Modeling and control of magnetorheological semi-active
suspension for electric vehicle[J]. Journal of Vibration,
Measurement &. Diagnosis, 2025, 45(3): 438-445.
LIU C, CHEN L, LEE H, et al. Generalized skyhook-
groundhook hybrid strategy and control on vehicle sus-
pension[J]. IEEE Transactions on Vehicular Technolo-
gy, 2022, 72(2): 1689-1700.

WA, ettt , 2R, S T AL S UL Y AL

P EFBREMEEH LT PURSWE, 2021, 49(9):
109-114.

WU Baian, LONG Haiyang, LI Yaogang, et al. Opti-
mal control of MR semi-active suspension based on ge-
netic algorithm[J]. Machine Tool &. Hydraulics, 2021,
49(9): 109-114. (in Chinese)

R, 5, R, & VR4 TR R sl AR
TR OB B B[], P9 23650 K22 4] 2017, 51(11):
156-164.

ZHANG Liangxiu, WANG Yu, WU Guangqiang, et
al. Hybrid model predictive control of semi-active sus-
pension with variable damping shock absorber[J]. Jour-
nal of Xi'an Jiaotong University, 2017, 51(11) : 156~
164. (in Chinese)

JI G, LI S, FENG G,

universe fuzzy control of vehicle active suspension based on

et al. Enhanced variable
adaptive contracting-expanding factors[J]. International
Journal of Fuzzy Systems, 2023: 1-15.

HE R, B AN T AR Al R R A A 1)
BRI BRI 2 I 2 4 e A 5 0 B 0T ] wp I R AL
#i2, 2020, 18(2): 148-152.

SHEN Aimin, HE Yansong. Optimization and simula-
tion of RBF neural network control for vehicle nonlinear
hydraulic suspension [J]. Chinese Journal of Construc-
tion Machinery, 2020, 18(2): 148-152. (in Chinese)
QINY, WEIC, TANG X, et al. A novel nonlinear road
profile classification approach for controllable suspension
system: simulation and experimental validation[J].
Mechanical Systems and Signal Processing, 2019, 125:
79-98.

BE AR, WROBL . BE T TR B 5 20 1 (8% 10 AS S B 45 9 R )
WEFELT]). HLi TR, 2021, 50(11) : 66-69.

XUE Junjun, CHEN Shuang. Research on road rough-

ness level recognition based on deep learning[J]. Me-

[13]

[14]

[15]

[16]

[17]

chanical & Electrical Engineering Technology, 2021,

50(11): 66-69. (in Chinese)

CHOI S B, LEE S K, PARK Y P. A hysteresis model

the

magnetorheological damper[J]. Journal of sound and

vibration, 2001, 2(245): 375-383.

ARG, PR, K . BT MPC R B b HLIK 5h
MBI R IR S BE ). ksl A 52, 2025,

45(3): 600-607.

LI Zhongxing,

for field-dependent  damping force of a

CHENG
Vertical vibration of hub motor driving electric vehicle
based on MPC[J].
&. Diagnosis, 2025, 45(3): 600-607. (in Chinese)

ROJAS A E R, NIEDERKOFLER H, WILLBERGER
J. Comfort and

Qigian, LI Zhongyuan.

Journal of Vibration, Measurement

safety enhancement of passenger
vehicles with in-wheel motors[R]. [S. 1.] : SAE
Technical paper, 2010.

ISO. ISO 8608: Mechanical vibration-road surface pro-
files-reporting of measured data[ S]. Geneva: Interna-
tional Organization for Standardization, 2016.

ZHANG B Q, L1 Z J, ZHAO H H, et al. Adaptive
MPC control for in-wheel-motor-drive electric vehicles
with semi-active suspension based on binocular vision road
identification [ J]. IEEE Transactions on Transportation
Electrification, 2025, 11(5): 12136-12148.

WANG 7, XU S, LI F,

predictive control and adaptive unscented Kalman filter for

et al. Integrated model
semi-active suspension system based on road classification
[C]/WCX SAE World Congress Experience. Detroit,
MI, United States: SAE International, 2020: 2020-01-

0999.

DING R, WANG R, MENG X, et al. Research on
time-delay-dependent H./H2 optimal control of
magnetorheological ~ semi-active  suspension  with

response delay[J]. Journal of Vibration and Control,

2023, 29(5/6): 1447-1458.

E—EEEN XL, H 19954 10 4
A A ERARS S W R B
Wk . % % £ (Online estima-
tion of road profile in semi-active suspen-
sion based on unsprung mass accelera-
tion) ( {Mechanical Systems and Signal
Processing)2020, Vol.135) 451 3 .

E-mail: uyjsliuwei@163.com

BEMEEEN LA, B 19774 12 1
AT HR L EEBEIT T N W B
STEREL S ERN RERRRERS
REMRMEREFHRFES.

E-mail: wre@ujs.edu.cn



