Dynamical Systems and Control /] &4t 5%, 2023, 12(2), 120-132 Hans Y
Published Online April 2023 in Hans. https://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2023.122013

4
L}

E-TREHLEREIR B R E R RS

£FM, BRAS, RIPE, 2 AR

SR ERERARF RO AR AR, K
2R IHAE F A O (TR A BRA T, WL Tk

2SRRI

ks H . 20234E3H28H; FAHHM: 20234F4H22H;: KA HW: 20234F4H29H

H E

AT BHRAFEFNBIR RGN A R, ASCR I —Fh B T REHLES T R A A I 3 B R SRS
FRERBRERTE. BNEFEARENFESIBRAG BE MR FE. HHELES. ¥
MRAR BB RARBEA R TERE, BT HEEFERAREANRREE, NaEX TR#TAE
PrEf . A SCET BRI W X LB TEEAT 22K RB, RHRBIFIBEE AT AR BAR AT R 54
EFhBIER|R, WA FRRRILT I B ENSRER, FHiEdBEERLRRIE T FrREENA K
Aﬁc

XA

HEIRE, FEZHEIR, FEHLEEE

Research on Control Strategy of Semi-Active
Suspension Based on Random Road
Surface Identification

Qingwei Jiang?!, Enyou Cui?, Xinfeng Zhang?!, Wei Liul

'China Automotive Technology and Research Center Co., Ltd., Tianjin
CATARC Automotive Component Test Center (Ningbo) Co., Ltd., Ningbo Zhejiang

Received: Mar. 28", 2023; accepted: Apr. 22", 2023; published: Apr. 29", 2023

Abstract

To solve the time-delay problem of semi-active suspension system, an intelligent suspension con-
trol method based on the combination of random road surface identification and semi-active sus-
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pension control technology is proposed. At present, there are three modes of semi-active suspen-
sion system configured for mass production vehicles: comfort, standard and sport. Each mode is
selected by the driver according to different road conditions, which leads to the limitation of semi-
active suspension system, and cannot adaptively control the working conditions. In this paper, a
convolutional neural network is constructed to classify and identify random road surfaces. The
identified road roughness information is fed back to the semi-active suspension controller in ad-
vance, which can meet the adaptive suspension control under different road conditions. The effec-
tiveness of the proposed algorithm is verified by vehicle road experiments.
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Figure 1. Vehicle dynamics model
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Figure 2. VGG16 network architecture diagram
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Figure 5. ResNet classification results
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Figure 6. Structure diagram of hybrid adaptive suspension preview control system
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Figure 10. Z-direction vibration data comparison of driver seat on 60 km/h rough asphalt road: (a) Time domain, (b) Fre-

quency domain
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Figure 11. Z-direction vibration data of driver floor of 60 km/h rough asphalt road: (a) Time domain, (b) Frequency domain
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Figure 12. Z-direction vibration data of driver seat at 40 km/h Belgium road: (a) Time domain, (b) Frequency domain
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Figure 13. Z-direction vibration data of driver floor of 40 km/h Belgium road: (a) Time domain, (b) Frequency domain
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Table 1. Test results under different control algorithms on random roads
1. BEALERE R A RHEHIE ARSI 45 R

PRFNINIE EE RMS {1 (0~100 Hz)/g

AT L (km/h)
A ANy A I AR Z )
PS 0.041 0.072
ADS (BURIEF%) 0.036 (12.20) 0.064(11.11)
v SWPC (R R $ETH9%) 0.035 (14.63) 0.062 (13.89)
M-ADS (%R 42 F+9%) 0.032 (21.95) 0.060 (16.67)
FLRE ) 75 5
PS 0.042 0.076
ADS (R IEF %) 0.037 (11.90) 0.070 (7.89)
v SWPC (B $2F19%) 0.036 (14.29) 0.067 (11.84)
M-ADS (Z{ 42 F+%) 0.034 (19.05) 0.065 (14.47)
PS 0.071 0.127
ADS (R HET%) 0.063 (11.27) 0.121 (4.72)
e SWPC (B R4 71%) 0.061(14.08) 0.120(5.51)
M-ADS (342 F%) 0.059(16.90) 0.118 (7.09)
ELA I i
PS 0.085 0.165
ADS (R HET+%) 0.076 (10.59) 0.157 (4.85)
v=e SWPC (B2 F19%) 0.074 (12.94) 0.155 (6.06)
M-ADS (A2 F9%) 0.071 (16.47) 0.153 (7.27)
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