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Abstract: Road has a direct impact on vehicle ride comfort and handling stability, so that the real-time
acquisition of road information plays an important role in improving the vehicle performance. The multiple
types of road are difficulily identified accurately using traditional road identification methods. The
convolutional neural network is used to identify the road type, and then the identified road type is used as
the basis for tuning the controller parameters of suspension system in order to make the controllable
suspension system maintain the optimal performance under different road surfaces. Firstly, the quarter-
vehicle semi-active suspension model is established. Secondly, the basic structure of convolutional neural
network is built, and this network is trained and tested based on four typical urban and non-urban road

images collected in advance. And then genetic algorithm is used to obtain the optimal control parameters
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of suspension system under excitations of four different roads, such as asphalt road, sandstone road,

pebble road and cement road. Finally, the suspension control parameters are adaptively adjusted

according to both the identified and optimized results of road surface. The simulated results show that the

road identification method based on convolutional neural network can accurately identify a variety of

roads; the semi-active suspension control system based on road identification and genetic algorithm can

adaptively adjust the suspension parameters according to different road surfaces, thus improving the

vehicle performance effectively.

Keywords : road identification; semi-active suspension; convolutional neural network ; genetic algorithm
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Fig.7 Measured curves of cement road surface roughness
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Fig.8 Measured curves of asphalt road surface roughness
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Fig.9 Measured curves of pebble road surface roughness
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Fig. 10 Measured curves of sandstone road surface roughness
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Fig. 16  Test results of random samples
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Tab.5 Passive suspension parameters

S8 Bl
ST/ kg 410
R kg 40
BHNIE/(N-m™") 20 000
B EE/ (Nesem ™) 1700
HERRIE/(N-m™") 185 000

K6 4 Ak A AR BB R fE 15 R

Tab.6 Weighting coefficients and optimal control current

of four roads

[ THI 2SR WeayBA,, Worpypro, LR /A
WH % 0.7 0.3 0.049 7
IK Ve 0.6 0.4 0.089 0
W 0.3 0.7 0.1939
AT 0.2 0.8 0.3024

ST HRE A58 Sh AR 2 T MRAE X945 81 T A sk
T 5 TN T % TR0 22 (R A0 A % A B, A AR R IR
FERe B ARV 14 [ i 28 280 J5 e o o 2 (S0 /0N W J3E 1
B,

4 it

AR SCE ST FE T MR USRS A0 240 174 2 3
SR IERIRL G 35 CNN JEARZE A8 I BT
SRAE ) 4 i S I LA R A 3T I8 e Pl 5 0t I 246 33
AT INERANR , 38 2 Y1 25 58 B 1Y) 4 B b 28 0 24 %)
BRI AT IO . RSSO EE T LU R A2
(1) 4 Fi B AN BE IS8l A5 5 1R Dy 6 T Rl oK B
SRR R A T 285, R 4l i T TR0 25 R AR Ak g
RABREEHSE A G N AR, 3 25
W,

1) A a2 U — b AR S s B4 7E
1o PO 5 AT SR B 1 (] B el 45 I 2 LA R A Iz 4k
71

e

2) LT A TR 28 9 25 1 f i 3R 3 5k RE X
SR 4 BRI T LU AR S0 T 38 A7 R TR

3 ) JE T I T TR R I A B0 1) o T 2l B R
il R G, AR I A [R] s 1T 2 B 3 N 4 MR D IR
e P L, ST AR AL R I O Y [
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(a) Sprung mass acceleration root mean square value
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(b) Wheel deformation root mean square value
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Fig. 17 Comparison of performance indexes of semi-active

and passive suspensions under different road types
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Tab.7 Comparison of ride comfort and handling stability
— ST RN I ARE/ (mes™2) AT I AR/ mm LRI IR/ mm
e F gl BalELe s F gl Bish B 2 F gl sl

Wi 111 1.32 32.5 12.9 4.0 5.0

K e % 1.79 2.08 35.4 20.4 6.2 7.5

WA 2.73 2.65 38.5 25.8 8.6 9.5

AT B 5.47 5.33 54.8 51.7 17.0 19.0

Ji& CNN FTEITE R, AR 38 3t A R s 450 28 T e 52
B BOAR ST FE AR
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