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Empirical Closed Loop Modeling of a Suspension System
Using Neural Network

Il Young Kim*, Kil To Chong™*, Tae-So0o No***, Dong Pyo Hong*"**

ABSTRACT

A closed-loop system modeling of an active/semiactive suspension system has been accomplished through
an artificial neural network. A 7DOF full model as a system’s equation of motion has been derived and an
output feedback linear quadratic regulator has been desigried for control purpose. A training set of a sam-
ple data has been obtained through a computer simulation. A 7DOF full model with LQR controller simu-
lated under several road conditions such as sinusecidal bumps and rectangular bumps, A general multilayer
perceptron neural network is used for dynamic modeling and target outputs are fedback to the a layer. A
backpropagation method is used as a training algorithm. Model validation for new dataset have been

ghown through computer simulations.
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Fig. 1 Basic semi-active suspension system.



AL T A A14Y A7E (1997 7€)

o £ WAL 7122 st AA AR (Full Car)9)
S84 299 ARg WA

2.1 M Alzk(Full Can)el 222

1/4, 1/2 A% 242 A% REEQ &% 542 %
b FEStA T AF AAY &5 54E Wlde
E&31th. Full Carel AHTE Fig. 2494 By uped
Zol A - % AF 47 2448 4 AF=(DOF) S A
Ae] Heave £%, Pitch &%, 1831 Roll $-%& 25
7 AREE At 4597 P E S (Vaw) &
FE U5 9 B AREE 23 4 AT E A7
qME o2 g 52 neldA] Gu 7 AHee A5
& AQ sl Ao &F PHYE ol LU B
dlof Fagh A2l gepleli= Table 1o YeEhS
123

[ 7 DOF Full Car Model |

Cirouwd Lovs)

Rateremce Cround

Fig. 2 Full car suspension system model.

Table 1. 7-DOF vehicle model parameters

M 700 ke Vehicle Mass

Jo [1200 kg - m®  [Vehicle Pitch Moment of Inertia
Jr }1000 kg - m* _ [Vehicle Roll Moment of Inertia
ki J10000 N/m 4’'s Suspension Stiffness

c 1250 N - s/m |4’s Suspension Damping Coef.
m |25 ke [4’s Tire Mass

K; 1178000 N/m 4's Tire Stiffness
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Fig. 6 Neural network introduced by Narendra.
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Table 2. Bumps used in simulation.

(%t 1 : m)
= 7 | 9% 454 vt [2e% A4 ¥E
Hx yx
(ROAD) o 57%)] & o (4 a@)] = o]
1 (sin.) 05 0.1 05 0.1
2 {sin,) 0.5 0.2 0.5 0.2—1
3 (sin.) 1.0 0.1 1.0 0.1
4 (sin.) 05 1 01 [ 05 [ 02 |
5 (sin.) 0.5 0.1 1.0 0.1
6 (rec.) 05 01 - 0.5 0.1
7 Gec.) 05 0.2 05 0.2
8 (rec.) 1.0 0.1 1.0 01
9 (rec.) 0.5 0.1 0.5 02
10 (rec.) 0.5 0.1 1.0 0.1
Test 1 {sin.) 05 0,15 - 05 0.15
Test 2 (rec.) 0.5 0.15 0.5 0.15
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