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Control of Vehicle Suspension Using Neural Network

Wakae KOZUKUE'and Hideyuki MIYAJI'

Abstract

Holographic neural network, which is new algorithm of neural network, is applied to the control of

a vehicle suspension. For the simplified suspension model, using the feedback gain obtained from the

optimal control theory, the equation of motion is solved by Runge-Kutta method. The displacement,

velocity and control force obtained is adopted as training data for neural network. For simulation the road
displacement is assumed to be sinusoidal and its frequency is changed from 1.0Hz to 4.0Hz by 0.1Hz
intervals. As the trained network is tested, the results for the road frequency not contained in the

training data agree well with the results obtained from the optimal control theory.

Key Words : Optimal Control, Neural Network, Vehicle Suspension.

1. LI

EE, BEER o gLz, ERFORKHE. RE
MERENBACT DN KSR 2TE . TD BT,
BEEORYNZERTIEILHMORVBHED AR Y
vavoBEENRIEENTVWD, HBEOYARV Y 3
VEIEY ZFACBELTIR. EFEAIP LY YV IHEfTD
FEITEWV, Eh ey noEz2BEERICAEDETID
BIEEHTEy Y THIEY T AOBRENLEL ThNh %
£33, IS5 IIRENRMEER LN RADDE T IT «
THARY Y3 VDHFENEEATNBEY,

PUIF 4 THRARYY IV ERRD2 DOFBEET 3
ARV IV TH D%

TR NVFEERERL, Chz2ERNICHET 2.

QEFE LV HLINLDESOERERELZAL, 1<

OHhDERDOEBE LTHERET S,

BT, LBV RAT ARERT 21T X ER #77
ERTHD, BERYRARYYI VARKHETY Fax—
»EFRT. BB ICEAOHEET ST IT A THARY
vavhHREICE#HINDL LD TR0 ze TD &5 Rl
HETS BICE, 8, HrVWIERRFEERCE SV =
HEOY v OBEANLETHD . RAHEERICBEL T
SHoHHERBIZESL VIV IDY— I ARY IV D
TUF 4 THIEOREFINRSND, L L. EEXEE

OHIEE FHE AV =HEDAET S, TI/TA T HARY
vavienTik, Bffi ke U 2SEAVILENDH -
O, BEREE Y AT AOEEFLET, ZOHEARE
REIZRSNZHDIZRD TV Do

AFFE CRREAD LT ARORHEMH T 2= DI
EETHREBICD ET@ EEHOREL F2 L —FDER
LEZ, BALRAGEBERLLUCRELV X2V —YHER
BRAWVWS, RHl ¥l —¥EHR TIOREEROEN T~
THEEHETES LW GRHBELETS. LEL, RIZRK
REBDRETERL T, KANOREERHDOEZ=2 —
SVEY FU—Z(NNIZLDEETZILICLD, HlHZ
ETTARICDERE VY OBEHNTE ALY D 2.
UV HOBEEHNT S 7= D0, BEEHE TERVRELH
EHET 2HEDO DDA TY—NTH 2H, KFRTRE
Z 7 H— N AT, NNIZ & o TRER BEBOE S
fHrhzERDS.

LY RENT 20 S LROENEZR T2 0D
—5 L LT, AMTIEINNIC & > CREFIHEROMRE N
BETCEBNEIDPERE TS, FLIITE NND3HT
PIZHRO Y I T7 4w Za—F )Ry NT—F7HNN) & T
EN2EH LLNNO 7V ) X L ERAT 2 M, RERIEIEA <
AuwshTcEENv 7Oy —yary=a—7 )iy b
7 — 2 (BNN)S HLEBD DI R LT %,



2

2

AN LR ERFZRY B-25 (2001)

HARY Y3V EETEGD ET )L

ROEH HERIC LAETICANET IR Y3 VESD
HROEFVER LICTT. MR LTEEFIVIEARRISZ
DYZRYSavDIRETIV, Thbb 1E#5L 43,

LFICR 1ADENT A—=—T DREETT .

mq: HEg &

mjp :
k1:9
k22
D ¥ A Y ORERE

&1
Ca:
X1

X2 @
c BEEAL
CHRARY Y 3 VHIESH

Xo0

u

HAHER
4 ¥ DX EB
BIARY Y a v DERER

PIARY Y 3 VORERY

D ERTEA

(=& alsp YA

é@étﬁ

¥

(&)

m1

1

3

X0

A

2.1 EHAHRER X1
T LBICE£DLES,
m1551=.02(3:52 -X1) + ka(xz - x1) a
'._cl(xl‘ xo) - k.l(xl -X0)-u
MaXo= - Cp(X2-X1) - ko(X2-X1) + u 2 ~

Y 2 HHEROHRERIZLU

10
22 BEZNMOBE BEZME LTE 27y 7H#
DERED FHAR MMM EZ SN 25, KPFKT XD A= 01
EOICERBEERET 5. kit ky ky atoao o
Thbb, UTFOL3EDbT, my my mi my
Xg=Asinwt A3) L3 ky o o
ZIC. RBA=01(m).w=2.0x-8.0xLT 5. -om me " Eg
T
23 REABRRX R, QTERbLIhZEHHER B=[00 - J*—L] ©)
o, UTOLS RREHEXEHE 2, C=[000 1] (10)
x(t)=Ax({t)+Bu(@)+Dw () @
x2(t)=C x (1) )
x(t)=[x1 xo %1 %] ©)
w(t)=[x0 xo]" ) ]
22T, 75A, B, C, DAL TFTOBEDY CH b, 00
00
D= (11)
ki o
mi mi
0 0 |

Fig.1 Suspension Model
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