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Absolute Vehicle Speed Estimation using Neural Network Model

Kyeung Heub Oh’, Chul Ki Song”

ABSTRACT

Vehicle dynamics control systems are complex and non-linear, so they have difficulties in developing a
controller for the anti-lock braking systems and the auto-traction systems. Currently the fuzzy-logic technique to
estimate the absolute vehicle speed is good results in normal conditions. But the estimation error in severe
braking is discontented. In this paper, we estimate the absolute vehicle speed by using the wheel speed data
from standard 50-tooth anti-lock braking system wheel speed sensors. Radial symmetric basis function of the
neural network model is proposed to implement and estimate the absolute vehicle ‘speed, and principal
component analysis on input data is used. Ten algorithms are verified experimentally to estimate the absolute
vehicle speed and one of those is perfectly shown to estimate the vehicle speed with a 4% error during a

braking maneuver.
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Symmetric Basis Function(*$AF3 7] & <*), Neural Network Model(A174 % =4, Principal

Component Analysis(FF3 % £41)

1. ME F49 15 % A% J5AE AHez Aol5

7] 9AAE A A3 WS Bash 2

AEAe A3 Aol FAAWA, Aol & F AUSEE FHSE OB S E A

Aol B8 FaAAL Aok webA A5 A dutAY FE5EE o 8F WA A (Fuszzy Logio)
5 9

2 F(ASV: 3} 749k HE](Kalman Filtering)7} o] &% 3 gl
o] sk A5 & o ukg nnge] F4% AFAYSE F3 A
e APgFoltt TEUAA Al 2gde FERRT FE7t vopdtt, Y& AF A&l i3

€ TEHLE gHde

X|(CWS: Collison Warning System)$} F5 3] 3] %] Elolo] el o] &3 A md? ulHslE, A

(CAS: Collision Avoidance System) 59¢] .29, o] Z29gi 4E5E o) &3 =AW dXEE, F)

e Al2ge) BXe d3 X HA9 A3tA go] £59} uld] 4&EEE o] 3 AgrARY &
& #FA7] A8 FAFA Y A5G E HH o ol AFHAT} o] FAFY ZAAME uiF

2 Aojste AFake] kAL &A= St &5 AMBZRE S AE7) v nF Qe s aby

i 2001d 1249 59 HF

* A A g (T EA A L)

s AR AAREFHE, ReCAPT, THATL

51



AAFes] 2] A198 A%

v 118 AAAHo| AL e 7MY, AT
78 M e 2F AuSEet = nfEAFE A
nA Ggs] 43810 AFA BAZH FAA =
(ABS: Anti-lock braking system), -5 A] #}-7 7] 119
WX A 2 B(TCS: Traction control system), CWS,
CAS 5ol & H8d F Uk ey S8zl
FAES M gGA 2HE 5 9= A 3
o} meba, o] Fobof uld] HA A X AA
A S o] &3 BlEY HE FHE F de BE
So] AU}

2 =52
A8, AA% =4S
gl ol FAlEol

HeEg HHoz

ABSE AFTALE HigsHA FAT =
ol A wubA o] =7 (Locking)e WAkl 2F4
fA3 2, TCSE vl A7) A& =WAA 7t
A g A3 A E FASE 2R Folx
ERzA A8 At AT L Ao LT A
2ol EANstE st dAHE E €9 Al
A 2 €)(Wheel Slip Control System)©]t}. o] Al~#
29 Ao] Fgzo whet A WA Fol 2
A F$-Ect gty ZEE Ao E 7] HsiM =
wA A% A& es F FANL 3, =3 A
gs 49 AF dUEEE o] 83t vlnH &0
A= o oF gt

A% F8 2 AT vlndg r o AL o}
#et 2ot

1B o AL

A= =E041000%), = wr

M

A71H AF AUEE o, vAY AEE w, B
olele] WA soltt. vinBEe) REE A AT
Al ool Hu, A FAA = Lol drh duty
o NnHEe £2 mWzAd wet Aol
7 10~20% B=9 PlnPE&L L pEAFE &
Asht ot Y A$ W& etojole) vt

ZAAGE Bojxad A5 ATHE TN
ct.

7% Es HEE WFE ol &3 AFe] AvhS
5% 2437 98 Daf 5% $87] 590
ohDaip BV UMb AEEE Al B
Bz Agstel wAe Minyee ANsE, o @&
£g o83 7bg AHT & Ut uA ANE B
AHAT. oA, BHY AEE %e HEE AN
dole st AAA HAFENE AHgstel A%
=g 2489t $47] 592 NMERd g5E
MBS HA2H o gitel AAF e &=
AABEE Arsted S7o] AW FHNAE 6%
oste) FreAt @ /K ABE AN,
B ATAE 24T mde o) g3t AFA
5% FYstud Yok

o

1

3. -5 M

Fig. 12 Al @At Fae niF &z 7}
S5 AFTE JHNIZE ALLE AR, A5
o] A& EE FAs] AT Y wges o v
A Z&x, R ud &5 MEEE Ui
At AT HA ] He FFERAA AF
WA A& AFolr], A Zol= AT Fedl o
g hettizt wsr 57 2 wkA Al
S7restAA s AF Adfee 43
a7 A& AEAT AFHe] A ESF st

AFEA HHG=E A AsHE F
AEEEe AR AdE ¢F5 FEEEE v

L
=
20

s

Ao ot B o x@ Ok

60
= Rear wheel
k= nqular velodi
= o
B Front wheel //
§ g 30t lar velodi /
55 Measured
E'E | Lvehideveloc
i}
gL o
B8
g. 0
10 L 1 R 1 N I N 2 . J
0 2 4 6 8 10
Times(s)

Fig. 1 Measured variables from the test vehicle
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Fig. 5 Output of the RBF network as a local response
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Table 2 Estimation results of the absolute vehicle

speed
Estimation results
Number of
Case | SSE R%w) | MSE basis
function
1 500 | 94.87% | 0.8833 12
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Fig. 7 Estimated absolute vehicle speed using the
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Table 3 New input selection of the model

Input
F Rear wheel
Case r(:ar:guv;,:reel angular W’; We
velocity(Wr) velocity(Wre)
8 0 ~ 4 sec 4 ~ 10 sec -
9 0 ~ 6.7 sec 6.7 ~ 10sec -
10 - - 0 ~ 10 sec
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Fig. 10 New modified input model
Table 4 Estimation results
Estimation results
b
Case | SSE Number
R%(%) | MSE of
basis function
8 [2,000| 76.99% | 3.9578 5
9 [2,000] 78.65% | 3.6737 6
10 | 100 | 99.18% | 0.1412 19
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