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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
supplies good results in normal conditions. But the estimation error in severe braking is discontented. In this paper, we estimate the
absolute vehicle speed of UCT( Unmanned Container Transporter) by using the wheel speed data from standard anti-lock braking system
wheel speed sensors. Radial symmetric basis function of the neural network model s proposed to implement and estimate the absolute
vehicle speed, and principal component analysis on input data is used. 10 algorithms are verified experimentally to estimate the absolute
vehicle speed and one of them is perfectly shown to estimate the vehicle speed within 4% error during a braking maneuver.

Key Words : vehicle dynamics control, absolute vehicle speed, radial symmetric basis function, neural network model, principal
component analysis,
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Fig. 1 Measured variables from the test vehicle

Table 1 Input & output selection of model

Input
Case| Front wheel | Rear wheel Output
angular angular Acceleration
velocity velocity
1 o)
2 o)
3 o Vehicle
4 o o absolut
e
5 & & speed
6 O o)
7 0 o) 0
Table 19] 77}%] A -$(Case) ZFol tha] 2ol du& =

Z4she A e

g W Agetel HAe) 4 W A
B35t

- 228 -



aksl 4 -

4. X HolsT £ REFY 2

4.1 RBF(Radial symmetric basis function) &
Hel ¥ Ve 48 3gE
7 A2 13 Sgelw, Vel
e o] 12 Asidgdhor 38 &

] 7] A4 (Basis function)@ et

Sepsti, Seof g 5
2E Ay Sof Y

e

e, RBFZ-& Foi8 488 #58 + 9y oF
Clustering) & 23 AT E 2= &42; 71 A gg
hglow lgWE Fte BE HES JIAge H¥A
.'"%Q—OE ﬁﬁiﬁ']— '/‘T: 01‘4_}:_ 7HL:!0)})\-] TTE“E]O" O];]:“ Q—Oé “,C_Z:\:Jj

#(Hidden layer) FFN (Feed forward network)ol] Z3tth

RBF %2 Fig. 2904 2M3(&45% £83)08 F45 0
‘:'h;}%

2% wae 4989 NAEEE FE o Ayl oF A
qu pxA Aamels A4FYRE ol A

3

‘Gaussian) (e )% 22 WAL A 71X 84 (Radial

symmetric basis function)®& AN}

Input layer

Hidden layer

Output layer

Fig. 2 RBF network

srEle]l E¥(Fig. 39 a) 7IAEe] 54
utol d#zt Ao o) FAHHE JATGFR 2E€H
= Fig. 4= A8 J358545 759 A

] 7}2?.}-"* %‘“f’”/} RBF

T
2
o I
P32 g
‘xr }‘m Q
tlo
) rlo
W
f
2oy Fn
=S
HHN'
i)
(s

@=L N\ ]
b,

a, =radbas (| IW - X || b))

- _ 2
e (W =Xiby)

o4 [l aist |

= e_nz =

Fig. 3 Qutput of the hidden layer

yo
oﬁ,

LW
W, Wi,

a,= purelin(LWa +b,)

Fig. 4 Output of the output layer

RBF%-& d8 4] ofd FFNHET} W}E— Y Lo B
& 948 (Extrapolation) 23-¢} & AFldo g Qi) &

oA B3 O w49 dyel 93 sl

A2

FHSSE: Sum squared error) o]3F2 2o Aol e o

A, TR U A R AR 7R @
i 2]

WA Tl F UA RgskE 7)Fe BETh RdES vl
sl QoA 9n] 9l HE e gdo] 24 I8 H
et Rol "asith ARNAA A A g} B
Bzt AEEE ARES vgdle Z A A (Coefficient of

\r=ie]
= ’% “51 5}’??

Zjof et viE Rz%? 03} 14po] 9] ghe 7pAv,

t'ilo]p,}. g‘% A~ 01[,} 1{]0}12} E{ti?“,

A BaAl# 2 XHMSE: Mean squared error)

% ol g Aoty 2l B vl PJrisy] S8, R?
9} MSE HEE Algste] a8 Hrpst A3} Table 290
AXEQL), a3 2k A &5 Ao w2 RBE 9] 7
A AFE A A H’M

359 B9l Case 1

o) tist RBF % Fig. 7°1 A
A8}t Case loﬂ et el 4 Juiex 7r Fig. 8 #}A]
stk A & HRelative error)y U3 2ol vebdinh

. Output — Target .

Relative  error(%) = Target 100 (2)

Case 12} 3%

RS 124 AAgatel A% AdsE
238 2 Q= Bdo AEg ¥ o

o A5 sa5

- 229 -



10

gl A&

]

e
o

(]

o] i}

Number of
basis function
12
11
10

Estimation results
MSE
0.8833
3.8522
4.0701
2.2619
40531
2.8074
4,0781

R*(%)
94.87
7761
76.34
86.85
76.44
83.68

76.30

SSE
500
2,000
2,000
2,000
2,000
2,000
2,000

Case

Table 2 Estimation results of the absolute vehicle speed
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Table 3 New input selection
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Fig. 10 New modified input model

Table 4 Estimation results

Estimation results
Case SSE Number of
2 umber o
R*(%) MSE basis function

2,000 76.99 3.9578 5

2,000 78.65 36737 6

10 100 99.18 0.1412 19

w

Fig. 11 RBF network model for the estimated absolute
vehicle speed using Case 10
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Fig. 12 Estimated absolute vehicle speed of Case 1 and
Case 10
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