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Abstract

An intelligent integrated control system is designed fqr the active steering and the left/right traction
force distribution control of electric vehicles, where input-output linearization is employed. Also, a
fuzzy-rule-based cornering force estimator is suggested to avoid using an uncertain highly nonlinear
expression, and a neural network compensator is additively utilized for the estimator to correctly find
cornering force. With these techniques, the proposed control system is shown by simulation results
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to be robust against drastic change of the external environments such as road conditions.

I. M 2

A 23 Aole 2] 2t Aol gl
7P F23%F o F sholch A 8 Alojol] it
B A7 e Hyaw)EHE ASE A” sl A

Aol st T g gee ax g3 A
ihe ARSRE Aol ARRF Ale] Alagleld & A%

& 23 5 glome ue} EAHQ 2% AlE 9|
A A2 e =2 Arelel) g wsjsks solol
(tire)®] w1y dobet sju, A &,

=210
EAlS 3

* IERA, KRR BT I8

(Han-Yang Univ. Dept. of Electronic Eng.,)
*tOESR, SRR HIEE TR

(Dong-Yang Univ. Dept. of Control and Instru-
mentation Eng.,)

BEHF19959F8H80, 325U 19964E7H3H

(1041

29 vl Zside slip angle) 53 2+ Abel] AW
& ¥7HQl A% AEe Apgaforst gl A2 3
& Aol Axdle] spte] Fagt A7 e 23 3}
F20& Aol Aoy 7FsA 3= Aol AEH T et
LU0 sk 2qstels lolojol oja) Al
4} o] ¥(planar force)oll 2i§} 2dzko] =] ulf-ol
A 23 A 32 Aol eolo] EAS Ao
2 AMShE Alo] 4]l 84de) Hr)

olelgh &7 Aldlell ulel 413 B4t Ale] 7))
Ak O 4% FE Agelae) Ay pake
/38 A 3/F EAkel s "ok E3)
H/ g 3 BAF A7) A/FE 28 24 Ao

Lo
=
1

B} e HH B4 F 209 &% Sube] 2 oy
= T 24 & A =AU =3 $F o F59

#2499 vl2A 2238 Alejshs 341 Haks J
Hated 23 A5S PATIE whilo] Akl M

c o=




22 A7|AHE 2 2% 208 A% A5y Y Aol A4

el o] wpHe 985 FHE Alele) 341y o)
£ o|83pr] wliol 418 3 kel gle] AHERt 8
25 e Aojo] ofefgo] QA HArt. A5 (cor-
nering force)2 Efe]e] vlmd] ZKtire slip angle)oll
2} o}= ¥R E(arc-tangent) =52}t AR H]AE
545 ehliy glojol] min elo]o] g1 ®F ¢
WO AE 2§ £2 x/elelo] Ay EAa) 7
& o] 7FA] Ao ErsRE o Bl Sl H¢-
Hoxlz2 FAv FA4e] o). #&H(cornering
force)®] w4 5A& A7) 3 dukdQl 3 AL
3t ub w== A5 34 vbe] wel dse] Ax
glew FZ elolo] vl ZHtire slip angle)® 3
22 Wb Al(comering stiffness coefficient) S
Ayshe AR Ak s dgse] ol
POLISE g gadel 59 Aold] oy Fa3 #E
< 33 AjojAle} Sd™(lateral force) AleIA] Alo]
o] 27 ¥l o’ B Ale] 71H-e = ook

2 wollrs 28 310 Al AHolE #sl
A5 B A F=E Ar] AR g6 AEA
g3 o] Alksldel 1)3/E2E Ag 133t 9
s wlAy X e Ay3) sikdch D=3 A
S AT A8 AR B Al Aa"E At
sigdct. 53], Azl % A= 7ol /5wl |l
g 2035 Egdon Aolshx Zaixu!!! Ay
T Aollxe guker T ¥oiEl welS A
4 stug A E|A]l Aoyt JFssiA sich alqkd
TEE SHARA /579 =30 Aol digh =L
TERA 8999 BAL AMdslES AL 3)
efolol/E e i Ao djaiA vy wd-g o)
71 A8 H7] F2AE 7122 g B5H F47)5 Al
slgck w3 ¥ (wind-gust) ¥ 22 EEAAS %
e mda exje] RARS Sl Al =k Al
stk Akl darejge] F-85 Bolr] 2l o
712 29| A3 AAE A4Sk

0. M7|Sx 22E

1. 2k 758t

Sohel A7) =EP7b AFGEED AAEe] Ea)
z3o] Hol, FFL dFelolelr} FaAsloigla] e
4% A7) AFEAE Adgch 23 104 4% Akl
e %3 A4 34 F3A S JEew 3 As|A)

#—il

A 2dle] 25 vehich o714

ve (AFE 5 ulFelAe 2

vo I AFE A5 vigellxe] £

v D FE TF ulEelAY S

va 1 FE A5 uiFelAe] &

v FAISEAC.G , center of gravity)ol4l2] 4=

olf &x EES dubdoz 7|A AA(world
coordinate)ell Qb= 2] FAIFAl g E de] 9
oA Y A 3 3(momentary pole) "ol 7
" At Azke g o} glck

Yy

World Coordinates
a8 1. Ar] AEA 29 among local velocity

vector
Fig. 1. Schematic Model of Electric Vehicle.
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Fig. 5. Block Diagram of Control for Steering
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Table 1. Fuzzy Rules for Cornering Force

Estimation.
Slip Ratio( )
ES | VS S M L VL | E
ES | M S | VS| ES | ES | ES | ES
Slip Vs L S Vs | ES ES | ES | ES
S L M S S VS | ES | ES
Angle
M EL M S VS | VS | VS | ES
@y | Mm|[s|s |vs|es|Es
VL. | El. | VL M S S VS | ES
EL | EL | EL M S S VS | ES
Cornering Force Estimation
8 3500
g 3000 slip angle = 5 [deg) ggtimated gata
& 1500 slip angle = 2 [deg)
o 2000 fip angle =5 {deg] g
g 1500 = 2[deg] x Experimental data
Z 1000

500
Q

0 010203040506070809
Slip Ratio( A )
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Fig. 8. The Characteristics of Experimental data
and Estimated Data.
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Table 2. Nominal System Parameters &
Control Parameters in Simulation.

Parameter Notation | Value | Dimension
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Fig. 9. Output responses of the proposed stee-
ring & traction control system in the
case that steering angle command of the
step function type is given to the
system without uncertainties and dis-
turbances.
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Fig. 10. Output responses of the proposed stee-
ring & traction control system in the
case that steering command for the
case (i) is given, but the cornering
stiffness is drastically changed.
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Fig. 11. Output responses of the proposed
steering & traction control system with
a fuzzy-rule-based comering force
estimator in the case that steering
command for the case (i) is given, but
the comnering stiffness is drastically
changed.
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38 12. Y ASel 237 W es 29 £33
e ogte] FEAshe AS Akt =%
W 3419 AlejA o Y $H

Fig. 12. Output responses of the proposed
steering & traction control system in
the case that steering command for the
case (i) is given, but a side wind gust
is applied as external disturbance.
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Fig. 13. Output responses of the proposed
steering & traction control system in
the case that steering command for the
case (i) is given, but model parameters
including vehicle mass and moment of
inertia are forced to be changed(30%
from the nominal values).
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Fig. 14. Output responses of the proposed
steering & traction control system with
a neural network modeling error
compensator in the case that steering
command for the case (i) is given, but
the comnering stiffness is drastically
changed.
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Fig. 15. Output responses of the proposed
steering & traction control system with
a fuzzy-rule-based cornering force es-
timator and a neural network modelling
error compensator in the case that a
step steering command is given, where
parametric uncertainties(30% for mass
and 20% for moment of inertia),
cornering stiffness vanations(dry from
0to 2 and from 3 to 4 [sec], and icy
from 2 to 3 [sec]) and external wind
gust(from 2 to 3 [sec]) are simu-
Itaneously active.
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