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Abstract: The steer-by-wire system is a next generation steering control technology that has been actively studied. Because it
has many advantages such as fast response, space efficiency due to removal of mechanical elements, and high connectivity with
vehicle chassis control. Disturbance of steer-by-wire system is composed of tire friction torque and self-aligning torque. This
disturbance vary widely due to the weight change and tire-road friction coefficient variation. Therefore, disturbance
compensation logic is strongly required to obtain desired performance. This paper proposes model-based controller using
disturbance estimation to achieve the robust control performance. Targeted steer-by-wire system is identified through the
experiment and system identification method. Disturbance of targeted steer-by-wire system is estimated using disturbance
observer (DOB). The model-based controller is generated using identified model and estimated disturbance information.
Experiment of various scenarios are conducted to validate the robust performance of proposed model-based controller.
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Nomenclature Subscripts
0, : steering wheel angle SBW : steer-by-wire
0,, : measured steering wheel angle DOB : disturbance observer
T,, : motor torque 1. M B
I, :inertial of motor
By, : damping of motor Steer-by-wire (SBN) Al~8le Zbgurmglis 3
N : total gear ration of steering system Al 23 Ao] 71enA], AEa A Yo = *
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Fig. 1 ETFE with Identified bode plot
sk g gL Bakel, 4 (DM =2y 1
AZE A wer wiel [, 8,8 #EE F
AT}
2.2 SBW A|=%9] & 374
W doll M= SBV Al=Ele] WeE FAG e
gl dal Sk, AT, A (Dol SBY Al
B gk lUlehs el Ao i s
A ehokt), B wmRolA e SB Alzdle] ojde
dst7] S8 ek 8715 ol&ste] fves F4
Elg=
W A v Y Azu ud 9@ 37
719 %+ Fig. 2 o yepdt. Fig 2. 9 £7]
PP = 27 FEE ZUE AUstse, A4 =

[\



2018 S=AEAS 3| E=AISE

\ Disturbance : d

Controlier

Real Plant y
C(s)

P(s)

Axdlel 4% Ze gy & ol Ax o] %
F 98 ra o7t d o F Aoz m A
Y(s) =T, (S)Y,(s)+T,(s)D(s) (5)

A rat gk d o g = y o] A
vepdc, wkeF Q-filter7} AA7}
Q-filtere] thelF olale] Fulgrof A

Ao} et AL B & 4 9l

Ak
=

—

()= P (s)C(s) L T.(s) =0
1+ P (s)C(s) g
whehA], o
HH Al 2=H Q]

1,0+BO+T, =u

| 6+BO=u+d
= 2 (1), 8)F o]&ste] 4

A
O Ade e 2o

d=-Al0-ABO-T,, (9)
21 (9)el A Al &} ABE= AA]l ZWES} 19
¥ ZWEC] Wgo] olE ofm|gitt. Al~H

ol 2.1delAd Z rEHEATL FHEHE,
Al=AB=0% 7}43 &4 gon F=AHH =

A A2ES FHsiglon, ojgk FHU|E o] &3}
o] Ajzgle] ejghs FASAY. 2 oA 1t
H Azd 2w 2AE o@s ol gsle] mdl |k
Ao)715 FAsHA
EXE o AlojE XA dME €| wE
3 o] FF Aojolr}. mEhbA, Alo] A= th
S Fo] AFojd 4= 9t}

e=6,-0 (10)
AT Ao HxE 9 x5 Agto] Al w0
o2 FEA7IE ok, wEhA, 23} dynamicsE
o2k ol FAE 4 ).

é+3/1é+3/12e+/13je=0 (11)

Z1gA ez, 4 ()3 o] Al=glo] 22} A|AE)
o] HoHmRE QA dynamics HEg+ 22t
o] dnkAolrt, spARE, 2 Aol
i Bk e ofe

3 A|AHLS

e e

3

wd A (D3 Ay, oo
2 4

6=0,-6-6, —Ii(u—Beqé—T )=-326-34%—2°[e (12)

o]

9 Ae RYstd A% Aol YA 3)

o 2 A v 2

AN %



2018 SHEX}SKI2 eS| =H S|

u=1_4@, +B 0+T.  +3121 e+34l e+/13|eqje

eq d eq dist eq eq
(13)

2l (13)S A9, HF Ao

2 #5d owe] Aurp ¥y = 9
7} PID Al717F Aste Fejds .
Ay, A (13)7 o] diide = sk SBE Al ~H
Aojstz] 9% md 7|hk Ao =

¥° to
o

4. 24 719 Hloj7|e] HEH

Aekd 2 7k Aojr)e] TS
skl A3 Adsigict. Alojr)el %
at7] flstel Al 71A] dgel gk A
Atk Al 7HA A2 7] e e B3t 9

ol
20

7]
el

s Mo

i;

3]

o ooy
ﬂllo oXx ON

S o o

7t = dEe) A ZHaE el SBE Al~Ele] <)@
< Bolo] mi# B8 At Y RYER 4

ot 2 Aol A ool tigk 8s Byl 9
o] AxtE AE, = 27 49 2WES} 09 4
oA AES APsP). v BEa= e A
¥} o] mAE

=k-uF, (14)

fnc

utebd, nhE EAE vstA Arket] 9isho]
2% ol A7tEE dkee v AEE Y

stk Al 7HA] dEke] umiFlel Al ot %
Z}y Agro]l AAbeE B4 9Jv|& Table 1. o] A
ERcbA=

Table 1 A3 Alvpe]e B AALshs =24 &%

[s]

No. | Measured FZ Case information

1 100 kgf Normal driving
2 145 kgf High-mu surface, loaded vehicle
3 0 kgf Low-mu surface: ice, snow road
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