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Abstract : In this study, we developed a Steer-by-Brake system based on differential braking control that reflects the driver’s
will to steer for the purpose of securing redundancy in the event of a Steer-by-Wire system failure. Utilizing the mechanisms
of the differential braking control and the scrub radius between tires and road, it is possible to create a wheel angle and yaw
moment that assist the vehicle’s turning motion. Therefore, it is possible to implement vehicle motion similar to steering even
in a situation where steering operation is impossible such as a failure of the SbW system. The SbB system generates the
desired yaw rate based on the SBW steering wheel maneuver, and calculates the amount of braking control to reach the
desired yaw rate through the state-feedback controller based on the 3-DOF lateral vehicle dynamics model. Here, the vehicle
dynamic model considers not only the lateral motion due to the difference between the left and right braking force, but also
the effect of speed reduction due to the braking force. Before the simulation we checked the reliability by simulation
calibration to set up a simulation environment and vehicle model similar to reality. Afterwards, the system evaluation was
performed in 8 representative test scenarios(Lane keeping in curved lane, Lane changing, Cruise control conditions, etc.).
Results demonstrated that this system delivers effective control performance in simulation and real driving tests, and is
expected to contribute sufficiently to responding in the event of SbW system failures.
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Steer-by-Wire A|AEI2] Redundancy EEE Pt Steer-by-Brake A|AE] 7Hgt

Table 1 Evaluation scenario

Scenario description Scenario no. Initial speed (km/h) Scrub radius (mm) Cruise control
Al 60 -20 No
A. Lane keeping A2 60 20 No

in curved road A_3 S )
R © - 4m - ) = 0 0 No
A 4 60 +20 Yes
B 1 60 -20 No
B. Lane changing in B2 60 +20 No
straight road B3 80 +20 No
B 4 60 +20 Yes
AF 23 4 ®)9 a W& BA) A, FEOE STk Table 17} o] AF Arke] 2. 2 ] Serub

waieh=t), ol AlE AbEe] H, & A7) 8 A7,
Bylo] A Y23, Caliper pressure &3-S 7|WFe. 2 A4k
Sk & E 3 FactorE 7]HFo 2 A3t} 2 9l to] Alg
21 (Genesis g80 EV) A& 66.5 % F& 33.5 %2 & &
A RS 2 E AAEAAL, o= A, $&F Caliperell
TUT AT o] AVFEEE A ot} o] A7
Beola o miiES A, 5 Foll 3Ye 2719 &+
o] QIZ}e =5 HA|st= Zlo] K Als o] eHgAd

wah=d felsich et dek Als Qe o] 7halA]
G-l = & gho] BAYEA Har o] 23t ZAIE
Wal7] 91l 7F Aol Heek 80 bar A o] hE o
HAFH o m A 7L o Al
Al 2}e] IDB Al 2=RlS Féﬁ AAIZEe 2 Q1
7heth F7H o2 E Syo] WAskE 49l ABS
A7k =3 = vk A7-9] SbB Ao]7]= A AlF
Alo7F el w] AWHAQ] Aol A= 8 E1o] A7)
| S & REES| o) 8ol S o] WAShE A
rg 2tet7) vrEhof sf, M s o] ABS, ESCOF 22 &
g A7t T EA| = 204 AlEdelde 3
ATk Leluh AAA Fol A = kS FHEty
Hieo] 7+ 8 &9 Alo7] & o9l Als Al 2=8lel F7fat
QARE 2 =20 Al AluE] ol A B Eo] A

A%
5}
3

o o

SaturationS 31t}
OHLE':]

N

> rlr

j&
of

Oll

1A oF= AAF Falo 7 &l Alo]i= 3T A Yo
B2 ey BEo FAAQ Al B oot Aeks}
7] =2 3},
4. A|AE] D7}
4.1 AU2le ¥ majoje 43
2 SbB Al 2~El2 SbW Al2~®] a1 -g-3k7] 21
Ao L] Witel] 2 A Al E A

RS FABE 2FATE L A), DR AZAA 2
o k1] 918 AW 2Ll © Byl A B
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radius(SpacerE 42 F+ 714 A4S 119 6]—031:} sk
Z7] 78 £ 2F 60, 80 km/h 7 7HA] A= a1 s}
3L, SbB Al|o] =8 Al B o] 15 Aol & WZoi =}k
o] A{A3] AAsk= -2k, 44 53 (Cruise control)<
FrAH7] 918k 7HS e Ao 7} o] Fol A= Ad9- Bk AL
Sy

B oI o] Al8] 2}eE-S Genesis g80 EV Altho 2 A4
ah9lar, 44 kS A w) s Table 29 2} o] 7] A Cay,
Car, I; 570 72 RT2000 0] S Al P xjo A2ls)ar of
2] ztel| o] Sebd AlE 8 Fof 353 vlolH & oA
AAS FHE 2P S 7S 2 Least square 7|H-S 4

gato] FASATE o] HA W5 A = AdEier H
A oA s o 2 FAFEE gholH, & AT 27
TN A 2 Sl E ol ARt H 717 e = QT

Table 2 Control parameter value

Parameter Value Parameter Value
m 2265 (kg) D 1605 (mm)
Ly 1500 (mm) Cor 49262 (N/rad)
L, 1510 (mm) Cor 33408 (N/rad)
t 300 (mm) I, 4500 (kg + m?)
s +20 (mm) Teff 353 (mm)
4.2 AlE2(ol4d

4.2.1 3 15 4 2= 0144

2 A A] SbB A} 7]:= Matlab Simulink R2021bE
AR&ste] AAIEL AL, A AlF o] ol o] Alo)7)E
Carsim 2020.19] &-&3}o] Al Edo|Ad 7= a3
o} A o= Ao7] AlEde]d 7} o] Fel| Carsim

o A A AFF Ry o] frad HEE S8l AlEwel
A s}e}n]E] CalibrationS 33131t} Al E# o] H7}

409



Jinsoo Kim Y Cho - Sangjin Ko -

i i\

Al AF=F B o] A AA| Ak As ) v)szslof 8f

, Aol 7k EANE A5 Ui AA vlelv]E Calibration
3 By FHo] Iy o g FETh I gl A
et T =19 A Al 7F = o2 F 60714

Ao F-star 2t A
O]Zl 8 A2 AlY A vkel vl arsh sebn] e Calibration
Faote] 2 By o] AlEAds grskelth 53] x
aF Geometry TxO A4 ks At S 59 Serub
radiusE T8 3, 2 EF 4= FEvE e 7Y o]
A7 e A AIske] Wh
g AlE o] /d el vh 33}31‘:}.
Figs. 5, 6= A& do]A 32}HH Calibration$+ & 5,
A E ol AT} Ax} AH A vlwe x A F 71
Alo]2=o|t}, o]:= Scrub radius A AW £20 mm O = T2
aL, °F 60 km/he] 7] £12, 50 bar®] 2= o, F 2 B

eel angle®] Free-rolling &%

ghwan Ryu + Gyubaek Lee * Jinhwan Lee

o] = 3+#, Free-rolling A Ell 7] WF Wheel angle, 8 -5 ¢
N o= YA o] B Fdoirt o714 (a)= A}
o Aol S 3 Yaw rateO]Uﬂ (b):= Steering wheel 2]
Z} =2 AE Wheel angle®] A& diA13 5= Qo). 18
3L (o) 72 B Abge] Fiolth o7]4 aFLWS+
Actual Front Left Wheel Speed, sSFLWS+= Simulated Front
Left Wheel Speed& 5:5hH th2 & S 17]831T
Actual-2 A A Al 2] F3) S0, SimulationS
AlEdlo] A ApFe] F38) Simoltt

o] Algol| A T3 -2 31 A% A] Scrub radius A4
o] w2 Wheel angle2] A37d W&k IA| = o] = Figs. 5(b),
6(b)oll A &13 4= St} 52 Scrub radius A2 4 Fig. 59
A= Alsol] 1I7bE Wak) R E Wheel angle©] A3
AEE AEde Bt 7 Ao oA FL g | Als S
o] Q7T el i Ershal 52 Aol A= 2 degss,
ko] Aol A= 6 deg/s O & °F 38 A= Yaw rate 3

deg/s 4 deg , km/h
Actual Actual —-—-—aFLWS
—-—-—Simulation Y| — Simulation 55 —-—-—aFRWS
3 L aRLWS
i —-—-—aRRWS
y 1 = Actual
sFLWS
05 Ll A . \ S EE sFRWS
————— sRLWS
40 SRRWS
) 0 . Simulation
35
\’VWW B
30
-1
-1 25
1.5
20 -
2 t(s) -2 t(s) t(s)
0 2 4 6 8 0 2 6 8 0 2 4 -] 8

(a) Yaw Rate

(b) Steering wheel angel

(c) Each wheel & vehicle speed

Fig. 5 Comparison of actual vehicle and simulation test results according to negative scrub radius(-20 mm)
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Fig. 6 Comparison of actual vehicle and simulation test results according to positive scrub radius(+20 mm)
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Fig. 11 Vehicle yaw rate according to positive scrub radius(+20 mm) scenario(A 2,3,4, B 2,3,4)
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