Sensor Fusion2 0| &%t MXt4Al =gkEHx| 2 e
Fail Safety &1+

57-8-10

A Study on the Fail Safety of Electronics Power Steering Using Sensor Fusion
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Abstract - A Steer-by-Wire system has so many advantages comparing with conventional mechanical steering system
that it is expected to take key role in future environment friendly vehicle and intelligent transportation system. The
mechanical connection between the hand wheel and the front axle will become obsolete. SBW system provides many
benefits in terms of functionality, and at the same time present significant challenges - fault tolerant, fail safety - too.
In this paper, failure analysis of SBW system will be performed and than sensor fusion technique will be proposed for
fail safety of SBW system. A sensor fusion logic of steering angle sensor by using steering angle sensor, torque sensor
and rack position sensor will be developed and simulated by fault injection simulation.
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Fig. 1 System diagram of steer by wire
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Table 1 General specification of steer angle sensor

Angle sensor parameter Value
Resistance range 10k
Standard tolerance + 5%
Linearity + 0.25%
Rotation 3,600°+10%
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Fig. 4 Fault detection and isolation of SBW system

2HHEA ® Bl

29 5be SBW Alzade 439 23 7, 2% 2a

1 3
g de iﬂi«l A& gs ’“Zﬂi 2A3sn 28 27 AAY
2l & Rrpshe] Q2% :

ARk 2A Qi‘i% o a9 5 (@), (0% & =%
Bz o9 de) MA w9 g o] gste] 2% 2 A e
A e *}O}ﬁiﬁ? durd oz G4 AT =AY Y
Ymin <Y(t) (Ymax & & & sled, 29 5 e 2% &4
qAe o1y Az E Jehle o EA %}’z}”i 200mA X
o 2-39 F& A A s e Lol ZFe
& 2k el ol NEE WAE %’431‘04 '43 el B
Aol 54L& veRd o] 29 5 (a), (¢) o/t SBWE
% - QA7 o) EAE VEY] AlFE 2750msecel
A E oEs AME WOVE Z3tE Wi Ed AlNE
-10ve F43 AsEdY. waka, SBW Al2¥e] fail
safety EANAE a9 59 2& x2¥ 7 AAY el
o] Aol WA A% 4 W EA Wzt AU H
21 H719]r A g o] 4ste] AR 2 JHE A
i ‘il 7oty B‘Ed a9 6 e =E
H &t hand wheel torque sensorofr @ ‘g
b A (DA s A8 dARE 4
—} A w9 AN ABE g83te A
B3 B d"\'i Nzl WA HeAg vERE Aot of uf

fu’

1373



ERFEWRIAEE 574 85 20084 8A

2% 7+ g Ea A g on A4350] HAMY Cx#
o £4 Aoz FAHol 9 C-EPAS{columm type
electric power assistant steering system)@] AA A8 )
olEl & BAMsted AL Q) SBW Alage) BEa MA Al

o
49 AAEE HAT & YT FaA, 2% 2 o
9 AN EY A =29 ¥ A¥d Aue @
7 Avd 2% B3 A4 ojdom dd Axd ¥
F e 5 9e Aot 19 7 (©AAE 9 9 A
N N gk oo BREYE W, o)of tg uAl AE
o w4 Asde YT Uk SBW 2 @9 A4 N&
b 2500msecol 4 ol AEE YERe o xF 7+ AA
BB A%elM -10mAR FEstn Ex fME VR
HEAAT e, 9 W9 A7 oldgHe veye
W, 2% 2% B2 A4 039 P4 Ao ¢ o83
o @ W ANE Al wg RERS
s

gl

v v [ Voo
5 \ J i/ i 1 i

-

L by Lo
A\ i: s
] | L \

1500 2000 2500 5000

i
¥

o N0 1000 B0 40 400 5000{msec]

{a) Modified Torque Sensor Signal

200k N \\ | (- - AW,

1 1 4 i
0N B0 W0 20 00 B A0 B S00jsssc)
(b) Modified Steering Angle Sensor Signal

0 50 000 %00 200 2500 3000 W00 4000 4500 5000[msec]
(C) Modified Rack Position Sensor Signal

28 5 Angle Sensors 0|23 A AlS 2y
Fig. 5 Generation of the replacement signal using angle
Sensor

1374

]
Pl - T
i 1
10 | .‘\ /: / \‘ /\ :1"\\
L 1\\ ! / | / Ia
i \ Jx\\ / W \ r \/11 N v A ] ’/‘v 1
op Ve~ X WY
i \ L/ oV
i F— [ IR . A
A T T O A VNG O O O [
(a) Modified Torque Sensor Signal
]
a0 | =N
Ooi / \\ b l‘ | \
1 I J / [
| U
N N
\‘ | i { H | I Ji
i i Il ! ! | \ ! /
10 %; R \ ( | /
‘ I O O N A A
SR N E— T R = S = A

0000 B0 AW B0 X0 B 400 40 500 Inseo]
(b) Modified Steering Angle Sensor Signal

10 r ‘! ,& | \l IH 2 ‘J!/ \
3 IR R
ok ] 1.\‘ ? | Hv 1 5 !

e 2 i ; 1\ ! ! II l% //
g (A U R U R O R
,w: } ! | ;

0 50 00 B0 2000 W 00 K0 400 4500 50007msec]
(C) Modified Rack Position Sensor Signal

718 6 Hand Wheel Torque Sensor& O &% i A& 2
Fig. 6 Generation of the replacement signal using torque
sensor

0 M0 00 B0 A0 B0 N0 M0 40 450 500w

(a) Modified Torque Sensor Signal



— X e T B
[ A ™ ﬂ
i ! i ; i i

0] P
| I I

i
i
i , I
D i \ | | b |
‘1 |
il
v}

[ [ i \ o
-0 ! ! L — o —

0 50 100 B0 00 B0 X B/O 400 B0 500 [msec]
(b) Modified Steering Angle Sensor Signal

.
—
\
L

0 0 00 B 20 BN W00 /O A0 4500 S000{msec)
(C) Modified Rack Position Sensor Signal
%8 7 Rack Position Sensor& Ol &3 thal AlS g

Fig. 7 Generation of the replacement signal using position
sensor

100 T

Modified

30

60

Steering Angle{Deg)
<

r Genera!e%j
angle signal

i

0 100 200 300 400 500 600 700 800 900 1000
Driving Time(100ms}

a8 UM BES 0|83 =E 2 MM AT w4
Fig. 8 Generation of the new signal using sensor fusion

. o
0
z
&

S
5
L
oy

2l & (modified angle signal)o] ¥]&te] F 20msec AL 2 A
BA Rl HAH T e, ojf Aojr] LHY AtA A
At} LA Zlojth olF Tl AR 2FAFA 9 AA
2] AHRAE A4l AsEE WA A5 24 Eah

Sensor Fusion2 0l&%t MAMA Z=&EX|2] Fail Safety ¢ 7

Trans. KIEE. Vol. 57, No. 8, AUG, 2008

rl

249 fai] safety FE 7MedS &9
L Aol e AAA 23 AR 23 7+ A 2F
of FAHE 709 Aol 4FE LB fail safety 7]1E0)
Rl
583 B
2 oo SBW A& fault tolerant 71 5& 3
171 9% PHA, FTA, FMEA 5% $#3l5Y SBW A&
Ao A 7Hed Lol LFY U A3 AR
2 z2gAH A MM 5T Yk AAEAY 53,
SBW Al2€e] Ax &9 &
A, 8 A1y Mo mAed did gt 7 &
oA sjATrere #1E 4 AT SBW =& Z ¥
z}

e ol
¢

AgxE £ Ao el HAHTE o JsE 2
F de gA A5 e gadskinh

wal dEA SBW A28 fault tolerant o] Zeo

o Ag 48 dAEo SBW FA9 FEH Abire

Heks AAE 4 9o B dFdAE gae 2 A4

2 & gAse HYHe B2 E

o] &% MEL 2% 7 V39 @Al s

AN E

7l WEe 2PN BET AF, WA g 28
= b5 ¥ Aot

5 dFlNE 444 2FA 9L 2% 7 A4

o W A4 R AE B A1EE )RR S A4 @

ARE e0e dol Jd g A g o] @

T8th

zarel 2

B oaFe A4ZAR ARG

CPREMES AT EERLEIEEEE OIS S

a2 g o

(1] H. D. Heitzer, “Development of a Fault-Tolerant
Steer-By-Wire Steering System,” Auto technology,
Vol. 4, pp. b61-60, 2003.

[2] E. Dilger, T. Muller, S. Poledna, “The X-By-Wire
Concept,” SAE Technical Paper 98055, 1998.

[3] S. Ambarkar, F. Bolourchi, Jon Demerly and S.
Millsap, “A Control System methodology for Steer
By Wire Systems,” SAE, 2004-01-1106, 2003.

[4] X, Ding, P. M. Frank, “Enhancement of Robustness
in observer based fault detection Systems,” J. of
Process Control, pp. 403-424, 1997.

[5] R. M. Verschuren, H. M. Duringhof, “Design of a

1375



BEREBFH LI 57% 8% 2008%F 84

Steer-by-wire Prototype,” SAE, 2006-01-1497, 2006.

[6] D. Cesiel, M. Gaunt, B. Daugherty, “Development of
a Steer-by-wire System for the GM Sequel,” SAE,
2006-01-1173, 2006.

[71 R. Isermann, ‘Fault Diagnosis Systems,” Springer,”
2003.

[8] P. Johannessen, J. Torin, “System Safety Design of
the SIRIUS 2001 Drive-By-Wire Car,” Proceeding of
of 21st International Safety Conference, pp. 319-328,
2003.

YW (2WE)
19659 49 1594, 19873 4o
ANAFs &4, 19909 gt
A7VAFEH EGAAD. 20029 &
Su A7 AFER(EAL), 19899 U &
KOSAKARA T4 =9d+49. 1994~2006
@ AFARFEITY dAVEdT4AH
A, 20060~ @A 4tgigtE Ay A
HA2QFER 2ue
Tel 1 052-259-1287
Fax : 052-259-1686
E-mail | bywokim@ulsan.ackr

£ oo Ef

3 X E)
1968 d 11€ 1394, 1999 ssdgw
ANFET EP(FEEEAL. 19997 2000
W Texas A&M Univ., Post- doctoral
Research Associate, 2000 2001 %ok
wEw #@nEgd BK dTFEd,
2002720083, HAEFATYL A5HIE
2YAAdT A, 200878 A &4tvistn
AAAAGBA 2P FER ZuF, 2004
~ #A IEEE Senior member, IEEE
Trans. on Power Electronics, Associate
Editor. 18471383 BRE, =4 olA}L
Tel © 052-282~1282
Fax @ 052-282-1686
E-mail © jinhur@ulsan.ac.kr

1376

8 d (@ B
1980 039 08¥ 4. 2006 S4tdslw
AANAAA BN 2R FHEE . 2007d ~
A4 &4 Agta dEd Ar] AA A
B A AgFER Aaad,
Tel . 052-259-1287
Fax @ 052-259-1686
E-mail : hyunduck@gmail.com

of & M (* %k )
1981 119 1794, 20083 &4tdlstw
AAABEFFEEY. 20084 ~EA &
A Ega el AR Eded
AALaA,
Tel @ 051-204-6865
Fax @ 052-259-1686
E-mail : suhoai@naver.com



