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Design and Verification of the Hardware Architecture for the Active Seat Belt Control
System Compliant to ISO 26262
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Abstract - This paper presents a hardware development procedure of the ASB(Active Seat Belt) control system to comply with
ISO 26262. The ASIL(Automotive Safety Integrity Level) of an ASB system is determined through the HARA(Hazard Analysis
and Risk Assessment) and the safety mechanism is applied to meet the regired ASIL. The hardware architecture of the
controller consists of a microcontroller, H-bridge circuits, passive components, and current sensors which are used for the
input comparison. The required ASIL for the control systems is shown to be satisfied with the safety mechanism by
calculation of the SPFM(Single Point Fault Metric) and the LFM(Latent Fault Metric) for the design circuits.

Key Words :

Level), ASB(Active Seat Belt), DC motors

LA 8

2 A O VIE 2 4=9 &F A7 deiEol met
Ol WEAIZIY] QI Aol A8He VIR Al B A
Edlo] HiEol A S7kstal Utk oo wef, Seid ™71/
AbFA AL QE gl dg BE9

A 1 5€ &
AMFES SMAIFIE 75 ¢ (Functional Safety)Q] HR40]

Os XA ALt 7Is dadolzt AlA, ®oj7], A5oolE]

2 T TR Aol AlA-9] Ys @FE Qe wAE

dae 4ot olo) tigt tiEle sdste fdde AA 5
F4 e

asigtomA A Jls tHshk= ZoltH1][2].
SR A B e BE GAE SHeR AE
e EEHI/: 5o @FArgol tieh Fxiet ASEAE M
oto] AbsAtl BAllEE stedlol B AZES0S] @FE &
dote AHIE ERIE] fe =4 A Vs duEQl IS0
2626271 MIE=RACHS]~[5]. O] #ES AFQ N £7]HEH
ALk HZlol o2 A dd ok ol B QA E
Zefol & 10709 1tE, 43719 Q7 Al B dil AlgeR

* Corresponding angles Author : Dept. of Electronic Engineering,
Kookmin University, Korea.
E-mail: ahs@kookmin.ac.kr
#* Dept. of Electronic Engineering, Kookmin University, Korea.
#% Dept. of Secured-Smart Electric Vehicle, Kookmin University,
Korea.
#+xSmart Car Research Team, Hyundai Mobis.
Received : October 27, 2016; Accepted : November 7, 2016

1S026262, Functional safety, HARA(Hazard Analysis and Risk Assessment), ASIL(Automotive Safety Integrity

TEE QAT

TS 71A 419 AbsAr Z1sol A9 JI/[AR FR |
X*EEM Zlsg 8¥oto] WBAIIE SVIFoR AALAIZIA,

FAL & BSAY WmES SUEAlZY] f1st 3 710
O}R_’} O ZopoA gdte] [ = otk o] & ek EOok
Zlee AsAe] AH 2 FH Ags Qe Vs, E29 ’:‘J
Ef e} EEHE‘E H&Zots &4 71 B A Ao 71s9 8@
g &0l ISAIIE VFeR AdE & A= ZIsoltte] [7].

olgist et Hopol FQ Vs & Sl 558 HFEE
(Active Seat Belt, ASB) A|2HIL ”E]E*V\#L‘l‘:‘}g o|8sh= 7
E HEHE Aa”Ho ZE s 7|7E 2 MoZIE A=t A
A”HORN, AF E= o OR*KO}K]O“:} 0] AlAHE MY
Aol tist At Aglet £ 59 FRo| Vst S8 4
2 nig] 2Hsi, &= 8o Ut DCEHE Ads] ‘a8
OFH OHHHEE As02 ZESH ALIZREH ©SAE
SoHTH8].

2 =20k ASB AIAE9] Vs HHde gHst] fleto
ISO 262629 = B QAR 5 4, iE 2 AlA" 44
QTAIOERE stEgojo] tist QA0 Felele® ASB
HMOAAEY] SIEAOE AAlsks ARE AMAST *4, AF
T ololgol tist ¢l BA W 2]A3 B7HHazard Analysis
and Risk Assesment, HARA)E E35l0] A|AEIO] QF ASIL &
g2 Addtl, dieg s80 7%= St=EHo olgA H
d IZE 52 ASI E£1o 1F AA #Bug FEVE A

stal Algelolde Sato] AE fEde Helrh

1=!]
=

)=

HT ook o 0

=

2030 Copyright © The Korean Institute of Electrical Engineers
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



2. ASB Al2W mEd W F57] AA
21 ASB AAE 74 9 4814 ngy

A QHRER] & olLQl QHEHE AIA”IS ARl Al 27K}
Ol ESAY] ereg HASH= FAX|OL) SHAEE 7]E9] obHHE
AAEE ZIAEQ] FXIo] Ot &5 QHHAIABRIOEN, ARl Al
B 22 Al AIE ojRoTt FAeH HEANE HESIT ol
St 7189 ' AWAA”HE AbLl AF OJFARE 2FAet B
A HSsh=E 58 SFEAIAHEOZE JjAshy] Qs ¢5trt gt
5] APu|al QT ASB AIAHIE VIEQ FHHE AlAH A
At ®ol AR DCEEHE F718t 55 QFRIAIAEOITE ASB Al
A9 Fxe OY 13 Zon IA DCHEE P AR
(Electrical Part)Q}, WE710] B 22X S8 F4%E 747
(Mechanical Part)2 FESICH ASB A|AES Agtst S5t
5] flsiA= DA Aol AlAgo] F=7HEQ1 AAE 0183510
DCEE0] Qte= AR, HE SFz4m 245 59 FHE &
Zaforsiti[9]. 2 =R ollAE 7Is E-o] HEE ASB AlA
go] st=go] olFIEAE AAlche 2o BExolH, 7l b
o o= FAIV/FEA BRI QFERH WA U §HESAY ¢
Mg HESH= Z10]7] wiEo] ASB AlIAES] F7|Ho tigt st=
o] oFIERZ Asistrt.

ASB AlA”HS BEMAEE TIF 29 o] [I|Re 7GR E

L, R,
T
lq
Ve €

€ Spiral Bevel gear

e

Electrical Part Mechanical Part

J% 1 ASB Al&AE X
Fig. 1 ASB system architecture

i
110 &, (0,4 )
trky

1
I
|
i N
1 a e
1
1
1
1
1
1

Electrical part Mechanical part

I8 2 ASB Al2Y ESME
Fig. 2 Block diagram of ASB system
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Table 1 DC Motor constant and parameters

718 Eis el
R, 0.224 Q
L, 1801076 H
K 0.0078 V/ (rad/sec)
J 3.92x10"° kg « m?
B 3.10x10"° Nm/(rad/sec)
r 0.025 m
K 456103 Nm/(rad/sec)
n 0.45 -
a 48.46 -
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3.1 Hazard Analysis and Risk Assessment

SIEO] A Al HA] ASB A|IAHIS] @FE0F Qlsf whdst
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F 29} Zo] Azt (Severity: S), =&4 (Exposure: E) B 71&0]
(Controllability: C) S50 wz}t ASIL 558 Z2EsI} xF2o|
SN TEZEH, GX, £ 5 B A QQES 11850
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Table 2 ASIL determination according to S, E and C

ratings
Severity Probability Controllability class
class class C1 Cc2 C3
El QM QM QM
o E2 QM QM QM
E3 QM QM A
E4 QM A B
El QM QM QM
- E2 QM QM A
E3 QM A B
E4 A B C
El QM QM A
E2 QM A B
S3 E3 A B C
E4 B C D
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Table 3 HARA for ASB system

Level Vehicle
Request DC Motor request
Failure Mode Unintended DC Motor operation
Driving Scenario City
Failure Impact Over operation
Severity S1
Exposure E4
Controllability C3
ASIL B
Safety Goal Intended DC Motor operation

3 4 Annex D Table D.11 - Sensors
Table 4 Annex D Table D.11 - Sensors

Safety See overview Dignostic
mechanism/measure of techniques Coverage
Failure detec.tlor} by online D211 Low(60%)
monitoring
Sensor rationality check D.2.10.3 Medium(90%)
Input comparison/voting
(1002, 2003 or better D.2.6.5 High(99%)
redundancy)
vce
c1
.
.
M1 M2
R1 R2
1/013 o 02
uc /o2 o0 @ (VMotor} & = @@
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Fig. 3 DC Motor control circuit diagram applied safety

mechanism
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Fig. 4 Failure mode classification of hardware element
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Table 5 Targets for the SPFM and LFM

ASIL B ASIL C ASIL D
SPFM = 90% = 9% = 99%
LFM = 60% = 80% = 90%
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Fig. 5 Current control system of DC Motor with single
sensor

a0 [

35

——Sensor Output

o |
B ——— Estimated value
Tension
T

5 I I I I I I I T
0 02 04 08 08 1 12 14 18 18 2
Offset=0 Time (sec)

J% 6 2 MM AR Al AIA 21go] Tl ASB Ao AlEz]
o/ dit

Fig. 6 ASB control simulation about sensor failure (single

sensor used)
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Fig. 7 Current control system of DC Motor with redundant
sensor

gde ag 7ak Zrh o mMAUEE A&sh] fldl DCEEC
A7 AAE olSs silom, sitel AdlAoll ago] s 4

2034

[ D T TS N R P T e
3 T IR T T Cove = B Ty e e e T

10 - =

sk 1 —— Sensor 1 Output |

Sensor 2 Qutput
—— Estimated value [|

oy Lo
L

——Tension
I I I | I I I

[ 02 04 06 08 1 12 14 15 18 2

O8 8 AlAl o|FEs7t HEHE Al &l thst ASB Alof AlE
glold At

Fig. 8 ASB control simulation about sensor failure (redundant
sensor applied)

® 6 SPFM ¥ LFM A4t Zat
Table 6 Results of SPFM and LFM

Diagnostic Coverage Worksheet for

DC

D | Safety Goal ASIL | SPEM Tamet Value |  >90%
001 ‘ Intended DC Motor operation B ‘ LFM Target Value | >60%

Total Single—Point Latent
Failure Rate (in FIT) 163.7 | Total Failure Rate Total Failure Rate
) 8.875 : 30.596

Safety Related (in FIT) 113.8 (in FIT) (in FIT)

Not Safety Related (in FIT) |  49.9 Fault Metric | 92.20% |  Fault Metric | 70.84%

T OIE A& fldl FE &4 AA9 E¥gte Hlulso]
g0l gl AME JF AolE sl ielEe A8ttt
ool tigt dytk= 1Y 83 Zon, M9l 1go] THsie o

Aol FEol AP SAlEE A2 A & Ak

52 ASB AJ~HI9] SPFM ¥ LFM A3 4=
ol

OFA mAUS0] FEE ASB Aol AlAHIO JRLO] g
SPFMY} LFMQ] A& Zil= ¥ 63 Zon, oo gt A& 3}
e % 71 % 8o UERE Qth AHE Al SPEME 92.20%,
LFME 70.84%% ASIL B 52 W&38 goIgh 4= Itk
[13].
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HE 7 ASB A|AHIS] SPFM A4t
Table 7 SPFM for ASB system
c F FM FD | V| sM | DC ’Iﬂw"
Open 40% X | None 0.112
Rl Short 0%
R4 028 Drift0.5 30%
Drift2.0 30% X | None 0.084
R5 Open 40% X | SMI | 99% | 0.00112
R6 0.98 Short 0% X | SM1 | 99% 0
R7 ’ Drift0.5 30% X | SMI | 99% | 0.00084
R8 Drift2.0 30% X SM1 | 99% | 0.00084
Open 15% X | None 3.87
Mi Short G-D 28%
M4 258 Short G-S 28%
Short D-S 28%
Open 15%
M2 953 Short G-D 28%
M3 ’ Short G-S 28%
Short D-S 28%
Break 20%
D1 3.7 Short 70%
Change 0.50r2 | 10% X | None 0.37
Break 20%
D2 3.7 Short 70%
Change 0.50r2 10% X | None 0.37
Other | 499
Total | 163.7 8.8748
C: Component name, F: Failure rate, FM: Failure Mode,
FD: Failure rate Distribution, V: Violates safety goals,
SM: Safety Mechanism, DC: Diagnostic Coverage
E 8 ASB AIAHIS] LFM Alpt
Table 8 LFM for ASB system
o F FM FD v SM DC | AMPF Latent
Open 40%
R1 . Short 0% X | None 0
R4 0.28 Drift0.5 30% | X | None 0.084
Drift2.0 30%
Open 40% X SM1 | 99% | 0.0000112
Eg 028 Short 0% X | SM1 | 99% 0
gg ’ Drift0.5 30% | X | SM1 | 99% | 0.0000084
Drift2.0 30% X SM1 | 99% | 0.0000084
Open 15%
M1 Short G-D 28% X | None 7.224
M | P8 TGS | 28w
()
Short D-S 28% X | None 7.224
Open 15%
M2 | . Short G-D | 28%
M3 | B8 oo as | 28%
Short D-S 28%
Break 20% X | None 0.74
D1 3.1 Short 0% X | SM1 | 99% 0.0259
Change 0.50r2 | 10%
Break 20% X | None 0.74
D2 3.7 Short 0% X | SM1 | 99% 0.0259
Change 0.50r2 | 10%
Other | 49.9 0
Total | 163.7 30.5958
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