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Distributed Control Approach for Occupant Safety Restraint System
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Seo-Yook Park - Hyundai Autonet Co., Ltd.
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(a): Thorax Airbag, (b): Head Airbag, (c): Head-Thorax Airbag, (d): Inflatable Curtain Airbag,

(e): Inflatabie Tubular Structure, (f): Knee Airbag, (g): Head-rest Airbag, (h): Infiatable Carpet Airbag

(T8 1) Variows Kinds of Arbags

214) 2 &% ¥ (EU Directive 96/27/EC)
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(38 2 DuatStage inflator (by Autoli)

netA, 49 BA, A7) £ 289 4%
(Crash Severity)ol melA ool A7} o1
£ Ao & # e oA 7t~ 2R (Dual-
stage Inflator) & 82 34 HUt}. o1& 7}
2 4 A7 AFE oojul RES Aoaly] Y
e T As &2 (Firing Circuit or
Firing Loop)7} B 838HA HAth((ad 2)FX).
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2H9] 282 (& 1)dA Halstt.
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S (AN, 244 FAQ2) L =3 dojw(2),
HE T MY (2), o2 I 8F A7 A

(HE 1) Types of Occupant Safety Restraint System(SRS)

and Required Number of Firing Circuits.

Safety Restraint System T4M
2

23

Dual-stage 2

SR

Front Airbag

Beit Pretensioner
Thorax Airbag

Inflator Curtain Airbag
Knee Airbag

Inflator Carpet

Head-rest Aircag
Total No. of 21
Firing Circuit
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(E 2) Four Categories of Smart Sensors

Type Sensing Objects
VIMS  Vehicle inertial Acceleratior
Movement Sensors
VITS  Vehicle Intrusion Intrusion,

Sensors Crash Severity Sensing

VENS  Vehicle Environment Pre-crash sensing
Sensor

INST  Interior State Occupant Weight,

Child Seat, Seat Position,

Seat-belt Buckle Status
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(b)

(a): Pressure Profile Sensing Type (by IEE)
(b): Weight Sensing Type (by Autoliv)

(08 3) Ocoupant Classification Sensor

4. 82 Hof A|AH] (Distributed Control System)

o Mol E 3 uie} o] 57 Qb 74 4
A9 71ed A et Ha 2 5 2 gad
AX 48 $7F A2 F7 ol w2t 2% Aol &

W (Central Control Unit) W¥d 2RE /%S
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Participants

System
Architecture

Physical Layer
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Available

o] 94 34

M2 A 71ae ddo] & Af, 7182

WA 7L Q). ek g g
A9 <kd W a(Safety
b Ao WhAo) o higtes B

¥ Wze] H2E AU HSFHZE "Plug-
and-Play” 202 {A F7tstAY AAE <«
U &, A ]E«] E°‘°] foljsta MR 7%
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shdl 5 Aolnt. mEhA, A AlgY Al |
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4) JA NAY H=Y F8
WA M Ao A Pk (Battery Short) 52
£ A 92 (Ground Short) 59 1% A48lo]

(E 3) Standards for Safety Bus System

DSI ?

Motorola, TRW

¢ Daisy Chain with
Programmable switches

« Two-wire interface

* Single master/ multiple slave

¢ One master up to 15 slaves

« Multiple Buses

e 3 Level Voltage Bus

e Full Duplex with Voltage
and Current Mode Encoding

« Max 150kBd {bus loading

and device dependent)

MY2002

16 | XISXBUYX] | X233 | Mo

BST ¥ Byteflight

Beosch, Siemens, Temic BMW, Motorola,

ELMOS, Infineon, Tyco
Paraliel « Star -shaped bus
Daisy chain ring
Mixed daisy chain & parallel

* Asynchronous and
Two-wire Interface synchronous “ransmission
Single master/ multiple slave ¢ Fiber optics transmission
One master up to 12 slaves  + Optical transceiver
Up to 13V modulation
voltage
Manchester code
Diagnostic commands and‘
sensor data at 30KBd
Firing Commands at 125kBd + 10 Mbps gross up to
Pure Sensor Bus at 250KBd 53% net
with parallel architecture
MY2004 MY2002
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BPHLA], AR W A 2] 7]go] #A3
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olxie] ug g o
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& stebstel 1 19§ AeNYeEH WA A2
99 BAE P4 AR §AL 57} ek
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5. DSI(Distributed Systems Interface) Z2EEE

B R ME (& 3)IM 24T A 717 228
Het FollAl, s el 7 M SlomA ©

712t A &37 T

3ot 2

oA A&

DSI(Distributed Systems Interface) T2EZZ

FAoR 2 WgE B} A drgstaal 9.

(2 4) A Be bie} o] st T4 Al
o] A (Master) o 2 712] &9 A (Slave)
7t Q249 A9 9 $Y A FA - BF 39
%3] (Single Master - Multiple Slaves)9 +%
Z w0} gith. DSI H& 49 HU 7tF k=
(Node) £ 16(= 1 master + 15 slaves)°|t}.

Zt Az ee T A9 Moz dZ= Ut
(Two-wire Interface). 1 3 &9 & M& AL
2 AE Hoz AgE T, oY 3 AL HA Ao
2 AMgET el A UleA o e 49
o2 UE F UEE gF W2 (Multiple Buses)
278 & 4 Sl

Zzao] 75 e W2 29X (Programmable

)5 Ze AHEL dolA A< (Daisy

Bus Switch

Chain) el dZ43la, AR Fart 7] T2
d A5 ¥E d2 (Parallel Connection)® 7}
3t

1) Hiolg H|E AFF(Data Bit Encoding)
DSI € ¥ 79 REE AT 5, 39 A
o] Ax oA 3l A2 HAA AFL AL B
= (Voltage Mode) & AH&3t1, ‘ﬂtﬂi 3k9 A
Ao M FF Aol X2 HAA] AL AR B
=(Current Mode) & AF&-3tc}.
(ag 5eA He upe} 2ol

Y R=E FE Alo]E Hzd

1

1

Slawe Slave Slave Slave
Prograns Prograrne Program- Programe
mable mable mahle mable
Address Address Address Address

A% (Duty cycle modulated
Signal) & AH&-3ic},
Z =7 0& ¥E F714

Slave J—‘
Progrant
wable T |
Adchzss\ o Pre N
Address
A
B
Shawe
Master

Slawe

Slave

1 Slave
%l _ﬁoix:::::ble 27] 2/3 7} “Low’ o]z YR

| 1/3 ©] "High"¢l ZA$-olth. 1
[ Slave Bl = =2 174 g},
| Mg | ot 3AGIN 59 Al %
+ Azel A% REE 9 A

Jd 9% A{g dvx Az

(& 4) Example of DS! System Architeciure

(Current Modulated Signal)
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3 Ao A2
A 4l 4 Falling Edge
°“’\1 e "JXMI «]f?_ A ¥z

Valtige

2) A HY 2
(Bus Voltage Level)
A oo AsE (2Y 6)d

Wwanidasen

Carvent
o Slavel m

| Log¥e 1 l Lagic & l Logge 1 l lagc o I

A BE el 22 3dA A A
SH(Tri-level Bus Voltage)< A}

(20" 5) Data Bit Encoding (Voltage and Current Mode)

&3

Wz Aol 49 DAA 2 3 |y hesobiea]
9 dAA oletz A&l st SondHigh—a. | )
W AR dAgel Azkg osjer | Lowhresol, ] C1.Gr
_ Signd Low_ U o
I, A9 dAR o|ded AHAo] Grdew )
Asata qAAe $2¢ 9o |
o 2 dAlA e fF(Idle) 4 et b W“mggwmm

24 25V $£3& A3t} o

Y Ao FRe a9 A%

(" 6> Trilevel Bus Voltage

Az AdE TEEH.

JCommand N Eommand N+1]  JCommand N+2]

Eommand N+3l

[ResponseN-1] |ResponseN | [Response n+1]

Eesponse N+2I

B3DSIYs% HoH 44 Hg
IS Navw oo« Dot Link Layers

1) jAIA]

DSI WAIR] & #4e =g Al

7t A9 (Min. Frame delay) 22 #%4d 7 ¢
o d&o g A4 ot

WAl A2 Full Duplex ¥ 2A %4
Ao FXNZHE S W WAIA] (Command
Message) &3} 39 FXNZHE Y $H AR
(Response Message) A%0] FAlo] o]Fo] A
ot} &, 89 FAY $HEHS te WH HE A F
Ale o] Fo] At} (¥ 7)& HA FAN(Bus
Traffic)9] & & Ho] T2 Ut

2) "AIR 371

#e g HAxE 8 HE Ho|E| 9 4B EQ)

18 | AIFABURX | H23H | W6

(&l 7) Bus Traffic Example

d2] A= ¥ E(CRC = Cyclic Redundancy
Check) 2 TS Ut} ole F2 et Atk
FEE AFste bl AHEEHY, F2 o] FojX & ¥
AR A golth,

7 9= YA & 16 B E dlo|H 9 4B E] o
g A2 HER FAEHY, 3 s dAdolv =
2ol AHgdr}.

5.4 DSl 9EMOING IC 5

(¥ 5)= Motorola 9|4 FF3l+= DSI 21 = o]
24 IC 59l Ui Aot} o]& IC & F+&3 3
@3l DSI Qe o] 29 3 o= (27 8)F .
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{E 5) DSI Components from Motorola

Part Number Description
MCBBHCS5  DSI Master Protocal IC DSI Bus® ¥ 2928 ze deojA Ad
Makes any MCU with a SPI port a bus (Daisy Chain with Bus Switch)o] & 82
master dajolt}, gk DSI B2 Aol ofmd 23 (]
MC33790 DSI Master Physical Layer Interface 28 AY TE= HA dEho] @A A AA
Bus master transceiver Al 2~#l 9] 7]%0] 22 (Shut Down)=™ <€t}
MC33793 DS Sensor IC o] AL (a1 9)s} Zo| wix|ut 319 A<
Connects analog output sensors to the bus WA AL oA 29 o] A2 AAsE A
Messrer DSl Sawe (O A (Loop Back)& 27} 3ha, m7o] HA4d 9]
Makes any MCU with a SPI port a bus
| £ 2 (Isolation)AlA A A|28le] F2 3=
slave
2 AR oE oz & 2= A H
MC33792 DS! Firing Unit Connects remote squibs to SRCICE RS ] é‘ A Al?ﬂ 1:}'
the bus
6. 28
DS Master Protocol IC DS Master Physical Layer tertice B oL i Py
MCU MC B8H C55 MC33790 R =RdMe WA ¢4
psioF psiop | Bus0. kA F& AR HA JE
PAMPFn [T ™| SCLK oy | DSIDS GND O -
e sge afstged, 1 %
0s - . o
P o ERP e e B e I A 53 FHZd 2750
—— VOPin » Cs B ™ — = .
o R e | TN, £ Ax A€ A g
GND & -
| F - gele) 54 ¢ T A
S el S| 8 aviE dqolue A 2
= ste 4AES Sl Bl
1 i\ BusnW g A
BUS ouT § dvd st
ojg} 22 H4A V& &S
(28" 8) DSI Interface Devices ek AA 2 ALt &
OpenSwritches to Folate §hort W, Az A g FH
pen Swril p25)
AA HE A& ARAAE
Slave 1 Sf;}/ \ijea Slave 4 d, 2 oA A7) WA 714
2RIzt F3 AAA Ha
— . x
17

Bus Fo::‘vard Sl

Duver

odg 7k 71%sE vl &
& Aol A el HHAE

+ g 71e4d BAS 5

B LS -’ ..... | S P— ’--a
/
Bacloward Signal Bus Shoxt to RaturniGrd

3 % sl
ol¢} 2 YAES A3

(8! 9) Daisy Chain with Loop Back

71 93 uigtezA, HId
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1) 7t Y AR RN B

2) N2H 75 2mel |94 S
3) WY 712 MR T

4) TH Al2ge] A2y g

—

o]} ZL o]HE Zte BAF Ao Al2HlE A
2Et7] HAe 9 A ZREZY ZFEst
M slojAol gt W, & =FdAMe dA7A
2R dEA 7R ZREE, &,
DSI(Distributed Systems Interface),
BST(Bosch-Siemens-Temic), Byteflight &
Afstn a1 8 §AES ¥lw B4EIT

A Ao] Alxade] EAE B # ol sty
93l DSI Z2EZS FHoZ JAS 7led 4
52 I k. Motorola 9lA& DSI & €%
I4HQ IC € on kst NS 453 A
olu, TRW oA+ MY2002 ol DSI & o] &3t
o AA 22 B4t Ao A2"S Al HdE
A JPez g},

a7t &8 e AU LBV A E o]n] 2000
d 9% Motorola & FE M E &2,
DSI & ©] &3 AnlE ojojul zof Fx)9] fi-&

20 | XMTXFTUUKX | M23H | H6X

2% shgom, 200249 69 Aol Fus AL &

g 282 d3 Uk oA 9 3%, 34 @
A T4 4A poblAY $2 U 71g $20
AAHQ $73 oAS B & 4 UL Ao
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