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Crash Discrimination Algorithm with Two Crash Severity Levels
Based on Seat-belt Status
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Abstract : Many car manufacturers have frequently adopted an aggressive inflator and a lower threshold speed for
airbag deployment in order to meet an injury requirement for unbelted occupant at high speed crash test. Consequently,
today's occupant safety restraint system has a weakness due to an airbag induced injury at low speed crash event. This
paper proposes a new crash algorithm to improve the weakness by suppressing airbag deployment at low speed crash
event in case of belted condition. The proposed algorithm consists of two major blocks - crash severity algorithm and
deployment logic block. The first block decides crash severity with two levels by means of velocity and crash energy
calculation from acceleration signal. The second block implemented by simple AND/OR logic combines the crash
severity level and seat belt status information to generate firing commands for airbag and belt pretensioner.
Furthermore, it can be extended to adopt additional sensor information from passenger presence detection sensor and
safing sensor. A simulation using real crash data for a 1,800cc passenger vehicle has been conducted to verify the
performance of proposed algorithm.

Key words : NCAP(New Car Assessment Program; 41X} 7} #| %), Airbag-induced injury(efoj® o2 1%+
AF&l)), Depowered airbag(#] 43 ol o] @), Multi-stage inflator(ChstA] 7} ¥ 7)), Crash severity level(Z&
7}& % 42F), Required time-to-fire(R-TTF, &7 3} AlZ}), Belt pretensioner(QFA ] %<1 7]), Deployment
logic(Z 7 = 32)), Passenger presence detection sensor(Z541 &2 {5 ZFA] AA]), Safing sensor(QHd A A)
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Table 1 Example of inputs/outputs for smart airbag system

Input Output

« Dual-axis accelerometer
» Crash severity sensor

« Seat-belt buckle sensor

« Occupant position sensor
» Occupant weight sensor
« Child seat detection

» Seat position sensor

» Side impact sensor

* Rollover sensor

* Pre-collision detection

« Multi-stage front airbag

» Seat-belt pretensioner

« Side airbag(Head, Thorax
Airbag)

« Rear airbag

- Inflatable curtain airbag

« Inflatable tubular structure

« Knee airbag

» Inflatable carpet airbag

» Head rest airbag

» Smart load limiter

* Rollover bar release

* Fuel cutoff

» Emergency call
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System Requirement
- Fire/N o-fire Threshold Speed
-Required TTF

'

Conduct tests
- Crash Test W
- Rough road & misuse test

!

r Algorithm Calibration ‘ >

'

l Run confirmation test ‘

!

Performance y
Evaluation

Repeat
2~3 times

Fig. 1 Development process for crash sensing system

Table 2 An example of no-fire and must-fire threshold speed

for airbag deployment
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Fig. 2 Block diagram of proposed crash discrimination algorithm with two crash severity levels
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Algorithm; Highspeed High Threshold

Variablej crash

Medium-speed
crash -

: tzl Time
Crash| |

:
: v Level 2
Severity ok 1 High-speed Crash
Level

Level 1 Medum-speed Crash

t Lowspeed Crash

Fig. 3 Concept for two crash severity levels
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Table 3 Deployment logic for airbag and belt-pretensioner
based on seat-bels status

r Crash Seat-belt Resiraint system control
severity status Airbag BPT
Belted NF Fire
Level 1 g betted Fire NE
Already
Belted Fire fired
at Level 1
Level 2 Already
Unbelted fired NF
at Level 1

Note) BPT=Belt Pretensioner, NF=No-fire
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Passengerside airbag

PPD Sensor

Airbag ECU PPD Electronics
Fig. 5 Configuration of PPD sensor (Courtesy IEE)
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Table 4 Simulation result(in msec)

Belted Unbelted
Crash Type R- R-

TTF Result] TTF Result
15kph, 40% offset rigidbarrier NF | NF | NF [ NF
Unbelted, ABG NF Threshold
=Belted, BPT NF Threshold NF | NF § NF | NF
Unbelted, ABG MF Threshold
=Belted, ABG NF Threshold NF | NF || 29 | 23
=Belted, BPT MF Threshold
Belted , ABG MF Threshold 21 20 || 21 17
30mph, frontal barrier,

FMVSS 208 16| 17 16 | 15
Low speed, oblique barrier 351 25 |35 20
30mph, left oblique barrier,

FMVSS 208 26 | 23 || 26 | 16
Low speed,car-to-pole 42 1 53 || 42 45
35mph, 40% offset deformable

barrier,EU directive 96/79 EC 33 2 3 13

Note) ABG: Airbag, BPT: Belt Pretensioner
NF: No-fire, MF: Must-fire,
R-TTF: Required Time-To-Fire

Occupied = 1

E

Seat-Belt
Accelerometer
l Belted = 1
—>| Level 2 AND
Crash ! Q ano
Severity
Algorithm
—)| Level 1 ) AND J

Deployment Logic Block

DAB = Driver Airbag
PAB = Passenger Airbag
BPT = Belt Pretensioner

Fig. 6 Block diagram of crash discrimination algorithm including extended deployment logic

154 s NSHIeE =27 A H235, 2003



oixi x4 |0

al ol A] =& Al &(Unbelted, ABG NF/MF threshold
test) & ki) 2§ Aejol Aol ekhn) 2317] Yo
ZE A} ¥ (Belted, BPT NF/MF threshold)3} 24 A4
A3ttt olofl th& =4 # Q1 482 Fig. 73 2t

Ef 27 ool M) AMRITEE 22014
A5 ks go] B--Y SHEE NEE o F A
g gholl 5"-30ms 2712 283kl AU ol F
Al 24 70 4Rele) SURRIIF 2 48
itk AARE W E 28 2 dlsiA
£ €719 A 1T AR Tl A2 oo

o 2 ARk o7} @A A0 oo
W A7) A7 WESE felans ohdn g
el thaln tha QAT 8T N AT
ol .

ZE 7+A)(Crash sensing) ZHol| A ] ofjo]ul 25

AEe e o A o2 the-o] F 1R 7) A

4 8% Holnk

1)y bzdm] 2Hg f-Foll upet oo u) 7 2 1] W AR
27 20 PEFs=R o 7

2) oo A ZAA &7 A A W
Ex o] B, olul, @ M) A|ZE tiE] A)
T AAY A=Tt HEE B FEAXNE B
gajof shr}.

Table 49) 278 B4{ahw, $-4 91e) 3 WAl A}
Yo WIS L F Ak olRe B &
o aXjekn @ 5 g, oHan H§ fol we
ool /18 F WAR Al Y 5 ks AE 2

o] F= Aolh
$9] & AR HE Alglo)] thel Table 49) A a2

Gray Zone

Belt Belted
Pretensioner

Unbelted

Belted
Airbag

Unbelted

L
Cragh Speed

Belted, ABG MF Threshold .

IUnbelted, ABG MF Threshold
= Belted, ABG NF Threshold

l Unbelted, ABG NF Threshole
= Belted, BPT MF Threshold

=Belted, BPT NF Threshold
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