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Abstract : This paper presents design concepts, specifications and performances of a newly developed Black Box, the
reconstruction analysis tool with the records, and results of validation tests. The Black Box can detect crash accidents
automatically, and record the vehicle's motion and driver's maneuvers during a pre-defined time period before and after
the accident. The items of the Black Box included the acceleration, yaw-rate, vehicle speed, engine RPM, braking
application, steering and several digital inputs for recording driver's maneuvers. To detect the accident-related-crash, it
is important to understand characteristics of the crash signal, which are much different from those of normal driving.
Therefore, analytical considerations should be taken in designing pre-filtering circuits and selecting appropriate
parameters for identifying crash accidents. And, it is necessary to select proper combination of motion sensors and
design proper pre-filtering circuits in order to describe the vehicle's motion. The analysis algorithms were developed
and implemented which can perform accurate detection of crash accidents, simulating pre-crash trajectories, and
calculating parameters for reconstruction analysis of crash accidents. The developed Black Box was installed on
passenger cars and several types of validation tests were conducted. Through the tests, the accuracy of the recorded data
and usefulness of the analysis tool for reconstruction have been validated.

Key words : Automobile black box(X} % & @ H}2), Reconstruction analysis(A] 143 343), Crash accidents(X} %
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A45910hY Al BEESI A 20029 R 8] 5 el Il Agel oiF AR R 284 Hu
FE 2312 98 Project 1616 D B Folch.) wdh, A

Br $SAAEE £47])2A|(Drive Recorder)dh= Table 1 Haddon matrix: information available without EDRs
ol2og AR AEaATTA(Japan Automobile Human Vehicle Environment
Research Institute, JARI)ol] 4] EDR 7§¢t-& A 83} Pre-crash Tire marks

STk ol2id ARAR19) 1w o= Ty vl | Crash ety

Zrd A 9] 7ol o] Fo A gk GMARE 1990 K- . Collision Environment

B ojojwlo} A=bE xbzke]] EDRS A x)8h 1 Post-crash Injury | damage after collision

1998 d o) = AlaL o)A AekS 7128 = e T)F

Table 2 Haddon matrix: additional information available
S F7F8EI AL 199930 = FE R T 52 U4 A3

= with EDRs
o] ¥, Bo]ae] AHgoly, dlxle RPM} 22 Human Vehicle Environment
E 2o F2E ARE V|28 N ESF 7159 EDR Seatbelt use, Speed, ABS, .
=y = 7 u 1 Pre- Steering Other Conditions
< AXstoh” FORDE 1997 7B 74| 2dl crash L . during crash
=X ]§7] = A] Z] '5'}-011 1998":1 oﬂ r E}-E - E“ Braking conditions
o 5% Crash pulse,
B 71E7|E AEsH A, 199990 ALY B Airbag data, Measured .
Crash . Location
E x}3Fo]] EDRS A3 31_7] ;\]3}0].09\1;} o 2 o] A Pretensioners Delta-V, Yaw,
Inflation time
= VD X AL S 2| = Q EJ ==
= VDOSIA Ak 32 & Astel f3 A5 Post ACN(Automatic
At FEsa Aet? ?134 ol = A Cr‘;ssh Collision ACN ACN
o 2 AF LAY =R FAN U T Notification)
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Q

NV=234 55 5, s AF U 25

AA 7] WiEel, FE A=t
Brtehs 71Eo R de] AREH
UM btz A 7HE=7H0GE 59
4 uee, S5
PDOF+= 35 QAo A &

S

A% A7ES.

Instantaneous PDOF = tan _1(%)

@
Average of PDOF = tan -1(21_5;/)

E EDR A] 2 El& Fig, 1o Rojx]:= 23 2}aF
S A& 53 745" L 0}71 A3 =/

Accelerometer Steering Angle
Yaw-rate Sensor TM Speed
Brake

Turn Signal, etc.
]

Y v
Pre-filtering CPU
. ——
Circuit

Memory

EDR ECU
v

‘ Reconstruction Analysis Program J

Fig. 1 Conceptual configuration of the EDR

& A vl 5y, EDR Al 28-S Aojd vojaz
Z2AA So2 TAE EDR ARpA| o) 2] o} Al
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EDRY] F8 71%5& 89 AT A, Arst
PDOF 5-9] ARk, 245 A5 54 Folth. EDRE
U HolE] BE3) ol o m A4 e 3
L Zo| Table 39 BRIt =& AA 12|aL AVe}
PDOF #A1he 943 £50G % A<l dual-axis
capacitance® 7}4 % Al(Analog Devices ADXL250)
2 A2 R B, BAHQ A% o)A HEE
2] 248 YA £5G MY ¢ F719) single-axis
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o} =74 Wl £100%secq] dl}e] yaw-rate AA]
(Silicon Sensing Systems CRS-03)& A} &30} &
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Table 3 Ttems of EDR ECU and reconstruction analysis
program

Longitudinal acceleration
Lateral acceleration

| Yaw-rate

Brake switch

Steering sensor (Optional)
Tutn sighal (Left/Right)
Tachometer

Speedometer

Gear selection switch
(P/R/N/D)

Longitudinal acceleration
Lateral acceleration
Vehicle speed

Vehicle Yaw-rate

motion Heading angle

Radius of curve

Vehicle position
Estimated roll angle
Impact PDOF

information | Delta-V

Vehicle
motion

ECU

Driver's
maneuver

Reconstruction
analysis
program

Table 4 Main specifications of the EDR

Data Item Specification
150G for Crash detection, and
Range calculating AV and PDOF
) +5G for trajectory reconstruction
Accelero- S‘ensnr‘lg Longitudinal and lateral axis
meter direction
Sampling 200 Hz for crash detection, and
freq calculating AV and PDOF :
20 Hz for trajectory reconstruction
Yawrate Range. +100 deg./sec
sensor Sampling 20 Hz
] freq.
Driver's Steering, Turn signal, TM speed
maneuvers Brake, Gear selection, Engine RPM
32KB FeRAM for recent accident
Memory Size IMB flash memory
- for 32 accident histories
I.{ecording -50sec ~+10sec for each accident
time |
3.5 Al 84 9 X

A5A 28 AT AT AN Ao 54
ABe Apne) e 7o) et ofd) ot Qo] £B
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& 5Ageln 38 X B B HeE HAE,
olg& AR g FE U =& ML 7

38 715Ee) B4€ sotaly) Slske] NHTSA
4% 38409 ARVEREE FEUE A5
(Pulse Duration), & Z3}4=(Dominant Frequency)<}
By 22454 A lEE Yxd JurlEs
T2 B3R F2EA S EE A Hz A 2(d)
2 30H2)9] AF F 8T JuHg] aFgz
100Hzo] (& 120Hz) &} X FAd o] 27E ] U
ehdr} o)2j gt FE A3 B4 4352 5 E] Table
5014 AR = AAY FE /&SR 4159 B4 S
[ oFaty

Table 50| Hoj A= 7t&E A5 B4 B.E—‘?—Ei A
24 e FE AA LS N
42 F XEE 5 e =4
2] &o] oj' AL ol fol H

Table 5 Characteristics of the crash pulse

Duration Little correlation with collision speed

ura 0.08~0.17sec(6.25Hz~2.94Hz)
Dominant Little correlation with collision speed

° Signals of more than 50Hz are from structural
frequency 0

vibration
: : th collisi
Distrib. of Little correlatl_on. with collision speed
K value (but large deviation)

peak v Much effected by cut-off freq. of filter
Mounting | Dependent on position (After filtering, depen-
position dency decreases)
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Table 6 Fire/non-Fire conditions (NF: Not Fire, MF: Must

Fire)

Impact configuration EDR }:i?g: Asiig:g
5MPH frontal NF NF NF
10MPH frontal MF NF NF
10MPH rear MF NF NF
15MPH frontal MF MF NF

15KPH FMVSS214 (Side impact) MF NF NF
25KPH FMVSS214 (Side impact) MF NF MF

20MPH 30°LH/RH MF MF NF
20MPH frontal car to pole MF MF NF
20MPH side pole to car MF NF MF
20MPH car to car 50% overlap MF NA NF
60MPH car to car 50% overlap MF MF NF
Rough road & misuse NF NE NF
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Fig. 2 The procedure for trajectory reconstruction

Fig. 3 Accelerations and yaw-rate
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Fig. 5 Calculated vehicle trajectory

Fig. 6 Graphically animated scene
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Fig. 7 Shaker test for crash detection

Table 7 Shaker test results: crash detection

. Results (O:Crash detection)
Crash configuration Test 1 Test 2 Test 3
10MPH frontal 6] 0 0
15MPH frontal 6] 0] 0]
20MPH front offset LH 0 0 [0)
20MPH front offset RH [0} 0 (0]
50KPH rear end 0] 0 (6]

Table 8 Rough road test results

Driving Results (X: Non-Fire)
Road type .
condition | Test1 { Test2 | Test3
50KPH
i X
Belgian sudden braking X X
70KPH
Wash board sudden braking X X X
. 70KPH
Chatter strip sudden braking X X X
. 40KPH
Body twist sudden braking X X X
10KPH
130mm curb non-braking X X X
130mm curb 10° 40KPH . X X X
non-braking
10KPH
Pothole lane non-Braking X X X
71E FEAL ATA AL FR FEF
ek gl wol o|&dh e, A% FE A
2ol Al 25 AFE Y duQe W
go] B4 gpoz I Uehtx gonz /)& 5
A W o 2 AVy PDOF 58 Aldtsts o) A9
27158t EDRE 3854 /M4 28 S5
o 7153 5 glem, o]l Ju & AV PDOFE ARt

at=dl ¢ 83tk
B Apere U zAEA 3A AAEE 7
A3 15KPHE] £ 22 A& that S5 3=

212 SRAXNSAZSS=2F H12A 235, 2004

Fig. 8 EDR mounted under passenger seat

Fig. 9 Measured accelerations during the crash process
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£ o] &3+ AlakE AVe} PDOFI= Table 991 X o %]
= AR 2o, AANG FE Al dste S5
T, AV, PDOF+= OigF 2319 10%o]) o)A A4k
o 5 ATk B, A7 FELN Z2 IUNew
Car Assessment Program, NCAP)-J AW FE AlY
FA(S6KPH, 40% 0.4 AW 25)o] 273 B}
ZE AEE U AFA FALe FE8aEFE 7R

3 FYPHYCE o] AgollE A& FEHAEA=E
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Fig. 10 Caiculated longitudinal velocity during the crash
process

Table 9 Reconstruction analysis results: low-speed crash test

_x;direction peak acceleration 5.54G
y-direction peak acceleration 1.06G

| Delta-V 16.19 KPH
PDOF 8.63 Deg
Closing speed e 14.93KPH |

Fig. 11 Measured longitudinal/lateral acceleration in NCAP
test
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Fig. 12 Calculated longitudinal velocity in NCAP test

Table 10 Reconstruction analysis results: NCAP test

x-direction peak acceleration 29.09G
y-direction peak acceleration 2.44G |
Delta-V 56.4 KPH |
PDOF -3.31 Deg
Closing speed 56.2 KPH
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