© E _E_ http://dx.doi.org/10.22680/kasa2023.15.4.088

AETURISR WHSETIILO OlIg Y3t
Y HHSEAD ASEM A7

An In—-depth Analysis of Head—on Collision Accidents
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ABSTRACT

The seating postures of passengers in the automated driving vehicle are possible in atypical forms such
as rear—facing and lying down. It is necessary to improve devices such as airbags and seat belts to protect
occupants from injury in accidents of the automated driving vehicle, and collision safety evaluation tests must be
newly developed. The purpose of this study is to define representative types of head—on collision accidents
to develop collision standards for autonomous vehicles that take into account changes in driving behavior and
occupants' postures. 150 frontal collision cases remained by filtering (accident videos, images, AIS 2+, passenger
car, etc++) and random sampling from approximately 320,000 accidents claimed by a major insurance company
over the past 5 years. The most frequent accident type is a head—on collision between a vehicle going straight
and a vehicle turning left from the opposite side, accounting for 54.7% of all accidents, and most of these
accidents occur in permissive left turns. The next most common frontal collision is the center—lane violation
by drowsy driving and careless driving, accounting for 21.3% of the total. For the two types above, data such as
vehicle speed, contact point/area, and PDOF at the moment of impact are obtained through accident reconstruction
using PC—Crash. As a result, two types of autonomous vehicle crash safety test scenarios are proposed: (1) a
frontal oblique collision test based on the accident types between a straight vehicle and a left—turning vehicle,
and (2) a small overlap collision test based on the head—on accidents of center—lane violation.
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2.2. In-depth DB ++M
2.2.1. HEAL AID™E 7|dE A

A AR A R 2R JA 7hest 32 Table
2%} 7+o] IGLAD DB dlolH & 1217] & & 37l H-&
108700tk AZAla DB &< H a3t dojg g5
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Table 2 Sources of the In—depth DB

Class. General Images Recon. Sum
Accident 12 12 - 24
Participant 16 18 11 45
Occupant 28 11 - 39

Sum(%) | 56(52%) | 41(38%) | 11(10%) 108

Table 3 Collectable IGLAD data items

Classificati Uncollectable it
asstication ficofiectable items Class. Collectable IGLAD data items
Accident Info. E ival
ol o rr.lergency amve Accident Case No., Year/Month/Day/Time, GPS,
Vehicle Damage (%) (%24) Acc. Type, Collision Type, Acc. Cause,
o Check 1: Conservation of Momentum Road Type, Weather Condition -
Participant Info. - -
Check 2: Velocity Triangles Participant Type, Maker, Model, Reg. Year, Mass,
Check 3: Energy Loss 45) PDOF, Collision QDC Area/Extent,
- Speed, Deceleration, AV, EES -
Weight
Occupant Info. - Occupant Occupant Type, Gender, MAIS,
Height (3‘5) AIS region head/face/neck/spine/thorax,
Safety System 6 items Seatbelt Type/Use, Airbag Deployment. -
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Table 4 In—depth DB items according to the IGLAD 3 AE7oFH Table 59 Zo] & 97)& B73 4 o).
Class. DB Items B2 Azl 5} A 2o AluS8e AN o
CASENR, MEMYEAR, YEAR, WDAY, TIME, 2ol|A 3 et A I AUFTES AL R A2
GPSLAT, GPSLONG, COUNTRY, ACCDESC, 54.7%(827) o)W IGLAD AF-8-84F 211, 351, 281 &
. COLLTYPE, ACCTYPE, ACCTYPEA
) , : EN A} 71-0bzlEko] E iUk oy} o
Ac(gifm ACCTYPEB, MAINFACT, ROADTYPE, o ofel Sttt 1 T AR RAEL] SR e
ROADSURF, ROADCOND, LANESEPAR, TR BE T 3| d 5 AFLE Q3% 2119 3o
LIGHTCON, WEATHER1, WEATHER2, 42.0%(637) 2 Tl g8 o g 71g =0 Ha wn e
LOCATION, ACCSEV, STATUS wolth
CASENR, PARTNR, PARTTYPE, , = 0 8.0 ‘ZOpO XMW=
FHAZ QIE7} 22 ARLFES FAS Aste] &
VEHMAKE, MODEL, REGYEAR, > o , ’
VEHMASS, ENGINE, POWER, SEATS S0 M A dhgFFY JAFEs AbE A
VLIM, OPPON1, NROPPON1, CDC1DIRE 9] 21.3%(327) & AA15F3 2L IGLAD AFaL-37 681,
CDC1AREA, CDCILONG, CDC1VERT, 682, 661 =0] oo &3t} ALl gl Ax) oAl
. CDCITYPE, CDC1EXTT, CDCIPERC, AW A AR e B Sl A4 vz}
Participant INISPEED1, DECEL1, DECDISTT, Tren TR AT e
(45) DEFANG1, COLSPEED1, DELTAV], W2 ALIATE 71531913 F+9 Adsto] ofd 71724t
EES1, OPPON2, NROPPON2, CDC2DIRE,
CDC2AREA, CDC2LONG, CDC2VERT,
CDC2TYPE, CDC2EXTT, CDC2PERC,
INISPEED2, DECEL2, DECDIST?, Table 5 IGLAD accident type distribution for head—on
DEFANG2, COLSPEED2, DELTAV2, EES2, collisions
FACTOR1, FACTORZ, FACTOR3 IGLAD Type Accident Type Cases (%)
CASENR, PARTNR, OCCNR, OCCTYPE, ;
ACE, GENDER, INJSEVER, MAIS, 211, 351, 281 | Left Turn vs Straight | 82 (54.7%)
AISREGIO1, AISREGIO2, AISREGIO3, 681, 682, 661 | Oncoming vs Straight | 32 (21.3%)
AISREGIO4, AISREGIOS, AISREGIO6, 302, 261 Left Turn vs Left Str. | 10 (6.7%)
AISREGIO7, AISREGIO8, AISREGIO9 - -
: : ’ 722, 723 U Ti Straight 8 (5.3%
Occupant | BELT, BELT_USE, AIRBF, AIRBF_DEPL, run vs otraie 6.3%)
(39) AIRBTC, AIRBTC_DEPL, SIDEB, 301, 321 L/R—Str. vs Straight 6 (4.0%)
SIDEB_DEPL, KNEEB, KNEEB_DEPL, 323, 262 R—Turn vs Straight 5 (3.3%)
AIRBSR, AIRBSRDEFL, AIRBR, 306, 326, 215 | L—-Turn vs R—Trun 5 (3.3)
AIRBR_DEPL, AIRBFC, AIRBFC_DEPL, :
HEADREST, I‘IEADREST_DEPL, 591 L—Turn vs OnCOmmg 1 (07%)
CHILDSEAT, BOLCHILD, HELM, PROTCLO 299 Others 1 (0.7%)
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Table 6 Vehicle velocity distribution in head—on collisions
(Left Turn vs. Straight)

Car Value | Ave. |50%ile | 70%ile | 80%ile | 90%ile

Speed | 39.9 | 38.0 | 50.0 | 54.5 | 65.9

AV | 233 | 217 | 28.7 | 32.9 | 40.2

Straight
EES | 22.3 19.7 | 28.3 | 33.9 | 37.3

Decel. | 3.1 2.5 4.1 6.5 7.6

Speed | 21.1 | 21.7 | 27.0 | 30.0 | 345

Left | AV | 241 | 215 | 28.1 | 35.7 | 430

Turn | EES | 23.8 | 21.9 | 286 | 34.9 | 42.1

Decel. | 2.5 2.1 4.0 4.6 7.1

AVE 23.3 knvh, EESE 22.3 km/h O & Uebyte}, 3l
AR Fe] = AW JF PEEE 3] m/s” FREOR
WIS Y Al Fad AR FEET,
AV, EES, Z4 55 27t ARy, 555 H 211
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% 44 37 ASEE 25 s FEoE WS

A A A AHEEANL 32719 At d &
A, AT 80 km/hgl A9 HEAEE 134
(40.6%), xﬂ 5T 60 kivhe] AW AARER 1173 (34.4%)
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Table 7 Vehicle velocity distribution in head—on collisions
(Left Turn vs. Straight)

Car | Value | Ave. |50%ile | 70%ile | 80%ile | 90%ile

Speed | 31.5 | 28.0 | 455 | 52.5 | 585
Strai—= | AV | 260 | 234 | 34.8 | 43.7 | 53.1

ght | EES | 28.0 | 25.7 | 34.9 | 415 | 50.6
Decel. | 33 | 26 | 42 | 69 | 79

Speed | 424 | 42.0 | 500 | 56.0 | 66.0
Onco—| AV | 300 | 263 | 37.7 | 44.7 | 56.7

ming | EES | 28.2 | 26.3 | 35.1 | 415 | 51.6
Decel. | 2.8 | 23 | 48 | 60 | 7.2
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Table 8 Comparing accident types with OSCCAR scenarios
(Left Turn vs. Straight)

OSCCAR
@ Type

Class. New Analysis

211, 281, 351

Type no

e BB
- Bial

ego vehicle (ADAS):

braking & steering
aveldance manoeuvre

Driving: 44.9 km/h Driving: 50 km/h

Speed |\ cident: 39.9 kmvh | Accident: 40 km/h
Angle Driver—Side 320° None
Decel. ave. 3.1 m/s’ 9.8 m/s® (with AEBS)
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Table 9 Comparing accident types with OSCCAR scenarios
(Lane—Violating vs. Straight)

Class. New Analysis OSCCAR
Type no 661, 681, 682 @ Type
661 | | 681
B I A |
Accident h !I
Type
e
Speed Ave. 31.5 km/h 40 km/h
Angle Driver—Side 350° None
Overlap Driver—Side 25% None
Decel. Ave. 3.3 m/s’ None
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Fig. 1 Proposed scenarios for ADS frontal collision testing
((a) Oblique offset frontal collision, (b) Slightly oblique
small overlap frontal collision)
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