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ABSTRACT
The purpose of this study is to develop test scenarios utilizing V2X (Vehicle-to-Everything)
Received 27 March 2024 communication technology for the prevention of pedestrian accidents and to validate these scenarios
Revised 23 April 2024 through simulation. To this end, this researcher used existing traffic accident databases to categorize
Accepted 16 October 2024 vehicle-to-pedestrian accident data, and drew key accident patterns through the analysis of accident

© 2024, The Korean Society of  YPES and the speeds of pedestrians and vehicles. Based on the analyzed data, scenarios were

Intelligent Transport Systems, All  established where V2X technology can be applied under various conditions of pedestrians and
tights reserved. vehicles. These scenarios were specifically classified into conditions where physical avoidance of an
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accident is impossible and conditions where accident avoidance is possible through V2X technology.
In the developed test matrix, simulations were conducted in diverse scenarios to evaluate the
performance of the V2X-based accident prevention system. The research results confirmed that the
application of V2X technology is effective for preventing pedestrian accidents. It is expected that
these scenarios can serve as standardized guidelines for future traffic safety improvements. This study
provides useful data for policymakers for traffic safety, vehicle manufacturers, and technology
developers, and proposes a new approach to enhance pedestrian safety.

Key words : Traffic accident, Vehicle-to-Everything, Traffic accident reconstruction, Basic Safety
Message, Cooperative-Intelligent Transport Systems
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1. Vehicle-to-Everything

V2X+= 2 ZEH(V2V, Vehicle-to-Vehicle), $13Z2HV2I, Vehicle-to-Infrastructure), X 3§ AHV2P, Vehicle-to-
Pedestrian) 7te] F4l& E3sles 7|€Z, uF kA 2 T84S =ol= o FFo] Stk V2X& WAVE
(Wireless Access in Vehicular Environments)2} A-E8 7|8k C-V2XE U™, WAVEE IEEE 802.11pE 7]5te.
2 2HF 7F wE BA1S A Ysta, C-V2XE LTE 7|We 2 o Y2 M9} 52 AF4E At =2
20239 C-V2XE #3072 Ads] A&F8H CITS 73 AYsta Yok v2x WAIAE SAE 127359 4]
BSM(Basic Safety Message), RSA(Road Side Alert), SPaT(Signal Phase and Timing Message) 5= 2|3l 3°
H(SAE 12735, 2020), ITSK-00100-2:2021v4= =W CITS AL E V2X AR T2 AAstn do
(ITSK-00100-2:2021v4, 2021). V2X HWAIAE 2e7F AHEA V2V == CITS AASIIA vl Balo=
<Fig. 1>°l|A Hi= ule} Zo] wEekdo] B ad vlolgrt Ayt & CITS OJ?ﬂ HAAZ 853 YThKim
and Jung, 2021). 5t BSM 53 o] V2X WA A7} o[HIE F3ol A A= & i, AAH VaX HAIA
of 2= dHolE IEE& o] & wEAL A E Ao &8 s ZoE AgHEnh

Traffic signal
controller

((.)) — (o)

=) =@

TIM (12v)
OBy OBy -Road sign location
-Road width C-ITS Center
-Others
EVA (V2V) BSM (V2V) PVD (V2V)
RSA (12V)
-Vehicle type -Location information -Vehicle model
-Siren status _Altitude -Location information -Emergency event description -Safety information service
_Others -Vehicle speed _Altitude -Collected locatin information -Traffic-related agency information
~Vehicle direction -Vehicle speed -Others ~Other
-XIYIZ acceleration -Vehicle direction
-Brake system status -Transmission Status SPaT (12V)
-Steering wheel angle -Exterior light status
-Vehicle status -ABS status
-Event information -X/Y/Z acceleration -Intersection name
-Others -Others -Signal status
-Others

<Fig. 1> V2X Messages flow in C-ITS

276 USSR =27y 233, M52(2024H 109)
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2. WSAIL G|O[E{H|0]A

1) TAAS (Traffic accident analysis system)

TAASE 3= AEAT IxE2uFadels SFste AL £4 Alz"olth o] Axde =
Woll A A wEAaL HolHE AAH R Fsta E46te, W S AA eI AL o A= A
dol] FgRIt TAASOI M= weAL7E ARk 9319} AZE, Abare] @3t Qe E3ste], Abare] Az
= «4011 TRl tig ARE ATk EJE Abale] dEE A BAte] vo], Y, &4 B9
22 s AR, Aot A8 A T, B2 Y 2 71 239 22 344 29 & =8t 9l
o WFALE FTTH R BHT ¢ =S IATHTAAS, 2024).

2) TMACS (Traffic safety information management complex system)

TMACS(ZZ XA A BRI A A8 = S DB UA TN P8t Aladl oz wEdHEd ne
+395H, AFAA, 1T, j%xﬂ?il«l QhA = A E oY ?If_ A 9} JL%*} A5
™=

3) iGLAD (Initiative for the Global Harmonization of in-depth Accident Data)

iGLAD= 2011 & A& o], A AZAIH o AS AL HolHE ARz S3sh] 99 k¥e
A& a1 gtk o] ZRAEE 7|E tloJHuo]2~E VN0 R FUH Hlo|H F4& AFEt, A= I
B AT HlolElZ} i JPESEE SHe A BER I 0§ Bo B Aw, 1 B, Foid, 38 2
A A z=E Tl i3k AR JERE FRHCE AEFE < ATH(Initiative for the global harmonisation of
accident data, 2023). 53] 2023\ FE & F-2lUetE IGLAD ZE2A Eo] Fofsto] S 2Ql dlo]E el 7]

o

<Table 1> iGLAD data provider

Country Organisation Original Database
Austria TU Graz CEDATU (Central Database for In-Depth Accident Study)
Australia CASR -
Brazil SAE Brasil IAAT
. CNIS/DPAC NAIS (National Automobile Accident Investigation System)
China CATARC CIDAS (China In-Depth Accident Study)
Czech Republic CDhV CzIDAS (Czech In-Depth Accident Study)
France PSA-RENAULT -
Germany BASt GIDAS (German In-Depth Accident Study)
Germany VUFO GIDAS (German In-Depth Accident Study)
India JP Research RASSI (Road Accident Sampling System India)
Italy UNIFI -
Korea Samsong Industries ACCC (Automotive Collision Case Catalog)
Spain IDIADA SP -
USA NHTSA NASS CDS (National Automotive Sampling System Crashworthiness Data System)
CISS (Crash Investigation Sampling System)
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<Table 1> iGLAD®| HI°|HE Fgshe @S 2t 7133 dA vlo|gHo]~5
7}, 1470 713o] vlolEHlo] 2~ FEo] Fefsta Qlth iGLADS] HolH 55 %
selection, Case count, Weighting variables, Stratification, Random sample?] T ©A =
< <Table 2>%} 2T}

Yepd Ao 2 13/ =
EE F& A2+ Case
=

of A, A% AL

o]

<Table 2> iGLAD sampling procedure

Step Description

The accidents selected for IGLAD shall apply to the definition of a road accident by the police in the same country
as the Data Provider. Single pedestrian and suicide cases shall be excluded. For 2019 data from the two previous
years, 2017 - 2018, can be included. Only accidents with at least one person coded as injured by the police
shall be considered.

Cases with an unknown rate of less than 20 % of the CDS variables shall be considered. 100 % sketches have
to be provided and 80% have to be optimal which means:

- CADfiles

- Final position (if unknown, make a circle around possible area)

- Collision position

- Trajectories, if possible (made by the reconstructor, move of CoG)

- Scaled

Case
selection

Case count |If number of available cases is not significantly greater than target sample size, no sampling is applied (finish here).

Choose three variables that are also present with a complete crosstab in the national statistics.

Weightin; . . . . . . . . .
,g €| If variables are not available in national data, use ‘location of accident’, ‘accident severity’, and ‘participant type’.
variables . . . . .
If available in national statistics, these variables are also the preferred ones to choose.
e Sort the data set according to accident year and the weighting variables chosen in step 3.
Stratification

Each combination of values from these variables defines one stratum.

Random | Take an appropriate number of random cases from each stratum to generate the correct total sample size. For example,
sample by selecting every n-th case where n is the original sample size divided by the target sample size.

iGLAD= ALY HIOJHE AAIZ 2 #e]st7] 28 Accident, Participant, Occupant, Safety System<] U] 7}
2 2 FH 2 TR lom Z; FhH| 18] <Table 3>9F 2o] % 125719 WiAHFE FAFH §
olgjHlo] 22 FHHTL o]H 3 v/ HFELS A AR AFS AUSHA V2 BT S UdeE A
AE o, tolge A Hla 7FsAS Fole v T8 I93s o mdh Al A% Yehe
THE MR YR AAZE, ZF Ao FAHR] AFS AAHoRE IR F JEE itk

iGLAD®] %7] 7% WA= F2 25 BHd 23S 23] 2o sk A w9l gxto] Abgjol tdh
tolHE FACE FEHUT 1ev HZ BB Ao] ZE|(Active Safety) B AHEFHA-F2L 7€ s
A% AF7E gits] o] RN HA, Ala oy} AHH dlo|EE Egsh= detulErE HEA F7HE A
o]lE B8 A5t 2 A L4 B2 A 2E(ADAS)Y /N Hlel iGLAD HoE|7F Bl WA
2852 5 A HAYk E3], iGLAD 758 FE511 3= =99 VUFOE Aba w4 A peke] $29S
B8 4 JE 2ZEY o PCM(Pre-Crash Matrix)S 7|3l th PCME iGLAD HIOJE & 7|Hto& 2}aF

==

Assistance Systems)2| 35S H718ly, TS nFAY AU A Aln F3) 7FeAES BAdte o
714 E st ok
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<Table 3> Configuration parameters of the traffic accident database

Category Parameters Number of items

Accident number, Member year, Year of accident, Month of accident, Weekday, Time, GPS
latitude, GPS longitude, Country, Accident description, Collision type, Accident type, Participant
Accident | A referring accident type, Participant B referring accident type, Main contributing factor, Road 27
type, Road surface, Road condition, Lane separation, Light condition, Weather 1, Weather
2, Location, Emergency arrival, Accident Severity, PCM data available, Case status.

Participant number, Participant type, Vehicle make (brand), Vehicle model, Registration year,
Vehicle mass, Gross vehicle weight, Vehicle engine type, Vehicle engine power, Number
of seats, Existence and damage of trailer, Speed limit, Primary collision - opponent, Primary
collision - opponent collision, Primary collision - CDC/TDC Force Direction, Primary collision
- CDC/TDC Area of Deformation, Primary collision - CDC/TDC Specific longitudinal or
lateral area, Primary collision - CDC/TDC Specific vertical area, Primary collision - CDC/TDC
Type of damage distribution, Primary collision - CDC/TDC Maximum extent of penetration,
Primary collision - CDC/TDC Maximum extent of penetration (%), Primary collision - driving
speed, Primary collision - mean deceleration, Primary collision - deceleration distance, Primary
collision - delta angle, Primary collision - collision speed, Primary collision - delta-v, Primary
Participant | collision - EES, Secondary collision - opponent, Secondary collision - opponent collision, 52
Secondary collision - CDC/TDC Force Direction, Secondary collision - CDC/TDC Area of
Deformation, Secondary collision - CDC/TDC Specific longitudinal or lateral area, Secondary
collision - CDC/TDC Specific vertical area, Secondary collision - CDC/TDC Type of damage
distribution, Secondary collision - CDC/TDC Maximum extent of penetration, Secondary
collision - CDC/TDC Maximum extent of penetration (%), Secondary collision - driving speed,
Secondary collision - mean deceleration, Secondary collision - deceleration distance, Secondary
collision - delta angle, Secondary collision - collision speed, Secondary collision - delta-v,
Secondary collision - EES, Contributing factor 1 - without ranking, Contributing factor 2
- without ranking, Contributing factor 3 - without ranking, Pre-Crash Scenario, Check of
reconstruction data 1, Check of reconstruction data 2, Check of reconstruction data 3

Occupant number, Occupant type, Age, Gender, Weight, Height, Police injury severity, MAIS,
AIS region 1 head wjo face, AIS region 2 face, AIS region 3 neck w/o spine, AIS region
4 thorax w/o shoulder, AIS region 5 abdomen, AIS region 6 spine, AIS region 7 upper
extremities, AIS region 8 lower extremities, AIS region 9 not specified injuries, Seat belt,
Occupant | Seat belt use, Airbag front, Airbag front deployment, Airbag tubular/curtain, Airbag 40
tubular/curtain deployment, Sidebag, Sidebag deployment, Kneebag, Kneebag deployment, Seat
ramp airbag, Seat ramp airbag deployment, Rear airbag, Rear airbag deployment, Front center
airbag, Front center airbag deployment, Headrest protection system, Headrest protection system
deployment, Child seat, Bolster table for children, Helmet

Accident number, Participant number, System number, Type of safety system, Status of the

Safety system system, System activation by the vehicle i
3. AIEZI0IM

B aTolE AT VIX A8 B AL ARl 0E A I8 ABAOINE SRR, 1
BAT AE 2 240 A58 2TEH 0| PC-CrashE AH&HTh PC-Crashis A7) ZE*W— A =

o2 Ay ZEao|Auk HZole wEALIL] HXE Active safety Al2E2] FEFS EAFE= Ao F
3fAHA i 7]Ee] FTHESATh o] A2HlE ¥sleths Asat 71<dll B Visual basic oS 285t

o1x)], Beh Ao}E AFZF 0T AT 4 Q= Safety System T8 7]%2 A &3}l PC-Crashs V2X 7]
& XA BOEE Safety system 7|5 S8 V2XE HHAE FAT RASE WA O0® AL 3
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<Table 4> Summary of prior studies
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vehicles.

R it .
es(;a;racr)ers Purpose of Study Study Methodology Findings
. . .. Elastic Band theory was applied to | V2X communication demonstrated
Investigate a pedestrian collision . . . . . .. .
Gelbal et al. . . real-time vehicle path deformation to | effectiveness in collision avoidance
avoidance system using V2X . .. . . s
(2017) communication. avoid collisions. Tested using HiLL under poor visibility and
) simulator with DSRC modems. non-line-of-sight conditions.
To propose a V2X communication Experiments on V2V, V2P, and V2I| 4G-based V2X communication
Kokuti et al. arcth:ecIt)ure for off-road autonomo communication schemes using VPN | provides better stability and efficiency
017) U "5 and 4G networks in off-road | than WiFi, especially in unstructured

environments.

off-road conditions.

Jung et al. (2020)

To design and validate a V2X-aided
autonomous driving system for
enhanced road safety and efficiency.

Developed a system with three
subsystems: BLOS perception,
extended planning, and control.
Conducted real-world experiments,
including missions like emergency
braking and traffic compliance.

V2X communication significantly
improved vehicle safety and
performance in autonomous driving,
particularly in occluded or
challenging environments.

To develop pedestrian-vehicle

Used a genetic algorithm and
CNN-GRU model to generate and

The CNN-GRU model achieved
90.2% accuracy in identifying critical

for vulnerable road users (VRUs).

Zeng et al. scenarios for C-V2X digital twin | recognize critical pedestrian-vehicle . . .
. . . pedestrian-vehicle test scenarios,
(2023) testing and enhance safety scenarios. Lidar data and . . .
L . . improving the evaluation of C-V2X
applications. spatiotemporal analysis were used to Lo
. applications.
create the testing library.
. . Active V2P systems provide faster
. . Reviewed V2P communication . v P .
To survey Vehicle-to-Pedestrian . response times compared to passive
. mechanisms and evaluated them
Sewalkar and (V2P) communication systems, . systems but can cause network
. . . . through a case study of active and . . L.
Seitz(2019) | design considerations, and challenges congestion. Precise localization and

passive safety systems for various
VRU types.

system standardization remain
challenges.
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EHE 2Rt B85tk <Table S>= 714 iGLAD HloJE 7% ¥%¢ vjehd Aolth

it

<Table 5> Status of real accident database construction

Rank Country Quantity Rank Country Quantity

1 Germany 1600 8 France 550
2 United states 1200 9 Australia 400
3 China 1100 10 Sweden 150
4 Italy 850 11 Spain 150
5 India 800 12 Brazil 50

6 Czech republic 750 13 Korea 50

7 Austria 600 Total 8250

2. E3X} AlT O[0|E 24

B Ao B AEHo)H T2 IS o]83te] V2X 7€) §le el A AEFe] AEBS(Autonomous
Emergency Braking System) 352 #2131, V2X 71€o] HEE A0S o] Ala 331 =& A7 45< vl
sk Aolth o] & faf AAl wEARLL HolE o] oM Ak Baxte] L% WY = JH T Byt
ATl EAS 248 oH, o]2ldk A TlolElE v O V2X 7|E9] A3E BAS] fIg 7 AR A
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<Table 6> Status of real accident database construction

Item Classification Criteria

Filtering Criteria: Participant type = 1 (Pedestrian)

Pedestri ident . L .
edestnan acerden Merging: Combine identical Accident numbers

Merging: Similar accident types
Exclusion: All except the top 25
Merging: Combine in 10 km/h intervals
Exclusion: Speeds exceeding 101 km/h

Accident type

Vehicle speed

Pedestrian speed Exclusion: Speeds of 0 km/h and exceeding 40 km/h
Light condition Exclusion: 99999(unknown)
Main factor Exclusion: All except the top 25
Road surface Exclusion: 66666(not collected), 88888(other), 99999(unknown)
Road condition Exclusion: 88888(other), 99999(unknown)
Weather Exclusion: 88888(other), 99999(unknown)
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dole] BHAME AR 9, 3E e, A =, w4 &%, 29 27, 0o Fa U, 22 4
2 = GEe Am Wy 223 Aol
=

Bl Tejze AAstetal, F

250

Top 25 Main contributing factors

55: ignoring road traffic

33: wrong behavior towards pedestrians at crossings

37: wrong behavior towards pedestrians at other places
54: wrong behavior due to sudden emergence

51: wrong behavior of pedestrian at regulated crossings
8: speeding (exceeding speed limit)

57: non-usage of pedestrian path

53: wrong behavior near crossings during dense traffic
35: wrong behavior towards pedestrians when turning
150+ 44: other mistakes of the driver

56: other wrong behavior of pedestrian

60: other mistakes of pedestrian

31: mistake during u-turn or reversing

52: wrong behavior of pedestrian at unregulated crossings
10: lack of safety distance

9: excessive speed for conditions

27: disregarding direction of traffic regulation

73: view obstruction due to sun glare

36: wrong behavior towards pedestrians at transport stops
5: other physical or psychical deficiencies

58: usage of wrong road side

34: wrong behavior towards pedestrians at calming zones
50 - - 6: use of wrong lane or road

24: disregarding traffic signs (give way)

4: drowsiness

00f

Number of Cases

55 33 37 54 51 8 57 53 35 44 56 60 31 52 10 9 27 73 36 5 58 34 6 24 4
Main contributing factors (MAINFACT)

<Fig. 2> Main contributing factors

<Table 73} @o] B4 Ame] F& Ue v 7H TFOE BRE + Utk A WA 15 BYgel
RFo2, 22E 3T Y5} =29 2RE AGOR, ot HYAL UEE PANAL, FHHA g
RolA E2E JUSAL, LES o] 8514 %t A9E LFIL T 0A 1§ a4 BT, 3
43 Qh e Ml g SR, A W A A% Fol Udlolth Al WAl 1FE 714 R =2 AU, A

<Table 7> Main contributing factor for pedestrian accidents

Main Cause Group Detailed Factors (Code number)

Incorrect crossing behavior (51, 52, 54)
Improper use of the road (57, 58, 53)
Speeding and inadequate safety distance (8, 9, 10)
Driving mistakes (30, 27, 32, 16)

Visual obstruction and weather conditions (72, 73)

Pedestrian Inattention and Misbehavior

Driver Inattention and Misconduct

Weather and Road Conditions
Poor road conditions and maintenance (69, 76)

Vehicle defects (46, 47, 48)
Other external factors (77, 78)

Other Technical Defects and External Factors
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Top 25 Accident Types

175+ 401: Cross the street from left

421: Pedestrian crossing - from the right onto roadway
671: Longitudinal Traffic - pedestrian and vehicle in same direction - right lane
471: Pedestrian crossing - from the right behind intersection

15000 451: Pedestrian crossing - from the right before intersection

461: Pedestrian crossing - from the left behind intersection

423: Pedestrian crossing - from the right onto roadway - while passing

713: Others - vehicle backing up and pedestrian

431: Pedestrian crossing - from the left, before intersection without obstacle
1251 o 422: Pedestrian crossing - from the right onte roadway - while overtaking

675: Longitudinal Traffic - pedestrian sitting/standing, no direction

411: Pedestrian crossing - from the left onto roadway with obstacle

222: Turning off Accident - left tuming vehicle and pedestrian in opposite direction
100 241: Turning off Accident - right turning vehicle and pedestrian in same direction
424: Pedestrian crossing - from the right onto roadway - behind solid obstacle
799: Others - all other accidents

499: Pedestrian crossing - others

7500 405: Pedestrian crossing - from the left onto roadway without obstacle - in between oncoming traffic ||
221: Turning off Accident - left tuming vehicle and pedestrian in same direction

672: Longitudinal Traffic - pedestrian and vehicle in opposite direction - right lane

481: Pedestrian crossing - from the left behind turning priority road to the left

50 o N N 492: Pedestrian crossing - diagonally on intersection from the right

452: Pedestrian crossing - from the right before intersection - while overtaking

414: Pedestrian crossing - from the left onto roadway with obstacle - behind solid obstacle
472: Pedestrian crossing - from the right behind intersection - while overtaking

Number of Cases

iR B B O W E EEREREE

N 5> DD N N tx o N tx
KOS AR AGIN S I v"?é\‘)\;"fﬁo'm“‘\’v"' & S u@f{,‘f\’é\mb‘?’ CIIRASR

Accident Type (ACCTYPE)

<Fig. 3> Top 25 accident types for pedestrian accidents

ALFE L F 967N FEoE EREY, 87 ol

2 <Fig. 3>3} o] 1=
2 Uehhde 39 25709 Al f3e 249 23 o

2l S 3
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<Table 8> Pedestrian accident types grouped by similar categories

Categories Diagrams Frequency
401 421 47 451 461 431
8% Ale Ale s [
e = " LOJEY 'S wep
I O (O
A A
A A A A
Lateral + obstacle 707
423 422 411 424 r05 452 414 472k
Alp z B B|R G s B[R B
&hn - e PO P 1 L A i
B x U
O e PR
sioht obstucton A sight obstruction A A tree.fence A
"RED
Logitudinal 1 I i 101
T
B2 247
Turning 2 A[r 62
1
7A13 ‘s J 492 5 ) 99
Other 5 pedestrian| othe 713: 33, 492: 9,
A e 499: 16, 799: 16
1T o,

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 283



ClolEfHolA Z[#te] HMX} AL AjLf2[2 JHE 2 VoX Mgof mhE Atuofd St

ol

M
~

HI

NH WAT A FE Ol BT B3, BYAL AN EEE AYS
S 3o 39 W PG A7 5L NEE BatholdH AT 43
T 4 9tk <Twble 8- T oY 24, FohE, BAAe o5 B 52
AL F3ES SUE A3 e,

s 43} Aol mARAA S
FPEe 2 /A Fo gHoE B
S 23Ho T uP sl HAS

Bmm Initial speed
Hmm Collision speed

200

175

150

125

100

75

Number of cases

50

25

- | =
6 7 8 9 10 11 12 13 14 15 18 27 31 40
Speed [km/h]

<Fig. 4> Comparison of initial and collision speeds of pedestrians
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<Fig. 5> Comparison of initial and collision speeds of vehicles
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<Fig. 6> Road surface conditions  <Fig. 7> Weather conditions <Fig. 8> Light conditions
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<Table 9> Simulation variable condition

Parameters Range Notes

Vehicle speed (km/h) 60~100, step 5

Pedestrian speed (km/h) 9~20, step 1
Pedestrian direction (deg.) Transverse(90), Diagonal(+45) Excluded as 101'1g1tudmal fhrec.tlon is focused on

object detection issues
Road friction (mu) 05, 0.8

AA AR "Holguo] 2 B4 ARE vl o RZ NCAP AgolA oln t-g 7Hsd 2d& A9sta
<Table 9>3} o] AlE ol H-E AASAT A $T5 60km/holl 4 100km/h74A] Skm/h 7+, 23z}

£ 5= 9km/holl A 20kmyh7FA] 1km/h ZFE 0.2 A AT B3R} o] weke 3t whak9ox)d thzAl
FHH455) st on, SHF P2 A AA A ZAZ fAdste] A9ttt kW v Alee
O}ABE wHe UEhlE 083 & o}2BE EE xobE ¥4 wWS WSS 058 283}

o ol @ WA e B TUF 2ANA V2X 7149 Hgol ME AT oY BRE FUHOE B

P
B
ri&‘

1. AlEg|olMd

E A EF oo = PC—Crash9] Safety system 7]%5& AHE3IGTE ©] 7|52 Visual Basic Z=& 83
=
[

el 1A, B, Ao RES A ADAS 7%5S EAED S dlEth =R A R ETE F
AlEdolde AHEsteta, 74] e ARE A 71=ske HolHE AAAE A 5 vk & A7l
A W fedl we AlEdolde AFsor Ay, 1 A3 FE o7 E #dT F e TRIES

ekt

PC-Crash© Ego-vehicle®] ¥Z|F% H&8 4 Stk OE AFHe 54 AdshA o, mebA
V2X 75 A3 7Y 5 vk v2xE A A < 7t
ojA gk, & AT A= Ego-vehicle®] A Y99S A A=27HA FAst
3 BPAE o mEA JASL g AF AzEo] o A&
SATh <Table 10> AEBSYF -8 AlE# o] 1A 995 &4t
do] EAS HoFEL o5 T3l V2XE BAR do] O wWEA 9

286  PUZTSSIL| =27y 233, M52(2024H 109)



ks

ClolEfHolA Z[te] HMX} Al AlLf2[2 JHE 2 VoX Mo w2 At §1f 24

<Table 10> Specifications of AEBS

Model Images Specification

- Distance range: 80m

- Angle range: 30deg.

- Cycle time: 100ms

- Detection Width: +0.6m (based on vehicle width)

Only AEBS

Pedestrian detection

- Distance range: 80m

- Angle range: 30deg.

- Cycle time: 100ms

- Detection Width: +3.9m (based on vehicle width)

AEBS with V2X

Pedestrian detection

<Table 11> 6483] 2] A& o|AS FYHEHE YR 7

_]
@ A9 (Al BAAE AL AEee] FEL IO FE AARE HoIA 2

L
ozi
)
o
o
o
>

L BUAE DAL ABE AAIAO FER AS FE AR S /128 ek olch neie
AR BRI FES A5 (12 B4 AYo RE A4 BAAE gAA £E A9E AT

<Table 11> Simulation results for coefficient of friction 0.8

Direction Only-AEBS AEBS with V2X

Vehicle Pedestrian Pedestrian

speed 9 |10 11| 12]13[14]15]16|17 |18 |19 ]20] 9 |10 |11
60 39 |41 |43 | 45|46 |47 |48 |49 |50 |50 |51 [SI|A | A | A

65 44 | 47 |49 |50 | 51 |52 53|54 |55|55 |56 |57T]A|A|A

70 50 | 52 | 54 | 55|57 |58 |59[59]|60]|61 |61 | 62]JA|A|A

90deg 75 55 |57 |59 |60 | 62|63 |64 |64|65|66|66|67|A|A|A

80 60 |62 | 64|66 |67 |68[69|70|70[71 |71 | T2JA|A|A

85 65|68 | 69|71 |72 | 73|74 |75 |75[76 |76 |T7T|A |A|A

90 70 |73 17476 |77 |78 79|79 |8 |81 |81 |8]43 | A |A

95 76 | 78 | 80 | 81 | 82 | 83 | 84 [ 85 | 85 | 86 [ 86 | 87 | 50 | 50 | A’

100 80 | 83 | 84 | 86 | 87 | 88 | 89 [ 90 | 90 | 91 | 91 | 92 ] 56 | 56 | 56
60 20 | 28 | 33|36 |38 |40 |42 |43 |45 |46 |46 | 47| A | A | A

65 30 [35 (39|42 |44 |46 |47 49|50 |51 |52 |52 A|A|A

70 36 |41 |44 | 47 |49 |51 |52 |54 |55 |56 |56 |5T]A|A|A

75 42 |47 |50 | 52 | 54 |56 |58 |59 |60 |61 |61l |62]A |A A

LA B LA LA LA AP F I LA A A LA LA A AR Y IS

sl== === == == == === === =] =
>
>
>
>
>
>
>

_45}% 80 48 | 52 | 55|58 | 60 | 61 | 63 | 64 | 65|66 |67 |67]|]A |A|A AA A A A A A
¢ 85 54 |58 |61 | 6365|6768 |69|70 |71 |72 |73]133|A |A AA A A A A A
90 60 | 64 | 66 | 69 | 71 | 72 | 74 |75 |76 | 77 | 77 |78 1 42 | 41 | A’ AA A A A A A

95 6569 |71 | 74|75 | 77|78 |79 |80 |81 |82 |8]49 |48 |48 A A |A A A A |A

100 7174 | 77 | 79 | 81 | 83 | 84 | 85 | 86 | 87 | 87 | 88 | 55 | 55 | 54 A A A AN A A A

60 27 32 3538 |40 |42 (43|45 |45[46 |47 |48 A | A|A A|lA|A|A|A|A|A

65 33 |38 |41 |43 |45 |47 |48 |50 |51 |51 (52|53 A|A|A A|lA|A|A|A|A|A

70 39 |43 |46 | 48 | 50 | 52 | 53 | 54 | 55 |56 | 57 |58 |17 | A’ | A’ A A A A A |A A

+45deg 75 44 | 48 | 51 |53 | 55|57 |58 |60 |60 |61 |62|63]26]|26|26|A A|A A A A A A
N 80 50 | 54 |56 | 59 | 61| 62|63 |65|66|66 |67 |68]|33|33]|33]|33 A A A AN A A A

85 5559|6264 |66|67 |69 |70|71 |71 |72[73]140[40)|40 |40 |40 [40|40 | A |A |A |A A

90 61 | 64 |67 | 69 | 71 | 73 |74 |75 |76 | 77 | 77 | 78 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | A’ | A’

95 66 | 69 |72 | 74 |76 | 78 | 79 | 80 | 81 | 82 | 82 |83 |52 |52 |52 |52 |52 (525252 |52|52(52|A

100 72 | 75 | 77 | 80 | 81 | 83 | 84 | 85 | 86 | 87 | 88 | 88 | 57 | 57 | 57 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58 | 58
W Avoid M Mitigation [ Collision
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<Table 12> Scoring criteria for simulation results

Condition Score Note
Avoidance 100
Temporal Avoidance 75
Deceleration of 75% or more - 50
Mitiation Deceleration of 50% or more - 40 Collision avoided; accident risk remains due to timing
& Deceleration of 25% or more - 30 differences.
Deceleration of less than 25% - 10
Collision 0

<Fig. 9> R37} o5 ¥eo] M2 Ageold A%E JAZ2 Uehidl AR RE oA VaxH &
o oJal FER AT a7k ALHE AL AT & AUk BYAL o] FWF 455 AN E AF
&% T0kmh7A AE 9T 4 e Aow FAHYer, 145 2ANAE AFEE 65kmh7HA
ADE NG F e AR AT, o] F £E7} F715E FHS A5} FolAE Ao FHn
A% S sskmhold ZolA RaAte] W] whe} ThE EAHL Holt o IIF ot H5EE

A7t A sHeela, 0=t -45% AT HlwA gutetA] stgtehs FAE Belth olE +45%
E M Bazke] o] Apgke] FYI v }FoR ofFsiv] WA FYoR AlAG: weby B
Ae] o) W] mE SAE AEBS B V2X Ao 1EEojord Aoz wgh

90 degrees -45 degrees +45 degrees
110 110 110
100 --- AEBS 90° | 100} #—=—q --- AEBS -45° | 100} #—= --- AEBS +45°
90} *— - V2X90° | % —— V2X-45° | % “— V2X +45°
80 N ‘ 80 80 >
70 > 70 T 70
2 w . 60 "] 60
8 50 ] so 50
LA 40 40 -
30 300, 30| -
200, - 20 s e r— B e
0f T e | 10 T 1o b i
0750 70 80 90 0 60 70 80 90 0 60 70 80 90 100
Initial Speed [km/h] Initial Speed [km/h] Initial Speed [km/h]

<Fig. 9> Scoring results based on simulation conditions for a coefficient of friction of 0.8

<Table 13>2 A 05 27X 9 AEH A A4S HAEH o] 27X AEBST 283 74
T+ BE AU LolA FEo] BAEATE AEBSH V2XE F7h A8 A R vFE F3o] TS
o, o= BT ARHA Apolof ok Ao ® A gl 3] EAFS AR <Fig. 10>& vHEA
T 05 oA AlEe eI ¢ A3k HEH, V2X 7Ee A8 ¥e 1 T2 V9 AF S5 da
a7t °‘22°Ur PRl 08 23 Hluste] B s e o] A AEFY AeAt Aol
=°] e B2 HA7E A7) Uehs o713 33 3ol dinlste] Aol S83] st &3
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<Table 13> Simulation results for coefficient of friction 0.5

Direction Only-AEBS AEBS with V2X
Vehicle Pedestrian Pedestrian
speed 9 10|11 |12|13|14|15|16|17 |18 |19|20| 9 |10 |11 |12 |13 |14 | 15| 16|17 |18 | 19|20
60 48 | 49 | S0 | 51 | 52 (53 |53 |54 |54 |54 |55 (5532 |32 |A|A[A|A|A|A|A|A |44
65 53 |54 |55)|56 |57 |58 |58 |59|59 (59|60 (|60])38 |38 /38 |38 |A”|A|A|A 43|44 |46 47
70 58 59|60 |61 |62|62|63|63|64 |64 |64 |65])44 |44 |43 |43 (43 |A |A|46|48 |50 51|52
90deg 75 63 |64 | 65|66 | 67 |67 |68 |68 |69 |69 |69 |70])149 |49 |49 |49 |49 |49 |50 |52 |54 |55]56 |57

80 68 |69 |70 | 71 |72 | 73 |73 |74 |74 | T4 |75 | 75|55 |55 |55 |55 |55 |54 |55|57 |59 |60]|62|63
85 73|74 |75 |76 |77 | 78 | 78 |79 |79 |79 | 80 | 80 ] 60 | 60 | 60 | 60 | 60 | 60 | 61 | 63 | 64 | 65 | 67 | 68
90 78 | 80 | 81 | 81 | 82 | 83 | 83 | 84 |84 | 84 [ 85 |85 ]65|65|65|65|65|65]|66|68|70|71|72|73

95 83 | 84 |85 |86 | 87 | 8 | 88 [ 89 |8 |8 [90 |90 |71 |71 |71 |71 |71 |70 | 71 | 73 |75 |76 | 77 | 78
100 88 [ 90 [ 91 [ 91 [ 9293 |93 [94[94 |94 (9595176 |76 |76 |76 |76 |76 |77 |78 |80 |81 |82 |83
60 41 |44 | 45|47 |48 49|50 |50 |51 |52[52]53]30 |30 |A A A A |A|AA|A A A
65 47 | 49

51 52|53 |54[55]56 56|57 |57 |58)137|37[36[36|A |A|A|A|AN|A|A A
70 52 |54 56|57 |58 |59[60|60 |61 |61 6262143 |43 |42 |42 |N|A|A|A A § g
75 57 159 | 61|62 ]63|64]65|65|66|67 |67 |67]49 |48 |48 |48 |48 |48 |47 |A |A |A A A

>
>
>

—45/dl)eg 80 62 |64 | 66|67 | 68|69 |70 |71 |71 |72 |72|73]54|54|54 |54 |54|53[53|53 |53 |A|A|A
¢ 85 67 |69 |71 | 72| 73|74 |75 |76 |76 |77 |77 | 78 1 60 | 59 | 59 [ 59 | 59 | 59 | 59 |59 | 59 | 58 | A’ | A’
90 73 (75|76 |78 | 79| 79 | 80 | 81 | 81 | 82 [ 82 [ 83 ] 65 | 65|65 |65 |65 |65|65| 64|64 | 64|64 |64
95 78 | 80 | 81 | 82 |83 |84 |8 [ 8 |8 |87 [ 87 [ 88 70|70 |70 |70 | 70 | 70 | 70 | 70 | 70 | 70 | 70 | 69
100 83 |85 [ 86 [ 88 |8 |90 |9 [ 91 [ 91 |92 (92 [93 )75 (75|75 |[75|75 757575757575 |75
60 42 | 44 | 46 | 47 | 48 | 49 | 50 | 51 |51 |52 |52 |53 ]33 |33 |33 [33[34|34|34|34[34|34|34]|34
65 47 |50 | 51 |52 |53 |54 |55|56 |56 |57 |57 |58]39|39|39[39]3939]|39|39]39]39]|39]39
70 52 | 54 |56 |57 |58 |59 |60 |61 |61 |62|62|63]44 |44 |45 |45 |45 (4545|145 |45 (45 (45|45
+45deg 75 58 |60 | 61 | 62| 63|64 |65|66|66|67 |67 |68]50]|50]|50|50|50]|50]|50]50]|50]50]350]50

N 80 63 65| 66|67 |68 |69|70 |71 |71 [72]72|73]55|55/[55|55/[55/[55|55/[55|55|55/[55]55
85 68|70 |71 | 72|73 |74|75|76 |76 |77 |77 | 7860 |60|60|60|61|61|61]|6l|61|61]|6l]6l
90 7317517678 79|80 |80 | 81 |8 |8 |8 |8 ]66|66|66|66|66|66|66|66|66|66|66|66
95 78 | 80 | 81 | 83|84 |84 |85 |8 |8 |87 (87 |88 |71 |71 |71 |71 |71 |71 | 71| 71 |71 | 71 | 71 | 71
100 83 |85 |87 [ 8 [ 8 |90 |90 [ 91 |92 |92 |92 [93])76|76 |76 |76 |76 |76 |76 | 76|76 |76 |76 | 76

B Avoid M Avoid-time M Mitigation M Collision
90 degrees -45 degrees +45 degrees
110 110 110
100 --- AEBS 90° { 100 --- AEBS -45° | 100 --- AEBS +45°
90 V2X 90° 90 V2X -45° 90 V2X +45°
80 80 80
70 70 70
I 60 60
S s 50 50
Ve 40 40
30 30 30
20 20 20
10} o———e—m —— ol e e e o | ol Teme e e o)
00 70 80 % 00 %0 70 80 % 00 %60 70 80 90 100
Initial Speed [km/h] Initial Speed [km/h] Initial Speed [km/h]

<Fig. 10> Scoring results based on simulation conditions for a coefficient of friction of 0.5
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