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ABSTRACT

In this paper, an automated vehicle intersection collision accident was analyzed through simulation. Recently,

the more automated vehicles are distributed, the more accidents related to automated vehicles occur. Accidents

may show different trends depending on the sensor characteristics of the automated vehicle and the performance
of the accident prevention system. Based on NASS—CDS (National Automotive Sampling System—Crashworthiness

Data System) and TAAS (Traffic Accident Analysis System), four scenarios are derived and simulations are

performed. Automated vehicles are applied with a virtual system consisting of an autonomous emergency
braking system and algorithms that predict the route and avoid collisions. The simulations are conducted by

changing the sensor angle, vehicle speed, the range of the sensor and vehicle speed range. A range of

variables considered vehicle collision were derived from the simulation.
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Table 1 Accident Frequency by Road Type on NASS

Accident frequency by road type
29 ALz (1) AFALH]E(%)
AE2} ALER 699 27
EAEE 1220 46
EE 711 27

Table 2 Accident Frequency by Type of Urban Road on

NASS
=2 ARG () | ARALH)E(%)
AR} WAR 876 72
EAER | A Ze wxz 310 25
vl 2 ol 34 3

w22 g 71E

Table 3 Frequency of straight—straight collisions at inter—

sections
L2 A4(7A) | ¥1E(%)
Az | Ax-x7 | SCRD-SC 188 24
WAL T SC/LD-SC 175 22
71} 422 54

Table 4 Car—to—Car accident analysis data in Korea
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Fig. 1 Selected Left Turn/Opposite Direction—Straight Cross
scenarios and Straight Cross/Right Direction—Straight
Cross scenarios
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Table 5 Yaw rate vaule on Cut—in test

A& Case Yaw rate (deg/s)

1 2.16

2 2.04

3 1.98

4 2.25

5 2.19

6 2.28
Average 2.15
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Fig. 2 Non—collision example based on Minkowski difference
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Fig. 3 collision example based on Minkowski difference
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Fig. 4 Path prediction range
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Fig. 5 Example of a path prediction model
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Table 6 Multi Function Camera Specification

Specification

Operation cycle: 20 fps

Initial Buffer: 200 ms

Operation Temperature: —35~58°C
FOV: 100° < 39.3° ,

Resolution: 17 MP

LDW, LKA, HBA,

Driver Attention Warning,

Traffic Sign Recognition,
AEB (Vehicle/PED/Cyclist)

System

Camera HW

Functions
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Table 7 Collision according to velocity change in Left Turn/
Opposite Direction—Straight Cross scenarios (sensor
angles 70 degrees, model A)
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Fig. 10 Left Turn/Opposite Direction—Straight Cross scenario
Ego vehicle 50 km/h-Target vehicle 10 km/h, Sensor
70° simulation using model A
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Fig. 11 Comparison of number of collisions per sensor angle
at Straight Cross/Right Direction—Straight Cross scenario

Table 8 Collision according to velocity change in Straight
Cross/Right Direction—Straight Cross scenarios (sensor
angles 70degree, model A)
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A |20 - - - - - A= | 20 - - - v %
& |30 - - - - - FE |30 - - v v v
50 N N - - - 50 - \ \ \ \
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Table 9 Collision according to velocity change in Left Turn/
Opposite Direction—Straight Cross scenarios (sensor
angles 70 degree, model B)
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Fig. 13 Left Turn/Opposite Direction—Straight Cross scenario
Ego vehicle 50 km/h-Target vehicle 10 km/h, Sensor
70° simulation using model B

Table 10 Collision according to velocity change in Straight
Cross/Right Direction—Straight Cross scenarios
(sensor angles 70 degree, model B)

70° Target 2F¥ £ %= [knvh] 70° Target 2% 4% [knvh]

10 | 20 | 30 | 40 | 50 10 | 20 | 30 | 40 50
Ego |10 - - - - - Ego |10 - - - - v
A | 20 - - - - - A2 |20 - - - - v
£= 130 - - - - - FE 130 - - - - v
el - [ = [ = | = | kbl — - = [ -~ [ - | v
50 - - - - - 50 - - - - -

120 XIS XIOHAStE| X M8, HM45, 2021



=
2
sk
o
T
=2
Ar)
=
>

c
1S

8 o
5 =
> 5

10

-15 >

45 50 55 60 65 70 75

X-direction

15

10
e 5
S
t | =
> s |:|

-10

Y-direction
o

-15 5
45 50 55 60 65 70 75
oot

(c) Collision situation

Fig. 14 Straight Cross/Right Direction—Straight Cross scenario
Ego vehicle 20 km/h-Target vehicle 40 km/h, Sensor
70° using model B

R 70°HT B 9GS Bl glofA FE 37 EU0A
T o] [3] F2 FE Alo]~9 S Camera AA G
utoll Target 2ol 917 witell Q148kA] H3hal S8}
T A& FRlasit

wxE LT/OD-SC, SC/RD-SC Alutg] ool A=

AEwEe olgstel AEUINE £ AT,
ZEo] BAlsl= Yole Al A{oﬂ;ﬂ E}ﬁlz}ako o] ;\1 e
th ABB7} ASEHAR AGAE S ot 28
= Alo] 2Eolth, A 71 90° o ol A F-E] BE AL
£ FglaL, S22 7)FoR B Target A9 4
A0k oJ5tel W= RE FEE wo}— g Hls

ASIotE st Xl M13d, M4z, 2021

YA =2} WAt 35 A EY o)A
6. 4 &
B =Rl AR el o] AR FaAFs Ao 5
3 el A 2% e)a & Er) A ogake seld)
7] 95 FeAEAR]

AR oF BaS o] &3l A&
o] & I 3kelt. d2]2] NASS
dlo]ej 2} s Bl vlo]HE o]-&3te] & A} 23]
Al kA wekel A 217 (Left Turn/Opposite Direction—
Straight Cross) Alube] 2o} ¢k bk 2130 8] A] 9ol 4]
21 %1 (Straight Cross/Right Direction—Straight Cross) Al
4819_3 EESh Al EEo]de CarMakerE F3l Wb
A< 7453911 Constant Velocity =23} Constant
Turn Rate Velocity 22& 7|Hto.2 H245R98 A
A3ttt
AaFY7 2 AEB7 )5S 5L
TTC(Time To Collision)& 7|§Fo.2 AlEAZE L
o] AABISIT) 7 AFe] Sk 2
74, AA T 70°~130°74X
o AlEge]dE X
o] &gt -9, A W97t WoldaS A s WAlehs 7
& GRIstglon], A7iakge] FA 2o X19) Al Al
Oiélt wdlof Hja] A 48%9] ALE Y F AU
F gk 2k 231 A g ekl A A7 (Left
Turn/Opp051te Direction—Straight Cross), 3+ 215 2%
T3 A] $-Zol|A 2R (Straight Cross/Right Direction—
Straight Cross) 7 AU Lol 4] 90°017d<] AA g
THAIH, B AbLE 3 T)she Als ERleskgion, At
o] &= W7} 40km/h olEtll A FES 3]9ehs A
S ER1E Uk

109914 374417 7}
ALk 1 A% A o B

7

This research was supported by a grant (code
21PQOW—-B152616—03) from R&D Program funded
by Ministry of Land, Infrastructure and Transport of
Korean government.

i

S1k ]

(1) EuroNCAP, 2021, “TEST PROTOCOL — AEB
Car—to—Car systems”, Vol 3.0.3.

(2) UNECE WP.29 GRVA, 2019, “ECE/TRANS/WP.29/
2019/34/Rev.2”. Inducer Blades by Finite Elements’,

121



Journal of Spacecraft, Vol. 8, No. 6, pp. 657~664.

(3) OSCCAR, 2020, “Accident data analysis — remaining
accidents and crash configurations of automated
vehicles in mixed traffic”, Vol. 1.

(4) DFOFHEA A28 http://taas.koroad.or.kr/

(5) A&z} HAx H7}, www.kncap.org

(6) A&, A, Hol&, o8k, 2017, “A AlA

2819 WAk SE ol A B, tighu st

Skl 317], 323~327.

(7) Addl&, gA1d, 4785, dsk, 2017, “wat=
8 ARAL Ay ol gk uld AlA e} ol Al
O AaL A5 37V, =ITSES] w4, 16(5),
96~108.

(8) &+ 2021,°A Study on Assessment Items and
Considerations for Development of KNCAP of

> Y

lo

122

Automated Driving System”, AHsx}oba8}s] =]

102~110.
(9) olu13], 2018, “AFIVAF A | ek DY S
FH TP NG DA UL, AR, 7

[¢
il

(10) &7, 2020, “=of) =4 EAL
Hl 5 5 = LS
T+

(11) BrdZA 2016, “AF=n) A S42) 7} 42e 225
&) 2% X}Fe) 710187 g3te] ehal
27, Bkl =1, Ivlneh,

(12) oL, 2013, “TWa FE 39 4% AL 919
AEB®} CDC] EgAlofoll #at A7, AAbelg)i=

A
5, Syt

ASIotE st Xl M13d, M4z, 2021



