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Abstract :

For the commercialization of automated vehicles, it is necessary to create various scenarios that can

evaluate driving safety and establish a data system that can verify them. Depending on the wvehicle's ODD

(Operational Design Domain), there are numerous scenarios with various parameters indicating vehicle driving

conditions, but no systematic methodology has been proposed to create and combine scenarios to test them. Therefore,

projects are actively underway abroad to establish a scenario library for real-world testing or simulation of autonomous

vehicles. However, since it is difficult to obtain data, research is being conducted based on simulations that simulate

real road. Therefore, in this study, parameters calculated through individual vehicle trajectory data extracted based on

roadside CCTV image-based driving environment DB was proposed through the extracted data. This study can be

used as basic data for safety standards for scenarios representing various driving behaviors.
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Table 1. Parameters

Parameter unit

Velocity Vertical km/h

Acceleration - m/s2

Relative Velocity Vertical Front/Rear km/h
Relative Distance Vertical Front/Rear m

Angle of Entry -




104

E2 AU A F
Table 2. Number of Scenarios

FEoHMY "It ALZ|2 RS QT T ofIiH

Seocho IC Giheung IC W LA 35& Alde| oA A5 7

Scenarios 7,364 2,358 TR e ET% I-63 o] wlaskth dAEI
Drive 7,246 2,299 ggste] A M vjEse FEREE Gl F
Cut-in ) 2% S A3 AU E A3 WAoo 7 Hutksle] £tk
Sudden Stop % 35 Aestdon, Cut-in 2 FAA/FAA Alvge 24

FE2Y &5, 7MEE, AUEs, duAgd gk wAEsE
“in AVEIL WA AAE SEs RS
ARV W AL S R Cotin Pupels WA Alolri Secst e s el
: X I AUEs, AR T FAdA vz dyHez
ol MzoA 7364707, 3 72467d Cut-in 9271, &7 ’ ° -

’ e e ATE BASGL FAARAA Al el

&/FAX 7 67002 UrE}ki’E} 718l M= F 2380 cnm AT WIS RS o= -
=a10] 29097 Cutin o A, B4R B0 ZICAA Ad oz Az ZA Yehs AoR g9l
T e ’ Atk ZFICAAE Adale B4 Al % 2 sHE e}

et dld Alve e 2 A G FEE )

0.05 002 0.03
0.045 . 0.018
W seocho IC
. - e -
» Giheung IC
2.035 0.014 -
T o0z g 0.012 3
H g H
001
2 ooz E. 3 0018
£ on £ o008 £
2015 0.006 oo
0.01 0.004 0.005
0.005 0.002 “
. A1 AR A r— o itk
Lo om s om s e 7 s 1 11 21 31 41 51 61 71 BL 81 101 111 1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86
Velocity(km/h) Relative Velocity(front) (ke/h} Relative Distancelfront) (m)
016 0.04 035
014 0.035
ISED[hDIC H Seocho IC oz lSem:hnlC
012 003 .
lcmeung ic W Giheung IC 035 lGlheung ic
01 0.025
g 5 B2
H 2
5008 £ ooz H
i H i
£ 006 £ oos Boss
0.04 01
002 I h 0.005 “m | 0.05
R il [Lee. R )
1 6 1 1 21 2% 31 3% 4 4 51 11 2 31 4 51 61 71 81 81 101 1 L3 s 7 e 11131517 139123 25 27 28 3153 35 37 26 4143 45
Acceleration{m/s!) Relative Velocity(rear) (km/h) Relative Distance(rear) (m)
0.07 006 008
007
0.06 mSeochoIC 0.05 mSeocho IC
005 WGiheung IC - ¥ Gheung I oes
005
oo g ¥
5 5_ 003 S 004
g 0.03 ! g
£ <o £ 003
0.02
002
0.01
il
. ..JIIII ““\Im..‘. 0 ml\IIHHH"HH
o - i
1 21 31 4 51 6l 71 8 9l
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 Bl 86 reimtive v ront) et 1 nwoow s a 1 oa
y elative Velocity(front] (km
Velocity(km/h) Relative Distance{front) (m)
025 0.06 0.02
. 0.035 W seocho IC
02 lSem:hnlC 005 seotho I
i h |c WGiheung IC 0.03 W Giheung IC
iheung oz
B o1s z 5 002
H : g
E_ 5003 E_ 002
g 2
2 01 < e & 0015
001
0.es 001
| ul m lﬂ li
P P ATI [Tr— 5 III||||I “HHH”“”,
6§ 11 16 21 2% s 4 s 111 21 31 41 51 6 71 8l 91 101 11 T P
An’:eleratmn[m/s’} Relative Velodity(rear) (km/h) Relative Distance(rear) (km/h)

T2l 6 Al ojofs4 2
Fig. 6. Distribution of Parameter



detucl=xzsstsl =X ® 198 X 25 20244 49 105

E 3 AU2|2E D Al EEshe Aoz vehka, AEICAAM gL

123
~ T o

Table 3. Parameters for each Scenario 3 Al A e owE oz JehgAw FAA/FAR
Al

fr
N oox

Seocho I Uelo Al Al obE A el £ Aol 7] FICo
= - wak FAA/FA A 3z =
Scenario Parameter mean | std max | min A o EA e, 6&, R O]ﬂ% | TICi— '
SES A okEl A% 7ke] At ¢ 71 Ao ]
o Velocity | 4245 | 1562 | 11507| 472 VICT 1 - A “j 17k o e i:f}*; f
rive o Zro] Z+ A Qo A Al T 2] H- o] wiid 2y
Acceleration | 1212 | 349 | 2699 | 2.14 219;:] ]}’0; ‘jr‘jnoﬂeﬁ i ]_7; ]}“:Jﬂﬁqﬁ ;74]
2 g9l3gly, 2 A FEe v 3
Velocity | 3048 | 17.63 | 9060 | 4.23 = ;Sf;:;’ o _‘;O;E} e v ©
=2 3 e
Acceleration | 928 | 447 | 2554 | 143 = R R AT
Relative Velocity | - n
Front 481 | 2127 | 35.98 | -60.24 v.#E
_ |Relative Velocity| 555 | 1450 | 1685 | -5238
Cut-in (Rear) 1 z#=
fieladve DIancel onor | 1664 | 076 | 253 R Agoae AsFAAFe] T4 ok FrhuEe
] g T537] Y8l AxICeE 71§1Ce =% CCTV %4&
Relative _ - -
55 G 519 =) =) 2k O ==zl T ZElE FuRcE) ¥
Distco(ea | 348 | 124 | 558 | 079 Laetel, A A% 7 o}; e FEEREERR PR
o~2 ==z B o] 70 olsl i)
Angle of entry | 1292 | 492 | 1949 | 143 TE] TE H _”“j j?]a ; Lj};*i} .
o= ==3 folgH &= AER 3 ol sy s efj = Wt
Velocity 2360 | 994 | 5058 | 748 ) A 5= = e~ =
& 5 Aol AeFAA Y B Adeles 99
Acceleration 764 | 263 | 1454 | 315 } .
: : 714k dlolgl 2 &-§o] 7h5s}t
fielaive VeLOIY] 153 | 2101 | 7643 | 4247 w3, dolElE i ol TPy We oz 7}
o 5F © p S =] 0= =3 L~ olo A
Sudden |Relative Velocity| . _ - vor | & Areled gk by 87k el g =E T oM
Stop (Rear) | 1002 1499 | 1685 | -52.38 oz FotEu] Auged Fgdee] hige BAT 5
Relative Distance T = MAS HAT 5 A Aoz BEA. ol B
(Fron) | 007 | 1664 ) 8076 | 253 B3] £ AVE FHol BEF 5 e Ao wrHn),
Relative Distance| o o | 1o/ | 522 | 79 ofF fdMe & ATelA 28" 14 CCTVE £F
(Rear) g i I M sfel, %7k CCTV % @l %5 chrg aviolelel A5
Giheung IC 58 o we dolgrt FEE ook s FAE dolHE %
Scenario| ~ Parameter mean | std | max | min 3 FdeE =2 Axrdoz AleE 4 9S Aow yHETh
4 Velocity 2448 | 2470 | 11953| 0.35
Drive =
Acceleration | 7.35 | 7.36 | 3453 | 0.14 2. &= AT
Velocity 2013 | 913 | 4404 | 185 B oadyeE 1552 ¥ CCTV 948 &8sk F33
Acceleration | 6.05 | 2.87 |12.848 | 0536 g 24& Pt oy 2 7R A7) dA7F EAjg
Relative Velocity 511 | 2197 | 48978 |-41.371 4, F7F CCTVE Alg 1= JA &, 747t ¥
—O. . Rv —al. - - - -
(Eront) AEAY 3 9@ Fase 5 CCTV dve] #Eo] 4A
Cut-in |Relative Velocity| o0l oaor | og 19 A&Aola FHAAQ vlolE HEY oHgo] Utk °lE
(Rear) 7] Sl @A AR 5o % nER HolHE
Relative Distance| ., o1 | 1264 | 60756 | 2505 TFE53te el Z2 349 94S DBY dAlste 5 W
(Fron) We B A542 dolHE 75T Bat A
Re]a“;’;e?;)stance 288 | 135 | 525 | 042 EE B A AE 2& b5 upis gl pA g
S R R AR 24 5 AMe CCTV 94< 243 Fdds 23
e A B Rt B oh %9, ke AL 2 g A% CCTV FREAS
Acccleratlon_| 357 | LB | 017 | O £ FAE Aol S Bl v Y= pE £EL 5
Re]a“(‘gozte)lomty 330 | 694 |19372|-13.104 9e Ao werh
npRjg o 2 B A A s UukA] wBAdsAe F
Sudden |Relative Velocity| . . — __ o oo oL=101 o3 .
Stop (Rear) 642 | 786 | 2265 | -11.5 PP SA4NE oA, et HolErt A H
W, ol uleoR WEAR WA 53 2o f3 4% W
Relative Distance _ o ’ . )
(Frony | 297 | 527 | 20928 133 Aol tek G4 B wEAL By AHL 3] 9% =
. B waksl AU Q. AAIE Bdo) tsE Aoz yuEd
[e] ~- RN o =2 N puA
Rela“;’;e];’rl)stance 1473 | 1087 | 4191 | 175 e oE e




106 FYOHY ot AlLtEl2 TEES

References

[1] NIPA, ICT Global Market Analysis, 2023.

[2] Ministry of Land, Infrastructure and Transport, Mobility
Innovation Roadmap, 2022.

[3] https://www.autoherald.co.kr/news/article View.html?idxno=50594

[4] S. Feng, X. Yan, H. Sun, Y. Feng, H. X. Liu, "Intelligent
Driving Intelligence Test for Autonomous Vehicles with
Naturalistic and  Adversarial ~ Environment,”
Communications, Vol. 12, No. 1, pp. 748, 2021.

[5] H. Nakamura, H. Muslim, R. Kato, S. Préfontaine-Watanabe,
H. Nakamura, H. Kaneko, H. Imanaga, J. Antona-Makochi, S.
Kitajima, N. Uchida, E. Kitahara, K. Ozawa, S. Taniguchi.
"Defining Reasonably Foreseeable Parameter Ranges Using

Traffic Data for Scenario-based Safety
Assessment of Automated Vehicles,” IEEE Access, 10, pp.
37743-37760, 2022.

[6] E. Esenturk, A. G. Wallace, S. Khastgir, P. Jennings,
"Identification of Traffic Accident Patterns Via Cluster
Analysis and Test Scenario Development for Autonomous
Vehicles,” IEEE Access, 10, pp. 6660-6675, 2022.

[71 J. H. Kim, T. J. Song, C. Oh, N. M. Sung, "Methodology for
Evaluating Collision Risks Using Vehicle Trajectory Data,”

Nature

Real-world

Journal of Korean Society of Transportation, Vol. 26, No. 5,
2008. (in Korean)

[8] S. Chung, J. M. Ryu, N. Chung, M. Yu, M. S. Pyun, J.
B. Kim, "A Study on Development of High Risk Test
Scenario and Evaluation from Field Driving Conditions for
Autonomous Vehicle,” Korean Auto-Vehicle Safety, Vol. 10,
No. 4, pp. 40-49, 2018. (in Korean)

[91 H. S. Chae, Y. H. Jeong, M. S. Lee, J. K. Shin, K. S. Yi,

and Validation of Safety
Evaluation Scenarios of Autonomous Vehicle,” Journal of
Auto-vehicle Safety Association, Vol. 9, No. 1, pp. 6-16,
2017. (in Korean)

[10] https://www.safetypool.ai/

[11] J. H. Cho, H. K. Yang, "A Car License Plate Recognition
Using Colors Information, Morphological Characteristic and
Neural Network,” The Journal of the Korea Institute of
Electronic Communication Sciences, Vol. 5 No. 3, pp.
304-308, 2010. (in Korean)

[12] C. H. Yoon, "The study of Authorized / Unauthorized
Vehicle Recognition System using Image Recognition with
Neural Network”, The Journal of The Korea Institute of
Electronic Communication Sciences, Vol. 15, No. 2, pp.
299-306, 2020. (in Korean)

[13] M. J. Kim, D. H. Jung, H. G, Kim, "A Study on Estimation
of Traffic Flow Using Image-based Vehicle Identification
Technology,” The Journal of The Korea Institute of

"Development Performance

Intelligent Transportation Systems, 2019.

[14] J. Jang, "Freeway Bus-Only Lane Enforcement System
Using Infrared Image Processing Technique,” The Korea
Institute of Intelligent Transport Systems, Vol. 21, No. 5,
2022. (in Korean)

[15] C. Y. Wang, A. Bochkovskiy, H. Y. M Liao, "YOLOVT7:
Trainable Bag-of-freebies Sets New State-of-the-art for

Real-time Object Detectors,” In Proceedings of the

o

FHHE) o7 FFol 2ot AT

IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 7464-7475, 2023.

[16] J. Redmon, S. Divvala, R. Girshick, R., Farhadi, "You Only
Look Once: Unified, Real-time Object Detection,” In
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, pp. 779-788, 2016.

[17] K. He, X. Zhang, S. Ren, J. Sun "Deep Residual Learning
for Image Recognition,” Proceedings of IEEE Conference of
Computer Vision and Pattern Recognition, 2016.

[18] S. J. Ha, J. H. Hyun, S, W. Han, S. H. Jang, "A Study on
Global Coordinate Generation Technology for Detecting
High-precision Traffic Data,” Information & Communications
Magazine, pp. 1,173-1,175. 2021. (in Korean)

Min-Ji Koh (2 % %))

2020 Transportation ~ Engineering  from
Keimyung University (B.S.)

2021 Transportation  Engineering from
Keimyung University (M.S.)

2021~ Senior Researcher, Industry
Promotion Office, R&D Center (ITS

Korea)

Career: 2021 ~Senior Researcher, ITS Korea

Field of Interests: ITS (Intelligent Transport Systems),
Autonomous Driving

Email: kohminji@itskorea.kr

Ji-Yeon Lee (°] %] )

2015 Urban Planning &  Transportation
from Kyonggi University (B.S.)

2019 Transportation
University of Seoul (M.S.)

2015~ Senior Researcher, Industry
Promotion Office, R&D Center (ITS

Korea)

Career: 2015~ Senior Researcher, ITS Korea

Field of Interests: ITS (Intelligent Transport Systems),
Autonomous Driving

Email: olwldus2@itskorea.kr

management  from

Seung—Neo Son (£ £ V)

2004 Transportation ~ Engineering  from
Myungji University (M.S.)
2010 Transportation ~ Engineering  from

Myungji University (Ph.D.)
2010~ Executive
Promotion Office (ITS Korea)

Director, Industry

Career: 2010~ Executive Director, ITS Korea

Field of Interests: ITS (Intelligent Transport Systems),
Autonomous Driving

Email: snson@itskorea.kr





