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ABSTRACT

With the advancement of autonomous vehicle (AV) technology, autonomous driving on real roads

has become feasible. However, there are challenges in achieving complete autonomy due to perceptual

Received 25 March 2024 blind areas, which occur when the AV’s sensory range or capabilities are limited or impaired by

erizl 12 Apﬁl, 2l surrounding objects or environmental factors. This study aims to analyze AV accident patterns and
Accepted 18 April 2024 . . X . .

safety issues of perceptual blind area that may occur in urban areas, with the goal of developing

© 2024. The Korea Institute of test scenarios for Level 4+ autonomous driving. It utilized AV accident data from the California

Intelligent Transport Systems. Al ~ Department of Motor Vehicles (DMV) to compare accident patterns and characteristics between AVs

tights reserved. and conventional vehicles based on activation status of autonomous mode. It also categorized AV
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disengagement data to identify types and real-world cases of disengagements caused by perceptual
blind areas. The analysis revealed that AVs exhibit different accident types due to their safe driving
maneuvers, and three types of perceptual blind area scenarios were identified. The findings of this
study serve as crucial foundational data for developing Level 4+ autonomous driving test scenarios,
enabling the design of efficient strategies to mitigate perceptual blind areas in various scenarios. This,
in turn, is expected to contribute to the effective evaluation and enhancement of AV driving safety
on real roads.

Key words : Autonomous vehicle, DMV autonomous driving record, Peceptual blind areas, Traffic
accident, Disengagement
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MAAQL 13t} TA] FF38ke] wE FAo wel AE-F3Y AT (Autonomous Vehicle, ©]3} AV) 7]&€%
ol g8std Zo2 gt vx AgA-E-8k3](Society of Autonomotive Engineers, SAE)©]A]
AXNG A&7 A F A @ 4 o] nE3stE A& (0]3} Ly 4+ AEFH) 7= o] A AA
Aoz @d] 713 Fo|m(National Highway Traffic Safety Administration, 2016), =A% 2027'd 4}
53 AE3E FXE A A= A4, e R 2 AS A7 ASH0E AgET

HEo] AV ¢HEALaLe] o B H 43S ) AV oA Bl AEE IFFQ GAE Q4 H o2 ¢
3 2o Il AEFHFATF HAEH Etest-bed) S T3] AVE HAAS H2ES T T} w|=o)
M-City(UMICH, 2023), ¥®2] J-town(JARI, 2023), 2= %12] AstaZero(AstaZero, 2023) 5 AV A% &30 &
sty Bl 2EW U vldE o] oy 2 48 7oA AV bl AFH Aok Sl = 314 9]
K-Cityo} &, A4 59 AV Al &AAHN A AV A5 F HHA B77F o] FolA 1 Joh(Kim et al,
2021). olgg Fd AT tjEo] AV A HIIE Q8] AVIE AA| E2A AW ¢ e TggE
WE FEES ZUE AV HZ2E AU E /Pty 93 d75 &ds] A= Qi dF 501, 599
PEGASUS ZZAE= AV %7} Avg 9] /Mgy f38S AMEA B3 IL(PEGASUS, 2023), A7HE2 9]
CETRAN ZZAE= 67712 FA A AU HFE E=EF3ATHCETRAN, 2020). =u] A3 AFolA=
I&4EEE BEARL Ho]EHE 7Hte g B3 wd#(topic modeling), B]2E 7FEA] E-4(text weight analysis)
5 okt WS &83te] AV EH2E AU S IEETHSo et al, 2019; Chae et al., 2022).

Jdol= E7eta, HE AVY AEE F3o] FUIE el weh AV #HH PHAbTE Slgol WA s A,
AVE] =4 F kAo i 27t Sk Ak YAE T2EQ AW dlojE B4 w2d HEP
(Tesla)®] 2 E3}U Bl (Autopilot) =91 ©]F oF 70071 o8] F& Al TSt om, 1 F H4 1971°] A
ARl A SR VEFGTHWashington Post, 2023). Pl=r AUEEHGM)Y &5 A3 A} IF2= AV
o Bgae] = AR Qlel 79 EREA ¢S F & Tho] FHITHABCT News, 2023). A AA F4
AHFAAZQA 7 A A& 71E AR f8) F2a AN AAl B 2o s A9
&
=

343 1=

AV 71%0] B 18 4Bl 93] ) Aol

Sl9h 2ol Ly 4+ A&FBE SalAE B3t 2olA, QUAF B B} EASHE B
70 A Aol BEHOE RAsolol Ik T B B4R T BFNAE Bk 4
QEE I3 AVE] AAF ARHAY AsEE FFol Bossl s Hu, o] A5 AVE £44
oA AAAE AP AT A B AL ool d F= Ytk olsh Ze B A YR Al

o
by e
>

174 QTSR =27 TI233, M22(2024H 49)
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ARZEA| i (blind spot) & 18l et 1A Aufjok= TEA, T AAY 847 el o8 Ave A W
A7 AgtEAY AstEte A2, B = RodlAs o& ‘AUA %Y (perceptual blind)’ .2 |3t FEH
o Q1A 5B AVY FhHlgh AlA o] Agtolu Ml AR QIZ 1A A3 FAI7}F o2}, A& FY F
2pgFo] R1AEHA] Kot FH FHoA BT = Je A S guigth AV s As B3 A
A 5YS AEste AE F83HARE AVZE AA 9 F B3 FH AT EENF ] AW o
A 9}«% 1A S9E gotata, oled A 5 ol oA9A S F UeA AT Zol 2
FHolt} Qb E Lv 4+ AE&FTY S 5t HZoe T A T Azt 5As 53 A FHF
701'(percept10n sharing/augmentation) 52| A& HH o] 2L U E W2 9] O™ (Wang et al., 2020),
AE&F8 g H2E Auge s 1A 9e 1BEr] 93 o|UME BT} =9H 1 Qi
71&9 AV HZE AU M2 Ly 4+ A58 A& Hrlstr]ol o8 714 SAI-E S 71A 3 it
AR, o] A8 A= A BT Yibateko] ALT HloEE 7[W O R AV HIZE AlUE]Q9 a4E
Zab, AEE 99 43S TohE AU oS AatthSo et al, 2019; Ko et al, 2022). 1ELU} AVE
diatgas o2 £ EAS 7E 2 97) w20l (Liu et al,, 2021), AV7F Dukaieka) Exjste] Fa3 A
A A dukatge] Abaiel g FEj o] Al f3o] UERE AR o dEh weks AV B4 W 73
Z
&

rr

{o

A B7Ee AEEE grer] ), AVel YnkatEFo] E3tE ERo|A WA A4 AV ARLL HolHE
8ot Weto] AAEoof gtk EAE, A8 ATE =59 AV HZE AU o= AVZEAISE watE &
o BT EAE 3 A AT = e A 59 S5 st JA Foh iR d7e A
+ZA BZ Al2~El(Advanced Driver Assistance System, ADAS) 5 AV T3 2] 7|53 Q40 i%% gr3=o]
HXEZ 133’3]'933} Lv 4+ ZA&7P ] 205 faiAe 4% F 4% dshd 583 Adow A A

of el SO AVY Q1A FHo| AFE o] Y o] WA= A T o] WA 1 A F ook
ato, o3 TS AV H2E Aelest FAHe R s ojor duk

ol B A= UA £9E 1T Lv 4+ AT S AT HZE AU & JiEdshy] 93 A @A =
A, Tt the Avel A% 8 AT f8€ oldleli, B4 A4 UA fFow ddd B £ 9
= 948 A th3 BALS ST RS 8 wF AyxEyol x}Ede] = (Department of M
Vehicles, ©]3F DMV)ollA Al g8l= A-&FY2EF 34 715 tolHE &8skl AV Abal Yot 54L& 5
okl QA &9 Al E &3

. 3d a7 1%

B AFE Ly 4+ A5 HAE AU 28 ALsy) 918 Ave) Ax FeE sebetn oA 49 1
#Ha 99 *Hﬂ%_— BAshe b 2HS T2 ok AT AV 7% BAT 34 AF AL O Bo] o] Foix)
WA, AV HI2E AluE e Al A7) 29 AaEa ok AV B2E Aue e Ate FA4 AVe) Abx
EQS BMEHE AT AV &3 A A Aojd dake BAsis ATel WA #eol ok AV A}
T EA BA ATE AV REAT HolHE 283k AV &1 A% 18 Aue] Feel 9dS s}
3 Aol 2H S BTk AV Aloj@ AE B AFE AV 73 QA A (stability) S Eol7] SI8) AV A
T2 Fd 2 2e Aol A% Yo 43S BAsty Aojd A3 43 ) AV-°4 AP EEa).
T Ly 4+ A58 H2E AU A B3] gho] AV AL EXT Aol ARS BAG A=

| F53 dAolt

o
o
Y
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of Aol AV AT HlolE] Mo 2 & AV AR B4 Alold A% 99 43 ¥
e, Ly 4+ 485 HAE Ao MRS BES SUH B A7 ol A7
s,

M

1. AV Al §M B4 A7

Favard et al.2017)< 2014 A 5E 201797k 2] DMV AV ZEALLL Hlo|HE 7|¥EeZ AV nFALILe]
WE, 5%, J8a 93 £4& THHoE st 24 A3 AV AL F 2% v $5 AR EAY
3tH, F3 72 (Vehicle Miles Traveled, VMT)& Al ®1% Zho| DA S AAAA7F dS-0] YERTH

Petrovi¢ et al.(2020)< 2015A5E] 2017374 A3 AV wEALTE BAste] AV Al F33 49l
SEAh Y A9 duakg wEAAL dHolH ke BAA vl BAS Bl AV Abaet dRkaE
Az 3% BAE Fofstdth B4 A3, AV BF5ALAE T FE F30 FE TSP oH, B
P TE, SW FTE F3Y A AP o= Aok =3 AV AALE frdske gekabge] 4 A
= HASIA| ¥& S T(unsafe speed)’ St ‘U F 717ko] weElz)r](following too closely)’E THEHE AT

Park et al.(2021)-2 20199 5-E] 2020714 A3 AV WEALTE HAE Iy 7HS o] &3] EAls}
At A3z 02 3 (bumper), $H(rear), JJ_Z]-E(mtersectlon) So] EL HlxY FQ J|YERE TEHJO
H, o]& Sl AV FALLY] F8 AA e} T AR T& FSIATh TS, AVIE OE AR 93 =
HAY SN FEIHE A7 AL A FE o]F2 les HASAT

Sinha et al.(2021)-2 2014d5-E 2019'd7-4]9] DMV AV AkaL
I, AV SE AZtEd tist 2dS JpEetnh 24 Ay, AR 78
g} Q47 AMaL AR F8% IS A, Ao ke g A

W W5l e AT

Mo o

Kim and Kim(2023a)-> DMV A}3 HilA| 9} 298] F3H4 HolHE &8st A&FPA} Alao] FaF
< U]i]% 33 845 BAEST AR H2E ol JHo R A% A, 2 FAE A,
ARA B w2 AEARE, M2 AR EA A5 ALFPA AL AA R F FFe A= Ae
A A&

Kim and Kim(2023b)-> AV A3l P EEQ| WAL AR FF 0] 2(Google Earth)] 37F AR, AlZghA|
23 wFEwe| W AR HolHE Fh5Y AV AL E BAS JPEEigith AXE BdE B 2=
7} Fes2 AAA T Wa Qe 2AE u), Bz} AHA A o] (Ag)0] B AHYS2

ALFYA ATHZAEIL F7bsHe AL FsAch

2. AV HlojH Mgt 24 o7

‘Alo} @ 7 $(disengagement)’ ©| T AV F& F A-&F3Y A xHo] A E = FFS PO, o= AE&F
3 Az"o] 98-S A E FAste HANA AolE F=EIHE A9t LA gEH o2 AYst
A&7 REE HWAse A5E vdh

Lv et al.(2017)2 20163 770 AV AZAJA7} AE3 DMV Aojd A RuME BX5te] Aojd HAg
48 EAT Q9 81 Alojd A9 wAYES EE5QT o] dFdAME =5F Aol A (Passive
Disengagement, PDE)$} 552 |0} 7 3k(Active Disengagement, ADE)C. 2 Hlo|H & E/F3l1, Al=PA 1t

176 QIR TSYUZ| =27 TI233, M22(2024H 49)
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Aod A% WAUSH A3 AHS vwsidoh B4 2
it =
Feng et al.2020)> 201919 DMV Alojd 3 RIAE 7|Hto 2 AojA M3 AU A& EF3}
Aok & AFolAe Alojd M AAS A= B AP, AR, AY F GAEA, A 2F b, A
2 @2 wE A, GH I oE BRI, AXHAL EE §3 SolA o)E Hla BAsATh &
A, AE g gAEA o] 4 Hok FARE Ao AFo] FE doju= AYE Y-S YERRAT
Boggs et al.(2020)> 2014 dFE] 2018704 LS AlfA A3 HoHE $33t AfA #F 4d&

;1
b
|
Im
4—42‘
K3
A
Y
b
ro
&
Y
K3
A
=)
et
o
)
b

5/, AE&538 Al2~El(Autonomous Driving System, ADS)ll 9|3+ Alojd W& S Afo| 25 AojA
S vtk Aol m=H, ADSE QIgh Alojd Mo F2 AlE F stEgofj AT E o] EYUXA
AR dAs, 1EE2HT AT 2] B B4R ERA Aojd Hgo] Fr WASAh EF,
A2’ At FoldeR ADSE QIS Alojd HE ThsAdo] Fobd Ao g Mt

3. 2 o7 Rfey

DMV AV ALLL Ho|E S &43 7]|& AT E UFELS Ly 4+ A5 HAE Ayele e 523
ZHo] Yok thFE] A7 AV TF FXEQ TF FU TE A AU 5L N E A 8-S
BEFGAT, o3 d HaozE Aol Al AV 3FS HEsH olalsly] otk B AFoME Ala Ho
Elo] & 19, T A 22, A AW T vt FRE TS AV ATt B w4
S FAHCE EA%TE o] F Bl Al A FEE AEA ERSIE AE&FY RER AMa §A4E Blas)
of AVE] APEAQI AL EA4S 29t

AV Aojd A% boleE 283 A A7E divkre T2 Ao A8 #3S BFRL AxgAS
T2 78 59 EA 71Fo2 Ao HE MEE vlwdte d HAFEATh I8y Ly 4+ AEFY H2E
AUE 2 s B B4R FeS RlEA] EgEoojof &y, HolElE /Mo g E7tEE Q1A &%
AUE 25 THotatal old tiulskE Aol Hasith wekA, B AFE F8 J|YERE Alod A% F3¥E
R, A #H Aojd A3 Al T AR A9 HESIY AA $Y9 F3F FA A AEE =&
SFATE B AFolA A" AV T EAS 1Ed AV AL 78 B4 Alojd HE dlolE 7|W Q1A
=99 73 Ao 9 A RAbE old AT} AEEE AEL AEER, Ly 4+ AE&F8 HZE AU
Mo F83 712 ARE AT AoE AT U Yol o= Lv 4+ AV AT F8 ¢hdA o
A S A% 523 2407 Z8F Aot

M. 95 34

1. 24 H0IE| - DMV X2FdxE F8 J|5 HI0IH

= AP EYolFE 20495 H YHER2 oA AVE ¥ T2 S At i) 202230 4
°] 2 (Waymo), =L-FZ(Cruise), °§ Z(Apple), W =(Benz) 5 26702 AAoA F 1,553t)2] AH&F3o] 5=
a1, o] F 1,081tHe] ApeFe] HIhell AHEH ATHKim and Cho, 2023). ZZ5 &9 & wie} AV LA

AFA A Al 109 o2 AEFHAY 55 2 L E(Autonomous Vehicle Collision Report)S A &3

Vol.23 No.2 (2024. 4) The Journal of The Korea Institute of Intelligent Transport Systems 177
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oF ZITHCA DMV, 2023a). =31 JAEZ AV H7} HolEHE £33l uid 1Y€ 19714 DMVl 23 78
AR, 55 9 3 dF, FPAY Fol 2FE FAAE dlolEl 9t AV AlojA Fke] A HHI} 2
H AlojE A% HlolE’E DMVl B 1sof ITHCA DMV, 2023b). £ Ao A= DMV AV & ZZEES
53l AV AR HolEE 35t AV ALLL FHIE E43t, DMV Alojd M3 B XEE 53l Aojd

A R e 7k A =D AElE E43T

1) AV WSAIL H|0|Ef - Collision report
=

AV SE ZEE = AL A G, 2 Al 2AL Abarel #AE RGNS, AR, BlA §), FE T
9, = Ao FY A, A&FY = B3} o5 5o FHIF TFE Tk 53], AL A&l it

H A P 2E g oJHZ FAR] 2F 2%k ‘AT AFA] A (Accident Details Description)’ 35 % &gt}

(Lee et al, 2023). £ AFol = 20199 FE 2023 d7A] F 518719] AV AkAL HlolE & £4o] &85t

2) AV HMo{# =k o|o|e| - Disengagement Report

DMV A M2, Aojd A& A& A 2go Q{77 LAHAAY x| kdd Al E 23
AT SA Qs A AAAE 77 fE AEFE REE A= S gt Alod
A YXENE IEEE, TA B2 WAR F Aojd Ade] BT 52 {FFES AN S ok 3, AojA
2% LA Als AHsfor gtk ol E2 9 wF A w4 55 AT 8olE ARESHA ¢ gt
JEX olald & e o8 B4 FHZ AAsof ot mebs, JAE Tkt dolst F4 oz Ao
K U Hol Ak =3 A AEE FETE XA A7} Ao MRS A7 FA(A
W, MY 2R, 97 evfElol i H5A By7k TR BASoE Gk Aol A e He

o>

<Table 1> Example of DMV Disengagement Reports

Category Contents
Manufacturer AIMOTIVE INC.
Permit Number AVTO036
Date 2021.12.06. 10:39:23
Vin Number 4T1B21HK6KU514747
Vehicle Is Capable of Operating Without A Driver No (Yes or No)
Driver Present Yes (Yes or No)
Disengagement Initiated By Test driver (AV System, Remote Operator, or Passenger)
Disengagement Location Freeway (Interstate, Highway, Rural Road, Street, or Parking Facility)
During the lane change, the test vehicle could have got too close to another
Description of Facts Causing Disengagement vehicle in the target lane. Root cause: object detection issue. Conditions:
Non-inclement weather, dry roads, no other factors involved.

Aojd A YXEEF 53 AV/F T T AA SHOE A3 DA AF(FEAI) Gl Uig AR

SR £ Atk g, B A7 = Aojd Ag HolHE EAsle] AVY AR F A QA &9

Z Ao HES F A F3E st BRI
E |

o
& o]
A A% YEES FE3I] F 2410009 AR A A

A& 93] 20199 R 20227149 A
A q
b
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2. 979 el ¥ Ext

B A7 g4 W v ARTYolE tolA AVAL FAE & i RE 499 E2w dEw
EAR ER, 3R, A8y E2 & BT EIIIT o= DMV AV F37] = wlolE o] 314 el 3
G A7 91 AV LEAT dolE o] H9 20199 195 E 20234 897, Aol A wlole]
7492019\ 1€5E 20221 11€7HA 2 P50 Uk

2 AT AV AFAL HOlHE Tl S= thdel we A /S EFShL, AtAAbL T EE f
g = A 22Yd et FAZ Al £33 EFS9TE A2F3 EE(autonomous mode) A3} o R E
AVl dnbapere) ko W= 8l S45 vt /1A 59 ARlE detslr] fe) AV Alojd Hgk Hlo]
B8 A7 A% WA A BE AYSE BRI, IFAHE A4 §99 Aojd ABOZ BA e
& F3 A Yol dF TAAH AEE =ESh A7 Zal ¥ as <Fig 1>9F 2t

Investigation of Road Types, Pre-collision Movements, etc

—>| Analysis of Accident Types Involving AVs |

!

| Analysis of AV Accident Characteristics
DMV AV Driving Dataset

Autonomous Vehicle Collision Reports

Development of

— Lv 4+ AV Test Scenarios

Disengagement Reports «  Utilizing as Fundamental Data
—'| Analysis of Causes for AV Disengagements |

!

| Analysis of Perceptual Blind Scenarios in AVs

Analysis of Descriptions for AV Disengagements

<Fig. 1> Research Framework

3. 9170 THE 24

XZ|

iy

1) olojef $7 & &

UM FHE AV LEA HlolH 518710l et A&Fd REC] A3} o Rofl wet ‘Auto BE 27570
(53.1%), ‘Manual 2.E°> 24371(46.9%) 0. & E-{3tATh A&FY RE+ A"l o) Apefo] Aoj== e
£ 9ujstn, B AT A= AV AlzFlo] 2ag FYte H9E ‘Auto BE, 34 Aol Al2=F] A
o7} oJH & A% & ‘Manual R="2 FESTh

AV AojA A% dlolH A9, £4& &olatA 3] 918l diole MAe 2d-& A doly 4
éﬂr 7} AV AZYPA = AA A3t oF ITol WAoo g Aojd M YAL 7= }Oiv}. ‘—E—ﬁl, ags zi

GA ol g ot Aol o3 Ao Hko] ot A, ol& é&% MRS
SHISHATE WA, SEEHE AHES T8t 437 A tﬂOIEi A F l%— SME ATk
3, F 1414702 k3 Aol Ad el F3S AEE = ATk AAE tﬂ olE1E F3f Aol A
A& BFSA g f39 T NEE A 2ARA

Oll
[o

—-—‘ F—{EI
Fl
N

tlo P
o my Jﬂ.‘l‘

o

e |

2) AV IEAID Hef 24 Y

[=]
AV DUFA F8 5F /gl wel A XFAFAL(Vehicle-to-Vehicle)’, <XFti o] & XA}l (Vehicle-to-Cycle)’,
2} AFFAFIL(Vehicle-to-Person)’, ‘TH5-AF3l(Vehicle-Alone)’ 2.2 /34t AxAL = AVE YnbxpsF
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el FES UeiH, EAE tolHdd mEH AV 3P SE Abales Bal HA 4tk Aol &xAkale
AV} A A, QERo|, 7] E o) 57| (Personal Mobility, PM) 53 FE3 AL E Egsith AfAALLL
= AVS B3} 7ho] 5L sy, FE ITR T} JE w2 Bo] WAEgTh BEALLE AV
7F ¥ AA F2EH FEIIAY, FlE e ZEE Q] B AAE Su|dt

ol Wt £7E 12 AL £8 T AAAL F30lM F8 =29 FH|, & A £2 U (movement
precedmg collision)®ll w2} AV D FAL FE|E ‘Case I'F-E ‘Case 10°7hA] 10714 FE 0.2 23 E/3HA
‘Case "B ‘Case 4'& ©¥EF &Y Piow %*gﬂ M ZAFIL R, ‘Case 1’2 YHEAMFO] AVE FE3 4,
‘Case 2’ AV7} GWbAtge 5 < YRkatgFo] F3ste] Fo] AVE FEZ A9, ‘Case 4
AV7} 3105t FHo dukatgs SES A8 UrE}LLﬂ_E}. ‘Case 5%} ‘Case 6’2 T3 ThEat= oA A&
Atz E, F2 A2 WA Foll At BASEA T ‘Case 55 DWkatEFo] AVZE Sl AR E o] F3kAY
AVE Fsitrt WG AarolH, ‘Case 6'-& AVZE GRbAbFO] Qe AR E A2 WA Foll WG Alare]t
‘Case 7’3 ‘Case 8’ WALE T3 F WA AYAAILE, ‘Case 772 YREAFO] WAR T8 FQl AVE
SES AT, Case 82 AVZL AR B8 F9 vkl FES 95 UERATE ‘Case & AVEF FREAEFO
nER I FE3E AbarelH, ‘Case 1002 floll AAE Abae]l EFEHA ¥ Ve 8-S E%ﬂ%‘lt}. o2 g

NPﬂ
=
o
:{o
;&3

AT 8 BRE AL B9 T2 AL 488 BRSIE Z1E AR 98 AL An 489 A
WA A AV WE thE JRE ANT 5 glo] AV AT Fe Bl w5 %016}9315}. £ apeld BRe
AV AL 9 FRE <Fig 202 2453,

ad*oo ™o ™y o™

Vehicle-to-Vehicle Vehicle-to-Cycle Vehicle-to-Person Vehicle-Alone
One-Way Single Lane Head-On Collision
Case 1 Case 2 Case 3 Case 4 Case 9

g 2|8 |3
2| |8 -

Case 5 Case 6 Case 7 Case 8
Al |
2 ¢
é &
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<Fig. 2> Categories of AV Accident Types

3) AV HMloj# XE 2ol 27 9 oIX] SY Al 24 g
s A7 32 9 tolg 48 B3 Alod dF 4UE 72T F e UEAH] 7|9=E EEIHT
£ Aol A = “Alof(Control)’, ‘27 (Environment)’, ‘7] €} (Planning)’, 1 <] (Perception)’, ‘=% ] (Hardware)’, ‘Al

180 PI=ITSYY =N M237, M22(2024H 48)



Lv 4+ 238 BAE AU2|2 Jids IF ASFAL A" Al 24

28l gl AT E 9oj(System and Software)’, ‘A= 2 9] X|(Map and Position)’, 7714 71 =5 A|Alske] AojH

12 EF73H9h o] F AA 5954 AAE AV FE TFEE QAR £ Aojd W
oz WIS FE EMS FYSA AR FH P A HF UAE AA T giA, UA
%, QAR QIA] FE) <l EW o ® 23 EFRSIAT vpA o E Q1A BF {3 s|FE = Ao
%

[e]
o
e AR B3] AA SFo) FFT FAZ AE B2 AV AolH HE U BF 2

Primary Classification
based on main keywords

Secondary Classification
Control from ‘Perception’

Environment Response After Perception
e \2 » 9 » i Y - Perceptual Blind Scenario Analysis
DMV AV Disengagement Data ,—|Misperception from ‘Perception Deficiency’
Hardware Perception Deficiency
System and Software Unidentified Causes

Map and Position

Perception

i
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<Table 2> Results of Primary Classification for Disengagement Causes

Category Number of Types Total Cases Rate (%) Description
Planning 536 8,784 3631 inappropriate route? p?lanmng, incorrect
predictions
System and software 98 3,224 13.33 sensor data errors, algorithmic flaws
Control 161 3,159 13.06 motion control issues, controller mismatch
- - - PS locati
Map and position 38 2844 1176 onboard map 1n.con515ten.c1es, GPS location
inaccuracies
Environment 25 2647 1094 interference from surrounfimg. vehicles,
unexpected traffic situations
Perception 285 1,890 7.81 recognition errors, perception mismatches
Hardware 31 1,642 6.79 hardware performance issues, component loss
Total 1,414 24,190 100.00 -
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<Table 3> Results of Secondary Classification for Perception-Related Disengagement Causes

Category Number of Types Total Cases Rate (%)
Response After Perception 16 261 13.81
Perception Susscess Perception Delay 13 14 0.74
Misperception 63 236 12.49
Perception Failure Perception Deficiency 58 143 7.57
Unidentified Causes 135 1,236 65.40
Total (Perception-related) 285 1,890 100.00
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<Table 4> Results of Types and Specific Cases for Blind Areas

Types of Perception Shades Specific Case Description

Disengagement after failing to detect a construction site outside the perception range, including
warning signs and traffic cones

Object beyond sensor Disengagement after failing to detect a vehicle rapidly entering the intersection from outside the
or detection range sensor’s field of view, violating the traffic signal

Disengagement when a pedestrian or bicycle suddenly entered the sensor’s field of view while
making a right turn at an intersection
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Types of Perception Shades Specific Case Description

Disengagement due to failure to detect vehicles in the blind spots created by traffic congestion

Disengagement when pedestrians or other objects were not detected due to the field of view being
obstructed by parked vehicles

Field of view occlusions - - - - - -
Disengagement upon failure to detect an oncoming speeding vehicle from an occlusion

Disengagement when a large truck passing through an intersection obscured all traffic lights at
once, preventing the AV from detecting the signals

Disengagement due to the camera failing to detect the traffic lights because of accumulated dust

Camera or sensor impairments

. . Disengagement when a tree shadow blocked the view of the forward-facing camera
due to direct impacts

Disengagement due to a perception error caused by the sun obstructing the camera’s view

v.d &

AV 7|&o] HAFHA HA B 22 A&FYo] JhE| AN 5] AT ASFHS &
gat= o o go] Aok 53], Ave 1A He == Ty AdEE AA & <
g AGS & Qo] Aol ASES AU LAV AYEHE ol FE EAS T Utk whebA,
AV AEE FYL& 93 HAE AU o5 MEsh] YsliMe dA §902 Qe A3 43S
TFA S o] Fash B AT S9e 13 Ly 4+ A& 63% A HAE Aug L A
A QGAZEA AV DFAL JHE Fa 1A FYEo= “@ ke A9 48 73S AR T
gl o} DMV A A Fshe= E |
S th WA, AV A EART HOJHE X
Hale] Al FEE AV AlaLe] A
A 71502 Qs AVZE Ak FA7} H
Aukatge] FE& B of7lshe A
23817] 8 Alold g Al HolHE
A2 FH9 AojA g AAL 23 &
A FBE A FHoE BEREt
Aok == AVZE OIXF?:} AE 3
of #HAjo] AT -, FhuEl T AlA %‘%33101 FEFo = QA FYo| Astd A E BRSO,
o

N
=
)
>
k1
1o
-
_—>‘.1_4“
)
re
Y
-z
o
ot
o
fru
S
=]
o
H
R
o
N
Og(:",

_t_
4
=
)
o
>
k]
i)
lo
_>‘1_4‘
e
ol
tio
1)
18
o
3R
DU
g
1%
ihd
B
>
P
Lo i
rO

2 .
7 d7e 71E %%L%# frAFSHA DMVOM Algshs HolEE FEal Al Fejok Alofd g AR
TAIAE, AVE] AsE et = e TAH J A 8 BRE T iRk 2ol U AV
AL € EESUL, A 5D BHA Aold WS AAE et A FFo] FrEH AHE
| A=k HollA A3 Aot x}tﬂ*é% 7WAt} 282 ol BHE FF Ly 4+ AT

E9e A% H2E AU FEel v Fasith &% 35 AFdMe 479 HF %*—Mﬂ a2t
2 79 A%E EfRE AV Al 543 1A 590] S83] 13E Ly 4+ AEFYC] HAE Ay
MEs AP Agolth. & A7 A} 7]ke] AV HZE Aluzle A A5 ZHPHIE A
<Fig. 6> ZTh AV A3 tlolg] 24 A= AV B2 &4 JeE A 99 43S a8iste] AV
HZE AUzl es /itehs b 83 Fat87 g otk AV Alojd A8 dHlolE £4& T3 =4

Vol.23 No.2 (2024. 4) The Journal of The Korea Institute of Intelligent Transport Systems 185



d Al AA AVe £ F

- ks
= a3 fua

ol& &3l AVZE Eﬂ‘j‘l‘% FY T Ae fr Je A =D 7IH A
o

Analysis of AV Accident Characteristics Development of Lv 4+ AV Test Scenarios
{Contributions) {Application of Research Results)
* Providing specific classification based on AV collision reports to analyze + Considering the risk situations caused by the conservative driving
accident characteristics clearly behavior of AVs

+ Designing more diverse and specific AV test scenarios based on
(Findings) perceptual blind that AVs may encounter while driving in urban areas
« Sensitive and conservative driving behavior of AVs

« Collision accidents of conventional vehicles due to unexpected AV (Future Plan)

reactions \ « Validation and experimentation on AV test scenarios
« Developing V2V/V2I communication-based strategies to mitigate
perceptual blind
Classification of AV disengagement causes and
analysis of perceptual blind
{Contributions) | |
« Interpreting the AV disengagement causes from a perceptual blind R
perspective (= B *
« Deriving reliable perceptual blind cases (B — =
(0 B g
R N
{Findings) -

+ Perceptual blind cases where the perceptual range is limited due to
urban terrain, specific obstacles, and dynamic environmental changes

<Fig. 6> Contributions and Future Research Framework
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