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A2 A AR O ARFUAEA NLL AT AT T/ YO0, ASFAAEA
o AE w40l Z7h8 3 e AT, AW, ASFRAEAL] DEAL B2 )
A 2YAER Ao R Aol ZohAx qlnk, BR, ARFARER WA Thek
54 shof 9 B4 AE el WaAo) R ek 53] v el Eio} el
(California Department of Motor Vehicles, DMV)oll A= A& A 5210] 5 AT HOHE 4=
st B ZE YHZE ATt Utk £ ATl = DMVIA AFste A&FIA5A o
SALE BMste PHES ANSATE B, H2E oY 7S o] 85ke] Fa J19E

e BY £E9 Fo 0E e B85S ARkt £ Aol Aue e

& $F ALFYAEA WEAD Ul 3 FARGE A8FUAEH WEAT ¥
48 AeFYAEA AL B F e R AnE,
Bo) : BAE QulE, AEFAFA, DAL, EARIY

ABSTRACT

Recently, research on the development of autonomous vehicles has increased worldwide.
Moreover, a means to identify and analyze the characteristics of traffic accidents of autonomous
vehicles is needed. Accordingly, traffic accident data of autonomous vehicles are being collected in
California, USA. This research examined the characteristics of traffic accidents of autonomous
vehicles. Primarily, traffic accident data for autonomous vehicles were analyzed, and the text data
used text-embedding techniques to derive major keywords and four topics. The methodology of this
study is expected to be used in the analysis of traffic accidents in autonomous vehicles.
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1. 970 Hi o =5

HZ A AAHCE A& SAE Bl 2 779 AFo] FAEI o, HE 4 £FY AEFIPAF
2k A43HE 98] 71E AEd A7 IYED dTh FUldATE ST 7E ARG ol & AHdlr] A%
ATE0l 8 Foltt. sHA, 2016 T2 ALFYAEAY] ARE Ao I A B 20161 El
set LK 9o 1A Asf F 2018 WO WEAILE QI AFRAR] ToE Rlste] A& A At
of e ¢AAd EA7F thFHAL Tk Park et al, 2018). I, AEFHATAE] AF X1 E(market
penetration rate)©] ol el wel 7]E HZAE WEoA Y] Aat A B ARRE F3 AelA HHEA X
Q1A A 2 A O F Fol] ARR AE&FPAFA EUA BT = ATk ol d AP 8 hkol o
sl7] YA A AEEAA DA AEFPAFA AFAILE AL BA5ta o] & AT davt A
T} Park et al.(2019)2 A&FH s A3 Ayg e Ee ffs) Akt wFAL HolHE ]88k
A|RE A& TP AbE 2] nEARL B U IukatgFe] wEAL ARl Apol7t & Ao E AdtEH,
whabgFe] WEARLL HlolElE AT @AI7E EAI%T) old] B AFoA e AEFPAEA aFALE
4517 YA nj=r Ayxy o}l AF2 A B2 = (California Department of Motor Vehicles, DMV)oll 4] =
A A&FIPAFA 2 FAL HolHE 2435ty I EAS gofstust gty =3, A-&FYA5A 2FA
3 "Hlolgd 71&H AkaL A A (accident details description)’ &S H]AE WY 7|HES o] &3l £
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n
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WelEUo} DMVE] ALF YA WEAT HIA A3 A 29 HolEE AT B AT 5
g BA QT WAL 1T AL Euotoln], ATHE MAAE 20199 19FE 20209 8RAAE HAH
o B ATNAE ALFAAEA WEAL B4 P BAPUE AR 93 DMV ASFVAER LEA
T HelHE FHST, FARH 5¢ B U8 AR AT ALFAAEA DFAL 5L s}
Stith E@, B2 g 7S ol 8stel ALFUATA WEAL Ax A 29 Fole] A 719]
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Literature Review Dol el

Research Plan

Preprocessing

= Establishing research purpose = Reviewing text embedding

= Establishing research scopes technigue = Data collection
= Establishing research = Reviewing autonomous vehicle = Preprocessing data
methodologies accidents

Methodology

Conclusion
. ?,r:gst':;:;?mm = Results of accidents characteristics & .
- Analysis of text embedding : f:;‘;"‘:  of text embedding Future studies

technique

<Fig. 1> Research process
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1. HHAE 010l

1) Eilig 0||;|-||l:I

H 2~ E nlo]Y(text mining)©] & Hlo|EH ] F27} Tkt 1A Y d)o| Bl (unstructured data) 5 S}l HAE
tolE|Z7E] on] e ARE FEF3t= otk 53, EiléE PP H2E wlo]do] il 7Y
o2 Q7o dojZ Hof JE EAE HFE Y AR 33le] E243H= W o] TH(Chae, 2019). E

2E g2 dojuy #4848 WEZ Wetste] Fdske “o“xﬂ-o— At o] HgtellA ojua, FAE A
HE FEshet] 39 W olth(Lai et al, 2016). I2E Y92 7|9 E £4, B 2y, 7|AHY
T TS W Eo] EAgth O FolAE EY @ (topic modeling)> 2] B|AEE o]838to] F8 F

Az H2E gdwgd e F8 7|Yolth 53], #Wa #HE dojES o] &Sl T FAE =
2 £45Y oy AHET

2) &xf 2|2 g

EY ndgy 7|HF F2 AMEHE FA delZd8 T (latent dirichlet allocation, ©]3} LDA)S th=2] H]F
ZAQl ZA A ofB FAEo] EXt=A ol et & EYPo|THBlei et al, 2003). ETC] &F Hxot o
o g& BXE F437] A A BEE Y 2EE AMESte] 2931 o] Bo|th(Baek, 2018). LDAT
Fo1z A4 diste] ZF BAlol oE FAEo| EAIBIEAE AMwstes &84 EY 29 7Y F shueltt
(Blei et al., 2003). T} 2] (D} 22 2AF FEF EE 2(conditional probabilistic distribution)S ZF=Th(Blei,

D
p(ﬂl:lﬁelzD’zl:D’wl:D):Hp([ji)]:[p(ed) ................................................................................. )
K

= (Hp(zdn‘ed)p(wdﬁ@ LK Zd,n))

n=1
o714,
B, : kth topic in document
6, : Topic proportions on dth document
24, - Topic assignment nth words on dth document
w,, : Observed nth word on dth document

d,n

3) LDAZ 0|3+ p17AlR

Cho et al.(2015)2 2w 57I= dlo|E ] thsted LDA 71H-& A3l HFA W2 $AEL o)lFiHS &
AEtath g AFodAE BEFLE HolEd LDA £47HS A4stn txldd 2445 B8 o5 HS
AL

FEaATh 242 H, F 579 S =Esd o A7AAE g w5 A sl 28T
ZOFE AA AT

Oh et al.(2016) ¥4 LDA RS o] &3l TEEo} TS AA o|fE Balst= A1E 3tk
A, sl el 37hE At 55 o]&ste] HH A AR Yol] WEA HAo|wE H=S
gelstaiTh

O
oo Ar
tlo 1%

)

x
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Sun and Yin(2017)2 1990 5-E] 201537HA] 48 o5 #H ATES] FA9 5FS £43517] Y3l 2271
o wEHAH AdoA FHT 17,1637 25& £t EA8ATE £2447, prediction and forecasting,
pedestrian, route choice, vehicle control 5 ¥ 25714 9] B o] F&H 0w, Z17te] B3 #¢ 50| FhH
7kt A £ FAE =&

Woo and Lee(2020)= LDA E®S o] &ste] Z7tAF7/EARdS S8l 385 il 3= ICT(information and
communication technology) ¥-0Fe] A7IA o thet 2 AT B3 538 eiss ATE =5tk O+
FPAT AFA %, ol E, A=A (Internet of things) Z-& EFo] £&HQom, Fo FaFog 24
7+ mgjole #g A5t SdstA =T Je A FlstAh

Park and Lee(2020)= LDA EZ R 7[H-& Z-8ste] F4bA w9 HHolE #4412 T3kt 201530
A 20179744 9,62571) FARA AL M-S oo ' 20709) WY ES S FE5}
A}, GAIZAL A3, A 2] 47]9] Cold WH(CCTV AX|, M2, SAFA1,

LDAE o83 F8 M3 AFAE 24 A9, °92E FAES #3592H
A7 REY S E0E 5 dslen, 92ER Yiad HolHE #F3etn 78 EZOERE HolH 9
T8 FAE g= Zo| 7ede Fsnh

2. ASFYRISH DEAD 24
1) B2 917

Petrovic et al2020)& AEFAAEA WEAL 4L BAF] 913 v3 Aemuol Fol A AT 4
SEAAFH DFAL ARE ST LA, LHE 5] ASFD 20U B9 YW 2EY 3
8 Relstel WAL 542 vustgnt 53, WEAL BY A9 FF 49, 204 28 9 0FE
FHHOE BASIYTh BAAT A5 REQ FS T FF 439 REAL} ol AT HOE
24 o

Hgom, naA BEATE O A7 Bad Ao Y

Favard et alQOI7)& 013 Aol ELfo} FolA 52 ARFUAET] DEAL BIAE ol S34o] WEA
1o 5 £, U5, 9 5 BAAAT. 53, 42FW BT o, A48T Ae] e F9, AL
29 52 FHT o8 £43 S1ATh BAAT, Petrovic et al2020) AT AR FATA T 25
Amrh 74 gl Ay 2 BAEgl,

o

ol
U
o

2) DMV Autonomous Vehicle Collision Report

u)= A EYo}l 252t A FelTo) A= 201439 AHE&FHAF2} B 2E ZZ 13 (autonomous vehicle
test program)< TR}, AZAS] SAATE LM kot Qe HEHE ASFHATA AP TS
™, 20180l = X7 Qe AEFPATA APS s7skdth ol¢} 3, AeFYPAEAte] FE e A
T2 Qs AL, A Al Ee Aol WAsHE, 109 ool AHEFFAEAY] WAL BIAE 9
T AEFER Atk AR AEFPAF2 FE B E YAIES T3l AlFstal vk DMVe| &
ST PAFAE AFAL BuAolle ARIL AR, ARIL A AR, ARaL @9l AbaL i, S a9l Ak ks
YA, M, 2= T UIF HARE AFst Juh. 53] Section 59 AL FAl A (accident details
description)®] 73-¢- aLEARILT} W Aol thal] AQIxEA vejatge] FE AX T 4GH FE 4, 1
3 A=, AE Ao dis) 7lssta ok ALFPAEA FE H AL BuME F 6719 section >
2 FAFY 9o, ZF section® FL W& o} <Table 1>3 2t}
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<Table 1> Autonomous Vehicle Collision Report Contents by Section

Section Contents

Section 1 - Manufacturer’s Information Manufacturer’s name / Business name
Date of accident / Time of accident / Vehicle year / Make / Model
Vehicle was (Moving / Stopped in traffic)
Section 2 - Accident Information(Vehicle 1) Involved in the accident (Pedestrian / Bicyclist)
Describe vehicle damage
Shade in damaged area
Vehicle year / Model

Section 3 - Other Party’s Information(Vehicle 2) Vehicle was (Moving / Stopped in traffic)
Involved in the accident (Pedestrian / Bicyclist)
Section 4 - In Jury / Death, Property Damage Injured / Deceased |/ Driver / Passenger |/ Bicyclist / Property

Autonomous Mode / Conventional Mode
Additional information attached : Weather / Lighting /
Section 5 - Accident Details - Description Roadway surface / Roadway conditions /
Movement preceding collision / Type of collision /

Other associated factor(s)

Program director / Authorized representative printed name and title

Section 6 - Certificati . .
ection ertitication | Signature / Date signed

M 22 g 7Y A4 33 ALFIAEA 2542 24 PPE AL
1. HOIH =&

2 AFdAE AeFRAEa AT 24 HHES Adsr] S8 vl Aelxyol AFdEs
(California Department of Motor Vehicles, DMV)oll A A|-F3l1 = ALFYPAFA dFAIL RIAME 3]
a3t DMV A&FFA4FAE i FAL BaAjol= ARGl AIRE ARDL 4, 87 89, AR gk 9K, 2
A, 25 T dd ARE AT o] AEFHAFAY] wFAIL FA AFE T8 Zlo] 7Hsdtt

E3], N4 dHolEel HBAER 71&d ‘AL AA A (accident details description) &= E3 71E A
tlolEelA TAs] ofH& AL 8-S ot o e Aol Stk et B AFdAE H2E Jud
7IM 8-S T AEFIAEA wFA A4 HHE NS 98l 20199 197 202019 8L 7HA] A
& A&FPAEAF AFAL BRIAAE FHAT FHE A4 AEFPAEAt AL RIAE 1Y

alel dolE A TEaAT

2. &4 7|42 0|88t HO|E 24

A-&FY A2 WFAILE H2E UMY 71HE o] &3t B4 A Ao A @5k ARl
g &AL f8f ol 5 Nx A4S FdsiqTh 53], A& REQ] A9 AE&FPAEA
WFALE B3] Y8l 2o A B 84, SE Y &4 3 84 52 34 84 374 84 7|E
ToE FRIAY. AHFY AT BH 842 E AFEY FE oA 22 YU (movement preceding collision),
A ] FF(type of objects)”t oM, TE B &4 BH Q4EE AFe] E4E F9, TE TH(type of
collision) 2 TASIAT E3 T2 374 24+ =W 4 E(oad surface), == “dEl(roadway condition)©] ™, 3t
7 842+ A (weather), £5(lighting) F5-S G319 TS <Table 2> 2t HE 58 Yehd,
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<Table 2> Autonomous Vehicle Collision Report Contents by Categories

Category Factor Contents

Stopped / Proceeding straight / Ran off road / Making right turn

/ Making left turn / Making U tumn / Backing / Slowing & Stopping

| Passing other vehicle / Changing lanes / Parking maneuver /

Entering traffic / Other unsafe turning / Xing into opposing lane
| Parked / Merging / Traveling wrong way

Movement Preceding
Collision
Vehicle’s Movements

Vehicle/ Bicyclist / Truck / Bus / Scooter / Electric Scooter /

Type of Objects Skateboard

Head-on / Side swipe / Rear end / Broadside / Hit object /

Type of Collision Overturned / Vehicle & Pedestrian

Collision and Damage

Damaged Area Spot of Damaged Area
Roadway Surface Dry / Wet |/ Snowy - icy / Slippery (Muddy, Oily)
Road Environments Holes, Deep rut / Loose material on roadway / Obstruction on
roadway

R ..
oadway Conditions | Construction-repair zone / Reduced roadway width / Flooded

/ No unusual conditions

Weather Clear / Cloudy / Raining / Sno'\mng | Fog(Visibility) / Other /

Wind
Environments - - -
Lightning Daylight / Dusk(Dawn) / Dark(S.tre.et light) / Dark(Street light not
functioning)
3. HAE QHIE JIHS OISE ABFURISH DEALD 24 W2

1) EIAE XX

H2E Qg 71e H8317] feiAe g92E dAg #go] dFHott B AFdA = H2E AA
25 93l TolA 3.6S o] 83 HTh B8l tlolE AdddlA 2 on7t gle dojolH, g 2E HAEE ¢
3 54 24 A, dEAt Mg 2 280 AAE 9A FhAh B8] AAE Aol X golHE]
I nitkgfol B gl 23HH o] E8o] A #3H HolHERH 753 F71 289 ARE o] 835ty
A A3 k.

2 72 JI9E =&

d 23 F2 7
Aoty EZsl= o
B HelHEE B2
it #8719 =9t

5 oln] 9= Ausk

o
oo
_O|L
2
N
ji)‘
[
N
z
1o
o
(1
iy
o
o
/11(
:
&
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&
i
-
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e
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o}, perplexity A B¢ FEE YERH, &

E
Fo| H2EES 38} ke Zlo] Jhedith £ AFdlAE LDA BY mdF 435S ARSIt LDA
| ol g 1

it

FH8 A5E olgdtel ALFVAEA wEALY BAS BARAL A2FYAEA BFAL o]
) BESE QU BER PREC) Ytk £0E 42FYAER BEAL delHE F 13740
[e]

o, &3 2 o] wEATE 2doH, dutreel ALE 757102 YElit

it

[r
o

1) Aigel HSH 24 24 i}

AFo] A% B 829 FF A AF $UL AFAHEFIATHI AL AFHOE TR}
of AT $HAT ABFVAEAL AAYLS W), Yu Aol Tk $HYOR Q3] WA
FAmel MEsL B9tk O FAAE ASFYAER ZAT SN G o] A2 T F5
& A MEsL EQT D93 ARFPATAL A 2 Fol TR D AFE 47 FYshe] FE
% AbIe) NS EE S0 BAHST 1 BhEoRt ARFAEA} 47 7Y Fol Ak el

WAOE Q) FRE RUAE WEAT HWES} ETh the <Table 3> AF1} AP FF A
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<Table 3> Results of Vehicle's Movements Preceding Collision

Vehiclel (Autonomous Vehicle) Vehicle2 (Normal Vehicle) Frequency

Proceeding Straight 16

Making Right Tumn

Making Left Turn

Passing Other Vehicle

Stopped Changing Lanes

Slowing / Stopping

Entering Traffic

Backing

Xing Into Opposite Lane
Changing Lanes

Slowing / Stopping Other Unsafe Turning

Proceeding Straight
Proceeding Straight

Proceeding Straight

Changing Lanes
Making Right Turn

[ SN S Sy ) U I NS S N O S | - S S ) A e IS ISR TSR IR E SR N

Making Right Turn Entering Traffic
Other
Making Right Turn
Making Left Tumn Proceeding Straight
Stopped
. Changing Lanes
Changing Lanes Entering Traffic
Passing Other Vehicle Stopped
Merging Proceeding Straight

Total

(o)
[\

CeoE MEATS] Held A T BHA o] sexlolm, B, v, AT, A7) ATH, 2
Al ERE, ARAZ} 212 1% Uebgtth, <Table 4> @EATS] Told AAE ek o]t

<Table 4> Results of Objects Involved in the Accident

Objects Involved in the Accident Frequency
Vehicle 56
Scooter

Bicyclist
Electric Scooter
Skateboarders
Truck

[ (VI [NUIN [N [N N
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<Table 5> Results of Type of Collision

Type of Collision Frequency
Head-on 1
Side Swipe 8
Rear End 49
Broad Side 4
Hit Object 0
Overturned 0
Vehicle/Pedestrian 0

<Fig. 2> Frequency of Damaged Area

3 E=2 gl 51A @

—o -

AL A e B2 8 84

s

=AM

1N

o

B8 ) v deie =2 s B4 =W el Ala G4
wro s YehiY, AX(dry)7} 5802 RS AP oH, Fo(wet)S 30 OZ BHFHIL wH
AE7F 715H A e At 1] St =2 AEE Al 9A Z2eAM B Hd =2 it
AL Ag 59 oMES YehY, n5AIY T 1S FAREA BAEE o, 6179 wEAIE &
B3k oMIEV} Sl YubAl Aol A RS T

T3k B4 8ARE wEAL B gAY 2N et 2EE Z4s o, EX | mE wFAAL HIEE B
22557, E8L 6102 EAFHI o9 AT 102 EAFHIT 25| A9 U4, A8, TSy
ERH, 5k AJZEe] A9 7FEF0] e A, 7HEEO] §lE AT, RS JAT AEEA] P AR Al
B3 o] 5 w5ALE Y3 (daylighty’dElol A 417 TAYSIH 00, A8 (dusk-dawn)S 47, 72 50]
9 Azl 1770] B Aoz BAHIT

168 QIR TSR =27 TI203, 1220214 29)



HAE AT 08T ANBFARSA DEAMT S4of Bot #7

1) F2 7|9 =& &3t
S <Fig. 3>3} o] ALFPAFA wEALY] FQ 71YE ©F AT}, <-82H(passenger car), t”-"li

(bumper), 1L E(traffic), Z+Z(lane), T (rear), W2} Z(intersection) 5°] F2 E&EFH AS &< 01'99\‘:]' ol &

& A&FPAFA WAL HAdE T8 AATE FEAYE 5 T

T8 4TS FE, T8 AL AAE AARELE F5F 5 Utk ols ¢A

& ANE =2YS HAUSHEL,

wheel ™ """ station bound cuesta g r ooy make
X | a*’l 1tru°k&a;!£.ac"'=sjde‘;::..
»  adjacentpaying ulaym rrnré
% nnnnn embnrmdem nreport mﬂi center
S - .ml['lt ?
2 pony Vard seat radar attentlon tﬂstor
Q
g o ! = W5
| 4 H E .3’5,5 i
E w i sion soratly 15 Efe der ! ‘=1"
) |“’“‘”"‘"”""a‘a"'-t'”“nd ligﬁif =
w\{me\!!m-- uim e rm.;mmgy nts s
eecfear:s
panel , s;swsi“" Cross "zt 5"°§§, Zs %Eg
jiripain =T idriver
FUE Foa Iane aSllP
adduhoce opera ors WaY,. change™ frqnt assembly

<Fig. 3> Wordcloud Result of Keywords

2) _,_|7<-| = Ji% AN

4 doleel d1E HolHERE A8FYAER WAL FFS TEH U5 B ATolAE
el 7142l LDA elE olgshar B wdde Sk A A4 BASE dashe A
perplexity B7h AEE ol g3te] AEATh ER N5E 5Y4F perplexity B AHE] G
A% Holw, A gho] A4S £ wdo] AFT} S5ATIL £ 4 Yk 53, & o
@ E3o i A 79 ERS AEstgon, ERel ATt 449 B 50608 27
@ B9 2 24Eh B9 A7 70 9397 peplexity gkl 7HF o), EFo] £HEA gha
AL A7 BASN] A2 =HAA AT TS <Fig. 4>E perplexity FFE EFVE hehic.

rl

PERPLEXITY SCORE

NUMBER OF TOPICS

<Fig. 4> Perplexity Score by Number of Topics
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3) B4 nEE £ A}

%A £29 el A 220 A4S o5t =2 wAN SANT. BEY v 44 A3 £
2 A2} FolA 17, BE Euo] A YT SUHOL B4R AL I, ol BHE o) 7
A7} WPl Bk 840] e U <Fig > £ ndge] A%E A7k 1Rt

Intertopic Distance Map (via multidimensional scaling)
1
3
2
4
Marginal tepic distribution
0%
<Fig. 5> Result of Topic Modelling
E3 pUge 5o 529 oo B 49 slel A= EEa B9 19 49 544, @

5, WA, Wy, 7o gojrt =EH o, By 29 - IU, IF, F, AT EEHAT. B
39] A% FH, &, 7%, &2FH, doltrl E2H9lon, B 49 A5 B, EY, AR, H2EHI BF

()

H Stk thS <Table

<Table 6> 5 Primary Keyword by Topic

>o B3 29 tolE et

Topic Primary Keyword
1 passenger car, traffic, intersection, bumper, rear
2 corner, turn, rear, bumper, bicyclist
3 side, door, mirror, scooter, radar
4 bus, truck, intersection, tester

203, M12(2021H 28)



4 T2 N% =5 AT

2 ERo] SFss WEALE BASe] HEA F2 4FS <Table 757 2ol ESHAT T4 4
2 223 A3, £ 19 A% F2 ASFIAEN} FU F OE Ago] £ ¥ue] FEHE 4
P EYo BAHA B9 29 A% ALFAAEAL GAst] 9L o), BhE o] Ty Y
o SEIE YL FoAFOR LUHE B0 $AAAG. B2 39) AP ABFVAEA} A3
of ge W, ZWo] FEHE AFAL BPANE FFE Fo POE TS B0tk EY 40 7
e 9 S ABRRATIE FED U 210 TS LU B0 T LRALT, 20 Y
2423 £18 DMV ALFAATA HEATLY Fa UL v Aol o Y % Sv FE B
H3ic.

<Table 7> Primary Situation by Topics

. Number of Data by . .
Topic Topic Primary Situation

| 17 A situation in which another vehicle made a contact with rear bumper while an
autonomous vehicle is driving

) 27 A situation in which another vehicle made a contact with rear bumper while an
autonomous vehicle is stopped/stopping

3 1 A situation in which another vehicle made a contact with side while an
autonomous vehicle is stopped/stopping

4 7 A situation in which truck and bus made a contact with autonomous vehicle
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