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ABSTRACT

PURPOSES : This study aims to understand the characteristics of accidents involving autonomous vehicles and derive the causes of
accidents from road spatial information through autonomous vehicle accident reports.

METHODS : For this study, autonomous vehicle accident reports collected and managed by the CA DMV were used as data sources.
In addition, spatial characteristics and geometric data for accident locations were extracted by Google maps. Based on the collected data,
the study conducted general statistics, text embedding, and cross-analysis to understand the overall characteristics of autonomous vehicle
accidents and their relationship with road spatial features.

RESULTS : The analysis results for characteristics of autonomous vehicle accidents, applying statistical analysis and text embedding
techniques, reveal that the damages caused by autonomous vehicle accidents are often minor, and approximately half of the accidents are
triggered by other vehicles. It is noteworthy that accidents where autonomous vehicles are at fault are not uncommon, and when the cause
of the accident is within the autonomous vehicle, the accident risk can increase. The accident analysis results using spatial data showed that
the severity of accidents increases when on-street parking is present, when dedicated lanes for bicycles and buses exist, and when bus stops
are present.

CONCLUSIONS : Through this study, geometric and spatial elements that appear to have an impact on autonomous driving systems
have been identified. The findings of this study are expected to serve as foundational data for improving the safety of autonomous vehicle
operations in the future.
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Fig. 2 Identification of spatial information

Table 1. Identification of Spatial information variables

Variables Measurement method and Contents

Area of
Intersection

Setting the end of crosswalk as the boundary of
the intersection to calculate the area(square meter)

Distance Distance between the stop line of the current
between intersection and the stop line of the next
Intersections | intersection(meter)
The value obtained by dividing the sum of lanes
Number of : L : . )
in each direction of an intersection by 2(unit of
Lanes
number)
Road Width From the center line of a lane to the center line of

an adjacent lane(meter)

Left and Right | The number of lanes exclusively designated for left

Turn Lanes | or right turns(unit of number)
Exclusive The number of lanes exclusively designated for
Lanes bicycles, buses, and trams (unit of number)

Number of | The number of crosswalks within the intersection
Crosswalks | (unit of number)

The number of public transportation stops within
Number of ) ) ) ;

a radius of 30m from the intersection(unit of
Bus stops

number)

HAE QHY S HEAE HolHE 4] &2 FE FH|
2 Hhsl= 7P o] th(Kim et al,, 2022). HIAE JHYS

Astr) ofel 2285 E80f A7 5 WA HES 7

How Tol59] HIELel Tol7l HAEolA E3 st
1 = FEH S AR dld T4 o]Z NetworkX
golBdE|E Fo ©ol H 4“]0"@%}% A3 ekt

NetworkX+= WEQ A &ild|E &9t EA4ES 9fst 1}
ojd Qo] 3j7]A| o]}, 3T E‘JrC’]EEiE]é 5ol AT A=,
UH7H A S/, 222HY & 1z dagge] &
4 ATHA. Hagberg et al., 2008).

A WolA wolse) 724 T
3 oul& —E—’ﬁ,f&‘i’r(Wang & Rada, 1998). 2Ju]¢1Z
71RA 07 »E(Node)2t 79 A (Link) 2 T4 %™,
(Density) ¢} 544 (Centrality) & 574 =52 st}
olgk 7 =27 YEQIA YollA ofust 9

T

1£) o‘:I g
ff gx k1 orlo of

o ofN

A& A, es UER A oA 4 8474
AEE ou|sttH(G. Hwang & S. Moon, 2017). HEY A
TS AN, TS, SN ToE F
Beth(D. R. Hwang et al,, 2014). 92 2AA4& 3 &
of 45 AZH Edge?] 74 uletH, o] & &3l 54
o] H& REF uotdt 4 ok ) AL HE L&
S0 AFYS FEsh=d uhy 7| ost=THE Qs
o 24 482 B = E OE S5 B9 T
27} Aot -2 xS YeldtH(Zafarani R et al., 2014).
A2, SRS, WA 2ol tigh ahsA
< Eq. (1), Eq. (2), Eq. (3)?1L Zom ouAdATE w5
3]

Centrality of Node (z) (1)

Z Céntrality of Node (k)
k=1

Degree Centrality=

Betweeness Centrality= W-1)(wv-2)

Closeness Centrality=—————

(L=xEA0|H2AR )

258 |International Journal of Highway Engineering - Vol.25 No.6



Querying

Answer
) n

Research

Background
Knowledge

Network
Representation

A DA

Extraction

\ 2 J
1

oo
o HI

ofm
=
AL

A
ALl

A DMV Al1l HIAE Ao R 7|2 EA

|35kt dA A = AHeF B ATt 8517
2t A A 2APF EA Aol AAEE8AEE
Fa/dol Qithal e o] ARl ¥ Ao Ui &
o] 3@} EAJoll S Fof B8t WA,
SEE st gaf WS A HokrHE| s HA o]
& 2 30719 Y] WY o R sty FE AVRE
AFIL ZARTO] FAISE A EE ojn| i), T4 98l WAL
M47F 1R w7} 71 Bk O (46.5%), o= A&y

2} At A3 50| We-S AASITHFig. 4).

M

-~ i
& O

> A
e O o mX

¢

L Ho © Az
o o
> >

H\l

>
=

ofd

250

200

150

100

i3
N
®

50

3.3%
1.9% 9
9 0.6% 1% 0.2%
N\ f— i

4ea. Sea. 6Gea. Tea. 8ea.

7%

§
\
§
\
\
\
\
\
\
.
\

o
o
»

Fig. 4 Statistics for Impact Area

teozt 35490 v Pug AvRgichFg,
5). 3 ZEo| 3B%E 44 wgton, 3W B

23.6%, A 252 134%%2 =5 Ach AL A A
g (Description) 2t AAAsto] Aw oL wf TH =53}
SH 5 Al OIRE 8 AEFo] AR ol
T} ThA] ol A AFaLS] At A= R o] ARl
Aoz Agatg o, Abal ALE A& Y
e B7rstA =9 @Al Aol 28 2 USS A

Apgit,

13.4%

.
x

19

2

©|
W
X

7.7%

X

BROADSIDE ~ HIT OBJECT OTHER

\
§
\

__

HEAD-ON SIDE SWIPE REAR END

Fig. 5 Statistics for Impact Sites

mpAJEFO 2= ARl A ApeFegRte] Aol sl At
HHEQITHFig. 6). AL A HA] A w7} 38.5%, A
Ho R Astal Y w7} 27.2%, 3|Asa QS wjrt
11.6% A== EZE At A2 A o] AFLL H]&o] =
2 AL, Fig. 4014 EAE AT, “HA| AFLS] H¥E Y E=
ApgFo] ApaL Q1o & Zrgaigity et ATtE
2 Argst 4 QA Pk BA Ak Afao] A
S 2ol ofsf WA stA R U A] Aol s
e AAEFYAE AR Y10 R A8 42 Qe

AR R, 27180 BAS Aasklh,

¢

P

J

e
ox mx

-

¥ B T\
> fr |o &

¢

250

w

37% N 4 %
\ 24% 2% 0.8 2.2% 0.8% 0.8
9 o .8% . .8%
.\ § 2% ; ; ;

—_— N N = N e e

O © F © L L O L &
3 & S EE S
&0 F O K KX E °
SN © ~
& & & &
S
&9 é(oo & PN
& &
< &

240 olol, Az A1) HEH hgS
o ARE tEshe Sy 9ET Be9IX
2 1Y 7 A gste] A HTA
Astleh E4 o] A&t H|o]E= SECTION 5] 7]
ARar/gtol] tigt 24 (Description) S 2R 8 &3}
: # Description f3oA 574 WEF7F w2
9] 207)8] 719 =8 Anugi) 72 FlPERE T
(Rear), Stop("=]), Intersection(x&}2), Yield(FHE) &
o] At} T FE° vt FEE 7H 71 = (3, BA]
7F O EEEHAT 719E 24 At tis), A&
2} B Ulof] 3+ AR A A (Description) 7t A

=]

o AN R T =)
S
I
lo

O:

d0 L i
N
i1
)

F

~

StaE2ets] =2 H253 Hes 259



Astel sl A9 el YEH Jug 3798 1
2eh 7197 B4 BFSG0m, o]t AT
e B2 58S e

kA Zetthal 24 4 Ql
t}. Descriptions o2 Magst 9] 207 719 = &
A Arbe Fig. 72 Eof et

300

X,

250

200

150

Fig. 7 Keyword Analysis Results for Description

719 B4 Adxtg 7Rte R, 719E 1t 8% ¥
dd A=g gotEy] fla fAl F414d (Eigenvector
centrality) & €83+ A4 44 A4S IHstAtH(Fig.
8). A A¥t Al S A7t =2 Tof el 7=
Contact(0.15984), Behind(0.15968), Damage(0.15966),
Driver(0.15920), Rear(0.15857), Bumper(0.15848), Stop
(0.15774) 0= Yelgtt A4 24 23 Wrdst

FEN HHd 7I9Er SHHeR EEE A

% gl

o ¥
e Hoh

Fig. 8 Visualization of Connection Centricity Analysis Results
B BT g2E Jdulg 7)Ee Hgdtel A%
7 AL B30 TRt A2l B4 APt ole]

BA A%E Fe, 4R

>~
>
E
fr
o o
=
H
é.ll‘_'/
I
o

ulgt 497} Bon), Hx Ao Al the o] 99l
o] Hlo] WAyBTH= Zloltt. o} 74 FB 3ok & Fe A4E
FeA7} 78l Aol Hlof MAIE AR} A7) gk A
3} Abae] 99lo] Al i AL, ALx SR
2748 4 ek Aoltk, olof wek, 7e) A AHE 7
el AiLE FAHOE Y ALY Aelo] Fe19lAo] T

&l 713} tlo|El 8 Sa) At s A s},

5.3.7|3t Hio|H &M

MYPAT HEE Fall 29| 7
IS 71d = Ye A S gofst
919] OF 34%7} =& 3 9919
(Park et al., 2019). AH&-33
A 2 e E sl 9%

2 ASE 4 ok auEd. oo wet, 29 /)5 5

1 o
o2
Wi

o ke

2 Q9] olelE ATt Wse e AAE s A}
T RANR AEEPAE o 3 E4dt Aroltt,
Apgo] EAol wet, Hg A2 ol glo] Ho|HE 4753}
= o of2lgo] AT o3t AokrACR Jl8) thx

(APl g o] 9] o] ARAY 3 A HY L 4F F
A BAE A7 SAZE AT o] o wheh B A3
ol A= 33t ARIL HaLA] TlofEjet 7|3} HlofE TF wat
NS 55 43S A S AurEglth

A, Google A|=9] APTE E-83to] 87 F579] 7|5t

o
o
i

WSO gelus BAH A Agahs
2H A2 7)&stk 2719) 715 Hlof]

(8 271, o8l 9lg, v, 32, AR

)

[0)

N

- og_"
ElooE o 4>
o> N
&

S~
—

% (Vehicle Damage)E 7|52
hell S B AT i g2 A9j3Hic

¥ 4 orr one &

=R oA o T

2 H o

oz

T

o e

o

1o

Y

2

2

1o

fo

>

f1

o>

)

b1

il

= fu

BOSE g

ol 2

32 Sk

lo L
juba
N @
M
S ;{E
o
2 iy
3%
dlo i)
o
o2
N
N
it
N
ot
o
N
=
ok
R=)
>
£

@ Street P (N) OStreet P (Y)

90.6%

100% 9.4%

100%
1 i
1wl

I |;| —
NON

IN MOD MAJ

Fig. 9 Comparison of Accident Severity and Street Parking

260 |International Journal of Highway Engineering - Vol.25 No.6



Oeo2s, Hexre] &4 o 1ot AR EE H]
W3FtH(Fig. 10 & Fig. 11). A2l A A Ujol] HAH &2} 2
S} ARAAH A 2T EA) ARE s oH, AbaL
ol 827t A W AL e
27t EAE wis AL ﬁEﬂ 37 o139 Atk
AR GAZTL EANE W= F7874 Abart 23E &

gl 5t

OEx _BUS (N) BEx BUS (Y)

83.7%

16.3% 80.6%
58.8% 41.2%

= —

NON MIN MOD MAJ

33.3% 66.7%
—

Fig. 10 Comparison of Accident Severity and Exclusive Bus Lane

OEx BIKE (N) ®Ex BIKE (Y)

60.6%

39.4%

Fig. 11 Comparison of Accident Severity and Exclusive Bike Lane

of2fet Aik= MAHEARIL AL W 2 of 2H(H
2) ALY EPRE THs o) Aa, AP AR SRR IF EA)
& Ap o APA AR S 7Hs/de) A7) bl
2 349

A% ot AR 7Hof H AT QPsolt. £
Ih= Fig. 1200 UERRIT, 89 At=.o] wlefof AAlE 2=
T GE AR Folv, T4 golde 98l 27 A7 4
HE OFE st 34 23, A= *7P B2 55
3 B2 AP APF AAAETT S =
Atk Aot ws)e] 739 432 ofste] ﬁéoﬂ/ﬂ PIE
°] 29%R oL}, Tt HE wF] 9] B 4% ofste] =R

ollA LAYE] 19%= SASHA ZhAge). BEot A 29 AF
319] 739 AXR ofst ROl WAYsHA] Q3. o2

it

3 AT AR 57k F7AEA, T 05 A 875
£ BG40t 7o) FHHL olo] }E AEF
8 AR 0Fo] F2 AN 9K QR BYYS
Aox 4,

03~4 Lane E5~6 Lane B7~8 Lane @9+ Lane

S
MOD MAJ

Fig. 12 Comparison of Accident Severity and Number of Lane

Ao QR vl 3%%}94 N%et A7)
7ko] v al
o] B 5719 SIAE 918 5 R
Qlck. ole g Bio] A& Re] Abate] §
STkl Wk of AFIL A1 ¥HE 30m ©

g 71Eo R BAsGITHFig. 13).

ot

=

N
o A E

=
1o
R
[
ox
qu o

ONo Bus Stop 1 Bus Stop @2 Bus Stop 83+ Bus Stop

4%

29%24%24%24%
[Tz Em
NON

8% 50%170p  33%
(] [—y ==
MAJ

Fig. 13 Comparison of Accident Severity and Bus Stop

B4 A, AL A S8l v ARl £4E u,
TAZEA 5 et A0 H9IE9T, WA 4
249 7157} B7H85E AR A LA
It U AFSAR, M AR EA7} HE o
#skE WAL, o2 Q3 o) Z5}A] £ot 2wl ARl
$49 At AeFARY A 2do] G 717 A0
2 3743

T A—

2797 &
o ge A e A

2eloZREL o ER2| F71H JREEE HiLsho]

asfashek A7), A A A9 8UE 931
A Bhe A T 2aE|glal 2 0] 27H4 B40] At
1) B9l e Gse] S, 22 5

A AgZBA) AL 4 FEILA e A7 2




FEO] A37L 1A D A AE
TATE. U}E}H Z}g—r' 2Fo] oA

to 24t st e T2 Pﬁ}% J‘grﬂoﬂ/qu HQO] _ég
Sk Al olt. o]9 UZ}E} T 29| 27+A EXo] Ut 2}

o =

Y] AbaL Tt E2O] F7HA B0 FES TS 4 9
egstelct
A7) dolgRE Axyor A #E|=H(CA

AH&-3t3iTh Z’—EE‘J_—EHOPTJ A At H Al
FEof JARl] ARARE BE FF7Y A
Aoz Halgof ot 3 - e HalA
3 19 1972E 20234 69 30Y7HA] & 489719
EEH% FE3 AFE APtk 3k, ARl AH oﬂ

S8 HolE g Tlwez, it EAS Bl e,
FARAE AWFORA AH&FWA A1) AYAQ 5
N3 E2 270 EAT] TS Qb 4 Y. Lt
57 249 A3 0o e AT AT 5HE
E2U 4 ATk ARFYR AL o) 42T e
AV A1) gl o] . ol Ak AL §
2Y 9 5E A0 48794 299 4EE BAT 25
o QAT A3 §8S B Ul 35% FEo A1
% 252 A8 PYHAT, AT A1 427
A Jefd w7t 385% 2 =EE L ol2jdt Avk= @
W RS A& YA AR B Jo] ALe] €91o] |
o WS & 4 Atk

s matol chst AAe U182 sietat] 9l8) Al A
1 A& (Description)Z #glslo] HAE WYy 7HS
23l Bkt YA 414 (Eigenvector centrality)2 &
43 4 AL BAE Agsielon, £4 At SA
S A7 B2 T A 77H= Contact(0.15984),
Behind(0.15968), Damage(0.15966), Driver(0.15920),
Rear(0.15857), Bumper(0.15848),  Stop(0.15774) <.
2 Uepith B4 B 232 doeE 3 353

odE 7|9t SHHCR =E2E s ¢ 4 9l

RESR T AT

e PN

Apai7h H7) ghehe Holm, 8] S0 B AbaLiTt A
Zai7A) epdths Aol olo] ma}, g7 AL

OBl AL LA LTS 7FAA] 7] 7] ot Mgl Le] Ak

2715} HlolElE FHOR ARFYR WEAT

i o>

F

=]

o] 54 Hl&o] EUT o3t Aif= HA
A w2 of ZHH2) A B8 7ol Aa, A
AR AZTE 2 UH Ao AP A AR 2 7h
s/80] 7] Yo FEM, A& Ar A8
of gk 7iido] fAY Q1Aol o] go] Q& Ao wet
ek theo R 22 Sob AFLAZTE

=
==
257t ge 5—@6} T $4A5E Ay ZtET} 27}

She 202 =2, olefet At A2 47} 5715
A, P 5E A RHE A8 94 0
o] F73kaL ool e AexY A2HY oAl 9l
o= Pt} BiATho 2, AL A3 ¥ 30m o]y ¥
2 AR A RS AT AEE BTG A, A3 A
A o] WA A7) 2AE wl, A=A A
ERE 02 FAH T o), Bl HRG) EA} 3
ERol] G2 /1WoRA oS5 28 73 AR &
2)9) Wsph Wgsle] g e AAdle] G 713 A
o2 WHHELE He kA, LR 24T o, 487
EE AR RS ZAY 1, WA AR AT 1)
ALY ZETE STk A0 ettt
2 ATE ALFYA AL HIAE Fo AREYR
AP B ojshataL, e A9lg B FRRE
B EZshad 9t A7E Eol, 485 AAH &
ol JRL A& 2O Bol 7|3k R4S &
stelom, 2 7o) AT SAYOE AN S
TR 2Tk 2 QAo 28 Aok AR Hojd 4
of ofelgolth. 485 AthE thulsh] 918 A

T-oll whef, A&} 83t o] el AR Al A,
7}%‘} tﬂomb A3 a olt}. BAo| AHEE HlolE]
o AR 2L glof, 27129l
—Er*—i ‘;1 E@%% de%ﬂ%}% B of2}&o] et o]
,Ag Aol AR 28 Aol WY At E o
=7 74 7} ekl
o FF A&FBA7} 83,
=)

B VR g B TS A O rB; ol o me & 4z 1o
> ELJ

262 International Journal of Highway Engineering - Vol.25 No.6



Q78 AYskA e,
F9] dojelE AMgstge
M Jgstarzt sich B

ﬂﬁbﬂ%%@gqq

r& j; : PI
ok
‘104'

E@?Lzmyﬂﬂﬂmz CHEHY 1LQIAFSHA EI5HE K|

2ol o[5t0] ;=S

0 =22 202305 IEEL(AEDENS|2TEA
2ot 3l o121l (23AMDP-C160881-03, AtE8sE
I8t DT 2 7] 2 M5 712 74

o
Ho Mo
nc

REFERENCES

A., Hagberg,, D., Schult., P, Swart (2008). “Exploring Network
Structure, Dynamics, and Function using NetworkX”, Proceedings
of the 7th Python in Science conference, pp.11-15.

(2020).

of spatial approaches in road safety.” Accident Analysis &

Prevention, Vol.135, 105323, pp.1-30.

Vehicle  Market Defense,

Transportation; By Level of Automation: Level 1, Level 2,

Apostolos, Ziakopoulos., George, Yannis. “A review

Autonomous (By  Application:
Level 3, Level 4, Level 5; By Propulsion: Semi-autonomous,
Fully Autonomous; By Vehicle: Passenger Car, Commercial
Vehicle) - Global Industry Analysis, Size, Share, Growth, Trends,
Regional Outlook, and Forecast 2023-2032, PRECEDENCE
RESEARCH, Ottawa, Ontario, Canada, Available at: https://www.
precedenceresearch.com/autonomous-vehicle-market(Accessed:
July 25, 2023).

CA DMV. (2023). AUTONOMOUS VEHICLE COLLISION
REPORTS, CA DMV, Sacramento, CA 95818, United States,
Available at:
services/autonomous-vehicles/autonomous-vehicle-collision-
reports/(Accessed: October 1, 2023).

Chen, H., Chen, H., Liu, Z., Sun, X., Zhou, R. (2020). “Analysis
of Factors Affecting the Severity of Automated Vehicle Crashes
Using XGBoost Model Combining POI Data.”, Journal of
Advanced Transportation, pp.1-12.

https://www.dmv.ca.gov/portal/vehicle-industry-

Dan Zukowski. (2023). Self-driving cars have people worried:
survey, SMART CITIES DIVE, 1255 23rd Street, NW Suite
550. Washington, Available at: https://www.smartcitiesdive.
com/news/most-adults-not-comfortable-sharing-road-with-
self-driving-cars-av-autonomous-vehicles/644395/(Accessed:
August 11, 2023).

D., R, Hwang, S., J., Moon., G., E., Hwang. (2016). “Social
Network Analysis of Dance Studies utilizing Big Data”. Korean
Jjournal of physical education, Vol.55, No.1, pp.611-621

Go-Eun, Hwang., Shin-Jung, Moon. (2017),
Data by Regimes of Image Contents Field.”, Journal of Digital
Contents Society, Vol.18, No.5, pp.911-921.

JengSoon, Park., Oh, Ju-taek., Oh, Sangjin., Kim, Youngjun. (2016).
“Analysis of Contributory Factors in Causing Crashes at Rural

“Analysis of Big

Unsignalized intersections Based on Statistical Modeling".
Journal of Korean Society of Transportation, Vol.34, No.2, pp.
123-134.

Kim, Dong, Jin., Lee, Ha, Rim., Lee, Gil, Jae. (2022). “A Study on
the Research Trends in Domestic Economic Education Using
BERT-based Text Embedding and Clustering.”, Journal of
Learner-Centered Curriculum and Instruction, Vol.22, No.18,
pp-931-947.

Kim, Kyungseok., Kim, Hongsam. (1997). 4 Study on the Analysis
of Relationships between Roadway Geometries and Safety, Guk
Toyeon 96-35(=-E 1 96-35)

Kim, Sang-Rok., Bae, Yun-Gyeong., Jung, Jinhyuk., Kim, Hyungjin.
(2011).“Factor Analysis of Accident Types on Urban Street using
Structural Equation Modeling(SEM).” Journal of Korean Society
of Transportation, vol.29, No.3, pp.93-101.

Krippendorff, K. (2004). Content Analysis: An Introduction to Its
Methodology (second edition). Sage Publications, Thousand Oaks,
CA.

Kurt, B. Gerstner., Eric, J. Tanenblatt., Michael, Malterer., Peter
Stockburger., Michael, F. Ledgett. (2023). Global Guide to
Autonomous Vehicles 2023, CSBrand-111184-Global AV Repor,
Dentons Lee, 23 Chungjeong-ro, Seodaemun-gu, Seoul.

LEE, Hojun., KANG, Minhee., SONG, Jaein.,, HWANG, Keeyeon.
(2023). “Development of Autonomous Vehicle Traffic Accident
Scenarios in Urban Areas Based on Real-World Accident Data
Using Association Rule Mining.”, Journal of Korean Society of
Transportation, 41(3), pp. 375-393.

Sangmin, Park., Hwanpil, Lee., Jachyun, So., Yun, Ilsoo. (2021).
“Study of Analysis for Autonomous Vehicle Collision Using
Text Embedding.”, The Korea Institute of Intelligent Transport
Systems, Vol.20, No.1, pp.160-173.

Su, Jin, Park., Seung-Yong, Kho., Ho-Chul, Park. (2019). “The
Effects of Road Geometry on the Injury Severity of Expressway
Traffic Accident Depending on Weather Conditions.”, The Korea
Institute of Intelligent Transport Systems, Vol.18, No.2, pp.12-28.

Wang, W., Rada, R. (1998). “Structured hypertext with domain
semantics.” ACM Trans. Inform. Syst., Vol.16, pp.372-412.

Zafarani, R., Abbasi, M. A., & Liu, H. (2014). “Social media mining:

an introduction” . Cambridge University Press.

ror

IE2ss =2% K253 M5 263






	1. 서론
	2. 선행 연구
	3. 연구 데이터
	3.1. 자율주행차 사고 보고서
	3.2. 공간정보 데이터

	4. 연구 방법론
	5. 분석 결과
	5.1. 통계 분석
	5.2. 텍스트 임베딩
	5.3. 기하 데이터 분석

	6. 결론
	감사의 글

