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B0l : AL A2, AEFYA, CA DMV RIA, 48 S, Tobs 54

ABSTRACT

With the rapid advance of autonomous driving technology, the related vehicle market is
experiencing explosive growth, and it is anticipated that the era of fully autonomous vehicles will
arrive in the near future. However, along with the development of autonomous driving technology,
questions regarding its safety and reliability continue to be raised. Concerns among technology
adopters are increasing due to media reports of accidents involving autonomous vehicles. To promote
the improvement of the safety of autonomous vehicles, it is essential to analyze previous accident
cases and identify their causes. Therefore, in this study, we aimed to analyze the factors influencing
the severity of autonomous vehicle accidents using previous accident cases and related data. The data
used for this research primarily comprised autonomous vehicle accident reports collected and
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distributed by the California Department of Motor Vehicles (CA DMYV). Spatial information on
accident locations and additional traffic data were also collected and utilized. Given that the primary
data used in this study were accident reports, a Poisson regression analysis was conducted to model
the expected number of accidents. The research results indicated that the severity of autonomous
vehicle accidents increases in areas with low lighting, the presence of bicycle or bus-exclusive lanes,
and a history of pedestrian and bicycle accidents. These findings are expected to serve as foundational
data for the development of algorithms to enhance the safety of autonomous vehicles and promote
the installation of related transportation infrastructure.

Key words : Accident Severity, Autonomous vehicle, CA DMV Report, Dimension reduction,
Poisson regression
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Hh(Favaro et al., 2017).
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Y72 ﬁém wﬂe %42 4248 A3 29 43 3L Y 89 29 § 4y

. 94 dlo]¥
1. Z2|ZL|0} XIZLT2|2(CA DMV) XI8F#} AlD YZE

Aejxyol g e A&FHA} AL HEZEE d8 RuME Aexyol F2 =24 TAFE A
EFYAHAV)S AEE HolHE AEsta vk AL AZEE AEyol Y| wet oR3Hy wE
AeFPAbs AaLe] ek @Al 109 ool AFgAe] =l HEES Basjof 3t T BiAdl=
AeFHA AL N, AF FF, ALFY 7E FE 2 FE A4 T AL Al A dukzel AR
7b ZFHol gtk E AFXE CA DMVl 58 A-&F3At9 *h HEEZRE T4 ag vl
BE st w3 HuAe) Azby Wels= 2019958 202197k 0 H, E3H4 M9l MZEA 25
FHEElol A AR Aot ARSIt SRE dXES} T 5] e dEEE At F 102719
At HZES SRS AAl HolH 9] A7l= By Sge fls) A & dA, AEyo}
Aol M A BE AEFYA ALE EH8I = Ae2Ab HolHol B2 S8 n) gl A3s
52T 7 e AR A o] Foll= A Aais} AEE AdAATelA %EZ&E oL e B
& St AtaL HEE, E3F HR ElolH, uF 75
ol ol et 3] =7} E}_E_Ei a]olE1° AL AdE 98 nAR umw LA ARaLRE 2

o] awALZ Woll A 2] wiZol A== EHolH f{
=73 %‘%915} CA DMV AaL B ZEo]|A A% ff& AEF A ALY GF 291 <Table 1>3 2o, A7t
Aol w9l B s A5, 2, 25, w7 A 5o W82 74HEH. CA DMV HEE)

THRE T 4l AEE WgEd] i 71€ FAE <Table 2>9 2t

m o

<Table 1> Variables and contents collected from the CA DMV accident report

Variables Contents
Date of Accident Day / Month / Year
Time of Accident Hour / Minute
Location of Accident Accident Location
Vehicle Damage Unknown / None / Minor /| Moderate / Major
Damaged Area Display the damaged area in units of cells
Weather Clear / Cloudy / Raining / Snowing / Fog / Other
Lightning Daylight / Dusk-Dawn |/ Dark
Roadway Surface Dry /| Wet / Snow-Icy / Slippery
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<Table 2> Descriptive statistics of variables extracted from CA DMV accident report

Variables Number Min. Max. Avg. SD
Time of Accident 102 1 2 1.66 0477
Vehicle Damage 102 1 5 2.98 0.796
Damaged Area 102 0 4 1.72 0.927
Weather 102 1 3 1.17 0.447
Lightning 102 1 3 1.74 0.954
Roadway Surface 102 1 2 1.04 0.195

2. 32t M= HolH

CA DMVY] A-&F3at Al B X E A AFEe 33 ARV TESHA] FoBE Alal 9149 AF-3
ZF BEE Google Earth] 88 ZE I QIE|FH 0| 2~APD)E AH&3te F3stdth 33t ARE F5
, AP B RE AFTHA AT Hojgk YA AFTE 33 ARE A 2 "HEdo] diiE e
2 A7) wiol Al AlHe ARE A FEdA BESID Qthe WAlSk HolHE 35t vl
o] AT} RS Frsly] 98] Gt ¥ AR W5 ¥ FF WS <Table 3> AAISHA T
FAE AFEL UAE Y T29] 78}

Q]

&

of
o X 8 ol

o

- F B g
HH, Ag 2E mE 7|EoE 9T 1 AR dolEe 74 84 F B4 AHgE WS dig 7]
% 5= <Table 4>} 2t}

<Table 3> Spatial information variables extracted from the Google Earth API

Variables Contents and Format

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

Area of Intersection
meter)

. . Distance between the stop line of the current intersection and the stop line of the next
Distance between Intersections

intersection(meter)
Number of Lanes ;I);lez\(/;l:ilte ;)fbt;i]l]lrelge ‘:)y dividing the sum of lanes in each direction of an intersection
Road Width From the center line of a lane to the center line of an adjacent lane(meter)
Left and Right Turn Lanes The number of lanes exclusively designated for left or right turns(unit of number)
Exclusive Lanes The number of lanes exclusively designated for bicycles, buses (unit of number)
Number of Crosswalks The Number of pedestrian crossings around accident point (unit of number)
Number of Bus stops Bus stops within a radius of 30m from the intersection(unit of number)

<Table 4> Descriptive statistics of variables extracted from Google Earth API

Variables Number Min. Max. Avg. SD
Area of Intersection 102 192 2783 773.60 595.606
Distance between Intersections 102 30 250 103.75 40.825
Number of Lanes 102 2 13 5.91 2.045
Road Width 102 20 3.8 3.075 0.2735
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Variables Number Min. Max. Avg. SD
Left and Right Turn Lanes 102 0 3 0.42 0.814
Exclusive Lanes 102 0 3 0.37 0.659
Number of Crosswalks 102 0 8 3.84 1.533
Number of Bus stops 102 0 9 1.04 1.469

3. 1S M= HolH
T AR} npR7FA 2, CA DMV Al B X EofA AFEE nF HE HolEr} FE3A gonz,
AZHA 2T DFT(SFCTA) MM F7HH F AE dojeHE 339t 38 ¥ dolee dAl=
<Fig. 1>, <Fig. 2>¢} 2o, g 1HL A3 58 9 7 =2 YE I 3t 3&F &=, U, &= g
wHE ARE 7WoE SAHE ARl FFELOS) @3 WA A F A2 (VMD)E YERAT <Table 5>
FHE 2% AR dolEe 3 W&o, Ax AFE 23 Y& FA(Link) o] HolEE FZ33Th
WE AR dolEle T4 84 F B4 AEH HEE UF Jl&e FA S <Table 6> 2T}

/

<Fig. 1> LOS at accident locations using data <Fig. 2> VMT at accident locations using data

<Table 5> Traffic information variables extracted from SF CTA data

Variables Contents and Format

Vehicle Miles Traveled (VMT) N(?mmhzed by the length of the segment and could be interpreted as approximate average
daily traffic volume.
Grades road segments by vehicle delay with “A” describing free flow, and “F” describing
Auto Level-of-Service (LOS) bumper-to-bumper conditions.
It represents the LOS during the autonomous accident time zone

Collision locations are snapped to the nearest intersection using the latitudes and
longitudes given from SWITRS to the latitude and longitudes of the intersections in
San Francisco.

This data is based on accident history collected from 2006 to 2017.

Bicycle and Pedestrian Collision Data

<Table 6> Descriptive statistics of variables extracted from SF CTA data

Variables Number Min. Max. Avg. SD
Vehicle Miles Traveled (VMT) 102 1 4 1.69 0.783
Auto Level-of-Service (LOS) 102 10 80 40515 15.683
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Variables Number Min. Max. Avg. SD
Bicycle Collision Data 102 0 30 3.44 4.557
Pedestrian Collision Data 102 0 19 4.01 3.956

B dFolA e AeFP AALE EAs Aust dEE oY eSS AT T AR G
S FE 8UE BAHske A BHor dvh mdYS JYshrld oA, RS FAEse WrE A T
Holl thall =ofstaat stk AAAEE AT 5 de FEUTFE AT o, 39 vlolH WolA
F7HA ASst Aol FRHAT FAH ZAF BN FEHHFY £ 5 7]Eol wet [t
at= Ae v I 5L ¥ A ¥ 240 A
Fog £ & o, A 22 Ho vHI HEe AA s, dFHe] SiiEH, T4 3 51 W 39
HAE O AFetA olaid = A Atk FHATE 2T 2N AHY a4 ThsdS FEE F dom
2, B AT FE5HEF B HEe FRAT F5HSFE Equation2) & A oA

Y g Ky K e Q)

A71M, y= ALAARE, y= Fol AEE, g, 3 BAE, .= I A 7HSAE et

A&7 Fi AEE Uee HFR v LFAY ZAE 5 A
National Safety Council, 1983)04 AAIE 7THA AT E AME3te] SF HuAodA 38 5
&S &H FRZ A3 J3) AZe t-SsHe 32 oS3 2tk F3

£ A E(Investigators
1

Ao A3

A AT a8 W9l 30700] B9 AR Urold A ol el BART, 4= BAE Wl A
o Mg Ao HEHT, 4 = W) o] AT HY, FY, A5 F 3]
2 AAEUT. B9 do] %3 dolo] M} A= TE g gkl TR T3l AHol B AEA 4, &

Left - 4,
(.07

f-x.x—X—X'lx.

J
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Back - d X

a(C].OO) ? X > X Front - d¢
|
X

Right - dy
(1.53)

<Fig. 3> Collision area and Weighted variable 4, settings

208 PARTSYUR|=EN 227, M52(2023H 109)



REFY MTULUTO| GB20l B0l Bt HF

Park et al.2016)2] WFAFILAA A} F4 A Ao Bt AFE 7wtoz A &

£ 200913 2 201437A12] 6137+ NASS-CDS?) HIo|E|E A}&3te] &

15+ 71%)9 2X H&S EA Mg Aol gk #A4 %
AgFYate] A3 =} g3 HARZ FAE WA 2R A&FYPAe AnANEGS= F

Aolgtt. o] Fol=, UA T HolHEREH, 59 H-E AAsty 2y A4 ASE FIstaat

gt 2S99 27] Waet 3 P2 <Table 7>l UERTH

<Table 7> Initial input variable contents and description

Variables Contents and Format
Severity of damages (1) Indicates the severity of the traffic accident and is calculated through Equation2
Time of accident (11) Time of the accident, with AM represented as 1 and PM represented as O

brightness around the time of the accident, with brightness represented as 1 for daylight,
0.5 for dusk-dawn, and O for dark

Weather around the time of the accident, with clear represented as 1, cloudy as 0.5,
and rain as 0

Lightning (72)

Weather (73)

Road surface (74) Road surface condition at the time of the accident, dry represented as 1, wet represented

as 0
Number of Crosswalks (g1) The number of intersections within the intersection where the accident occurred
Distance between Intersections (¢2) The distance from the intersection where the accident occurred to the next intersection(72)
Number of Bus stops (§3) The number of bus stops within a radius of 30 meters from the accident location

Number of Lanes (g4) Sum of the number of lanes in all directions within the intersection where the accident

occurred
Road Width (¢5) The width of the road at the accident location(7717)
Exclusive Lanes (g6) I;hoej(f;;lce of a bus or bicycle lane within the intersection at the accident location (yes=1,
Area of Intersection ((7) The area of the intersection where the accident occurred(m?2)

Left and Right Tum Lanes (g8) Presence of a left or right turn lane within the intersection at the accident location

(yes=1, no=0)
VMT (t1) The vehicle miles traveled (VMT) on the link where the accident occurred.
LOS (12) The level of service (LOS) on the link where the accident occurred

Count of pedestrian collisions that took place within the intersection where the accident

Pedestrian Collision (13) occurred

The count of bike collisions that took place within the intersection where the accident

Bike Collision (t4) occurred

1. X {4 J|HO| HE

A

==

28 44 ool FAY Bas 28 4% B, 239 A4 H5S Fol) 5 A F4 7Y

7) NASS-CDS : National Automotive Sampling System-Crash worthiness Data System
8) ISS : Injury Severity Score, #d¢ A= A4
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<Table 8> The results of the Poisson regression analysis

Independent Variables Coefficients Std. Error z value Pr(>|z))

Null 2.97011 0.43907 6.765 1.34e-11""
Lightning (r2) -0.11590 0.02378 -4.875 1.09e-6""
Number of lanes (g4) -0.60930 0.22299 2732 0.006288""
Exclusive lanes (¢6) 0.27349 0.07241 3.777 0.000159™"
Pedestrian collision (£3) 0.76155 0.10096 7.543 4.59-14""
Bike collision (4) 033913 0.09089 3.731 0.000191""
Null deviance 438.19 on 101 degrees of freedom

Residual deviance 301.14 on 96 degrees of freedom

- Not relevant; ™" Significant at 1% level; ™ Significant at 5% level, " Significant at 10% level.
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<Table 9> The results of the Quasi—Poisson regression analysis
Independent Variables Coefficients Std.Error z value Pr(>|z])
Null 297011 0.82722 3.590 0.000522""
Lightning (12) -0.11590 0.04479 2587 0.011168"™
Number of lanes (g4) -0.60930 0.42013 -1.450 0.150242
Exclusive lanes (¢6) 0.27349 0.13642 2.005 0.047800"
Pedestrian collision (£3) 0.76155 0.19022 4.004 0.000123™"
Bike collision (#4) 0.33913 0.17124 1.980 0.050515"
Null deviance 438.19 on 101 degrees of freedom
Residual deviance 301.14 on 96 degrees of freedom

- Not relevant; ™" Significant at 1% level; ™ Significant at 5% level, " Significant at 10% level.
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