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R Agate] g FYo] 58l met Aol S8 AeAte] AER F3 HolH
7} 7k FAlolt). wEb ERFAFR A AA A&7 A5G vAE dFE
EBAY 5 A Hoth AL aF A vixE IS setal] HaiE A-eate F
S T oE AT ¢ e HARS F8o] a7EH. & A7 5L Waymo
Open Dataset& &3l A-&219] FHYNE E45te] T&F =2 708 TP 4E Hrtet
7] 913 F8 ARE EE5hE Zlolth FAR BAS T3 9E5F =2 73 dolHd tig
Aol 2 FHEE AEstal 8 FVAEE Aottt old, ¢ At F3
AAGE TR G2l e F2 FIPAEE AN o) F FLH F2 FrHA R
E2H OE5F B2 e o R FYEAR S stk HIAEwAE oib] 4 9
2 A T FLGA 0] oF 3548% EA EEH AT FEE FHMEA L A w4l
TAWAE e A uE FRlA FYFA 0] 76.08% =A EEHALH, A dd=2r}
=4 g 2ol Hg) 14687% w2 AL =EEHUT & A7 BHhe Ao AEE F
HolHE 283 AeAte] Wt F B4 A 72 ARE 48 5 e ALE Jvdnt
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ABSTRACT

As autonomous vehicles are allowed to drive on public roads, there is an increasing amount of
on-road data available for research. It has therefore become possible to analyze impacts of
autonomous vehicles on traffic safety using real-world data. It is necessary to use indicators that
are well-representative of the driving behavior of autonomous vehicles to understand the implications
of them on traffic safety. This study aims to derive indicators that effectively reflect the driving
stability of autonomous vehicles by analyzing the driving behavior using the Waymo Open Dataset.
Principal component analysis was adopted to derive indicators with high explanatory capability for
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the dataset. Driving stability indicators were separated into longitudinal and lateral ones. The road
segments on the dataset were divided into four based on the characteristics of each, which were
signalized and unsignalized intersections, tangent road section, and curved road section. The
longitudinal driving stability was 35.48% higher in the curved road sections compared to the
unsignalized intersections. With regard to the lateral driving stability, the driving stability was 76.08%
higher in the signalized intersections than in the unsignalized intersections. The comparison between
curved and tangent road segments showed that tangent roads are 146.87% higher regarding lateral
driving stability. The results of this study are valuable for the further research to analyze the impact
of autonomous vehicles on traffic safety using real-world data.

Key words : Waymo open dataset, Driving stability indicator, Principal component analysis
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Waymo Open Dataset, nuScenes Dataset ¥ Lyft Level 5 Dataset & 70 87153 Level 4 ©)% A&t
o Ax=z ¢ do|gr}t Vsl FAM otk ZE] XY o} Department of Motor Vehicles (DMV)<= 2018'd5-E
R AeA H2E Z2a8e EYste] 79 AeAte] 3R F3& 51835kl It (California DMV,
2024). A AF2t 712 €3] (SAE International)= AH&3Fe] A-&Fd71E 5 A9 MY A=
we} 6FAE FESIH S Waymost 22 FQ A3 Ve £ Level 4 AEFPA 2" o 3P
2 AFE Waymooll A 3¢ A= F8) tlo|HE &85t Level 4 T30 ldshs A& TP H)
E B dth E87ks3 AE&ar AT volElY Ao R VE AEAY] wE IS Hlehe o
A7t wF AlEYeld B4S 7t 2 £ E AT (Figueiredo et al., 2009; Muhammad et al., 2020; Grag et
al,, 2021). 124 als AlEHIAE %35} A4S AA 1F $4S BASE A A el dEFe
U]i]h g Hes 18 F glol = Ag Gutslet=d A7 AUTH (Hegyi et al., 2005; Wen et

5 2022). wEbA, AEE 3 HolHE %L%?} A-gAke] 1 G FA o] AlEHCIM 4 7IRke] AT
t‘o}’ilc’ﬂ vl 454 A3 == 9 A4 jEg e SHoA Tr‘“/]% Ao g AoHET HZ A&t AEE 73
tlolElE 7|Hto® A-gAtet RiAEAE EAstke EH R oA At 1 TS s o
T7F EE YT Hu et al.(2023a)= Waymo Open Dataset% ]HJ 2 FF Aol A AEAe} HA-EA}
9] REGAIZE Apol & Hlwskaitt kA WIHE Bl RiAbEAF th] Ak Fajbd ol =4 55]31
o Audoez B4R FYPYHE BRIt A&t Th Wang et al.(2023)2 Waymo Open Datasets &

&8t Az wAz oA 2p&ake} vlAEALe] FRPE Aol & AFS} st A5 thr] T A&k} vk
240 AT A FAALE Foud Ao|rt A5S AAREIATE 71E Aok B & AFelA=
Waymo Open Dataset®] HoJH 3 F7h& ©&F T2 30 wet &R/t =2 70 28449 3
Y| E 43I TE Tengilimoglu et al.2023)& =2 Ad I w% Ao} Az 5o MA 247} ALA4e] ¢
g FPo FFE MAE FAJALE AASIATE Tev 2o AA 847} 7|E HIAEAe] S
BARow HAE glof sid aclo] AE&Ate] FRAE A nX|= FaFoll ek EA o] Baghs A
o & dATE AeAe FRYHE B2 AP 9 wF Ao} A5 7ol wet B2 FIPEE FEdte] 39
8 HIIAEE EEste HellA 71E Aok ApEAg S 7t

NEAF FhPe B 2 F 3+ FoAES Hrkehr] 93 wEhd A
A%} 7328 (Driving stability) AEE T2 Utk FAMAAY HIAE= }B% %‘3 55 F7}
at7] g AHFAQ AL AN B Aotk FF Aol A A b e AE o] B3 UM EE Tt
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A AEZ=Z Gosiy A S =2 Time-To-Collision (TTC)} Stopping Distance Index (SDI), Deceleration Rate
to Avoid Crash (DRAC)°] 1T} (Jo et al, 2022). FYHEA H7HAEE =2 o] &Atete] o548 9 +d
T2 SAHOR Q% A AFY] AT WIE wEehd B AFse AxE FojHnt FYMEA 7‘]
Fe NEAE B9 FAAE Wsto] e HIFE Fdche SHA AT F AFY FHPY Aol
A YA A} FREG B AT B AeAe FYUAA Wl EAHoR g 4
FANAE W] @ AL Aol B A7) A

7]
ol Fo AEES A Zlolth, AEAFe] Tl

Groz Fyuor FUNYHE TR DIY FAWYY VI BHoE TRY 5 Utk TR
FAGAA L WIS NF ARRE S5 BFAA, HEE B2V, peakto-peak jerk Fo] 8 5 9]

t} (Bagdadi and Varhelyi, 2013; Zheng et al., 2018). Mahdinia et al.2021)2 A|Zte] EEo w2 FP3Pe)o] A
3} A= & AFs}s X EE Time-varying stochastic volatility (VF)E A AISFATH VF X x2= 7| H49] HA
S 2REH HAE B AEdthE Mol EFHAeL fAR] BolAwk FR3%F atolo] Stk EFEHATL
NE Mo FHOE HAE EFd= A AFolU VFE Aol ©E WG oA wstere] witol
3] HAS AEsh= A Eo Tk (Jee et al., 2023). F3 A4 H71A %2 Erratic Driving Index (EDD)E & 3
FAZE Bt ANE AT QARES 2eke HE WA o 4FEH M, Safety Reliability Index (SR)+
N W Fhol dAFE 238 HIEZ =FE T (Kim et al, 2024). Kim et al.(2017)°]l WZ ™, Steering
wheel Reversal Rate (SRR)-> F=3J A1t thH] steering wheel®] ¥Hd Zt=7t A YEbhd 3148 B]&2 YeRd
ARZ P TN S Hrlkehs d S8 2 AT V€ AT 1FZE T 137 Y FEt
A B7EAEeE 13744 e TR WA RS ARt dHolH 3 73 949 E JASA
718 AT 1FE AR 207 FHIAA FIHAEE WO E AEA FYbE A ek A g ol
= F8 WA E E&dE F4E B4 (Principal Component Analysis, PCA)
FRE B4 ¥ *dz‘fé AgES Bl 8219 & o AAHOE ol < AdS F
o]t} (Santos et al., 2019). Lee et al.(2015)> HAMAY EX|o] g2 AAE Hofsh=
Eiﬁ‘é}gim tolE e AdES Fa4s] fa FAHAE E4s &85t
e T3 79 F8 802 FESIHUT. Kwon et al.2020)2 F
g s A4 E4& EAsATh AERAE
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Waymo Open Dataset= -85t F4& #4& Tl T3
3 < nfEs Y. AT £ AR 3 step

2H BER E2 708 Aaxte] FHok
T35 <Fig. 1>0l] AASHAT Step 1914+= Waymo Open Dataset®] F3#| 4 t|o]E A =-&219
Z3ta, HolE U 94 2 &5 ARE IO 7 &L jerk, yaw 3 59 F3 ARE
F712 A& AT 712 Waymo Open Datasetoll A Al g3l A7 FAAEE 7|tz F7HE d&F

< TESATE Step 2 FAUAFA T2 FUHAR AF dAolt V1€ ATE AESH AEA
Fol FHYPE Hriskr] A FHLAE BIHAEE A% ’8}“1’/} X}EX}EI THE FPHR (55, 7+
5, jak)ot WY FHFE (yaw A, AEE, A7HEE)E 7IHoR F 20709 FALHAL HIHAEE A
Astgrh AAS ZRAA FHIIAEE Yo s AR B8 Ezsﬂ 9EF =2 PE FR YRR
£ A3 Step 3= ©EF =2 7 F3YE A AE (Driving Stability Indicator, DSI) A& @A 0]
o GEF B2 0 ek FAA S Hlﬂ?‘s} | Slal A A3 FPEAE Fa FrHAEE A
ekl garsl VM ezEs Ha-HdY Ast Mi & Z&sixlen garstd o

AR AeBToR GEF =2 7 DSIE J%ﬁ}oﬂl 52 PE FYPRAAES vlasiih

o
o
0>«
g 4
)
N, 9
AN

Max normalization) *'H S

Step 1. Data Collection & Processing Step 2. Derivation of indicators Step 3. Comparison of driving stability

Waymo Open Dataset Set of Driving stability indicators

Computation of driving stability

- * 26 driving stability indicators
[TrajectoriesJ [ Driving J & Stbiity Through the effective
ootages o indicators for each element
Longitudinal Lateral
l * Min — Max normalization
Data processing l X — %
Xscaled = =

» Extraction of AV’s trajectories Xmax — Xmin

Principal Component Analysis

* Calculation of additional information

* Processing outlier and missing data

« Samplc adequacy test

« Calculating driving stability

- KMO / Bartlett test
DSl = or——
l * Principal Component Analysis p=1%ip
Categorizing road segments
* Categorization of road segments for l

interrupted road segments Comparison of driving stabilit:

Signalized Unsignalized
intersections intersections

Derivation of the effective indicators

Identification of effective stability

indicators for each segment
segments segments

[ Tangent road ] [ Curved road ]

Tangent ® Curved mUnsig = Sig

<Fig. 1> Overall research procedure

1. Waymo Open Dataset

£ A7E Waymo LLCOIA F7l$ Waymo Open DatasetS 2835t Waymo Open Dataset< H]= U] 5=
8 TN (eg MZFA 2, 9Y 2, vbeRF)olA Waymo A-&A7F 3¢ AR E F4HTh Waymo A&
A= SAE 71 Level 4 558 ASFPAFo R Aol 724 shve}, ghold, glolt & E33E Thefeh Al
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AE B3 A&Ae 3 Holy ¥ EE o|§AE XS T wFHEE FHITE (Wen et al, 2022).
Waymo Open Dataset-> $14] H]©|¥] (Perception data)®} &2} H]°]E] (Motion data)Z T-E=o] Tt <14 H
olB= 2019 8¥ E/HE A 1,00070] =2 F3bell thafl A&7k ofF 2023t 0.1Hz9| WIEE F3 T A
A ARZ FAE ok & AFoAE HolH A9k siAe] 1HES 98 A 7HEE dlolHE A3t
%2 Waymo Open Dataset®] 14 tlo]E] ¢} A4-&x1o] 343 HolEE X3t (Hu et al,, 2023b). Hl©]
B AE9 AR T4 8A4ZE Waymo A& FH E2 o] 821] FAZ HolH (eg A, £5)< A
A AR (g AA 3, Unl, Aot o dHoly 3 AMAA Y FqEA (eg X, A BEE
712 AF3ta ok 713 E Waymo Open Dataset®] =3 &HE-& <Table 1> AAISIATE £ AFoM =
Al 7HE-E dHole MES Waymo Open Datasetoll Al A 3-dts AT FAAEE B0 &&3tHTh
Waymo Open Dataset]] theh ZFAIgE W82 ths HIE T3 &UT 4 T} (https://waymo.com/open/data).

<Table 1> Attributes of processed Waymo Open Dataset

Attribute segment_id frame_label time_of_day
Description Road segment number (1~1000) Data collection frame (1~200) Dawn/Day/Dusk/Night
Attribute location weather laser_veh_count
Description The name of US cities Sunny/Rain The tﬁ‘:ﬁgenz;fizd;if;fi:ntzd by
Attribute obj_type obj_id global_time_stamp
Description vehicle/bicycle/pedestrian Ego(AV)/Others Epoch Unix timesamp
Attribute local_time_stamp (s) local_center_x (m) local_center_y (m)
Description Local time (1~20s) Local x coordinate of the object  Local y coordinate of the object
Attribute local_center_z (m) global_center_x (m) global_center_y (m)
Description Local z coordinate of the object  Global x coordinate of the object Global y coordinate of the object
Attribute global_center_z (m) length (m) width (m)
Description Global z coordinate of the object Length of the object Width of the object
Attribute height (m) heading speed_x (m/s)
Description Height of the object Global heading/local heading Speed x of the object
Attribute speed_y (my/s) angular_speed (rad/s)
Description Speed y of the object Angular speed x of the object

2. HIOIH Tz

1) Hlo|H 7=
B ATollA &3 7HE¥ Waymo Open Dataset> 2| 7S EE 7|E 02 oA A|A7F 8= At
Hu et al.(2023b)E 9] A4 7145 HE - 8mis”oll A Smys’ o2 A3 dlolg U A4 7I&E ¥
°ﬂ EFHA G Y @S oA E AT o) FA] AAE B e dAEE 71E9 Bl of
, oA FH AAES dEH o R tAshe W0 R FaE] HolH AF e IS st
X}EXH TP S £413H7] 915 Waymo Open Dataset®] T3 #Z] tlolHollA A4-&x1o] FAPHEE 5
=3t A Aoy By T =2 o] &2 AR} FEsT B 2%, Waymo Open Dataset®] A&
HolEE 7|Wto 2 A8xte] 7} FHAHRE A& Waymo AH&ate] FAZA dolE Y 93 € &

98 Pr=ITSYLR| =N NI233, M4=2(2024H 88))
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T AEE 7MO R VMEES jek HAEE FUIE A& AT T8 AE49] heading ¥ 4= ARE F
yaw rate®} Z7FEEE AHESITE Waymo Open Dataset U] HIOJE| =3 T3t 96.5%7F @47/ 70
aEste] B AT £4 i e dEF EE e g AAsth HolH e dHE S grsr] 9
o A&F E2 712 B4 didedA Asidth AR 31 Al 8 dlolHe A HolH
07%%2 RO 471 FE3HA eob & EA A ALt F7H2 Asxte] FHPEE B8] Hsf A
210 2 9o] #ZHA ¥ 731 HolHE AAS HF HolH AEE FASA

H

?) &R 52 77 2R

£ ATl Waymo Open Datasetol 4 Al ZeH= 52 78 GRAZE Bole] Hole #7738
UEF B2 T0e TS AES 7Y GYARE Waymo A8 AR AvieE i) 1T 9
oz FEE oF 2029 G AUE AT FU FYAEE Fo 22 V15972 D LFAT Aol
o Re UEF B2 e 40T YTk FY YAALE BB BER B2 7200 85 /2L e
2,

- wAtE JF

D FA o] TAZ ANEE FHE 71

D) HAZ U5 2L AR Aol FA| APl Y& e A P2

0 BY A mEsel B2 F2He ARSY

o mAZ ) AEZY FRE GIARE B BEHGL o1F NOE ABmAZS MATIAES

TG GUR] S GYARE /20T FA Aol YARHES FASE AT AF B2 T0E

24 pUze BReln BUINE EdelA o =2 3] o) A4 pdze TR, & AT

e B4R £8P0 AsuAe, ATRAR, 44 BUF, 193 34 BT, F o2 2Rl
3T

5
2
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2
39
ol

ol
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K

ﬂi %*d I&%iﬂ 1567)

g T FYMEA B 13704 H A ES 13704 e FAIRA BUHA R
AAREAT B Aol FHIAA B e B2 l%ZHPH daAgo® g FA g As
& Wk BHoA AFse AR Fogth THE Z?%‘O”é** A AEE AR £59 TR
jerk®] ¥FHX}, VF, EDI, SRI ¥ peak-to-peak jerkS AF&3l3 T 343 =
Z+és 247k 5] FWA} VE EDL SRI ¥ SRRS A 3'8}%‘5}
VF A& AIZEe S50 W2 W Ao wshge Hto| tisl HAE AFshe AxEo|th (Jee et
al,, 2023). EDIE= % FJAIZE & /N A7) AIgS 298t H*%Oﬂ g HlE=E 4tEdT AAGES
E We] M WA F4E F FINNCE o] 2E5H3th SRI= /W W7 dAR
LlRst=2 & Asxolth. W7t QARS 23S FE volHY F NFE ol 4hE3st
Aok (Kim et al., 2024). ¥ Aol 4 EDI} SRIE =&3817] A dAIES /M WA Hujge] HHo=z
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<Table 2> A list of driving stability indicators

SIS TE Kim et al.(2017)0] ™=, Steering wheel Reversal Rate (SRR)-2 8§ A7k T]H] steering wheel 2]
=7t IA JeRd 3] vl gk (X2 e Y8 Bt 83ttt £ A= 137
YA FAAEE A8 dHolE 5 73 B E
Astith. B AollA 283 26714 FHMEAE HIFAEE <Table 2> A8 OH, G&ER7F =2 T
W PG E] 7EFAFE <Table 3>0 A A5

No. Indicators Indicator description Equation
1 SD_s Standard Speed T
= deviation Z (x,— z)*
2 SD_acc Acc = t
3 SD_jerk Jerk T
4 SD_yaw Yaw rate
T = measurement
Angular speed
5 SD_angspd ¢ pee t = time step
6 SD_angacc Angular acc T = total time step
7 VF_spd Time- Speed
. T
8 VE _acc VR Acc _1 —7)?
, volatility 71 f;(” 2
9 VF_jerk Jerk )
x
10  VF_yaw Yaw rate 7, = In( L) % 100%
' 7
11 VF_angspd Angular speed o . .
T = measurement, ¢ = time step, 7/ = total time step
12 VF_angacc Angular acc
13 EDI_spd Erratic Speed A
14 EDILacc Driving Acc T
. Index .
15 EDI_jerk Jerk ul |£Cl — critical value|
(z; > critical value, E =4
16 EDI_yaw Yaw rate ) i=1 tiv1— Y
17 EDI_angspd Angular speed T = measurement, ¢ = time step, 7" = total time step
18 EDI_angacc Angular acc
19 SRI_spd Safety Speed
20 SRI ace reliability Acc _
= index M (1if z, > 7, otherwise 0)
21 SRI_jerk Jerk t=1
22 SRI_yaw Y t
Y aw rate T = measurement, { = time step, 7/ = total time step
23 SRI_angspd Angular speed
24 SRI_angacc Angular acc
25 P2Pjerk Peak to peak jerk Moz (jerk) — Min(jerk)
n
26 SRR Steering wheel reversal rate ?J;p » (g, = The number of counted reversals)

|23, T|42(2024H 8<)
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<Table 3> Descriptive statistics

Index Indicators Mean Minimum Maximum Standard deviation
SD_spd 7.036 0.008 32.495 5.228
SD_acc 0.587 0.013 1.834 0.265
SD_jerk 2.203 0.208 10.079 1.331
VE_spd 49.761 3.535 84.848 14.75
VF_acc 39.785 4.04 61.616 8.923
Longitudinal VF_jerk 34.927 4.545 50.251 6.589
i;;llr:f’; EDI_spd 4.411 0.123 22775 2.896
indicators EDI_acc 7.036 0.008 32.495 5.228
EDI_jerk 0.587 0.013 1.834 0.265
SRI_spd 98.235 10.391 193.499 22.589
SRI_acc 49.761 3.535 84.848 14.75
SRI_jerk 39.785 4.04 61.616 8.923
P2Pjerk 0.542 0.038 2517 0.309
SD_yaw 11.976 0.069 63.571 13.478
SD_angspd 66.353 3.822 150.087 25.268
SD_angacc 98.235 10.391 193.499 22.589
VE_yaw 3.028 0.001 15.535 2.376
VE_angspd 0.17 0.002 0.672 0.081
Lateral VF_angacc 0.542 0.038 2517 0.309
S(:;:lmm gy EDI_yaw 2.203 0.208 10.079 1.331
indicators EDI_angspd 11.976 0.069 63.571 13.478
EDI_angacc 66.353 3.822 150.087 25268
SRI_yaw 34.927 4.545 50.251 6.589
SRI_angspd 3.028 0.001 15.535 2.376
SRI_angacc 0.17 0.002 0.672 0.081
SRR 4411 0.123 22775 2.896

4

4. FHUHM FQ WINE £5

1) a|0|E1°| SA ME B}
ATFIAE FAR BAS B8] 26714 FALAH BAAE F dolelo] BF AgYo] 1 %
& 28 BAATE HHHAG, D4R S TOE AETAZG MATTAZ, A4 BUZS 24 B
29 47H YR TRIAYOM 7 w2 o] I FULYY WAAEE 2P DPF BHoR
ARERIGT. § 22 YR 23R FAYT FIRRY DALE Tt 3 87H9l dlolel AlE
o)

7§T, 611% tﬂo E-]7]— A0 AFe A= Z}éfﬂu} (Santos et al., 2019). 5=7}2 Measure of Sampling
Adequacy MSA) Z=¢F T84 #e 5a Hr7HAEE 24 AL H718H4Ah MSA S=9F F54 gkl
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0.5 "Rl H7AEE Ao FAEe HsE Adste] 8 AR AR HZdA AT He et
al., 2011).
2) FME £AM (Principal Component Analysis, PCA)

FAE BAL J88AVE & U 3 A8 23S B8 HolEE 4 9 destshe o SAEA
ZIHolty. AfEE 71EoE 7ZF JEo] HolHe HEAES AHete AR A¥EE Wristy 2 AT
Ae IFFk0] 150 2 HAES FAE0F AT (Kaiser, 1974). a2 531 dlojg el EAof tigh
HYEr 22 AR HrE T4 —’F& HIAEE 18T S ok AR AAFE dedletn Ay
A e] gol g syl S8l ARAE S JAstH o 223 A (Varimax) Ho“—}—% ‘HEES}QEE} A" A
LA H7AE 3 %

£ SIS DSIE B34 FUAY FL BB FUHA S29 B4R 22 708 A8
o FYAYHE WALHGT DSIE FALHY T8 WAAEES WO AP FALYHS AYA
AEE 2 70 FALAH L4 vn 9 B/l THAAL, DSIE T8 BAAES) BT 9
ALEY AERFE T ABHAL. £ AFE AoA AF WAL B T2 GRS AT
518 stk Aa A iFshs dolHE Aol % W9 W 2AUYE PO dol ¥
EZ 03} 1 Abole] MR FaSETk YT B dolHE 2o ¥ WE st} N2 ¢ MuE

38 4= Qlt} (Patro and Sahu, 2015; Jung et al., 2008). 3 4&-Hth A 7F3}bol] i3 =41 Eq. (1)oll AA&HAth

71, x,,..,; Normalized value of the indicator
x: Original value of the indicator
: Minimum value of the indicator in the dataset

T+

: Maximum value of the indicator in the dataset

Laz+

SE F9 FIAREY AEHHF S B9 2HEE #S DSIE A5 B dAFelA &8
AxY o] F4E FPMA o] adhs AR AT & Ak wEhA] BIIAE e 3
F T2 7ol g8 DSUF YErE Y =2
128 5 Qo) k&3 DSIE ©4F =2 7 AE3)
AbZ2 2 Eq. )9 AAEAT

A
dlo
lo
rlr o>“'
:Ll
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................................................................................................................................... (2)
DS =~
xX
p=1 »
o714, DSI: Value of DSI for road segment I
n: the number of indicators
z, : the normalized value of the indicator p for road segment i (Where p is each indicator of the dataset)
. 24 2
1. CIOIEQL E®IIX|Ee| 24 =gt =Wt Hnt
KMO %! Bartlett A C2 HolE AES &4 AHAE Hrista A4 ZIAE <Table 4>l A 5T
KMO 2% %ol 0.6 o1, Bartlett A92] f28-80] 005 v]gho 2 g7) Hlojg] MBS} FAE EAd) H
d Aoz =EHU Lo FYYY WA BH ARAL AP Aot MSA ZE% BF
A AZE Fstglon, ¥7F AF}E <Table 5> AASHAT. MSA S5 51 354 AXE 058 AFS
2 P8 AEe] B4 A3Ae BASAT YA 2Aee Y BAXEE 2R B0 A3E o
< ¥R At Fo HUHARE A A ALt Azwatze] s FYMAA B E=
VE_spd®} VF_yaw7} 240l 22§38 Aoz Yehgon, HAEw 2ol A= VE speed?} VE_jerk, SRI_spd,
SRI_acc, SRI_jerk, VF_angacc’} £4 HAY ®H4EZ =E&HTh A dYZ= VE yaw$t VE angacce,
SRI_angacc, 34 TUZ= VF_jerk®} SRI_ace, VF angacc, SRI_angacc7} #41o HA3 g AE-Z TEH U,
A FAYL Ao E2H ARs 4 E2 7t Ui 78 AR FHA A 253t
<Table 4> KMO and Bartlett’s Test
Longitudinal driving stability indicators (N=13)
Signalized Unsignalized Tangent Curved
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.769 0.679 0.691 0.700
Approx. Chi-Square 7087.624 3145.893 2928.264 2558.849
Bartlett’s .T'est of af 78 78 73 73
Sphericity
Sig. 0.000 0.000 0.000 0.000
Lateral driving stability indicators (N=13)
Signalized Unsignalized Tangent Curved
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.728 0.732 0.690 0.722
Approx. Chi-Square 11501.283 7230.533 4533.400 4725.803
df 78 78 78 78
Sig. 0.000 0.000 0.000 0.000
Journal of Korean Society of Intelligent Transport Systems
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<Table 5> MSA and communality

Longitudinal driving stability indicators

SD_ SD_ SD_ VE_ VE_ VE_ | SRI_ | SRI_ | SRI_ | EDI_ | EDI_ | EDI_
spd acc jerk spd acc jerk spd acc jerk spd acc jerk

MSA | 0.672 | 0.763 | 0.784 | 0.740 | 0.863 | 0.915 | 0.897 | 0.832 | 0.755 | 0.689 | 0.638 | 0.747 | 0.782

P2Pjerk

Signal-
Comm-

ized unality 0.908 | 0.725 | 0972 | 0.354 | 0.714 | 0.717 | 0.835 | 0.712 | 0.782 | 0.889 | 0.844 | 0.973 | 0.967

MSA | 0.707 | 0.661 | 0.776 | 0.760 | 0.665 | 0.443 | 0.650 | 0.671 | 0.447 | 0.706 | 0.691 | 0.711 | 0.645

Unsig-

nalized iﬁ:ﬁg 0.836 | 0.739 | 0932 | 0402 | 0.685 | 0.397 | 0.490 | 0.377 | 0.618 | 0.817 | 0.805 | 0.952 | 0.925

MSA | 0.640 | 0.706 | 0.760 | 0.797 | 0.855 | 0.694 | 0.657 | 0.616 | 0.586 | 0.648 | 0.667 | 0.707 | 0.670
Tangent| Comm-
unality
MSA | 0.692 | 0.752 | 0.776 | 0.686 | 0.839 | 0.359 | 0.599 | 0433 | 0.523 | 0.699 | 0.742 | 0.710 | 0.642
Curved | Comm-

0.889 | 0.794 | 0.985 | 0.657 | 0.735 | 0.569 | 0.797 | 0.877 | 0.651 | 0.875 | 0.892 | 0.989 | 0.978

0.905 | 0.840 | 0.980 | 0.748 | 0.693 | 0.958 | 0.759 | 0.855 | 0.769 | 0.890 | 0.906 | 0.983 | 0.968

unality

Lateral driving stability indicators

SD_ | SD_ | SD_ | VE_ | VE_ | VE_ | SRL | SRL | SRL | EDI_ | EDI_ | EDL_ SRR
yaw | angspd | angacc | yaw |angspd | angacc | yaw |angspd | angacc | yaw |angspd | angacc

MSA | 0.670 | 0.669 | 0.821 | 0.247 | 0.924 | 0.615 | 0.620 | 0.827 | 0.960 | 0.678 | 0.679 | 0.830 | 0.689

Signal-
ized m 0975 | 0974 | 0.922 | 0.689 | 0.626 | 0.849 | 0.852 | 0.766 | 0.583 | 0.960 | 0.959 | 0.935 | 0.709
s MSA | 0.682 | 0.682 | 0.827 | 0.632 | 0.839 | 0.866 | 0.632 | 0.702 | 0918 | 0.680 | 0.681 | 0.828 | 0.763
nsig-
nalized | COmM- 0.968 | 0.967 | 0.894 | 0.767 | 0.758 | 0.382 | 0.874 | 0.880 | 0.712 | 0.949 | 0.948 | 0.905 | 0.683

MSA | 0.646 | 0.644 | 0.756 | 0.299 | 0.881 | 0.247 | 0.728 | 0.785 | 0.872 | 0.646 | 0.651 | 0.755 | 0.764

Tangent | Comm-

0.964 | 0962 | 0.893 | 0.697 | 0.663 | 0.779 | 0.892 | 0.888 | 0.473 | 0.950 | 0.949 | 0.929 | 0.615

MSA | 0.645 | 0.645 | 0.862 | 0.821 | 0.780 | 0.704 | 0.695 | 0.698 | 0.950 | 0.643 | 0.641 | 0.870 | 0.798
Curved |Comm-

0.930 | 0.929 | 0.801 | 0.620 | 0.786 | 0.131 | 0.789 | 0.794 | 0.465 | 0.898 | 0.897 | 0.883 | 0.680

EDI_spd, EDI_acc’7} & H/IAEE =EH
SRI_jerk7} & FHAAGA F8 HIHA R

SD_angspd, SD_angacc, SRI_angacc, EDI_yaw, EDI_angspd, EDI_angacc”

ZH AT I TP HIAES] AS, SD_yaw,
Aoz e} vAswatze tigh

-
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T8 WHHIEE AEEHAY A gdd29 FH dd2E FYSHA SD_yaw, SD_angspd, SD_angacc,
EDI yaw, EDI _angspd, EDI_angacc”} W3 Fab84d 8 /AR E AAZHJT FAHAE &4 Ao+ 1
Aol diEste N e AR AAFS HE HAEPE FEE <Table 6> A AT

ol

<Table 6> Rotated factor loadings of the first factor

Index Indicators Signalized Unsignalized Tangent Curved
SD_spd 0.893 0.916 0.941
SD_acc 0.837 0.867 0.859
VF_acc 0.644
Longitudinal VF_jerk 0.814
driving EDL spd 0.885 0.898 0.930
stability
indicators EDI_acc 0.871 0.928 0.926
SRI_spd 0.866
SRI_acc 0.694
SRI_jerk 0.862
VF_spd, EDI_jetk 3 P2Pjerk= & A7 Mgk < 0622 =E5Ho| A3t
SD_yaw 0.956 0.908 0.910 0.964
SD_angspd 0.956 0.908 0.912 0.964
Lateral SD_angacc 0.941 0.926 0.920 0.890
driving
s EDI_yaw 0.949 0.906 0.908 0.944
stability
indicators EDI_angspd 0.949 0.906 0.910 0.944
EDI_angacc 0.949 0.928 0.945 0.934
SRI_angacc -0.700 -0.647
VF_yaw, VF_angspd, VF_angacc ¥ SRR A& AT Azt < 0.62.2 T&F o] A3t

w
O
2
=
El
HI
1x
[N

1}

8 AR EEE

T 2 =
8 WIHAEE A3t 2 AsHdste] A& AEE DSUL 25
[ 3T

o3
! AN

2 iy FH dg2el AN gzl Fudk DSIF 42 58.40%, 45.60% EA EZEH QoM
A g AA gd 2y} vjalzuaze e 2 FakgdAde] w8 Aoz M 4 k. ek F3)

3l
Az} v T wAtz o] FYMPA ALTF 42 4873 2772 EEFH AT AT wA2TE vl
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Yo e TP AF7F FA GY R vlF] 147.08% A EEEHNOH A Gz I F
Hobgado] T GAZHY £SE Judt) d&F 2 771 7t DSI vlw AE A Z3}Ele] <Fig. 2>
A A8 T
Longitudinal DSI Lateral DSI Lateral DSI
7.61
3.64 3.96
2.50 2. 77 3.is

M Signalized intersection B Unsignalized intersection |~ Tangent road section M Curved road section

<Fig. 2> Comparison of DSI for each road segment

V. 22 9 &5 A7 3

Level 4 ©]% A-&21¢] %" Fao] AHo R &g met EA ] 87T AEE F3 tlolH
F7F F78kaL k. ER/AEF FEelA AeArE wEkded vAe IS dofstr] M= AEAe
THYNE BFHORE l",i_—"ﬁ,ﬁH of &t Ao &gatr] A3 Fovt HIMAREE AAsoF It B AT
+ Waymo Open Dataset-e 283t 24-&ak0] FMGAL S B8] A F2 ARE E2F02A T&

FER 70 Agate) FALHA Bt /1ES oSk A, Agate) FALAL Wl @
2671419 T 2 AN FPLAHAE AEE AA8HA. Waymo Open Dataset®] A2 FHHHE 7|0k
o2 FYYA WHAEE AT FAR B4 B3 AA tolEd) i Aye] B Fa
TS AEsT. FHMEAY F2 HIHARE E%’S}—E J+7<4°ﬂ*1 EﬂOlHE SEF B2 k] e

3] Zv}ek gl 3)ukel 3

ek DSIS AFE3ITh DSIE 7|HHe 2 F2 HrixRE7} E?J_'s}ﬂl H EE e FY¢
stk A E w2 Fek DSIE HYE the] Ho) 58.40% = % Row, ek DSI
2o|A HAEwAE thH] 75.81% %ﬂl TE2HQT =3 AM ddzo| ek pSIE A o
147.08% =A =EFUTh O &= b iE] HAE AR S] DSV YR O R U EEE ] oH o
H A S wak2 P A ApgAke] F JiOJ ol Zadhs Ao AT & it Yukdo g w
e Fxo wBAFoR Qs EFuEH FFolA ALAe T8 dolxrt F
Tengilimoglu et al. (2023)& BLE A&} ARILO| 89%7F ALAFR kol A AY3ESl o
Ak v S AR AN A 2] FE HoR o] FIHEHS AlAFE T
B ATE OEF B2 o) s Ak FAMEAE S Hrstr] 913 H A A
25 AN sl HHES Bl FF At FAMA B4 AT AR
%L% 4 Stk DSIE 7|Rke2 24 B3z 9 A3 5 A-gAte] FYMAAA A TS vA = F7
A& a3zt Ag&Ate] HAH AR AAS AT FuAEE 8 F ok =39, &
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