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Analyzing the Impact of Changes in the Driving Environmenton the Stabilization Time
of Take-over in Conditional Automation
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ABSTRACT

The stabilization time of take-over refers to the time it takes for driving to stabilize after the
take-over. Following a take-over request from an automated driving system, the driver must become
aware of the road driving environment and perform manual driving, making it crucial to clearly
understand the relationship between the driving environment and stabilization time of take-over.
However, previous studies specifically focusing on stabilization time after take-over are rare, and

Received 20 November 2023 research considering the driving environment is also lacking. To address this, our study conducted
Revised 25 November 2023 experiments using a driving simulator to observe take-over transitions. The results were analyzed
Accepted 15 December 2023 using a liner mixed model to quantitatively identify the driving environment factors affecting the
stabilization time of take-over. Additionally, coefficients for stabilization time based on each
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influencing factor were derived.
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24853 (Autonomous driving)oll TH&F AJA A #Ale] Eoldo] wel Be AExt AL AEFEY, IT
Z19Ee] A& 7leM o] =gsta om, o]l wpel w525 21883](SAE international, ©]3} SAE)]|
A Aol gl 3 AR 2853 (conditional automation)©] &3} A HolE1 ATHSAE, 2021).

SAE 71 A&53 # 3 7]&-& A&F3 A 2Hl(autonomous driving system, ADS)°] Ad ol AAE 574
Z7491 £33 A% S (operation design domain, ODD) Sloll At F3& I35, ADS7} 3T o= e 34

o gotE A5, SHAAA AojAE EAk g} o] g Alo]A HZh(take-over) FFH SHAT} S2HH O
2 Aojd A% g FH E2 2 34S 398t £% S (manual driving)S e AES Fukdith

(SAE, 2021). o]uf, 33k 1A 7(] do] WAYst= A, AlojAH AF A8 AlM(take-over time, TOT)o] 2
AAA =™, 53] Aojde +F H& AT &xo] AstE wj7hA] o] AZRQl Alojd A M ARt
(stabilization time on take-over)ol= F&-& v|XIth wEtA A& F3 oA FYPTRAH L XA A=}
ADS®| A F AAH = v 83 afloth IdelE Aojd Agel| FFE vA= TP alld
el Ae AR FE8] FHEA gon, 53 FRRA OE Ao ;ﬂ% HA3E Atol| gk A AA
o AL oA wEa AH o).

webA B AFE FEEAe] Wy Aojd M gl Algte| nAE IS AFHoE £
st} =2lo|W] AJE# o] El(driving simulator)E &3l AojH AF AHe —’F?%‘ﬁ]'i, Age] Az
Z 24 714 AE E3 = (linear mixed model, LMM)2 53) £4]3to] Aloj@ A3k ekl A7k
n3E TR 245 EFetaA stk B3 74 AARE T FHEA /\Oﬂ w2 Ao
Az W3t AeE gRlsty Aoz £ AT AAE ot g4 &8 5 U=E A staat @

ool oo o Kl
ot oo 4

2 ATE Bl Alojd A3 g3 Azt e riA= 820S BAHLE B3y, A 2H4E AR
S§Fo2A 2487 25! AT A UAT YT P2k IR 4IHY RS £ 4 2 ol
gl $F 2AY ALFW 85 AT D B o] Folshl 48T + AL Ao Syw,
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o A= 20199 12€ 31U AAA A H oz Ao]A Ao gt AV ES AASH o, 243
o= 7 7|FE AR Ak TASATE Fe 71 B3 A, Al1123] o5t Aojd Mg
QAo ARE F A 152 ol AFEH, ddHA e o] AT FA] Aojd AE aF S Al
Zksj|of gttt AlojH HE aA-2 g A H8 AFAE 1
A AE 84S P& WFEH 102 ool 2z dl-go] §l
risk maneuver, MRM)& Ab5 AlZFsfof gt w3 Alojd A& 9] Ael disixe A, A=
7Y, NZ-A7bE7) 5 AgsA B3 22713 B3l Aaslor st Alojd M3 84 o] F 4z oy
of A AZE FHAT7] A& 3t

A2 #AH A 71 2IE s FAAEANAE AFA7IE gAZ8 ™ (World Forum for
Harmonization of Vehicle Regulations, WP.29)= <l -5 7 Al %] 3] (United Nations Economic Commission for
Europe, UNECE) Abstell A48t 0L, A4 vl=, f1, d&, &= 5 F& 7718 Asar|E =4 x3 F
& 9l F53kal ATHLim, 2019). WP.29o A= 20211 39 AHE 2HA -2 Al 2Bl (automated lane keeping
system, ALKS)oll #3F UN regulation no. 1578 3E3tH o, 7)o Aojd A t)gt 7|Fo] 3o
ATk AAAH AZo] Do =9 F8S AlEH A3 planned event), Al E A ¢8-S “d3Hunplanned event), Al
28] A3 (system failure), &Z 2} W94 e AAPE §|A] 59 F3}o=2 FASIY JTHUNECE, 2022).

Ao gl Hagk ARt tieiA = W] At A= BARE AlE FgelA e Aojd A
& AT Alojd Agel|] S3HA FHEtE MRMS & F e FES AR sh
AlZtEjofof gitkal WAL ek ek AT Alojd Mg gl Sk F= A, Alojd HE A
102 & MRM<S A& A A8

-

2 BAY 5 =S 27
)

2. MojAH Mg oy o1 nF

Alold Agk AT WA ol sdshe AoH ME YIS HAE 82l
w3k AT = il AESAT Alojd Mol FFE vX = a<lol sl mEt
(meta-analysis) S 533 7]& A AT Ao w2 AojH M3 dF 202 A AFH QA HLA
(non-driving related task, NDRT), A|o]H 3 8 H(take-over request, TOR)S THOZ AT7} FIF]
(Zhang et al., 2019; Lee et al., 2022).

Kim et al.2021)2 & 3 59 ZF A&7 F3olA 5 029 AojAd AFS QbHsty w
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2A o] F7] A7 21F allo] HA= FEFS ZARIAT B T B, AL HelE DA A, FH ER
o] ZefE 9 A Fgo g FRate] Sefo|H] AEHolHE &8 Aojd A APS FAstHeH, 7+
Fgol A A4 Wk Y-S WA= 1A a8l S4E Hwsith

TOR®| #&F A= TORS #Ao] AojAd Ao mx|= FaFS FA8ta &322 TOR W25 A8t
= A77F F2 FREAH. Gomes et al.2022)= &4 20 wet AL 0w 2HHE= HEH 74 FA
(adaptive tactile device, ATD)E TOR W4 0.2 AQtste] £xzke] 7t Dluwl s 7|Hto 2 T2 9 A 2Eo|

g3l RAAA A&EHoE FHE ATFOZHN Aojd HF
Barisic et al.(2023)& AH-&F3 2pgFol A Alojd M gko] WS
TORS #3F 2HQI fallback ready user(FRU)E A| Al F3Th.
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NDRT®| 7%, NDRT ol 275 Zztel] e Alojd dd A7) ¥sts £48 d77F 5 o F
SATF. Zeeb et al.2016) olvId 24, A& €171, 9 A F Al 7Fx ] NDRTO] Alojd A Alzbel] w]A]
YIS EA5F3ITE. Wandtmer et al.(2018)2 NDRT 3 %7} TOTO| "lA& &S APtk 23
A3} NDRT 3 7Hzhe] 4724l 749 AlZ12] NDRTET TOT7F B Z3{th
ojg} e FFLUE H}H oz uHd Aojd M MAE FFE BHT dT7E AT
Korber et al.2016)2 &x14te] A thek NDRTS] 3 of 7} Ao 1% %loﬂ HAE TS A

o3

o 1®HA of ol WE NDRT 3 o F, 5%, 8% "o WsE Fof Alod 18 334 4
Al gt ZF 2 WE Alojd WS ’“624 Lf‘%‘—% gt AT Huang and Pms(zozz)—t— AH ), NDRT <3}
o5, TOR W29 AF M7t Aod 1 3ol mAE TS ZABIAT

Aol A% gaEacld #I 71E Od? AE AF Aojd 3o FFES vAE ¥WTFE Yol 449,
NDRT 3¢ 202 AGHTh o] 5 TORSY W27 NDRTE A3 HFZ gl A7 HlFo] & Ho= &
AE Qo Jadoz Mo Het AT F2 AR IAFHL 53] Vst g A7 AY ol
FolAA] e Ao R HotH Ut =g, e < W Aold Agel S F= I 820 T &
T 70 g9l thel SPWMFE AAste] BAL A s Eﬂgﬂ Aod Azl s AfA M3 A
ol 24 2 A7 o on, Aojd HE st AkE EAst £43% A7E SEAT met
A B 04-?01]*1{— Alold g M3}t ATt YIS FE O 8219 TF A4S Asl wEE, Vsk
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A A%l JFS vAE e A LA, A FY B 82002 FRY 5 Ak o] F B AT
= 7Y 4 el xS o] WS AAsT 3 &7 8l sjdshs M <Table 1>9F 2
oo dlg 29 F =gl AEdolHAA Y Mo 7 Jbs oARE FUIE st d3 W v
gtk
<Table 1> Definition of driving environment variables
Category Content Definition Remarks
Type of highway Type of highway section that is the subject of the experiment among | Basic, weaving,
test roads ramp
Road Number of lane Number of operational lanes in each direction 1, 2, 3, 4, 5~
eome
: o Gradient Maximum gradient of roads with inclines among the test roads -
Curve radius Minimum radius of curvature for roads with curves among the test roads -
Congestion rate Surrounding traffic volume represented by LOS LOS A ~F
Driving speed Free-flow speed of autonomous vehicles while in opration -
Traffic Penetration rate of AV | Proportion of autonomous vehicles among surrounding vehicles 0 ~ 100%
information | IS device status Operational status of C-ITS devices O/ x
. Distance to obstacle during construction zones or obstacle emergence
Distance to Obstacle . -
scenarios
.. .. Clear, cloudy,
Weather condition Weather conditions of the test road area ?ar condy
Environment rainy, snowy
Time of day Presence of light dpending on the time of day in the test road area Day, night

Reference: Park et al.(2018), Development of Safety Evaluation Scenario for Autonomous Vehicle Take-over at Expressways

7 =
TG, JJ5TE MFE DEER 48, A4 5, T, FAdwge] xgH, o
A Sl sl el 24 = ZEL]
cejoly Ageolle)
o mebAl Z1sHEE W

DEAY AFE EHRED, FYEE, 487

F Zol Faw 44

ExH &S A5 EYE, CITS BA o), Fjg3te] A 5
o AT o F ALFAAEA ELET CITS AA ARE AriHoz FaTsl AT Beksie )
Astedeh. Bl AL Aold A8 43 Avtel 2ol FoEo] P onz WAk A5

o REFS AY Wew Adaigor, FASEE AT BFF) B SEGE A48T W ¥
a4 hsrh,

7 W5E 714 AHe Fof 7ol AP, ¥ ATAE A4 A} Fof TR BE A WS
2 AdSATh 714 Aol AGHE Be, 5, 25, AE 5O AT T ReH 250 4BV wgs
Atk BYo| AR e A o] T 714 AElol wla) Atha Beksie] A gJsgon, 24
o] e =ejoly ABdClEA TR ole Ao Bekale WASAT FF Sy AgHol
B 73 7%o] WA, PN THT 5+ Yt WESE Sold Ao BuHL AT, B AT
NE A8 s2loly AgdcHS Y14d BAE T W4Ee AU BT, AeKow B
ATNN HF AEG A WFE FANA, DD, Fof, A4 AUEE, A9)oln, o8 wesld 4
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Reference: Ministry of Land, Transport and Maritime Affairs(2013), Highway Capacity Manual.
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15 RSFWA| FHEY Hal] T2 HojA M OIHE A7 HE BN

L oo =

12 Aol A= AnkE] g st M Alojd 13 Az WskE dolrr] 913 LOS A, C, Ed o
o A3E AAEATE 23 Ao E ol nEAEAY] Aojd g ATte] HElE Yolry] 93
LOS D, E, F 3ol A AdS AAsdt) @A AgolAH LOS BE A3 ZE w5 3ol 4g& 4
AleHsiTt.

£ ATl s 2 A FHE T3t

AHgskTh 24 717k 2018 2€o]H, 11 2 &
AR SR v‘i‘—*—ié}ﬁiv}. =4 éﬂré <Table 3>9} Zth WFF] 2 1136.6pcphplol ™, EFHA=

<Table 3> Anseong JC to Osan IC traffic volume and speed statistics(Feb 2018)

Category N Mean Standard deviation
Traffic volume 672 1136.6pcphpl 487.3pcphpl
Driving speed 672 82.9kph 13.8kph

g, EEEFHT A= LOSH UEo| &St wFFS <Table 4>9F 2ol AASIAL §lom, o] m
% LOSE S8 A3te] <Table 59} 2ol #4314t olul, LOS A9 A%, 8T F1ke] AdE=st 5
A3 100kphZS 2835199t
<Table 4> Basic segment traffic volume by LOS <Table 5> Applied speed by LOS
LOS Density Trafﬁc volume LOS Driving speed
(pepkmpl) (pephpl, design speed 100kph) (kph)
A <6 < 600 A 100
B <10 < 1,000 B -
C < 14 < 1,350 C 85
D <19 < 1,750 D 80
E < 28 < 2200 E 70
F > 28 - F 40

Reference: Ministry of Land, Transport and Maritime Affairs(2013),
Highway Capacity Manual.

EY AEERZANE AYARAE A8t Q7] el AN W FHEZ| Hfo7h 2. o E w
Fat7] SAste] 2241E V1E0 R 1242 +10kph, 324 - 10kphE 2855It

o, gl mE &% AL 93 RIC-22HC FRE 20189 147 B9 = dloJE & A53)
o AN, BIASAIR TR S5 ZolE AASATE F AT ttest 3 A} <Table 6>9F ol 9
ulf& Aol 7t 9}% 0% Yeptow, 294 FYLET} oF 10kph® HAdhs A0 YEh ol & Ao
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<Table 6> 2018 Anseong JC to Osan IC speed T-test results in rainy and non-rainy conditions

Rain presence N Mean Standard deviation t-value p-value
During non-rain 7971 79.7kph 11.1kph

£ kp kp -19.043 0.000
During rain 568 89.4kph 11.7kph

B3 F A AYE oY 4FE P AlolA AT Azre] WakE IS B¢ 4 7

S 98 HIC~-LHC T3t SEFshe Z14A dHolHE FHsl BAS An A9 BE A

22mm/h % om, EZFAAHE 39mm/hs] A 02 A E QI ThPark et al, 2020). S2tol¥ Al B olE Y] &9 &

S Eo]?l SCANeR STUDIOOIA = mmh T2 79 o] E7Fsst A AFZA7} v7E o& AL QA
sh, Alokoll W7l H7 B ARR F9¢E THIIAT

oRF #7 FAL 95 @7 FrbIEREUCNA 200790 ANG £ D wEY FFo) B2 =2 =H

= % 71%g ARae

TH 7% B2 29 vhAL B4 i HEE VIE, LA e =2 2o 2% V|E
% gl

o|& Fal QHg IC - 94 IC T7) ZE J1EL UxE 8] TEHER ot 73 B4L FHIAYT.
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dol=7h Alojd H& Azl vAle dFE wiAIE] A # AFelAde Jd@AEe] BF w4
NDRTE AABEE 3ttt & A4 |E3 NDRT= arrow task® 'E0] FX|o] nledg s} of 2

1 s
2
ind
o
&

7 4ge A 2%, AxFd, APTA) £o Attt A 2L NAURe] 4P 7P R
eisha, Aol DG A4S LK ARolth AHLEA FHE ABE B3 Aol ATl T
W ST B Aold A% el RS 37 Se A7 &Y HUL wejFo] AY F

AxFAE JAYAS0] Sehely ABHelE B AFYel J%AA7] AT AHA 3 A YR
AEFAN 2D AE} ATY FeAA AF $HYS FANZT B AGFAS FAR 24
2 Al Stk AGFAL WA e B AGFANN JLFAT Aol
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AR Zshe Z4-97F dAsH, o8& d3ellA FE HolE e B0 &80 oy o
S, AR A 12 5 o 102 B AGFAE ALY
3lol| W Aojd A L okAs} AI7FE A4 13 A Y o
< AT nFFS LOS A, C, EZ A3 on, 3484 24, M

25 A8E AN, olo] me} HABA 191 F 93]

T20ME HRHA T A5 2ol thstol

Aol A ARE AT, AojA W ARE <Fig. 150 WAL TARW, 4G5 £F AojW A

Sgo] WAyEha, JAYAT} A NG 5T F AGATE o)} FEFHE AN Fol T AeFYOE
H,

= Waolth 7 Alojd A RS of 4ol AAA sHHNoH, ofF A 3ol w9l
TFste] v YAt o oF 361 A ATl 2255 HASIT. 13 A F] 7L <Fig 2> 2ot

Start the arrow task Switch back' to
automated driving

1 ]
1 1
1 1
Automated driving(60sec) ‘ Arrow task(60sec) , Take-over(1~30sec) Manual driving(90~119sec) ‘

Occur the take-over
alarm

<Fig. 1> Configration of take-over situation

< 2,160sec >
LOS B(720sec) LOS C(720sec)
[ To.#1 |[ To.# ][ TO.#3 | [ T0.#4 |[ T.O0.# |[ T.O0.4 | [ TO.#7 |[ TO.#8 |[ T.0.#9 |
720m Straight 1,500m Straight 720m 1,500m 1,500m Straight 720m
(240sec) (240sec) (240sec) (240sec) (240sec) (240sec) (240sec) (240sec) (240sec)

<Fig. 2> Configration of experimental driving on the first phase experiment

27 AR A% WEY, TANY B A BAL W Y AP 25
o KX

o > SUEENEE S
W& 1LOS D, E, F2 AR on, FANA L 243 120mz AHA 714873 & 3 )

o [e]
B, A, oRtE

(o o

<Table 7> Content and variable configuration for the second experiment

Experimental content | Traffic volume Curve radius Weather condition Exxperiment duration

Straight Clear 6 min

LOS D
720m Clear 6 min
Traffic volume and road LOS E Straight Clear 6 min
geometry changes 720m Clear 6 min
Straight Clear 6 min

LOS F
720m Clear 6 min
- Straight Nght 10 min
Weather conditions LOS D Straight Night + rainy 10 min

changes

Straight Raniy 10 min
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2 AASAT Al A5 2% wEt JAEA 107 F 989 Aojd WF AFE FYIEE sHoH,
AolE A A3 14 Ay T} A A W& W AH o e Aojd H3 Ay L. AR
o] #3 &L <Table 7>} Zt}h
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A1 A8 S A A S Selel ABHlelE Sl £ A AlE 018 el
SRtk 0 HolBE ARl A7 Belol g, 7S gk, Flol, 2Elod B 2%, Azl
&%, Y S5, A 24 JAGETY L AT 6 R Soluk

2. O|&x| HIA

Ade T3l TR dolE Y = F 7otk AAAA 1018S HF R ALAFAT 9] AojHA
3 ggto] WAyt R 90970 9] wlolEl7E R E ofok Bt 3570 9] wlolE 7L FetE QT wlolE v} rete
olfrt WHE g 4Y FE Z7I9} Aold A% Y tiA nFoE A o) FH AAel

=etoly AEHOEHE HIE /MR BAGoR Qs FAG Aol Fu|R Q) APE EA
HESA R FE 717 ANAIATL BASAT. Aol HEE 543 AAPAE F 6Holr, o] 2 <
3 167§9] *Fet HelE 7t EAEkth

oo} AlojA W A% WA Al R Be-g dA £ Aol W Agto] DolAe A4 E LAY
stttk 4R AAPAE F AlojH A do] AT BT AlojH AS el thH3A X
st ggshe Ak wAste] AR 168 02 RE 19719] o] 4] ElolEj7} AT ol o] 4

AFX
Al i AYTY 2100 B, ol ARG %SGR S oAR01AA 2] o

Alold 2 —% %JZM <4 9 APl AFst AT AuE vt oA 02 BHFof sh= 43
A& AFsE) sk A st ok o
kA AojHl M3 2 5] FHAE B4 & A BHoe AAEY, Azte] Al wet Hab PgHTh
ojof whz} & Oﬂ%low XﬂOH {i& OHY3} AIZFS A} FEEHNOE HE3 o] F ThA] ehA A Q1 3
3 ~Eloy & =& o] &3tk

% 7#1:9] EAL &xte] el wet Wstein, Wl A &
T#HEle] B A ME So et al.(2021)2] AT-olA A3 RS o

&3t Aojd Ag kg3t Akt g A= 0.1% & 2FoH & 2459 HElgs
EE AT S nx A 4 A58} nt0.12 A9 ~Eojy & 59| xolE ARE &§3}

Atk Aod AE A AT ASL 22 e 2EAY & 4= W3] ZEAHA} 7|EFAT o
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<Fig. 3> Comparison of steering wheel angle between stable state and state immediately after take—over
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<Fig. 4> Comparison of steering wheel angles in stable state across participants
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4. HOIH &4 2E ¥ Z& T

A

B A =2H Alojd AS o= HAIA AF(longitudinal)oll 3133HCh A2 2 (Longitudinal
data)= 7' AF7F Azbol] AA wHEA 0 ® = Zo|THDiggle et al., 2002). 5, 3 7NA G v #
SXZ 748 ARo|th B A= Aojd Ag APA FAFAL 1917 98] 9] Aojd AFE WHE4d
sk Zo] o]l st

ANA Ame oy #Egko] o A HolA ERET] "ol 72 FHASs WESHA "ok wekA
AN A5 B4 ke ZHo) o3 AAAAE 1HT 5 JE B4 ES Fes)or Ik AAFH A
Sof H3g 24 i vhE=2d E4HE A (Repeated Measures Analysis of Variance, RM-ANOVA), ¥rtsle
1% =¥ (General linear mixed model, GLM), 4138 &35 & (Linear Mixed Model, LMM), ¥uFs}5=4w}4 2]
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(Generalized Estimating Equation, GEE) 5-°] 1THShek and Ma, 2011; Park et al., 2019). W52 EAMRA

AZo] A& MAE EAdA ALst7] wEoll A (deviation)o] TAE = U1 A5 B2 <

Al =e ©o] AthKang, 2011). AHEFRE A RIS FAWAH 2 0] zfo|& A HPEFRFPo

of tigk 1ol & o Fdd EA0] Athlee, 2019). T3+ IntslE Ay mys

St HES Ao MPEFEY o] AAAARE olsfstaL &
S

AT =3 af Alojd 28k kA3} ATHS A8 THShek and Ma, 2011). A& &9t
&L <Equation 1>} 7+0]

i

N\

At ol ey
rr o >

oX

A

oxl
iogo mx fo rlo

1%
of
ol

ffr
o
k)
K
>
o 3
e

= M R
2

ol

E
[e)
A 4= glom, BF T2 SPSS 180 o] &3t FHE AT

y:XB_l'_Z,YJ'_E .................................................................................................................................. (1)

where, X = fixed effects design matrix
7 = random effects design matrix
3 = fixed effects parameters
v = random effects parameters
€ = error term matrix

V. Alojd A% A3} A B 75

Aol@ AF QA3 A7t N 2EA A4 A= <Table 8> 2Th FFE 545%0|0, FEZAHAE 422
zolth, HAgE 010, Hghd 2802 Ao E YT

<Table 8> Basic statistics of stabilization time of take-over

N Mean Standard deviation Min value Max value
874 5.45sec 4.22sec 0.1sec 28.0sec

Aol A3 kg3 A7 B S Ao AF A7 SUs] HBERRAL Fo) 4T WrE =
25190} 12)3 W] e Aol AF A A7 WalE BAsAT. F4uUsE Aold A Aol
o, E ¥, Yoz sl HBETFRY 75 A% Sy

<Table 9>2} 2T}

<Table 9> Test statistics for variable relevant to stabilization time of take—over

Variable F-value p-value
Curve radius 16.334 0.000

T3 2k HXellA Bt 4.667%, EFHAL 0.190%0] 1,

rlo

AR ol e Alold g sk Azt
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1,500mell A= B 5.621%,

2 teE vl

720mol A =

<Table 10> Estimated stabilization time of take-over based on curve radius

1.840%

EZWA 0352200tk 720mol A= HHE 6507%, EEAAL 0265%0]T} F

Tk

¥ <Table 10>, <Table 11>3 Zt}h AAME 7]F2F 1,500mol A 0954% &7} oH,

=713

s es

24529t 1,500mE 7)&

0 2 720mell A 0.886%

s7hskth

. o 95% confidence interval
Curve radius | Mean(sec) | Standard deviation(sec) Degrees of freedom — —
Lower limit(sec) Upper limit(sec)
Straight 4.667 0.190 590.622 4.295 5.039
1,500m 5.621 0.352 545.720 4.929 6313
720m 6.507 0.265 738.386 5.987 7.026

<Table 11> Comparison of stabilization time of take—over by age group

. Mean Standard Degrees of 95% confidence interval for the difference
Curve radius . .. p-value
difference(sec) deviation freedom Lower limit(sec) Upper limit(sec)
1,500m -0.954 0.400 638.501 0.052 -1.914 0.006
Straight
720m -1.840 0.326 798.642 0.000 -2.621 -1.059
1,500m Straight 0.954 0.400 638.501 0.052 -0.006 1914
720m -0.886 0.440 726.103 0.134 -1.943 0.171
120m Straight 1.840 0.326 798.642 0.000 1.059 2.621
1,500m 0.886 0.440 726.103 0.134 -0.171 1.943
Aojd Mgk HAsE ALl Frojw|Rt R SR To] AAHAT 1 o] f= Alojd A kS Al
72 AZshe Amel 2Elo]y @ 4wl Aol 91 Aoz BT Aol A AT 2Eloly Y 7
T WslEFo] et AL AT A W SAAE 23 PFE T8 o o]27] g AAHow F
A Atk FAFNME Al W FAA] ALA g Wttt niebs 2R vig) FAAe 3]
A% 2Eoly & 7k wsiigo] FUMd Ao g o) old whEt Aojd g ks AZtel|l FES W
Gw 2ol 528 Aow ddat
3. 28 75 & I}

FES W5 FANAL Bajo] FEHE Aol AW A A7t HFEFRH LS <Table 1259 2T}

<Table 12> Results of the LMM for the stabilization time of take-over

95% confidence interval
Variables Estimated value | Standard deviation t-value p-value
Lower limit Upper limit
Intercept 6.507 0.265 24.582 0.000 5.987 7.026
Straight -1.840 0.326 -5.650 0.000 2479 -1.200
1,500m -0.886 0.440 -2.010 0.045 -1.750 -0.021
720m 0 0 - - - -
Note: Duplicate parameters are marked as O
258 OIRTSOY|=2 N M227, TH62(2023H 128)



E7E NEFUA| T Hstol W2 HoIH M oHHE AIZ G 2N

T5E AFEGEIC] AAsE] FHHAE Aol i FrPE Bosith B4 2@ g BrF e A
A ZaAE o] ok AAWHS tid Bl AAds Adsts Az et Rl e o
Aol Fr 2l F 7P A Bdls Adgsts A Beltt AWM Rl dE ) Hig) o B
olH7} 8750 dubzom wddEyo]l ¥ Bo] AHEFH L JTHNoh, 2016). TEE AP SHEIF Y 2
A& H7HE Sl & dTelxe 2RAdYy S S8tk e AR i B
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20
™ 8 e & o & ®

o
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fool 1o oy i

e AtiA Bl o] TH(Noh, 2016). WHekA] 7] F(baseline) BB 7] HlaE T3l =% A
Brystelof gttt AWbA o R By WMy Frigd wet 2y9] o FHo] Frtsta LA 1Fadh|
o R¥o EPHFT} F71EA $e 9 B (ull model) S 71F RYOE ARSI E=2F 23 A

23 v E 3 AE= SPSSolA BE o A48 W 98] AARSE A SHE ofFtol Al BR 7]E
(Akaike Information Criterion, AIC), 3% o}7}o)Al 2] AR 7]F(corrected Akaike Information Criterion, AICc),
A#H ol7to]A L] HR 7]F(Consistent Akaike Information Criterion, CAIC), HI©]A|9F H K 7]F(Bayesian
information criterion, BIC) 5= AF&3lH oM, ald A F7} 2&4E g Ao & Aoz wAosit)
AolA % A3 ATt HPEFEEY HIME A8 ARE <Table 13> 20 E5H 283 9 23S
Hw A 238 230 A7t 25 9 AEHAeH, ol EEFH REo] A 208 HrtE & Qi

<Table 13> Appropriateness evaluation metrics for the LMM of stablization time of take-over

Contents Null-model Resulting model
AIC 5076.737 5046.797
AlCc 5076.946 5047.006
CAIC 5128.685 5098.724
BIC 5119.685 5089.724

VI Alojd Ag st A A
AP EJEGE ol 8ste] Alojd A& Azt 51 AloA W& ks Azl folv @ Mg =Edta, 7}
Ae] Aste] mE Aojd A AR 5 Ao} A% Qhs AZME APk of ¥4 dE B 5&
How &gy fstel St Aok vk wWebd 7h W] Wste] o Alojd A& Hst Azhe
AFE =E3
Aol M st Azt AT SR =28 SANA 8l ASE =&sglnh AN At

g
e Alojd e b st A7k <Table 14>9F 2Tt

<Table 14> Stabilization time of take-over by according to curve radius

95% confidence interval for the difference
Curve radius Mean(sec) Standard deviation(sec) — —
Lower limit(sec) Upper limit(sec)
Straight 4.667 0.190 4.295 5.039
1,500m 5.621 0.352 4.929 6.313
720m 6.507 0.265 5.987 7.026
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<Equation 2>, <Equation 3>& 53] =&% Ao
ol A= 1353, 720mol A= 1.505¢1 202 et

Upper 95% stabilization time of take — over in 1,500m curve radius _ 6.313sec 1353 +eerreeerresreresnessnees @)
Mean stabilization time of take — over in straight 4.667sec '
Upper 95% stabiliazation time of take —over in 720m curve radius _ 7.026sec LBO5 +reereeersrecssessnenenecens 3)

Mean stabilization time of take — over in straight "~ 4.66Tsec

where, S = stabilization time of take-over(sec)
9, = baseline of stabiliazation time of take-over(4.7sec)
R = curve radius adjustment coefficient

<Equation 5>l a@al= AN o] AojAd Mgk M AF BAAGE= <Table 15>9F 2t

<Table 15> Adjustment coefficient for stabilization time of take-over according to curve radius

Variables Adjustment coefficient

Straight 1.00

Curve radius 1,500m 1.35

720m 1.50
B AT £33 Aold A PP AT 402 ASE ol GF FE ASFALEAY T3
s Wsto] e Aol A8 gl Alojd M A ALE Bk fFASA Agsty F8E F AS AL
2 7dgth o & 5o 712A Aojd A% g3t AHE dAst] T B AFS sHARE 4
A BUEY A2d 5€ Falo £aA vol, 4 T2 UK @ E2ei7 52 nelsld 37148l A

e BT 5 glon, o] B B Aol AAG #F e AF e A8 F oo dddn:

260 PIrRTSSIL| =27y 223, M62(2023H 129)



Aoid A% FL 9 Eam g /\lgﬂlOlEi% g3l M FAVAE Pasigon), REELE o
A LE, F46, 7]

P4 wM3lol) e A4S =& FF LB AEFHAEH)
*&%ﬂ*l % 05?54 AIYE B} BolatA 48T & JESE sIHTE AojH W3 kAF A o] FHd
i A =39t 5% 23 1,500molAE 135, 720molA =

O_‘..

ok,
>
o
oy
o
il
|
o
oo
2
N
N
ox

ot
=
s
>
>
e
pot
o
Ky
i}
oS
o
> &
ol Ox
T =
o X
X R
#
ofr Qﬂ,
E rr
2

i
B
- ™
> r_\(q"
R
> o,
e
v o
%‘T o
g
ot o
me ok
ot X
4 o
[~
¥ o
ol
TR
rgl
>

iy
o
-
2 g
X
=
fol rt [ mo ro

N ﬂqg
=
o
)
lo
N
oS‘:

Hﬂi oﬁ, it
mlo
_\ﬂ
a: )
(o
ol
>
)
N
lﬁ
bt
HU
o)
i
A
Ao
&
O
>
-
K

24ke] 312i7} wm 3 A8 AU BAT ARE F U
Lol AR FRAE A BANAT, BAH, T AETIATHE o x
A e P
& oo TR0l B F7h Balo] Bastth B AFME LFY, FAuA, CERER!
AL AARAAT, oISl AoA A FFS v1A H0E BAHE AP, TH 59 J5TE 8
sk QUN, 4 B9l A1 Saol R B0l Bastth thpd Wéel talAl F7b B0l ol Folirhe
Aoid Aol ok FAVAL £5Y F UL JloE mmtq o wobt A&7 1% 488t 34
NA BT Y el AR BaAIT, FF AFA 4] 163 B 7)ol F Ao ShRi,

o |

) OFO

)

=

=

of il

o2 o

to o
=

e

OEL
=
Sl
o
3

| =22 SENEE 5 ERTHr| S EUe) A7 A U(RS-2022-00142239) &8 A= AFH
o & =i PAERY WAool AAHAY W8 74 Bekste] AHdstslsy

REFERENCES
Barisic, A., Sigrist, P., Oliver, S., Sciarra, A. and Winckler, M.(2023), “Driver model for

Take-Over-Request in autonomous vehicles”, Adjunct Proceedings of the 31st ACM Conference
on User Modeling, Adaptation and Personalization, pp.317-324.

Vol.22 No.6(2023. 12) The Journal of The Korea Institute of Intelligent Transport Systems 261



M

TS REFUA FHs Hslol 0tE HofH ME st AlZH 23t 24

HT

Diggle, P., Diggle, P. J., Heagerty, P., Liang, K. and Zeger, S.(2002), Analysis of Longitudinal Data,
Oxford University Press.

Garson, G. D.(2019), Multilevel Modeling: Applications in STATA®, IBM® SPSS®, SAS®, R and
HLMTM, Sage Publications.

Gomes, G. D., Flynn, R. and Murray, N.(2022), “Continuous-time feedback device to enhance
situation awareness during take-over requests in automated driving conditions”, Proceedings of
the 13th ACM Multimedia Systems Conference, pp.319-323.

Huang, G. and Pitts, B. J.(2022), “The effects of age and physical exercise on multimodal signal
responses: Implications for semi-autonomous vehicle takeover requests”, Applied Ergonomics,
vol. 98, p.103595.

Kang, Y.(2011), Exploration of Optimal Statistical Methods to Analyze Longitudinal Data with
Missing Values for Clinical Research Involving Knee Arthroplasty, Master's Thesis, Dankook
University Graduate School.

Kim, H., Kim, W., Kim, J., Lee, S. J., Yoon, D. and Jo, J.(2021), “A study on re-engagement and
stabilization time on take-over transition in a highly automated driving system”, Electronics, vol.
10, no. 3, p.344.

Korber, M., Gold, C., Lechner, D. and Bengler, K.(2016), “The influence of age on the take-over of
vehicle control in highly automated driving”, Transportation Research. Part F, Traffic
Psychology and Behaviour, vol. 39, pp.19-32.

Lee, K., Park, S., Park, G., Park, J. and Yun, 1.(2022), “Analysis of Factors Affecting the Take-over
Time of Automated vehicles Using a Meta—analysis”, The Journal of The Korea Institute of
Intelligent Transportation Systems, vol. 21, no. 4, pp.167-189.

Lee, S.(2019), Association between handgrip strength and cognitive function in the elderly: Korean
longitudinal study of aging (2006-2016), Doctoral Dissertation, Yonsei University Graduate
School of Public Health.

Lim, J.(2019), “The Monthly Status of the International Vehicle Regulations in UNECE,” Auto
Journal, vol. 41, no. 5, pp.47-51.

Ministry of Land, Transport and Maritime Affairs(2013), Korea Highway Capacity Manual, pp.12-53.

Noh, Y.(2016), “A Comparison Study on Statistical Modeling Methods”, Journal of the Korea
Academia-Industrial Cooperation Society, vol. 17, no. 5, pp.645-652.

Park, S., Jeong, H., Kim, K. H. and Yun, 1.(2018), “Development of Safety Evaluation Scenario for
Autonomous Vehicle Take-over at Expressways”, The Journal of the Korea Institute of
Intelligent Transportation Systems, vol. 17, no. 2, pp.142-151.

Park, S., Jeong, H., Kwon, C., Kim, J. and Yun, 1.(2019), “Analysis of Take-over Time and
Stabilization of Autonomous Vehicle Using a Driving Simulator”, The Journal of The Korea
Institute of Intelligent Transportation Systems, vol. 18, no. 4, pp.31-43.

Park, S., Yun, Y., Ko H., Jeong, H. and Yun, 1.(2020), “Analysis of the influence of Road: Traffic
conditions and weather on the take-over of a conditional autonomous vehicle”, The Journal of
The Korea Institute of Intelligent Transportation Systems, vol. 19, no. 6, pp.235-249.

SAE International(2021), Taxonomy and definitions for terms related to driving automation systems
for on-road motor vehicles, pp.1-32.

262 YUFMSYR=E 7| 227, M62(2023H 129)



M

7S RSFUA Fusz vslol n2 FofH ME obEsl AlZH 2at B4

i} (i

HT

Shek, D. T. and Ma, C.(2011), “Longitudinal data analyses using linear mixed models in SPSS:
Concepts, procedures and illustrations”, The Scientific World JOURNAL, vol. 11, pp.42-76.

So, J. J., Park, S., Kim, J., Park, J. and Yun, 1.(2021), “Investigating the impacts of road traffic
conditions and driver’s characteristics on automated vehicle takeover time and quality using a
driving simulator”, Journal of Advanced Transportation, vol. 2021, pp.1-13.

United Nations Economic Commission for Europe(UNECE)(2022), Proposal for the 01 series of
amendments to UN Regulation No. 157(Automated Lane Keeping System), Economic and Social
Council, pp.1-32.

Wandtner, B., Schmidt, G., Schoemig, N. and Kunde, W.(2018), “Non-driving related tasks in highly
automated driving-effects of task modalities and cognitive workload on take-over performance”,
AmE 2018-Automotive Meets Electronics; 9th GMM-Symposium, VDE, pp.1-6.

Zeeb, K., Buchner, A. and Schrauf, M.(2016), “Is take-over time all that matters? The impact of
visual-cognitive load on driver take-over quality after conditionally automated driving”,
Accident Analysis and Prevention, vol. 92, pp.230-239.

Zhang, B., De Winter, J., Varotto, S., Happee, R. and Martens, M.(2019), “Determinants of take-over
time from automated driving: A meta-analysis of 129 studies”, Transportation Research Part F:
Traffic Psychology and Behaviour, vol. 64, pp.285-307.

Vol.22 No.6(2023. 12) The Journal of The Korea Institute of Intelligent Transport Systems 263



