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Objective: The aim of this study is to investigate the effects of Takeover Request Lead
Time (TORIt) to Driver Workload in conditionally autonomous driving (CAD).

Background: Takeover request (TOR) is important issue in conditionally autonomous
driving. A human driver must be ready to take control of the vehicle when TOR is
given. However, driver could be underload when autonomous driving lasts for a long
time or be overload if NDRT (Non-driving related task) is highly demanding or TOR
appears suddenly. Therefore, investigating driver workload in takeover situation is
essential. This paper focuses on effects of TORIt to driver workload.

Method: To investigate effects of TORIt to driver workload in CAD, experiment were
conducted on the takeover situation through a driving simulator. Experiment were
conducted on 7 levels of TORIt (3, 7, 10, 15, 30, 45, 60s) and ghost session. Also, the
participants performed NDRT to assume CAD. During the experiments, subjective
and physiological workload was measured by DALI (Driving Activity Load Index) and
respiration rate respectively.

Results: TORIt has a large effect on driver workload. When TORIt was 3 seconds, the
subjective and objective workload was the highest. As TORIt increases, both of workload
decreases. For subjective workload, there was a slight increase in workload when
TORIt was long, but it was not statistically significant. For physiological workload, the
workload continued to decline, but there was no statistically significant difference for
longer TORIt In addition, there was a significant positive correlation between subjective
workload and physiological workload. Therefore, subjective workload can be replaced
by physiological workload in takeover situation.

Conclusion: As TORIt increases, the driver workload decreases, but the difference
is not significant if TORIt was long. Also, subjective workload measurement could be
replaced by measuring physiological signals.

Application: Through this paper, it has been found that physiological measure
could be an alternative for measuring workload in autonomous vehicle. Therefore,
in autonomous vehicles, sensors that measure physiological signals will be installed
to determine the driver's workload.

Keywords: Autonomous driving, Conditionally Autonomous driving (CAD), Takeover
Request (TOR), Takeover Request lead time (TORIt), Workload, Subjective rating,
Physiological measurement
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1. Introduction
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Table 1. SAE Autonomous driving level (SAE International, 2016)

SAE level Name Narrative description
0 No automation The full-time performance by the human driver
. . There is a driver assistance system to help with driving, but most of the driving
1 Driver assistance .
is done by humans
5 Partial automation Driver assistance systems are appllgd and the system is running but monitoring
and fallback performance is essential
It is not necessary to monitor the driving situation because the autonomous
3 Conditional automation driving system is responsible for most of the traveling, but fallback performance
is essential
. . Even if the autonomous drive system is in charge of the driving and the driver
4 High automation
can refuses the control change request
5 Full automation Autonomous driving in all situations
22 XNE2F A A" (Partial Automation)O|LE ZHE XtE2FH AlA I':'(Conditional Automation)Of|A], 917t 2FAtE XHEFH A|AH
Of FE 4 gl M| Chof HHRUotol 2TS BHOF STk 0|23 ATS MOIH HHTakeovenOl2t 81T, HOIH HE 4S8
Hole AS HMojH HE L2 (Takeover Request, TOR)O|2t1 o E|’(BOI’OJenI et al, 2017; Eriksson and Stanton, 2017).

HojH Het 4= 2R AT A|A" A0 &2 %80 ER3L| M0 Ql7tsstR AT} ROl TS CHGold et al,
2016; Korber et al, 2018; Payre et al, 2016). §5| 42 QIX|0f CH$t 2|5 (De Winter et al, 2014; van den Beukel and van der Voort,
2013)1t XY &Sl (Greenlee et al, 2018; Hajek et al, 2013)01 CHst G177t ro| ZIWHCE 2 =R0AME ZYRSH0| ZHS UHA
ATE THACEL AT A|A-O 2 ZX2 Q7te| MURSIE W31 AMIE Z0|=0 ULt HOH Mt 4Z0|M oxﬂfol S
YLt P FOFX| AL ZOLX|A| E|™ AbnTt 2lE = QUCkBrookhuis and de Waard, 2001; Endsley and Kiris, 1995; Saffarian

al, 2012). XP%ZF-%” Ao A AYLSTL 2 LOFX| AL underload) MOj# Tet &S QlAlSta HFO*PE IPH0IIM 2 HE5E7}
Aot &5 (overload) MO{ @ gt +HET7F HOIM A7) ge = UCt MEtM 2T ZHYRSH Boh= Hojd Met
TOIM EHee

re |IL12

HolH Het MZoIN TR SHELL Bl GBS OIXE Q452 JOIH S, Y 54, (Y SHOR CiYs E
TBHo ofof Bt ARS0| TS| O|TOIFLL MK JHOIH SHL HOlo| 9 Y FE, A, LHR| AX|RY, LMK U2 5
0| QAT Zeeb et al. (2015)= HIOI X2 MBOIM SNAES I8 £° Yo U2t 4l IEOR Li+1 ofo|ERYE S 2 &
HES TAICE E3, Korber et al. (20162 2HAF 10| HOIA M +HE0 DX FHS TACL M2S HS 1505-354)
It LI07t B2 1E(50-70M)22 LH-0f BIMYRIRH & e KBk Zho) Fojd Mg S8 =0| S0/t X{0|7} GIRICE. Feldnitter et al.
017y HIOI X2 2T 2 O|MO| XX} QK| EIE SHE0 O|X|= FHS FACE XISk NDRT (Non-Driving Related
Tskiol S20| W2t TESYOM Ol BHS AIZHS MQIB +HEOE FHS FX| UUCE OIXIYO2 Schidt et al. 20172 2%
xfo| T2 AEfO T2t +HEC| HSHE XAUCL IZELE XISFHO| A0it NSHEXS Sof TR0 T2 YEjo T2
285 - Yo ChetoIZHB 318 x|
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ZHCH Borojeni et al. (2017)1t Naujoks et al. (2014)
HREQ| MOjH HMetof CHot B Al7tt
o Z2l= AlZtE 2|0/5t= TORIt (Takeover
L Bo] ZIHE|ACHMok et al, 2015; Payre et al, 2016). Mok et al.
O, Payre et al. 2016)0| A= &2 TORItRZ)2t 7! TORItBOX)E

T BHT
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Qlot 20| 2 2250 Hojd Met oM RTA +HEof ZULS| S K= AS & 4 ATH AM ASUCHAID, H|
Ol Tt oM RTRIC| X YRSh= MOj Tetof Cish gt AlZh B! A z0f B2 Iee § Ao|Ch 2 AT0|M= of2{et
Q0I5 & TORIS F2ol s Aot= ZO|Ch MEtM M HZUE QP & TORKE M 2lstn X URSI0 s & + Us
NDRTS| &7 - u& e MO Mt L AN 58 BF Lo SHTt = TORKO| [THE HOojH Mt 4Fo|M AHHLSIE A
T Ao|Ct
2. Method
2.1 Workload by subjective measure
2 =20iMe HYRSE E-S| Qo FoH . AH WS DF 0|85t ZHSRACL HA FoH £ YHOZ = Driving
Activity Load Index (DALI, Pauzié, 2008)E O|&3IRALt DALIE 27 A HYLSE FHEH7| AT NASATIXE 8% 2R
28 0| XA YRG0 S Fe B =SS FYSIAULE NASA-TLXS| 22 |HF a7, HAE oF, AIHY 97, =8
AL, A EAE 5 Y502 ZHstn oL DALIQ| 4% FO| L& AIZH QF, HAH QF AlUHE 27, Y, 428 AE
a2 5 2522 HMAStL Aol 2 2=0f Cfist @2 Table 22 Z L.
Table 2. DALI sub-dimensions and description (Pauzié, 2008)

Sub-Dimensions Happiness

Effort of attention

To evaluate the attention required by the activity - to think about, to decide, to choose, to
look for and so on

Visual demand

To evaluate the visual demand necessary for the activity

Auditory demand

To evaluate the auditory demand necessary for the activity

Temporal demand

To evaluate the specific constraint owing to timing demand when running the activity

Interruption

To evaluate the possible disturbance when running the driving activity simultaneously with
any other supplementary task such as phoning, using systems or radio and so on

Situational stress

To evaluate the level of constraints/stress while conducting the activity such as fatigue,
insecure feeling, irritation, discouragement and so on

http://jesk.or.kr
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2.2 Workload by objective measure

HARSIE AUNMo R ZHSts WHoR ME|M2 HFS fAMCL FEA JF WY 4Y0| 2F BY T HEXRAME 86l &
Foich M2t 280 20| 3% HPoMl ZHYULSE FFSH|0f Hetet Y2 OofLICE o[t CTHEA M2 E &3 ARt
= HAIZICE FHGt 248 £ QU HE0| 2 Ao MESH/|0f ECt Mttt 023t OlfE & dToMe FoN HY
it A0 d2lM=E o HYRSE FYots LHS AMBSRICEL & ATF0Me CHTt Me|ME &5 S ZERSP rate, Respiration
rate)S o AFEFHY LM ZYRSIE HAY 5 U=X| QI8 ROt 2ZES FHO| UEStL 2S00 ULSHTHDe Waard,
1996; Hajek et al, 2013; Mehler et al, 2009; Rendon-Velez et al, 2016; van Leeuwen et al, 2017). 2S5 & Y ZEH(0.05~1H7)Z 4l
SOM KMFO E2ZEQ nFn} LO|=E HASHRICE BHE & M0 ALE 559 2|0X| Ao|Q] Alztg & 25ES At
SIRICEL +=TE T ZES ZYFSIE BASHY| /6l LIOHE FIECE I35t 7|1E YRS ARLEMe HYRIE &Y
X7 AESE QXA KHAEE 7t AUCE Lhe 22 LIEHCHJo et al, 2012; Just et al, 2003; Wickens et al, 2004). &3 4
2l4lzo| gh2 QXA XA Qs Bzt £l AFESte QXA XSO Qs 1 40| BakatCiJust et al, 2003; Kramer, 1991; Ryu
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2.3 Apparatus
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2.5 Experiment
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Autonomous : : . : Autonomous
L : Takeover : Manual Driving : -
Driving ) ; Driving

Start TOR ™ TA

Figure 1. Schematic illustration of the sequence of the takeover process. The orange car is the participants' car. After the TOR, the
participant monitors the situation and responds to the request. Then participant passes the obstacle by changing the lane manual
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3.1 Subjective workload measure by DALI
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3. Results
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Table 3. Result of multiple comparison test (LSD) for DALI
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3.2 Objective workload measure by respiration rate
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Figure 4. Objective measure of workload results
Table 4. Result of multiple comparison test (LSD) for respiration rate
TORIt Mean (bpm) Grouping (LSD)

3 184.01 A

7 127.90 B

10 79.94 B C

15 65.27 D

30 32.88 C D

45 25.46 D

60 23.22 D
3.3 Comparison between subjective and objective workload
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4. Discussion
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5. Conclusion
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