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Abstract :

The existing autonomous driving systems still consider the driver as a fallback-ready user who is receptive to the

ADS-issued request to take over. Therefore, the takeover performance of the driver must be carefully investigated in order to ensure

a safe transition to a conditionally autonomous vehicle. This paper aims to propose reference test scenarios for the safety assessment

of the takeover performance in a driving simulator. A systematic review was conducted in order to design the takeover scenarios

based on the problem of losing “situation awareness”

. As a result, five scenarios of takeover events have been derived, such as

missing lines on a straight or curved road, accident cars, and system failure. In order to evaluate the scenarios in terms of criticality,

urgency, safety, complexity, and time, 34 drivers were recruited, and they participated in the driving simulator experiments. The

results showed that the scenarios are appropriately designed to represent the takeover events at different levels.
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Table 2 Factors of transitions in Autonomous driving
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Scenario design

Initiator of the Transition (from)

Driver

Car

Control after Transition (to)

Driver
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(Apparatus support)
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before transition Events
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Traffic density
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variables
HMI
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Steering wheel
Pedals

awareness

factors Non-Driving related tasks (NDRT) Manual
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Cognitive
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variables Driving skill

- Participants
Experienced

Novice

Knowledge of ADS

Low
High

Take-over readiness

Low
High

Control context

(Straight - External Obstacle)
-SSF: AAdm® A28 14

(Straight - System Failure)

5% Ay e F SSN&= AH&78 5 53l ojulE
glo] AP IR 9 Aol A3k e Aol gt FFoR
A8 H Ao}y A 2KPlanned Take-Over)oll s}, 2

3] Z7kAke] Alej g Aol gt 7153 &S 3
7 #th SSL, SCL, SSO, SSFell a3 3l 452 Alo]A
Agke] b SHE Frtslr] f1e 7 AvE e R
T3 T A=A 2> Aol K Unplanned Take-
Over) & ®AFsl7] 9]¢k Zlolt).

Zb AldEl e o 2ok WA, SSN AU L
(Straight-No Event)©= Fig. 33} o] 3214 &4 E2 4
2h o A Al&: 85 km/hE A AG-3HS FashE T Al
A A3 2 (Take-Over Request, TOR)7} A& A& 15
Z 7ol vl Qb gk F Alo]H g 2 7F A sk, A
o]f A3k o]T FELHOR &)l S HA 5

F &g},

312 E=EXSAEEE=EE M27AH H4E, 2019

Take Over Manual

Driving Driving

Event

[ 3]

Take Over
Zone
-

Pre-Announcement Take Over Request

15s

1
I
1
85~95km/h 1
1
@ ..., @0 | -
—==\ =\ B
1
‘-Lu 75~sskm/h.—' } '—'| /
1

Fig. 3 Straight-No Event Scenario(SSN)

<>l

SSL(Straight-Missing Lane Marking) A|U-2] 2= Fig. 4
oF o] 32 e 2 A ol A A5 85 km/h = ]
A0S FskE T ARl A 2l o] Algpl o w
Al Aol Mgk 2 H(TOR)7F LAY 5o Alo]d g o]
FFEeHo R £ot A S A8k Fa gt

SCL(Curved-Missing Lane Marking) A 1}2] 2= Fig. 5
oF #o] 3A e 2 T A ol A Al 85 km/h = =
A3be FsE T AW AR A 2pdo] ARl o'
el Alef A 3k 2 5HTOR)7} LAY ato] Aloj A& 5

SELAOR HEO AL FH T



Reference Test Scenarios for Assessing the Safety of Take-over in a Conditionally Autonomous Vehicle

Take Over

| Automated

Take Over Automated

NDRT,Automated Driving Manual Driving : Driving NDRT, Driving : Manual Driving . Driving
1 Event 1 1 Event 1
Take Over Request ' (System Limit) Eventend | Take Over Request | (System Failure) Eventend
! 1 Missing Line Marking 1 ! 1 Missing Line Marking 1
1 1 1 1
1 Take Over 1 1 Take Over 1
o) H 85~95km/h e Zone i
U 1 1 U 1 £ system 1
85km/h | 6 | 1 1 85Km/ Im 1 \_ Failure 1
[B= 1 1
1 1
1 1

2

75~85km/h

Fig. 4 Straight-Missing Lane Marking Scenario(SSL)

Automated
Driving
\‘«/_>
\
1
1
1
1
\
1
1
\
|}
|
Take Over
P Event end
NDRT,
Automated Driving
(system Limit)
Take Over,_
Request
85km/h
Fig. 5 Curved-Missing Lane Marking Scenario(SCL)
Take Over Automated
NDRT,Automated Driving : Manual Driving : Driving
1 1
Take Ovelr Request ! (Exle::?(‘;bject) E;’,fé' ‘I
1 1
reoT !
. — -
14
! 1
5 N - @B Ane -
| BT i = CarAccident |
75~85km/h : i“' % (D :
Fig. 6 Straight-External Obstacle Scenario(SSO)
SSO(Straight-External Obstacle) A U-2] &= Fig. 63 2

o] 324 A& & F YA A AlE 85 km/hE 2 AT
s Fske T A AlA A2 AbaLatkol
veld o 2 <13 Alojd A3 2 HTOR) 7| EAY k] A
A A F TR ST A AN S St
wpR|ato 2 SSF(Straight-System  Failure) Al L2 &&=
Fig. 73 o] 324 &R SR AlS 85
kmhz 2053 FPhs T A28 o] A H
o] Aloj 2 2 7HTOR)7F At Ao AS 4w
F e Kok A S FA
Al el FeA o m A8 = Al 24
g, AHs st il B ST 75, FE R,
et WA, G Take-over Interval, A3k

Al
ZHTime Budget) 5= Table 30l A|A] S} T}, 2 -] A

75~85km/h

“s. s,

Fig. 7 Straight-System Failure Scenario(SSF)

Table 3 Common factors of the proposed 5 scenarios

Factors Contents
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Table 4 Subjective rating results by scenario

Scenario

Subjective SSN SSL SCL SSO SSF F df Sig.

measures
Urgency (?22) 52; (iﬁ) (Ti?) (ﬁg) 5491 (4,100 003
Predictability (3:;‘7‘) 8 :2; (‘1‘32) (fgé) (“;’ :471:) 1.745 (4,100) 161
Criticality (T iz) 5 é; (iig) (‘;3?) (fég) 5.611 (4,100) 004
Complexity (T:iz) (iig) (Tg) (Tii) (f:?i) 2730 (4,100) 058
Safety” (T:g;) (TQE) (T:?g) ng) é’.ﬁ) 1905 (4,96) 131
e TR T T N R I YT S
Mental workload (?2(3]) ég;) (T?g) (ng) (?22) 5.532 (4,92) .002
Physical workload (Tgé) (?2;) (fgg) (Tgi) (fgé) 4.046 (4,92) 013

' Average(Standard deviation)
* The lower value indicates more critical
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& sH(Highway Hypnosis)'> ol A 71218+ A1 4] A& o]
B st o] A As] Wsteto] T xpol & QIAIEHA] ek W
3} 7(Change blindness)'¥ . 213+ A1 =0l 3k 435}
A7t Ea s Ao sekHr,

gz g e ol RE UEh Aoz oy
¥ SSN AlLbel o7k F3F JEe] vol = Lhehit of
2 4 B et ek olel @ As} vhehd 25

r°4

o] = 8t g ol A 2HS- 4= 9t} = Table 59} 2]

NEHOIE 2L AAE A Foll AU T 7

7F AFKSSN First) = F 4 0. & o] =7} A 7Pﬂ

Rom, AH F ?

FiA o m v b o] 9l& & 5 vk whebA, A F
A ZF A F o} mhA]ubel] A EE Alo] @ &Sk tidk 7}

Anp= 7| Fgho 2 2887 o= B2 A3l Hol glon

Table 5 Subjective rating results of SSN scenario

Scenario

Subjective SSN First SSN Last SSN Total

measures
Urgency 3.80(1.51) 2.70(1.59) 3.68(1.33)
Predictability 4.00(1.46) 4.55(1.79) 4.14(0.97)
Criticality 3.63(1.50) 2.45(1.57) 3.39(1.48)
Complexity 3.03(1.49) 2.00(1.12) 2.87(1.41)
Safety 4.66(1.44) 5.00(1.52) 4.67(1.26)
Time budget 4.79(1.17) 5.50(1.15) 5.01(1.28)
Mental workload 2.82(1.33) 2.60(1.35) 2.90(1.33)
Physical workload 2.75(1.45) 2.60(1.57) 2.81(1.58)

' Average(Standard deviation)



Reference Test Scenarios for Assessing the Safety of Take-over in a Conditionally Autonomous Vehicle

FF Ao NE O E AU 259 3 FA9 2 AA
pz|

371k 8 7) dot

ooz & ATollA AAIE ApeF Ao Mgk
obdA B7F 715 AlvE 2= 71534 (Urgency), 184
(Criticality), A1} 2124(Time budget), 8412 Ft
(Mental workload), 21 %4 §-FH(Physical workload) =
oA &, 5, shel ol T 5 e Alug esls
S

2 AU E A& Alojd HE Ao 7

T AU 02 F83to A A2 T 7]l A =83
ATE AT HNE F =TS Dol = F AS A

o= 7|t

7|

o

AT E AENEH WS ERFATFAIG Y A1 A
A(FAH S 18TLRP-B131486-02) 2 1) 2f 4% 1} 815 o
TAEASTIE VIR AAARY(FHAE 2218-BT-01) 2]
ATHIA Lol o3 T EHAFHTE dA Y AT
& T FNH(FAE wE) e} obF (R LS

) A7 AL de B 23S 9 UNIST

] % A]_H 7;1] 71—/§]_E_ _Laqu_

_153 m i

References

1) SAE, Taxonomy and Definitions for Terms Related
to Driving Automation Systems for On-road Motor
Vehicles, Standard No.J3016, 2018.

2) J. Son and M. Park, “Situation Awareness and
Transitions in Highly Automated Driving: A Frame-
work and Mini Review,” Journal of Ergonomics,
Vol.7, No.5, pp.1-6, 2017.

3) Z. Lu, R. Happee, C. D. D. Cabrall, M. Kyriakidis
and J. C. de Winter, “Human Factors of Transitions
in Automated Driving: A General Framework and
Literature Survey,” Transportation Research Part F:
Traffic Psychology and Behaviour, Vol.43, pp.183-
198, 2016.

4) N. A. Stanton and M. S. Young, “Driver Behaviour
with Adaptive Cruise Control,” Journal of Ergo-
nomics, Vol.48, No.10, pp.1294-1313, 2005.

5) M. R. Endsley, “Toward a Theory of Situation
Awareness in Dynamic Systems,” Human factors,
Vol.37, No.l, pp.32-64, 1995.

6) J. Radlmayr, C. Gold, L. Lorenz, M. Farid and K.
Bengler, “How Traffic Situations and Non-Driving
Related Tasks Affect the Take-Over Quality in
Highly Automated Driving,” Proceedings of the
Human Factors and Ergonomics Society Annual
Meeting, Vol.58, No.1, pp.2063-2067, 2014.

7) A.P.van den Beukel and M. C. van der Voort, “The
Influence of Time-criticality on Situation Awareness
When Retrieving Human Control After Automated
Driving,” 16th International IEEE Conference on
Intelligent Transportation Systems(ITSC 2013),
pp-2000-2005, 2013.

8) C. Gold, M. Korber, D. Lechner, and K. Bengler,
“Taking Over Control From Highly Automated
Vehicles in Complex Traffic Situations: The Role of
Traffic Density,” Human Factors, Vol.58, No.4,
pp.642-652, 2016.

9) J. Son and M. Park, “Detection of Cognitive and
Visual Distraction Using Radial Basis Probabilistic
Neural Networks,” Int. J. Automotive Technology,
Vol.19, No.5, pp.935-940, 2018.

10) J. Son and M. Park, “The Impact of Cognitive
Workload on Driving Performance and Visual Atten-
tion in Younger and Older Drivers,” Transactions of
KSAE, Vol.21, No.4, pp.62-69, 2013.

11) ISO, Road Vehicles - Ergonomic Aspects of Trans-
port Information and Control Systems - Calibration
Tasks for Methods Which Assess Driver Demand
due to the Use of In-vehicle Systems, Standard
No.ISO/TS 14198:2012, 2012.

12) C. Gold, F. Naujoks, J. Radlmayr, H. Bellem and O.
Jarosch, “Testing Scenarios for Human Factors
Research in Level 3 Automated Vehicles,” In Advances
in Human Aspects of Transportation, pp.551-559,
2018.

13) A. H. Wertheim, “Explaining Highway Hypnosis:
Experimental Evidence for the Role of Eye Move-
ments,” Accident Analysis & Prevention, Vol.10,
No.2, pp.111-129, 1978.

14) D. J. Simons and D. T. Levin, “Change blindness,”
Trends in Cognitive Sciences, Vol.l, No.7, pp.261-
267, 1997.

Transactions of the Korean Society of Automotive Engineers, Vol. 27, No. 4, 2019 317



	조건부 자율주행자동차(Level 3)의 제어권 전환 안전성 평가를 위한 기준 시나리오 개발
	Abstract
	1. 서론
	2. 기준 시나리오 도출 방법 및 이론적 배경
	3. 기준 시나리오 제안
	4. 기준 시나리오에 대한 주관 평가 및 결과
	5. 토의 및 결론
	References


