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A study on the effect of information types on Drivers in Takeover
period of automated vehicles
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[Abstract]

In level 3 automated vehicles, drivers are expected to encounter transition of control when the system reaches its limit. Drivers need to
refocus their attention on the road ahead and gain situational awareness. Appropriate information should be conveyed during this period in
order to prevent human errors. In this paper, we defined the takeover process as 'in-the-middle-of-the-loop' and conducted Task Analysis
and Work Domain Analysis to find out information requirements. As a result, we specified required information types and interface
considerations. Moreover, we conducted an experimental study to find how the information types affect drivers on situation awareness,
cognitive load and reaction time. Consequently, we found different information on system transparency should be conveyed depending on

the urgency of takeover situation and driver guidance could help drivers with better situation awareness after the takeover.
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Ak 242 2191 Al2~Bl(Advanced Driver Assistance
System, ADAS)¥} 22 24553 7|&S F3bd-S HAs)
3\ E SR 918 2AE ] gk SAAE A=A
3(SAE)Y 7= E2u59kA = (National Highway Traffic
Safety Administration, NHTSA)¥} 722 7]#-Eol| A v
AEF8 Asakg o] gEE BRe Eokth NHTSA 7]
TOo=Z ¥ 39 ¢k AT 5ol 2EE Ao HS-
A T 219 22k AP S 5 A "oH(1]. o]
o], 2Fs3o] = AFFe] B9 AsFsell A A AR
Aol AEZE Aglo] o|Yu & AlHo] EA81A Hrt o2
%, 718 FoAE AP e A o R mR gElolit 7]
=4 gHAlo wEt AEF3 AFs AR Al ThA] 3 dEke
AFa, @ARE AAS Aol ez Aol [2],
[3]. A" Alojd Hghe] Ao, A7t Dt Ao
A A FH7F HJA=A o we} =8 Hxwart A4
tH4]. o283t F 2 (vulnerability)2 X% %21 ALLZ27}HA]

olojd = & AL A4+(human error)& F2& 4= ¢l

71E QIZFEE 3ol A= Asst AlaE o] Ao
A et 4 9lE FHelElE 'out-of-the-loop
performance problem'e]g}ar Ae)sta 9t} o] A}
o] 75 24 TYo] HlelaL A=RIA] sE o] AstEE A
< omgit}[5].

719 Alojd Ask P AT Ao H3F 2% (Take
Over Request, TOR) &#-& v|usto] QA
Ag-Eo] o A 6]-[8]. Alojd Ag ARk
o o] W& 2HARe] FE HEAAE B AFERE Wo
FHATH6], [9]. AR 7] AFEL2 7R Tl A Al
old AZstE AN a5 E Jue disixe Beet
71555 AABHA] EekaL Atk Seppelt & Victor[10]17} A
AlgtaL e 2 Asske}t A E 17F 824 (human factor)
Ao SAEHE AT Y, o] AlFdof & vz
Arol gk 84S xskaL itk 53] Aol HEk Al
A} AABA = A ] FolE A Ao R EYi
Q1A (awareness)E =9 43 ARIT ofDA|, AA| Al
Al=lofof sh=A]'el sl AF3tar vt whEbA] - AFtellA
= AR A A2 A AgE T2AAE AHolstar, A
3 A- 85T AR 89 g8l g-stax) g} T1of
2 AT FE2 v 2.
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o
D) Alo]d gk Aol 8775= AH= of| ARV

2) 7t ARe FTH7F Ao A Al wkg Azt
(response time), 1A ¥-3Hcognitive load) 1#]31 A3k

Q1A](situation awareness)ol] 1 X]&= &S FL3iQ17)?

http://dx.doi.org/10.9728/dcs.2018.19.1.113

t3|=&X|(J. DCS) Vol. 19, No. 1, pp. 113-122, Jan. 2018

71E THEAAM A5 A} & 'In-the-loop'#
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'in-the-middle-of-the-loop'0|Z}aL & 4= Ut} o]= Ao
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soAE Aol B FR 0 Stk mebA
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39S o9 A ek AES =
o= EA30H 3], [12]-[15]. Lorenz et al.[12]9] 4
TollA= Aol oldsh= Al F4@ A (Augmented
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grakgdn) v)S2gk mlEhol| A Politis et al.[3]& Ao} o]
Fs AN AR O 7 A 2Hlo| A R} R o] - T
Aol Yo ou ARE W e EE(multi-modal)
taZgole] FIE HAs3i.
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2 Azaof sl=t), o] wj A]~8lo] dul} 'confidence'F
Zhll tigk RS HolF= Zlo] old gt SlEAE B
Folt). Helldin et al.[17]2 A&F=8) WA =7
3T AE FRE 83t Aol gk AlE|7} of
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HA) ©AQ) 'comprehension of the current situation'
A B E olalshE Aoz, A HHoA AA G UL v
o2 & AE7t ousyke ddshe Aotk Al WA dAlE
v FElE lSshs Aolth #AlE 2T vl sl
i3] 'ojwE Foltt' g Aztele Ao|tH[18]. &1 ©
AlolA B Yoz}, Matthews et al.[19]E & 2459 o
af AoJsiicy. o] Aolo wEW I Q1X(spatial
awareness), @Ak 252] Q1A|(identity awareness), Al
Q1=](goal
awareness), 12|31 A]2=8 Q1X|(system awareness) = 3}
9 G o] B Qi

2 oATelAE, AERIA 2l mE Ak
'in-the-middle—of—-the-loop' TEAAE A GAZE
of Aosiich @ 19 sjdshks Fo] 3K attention
shifting), =¥ 29 sdsl= 2% H3Ktask shifting), 12
3L G 3o sjdshs +4AF ehli(driver guidance) YHAI7}
TRt Al2=Ele] SHAlol] gt 3ol A e FYE
Ao = Fejof sh(F9] 738, T1of whe} T, ek
AEEFS 3te 7102 S Ageta(mg] 13, vixwe
2 vle) oS53} F-E Jhe| =R it st Zt
752 BRI gAMER Qb gh Alojd W3S 99k 177
Al elE)#|o]~(Human Machine Interface, HMI) &4 oj
S5, 875 E AR 58S EE37] 95 49 Aol
F5 AMo M= AR I AHEE dAR Eol7]
A, 2] 72 ‘in-the-middle—of-the-loop 9] #¥-& A
ol&te] Zh g flof] uh= AR QA E&3slarx} 3.

b 9A(temporal awareness), =4

ll. CIX}el AEC]

Alojd gk A] a7t = AR S-S detshr] 9
3l YAl 2EHE skt Akl 2T = 9] 4
7} 29 E=HQl 4] (work domain analysis) S S4 2.2 4
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$HA 7] 4L Fastenmeier$} Gstalter[20]9] &
S 2}-8-3}] In-the-Middle-of-the-Loop A% 9] #&
7 2) &k} Fastenmeier & Gstaltere] Q-2 dle 3
G A BHAA AAH o2 B2 =], A U/
Qo] Aldg AASA 1ol ASete AR A 2%}
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o o]Z77HA| ] ZRAAE AR Ao el A g
mdolt}, g 7 B4 mde 54 F3 34 Itk
A ZRA e gk #AEkaL, Als 97 AFsK(behavior
requirement) < =E%h= AL HRE S} 7 L2AAE
S o, Wa] X T99] g2 AlIZE otel] Ay}, [}
o] JIA A =R A2~ vy 1 13
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2= 0]
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3 Judgement/
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Fig. 1. Cognitive process of takeover
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Table 1. Takeover tasks and subtasks

Takeover Tasks Subtasks

1.1 Scan and detect

Alarm Recognition (visual/auditory/tactile)

1 |(Visual/Auditory/Tac 1.2 System status review

tile) 1.3 Detect warning icon or alarm sound
1.4 Recognize urgency

Projection of future 2.1 Predict time left

2 scenario 2.2 Understand instability of movement
2.3 Monitor surrounding vehicles
3 Judgement of 3.1 Intuitive judgement of urgency level
Urgency
4 Long—term memory/| 4.1 Cognitive load on working memory
Working memory 4.2 Retrieval of driving pattern
5 Integration of 5.1 integrate situational information

information 5.2 prioritize behaviors

6.1 grab the wheel
6 |Transition of control| 6.2 input user ready sign(e.g. button)
6.3 locate the foot on the pedal

7.1 Confirm manual mode
7.2 monitor road condition

Completion of
transition
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24 THll AL 3] AAEE T ool &3
2kl A frefng Wg JuE AHsElr] $8) AAESI o]

= 7]& -, xﬂﬂ%}ow]/ﬂ o] AREET TR W Eo]
2 QI # o]~ YRIR]I(Ecological Interface
De51gn)«] gt @EL WO RA, A2 A2 HRIRIE]
el ARSI 21], [22]. TE]H|o) 20l EF= ojof & H1
7} FRIAE EAlsaL, AEE Atolo] THAIE FollA] &
Ash7] 918 A (work) #Ale] EakeIrh 2e] =rele] A
B 4= v v} 7153 E3%(Functional Purpose)&
"FAE A8l Aol YA FHAE e BA4E 9
F44 7)%5(Abstract Function)2 ojwgl ¥z 3}
oty o]FofA=XE  YehiH, dwistE TlE
(Generalized Function)> #d¥ Z2A|AE FSI17HE
oju] g}, E2]4 7] (Physical Function)& o Q1E]#|o]
2 @27} PEEo] glon od /)5S sli=x2 Wt} &
24 de(Physical Form)s= A|2=5le] E]4] <]} 914
= g FeAE veRAT)
7g'—c}>j THel Bxe }\]/\Eﬂ 7474];2 g}wtﬂ/\ﬂ ]Zl—t'ﬂ—
th & AFexe Al FAAE thdst A& Ak
7 F91 T 2R QIEF o) 2 Rl eIt ule)
M 71 Bt e Aol A gke /13 HMI'= At
Stk T AR 344 7152 oA A olgk Akl Ao
A A% TR A0 A ZbeSATE whEka] o] gk 4] A
gk aejar A iR g olsieleh. obx A 3] A
o] AN S AREFSte] vl 7H4] dkslel Ve o2

0

E2 52 38 4 olEfmolA 13 Ajg
Table 2. Information type and Interface considerations

Ul
Info. Type Contents Considerations
— Confidence level of automation
) . Icon,
system including the level of ) .
System . simulation on
S automation
Reliability . . cluster, road
; — Information on lane keeping(lateral| . .
info. oo information on
control), speed (longitudinal control), X )
. . windshield
change of lane and intersection
— Time left until ego car reaches the [Time display on
Timing system limit windshield,
Info. — Current time, time left until arrival, |Display change
duration of automated mode of time
— Cue on the most urgent task
Task |- Display more unstable control (e.g.| Icon, physical
Priority | longitudinal or lateral) depending on design
situations _
— Positive feedback on takeover when POS't'V'ty
. : induced
Positive takeover process is completed auditory alarm
Feedback — Confirmation or feedback on 4 ’
use of green
successful takeover
color
— Interaction guide for how to
‘What to take—over the control Auditory, visual
do’ Cue | — Cue to indicate related buttons or icons
interface guide
— Feed on road changes that needs )
) Ambient
Road attention lighting. voice
Situation — Obstacles, weather, road 9 9,
) ) guide message
slipperiness

71—:—%1 2yg A4 3’?, ;fc}a e
ageh. FH Tlse o

v}. cleldelt sy 49
A 2] @)
o Qe 7l
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SFoiTh AnbA 752 Aol gk ok Ak A A, of—the-loop' 9] 4] 7}4] # .% }oﬂq Sxx)e] 01|
T ek Q1] aelal v Aol vl 7] 7o' B T o] Zo Aol A whEA A —g— o) 2| gjof = Ao
ek kel B8] el Tet welH GEiE ofeldleld A ARolM 714 st %741«1 7% olgkar meky]

Functional HMI for Safe Take-Over

Purpose

Abstract

Function

Generalized Take-Over | State Context o
Function Request "Recognition | Information | Navigation
I 1
Vehicle | Environment |
Physical Timing Multi- Infotainment System Limit
Function Information modal Alert Control i Feedback
=] -~ ez -
Physical Form Time left . Auditory AR- Sys - Whatto Spatial .
i Timeas| |Seat-belt I s Positive | | Channel Object
nu:-fber bar vibrate ?‘I%rg; nawr?ailo Rfli':f':::{lt feedback ] |blocking g:ﬁ; CL\:S_;"' track cue
HMI”ideation

a8 2. 2 Thel Mo Ao}
Fig. 2. Result of work domain analysis
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2k =Rl A4S B3l &S dre] §-3d uig 2
£ AA AlEEelH oA A elA mAE FE '
T3] f8l A3 A2 Jdsisith Aol Bz} sk
ARl F38E& ARt AR F3S dAsr] Agk 7]
T2 o2 2ok AR, 71 ATolA AR EA
oF 7 MAIR Ao 3k AJHeA xR o] Fctol] JFE
"X 23 JHAXE el uheha] A" T4
of ek AR FPI A et TE HE {F3A
'what to do' cueZ} A EATE 7 BR {HL AP A9
SHHUFEA, AojHd A3 AIX (response time), {1755}
(cognitive load) 28]aL 43} <14] (situation awareness)
o] A= FEFS Tt

—

1) A| 25! 5= (System Transparency)

A|lz=8l ] (system status) EAe] A58} AJ2=gle]
FHE JnlstH, o]= T ¥(capability) 2= @ 4 itk
[17]. ¥ dA7olA= A= Aol digh ARE A5 F3
59| 59 (capability) g HRZ HA3ISch AHER7}
Alz="lo] 423 7153k AL E ol A dA| A3l Uigk o]
FE Fol= vl T8 Hroly] witelt) [17], [23]. ol&
= ol et 3784, P44 Ze9d(frame) o] 27H4]
© 2 ZZHmanipulate)3}3ic}.

FAA LY 27 (Positive frame condition) A& o
TAA] A F8o] 7hsgh Aol tisf 2FA0e] A|ZHA]
¢l 574 Ad(augmented reality) ok 9131 %=7F =AA|

= A7 ¥ =9 (auditory cue)S A FSATE tlEo] A
A T8 A|2Ele] Q12 AFEol uigh ARE A AlEst
Aot 3, FA A Z9] ZH(Negative frame condition)
o] M= o)A FE] A& Fao] BVl Aol i) Ay
o] AAARl T A e Tt AR = H7 D=
< AFSITE HEe] Al AEF AlAg 14 AE
o] gk JuE A AF3IAT

2) 21 f-3(Type of Guidance)
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A7ke] A E AdstA wol= vl g4 &S
T 9L, @3 FAHR] e € 5 7] witeltt
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action-based) ©.2 HESAT). A 7|uk ZAc = &)
o Aol & dAA slloF & Tl tigk JH, FEA
olfr& AlFsllrt 1ejaL o]Hg FRE wlFo R vy
Aloll #ljof 3t AyFS ol dstal Bste A WAt A4
o2 @3tk A 7k 2o ko] dAlel 2 kE= A
HE A9t 1 thEe] e dSeta ddste] 1A}
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4-1 Method

2} 95 AEto 2 13k AlaH 3
(system limit) F Aol | A3 AgES A A|s)
Alod B A FASA oM, Ao 3 5 AYgE Al
U)o (DAAF2(Ending lanes), (2)&AF FA|T
(construction site), ()MNE Q13 7FAIA ] (visibility) 7}
2] 92 A3l A A8 ZHleading vehicle)7t 5784 8H=
oflEZ}L ot} [24]. =AEIE AAEtaAr T2
(random) = HHSIGITE 7F Alue] 2.9] AJTR oF 12+0]31

ok

4-2 Participants

27 WA E 2% 8299 FolAr} mHILh (: 65,
17). 7elzt 52 chstane] sh el A RS B
o, FojAte] Lol 214614 353 Ao,

4-3 Procedure

AlgdolE H5 ol A H7ixke] AR F-3le] digk A
#A7 dolHE FHSslaAal I3 A7) wke(Galvanic Skin
Response, GSR)E 57 717|(Shimmer, Ireland)E 23}
Ak Aoy 24 2 A& Aol 3 ZE2A 20
A-gal7] 8l ofF 53t Az TS AAEGITE 2 g o]

A2, Fozl= 383t 5 F3(manually driving)
AlZFsFST), AFge BEoAM = 28Rle] Fo] kS 93

= [e)
ZH|H Q.2 A4S 24} 3] (Secondary task) 0.2 =35}
= S5tk Aol Ag 24 deto] A W A=
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4-5 Apparatus

Aol M 2 Al olE el 78 AdS xest
71 98] C# Aol= 7wtoz Azl ¥ 3D (Unity
3D) 5.3.5 WA o]&ato] T3} vdd Al 75 B QY
Hol~g 7t 9@ FHCE FoJAEL Logitech G27
Gaming WheelS &3l & Alofsla V4S8 4
AATE Aol 2 AL AL FHdel] F-aE WES B
3l Hsgho] o] FojA = HAISIIE & A 40914
Yejell A A= ATt AlE ol Well A o] xhk Z4tel] o
wadelEe= Ao R 53l £ 80 ZwrH
2 Agegich F7H o 7939 HERS AEFE RE
oM 2] 22} #U(secondary task) o2 FRH|TIQ AHS
Fri=slr] ffsl o] 9o ekt

o fd o
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V. i

5-1 Reaction Time

Al AG A AFEE A28 FEA o A
H7} e W gl v JFE B S8 5
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7He] dHole & ¥4 3+ A3} capability ¢} limitation71 A}
ole] feofu|gk zpol7k YATHATI) = 2.782, p = .007 <
05, ®3 #x). WE NS F=3 22 limitation 71
ojlom, o 0.9z°] zfo|7} YAt (L M = 3.97, SD =
1.45; C: M=4.82, SD=1.3, ¥ 4 3%).

5-2 Cognitive Load

Ao]A Ak A] Fro] Ty o] w2 Qx| H-3}e]
7] 918 AR A2 I3 AE 9keS
dlolg 5 Hlolg7} st fAw
9 dielel7 &Adl AREITE ARHo=,
limitation(4&=0.011, SD = 0.002)%71°] capabilityZ:
(M=0.0135, SD = 0.004, % 4 =)ol vla) v =
& A3} S HAATH ((37) = 2.448, p=.019 < .05,
3 32

==I!

df t P
Reaction Time 2.782 79 0.007
Cognitive Load 2.448 37 0.019
F 3. 9t AlZkn} QIX| Botel t4E MAl ZAnt
Table 3. T-test results
M SD
RT- Limitation 3.97 1.45
RT- Capability 4.82 1.3
CL- Limitation 0.011 0.002
CL- Capability 0.0135 0.004

E 4. 83 Alzhet IX| F5te| =AE Wt

Table 4. Mean value and Standard Deviation
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+od 2} 7F information 3 H. 533} actiond
3 Z719] Aol AER] FUTHp > .05). A, of
E AN A e AEE 2 H]g Zpol= F AR F
ol ho] folm| gk 2kl 7} QISITHA: £81) = 5.609,
p<.05, I £81) =5.408, p< .05).
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% Eol, uh
& A7k vl Ao} e AR Holok sh= ake A2

o] serek A% Anlol| AAE= t]A~Z g o) limitation 4
ol 23& gtFok vk Serh weivial o 4= itk

O

et FohA e A3 Aol AAPIA H=g B}
= & 7FsAdo] =2 limitationol] THH FH 7} old, HT}
Al =y oY capability 23 H|EsH] BRE AlE
5 Ao nigkd 4= it} AlzEle] &A) ojtjzhA] &
52 8 QA dEFe AleE T A

oA ot Arolth FEE 71E ATl
3 Asake] @At AES BES AFolAE F

&) Adoll tgk JEe} A ~Ho] s tigt FRE =

Ste) PEe BAY 5 AAT [AA]. o2 Ao

Tl SAES old w2 & AAE 7rol=(driver
guidance) ARE 8RR Fomet IS = 7 IS
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