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Abstract : Recently, cutting-edge technology has led to the development of automated vehicles, but the limitations of the related
technology may lead to hazardous situations. This resulted in the remarkable significance of the interaction between automated
vehicles and drivers. In particular, the transition between the driver and the automated vehicle in accordance with Level 3 of SAE
J3016 is inevitable, and guidelines or standards regarding the takeover should be provided. Therefore, we aim to prepare the safety
guidelines for the takeover and to conduct a comparative test. First, guidelines for visual, auditory, and haptic displays in existing
vehicles were examined. Second, preliminary research was conducted on the modality of automated vehicles. Third, we carried out
a modality investigation regarding the partially automated vehicle. Based on this, we proposed visual, auditory, and haptic signals
for each modality. This will serve as a significant starting point for future research based on multimodal methods.

Key words : Automated vehicle( A& 2} %), Take over(#] o] % ?2&) DVI(Driver-Vehicle Interaction), Visual interface(A]
Z} Q1€ ¥ ©] 2~), Auditory interface(% 2} 91E] | ©] 2~), Haptic interface(Z2} 91 €] 7] ©] 2~), Single-modal alarm(T+ &+3)
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Modality type Design factors Example of design
1. Location . . . . . . .
. - Provides a simple icon that does not require analysis on the cluster when the distance from the car is near
Visual 2. Color In emergency situation, adding a blink effect to the red signal is effective
3. Icon/ Text geney ’ & &
- High frequency, fast signal, random harmonics, and wide range signal are used to increase urgency
1. Level of urgency . . .
- The volume should be 15 to 30 dB higher than the ambient noise, not exceed 90 dBa
2. Volume o
. - Use within the range of 500 ~ 2500 Hz
Auditory 3. Frequency . . . s . L
AT - The auditory signal required to transmitted in the horizontal plane direction
4. Directionality . . e . .
. - Use a short phrase or one word with rate of 150-200 words per minute if using a voice-based alert with
5. Voice-based alerts .
other modal signal
1. Location - Driver’s body must be contacted such as steering wheel, seat, accelerator pedal, seat belt
Haptic 2. Recognition - Human sensitivity is highest at 200~250 Hz
3. Directionality - The gap between vibration motors should be at least 4 cm
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Table 2 Visual modality related studies on take-over-request(TOR) situation in automated vehicles

Author Contents

Result

Walch” et al. . .
it eta “caution” with gray background

In 3 TOR situations, give a visual warning with a word

It is most effective to give a TOR on a steep curve

Baldwin® et al.

Evaluate the urgency of drivers by giving different TOR
time with a word “warning” that has yellow background

It is more urgent for drivers to give a visual signal for 3
seconds than 2 seconds

Eriksson” et al.

Measure drivers’ response time when giving different
types of visual TOR with icons (arrow, line, circle)

An arrow signal is most effective for a TOR

Borojeni® et al. . :
orojent-eta of visual TOR with an LED lamp’s pattern

Evaluate efficiency of a TOR when giving different types

A direction pattern is more effective than a fixed pattern

Melcher' et al. . .
cicher—eta types of visual TOR (icon/text)

Measure drivers’ response time when giving different

Drivers’ response time is between 1.4 to 6.7 seconds

Petermeijerg’ etal.

Research-drivers’ urgency when giving different types of
TOR (visual / auditory signal) with an LED lamp

LED blinking is more efficient than an auditory signal

Lewis'” et al.

Measure drivers’ response time when giving different
types of TOR (single / multi alarm) with a word “caution

Drivers’ response is faster for multimodal than a single
modal signal

s

Koo'V et al.

types of TOR message with information

Research for efficiency of TOR when giving different

In an emergency situation, it is effective to provide only a

message about external environment
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Table 3 Auditory modality related studies on take-over-request(TOR) situations in automated vehicles

Author Content Result
Hester' et al Comparison of drivers’ responses to different types of Take A task related voice alerts allowed more drivers to avoid
' over alarms collisions
Nauioks'™ et al Comparison of drivers’ responses to different types of Take The Participants more prefer voice messages than simple
! " | overalarms tones
Politis™ et al Evaluation of six multi-modality signals that can be used for a Multi-modality alerts were more effective in the time and

TOR

accuracy of control transitions than a single modality alerts

Melcher' et al.

Measure drivers’ response time when giving different types of
Take over alarms

All drivers received a TOR within 10 seconds

Evaluation of signals that can be used for a TOR using auditory

Gold'? et al. . .. . L . . Most drivers used less brakes in 5 seconds than 7 seconds

and visual modalities during drivers’ visual distraction

Comparison of a TOR time with multi-modality alerts that . . .

17) p . . . . Y . Multi-modality alerts reduced time to place hands on
Nauzkos “etal. | consist of visual and auditory signals and single modality alerts . . .
. . . steering wheel compared to a single modality
that consist only visual signals
. . . Multi-modality alerts increased drivers’ workload and
Politis'? et al. Observe distracted drivers’ responses after a TOR . . Y
dialogue mistakes
. . L . Drivers received a FCW comprising five essential acoustic
. 19) Validate the importance of a key acoustic criteria for use as in . . .

Lewis ~etal. components had improved collision avoidance responses

vehicle forward collision warning (FCW) systems.

relative to no-warning condition
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Table 4 Haptic modality related studies on take-over-request(TOR) situations in automated vehicles

Author Contents

Result

Talpazzo) etal.

seat vibration or not

Measure drivers’ response time when giving haptic TOR by | The group that received a seat vibration is faster than the

other group

Petermeijer9) etal.

Measure drivers’ response time when giving different types
of TOR (single / multi alarm) with seat vibration

The Multi alarm is more effective than a single alarm

Politis' et al. . . . o
TOR (single / multi alarm) with seat vibration

Measure success rate of TOR when giving different types of

The Multi alarm is more effective than a single alarm

21)

Bazilinskyy "’ et al.

Research for drivers’ preference of vibration when giving | A steering wheel vibration is the drivers’ preferred method
different types of haptic TOR (seat / belt/ steering wheel)

If urgency situation, drivers prefer the multi alarm

Petermeijerzz) et al.

Evaluate drivers’ recognition when giving different types of
haptic TOR (normal / direction vibration) with seat vibration

A vibration that gives the space information was fail

Schwalk™ et al.
form vibration)

Research for drivers’ preference of vibration when giving
different types of haptic TOR (normal / direction / wave | A wave form vibration is best effective in signaling TOR
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Table 5 Summary of OEM warning modality
Modality Alert Type Situation OEM
- Volvo (XC90, adaptive cruise control)
Not enough to maintain the distance between cars | - Audi (A8, adaptive cruise control)
- Nissan (LEAF, propilot assist)
Cluster - Lincoln (Continental)
Visual Lane departure - Nissan (LEAF, lane departure warning)
P - Lexus (LS350, lane departure alert with steering wheel)
- Hyundai (EQ900)
HUD Not enough to maintain the distance between cars | - Cadillac (CT6, super cruise)
Lane departure - Cadillac (CT6, super cruise)
Beep Front and rear collision warning - Cadillac (CT6, super cruise)
- Seat (Leon)
Auditory Using time period | Driver released from a steering wheel - Tesla (Tesla firmware 8.0, Autosteer)
and frequency - Hyundai (IONIQ EV)
Road speed exceeded - Audi (A8)
- Volvo (XC90, lane keeping assist system)
- Audi (A8, active lane assist)
Steering wheel Lane departure - Lincoln (Continental)

Haptic vibration - Nissan (Leaf, lane departure warning)

- Lexus (LS350, lane departure alert with steering control)
Rear side warning system - Hyundai (EQ900, Rear side warning system)
Seat vibration Front and rear collision warning - Cadillac (CT6, super cruise)
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Table 6 Design of TOR visual alarm
No. Representative signal Location Frequency (Hz) Size (mm)
A Take Over Immediately
1 HUD/ 3~4 19 x 86
A nHo wy Cluster
A Take Over Immediately
2 Room mirror 3~4 19 x 86
A sumoa
HUD/
3 Cluster 34 19
Table 7 Design of TOR auditory alarm
No. Representative signal Frequency (Hz) Repetitions Length/Interval (ms) Volume (dB, dBA)
1 Tesla firmware 8.0 553 2 200 /60 The volume should be 15 to 30 dB
2 Ioniq of Hyundai 1498 8 90 /30 higher than the ambient noise, not
3 Two Frequency mixed tone 880 + 1760 4 50 /30 exceed 90dBa

178 si=EXSAEEE=2E 273 H3E, 2019



Design of Single-modal Take-over Request in SAE Level 2 & 3 Automated Vehicle

Table 8 Design of TOR haptic alarm

No. Representative signal Frequency (Hz) Length/ Interval (ms) Location Signal graph
| Puls‘e—type Ylbratlon 200 ~ 250 200/ 50
using haptic-seat
2 Pulse-type vibration 200 ~ 250 200/ 50
using haptic-seat
3 Wave-type vibration 200 ~ 250 2250
using haptic-seat

F(earcon: F 2 14 A%, FH o Z N2 A7 &

H A% Q1 23] 0] E(spearcon: Y5E 2 X)) F 27 %]

= st

7.2 H2Zt RE|E| AR Hlu 4 ALz
=&

NADS MiniSim (Fig. 1) =2]o]¥ A& o]E] & o] &3}
&3t 2 AHoM = AFATF 1S A= F
Z 5,09 g9 A AT AR EE A ASHA H

_/',:
m, o] w 3| @Az 2Elof e Holl Al &2 waL o)Al e

(a) Overall scene

2048

(c) Take over situation

(b) 2048 Game

Fig. 1 Experimental set up

oy
B
do
°
i
0,
b
u
Az
ftlo
o
oo
QL
s
o3
E
o
I
o

A
X o
ules
tlo
ol
ol
X
ules
o
(o0
ol
Lo
i
2
=
N
)
A
ofy
ol
o
T

iy

> EE oo
2
9

ot ol

for > |m
N

Jo

S W Alo]d A dE s ol
7} &+ 4l 5 (“Please Take over”)TF A A
T, A2 Al S e} 3 A A 7HA] - o] A2t

Ao 2 Fd 7HAZ 4 H AT o] o] Z2 9ol Al

h

Sl 5

AlE 7ol =g}elol 2hA] 880 Hz 9F 1760 Hz2] 4] = ]
W oRkESlE ZloR o] drk AT A= “Take
over’ghi= WA HAE R FAEH] Q) 2vjo]EZ&
2 374 91U S SOLA & 5S AFE-g 23] o] & A4
Z 2 3o A-83te] THEQITE Yl ER o] Fof3 AlZb
A MFE BE ol FUeA g A 7kl &
EA o 2 A Al H ATk

722 B #HEe

2499 F& WG 9 @A) v Aol wkE-
A zrolg) gk Alo]d Mg & AT A HFE A
7} 2~Elo]d] E& Alofste] AEFY R A 53
HEZ H3et7] 714 o] AlFoltt

7.2.3 AEATIR}

Ae G 13 W, 9oz T S U=

Transactions of the Korean Society of Automotive Engineers, Vol. 27, No. 3, 2019 179



O|X|& - 25t} - ZAMA - W==Zl - SHEA - Ol2|Y T3 SMOIL - o2 Ho|A - O|S2 - MEE - SRIH

ATE PSRt Hit Yol=20.3 AlojH, Hit &4 Table 9 Take over reation-time analysis result

A8 4.1do)t) 2 Ae-2 nAIF F 2 s (Michigan Text-only M=3.44, SD =047
Technological University) QI=ElFAE 2]z HE= Earcon + Text M=179, SD=023
Instituti IR h Board)©] Z01< o19) on] m= 7 Spearcon + Text M=2.06, SD=0.27
(Institutional Research Board) 8] %13 Ao R= Speech + Text M=187. SD=0.18

73 M2 oge|E| YRy o AEAD

35
A9 A Aeln A% 4 H3 4 7HAol whE ;
9 A A3 NS VREY BARYL o1 |

®Lapl
uLap2

Lap3

2 frolne A9E Wi(Fig 2). F2.0

173.83, p < .001, n,” = .91. A9k, A& A3 3F=
Frolv ek Aahg wolx] ek Aol A AF 4 73 . . »
:‘7’]' X]—%—Td?_{ﬂ ;ﬂ::d_' Q—}F Zl'oﬂ WQI"O’] El]?l— )g—i;gl—%(ﬂ 9}\% Speech/T Spearcon/T Earcon/T Text-only
- 2_ = X
ok F(2.50, 44.99) =3.61, p<.05, np" = .17. ol Fig. 34 Fig. 3 Take over reaction-time across laps
B 5 Qo] AulojZ) AES AN F 5o B
e QG 2ol ARFHAR W S5l wek 2F Agola] 29 AL) ojojRe] 4 9] Wl
HES- Alzko] Zo] 50 7] Wil Ao R BAE 4= ql). w2 o] Zo] 5 o] AAHA A E 4= S Hlolt
A R4S B, Al 7k A7 2 5F F oW e A
27 USRS Aol = A7 2 AEnk Qs A9 8. £2} Dtiz|E| 2| H|T A
o olu]slA WE HL-S A7 HolthE AL wAs
cHreIvIEhl S LS AEE melvhs U was AN g metelE] Gy 2 75 9
ATHp < .001). Ed, 2v]o] T} Bl mES A AT 45,
_ B} A F7F Tl ReElE eyl dgia] Ag-E 218
olof &} €| mE 2 A A F 7§ 1T} folu sl el
, _ y sttt 7t & gl e Ade Fuidish
= A3t =EEATHp = .002). GEfstAbd, 2 Ao R
A3, A7 A NS AT A Asel HelAe Ag, ) AT
U8 A]7bo] #olZ Aolgte A HAl 7L =59
) ] ] 21}- ]’E ‘)\ ]‘j/]' /—\ H ]’E ‘6‘— —QM 8.1 —’—|:=—7—|l' E':E'I'E-IEI Hlﬂ Jé'g %’S‘!
Ok 2¥o]EE 2UAE A S5 VT e R ST A L _
o]7] W B0l Au| XK} 71 FAHS Zo]ZE Ao R S LA AN E AT AR =58 7 4" s
_ - o
Aglork B A7 A3k T b e A oejze)  F ATH AR AR LSS, wdRS Aol 4
gou sma oix o AL AE AES] IR Y A wE A5 1) 9

29 #74e 2% A e g2 2016134 Ao LF

e}, SCANeR studio A2ZE o] 7} A€l 29 Al 2~

¢ e gd Alzel o' g Al B o] Sl A] A
* P Ak 2 Aol A Aol A W ol MES}
] AEhd 2GR S Aojate] g TR = A

-

I
. il -
- z A z=ele] oF 4= Qlis MG OR ISk Al A A o
15 7 1 1 1 1
| U} Fig. 433 oWl E vhl 5% A A E Q] AES Ea A
o ) ]9 A% A5 ARl A ADETh Aol gk 2
. S SAlAbE 2EoY I, 94, Beol 2 F sht

Speech/T Spearcon/T Earcon/T Text-only % h=3 =

= :

Fig. 2 Take over reaction-time bar chart

180 sI=EXSXIEE=2E 273 H3E, 2019



SAE Z|dh 2dl 2 2 2 3 FEXIEF

Alert occurrence

Fig. 4 Take over scenario

Table 10 Take over request haptic alarm

Haptic signal Location of signal Interval of signal
v Back ‘ Hip ‘ All Static Dynamic
Amplitude 200 ~ 250 Hz
Interval - on / off
200 /50 ms

821 Sg M
B A o] =7 W4 Table 103} 2o] A E L] XE 9
Z(371A, SEFAAC JE 7] fF-olth e A
T 27171200 ~ 250 HzolH, 524 F7] A5 on/off
71200 ms/50 msZ 3 A7} Alo] A A 3HS - w7
o] ok xE F717F gle A s A E A As
259 Fd st}
822 X He
2 *‘tﬂ«l T4 AT E 34 2l
A

Y= A #%%—%MEE QAgha}7] 717 o] Al 7ko] ),

. =
APeFAd 187, 8 11 Ho R F29 WS e
2o -g—?,ﬂgo]—oirjr Jmuro]tz“xﬂ o, Fit &
A 17471 0] R AR %Ulﬂ%ﬁ‘ﬂ drd e
BE

T4 %TO]’%E}
8.3 &2t meta|e| haldi djlu Ay Zo
27247} 30 W o]Eto] 7] wliEo] AFA HAALE
AAE L, AT WS erghtt whebd Sgn
T o] 37091 W Aol wE vEEAIZE dlolH =
Kruskal-wallis test2 1 3Js}ATE SHHG =50] 27021

F7] ofFol| W& Wt
E st Aarh & AE
X]of e} 9] g AFe] 7
A HESATF2 T

7193 %, & -‘?*%236% AA=211%22 59 s &

e desh= Aol 7P &34 oAt Kruskal-wallis

HH-8-A] 7} o] E] = Mann-whitney test
ol A WA 7 e A EQ X5 9
A|3te] ]' 17} §l= Aot ]
119

= Ay} go] 5& 9

YASAt] HMolH TE o thel RERE|E| AEiE M)

Take over situation occerrence

Reaction time(s)

s
20007

Back Hip All Static Dynamic
Fig. 5 Take over reaction-time box plot
Table 11 Take over reaction-time analysis result
v
DV Location Interval
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