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Abstract : A human-in-the-loop experiment was conducted with a vehicle simulator and 40 volunteers who evaluated the
auditory alarms that were conveying driving situations to drivers before a request for a takeover was submitted. The study
compared driver sensitivity in Unplanned ODD Exit situations(over-speeding and off-route), road types(motorway and city
road), and auditory alarms(speech and earcons + speech). Driver sensitivity was measured according to situation awareness,
anxiety, reliability, suitable duration, and preferred alarm. The appropriate auditory alarm and duration were determined for
each situation and road type based on those measurements. The results showed that drivers had higher situation awareness
and reliability and lower anxiety in over-speeding situations than in off-route situations. Most drivers preferred earcons +
speech over plain speech, with 6 seconds being rated as the most suitable duration, presumably because all auditory alarms
lasted for 6 seconds during the test. The results were used to develop interface information design guidelines for automated
driving systems from the driver’s point of view.

Key words : Auditory alarm(7 2} &%), Automated vehicle(A8-<= 3 X} %), Operational design domain(2-°3 3 7] 4 &),
Unplanned ODD exit(ODD ©] &), Information provision(7d X #1|-&")
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CID : center information display
MRC  : minimal risk condition
ODD  : operational design domain
TOR  :take over request
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Table 1 Independent variables
Situation Image Description
-
The automated driving system has
. exceeded the speed limit of the
Overi}())e)edmg road due to the failure of the
speed controller(20 % above the
Unplanned speed limit).
ODD exit
situation
Due to road construction, the
Off-route automated driving system has
R) been off the selected route
(branching off).
Road type Region Speed limit Distance Traffic density
Motorway Shingal-Osan 100 32 km
™M) IC
Road °
type Los B
(10 pc/km/1)
City road Vicinity of 50 L9km
© Sangam-dong
WPM Warni
, OnOff | Volume | oming
Alarm type Signal Image (@ms) (word per | Repetition (dB) duration
min) (s)
Auditory Si 1
- mgl(es ;)1 M| Speech 0"& wﬂm - 150~200 1 70 3
Bi-alarm Earcons 22/12 - 4 70
| ot ’
B) Speech - 150 ~ 200 1 70
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Table 2 Dependent variables
Survey | Variable Unit Description Examples Reference
* Was the provided alarm suitable for
. Lo
Evaluation of whether the test un.dersFandlng the 51tuat1on.. .
o . . (Situation: Automated vehicle exceeding the
Situation subject can recognize the .. .. Itoetal.,
o . speed limit or deviating from the selected 19
awareness situation through the auditory route) 2016
alarm — Option: 1: Not at all suitable /
Point 4: Neutral / 7: Highly suitable
(7-Point . . .
Likert Evaluation of whether the test Were you anxious becausa.a you did not know
Anxie subiect feels insecure because of how to respond to the provided alarm? Jooetal.,
ty scale) ) the audi | — Option: 1: Not at all anxious / 20197
e auditory alarm 4: Neutral / 7: Extremely anxious
* D feel that th ided alarm is reliable?
Mid o Evaluation of how much the test °y,°“ e thal the p rOYl cc alarm 1s refiable Miglani et al.,
Reliability K K — Option: 1: Not at all reliable / 21)
subject trusts the auditory alarm . 2016
4: Neutral / 7: Extremely reliable
* The alarm was provided for 6 s. Was the alarm
duration appropriate?
— Option: Too short / Appropriate / Too long
(multiple choice)
Suitable Sec Evaluation of how long the « If a 6s alarm is too short, how long do you | Shankar et al.,
duration ' auditory alarm should last think it should be? 20072
— Option: Choice from 1to 9's
* If a 6s alarm is too long, how long do you
think it should be?
— Option: Choice from 1to 6 s
Preferred Selection of a preferred alarm | » Please select the preferred alarm in the
referre
Post alarm Selective between single-alert alarm and overspeeding situation on a motorway. -
multi-alert alarm — Option: Speech / Earcons + Speech / Not sure
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Table 3 Scenario configuration
Unplanned ODD Auditory .| Scenario
R«
exit situation | VP | darm | S| i)
Single #1 OMS
Motorway | alarm (S)
, M) | Bialarm | v
Overspeeding B)
o -
©) . Single 0 OCS
City Road | alarm (S)
C Bi-al
© i 7R e
B
Si
ingle # | RMS
Motorway | alarm (S)
Bi-al
™ FAAM s | RMB
B
Off-route (R) B
Single
, #7 RCS
City Road | alarm (S)
© Bi-alarm
#8 RCB
®
Single
i #9 -
Scenario to. Motorway | alarm (S)
prevent learning M) Bial
effect 1-alarm #10 -
B
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Table 4 Descriptive statistics of situation awareness, anxiety, reliability, appropriate duration, and preferred alarm type

DV Situation awareness [p] Anxiety [p] Reliability [p] | Suitable duration [s] | Preferred alarm [N(%)]
Source Mean SD Mean SD Mean SD Mean SD Single a.larm Mult a.larm
selection selection
14 66
Unplanned O 5.963 0.987 2.350 1.329 5.913 1.021 6.238 1.825 (17.5%) (82.5%)
.OD].) exit 15 65
situation (A) R 5.675 1.316 2.606 1.509 5725 | 1.172 6.525 2.219 (1875%) | (81.25%)
M 5.763 1.232 2.575 1.506 5.775 | 1.156 6.356 1.998 13 67
(16.25 %) | (83.75 %)
Road type (B) % o
C 5.875 1.105 2.381 1.336 5.863 1.046 6.406 2.075 (20 %) (80 %)
Auditory S 5.788 1.169 2.463 1.423 5.869 | 1.025 6.475 2.097 - -
alarm (C) M 5.850 1.174 2494 | 1432 | 5769 | 1.174 | 62838 | 1.970 - -
6 34
OM 5.825 1.170 2.500 1.396 5.800 | 1.134 6.175 1.856 (15%) 85%)
oC 6.100 0.735 2.200 1.239 6.025 | 0.880 6.300 1.792 8 32
B (207%) (8(3)3%)
RM 5.700 1.288 2.650 1.605 5750 | 1.178 6.538 2.115 (17.5%) (82.5 %)
RC 5.650 1.343 2.563 1.404 5.700 | 1.166 6.513 2.318 8 32
(20 %) (80 %)
oS 5.913 1.002 2.375 1.400 5938 | 1.017 6.413 1.954 - -
OB 6.013 0.968 2.325 1.253 5.888 | 1.025 6.063 1.668 - -
AxC RS 5.663 1.303 2.550 1.440 5.800 | 1.030 6.538 2.230 - -
RM 5.688 1.328 2.663 1.573 5.650 | 1.295 6.513 2.208 - -
MS 5.688 1.281 2.600 1.546 5.863 1.069 6.600 2.251 - -
MB 5.838 1.177 2.550 1.465 5.688 | 1.231 6.113 1.673 - -
BxC CS 5.888 1.037 2.325 1.273 5.875 | 0.979 6.350 1.924 - -
CB 5.863 1.170 2.438 1.395 5.850 | 1.108 6.463 2.213 - -
OMS 5.750 1.171 2.600 1.549 5.825 | 1.174 6.450 1.947 - -
OMB 5.900 1.194 2.400 1.257 5.775 | 1.121 5.900 1.766 - -
OCS 6.075 0.797 2.150 1.231 6.050 | 0.846 6.375 2.009 - -
AxBxC OCB 6.125 0.686 2.250 1.276 6.000 | 0.934 6.225 1.593 - -
RMS 5.625 1.409 2.600 1.582 5.900 | 0.982 6.750 2.560 - -
RMB 5.775 1.187 2.700 1.667 5.600 | 1.355 6.325 1.591 - -
RCS 5.700 1.224 2.500 1.320 5.700 | 1.091 6.325 1.886 - -
RCB 5.600 1.482 2.625 1.514 5.700 | 1.265 6.700 2.719 - -
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Table 5 Inferential statistics of situation awareness, anxiety, reliability, and appropriate alarm duration

bV Situation awareness Anxiety Reliability Suitable duration
F p n2 F p n2 F p n2 F p n2
Unpl d ODD
n.p a.nne. 5.876 | 0.020* | 0.131 4.617 | 0.038*% | 0.106 | 6.673 | 0.014* | 0.146 | 2.909 | 0.096 | 0.069
Exit situation (A)
Road type (B) 1.519 0.225 0.037 | 3.432 0.072 0.081 1.282 0.264 0.032 | 0.088 | 0.768 | 0.002
Auditory alarm (C) | 0.234 0.632 0.006 | 0.092 0.763 0.002 | 0.893 0.351 0.022 1.961 | 0.169 | 0.048
AxB 2.431 0.127 0.059 | 0.910 0.346 0.023 1.888 0.177 0.046 | 0371 | 0.546 | 0.009
AxC 0.328 0.570 0.008 | 0.555 0.461 0.014 | 0.457 0.503 0.012 1.104 | 0.300 | 0.028
BxC 1.067 0.308 0.027 1.000 0.323 0.025 1.045 0.313 0.026 | 1.977 | 0.168 | 0.048
AxBxC 0.142 0.708 0.004 | 0.457 0.503 0.012 | 0.787 0.380 0.020 | 0.437 | 0.513 | 0.011
Situation Awareness Anxiety Reliability
7 g\ 7 - 7t
6 5 6 - 3 6 F *
5 - ; 5 5 i 5 - ;
4 + | T4 i ‘ T4 + :
3 + | 3 3 + !
2 ! 2 2 1
1 + 1 — 1t
Overspeeding Off-route Overspeeding Off-route Overspeeding Off-route

Fig. 2 Box plot of comparison of situation awareness, anxiety, and reliability according to unplanned ODD exit situations
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