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ABSTRACT

Obijective: This study aims to investigate the effectiveness of multichannel warning in different levels of automated driving
environment. Background: As the driving environment changes from manual to fully automated setting, maintaining the
driver’s situation awareness and notifying critical information to the driver gets more important. Since automated driving
enables driver to perform other tasks than driving, it is important to give a timely notification according to the importance of
information. Previous studies evaluated multimodal warning signal to reduce the response time and facilitate driver’s
decision making, but the efficacy of multichannel warning in an automated driving was not fully validated yet. Method:
We measured the reaction time to three modalities(visual, auditory and haptic) in three driving conditions(manual driving,
monitored driving and automated driving) with 17 participants. Results: Statistical analysis result showed that visual
channel is much more vulnerable than haptic and auditory channel. Driver’s response time is much longer in visual channel
than auditory and haptic channel at all three driving conditions. Among three driving conditions, manual driving showed
less change in response time than other environments. There was an interaction effect between modality and driving
conditions. While the difference in modalities was significant at monitored and automated driving, there was no significant
difference at manual driving. Lastly, participants were most satisfied with auditory stimuli, followed by haptic and visual
stimuli. Conclusion: Contrary to our expectation that haptic and visual signals are more effective than auditory signal, in
manual driving, drivers responded to auditory signal faster than others. Haptic and auditory signal showed constantly
smaller variances than visual signal in all driving environments, which means that drivers can respond to auditory and
haptic signal more reliably for all types of driving tasks. Application: The results of this study can help designing an
effective warning signal system for automated driving environment.
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Figure 1. Experiment environment
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Figure 2. Spatial visual coding signal

2.3 Procedure
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Figure 3. Base Response Time Results

3.2 Effect of modality & Driving conditions

Aol AR ARE 7 7Y el webd 7R kg
Alzrel] HlsiA S7be S AREkTh

7zke) A Wz A5 o] upe wkgAzke] 7
& 2 LE FYDANA A2 vkgAIzte] 7 g
o] T7HAL, FHZb, A7 O R WG AIRYY] Frhe] A
A Gtashs A%E nolgh 59 AZe] A AEF
B AFs At S/EEE F7F Fol v A e
Wk FAE7 We s e FTheke] fol@ Aholr}
AEAE FRIsk] S DA BARAE AHEslt
B Az FEFPBN AzAe] mE WA S
gl Aol Qlgom dvehdon, 1 wolws)

7] A

-2 Oﬂ Ujra &JJr(F(Z 305)—8 42, p<0.01)
E]'/\A . OMJJ Table loﬂ 4
e

ALY WBF T Y FEHUEQ AE W
FARAY e jREUR] 34, A2

|

E’l—
FERR 8 AR A

% Kikca Z}lﬂr Ziﬂﬁiﬁﬂ etk ZEAEAT AR
o FAA AN Ao 9915 B8] S8 LSDHA S
ARSI AT el diek WEEAIZRE AlZbo] <Y Zpat
EZprch ol ed AR, AD-F7:
p<0.001). Fa &l whe RESAIREE Ak e vt
W AEFPAo] FETARAY A ot
FS ASTFHRA R folehA oo dglvh

57}6" EHp<0 05).
7ol A WA ®ish
‘47—}’01 7p, ‘iﬂ’_ﬂuﬂr TerMl ﬁﬂﬁﬂﬂr(%iz}
Ao Fojwrt e AEFHIANME
7 Mgk A7, ‘57"1@} el &
7} p<0.05). o}eH<] Figure 40= A AL %

Table 1. The result of each driving environment ANOVA

df F Sig.
Between
2 2.37 .095
Groups
Manual Within
L 303
driving Groups
Total 305
B
etween | 651 | .002
Groups
Monitored Within
L 303
driving Groups
Total 305
Between
2 8.42 .000
Groups
Automated Within
L 303
driving Groups
Total 305

Table 2 The response time at two factors

Average Star_1dz_ird
deviation
Visual 631.94 2208.14
Modality Tactile 164.30 349.53
Auditory 130.01 271.01
Driving l\_/la}nual 110.89 296.90
Environment Vigilance 282.63 927.86
Automated 532.73 2046.92
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Figure 4. Interaction plot
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4. Discussion
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