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countermeasure technologies. Transportation Research, 12(3), 218-224.
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Effects of Autonomous Driving on Passive TR Fatigue
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O Collision avoidance system: Rradar, laser (LIDAR), camera, GPS sensors =
AESHH S o
O Driver fatigue detection system: 42|at& A3 (e.g., ECG, eye-closure duration)2t

2F Xt S (e.g., speed variation, lane departure)S monitoring 50} fatigue ==
distraction 2 A| X0 A Z 1 (e.g., seat vibration and/or audio alarm)
= A|ARO| 2HXIE BEXStAL Z1E MSotX|2h 2FXe| T2 & AFY o|ge = 8lS

Collision avoidance system Drive fatigue detection system

9.

vehicle distance
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Objectives of the Study

Evaluation of a Motion Seat System

for Reduction of a Driver’s Passive Task-Related Fatigue

O Establish a protocol to assess a

driver’s fatigue

Q Evaluate the effect of a motion seaton
passive TR fatigue ] [ 18 N

(%) 3.0
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Motion Seat System: Motion Profiles

0 Bow motion profileO| seatback angle, cushion angle, cushion extension,

lumbar support motions= Z&'5}0] 7| & &

Static seat

(reference) Bow motion profiles

Partially inflated

Preferred posture
(Neutral position)

Seatback angle + 00°
Cushion angle _ + 0O0°
Fixed
Cushion extension + OO0 mm
. Lumbar support OO mm of air cell inflation/deflation
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ECG & Eye Tracker

ECG measurement system Eye tracking system

Noraxon Telemyo DTS faceLAB 5
(Noraxon Inc., USA) (Seeing Machines, Australia)
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Subjective Fatigue: VAS

0 Dundee Stress State Questionnaire (DSSQ; Matthews et al., 2002)& At-&3}0

2™ Xlo| =X I 2 £ £ overall, physical, mental fatigue = HO0|| A 7}

Overall Fatigue

Physical Fatigue Mental Fatigue
I
I I
Active Task-Related Passive Task-Related
Mental Fatigue Mental Fatigue
Xt HZA brake Sustained attention]|
pedalinglt Z2 £ o|st F4H n| =2

zhejo of 3t HAIM 12
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Driving Safety Concentration
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Metrics of Passive TR Fatigue

O AFRE I HEES2 pilot study (n = 6)2 E3| passive TR fatigue0i] CH 2
motion seat2| 2115 QZUSIA HE 7}t JAO 2 THEHE

Passive TR fatigue assessment methods Metrics Tendency References
o band f Michail et al., 2008;
EEG B band - Eoh et al., 2005; Jap et al., 2011;
o band Yvonne et al., 2010;
. . 0 band Cao et al., 2010;Zhao et al., 2011
Physiological a
Indl tor Hcal.'t rate (HR) Oron-Gilad et al., 2008;
cators ECG NN interval (IBI) Ahsberg et al., 2000;
SDNN Lai and Craig, 2001;
LF/HF Patel et al., 2011
EDA (Skin conductance Tonic SCR Lim et al., 1996
Psychomotor & .
y PVT (Psychomotor vigilance task) | Reaction time Gunzelmann ot al., 2011;
Mental Tests Horrey and Wickens (2006)
Amplitude Lal and Craig, 2001b;
Blinking rate Wijesuriya, et al., 2007;

Svensson, 2004;
Santamaria & Chiappa, 1987;
Dinges et al., 1998;

EOG
Eye Movement Closing duration

PERCLOS

Steeri Angular position
lf:;lmg Steirin 2 heel rate Thiffault and Bergeron, 2010; He
W gw etal,, 2011
control Yaw rate
Driving Longitudinal SD of velocity
Perf position " " "
crrormance control Brake reaction time Pilutti and Ulsoy, 1999;
Lateral Lateral position Thiffault and Bergeron, 2010
position Lateral velocity
control Lateral acceleration
Karolinska sleepiness scale Bekiaris et al., 2001
/,l: Subjectlve Stanford Sleepiness Scale (SSS) Hoddes et al., 1973
o Assessment Yoshitake Fatigue Scale Yoshitake, 1978

e Bl e = g e = = = i — = H= &= &=

Dundee Stress State Questionnaire (DSSQ) Matthews et al., 2002
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Experiment Procedure

H
e

&l &H| (before driving 30 min): (1) ECG AlM §%t (2) = A&,

3) T LZX EIt

~~

Q FH "7} (driving; 90 min.): driving performance, eyelid closure, ECG
=7 (static or motion seat condition)

QO Debriefing (after driving; 5 min): T&& O 2= H7}

Overall duration: = 120 min.

driving session

15 min 10 min 5 min 45 min (15t half) 45 min (29 half) 5 min
- i static or -
sensor driving subjgctlve i moftion seat subjgctlve
attachment practice fahgug static seat ter- fahgug
evaluation (counter evaluation
Oé\\[j balanced)
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Heart Rate Variability: RMSSD

O Static: M EF CHH| 2 IO A 2F 21.0% 11 (=%t 1.02 + 0.06, S8t 1.23 + 0.18: MD: 0.21)

O Bow: MEH CH{H| 2 HHO| A %xl(ﬁi 1.09 + 0.12, 4} 1.00 + 0.10; MD: -0.08)
— Bowe= T Z Q3 M stress levelg §X|3t A2 2 Atz E

X S3O0| 27&l= &Y = A HE0] FEH2Z RX|E|0f RMSSD U
(Oron-Gilad et al., 2008; Ahsberg et al., 2000; Lai and Craig, 2001; Patel et al., 2011)
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Heart Rate Variability: LF/HF

O Static: 49t CHH| ZHHO| A K| =ttt 1.05 + 0.06, £8F: 1.07 + 0.07; MD: 0.02)

O Bow: MEHCHH| Z B M 2F 11.9% 11 (=ut: 1.10 £ 0.08, S8 1.24 + 0.11: MD: 0.13)
= Bow= TO| 23t Fo| HF

=
x| 30| f4&l= XY +d

(Oron-Gilad et al., 2008; Ahsberg et al., 2000;
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x-l- ol = =
Td 1178 ECG H3l 8¢
O =Y ZHHY| M Static CHH| Bow= RMSSD 18.6% U, LF/HF 14.0% 1

--@- Static n=20
200 , igfa
= Bow 8.2% 31.5%L1 SE

1.50 18.9%
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F=8ll L7HH | ongitudinal Position Control
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QO Static Cli{H| Bow?2| Passive TR Fatigue X Zt &1} k4t
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Motion Seat on Passive TR Fatigue Reduction

Q0 Hypothetical mechanism of motion seat effects on passive TR fatigue reduction
v

v" Motion seat activation — posture change = body joint angle change = proprioceptor

activation = parietal lobe activation = situational demand I = passive TR fatigue |

Hypothetical Mechanism of

(Oron-Gilad et al., 2008) Motion Seat Effects
4 Overload
. verioa
High (active TR fatigue)
Situational
Demand Optimal
performance zone
>

Low ’ Underload

(passive TR fatigue) !
.
Low . . High .

Driver Skill ' ° Motion seat
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Motion Seat in Autonomous Driving

O Motion seat system2 F& A& Fd 420 M 2XI2| alertness level=

o
FAAIA B AtD T "EE SOl=H 7[dE = UAS

Situation awareness

. . of
Automated driving elements in current  of current of future

situation situation status

I¢ I

I Take-over time It |

Take-over request | Take-over

n
>

L

Driving alertness |
Brake reaction time 1|

-

Monotony fI Passive TR fatigue !
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Future Research

O Driving experience, age, fatigue propensity2l Z2 2 2/0| motion seat
system?| passive TR fatigue XM Zt 2 1}0j| 0| X|= 21 24
v 2TXt2| cognitive workload= 27 4 & (novice vs. experienced), -3 '&, HHO

el Hetd = AS

v' Passive TR fatigue2| & == 7 ¢I'& fatigue propensity0i| L2t HotE = QU F0|

driver stress inventory, driving coping questionnaire S At&30| 20l

VOE Goy

Driver,

Ly NAGEMENT - Ergonomic Design
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2. Motion Seat vs. Massage Seat H| 1!

78 AE B
=g 71 CIZ22 2 Azo|M HAH D22 Qloh HAZEH2H A0 MY H o 22 Qs 2 &
e ZHA 9t Fo|F ZUAE MZUAT|E= 7|5 25 siasts 7|5
SeatQ| recline, tilt, inflation S= 0| M| 51A| Seat0f| Z£HEl air chamber, vibrator S
s el =0 F0o| 2HXE ZEAMAH F0 FoHES | AFESHH A =72 F2l(e.g., neck, lumbar)E
kit =
HAZLHEER2 o2 HAUH m|2(2Hd Y
g Azt FOo|H XZ) UM A ALE (e.g., IBER 2R | FANU T SO MHH O|2 UM A] ALE
e F=H)
=X SR M b=l 2Hd 9 Fo|y FT SRS MH|H m| 2 ZkA S ot2kZt SFAF
a3} » HMH IOR MZ > AMMHE O 2 HY » HAMAN O E M < MHH D2 2
= 2K FH 53 A et 8l 3|5 » 2FX T 53 4A 25 U 35
o] @ X|olo O|s} = © o Xlol
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