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Active * Increased task load
task-related = High density traffic
(TR) fatigue = Poor visibility
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Z=%: May and Baldwin (2009). Driver fatigue: The importance of identifying causal factors of fatigue when considering detection and

countermeasure technologies. Transportation Research, 12(3), 218-224.
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O Passive TR fatigue 28 &2 HHEAZ2 2 2HAS SEXGHK| $2 52 MM

(May and Baldwin, 2009) = F8 52 ||, Al WM E ()

Brain deactivation Inactive eye-blink pattern Driving alertness U

Drowsy driving Brake reaction time 1!
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Effects of Autonomous Driving on Passive TR Fatigue

Q 7|& d7es B2 X2 Y0 ost 2HMX}Q| passive TR fatigue 1 E11
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Objectives of the Study

Evaluation of a Motion Seat System

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

1) Motion-seat-systemZiLEt
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Motion Seat System: Motion Profile

0 Two types of motion profile (Bow and Wave) were developed by combining the

seatback angle, cushion angle, cushion extension and lumbar support movement

Motion seat

Static seat (Control)
Bow motion profile Wave motion profile

Partially inflated Partially inflated

Preferred posture Preferred posture

(Neutral position) (Neutral position)
Seatback angle + O0°
Cushion angle + 00°
Fixed

Cushion extension + OO0 mm

Lumbar support OO mm of air cell inflation/deflation
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Apparatus: Fixed-Base Driving Simulator

O Reconfigurable seating buck: EQ 900(Hyundai-Kia Motors) At 2 £& 2 A&t ECULL

UC-win/Road ver. 10 (Forum 8, Japan) -5 =l seating buck | &}

Fixed-base driving simulator

Eye tracker
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Passive TR Fatigue 7| A&

Q Pilot &3 (n = 6)0l|A| passive TR fatigueOl 2|sl TIZts|AH H

oot HE 3

Passive TR Fatigue Assessment Tools Measures Tendency Reference
o band f Michail et al., 2008;
EEG B band - Eoh et al., 2005; Jap et al., 2011;
S band Yvonne et al., 2010;
0 band Cao et al., 2010;Zhao et al., 2011
Physiological Indicators Heart rate (HR) Oron-Gilad et al., 2008;
ECG NN interval (IBI) Ahsberg et al., 2000;

SDNN
LF/HF

Lai and Craig, 2001;
Patel et al., 2011

Tonic SCR

Lim et al., 1996

Psychomotor and Mental Tests

Reaction time

Gunzelmann et al., 2011;
Horrey and Wickens (2006)

Amplitude Lal and Craig, 2001b;
Blinking rate Wijesuriya, et al., 2007;
Eye Movement EOG . . Svensson, 2004;
Closing duration Santamaria & Chiappa, 1987;
PERCLOS Dinges et al., 1998;
Steeri Angular position
cering & . P Thiffault and Bergeron, 2010; He
wheel Steering wheel rate
etal., 2011
control Yaw rate
Longitudinal SD of velocity
Driving Performance position —
control Brake reaction time Pilutti and Ulsoy, 1999;
Lateral smm, | Lateral position Thiffault and Bergeron, 2010
position _ - Lateral velocity
control Lateral acceleration

. . @ A3
Karolinska sleepiness scale

Bekiaris et al., 2001

Hoddes et al., 1973

Stanford Sleepiness Scale (SSS)
Yoshitake Fatigue Scale Yoshitake, 1978

/E Dundee Stress State Questionnaire (DSSQ) Matthews et al., 2002 !
t1ee  ENGINEERING, POSTECH To e s
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Apparatus: HRV & Eye Tracker

HRV M 5%} 0 Eye Tracking Gl

HRV £7d ZH| Eye Tracking ZHH|
Noraxon Telemyo DTS (Noraxon Inc., USA) faceLAB (EKSTREM Machine, Turkey)

= faceLAB'H
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Apparatus: T=2H I 2 £ (VAS)

O Dundee Stress State Questionnaire (DSSQ)E AI23l0 £ M5 FaHH

I| 2 &= & overall, physical, mental fatigue & M0l A & 7} Matthews et al., 2002)

Overall Fatigue HMogtMoz Lyl ANA R HAUA D20 B
Physical Fatigue Mental Fatigue MogtMoz 7)== A D20 e
HMutHoz Li)|= ANH 2o B M = "Wl =l
FrTTTEEEETmmATmmmmEmmmmmm—m————————— I
I
: Active Mental Fatigue Passive Mental Fatigue :
- I
: 23 Fejoz gt X&HQ FoUFLE Al i
: active mental fatigue passive mental fatigue I
I
: 28 Ay AR HE, 5 A4 S) T2 R 2 dEoMel X|EHl F2o :
: o == 4™ Iz2ol B 0 2 =7l ™ 2ol B 1
[ L L L L L L L T L L T
Degradation in : Degradation in
= Drowsiness :
Driving Safety Concentration
oiXf o=t et 2= ol mz=2 Qg =)= M 2= Qs 20
Yolots S LtEStALE E2l= 8 ESEO| BoX|= 8=
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o2 EOIRte| AT, MBS 2 Size Korea (2010) O A}
Dimension | Gender Group n Mean SD Mean Comparison SD Comparison
Stature Motion Seat 11 171.0 56 L= L =l
Motion Seat 6 159.8 4.7 p=0.49 p=0.22
Weight Motion Seat 11 733 10.5 el A
Motion Seat 6 55.2 6.4 p=0.81 p=0.21
Male (n = 11) Female (n = 6)
<66.5 kg 66.5 ~ 75.2 kg > 752 kg <52.0 kg 52.0 ~ 58.4 kg =58.4 kg
2000 - - 1800
7t >1743 0 - 0 > 0 1 0
g SHESAN 0 (0%) (18.2%) (0%) =1010em - (0%) (16.6%) (0%)
o
1800 ° 1600 | of 1 s 2 -
thg7th 1686~ ' _— 155.8 ~ ~(16.6% (16.6%) —(33.2%)—
R~ y7azem . 2 | 2 ., 2 161.0cm 1500 (16.6%) (33.2%)
1(18.2%) —"*—(18.2%) R (18.2%)
1600 1400
rd
<33 <168.6 cm 0 1 2 13 <155.8 cm 1 0 0
0 (17.7%) (9.1%) L (182 1300 - (16.6%) (0%) (0%)
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Experimental Procedure

MM RE Y o, R 25 B

B 1S .
= > . . . =
Q FH =: driving performance, eyelid closure, ECG 578
=& &l sS. =<1 T L
0 7% 4¥ 3 Fpd D2 B}
Overall duration: ~ 120 min.
Driving session
15 min 10 min 2 min 45 min 2 min
() .
Drivin Subjective Stgtlc or % Subjective
Preparation ractic% fatigue Static seat Motion seat “.\i~\, fatigue
e evaluation — | (counterbalanced)); i)i.-—\} evaluation
(o ;

Brake reaction time

Brake reaction time
(BRT) x 10 times

(BRT) x 10 times
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=&l W7l Scenario: EE &4 1AM
0 Daum X|5 20} H|ML0] AR T25 2 31247} S ASHA K| Z

Daum X|E 2EEXH UC Win Road
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Brake Reaction Time (BRT) &

Q O+t x2g oLz 3 XM F700| M BRT 202 58
v Static seat +ZHEZ L) BRT 103
v" Dynamic seat T7HCH 1 —22): BRT 102

(30.7 km %I M _ .
£ S ) ORI -n(ﬁ&-élgkm x| ) (8 Smﬁal’“) i%*
(36.7 km q y N (23.4km R N

Dynamic seat 2t
BRT 10 2| &4

(62gfkm ) (59.3 kX[ H)
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SD of Lateral Position (SDLP)

O = ™HIO| A seat motion0]| &2t810| SDLP FAt(FA2, 321=0.51, p=0.61)
O Static2 T ™HE CiH| =8t0[ SDLP7I 19.5% S 7t

T O
v  Fg MEFH31.0+1.9cm

0

v ZF SHE37.0+2.6cm

— BowZ®} wavet staticOll H|S| F 28 SDLP7} ZA L0 2F X} X |X| 53 X%

[ ] 0~45min KRN 45 ~90 min
50.0 L SE

4 F(1,16)=5.63,*p=0.03
FIL,16)<00Lp=097 L\ (o 003 h-086
40.0 FT o 1
SDLP
(m) 59, § % §
N R
10.0 \ \ \
0.0 § § & ”
' . Static Bow Wave P
£ warm e i i




Brake Reaction Time (BRT)

O = ™HIO| A seat motionOf &2t810] BRT T AtFA2, 321=2.33, p=0.11)

O Static2 & MEF C{H| = 29| BRT

v F Tt 893.6 + 53.4 msec
o = } 10.4% 1
v FH St 986.3 + 50.5 msec
= Bow?} wavet staticOll H|sl £ Z8t BRT7} ZA 5 T F brake #18 53 /X
I:I 0 ~ 45 min 45 ~ 90 min
F(1,16) = 4.71, *p < 0.05 1 SE
1200.0 , ® F(1,16) < 3.78, p = 0.07
7 . 928ms l—l F(l,lG)lﬂlp:OAO
@f 900.0 I \\\::t 1 I Q
BRT  600.0 § §
(msec) § §
300.0 \
\ \
0.0 & \ >
) Static Bow Wave 2
£ e wussses i -



Percentage of Eye Closure (PERCLOS)

O F& MELO| A seat motiondf| A2 810] PERCLOS £ Ak, 32]=0.16, p = 0.85)

O Static2 & ™HF C{H| 2 Ht2] PERCLOS

v T HEH42%+1.0%
32.2% N
v T 58h55%+1.1% i

I_

— Bow®} wavet staticOl| H|3l| & X}e| =0| Z+Zl fZH H|Z0]| ZAZ| 0 2™t m|2 |

I'-|0

[ ] 0~45min RN 45 ~90 min

F(1, 16) = 15.66, *p < 0.01

"0y ] ® 1 SE
[ 32.2% F(, 16) <0.01,p=0.98 i 16),ﬂ|p=°'09
PERCLOS 0 ! \ ] 1 k {

(%) 3.0 I § §
2.0
1.0 % §
0.0 & N -

Static Bow Wave .
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Electrocardiography (ECG): SDNN & LF/HF

QO = T A seat motionOf 45 810] SDNNZt LF/HF = Ao > 0.05)

O Static2 F T CiH| SHHO| SDNNO| 21.4% 1

Q A Z8to| LF/HF7F Mgt CHH| BowO| Al 10.0%, WaveOllA| 8.7% N

— Bow&} waveE staticOll H|sH F St (1) MEELFO| HO|7F ZASE D (2) nZMZAA|

20| 718t 2 2HX}o| alertness 1

[ ] 0~45min AN 45 ~ 90 min

1 SE
F(1,16)=1.83,p=0.19
180.0 , . . 25 A F(1,16) = 9.25, *p < 0.01
. © 1182124 p=028 F(1,16) = 0.52, p = 0.48 ] F(1,16)=3.99, p = 0.06
PRI 5.0 24.4 ms F(1,16) = 0.01, p = 0.92 1 T ,ﬁ
f Y t ! 1 29 me T -[ T @ T @
120.0 I -1 Jsams I 52 J \\f_,O.lS Il N# 013
¥ J
SDNN  90.0 1 § + § l \
(msec) \ \ \
60.0 \ \ \
30.0 \ 03 § §
0.0 N N\ 0.0 k N\ N
Static Bow Wave Static Bow Wave
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Visual Analog Scale (VAS)

0 2E seatOl A T8 2 TP, NHH, YUH LZE S7hp <009
®) > Wave (95% ©)

QO LZ T 372k Static (121% ®) > Bow (113%
— Bow®} wavet staticOl| H|3l| 8 MZ VAS S7}2k0| Zo}L|0f FaHEQl nj2x ZEA

Static Bow Wave
Hus )2 Hus )2 Hus )2
o o oo o o
M= 00,00 p 000
0,
Xk 500 66%
: EET

107%
75.00 75.00
7 AN AN T2 mze xy Z HAREZ mze g
P = N =
123% f"'mt N 18% °* ;0'60'
86% 118% N 116%
25.00 N\
: Ry’
I,

147% % 5000
& ) a‘
I \
e %g I u% L%;g
H_ R ~TEY
|
\ 87% 82% ~ N‘ 91%
\ I HAX O F
~ “ P

IS
o‘_’-!°
, !

109% A \113% 93%
sl NN - =AM T2 2 HE S o HAM @2 Eg¥E S
- _— A e P4
T A TEdF 5 TEE T
1 ;5-0’/0 163% 97%
obE S U orH 2 2R YA
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Active vs. Passive TR Fatigue: VAS

O Active TR fatigue: Static (40.1%) ~ Bow (38.37) ~ Wave (40.2%)
O Passive TR fatigue: Static (83.7% ®) > Bow (71.4% ©) ~ Wave (69.1& ©)
A

— Bow?2l wavet staticOf| H|oll TIEE2 2 F A2 X|£0]| 2%t passive mental I| 2 ZkA

F(2,32)=21.01,p<0.01

| L SE
A A
| |
F(2,32)=1.35,p=0.27 ‘ 14.7% 17.4%
Active 60.0 ‘ | Passive 60.0 © ©
mental fatigue - ! jl_ mental fatigue R
Point 40.0 —T— == N (Point) 40.0
( ) "::::: 4.5% % <1.0%
20.0 § 20.0
0.0 k\ > 0.0 e >
Static Bow Wave Static Bow Wave
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M ™HE

Discussion: 21Zt&astd 74 M H

O F¥ ™Ht ofjd| o] XX} | 2 £ & Static seatO| A B2 X2 ZE 2F 33.0% 57t

O Bow?2l Wave motion seat= T2 L2 & X[2[ot 2E N Il Mol n|2 X

Static Bow Wave
Metrics
Static  Static  MD A | Statc Bow  MD A | Static Wave MD A
(%) (%) (%)
92.78 ft ~ ~
Driving BRT (ms) M 89357 98634  TL15 o, | 95490 957.88 298 )3y, | 86869 88531 1661 . oo
perfor-
mance 7 6.02 fr = i ¥
SDLP (cm)% 3095 3697 505 o5y | 3320 3367 047 (1395 | 3161 3077 084 570)
11415 13858  24.44 (21.4%) 10558 110.75 517 (4g9 | 11343 11664 321 550,
Mental ~ 0.15 |y| ~
fatigue 1.60 163 0.03 (1.7%) 154 170 %0 oo | 187 165 013 g 700
PERCLOS .~ 134 ft N N
(%) e | 476 549 130 aaouy| 413 412 001 T 4.25 4.31 007 4 gon)
Sub- 4104 N 3059 M 3165 N
jective | VAS 3718 7912 G1EY o gy 3535 6594 000 ool | 3482 eear  SLOD o000
fatigue
Overall 33.0% 1 17.1% N 18.9% 1
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Discussion: Passive TR Fatigue %X{Z+ 2HtH

O Seat motiong S0l 2T X}of|A| MHEH et Xt=2 M-S 22M passive TR fatigue X &

v Oron-Gilad et al. (2008)= passive TR fatigue?| situational demand?t ¥ 7{L}(e.g.,, Tt 22

~ (L
D& T 2) driver skill levelO| 2 A2 (e.g., an experienced driver)?l AL LM E=ICtD 2%t

L

v' Motion seat= 2% XIQ| 2HH 221 — Hd MA s - ME4E 1|

11l
i
0x
_}o'_l-
1o
]

2
mjo
olm
=<'.'>=I-

2HXIE XI=610] passive TR fatigueE MZUA|7| = A2 2 AR E

Situational Demand vs. Driver Skill

Hypothetical Mechanism of
(Adapted from Oron-Gilad et al., 2008)

Motion Seat Effects

A
: Overload
High (active TR fatigue)
Situational
Demand Optimal load
(performance) zone Motion
> -
t
Low Underload
(passive TR fatigue) ( .
Low . . High Motion seat
o ceveny DYIVEr Skill
“sive  ENGINEERING, POSTECH 25
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Discussion: Application of Motion Seat

O Motion seatS
alertnessE §X|A|7{ L& Al M 2
p

v REXE FY 2He

Hojd Fet Ao = 2Rt

H
|1"@S Z0|=H 7| = AS

r
2
Hu
oo
=
!
Q
(7))
@
<
(1)
-]
pv)
o)
S
[
(1]
=

Situation awareness

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

situation situation

I Take-over time I "

Take-over

e N

Driving alertness |
Brake reaction time 1|

i

Monotonous 1
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Future Research

aQ 42Xt FA T motion seatl| I| 2 XMZ =0t ut} T Q

In-vehicle testing (illustrated)

Behavior Observation WA, e et

Y

T

Eye movement

gy

Driving distance = 88 mile
(round trip) (142 km)

n
1 ti
PERCLOS = %

Perspective
view

Facial

Driving Performance

i % * Mean velocity
= SD of velocity

= Steering wheel rate
= Lateral acceleration
= |ongitudinal acceleration
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Discussion: Limitations

O 2FXe| 2H A= 1} fatigue pronenessE 112{st |2 X Zt 2} &AM
v 2% ZA=(novice vs. experienced)d| 2t 2 X}2| mental load 7} 40| (over vs. under)st
motion seat| 21}0{| XO|7 Zdligt = UZ

v 2HXI9| fatigue pronenesst 2} LM k| = passive TR fatigue2| severity7 20|52 2

=X I EMZ 1m(e.g., Driver Stress Inventory, Driving Coping Questionnaire) 2 2

=2 1 o=
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