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Passive Task-Related (TR) Fatigue
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task-related = High density traffic
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Driving
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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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Passive TR Fatigue 0f|®2| S92

O Passive TR fatigue 2 A2k CHEAZ2 2 2 AS SXGIX| U2 NEC 2

TER 20| oI5l passive TR fatigue?t

May and Baldwin, 2009) = & 52 |, At

Brain deactivation Inactive eye-blink pattern Driving alertness {
Drowsy driving Brake reaction time U
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X2 Fa0j| 2|t Passive TR Fatigue 7}
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Passive TR Fatigue &%} @7} 2a/d

O Passive TR fatigue Ci et 2= O & simulation 2t 3 0 A H7}E

O Simulation 7|89t B7}o| X} 2HE validation 2 2
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ad Keyword AMZ St (1) 2FA D2 HIF AL 8 (2) &AL = HIt
e x —
protocol @ ZAL = & 51 H
=LA D2 7 HE 2 X =& E 7} Protocol
AL site cienceDirect, Google Scholar
ZEAF sit S Direct, Google Schol
ZALH 2 =, 21N
» Vehicle: seat, drive, driver, driving = & X} T real, real driving, on-road
= I|2: fatigue, comfort, discomfort, stress, pain | = Vehicle: car, vehicle, automobile
» Z7% measure: task performance, workload, | = 2% X} AEl: performance, comfort,
Keyword psychological, physiological, biomechanical, discomfort, fatigue, sleepiness, emotion, work
sleepiness load, pain, drowsiness, alertness, distraction,
psychology, mental
= Z 27H: fatigue measure (20H) + fatigue = T 24W: EX A + 2K HER 2HH (7H)
25 £ 24 mechanism (7H) + 2 Ap ol 2 (4H) + XtE A 2HE (5H)
+ 44 (2o T 2, 13H)
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ME Hoix}

Q Simulation -8 B7}: 32.9% + 43.99Y (min ~ max: 4 ~ 1843)

Q Real driving 4 7} 18.0% + 10.08 (min ~ max: 4 ~ 423)

Participants Driving condition
\ Author ( ) # subjects Age (years)
0. uthor (year
' Total Male Female Ratio M+ SD min max Simulator dﬁ\?i?]lg ngg{al
1 Lin et al. (2010) 35 35 - 1:0 26.4 + 3.6 - - o)
2 Falou et al. (2003) 11 11 - 1:0 35.7 + 10.4 - - 0]
3 van Deursen et al. (2000) 10 4 6 1:1.5 'l\:A:: 55435?J_ri :22 l\FA:: 2285 l\FA:: gg @)
4 Sonnleitner et al. (2014) 20 15 5 1:0.3 29 - - O
50 | Young et al. (2013) 23 10 13 1:1.3 289+ 8.6 - - 0]
51 Durkin et al. (2006) 8 4 4 1:1 219+1.2 O
Mean 25.8 17.0 13.2 31.9
SD 321 18.3 20.1 11.3
min 4 1 1 19.3
max 184 111 108 72.6
e : g nl |1 sy Ergonomic Design
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v =M ZO x (wiberg et al. 2015)

v 2= 28 x (Hameretal., 2007; Jing et al. 2009)

v b AlE 8 A|OF (zhao et al. 2012)
O 2™ HE| AX| Y 2™ Zd= 108 (wiberg et al. 2015; Verwey & Zaidel, 1999)
Q FALLD 7| (Reimeretal. 2016)
O 2™ M Az AL

v = K= 7HY @l 58 Z X|(Uusitalo ett al. 2011; Quintana et al. 2012; Miu et al. 2009; Riener et al. 2009;

Terkelsen et al. 2005; Spangler & Friedman 2015)

v gﬂ g‘ﬂ (Uusitalo ett al. 2011; Quintana et al. 2012; Miu et al. 2009)

v = b.:%' El"ﬂ(Wiberg et al. 2015)

v M =tE 2 K| (Terkelsen et al. 2005; Spangler & Friedman 2015)

v x| (Terkelsen et al. 2005)
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ol ME 27

2 ot7| flgh = Bt A[ZHCH 478

d Passive TR fatigue% 2 o
S AZtCH= Bt AlZHol M K2

v s 2fE7tE2 T2 EEE
(Ebnali et al., 2016; Young et al., 2013, Lin et al., 2010, Engstrom et al., 2005)

v ST OZE 7S flo oM K 2IX| 7|50] XMotEls 22 24| ~ 44

(Williamson & Friswell, 2011)

O FAAYS=HEE RS &2 FML A=t =HO[ 2 +E(Lin et al., 2010)
= AL A[OF Bl =3 OFYd =t
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A 87t Task

O T AY2 (1) AR, 2) dlH[AO]d 2L, (3) Ml At QL@ e = EF
1. X9 2RV 2= ZE T8 (Birrel & Fowkes, 2014)
2. UlH[A|o]/a QL : HH[AHO| MO HA|x|l= B= QLY O 2} = (Lin et al., 2010)
3. M3l Xtk QhLf A Ml Xt2F 2 2t 7t =32 (Sonnleitner et al., 2014)

L

0%

[ H|7H 0] QLS Ml At el

~ comnected

2D e-map without a sub- 2D e-map with a sub-
window window

3D e-map without a sub- 3D e-map with a sub-
window window
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2™ X} Fatigue 7 H

- ECG (HRV ¥, PPG A\
- EEG A

- PTTWV

- Skin temperature W

- Skin conductance 4

- Adrenaline in urine A

- Blood pressure #n >
- Cerebral Blood flow velocity W - EMG(RMS A, MPF ¥, MF W)

- Subjective evaluation - Body pressure 4

+ Overall(self-reporting, expert-evaluation) # - Leg swelling AN

G « Body map(self-reporting) A

A

- Subjective evaluation
* Visual analogue scale (VAS) s
 Stanford sleepiness scale (SSS) g

iy

—
Over - loaded

» Kansei-gakuin sleepiness scale (KSS) g s -
* NASA-TLX * Under- loaded ; E
R -
N\ / o
> | o
(@ 3 o
- EOG (drowsy blink waveform) \ 4
- EEG A D
- PERCLOS Reaction time (RT) A

Brake reaction time (BRT) s

Average distance from lane center (ADLC) #n
SD of lane position (SDLP) A

SD of speed (SDS) A

Frequency of Edge-line Crossings (FEC) A

- Pupil diameter A4

- Psychomotor Vigilance Test (PVT)
- Critical Flicker Frequency (CFF) ¥

- Subjective evaluation

+ Visual analogue scale (VAS) A

+ Stanford sleepinessscale (SSS) g

+ Kansei-gakuin sleepiness scale (KSS) g
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Passive TR Fatigue =

HF Al A| AF= Measures

Fatigue

/—\

Task performance

~

p
Human response

Reaction time (RT) A

Brake reaction time (BRT)

Average distance from lane center (ADLC) A
SD of lane position (SDLP) A

SD of speed (SDS) A

Frequency of Edge-line Crossings (FEC) A

- ECG (PPG )

- EEG A

- Skin conductance A
- Adrenaline in urine A
- Blood pressure A

- EMG (RMS A)
Subjective evaluation - Body pressure concentration A\
/ - Leg swelling A
Overall (self-reporting, expert-evaluation) A - EOG (drowsy blink waveform) A
Body map (self-reporting) A - EEG A
Visual analogue scale (VAS) A - PERCLOS A

Stanford sleepiness scale (SSS) A
Kansei-gakuin sleepiness scale (KSS) A
NASA-TLX AN

- Pupil diameter A
- Psychomotor Vigilance Test (PVT) A

J
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Passive TR Fatigue ‘& A] ZF4 Measures

Fatigue ®
/—\

Human response

- ECG (HRV ¥)

- PTT WV

- Skin temperature ¥

- Blood flow velocity W

- EMG (MPF ¥, MF W¥)

- Critical Flicker Frequency (CFF) W
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A Holx}

QO 2% QR n=20(30 ~50CH, E: 10, 48 10F) | =a Ao 7|ursto] 27
. QA HIHHE MHE -
Q 2y 7= iy
v 2% HE| AKX Bl 275 AE 25 O A (wiberg et al. 2015: Verwey & Zaidel, 1;99) -
v AA S EAME HZ AEY
» =M O} x (wiberg et al. 2015)
> A= 28 x (Hameret al.,, 2007; Jing et al. 2009)
> 4k A|= 8l A|OF: normal (20/20) or corrected to normal visual acuity (zhao et al. 2012)
v A" ™ N AL
> = = 7t @ 58 ZX| (Uusitalo ett al. 2011; Quintana et al. 2012; Miu et al. 2009)
> S A 2X| (Uusitalo ett al. 2011; Quintana et al. 2012: Miu et al. 2009)
> 0|2 ©E = o F K| (wiberg et al. 2015)
> J__'|'E_5J -_?.l-j(-”&l %% %ﬂ (Terkelsen et al. 2005; Spangler & Friedman 2015)
> A= B8 ZX| (Terkelsen et al. 2005)
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< human performance & alertness level | (Williamson & Friswell, 2011)

Q4

— 2T XtO| A|OFRt =& O™ M =HH (Linetal., 2010)
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A ZEX|=(TTI, travel time index) =41

|Zh= 1: |2h
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s =RooomT

22

g o W o — =g i
] e | [ [ = mew s RN
0:00 1.01 0.96 0.94 1.03 0:00 1.02 0.95 0.96 0.92 0.94
1:00 1.06 1.01 0.96 1.05 1:00 1.03 0.97 0.97 0.95 0.96
2:00 1.10 1.07 0.99 1.08 2:00 1.06 1.01 1.00 0.99 1.00
3:00 112 1.09 1.02 1.12 3:00 1.07 1.03 1.02 1.03 1.03
4:00 1.1 1.08 1.03 1.12 4:00 1.06 1.03 1.02 1.03 1.05
5:00 1.00 0.97 0.96 1.06 5:00 1.00 0.94 0.95 0.96 0.99
6:00 0.97 0.92 0.94 1.03 6:00 1.01 0.92 0.94 0.92 0.95
7:00 0.96 0.89 0.92 1.02 7:00 1.02 0.92 093 0.91 0.97
8:00 0.98 0.91 0.91 1.01 8:00 1.01 0.92 0.92 0.90 0.97
9:00 0.99 0.92 0.95 1.04 9:00 1.05 0.97 0.96 0.93 0.97
10:00 1.01 0.92 0.94 1.03 10:00 1.05 0.95 0.94 0.92 0.98
11:00 1.00 0.92 0.95 1.04 11:00 1.05 0.95 0.94 0.92 0.98
12:00 0.99 0.91 0.95 1.04 12:00 1.04 0.94 0.95 0.91 0.98
13:00 0.99 0.90 0.94 1.04 13:00 1.03 0.94 0.94 0.91 0.98
14:00 1.01 0.93 0.96 1.06 14:00 1.05 0.95 0.94 0.92 0.99
15:00 1.03 0.93 0.95 1.05 15:00 1.03 0.94 0.94 093 1.00
16:00 1.03 0.93 0.96 1.06 16:00 1.01 093 0.94 0.91 0.98
17:00 0.99 0.89 0.94 1.05 17:00 1.00 0.91 0.92 0.89 0.96
18:00 0.97 0.88 0.93 1.04 18:00 0.98 0.90 0.91 0.88 0.94
19:00 0.97 0.89 0.92 1.02 19:00 0.98 0.90 0.92 0.88 0.93
20:00 1.02 0.94 0.96 1.04 20:00 1.01 0.93 0.95 0.90 0.97
21:00 1.02 0.94 0.96 1.03 21:00 0.99 0.92 0.94 0.90 0.95
22:00 1.01 0.93 0.97 0.95 1.03 22:00 0.99 0.92 0.94 0.89 0.94
23:00 1.00 0.94 0.98 0.94 1.02 23:00 0.99 0.93 0.94 0.91 0.94
Note) = 7|Z 2. & ~ = -4 Ergonomic Design
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FALZE S A|ZH

(@) [ - [
N Zo - O | O - 2

Q 9:00 AM ~ 18:00 PMOJ|A| S A|Zt 0:00 042 0:56
_ 1:00 0:42 0:49
v E:48 2 2:00 0:43 048
3:00 0:44 0:49

v EOi: 51 & 4:00 0:59 050 Visibility U
5:00 0:54 0:44
A ZS-LF A5 Sl A7t 468 6:00 0:53 0:48
7:00 0:45 0:46
7 Nl Yoz E Si 7t © 8:00 0:50 0:46
:>A||_H:HO" () |_|'|:|AO| o O A| |_|' ‘ITA|- 9:00 0:47 0:47
10:00 0:47 0:47
11:00 0:47 0:46
12:00 0:49 0:47

13:00 0:49 0:48 rgjl_ Al?_l' —_?:E

14:00 0:50 0:47
15:00 0:51 0:49
16:00 0:50 0:48
17:00 0:49 0:47
18:00 0:49 0:45
19:00 0:47 0:43
20:00 0:47 0:44

21:00 0:48 0:43 Visibility |
22:00 0:46 0:47
23:00 0:48 0:46

Note) M= 7|Z 2. & ~=
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AE A XS] error (e,g., 0F, MM KpEFF 2HA BFS) 2HE (Young et al., 2013)
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MXt HI} B P

Eye movement

7
Lt
PERCLOS = %

26 -

Facial view Perspective view Road view

Brake reaction time
SD of lane position

Mean velocity

SD of velocity

Steering wheel rate

Lateral acc.

Longitudinal acc.
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H o2= 87 Eye camera, ECG HRV (Heart rate varlablllty)
& |2 = I} Action CAM, LED

(
49 o

Driver view (E£7%)
. o Action CAM

Eye camera
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J41H 1| 2 & Visual Detection Task (VDT)

O T = oI AO| O| S 2 brake reaction time S™H0| ({2 KL E 2
7

visual detection task (VDT)E At&3}0 28X} Et

S At FE
3 F 2T X9l A|OK(e.g., windshield)0l| LED AF=0| XAl E| S Y

[ —|
SFXI7} buttonS FEEH K| Hals A7t SH

v" Measures: (1) mean reaction time, (2) hit rate (# of correct response/total stimuli)

VDT example (Young et al., 2013)

=  Stimulus: a single red LED light on the windshield
» Duration: maximum 2 s
= Interval: random temporal variation of 3-5 s

= Response: press button
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M O 2 & & overall fatigue, physical fatigue, mental fatigue

Overall Fatigue FHEHEo=Z )=

Physical Fatigue

MEIMOZ L= AMAA D29 HE

Active Mental Fatigue

2 HYo = oot
active mental fatigue

SN MY FUAIM B, F YA S
ol =l HAE W2 HE

Passive Mental Fatigue

&Ml FUSLE AU

passive mental fatigue

22 2T S0 X&5H
]

I3 =77l= 84N ozof &=

274 0| =o

Ok ot
rir =

Motivation Energy arousal Concentration
o227t ot 22 Wl S D22 Q) L= x| 22 Qs 2F o
S LI28}7{LL SE|= ME XZE0| WK AT
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