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Driving Fatigue 7+ Active TR vs. Passive TR

7 - -

Active * Increased task load
task-related = High density traffic
(TR) fatigue = Poor visibility
\§ g S

o

v
4 N
Driving
Performance U

= Monotonous driving
= Extended driving
= Assisted driving
cruise control system
\ ( ystem) y

N T T O

§ Aggravating Crash risk

= . y

]

-

4 N ( Time of the day

(circadian effects)
= Sleep deprivation
= Sleep restriction

\_ J\ Sleep disorders Yy,

Sleep-related
(SR) fatigue

\

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

+ Passive TR fatigue 4 4% THE2 8 STNY, SR 2 1452

o
2t R 22 20| 2|8l passive TR fatigue 7t é!
H

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

Brain deactivation Inactive eye-blink pattern Driving alertness U
Drowsy driving Brake reaction time U
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X2 F8 X2ko| Passive TR Fatigue

FHE2 2O HHEEF S THEAIH 2T XS] passive TR fatigue 1
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Figwre 4. Standard deviation of five latemal positions Figwre 5. nopowe umcs (Kis) 1or swenng and -08 -
(LPs) for both experimental groups. Emor bars are  braking in the automation optional and nonautomation =30 = I =y s
standard errors. conditions. Error bars are standard errors. TS & TS T
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= CAN = 2l(VN 1630A, Vector, Germany): At&F =2l HH

» faceLAB (Seeing machine, EKSTREM): eye tracking

Top Top
view view

Driver Observer 1
N . N

Observer 2

o A

- Road view

e,

_—, Ergonomic Design
Q Technology Lab



702t framework

[T
S

H

22 %0
| Q C na
£ 0 X
2|5t o
o @ ~ !
5 0 2
G Lo T *
< o6 [o < ol
=|e% — £
KU ES ol H oS
NP o -0 A
o ™ KRY ol
LHo - %0
._nno (DN o_n 7l
el _ i]d] Ku =
K| & = 0
7|2 T
Hg e &
7?5 od
(0] ~
(/7]
()]
£
S
o [ £
| 2 K
— | 5 KF
3 S LH
=<0 ©
— N Rrr
ok c -
= | o o <
o £ IH
Jo| o 3]
= g M
10 .
»n E]
_A_I (1} -t
— - K
@ OH
o | £ E
g
(O]
o

160

N

40y PosTECH
3, s

LoD

12

Ergonomic Design
Technology Lab

Q



Distance

Time
(reference)

Driving performance faceLAB

A

1o 73015 83273 15.0350 5.9218 0.1749 1.0578, -0.2901 0.5478 -1.0590 15.5583 63.1771 63.1041 753.5054 77.6402 22.1964 224928 79.1876 112.4570 0.7042 46767
13 1.2000 y 83273 221933 1.1074 3.7282 0.0080 0.2380, -0.0603 0.1921 0.4090 3.9531 158371 51.6821 780.5881 76.6357 71.9389 81.6331 2.0568e+03 9433719 21803 2.7325
14 1.3000 1.4000 221933 233415 . 5 7 . . 0| 857.6774 £8.7446 192.8538 271.8053 4.6496e+03 14893e+04 C

15 1.4000 1.5000 233415 247789 VelOCIty 7 Lateral LongltUdlnal Yaw Rate Steerlng 2 8059833 71.2378 66.3917 83.8383 7707255 1.8034e+03 C PERCLOS
16 15000 16000 247789 251868  36.8049 23794 Acc. Acc. -0.5821 0.7963 wheel 3 7339487 796731 361022 315952 2742929 3383129 08108 0
17 1.6000 1.7000 251868, 256259 35.0113 50208 02150 02488, 0266 03835 -0.2966 0.2845 Rate 0| 8421818 64.2023 59.2022 446368 1.0331e+03 1.0799e+03 09567 0.0484
18 17000 18000 256250 260200 389258 41631 01638 02106  -05138 05001  -02840 02651 8 01698
19 18000 19000 260200 265281 302207 41811 01112 02924 01200 07148  -05i1s 10123 3s00s|  seeo7  IBI HR: SDNIN RMSSID' LF HF: LF/HE 13102
0 13000 2 zeszs1| 60403 3724ma 51613 01330 01768 03152 07699  -04041 02656 15398 33717, #i95i52 0826w 56dwes 2690271 1oaibes3| §9280ewve, 01523 14989
n 2 21000 260402 275509 245086 81267 01289 01467 05464 04663 03122 02359 10046 32860 8326667 663778 204080 288275 2025933 3477322 05826 31949
2 21000 22000 275508 289843 99006 49528 01671 01374  -00070 04156 01895 08193 07602 238107 8031545 732928 571637 821680 5628391 204086403 04228 60056

R{_J \ ~ J
27t HRV
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n| 2 A< Driving Performance

= FAO{H] B3 Al = HAL 27HSE, yaw rates”t BT H 22 2F 3.08] 7t
v SD of velocity: 34} (1.34 = 0.14 kmh) CHH| Z23.94 + 1.49 km/n) A| 2.9 57}
v’ Lateral acceleration: &%} 0.05 + 0.03 mis?) CHH| &2 (0.16 + 0.02 mis?) A| 3.58 7}

v Yaw rates: & 40.08 + 0.18 rad/s) CHH| &5(0.20 + 0.09 radss) A| 2.58] S 7}

I SE
N “a— “a— “a— q&:
R i R i -
(km/h) F(1, 140) = 159.0, *p < 0.01 (m/s?) F(1, 140) = 4.63, *p = 0.03 (rad/s) F(1,140)=2.41,p=0.12
5.00 0.20 0.40
4.00 0.15 0.30
3.00 0.20
2.00 0.10 0.10
1.00 = 0.05 ’—I—‘ 0.00 [:I
0.00 0.00 -0.10
Ha 2 Ha 2 o0 A 2
SD of velocity Lateral acceleration Yaw rates

* Significance a = 0.05
15
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o) AL =
= HaOH &3 Al Al 24, AN HS2 BO| S7F nd MEAH 58 da
v' Heart rates: 32} 76.20 + 3.35 bpm) CHH| &3 (72.62 + 2.59 bpm) A| 1.05H Z+ A
v" SDNN: 84h20.36 + 1.62ms) CHH| & 3(82.50 + 17.44 ms) A| 4.18 7}
v LF/HF: d2&t@.12 £ 0.80) LHH| &3 (1.47 + 0.46 radis) A| 2.88f Zr A
I SE
> 4 2 22y 2z > s@z
(bpm) (ms) _ \ _ \
100.00 F(1, 140) = 4.63, *p = 0.03 120,00 F(1, 138) = 75.50, *p < 0.01 500 F(1, 140) = 65.17, *p < 0.11
80.00 - 100.00 4.00 l
% 80.00
60.00 § o 3.00
40.00 2.00
\ 40.00
20.00 \ 20.00 - 1.00 @
0.00 0.00 0.00
Hu = qN ES qN E2
Herat rates SDNN LF/HF
* Significance a = 0.05
16
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|2 A% PERCLOS

s MA |'(o 39 + EHH| = .:. (0.68 = 0.33) Al PERCLOSZt 1.8H 7}
v T = 2IHE0| 75% 0|4 27l (blinking M Q|) 77+e| H|&

v’ Fatigue I — Eye closure rate (%) = 0.75 H|& 1

I SE

1.20

PERCLOS (%) F(1, 140) = 65.17, *p < 0.11

1.00

Percentage of eye closure rates
0.80

= e e 0.60
;_ L
_ Al -7 “}\_
0 0.40
Eye closure : A > 75%
rate (%) ||| g
==
B _ 0.00
Mt 58

* Significance a = 0.05
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» DEHIINTE ARDH AR TEH H450]9229%E 71N =35

v Classification learner: support vector machine

v Data: 14171l & 2f 80% (11371)E F& =2 MY, LIHX|= d& "0 AE

o o
Features Expert Detection Results Overall
Driving ECG PERCLOs | Classification | ayaye performance
Awake 92.0%

© ] ] 88.5%
Drowsy
Awake

© © ' 91.2%
Drowsy
Awake

92.9%
Drowsy

H7t 4&5:92.9%
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Discussion

o ol = H = =0
v 20X FH S8 AA, AT HEo Ho| 7t &HE0| #U 7
Al X3 o] mxe Im H = S ols Ti Xe) o
v M FHOIME M3 A0 Lot m2of ot HEY S22 A0 SYSHA Tt S
Fatigue Assessment Tools Measures Tendency Reference
o band l Michail et al., 2008;
EEG B band - Eoh et al., 2005; Jap et al., 2011;
$ band _ Yvonne et al., 2010;
0 band 0 Cao et al., 2010;Zhao et al., 2011
Physiological Indicators Hea'rt rate (HR) U Oron-Gilad et al., 2008;
ECG NN interval (IBI) U Ahsberg et al., 2000;
SDNN U Lai and Craig, 2001;
LF/HF " Patel et al., 2011
EDA (Skin conductance) Tonic SCR Y Lim et al., 1996
. . Gunzelmann et al., 2011;
Psychomotor and Mental Tests | PVT Reaction time i Horrey and Wickens (2006)
e, | Amplitude U Lal and Craig, 2001b;
‘z{.@ 4\". i . . . . .
Blinking rate 0 Wijesuriya, et al., 2007;
Eye Movement EOG . . 0 Svensson, 2004;
Closing duration Santamaria & Chiappa, 1987;
PERCLOS ] Dinges et al., 1998;
teeri Angular position )
VSV Eeegng o Stecring wheel rate 0 Thiffault and Bergeron, 2010; He
tal., 2011
COIltl‘Ol Yaw rate ﬂ e
Driving Performance —
Lateral Lateral position )
ition Lateral veloci 0 Pilutti and Ulsoy, 1999;
positio ateral velocity Thiffault and Bergeron, 2010
control Lateral acceleration i
Ergonomic Design 1 9
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