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ABSTRACT:

According to multiple research studies, fatigue driving is a major cause of road accidents. There are about 100,000
cases of traffic accidents reported each year. According to the estimate of the National Highway Traffic Safety
Administration (NHTSA), the cases of traffic accidents were related to fatigue, with 71,000 people injured, 1,550 people
killed, which led to a total financial loss of $ 1.25 billion US dollars. Nevertheless, this knowledge may be just the tip
of an iceberg because the complex factors of traffic accidents associated with fatigue driving remains elusive.

Many people understand the danger of drunk driving, but very few know that sleepiness/fatigue driving can be as
deadly. Drunk driving and sleepiness/fatigue both affect drivers in a similar way that lead to the following consequences:
reduced reaction to the environment, reduced alertness, poor judgment, or frustration and reckless driving. Studies show
that the level of danger associated with driving after being awake for 24 hours is equal to drunk driving.

Fatigue is a common problem for patients with sleep disorders, and this affects their daytime cognitive and
behavioral abilities, which results in decreased alertness/acuity, and in turn, increases the probabilities of accidents.
Many studies have shown the strong link between OSA and traffic accidences, and the relevant laws have been
established. A joint investigation conducted by Stanford University and the ISSTA was performed to study the danger
of sleepy near-misses. The result showed that the actual rate of accidents happened was 23.2% when drivers were aware
of near misses without being self-aware of sleepiness.

Sleep disorders not only result in daytime drowsiness, but also trigger other diseases. Most of the patients are not
self-aware of the danger of and the relationship between fatigue driving and sleep disorders, and this ignorance is the
most dangerous thing. Hence, sleep disorders should be regarded as a silent killer. Fatigue driving is an important issue
for the public and the government.
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% =% XJEE AR
2.1 B %

Ao TRWAR TR R, UARDHETT Ko

1. RyRE&

A (fatigue) 48 % B AFE R F 88 S AFAY Loy R . EAZE L,
C AR — 89 % R (tiredness) B2 B . & F A F A (2014) R 5 2
EREHEFUITRE LG AR AEREE, BAAMGARRE, LF
1EARAE E A ARG E L. B 1994 SFE4A BRSNS FHARS L
A AIET AR ER & (Brown, 1994),

2. RHENH

BT AW KA, BP & A8 % (physical fatigue) & 45 A% & 5
(mental fatigue). &9 % R & k4o FAIAMRE S, ETHZERE T
REIEGRER . FRRYRF LG RE HED AR L. H
ARG ERBEIEEN . BATEHR DG T F. & R AFA7 R 5 MR
doeg R, i@ A F IR F AR IRAE X (sleep pattern) 89 & %k &K F B m 5] A2
(Lavidor et al., 2003). &t Z 5h, J& % 98 °T &~ Ak . B2 BR AR B R %
(sleep-related fatigue), £ 2y AL #5480 Bl J& %~ (active task-related fatigue),
VA B A% B AL AL 75 A8 B J& % (passive task-related fatigue)(Desmond &
Hancock, 2001; Wascher et al., 2016).

2.2 % S
AWM ERRLEEGTE, BN, BERFRBES, VU
B B N IR S T B AR B R AL,

1. By EHZR



B % & B (fatigue driving & drowsy driving 3 sleep-deprived
driving) , XARVEAAAP RS BE, R ALEHZ A RBIRF LT B,

2. BINSHER 5 K ERIBLIL

ARAEE B B K% il %4 ¥ ® & (National Highway Traffic
Safety Administration, NHTSA) #94&3t, EBREFL4H 10 EAF69E 5
BhZEE EaAB 1,550 AT, 7.1 EAZLHE, LR 125 EL
Wt Fr Rk (NSF, 2007), ZAEIF 25602, ARIE£ BBkt s
€ (National Sleep Foundation, NSF) 2007 F# &4, ExALTWE
R HR S0% ARSI REVR 5, W#) 20%49 5 H KR
T B aF pe 2 7 (NSF, 2007) m £ B A2 B L2 A28 (AAA
Foundation for Traffic Safety) f&3t, % Bl &-F K % & & 09 3B F#K
SiE 328 4, ALAEBEATN=AZ, L, LT AFKE 6,400 A,

3. RHPERARRET

T % B BT AE W 1% M gk R e B 72 B2 IR % 4% (undiagnosed sleep
disorder). REIX T Z (sleep deprivation), A FELAZH 18 /N EF |4
(Wheaton et al., 2014) o b, HAEGREF4e: A IZE4F (circadian
thythm). JBAy. 244 7T A 9 BUR 5 8 5L,

4. Ry BHOPE

AR KA, FBEF AN B KA AR, 8 F A
10% £ 20%2 &1 9% 5 49 % 5 8 314249 (Amundsen & Sagberg, 2003). &
BB A B —ARAAM T KB EERE, KT HUATHR:
HIRBOR RS, EHHREIK, B AL, A&k ERER, 2
REATR, BEE24/NEF AL S AR B 6 A TRAL B F R A B AR B,

5



RAEFERGR, Ky

7 AR FE AR B B0 B R ARAR B B 3R E

o, & Bk E AR R F ey s B AT 8 R AT SR B I B A B A9 3
BEHRYORE, A HER
RRAHRERYERAIARN, FEAMPEBAEERG AR, 12K

B Al g5

(1 & S

5. & BRSSP EEADM ER
AR ZET ERBABF A LN : i 5 (Alabama). &

&M (Arkansas), AuF

REAREF S B FRFTR LT

#)4& &2 (California). & £ £/ (Florida).

#EFH I (New Jersey). (&5 iEA M (Texas) F=fE 4 (Utah)). BKEL,

FE. BN, BRREERT BN AR (BB ERTEEARM AR
o % 1)
F 1R BB R
PATB KR FEAw 4 9%, fi& T
£ B B #5422 1% | HR.3095 “To ensure that any new or revised
N requirement providing for the screening,
testing, or treatment of individuals operating
commercial motor vehicles for sleep
disorders is adopted pursuant to a
rulemaking proceeding, and for other
purposes.”
£ R T 22 5 M SJR 71(2016) “The state enacted a resolution that
designates November 19th each year as
Drowsy Driver Awareness Day.”
£ B M &N SB 874, 2013 | “Classifies fatigued driving as an offense
Ark. Pub. Act. | under negligent homicide- punishable by a

No. 1296 (2013)

class A misdemeanor- when the driver

involved in a fatal accident has been without




sleep for 24 consecutive hours or is the a

state of sleep after being without sleep for 24

b

consecutive hours.’

£ B Ala L B
M

SCR 27 (2005)

“The state enacted a resolution that
proclaimed April 6, 2005 as Drowsy Driver

Awareness Day.”

* B fh 3 2 1% )1

2010 Fla. Laws
ch. 223

“The state passed the Ronshay Dugans Act
proclaiming the first week of September as
Drowsy Driving Prevention Week. During
the week, the Department of Highway Safety
and Motor Vehicles and the Department of
Transportation are encouraged to educated
the law enforcement community and the
public about the relationship between
fatigue and performance and the research
showing fatigue to be as much of an
impairment as alcohol and as dangerous

b

while driving a motor vehicle.’

% B 7 3 0 )M

New Jersey
Statutes §2C:11-
5

“A driver that has been without sleep for 24

hours is considered to be driving recklessly,

b

in the same class as an intoxicated driver.’

% B 1% 52 j

HR 1389 (2013)

“Recognizes the week of November 6 to
November 12 as Drowsy Driving Prevention
Week to educate the motoring public about
the dangers of drowsy driving and offer
preventative methods to avoid drowsy

driving.”

% B Al

SB 149 (2014)

“Designates the third full week in August as
Drowsy Driving Awareness Week to educate

the public about the relationship between




fatigue and driving performance and
encourage the Department of Public Safety
and the Department of Transportation to
recognize and promote educational efforts

on the dangers of drowsy driving.”

£
kS

Regulation (EC)
No 561/2006

“EU drivers’ hours driving limits are
intended to keep fatigued drivers off the road
and improve safety for other road users.
Failure to comply can result in a £300 fixed
penalty, a graduated deposit of up to £1500,

b

or a court summons.’

Law RTA 1988
sect 94

“Make sure that you are fit to drive. You
MUST report to the Driver and Vehicle
Licensing Agency (DVLA) any health
condition likely to affect your driving.”

L

Evidence  Act
1977, section 47

“Under Heavy Vehicle National Law, a
driver must not drive a fatigue-regulated
heavy vehicle on a road while impaired by
fatigue.”

“Regular breaks for at least 15 minutes
every 2 hours”

“Never drive for more than 10 hours in a

single day”

A A

B SRR K
%, # 20 1%,
% 21 thA= 5 48
%

“Company must check if employee
(commercial driving) has any signs or
symptoms of illness that may affect their
driving ability. Subsequently, the company
must decide if employee is able to maintain
current position or change to a new one (i.e.

decrease hours/driving distance). Company




must also perform a pre-departure

examination for each shift.”

BB BE | HLBERA, LGEEGBN)IFEDS
BIAEPE 34| BF, RERRXNGERSERS, K
& AR —F LA LE=FIET LT
FE, ERURER; B AR
BT A2, 125 o i 75 B RRIR =18 A,

& A+ & /& : European Commission, 2016; Filomeno et al., 2016; National
Conference of State Legislatures, 2018; Queensland Government, 2018; 3] %[z,
2020

2.3 Bk AR S gk 25
A ERMRKEGER S EEZ MOMIE, URBREERARSRE
MR AR 0 LU, IRFT R RR 5| A2 695 5 B A R,

1. B ARE ARSI 5 B B

A IR 5 4% (sleep disorders) A& & 4 J& %49 £ A Z — (Goldman et al.,
2008; Lichstein et al., 1997). 3|42k % 1 Bk 69 nk A& (= 42 -k A [ X M
RE BR »F 24 .E JE (obstructive sleep apnea, OSA). B & 1 & (sleep
deprivation). % P& (insomnia)#=%5 A& JE (narcolepsy)< o

re AR AR N E S B h Rk, iE 5|4 LMk m (Marshall et al.,
2014; Shahar et al., 2001; Ye et al., 2017). K % & & & 4R % & S fonk
RIEHZ MR, RAASHORERRELRT M, mEHLEME
RO EE. Bk, RIRERERAHLEGRT. & BB
MBARZHRAE ST, EHRZERIFAG AMRT X,

(1) Fﬂg,rﬁﬂ%ﬁ&u&‘ﬂ‘:}jﬁﬁ




T g RAEATE) —AAT R, A8 —F a9 [0 &R Mk IR
R abgE EH R LB RA A 209 & KA E £ (George et al.,
1996). B2 R AZ® 18/ 1 9 AB 82 < 3K 4 $HAR 45t T Bk 5 2K 09 BB/ R
e 35, HK-FARE A i BAF R B K#0.05% 89 A (Williamson
& Feyer, 2000),

Q) TR

T BEIRPEOR Pk ASL, RAAGIREIR TN R AL B HUR
A, CMEGE 48 R AARRIRIE (sleep debt), ZEREHE
Th . HERRTAERE, & WA ARIZMEIRF 4 (chronic sleep
deprivation), % AT LEAT, RMERKASTHELERE, HIK

HEYW RS, MmEHGBFHR,

#He4FPowell$Copping (2010) #F B8, & BB B A 0L ad ik
VARSI, B AR IR S, ARSR LA K 3 B PR e kAT
& 1 # & ¥ & (International Sleep Science and Technology
Association, ISSTA) — BB SA LT ML T, AMERKEE DG
BFAZ, A FBLAY LT FE N2 2304 49 A2 K (microsleep), [
Z & % P4 (near miss) M % 2 F HOR R 6938 A (Powell et al., 2007)

3) K&

R AT, B F R E AL SR IR R AR 2 M 5 72 E AR B
M 1% (de Mello et al., 2013), ks, SZ A reIREaEag Atatk, &
JERBEAE R GAELBER T CHOTRES H =42, &R
P i A8 IE 0942 F AL b & B & (Garbarino et al., 2017). 20105F—&
HHBESHZHY—LERANRE, FAEII)ENAERK
PH R R, MARRENZA (AR HR, 2010).
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2. BEERAREBRIREZZ I

B ZABRNNTR, mkERIET B EREERAY L,
A, REBRARERRFA P LENETERL—RRE LS
(Howard et al., 2004; Moreno et al., 2004; Stoohs et al., 1993), 7 JF B
SHTMEBREBBRAN G SRVET TR, #ATA—FF A
TRk H I, B TR EERALR S ARG MA GGG
2016).

R T AR 62 AR 5 08 A 32 B Al E (polysomnography, PSG) #2iA],
58 F) B B K e IR AR 8] (home sleep test, HST) & 25 & A i ik IR A8 B 49
nel AR, TR BA T, R EEIRAR B b 89 IR 45 fo B A0 A= B (pulse
oximetry) F=™f 2R ¥ 1% %= 18 8] (apnea flow detection) % & 4 i A& IR ™F
K & 4% % (sleep disordered breathing) 49 454%, 4R 24t 2 ¥ K E H
(Ting et al., 2014).

2.4 B MINBLA o7 & R A AR

J& % 2 R (drowsiness measures) 12— £ T A= K#: TBARD
= | (subjective measures). & #LA! & % = Al (objective measures), VAR £

L $ 45 = 8] (vehicle-based measures)(Liu et al., 2009).,

1. EBAUR > Z R 4547

EFBRARSEMNFTAMERZ R T X, AP A%
i: ¥ % (Stanford Sleepiness Scale, SSS). I # i Jf /g ik & %
(Karolinska Sleepiness Scale, KSS), VAR & KAf=¢e % % (Epworth
Sleepiness Scale, ESS) & #& & 2 1% | (Horne & Reyner, 1996; Ingre,
Akerstedt, Peters, Anund, Kecklund, et al., 2006; Moller et al., 2006;
Reyner & Horne, 1998),

11



(1) XItth-Ertgk

SSS % ¥ - K £ 82 BRAF % & (Stanford University Sleep
Research Center) £]#f A William C. Dement % 4 & BT 3% 31 (X /1
kg Rk 2),

2 L hgee k
A B " %
F % FAE 2 EH O R oE Rk S A L
TAHE | ERA—EERR, HEEAHTARIALGK

Ao

12 B SRR | AR A3 ik IR &) & (partial sleep deprivation),
SSS 4 &A=+ w7 AR IR R 4 (total sleep

deprivation) #8233 Ju,

a7 X A=A, THAAERCAMLERRBLAH

HAPR L — A, FRlE A — R
FpmX |[E—A; —ELy, HHASETEBEAR
%,
FHE | A SRAEHA LRI B E, EERE
LTHED.

#oF % . Hoddes et al., 1973; Shahid et al., 2012b
(2) TR mgrts i

KSS & & % #R A7 F £ % (Karolinska Institute) £ 4 FAr £]i&
(F BN AoE s & £ £ 3)e

12



k3 FE gk k

A B N %
% G A B R g SEAA A L

TAHE | BFRAF, @RAA—RR R &F AR

I AEAe by 231 E B /. 2 & A0k B A8 M AT

¥

PHREEFZNRFEMEF L2 HME, ABRTRH

A& H R {Z E (test-retest reliability); KSS 3

a
Pl
%
;2\;
m

Jit & 18 o 4T % % *A (behavioral variables) = & 48

M, SR

= 877 K, AMRZ A, —ARATHEE AT E, XbX
(B ETHE; TR ERER L E R R A
A FHHARIG—8, FRAAZL B4,

Fo 7 X £—8; RiEmEH—ZENSY, ARKRE—ZT
o, R ETERERE.

LR B RPMER P2 F $3 £ (Norwegian Air
Ambulance, NAA)F= & 3o A & & K # B %
(Christophorus Flugrettungsverein, CFV) £ & &
A% (pilot study)

A H# R : Kaida et al., 2006; Shahid et al., 2012a; Zakariassen et al.,
2019

(3) L& RMEeE R
AR LA K 5 S B R Rk IR A £ 24 3 W € (International
Sleep Science and Technology Association, ISSTA) —*8 ¥t &34 & 4%
FHBT, AMERIDRSOFIE, HAFBERGERTEA2ZE30
A7 69 a2 A&, (microsleep), i & 4 PP (near miss) M i B F &K
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% 8938 e (Powell et al., 2007). #t9k, 4 F#87 ESS 2% LM
A RIS E A LM T (3£ AR T A e & 4).

k4 XE XML R
A H M s

A ig FHAE LA A R E iR AT AP I

TAHE | EERFHANA 18 E TR RFETAZ,

12 B S 2| R 0.94; HEE 1.00

i 4

FRAFX | ARZA,; —MRATERF ATAZ, AbE
FEEATIAE; TRF S HANAER FEAT
f&, ZRBAZL A4,

TR | ANR, BROE3I D RIK0D, K& 247,
NHAE R THEEERE,

THED | BHEPIER AR E T HH#E £ (Norwegian Air
Ambulance, NAA)F= & 3 A = F & & B B
(Christophorus Flugrettungsverein, CFV) 4K & £ 47
5 (pilot study)

& #HR R : Johns, 2000; Zakariassen et al., 2019

(4) &

TR EFBARS R T AN BELAFE £ (Likert scale), &
B RR TR s A Fl A L S AT 80, RELE
B S B EAT RO, BB ELRP RAK,
T EBERBF. 2R, RAZTBRRT, THETRGIK
R CEREN R BB NBTiRE, B, RS

TAME, TRAR SRR K. I, SSSAKSSE .
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A=A, RAANZARAE, BAF—@amiAHMAE
Ao ABRKHG, ESS CMEA B % E @k, LA TAWRT
A F 0 B AL

2. EBAR Sy E R AE1%

RBAR S 2 8 A £ A=A (physiological measures). M H
Ry A AR E R 542 A : I5E B (electroencephalography, EEG), X
ARMS B s AR BZERK 3K (eye blink) 3% P BREF ] (eye closure duration)s
Mok 2 5h, A AT % BE T B 3R A f A= L (cerebral oxygen saturation,
ScO2) F=dn # fF= & (blood oxygen saturation, SpO2) =T ¥A Fl A8 = &
BN B 8RS AL R

T ERAIE, BEALATARARXRBRSEAG TR ARZ XL
O\ BE B B 813X (Multiple Sleep Latency Test, MSLT). #&k # /& B2 8] 3X
(Maintenance of Wakefulness Test, MWT). 4 #& I& (B4t 8] 3K (Oxford
Sleep Resistance, OSLER). B FLi & k& (pupillometry). B [RIE T A7)
Hm ik B B (Paced Auditory Serial Addition Test, PASAT). - /& 4T A% 8] 5y
(Purdue Pegboard Dexterity Test), WA & & 3 ) 4F £ 5 M A KX
(Psychomotor vigilance test, PVT)(B ¥ 10-20 # &4 1),

1 BIER 10-20 # %

15



(1) MEE

Bt B (4448 VA EEG M%) 4590 8 f2 B £ A7 14 4% (Hans Berger)
e, ROFAR LN ELERAEREED. —BAT, HK
FRBERERE GOEFIEE R PRI AFECGLE, 1FAHA
WA . R FAHAGE S, B NI LA A IR AT

R

BATABIEEAAFTR Y L 25 HAAE: B gamma (y) & .
beta (B) . alpha (a) 9. theta (0) &, VAR delta (8) K. AR
J& R e E ANl E @K A% . Gamma &, AFEFHiE 30Hz A L, %
KERABEETARE; Betaik, AFEA 12 £ 30Hz, T&F
B ETARRE Alpha i, #AFENA8 £ 12Hz, TR A KA EHK
AEE HLALFR A Theta 3, #AFAN 4 £ 8Hz, LHHA R 4%
B EA R Z AR RS, Delta &, A% 4Hz AT, THAFEEARE
RERR, &5 H & fo FR A SR AER & 4).

* 5 MGk AL A
P A &

'Y;)J)i v, ‘.“"l."|.V)A"rI|J'|l'If" j “'|”"'lil"\'|
."--"“- \AII’J‘]," UULENTHH VAN '; (LIRS v
\ARTA A AR L -x‘v I ". .”.i !

) A
ALl M N\ A AN ANAAS s A
) WifAa A A A M A I T
f\/\‘j “Lt‘i" V 'J \!ﬂ K| v I\f Jl"".‘,' v ‘1"\’u \/ '.."
v i
L

' '

" /\AJV\ﬁKﬂdxﬁ“
W}/ ‘\ y /-

S \ /\/\\ )
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WS F TS B A RS SR SR AE R AR S AR
Alpha # 28 -F 269K % 3F %, Theta A BT HA LA & & &
89 98 % 9% % (Crowley et al., 2008). 12 WaAEK 69 % B &1 F 1 5
B M) 69 38 Ao dn 38 o 3 HL G 2 4% Boe ol ) S RE dn ik ) (Horne
& Reyner, 1996; Otmani et al., 2005). 3 9&, A & 2iE A ROC
B 4% 7% (Receiver Operating Characteristic Curve) & & M B 547 &
(Grey Relational Analysis, GRA) AT 43R H, & R BT Theta
B AR 454% (Fu et al., 2017),

FiE S AR B IR, BB IR T4, AR, MRS
WERFREYE, RFEEEGHMRIIIF LRARLE, A
BEHEAZF. LB ™S, HAEEGH THA TI =X
(Fatourechi et al., 2007; Jiang et al., 2019; Radiintz et al., 2017,
Tamburro et al., 2019):

1. AR ETH: SHWMARZK., PR THEE. RT
89 F 45 . WLE B (electromyogram, EMG) #9 T 4% .
ikZy @ (electrooculogram, EOG) #9F# ik . &y T4
B, VAR HBLAS 3 6 I AR AR

2. METH: 0Hz RAE T HATEETRZ T

3. BTk WERTRMEA LETH

ZHT RAAEGRMNESE BRYAZE, TAFHEESSBT
B EEG. & £ ez IRoR 4 & b T4F & 1 45 & (EEG-based
cerebral workload index)(Borghini et al., 2012). A, EEG 4% %
ISR TR, ERAR AR EHURE, 5, BRE AR
ARk FAR G T RS — AN R — AR, BETEELSS
B Y R FBRAGRESRE, WIk4] EEG 928, %R
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KT EBRIZG AR, 1£8 W8 £ &FA A EEG i#
1985 B s A,

(2) A2 AR IR i Aw B AR

FRBT, HARARGRER, AR X ARBRIE B
(eyelid movement) #93% & Ao B, VARBZ IR IE F Fa B2 R P F 0F ]
A T8 4L (Peng et al., 2014; Schleicher et al., 2008). #F %45 3.,
BRAKALFTE 2o s i orR il HAHASR
(frequency of lane departures) % #7148 B (Akerstedt et al., 2005). 3
g, BERABHREFMEeEZARSEZWOE omIgo, #H
HE BB AR, &Ik A48 5L (percentage of eyelid closure,
PERCLOS)! i B 5 Z N+, A FBEERARSKESF
(Wierwille & Ellsworth, 1994)(8k Bz Ml & & 2 tb4e & 5).

LAk AR M A8 2tk (PERCLOS): 3k A 24 2 0 LN P IR a4 8% F bl dp]
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& 6 ARaR M 5898 bt
Rig Ml 5898 2 &
tb

25%

50%

75%

100% O

% RARET, RBSH SRS BT THEOBIZZ—,
A AN Z T, &8 %5k B 6902 AR OK R B AR IF B i 1T R 5
RABARS. 121, EXRBEHBAEY, RELHTREL
3|3 Fe 2 404 9% BN & W E (Wilkinson etal., 2013). A,
HEARBE TR RMNTAEA L S8, BRI HEGRS

B 354% (Haworth et al., 1988; Williamson & Chamberlain, 2005).

% B NHTSA #f PERCLOS 3T AR % BB A 2T %, TE
de b, #F H AR R FEE PERCLOS &3 £ 4 5 B 5
(simulated driving) 3 A F & F LT BAEE 2 WH BB Z
—o AR A, BZERORET A g % B 18 54 PR AR B3 b 2 4 4G AT
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FIHREFRE, LFARPIFR S MR LT M2 (Johns et
al., 2007).

(3) A faAe L

ARRBHEGREZ O AF L —. MHF R A,
R PHARSELTHEZEIK. B, oAt g (REV
SpO2 i 4%) 7r B AR Bl b E R R Z 1% —, F LML
R, WEE TR M AR AL A9 35w, BE AR 6 SpO2 &
B Z RV (Jing et al., 2020; Kobayashi et al., 2002; Sung et al.,
2005), B AT T A= SpO2 #94k 35 A B B4 F 45 X e R 40 A= 1%
(fingertip pulse oximeter)(5 4§ X fr A 4o Fotf4n 8 2), 12 E A E
FREB WL RN, @ LA BRAETHE SpO2 63K & F 47
(consumer grade) % & FH K FH, Hldn: ZARARFERF
¢ (Apple Watch Series 6)(% %A F4k SpO2 Zhit 4= 8 3).

(4) A At B
B St A 50 B % A R 4L 91 4% A5 #7 (near-infrared spectroscopy,
NIRS) i /757 50 AL, & B n AR, 6@ A fade & (A4

2 B8 R AR : Masimo 'E #8, https://www.masimo.com/products/monitors/spot-check/mightysatrx/
3 B A KR : CNET 'F 4, https://www.cnet.com/health/personal-care/apple-watch-blood-oxygen-
app-how-it-works/
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A ScO2 M) &M ek, BRI, Ri&HE PN L A MiE
AV 09 #E 9 (Li et al., 2009).

T AR AT, bR & R #H N = KE (North Carolina
State University) ¥ NIRSleep B %2R &4t — 3 A B 5 12 45
T 89 A SR fn B A0 e B AR (cerebral oximetry)( /)y A BR o 42
Fo g B AR A8 6), AR D EABEARFORE, ZE%
B B AR o A A BB AR A URI R R A B = S A 3]

500 E R (130 fe R A Ao B AR An 8 4 F2 5).

A F R 25 Ao i 3R . F A A B AR R S AEIZ N B R B Ao
AR E . B Ao Fe B, BN 2R A AL A SR S BT AR,
AR B E e BATAD TR #, 1% A& NIRSleep /> A J& 2K fn £ 4o fm K B
AR B AT AR A AR R KPR B R IE X R

B 4 —Ax & IS 3 e B A0 Ao B B BMRY B S IS B Ao Ao BBMR RS KO

4 B K KRB : Masimo 'F 4, https://www.masimo.com/technology/brain-monitoring/cerebral-
oximetry/
S B K KRR : Masimo 'F 4, https://www.masimo.com/technology/brain-monitoring/cerebral-
oximetry/
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6 NIRSleep I~ 7 i 31 fn. A 4 Ao B B2 AR

(5) @R ZRNEFIFRA

B R % R NREB BRI (45 A MSLT #i#8) £ 28l & & F
B RAEZFIRIL T N2 % (Carskadon, 1986), 78 AMFrEJEZ
FREARE . MSLT #3025 4 B [Tk IR F 5 B oy i IR BF 4T o
WA Aa X, AR PEAETHRMERIK—A, TXF AR
DB R RREAT 5 ORBIR 20 9 4E00AREl . TRH AR, IRIRI
£F (sleep technician) € R 45 16 & B . AR #) B (electrooculogram,
EOG). M & (electromyogram, EMG) % & &
(electrocardiogram, ECG or EKG) ¥ &5 E 7438, HRAIPA R A
NB2EF fd] (sleep latency). ‘Beik $)BRHA (rapid eye movement, REM)
45 8 i (REM latency), VAR & R *E8k 942 & (MSLT 42 [ 7).

6 B8 K 4R : NIRSleep & 48, https:/nirsleep.com/technology/
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7 G F %k NBE R KT

(6) PREFFELRK

PR FBLAIK (A8 MWT M%) £ 283K E 0 Ra9#
BAZ B L3 A4 € i BN AR AF A BEL A9 A /1 (Mitler et al., 1982).
MWT A% & 3t B A B [T o 0K O B B8 AR B AF 04T o ARIBI B ] 2
AR, TEAEEB2IFETFALAZRE Y, LHESRSIFEE,
BRI ALEF R MG B B . AUE B AR AR By [ B ke A
TRAEBRFEEf e E T EORFMH, xXFAKRRE, AT
PR A BLAY e /) AR (MWT 42 8 8),

; M
e
B 8 PR4F A BT AKS

7 8% R 4k : Healthline, https://www.healthline.com/health/multiple-sleep-latency-test

8 B8 K sk : Verywell Health, https://www.verywellhealth.com/maintenance-of-wakefulness-test-
3015117
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Pizza % A(2009)#] A % 542 5t & (Driving Simulator, DS) #F %
BA kI, MSLT £ MWT Z M Bl 1444 5L, MWT $% MSLT
B ® = . Mitler A= Miller (1996) 4 MWT NBEEF M V74 15 442
WA AR TiEe AW ek, FAREGRET,
P ARG R A RE RPF OB P L E B P, MWT NB2EF M 258
(%0 £ 19 04%) ABRABRERSAATERBREPHERE
#, (Banks et al., 2005; Philip et al., 2008; Sagaspe et al., 2007).
72005 F 12 A 28 B A S H & Kih K "E0e (excessive daytime
sleepiness, EDS) % # 69 & B 34 B8 1 /7 & 4] (Caen University
Hospital, 2013),

(7) i IR ML 4 i8] 3K

AR IR PR LR 3K (A48 A OSLER #Mi#f) £ 22 xR E %
FABLAG R ) 45 A REGE F 4 (Bennett et al., 1997). OSLER
TR MWT, &5 %8936 EEG, meIRILE A A EIs42
KIBIAR S 6 A AR B, 2R 2 BE TR 3 TR A BR IR 00
LARH T A RAREATARR, BARAZRE MWT 4%,
OSLER & oy g IR AR AT, 03k H 2 B8 A2 b & R A e,
EHREAE LED & 3 A — keI ubwa e, R EE
AREME B RE TRA, WBIBPE R WA M A2 D A M,
AT WK R, MBI HSHFE L LR AF AR, FLHER,
OSLER 3# A7 & R %82 (wakefulness) #=2 51 (vigilance) +F 4
Z K#HAZ & K (OSLER 4= & 9),
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8 9 2 nd IR R 438 3K

(8) mZILM Z ik

IR B AR AMERILACH — AT &, FEKEFA
a9 LESE FLIF X, & KAIAH5 K Felice Fontana #) Al B 3LiA] & &
A AR R A% 40842 (Fontana, 1765; Goldinger & Papesh,
2013). % B ¥ R AL = & # & (Federal Aviation Administration,
FAA) —A#F LBR 2], o XHEFRLERF, il
18R, MARE, MERERGG, LS FRRBR ],
i LAY I 48 (constriction) =& 7k (dilation) BFEZ L 2y (pupillary
oscillation) #1482 (Otto Lowenstein et al., 1963)(FZ JL&* 4 4e

10).

° B8 K 2R : Stowood Scientific Instruments,
http://www.stowood.co.uk/Brochures/OSLER %20Brochure.pdf
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a) Constricted pupil  b) Dilated pupil

10 B S 48 4R 7R 10

FRERL, ANBNIRILAESIE F LK m 8L
(Lowenstein & Loewenfeld, 1958), 7F & Z JF #L & &l K 4= 1 &
(emotion) #= % 42 (thoughts) % S ¥2 H & fm X % (Goldwater, 1972;
Janisse, 1974). #tF, Morad ¥ A (2000) 42 i A F B 3L & ik 8]
BREIL K DA BB R B A A LR (T TR E 11
F2 12) BB 7B, “EikjE (hypersomnia) 7k ZF e fFREJE | Ad
BRPFoR Pk g, AR E A R RR BT (sleep disruption) JEAXK 69 %4,
Hag L& g Z K (Cluydts et al., 2002; Yoss et al., 1969). 34 T&
T—RETrla 4, EB-LEKXE (Purdue University) 3247
£/ 3] brightlamp 2 B A 45 B i& LA & 69 F # & F1 42 X—Reflex
(Reflex /& Rl A2 XA [ 13 4= 14),

1088 i &% : Journal of Cognition, https://www.journalofcognition.org/articles/10.5334/joc.18/
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N2

& F ALK 12 & F LB R 12

Results

Constrict

Result Type

Latency 0133 sec

13 Reflex #4F = $2.1 14 Reflex App & @& !4

(9) W IRIEST T ) o ik R B

B IRIE A 2 Ao ik BB (A48 VA PASAT MiA%) 2 R A4
TRERZERERE . (EE N A2 AR (Tombaugh, 2006).
PASAT AlEriE 4 1 2 5948, UE 12 EH 2485 1 18
RKFH9 R FEATRIK . R A AN M IR H] N2 G2 61 fBI1E

1 B8 7 &% : NeurOptics, https://neuroptics.com/

12 B8 R &% : NeurOptics, https://neuroptics.com/

13 B8 B &% : Purdue University, https://www.purdue.edu/newsroom/releases/2019/Q3/improved-
reflex-app-from-brightlamp-unlocks-the-diagnostic-power-of-the-pupil,-provides-diagnostic-data-for-
concussions-in-seconds.html

4 B8 R &K : Medical Xpress, https:/medicalxpress.com/news/2019-01-brightlamp-smartphone-
app-rapidly-brain.html
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WHEP|FAE A 1 Z oS, 3 B3 H 2@ F 24 (Goetz, 2007)
(PASAT 4= 15),

Correct: 0/0

Click on number that is sum of previous two stimuli

B 15 &8 PASAT R Z | !s

(10) 4 5% 4TAL A 3R

L ST MR By £ 2R K KA 89 F IR WA A /1 (hand-eye
coordination)(Tiffin & Asher, 1948), #5250 & =835 : 1B A
¥ (dominant hand). FETE Al F (non-dominant hand), A& % F,
DRFELEXE B TR EWETTHAERRIERFH (=B 16),

16 <& 3% 4T 408 BR

15 B8 R &% : PEBL YouTube, https://www.youtube.com/watch?v=_n80eMWI-0Y
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(11) & 22 A 250 b 03X

@ﬁ%ﬁ%%iwﬁwﬁﬁxmwﬁﬁ)mﬁﬁ%%ﬁ%%
BB M AR & % R G A R % (Dinges & Powell, 1985), %%
4 PVT BIX 5 Ml & 10 %48, £ & A A M 4 ) M s
(interstimulus intervals, I1SI) 4= #0580 R I A%k, e HKHF M
¥ R e M (simple reaction time) K FF4& /£ % # (Dorrian et al.,
2005; Sehgal et al., 2015; Warm et al., 2008)(PVT %= & 17).

AA B BAEN, PVT &L & B 72K % 4 48 B 41 50 (Doran et
al., 2001; Lim & Dinges, 2008). #F 03K, PVT A By7~FaA OSA
¥ 09 & 3% 48 (performance impairment) B[, 1] B FH
(Li et al., 2017). % 7 3§ #% /& A &9 7 /2 1, Basner $
Rubenstein #§ & & 10 54549 PVT X R % 3 54249 PVT-B (Basner
d&ﬂmno%%%?,NWBﬁﬂﬁéﬁﬁiﬁ%%ékﬁl
RS AE, AEAREAZREERAR L 27698 %) (fitness-
for-duty) ¥ 4% (Basner & Rubinstein, 2011),

T —fA9 PVT 4o: f2B B H A Z 3 (German Federal
Ministry of Education and Research, BMBF) ## B/ ## % [B & AR K
(Eberhard Karls University of Tiibingen) #J AuReTim (AuReTim %=
18); 7" A PVT &y FH# R AAE X, BAEE TME G R =48
% (National Aeronautics and Space Administration, NASA) #4549
NASA PVT+ (4= 19); AR £ B & M K% #4875 £ % (Wharton
School of the University of Pennsylvania) #F 4% &) Sleepalyzer (4=
20),
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&

AuRe!‘un

17 —f% % 8 PVT!® 18 2B AuReTim!’

I # Firebase

PVT
PVT-B
PVT-A *
Survey Anonymized database
with real-time
updates, access to
bulk data export
19 NASA PVT+!® 20 & M K& Sleepalyzer'?

(12) ) 4

MR BB R S AR B A R F BRI T E,
1213 S F5AZ A B IRLE A VAR L0637, AR RS B FS 93 19R
EHGHTH, BRARKGTERARKBESF, A0 A0t
MSLT. MWT. OSLER #ef# LMl &k, AHFERBBEATESN
BB FIR, B3R5 A B AR R IRE, BHER LS

160 88 i &% : Journal of Hepatology, https://www journal-of-hepatology.eu/article/S0168-
8278(19)30005-4/fulltext

17 B8 R &% : Eberhard Karl University of Tiibingen, http://www.eye-
tuebingen.de/strasserlab/technology-development/auretim/

18 58/ &% : NASA Ames Research Center, https://www.nasa.gov/feature/ames/fighting-fatigue-app
1988 &% : Jerome Fisher Program in Management & Technology,
https://fisher.wharton.upenn.edu/wp-content/uploads/2019/06/Sleepalyzer.pdf
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T ME . PASAT $2-E % 4TAHA SRdk 2 B A5 - A &5, & EBRN
KALTRAUATITR, £46m3, AL d PERCLOS 47
MAaE . SpO2 AT B F RAYE A, VAR PVT §H4EMFH B
HIF, BAZZARY = RBBEA T LT A,

3. B EEIE A ARAT

MR T LA AR, BNIEH LR E AR EATICE 28
N R BB E R AGAR, PPATRR AL, RELEL BHE
(standard deviation of lane position, SDLP), VA & 7 1) 45 #% ) & 1L

(steering wheel movement, SWM),

(1) ATHR B %A
RERR A R 69 5 50 B & & & 4 K 694750 B % L (Armedt et al.,
2000; Fairclough & Graham, 1999),

(2) RERELERE
IR, AZHE R E F e £ SR 69 M B ) (De Valck &
Cluydts, 2001; Ingre, Akerstedt, Peters, Anund, & Kecklund, 2006).
AP AZE S E (5 B £ (K45 VA SDLP B 4%) AT R R 209 F B
B e F R (A& A KSS fiA%) oA 4. AT 04 REET,
SDLP & [% & KSS 233 o i 38w

(3) 7 GAEAs B AL

AR, BRIRRNR A E SR L B (R4
SWM #i#) &V, A1 £ 5 EA)8 SWM, 6 £ 10KEAKAE
SWM t# ABg, MEFHEFHQGEM, BEETo4E DA
SWM %, K& SWM R @3¢ A= (Thiffault & Bergeron, 2003).
T3 Fit SDLP A FA: K 69 M45. AR REZT, 55K
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BOERBEIRNREAC R hiEdd, $HRIFNNLAE
A 77 e AR AT KA SWM RAR IE 238 15 £

2.5 B o3 A = b gk 5 18R] AT
AR B NI A G SRR, = EJR P KB R A AT (Automotive Internet
of Things, 4% Automotive [oT) T A =K#2, BF: W E Z % (built-in

system). ZhM¥[% E (external device), A B AT% X (artificial intelligence).

1. NER#&

MERS BREMARYTEME, RKID M LALRBE L
(Mercedez-Benz). BMW (Bayerische Motoren Werke). ‘& % (Volvo).
# % B Z (Nissan). ¥ ® (Toyota), AR #&4F (Ford) 2 77 7> F 4 48 Bl
EEANMMF R, $ENE RREE NI ERA T I,
AR S 3 R JE B dm: AR A% (camera). & i (light detection and
ranging, lidar). & i£ (radar) #=A2 B )% & J& & (ultrasonic sensor) < it 17
B ¥, #AMMEEM (dashboard) L& T 27, LT HEHEH .

(1) BB IEEN W) R4

F L BB EE ) $8) R %L (Mercedez-Benz Attention Assist)
BB E M Y e H @RS HE AT BT R
., 3 AA B EE TR LA S 69 70 M5 Hde: T
M. S IUBBRGR F R T H, RABTARGAEEN RS
WET R, @Ml B IPHKE (BELBMIEEN M AL
4o 8 21),
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R (A)
NP
A
Attention Assist

Pause vor 02:30 h

7
% % B& Bz & 7 &4 (Volvo Driver Attention System) €,
#7745 %] & % (Driver Attention Control,
DAC) VAR 18 1 #% %4 % 4% (Lane Departure Warning, LDW),
b7 B S8 A FAF AR B A R ad M ARIARE, EMHREARSEEAH A
T EASEETILE . B EMAN GTMASE L, AT M
B ABBEET(EREHBEIEN ZAARD R E 22 42 23),

B 22 1a) dy B 82! B 23 Ay 7 B |22

20 B8 7 AR : Mercedez-Benz Australia, https://www.mercedes-benz.com.au/vans/en/v-
class/intelligent-drive-technologies/teaser-group-1/attention-assist

21 B8 i % : Volvo United Kingdom,
https://www.volvocars.com/uk/support/manuals/xc90/2019w17/driver-support/driver-alert-
control/driver-alert-control

22 B8 ;i % : Volvo United Kingdom,

https://www.volvocars.com/uk/support/manuals/xc90/2019w17/driver-support/driver-alert-
control/driver-alert-control
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(3) BMW KA E A £ 4

HA AR G EGEE M FZ S, BMW BE B A 2 4%
(BMW Driver Monitoring System) Af # 1% #4 4 £k &K £, Bp
RFEAIES B IR, EnEEREGEED (2E 24),

Hurt g
ine Inch Nails
A 034 Lithiur'l: &¥ £ ]
- i ‘.\ y 7
on i oChe o

24 {kF A L T mAR AR

2. JMEKE

B AT @ k5 B A AR M Sh 3R B A A AL, . R Ae
RERELR B 2o JR SRR E RO SR 09 A AR e Bl B R
BT MR de i B kAR R B P
(Automotive Research & Testing Center, ARTC) B #F 4 4 % 5k % & % 4T
AR BAT, B ES R N A I AR E AR T B AR 3R A
AT @R, AEERARGAH DS, RERLERAT A4 H
2B F A SR (M EEA2SF LR TS, 2017); BRI E A A4
(eye monitoring system) 494k % % AR IRRE ., MARKE., AT T
¥ 3B % EALY % (gaze-fixation pause) 1 1718 R o &y 7 4 45 B
AT A, ARATRAMBKR, KIS EKRETEARAEAL

23 B R A& : Road Show by CNET, https://www.cnet.com/roadshow/news/bmw-driver-monitor-
camera-x5/
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kAT, AFFRMAB K T XK EAEE MM T (B IE S K a4
M 1R 25 X H A & 6).
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& 7 B IR 5 S AE B AR 2R

B M3\ 3) B A 1838 7 % T4 h R

Ll LifeBand o AW MKk |o BAEERZiE 04.7% [28]

SmartCap o 45 MUARC?. IBAS»A=%f
A KEE S RE

o i EEHREME? F ACARPY
53R 3K,

o g;ﬂ?’% %'fi‘] :

(1) 3424 K Newtrax Technologies
EAE MR R PRk T A TAF A8
Bl R 5 o] AR

(2) 3% Bk L M 1E 45 > 3] Australian
Reef Pilots. M 9 & & IR # #2

248 B4 K F F#AT R P 8 (Monash University Accident Research Centre, MUARC)

2 BT B oA S ed AR A B AT 50 PT (Austin Health Institute of Breathing and Sleep, IBAS).
20 3% £ & REME (Anglo American Metallurgical Coal)

27 LM BE &% ¥ & 5031 3 (Australian Coal Association Research Program, ACARP)

28 AR IR : Smartcap, http://www.smartcaptech.com
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ft A% 4% Sano Health. M9 4% 3
NSW Mining. F¥P & #78 #+ 4
/8] Vareli Tecnac LA 48 Bl J&

Rk &

% #& | M Optalert | Optalert glasses | o ARZFEAL o A 4TS K 4% A8 B 4R R K AR AR [29]
KE (29
o W Ak UK & BF Murray Johns £ <2 ﬁ
E4520F
o % 4& Johns J& % 4% & (Johns

Drowsiness Scale, IDS) it H i# 4 %
L 3% # Eagle Industries & Eagle
Light -F#x, HE5FALAEE

4 MUARC #= £ B o5t X 4

B8 R

2 AR IR Optalert, http://www.optalert.com

37




F& 8 BUR Automotive Innovation

Lab Access Grant (AILAG) ## 8

R85 L 9T 6 F AR DL E

Je £

B E:

(1) 9 #%& % 4+ F Dylan Young
AL F

% B Maven | Co-Pilot o I

Machines

i RG] 5 BRE R SRR E)

18, AELRAE Bl & 2 iE & AR

B, SHAEAEL R ATAY A2 R P ORI
App & A £ #7 B Bk AF 18 & B R A,
IR

1% 4% Smartsense & 34 -F 6 4F1% A
ER S ACY YR

BHER:

[30]

30 &F# B : Maven Machines, https://mavenmachines.com/
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(1) $8 % BE o B 3 SR8 B 1)
McLeod Software 1 47 & 5 &
1E

(2) ® 4t & B 1€ 4 5] Daylight
Transport. * Bl 477/ 5] Ward
Transport & Logistics. 74 X

iR/ &) GLS Canada TA4E48

B S5 PR R T 5
TR | mEK Readiband o BEERKI o BEERFIFILAZE PSGI T b iE [37]
% # | Fatigue 92%
Science o A AT — BT B A 64 A AR LR I A\

ARL32#F 349 SAFTE A48 % %

S pg IR % 7R 4 32 B AR & (polysomnography, PSG)

32 £ BREEFICERE (US. Army Research Lab, ARL)
37 F AR R Fatigue Science, https://www.fatiguescience.com/readiband/
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B ARG AR B H AR LR
H TRtk
o A& KB EK K& HAT(BDC) e
mEKBRXFREEGTIETT
# 813 |(NRC IRAP) #8535
o BHEH:
(DEERFEF HREE NS
FitBit #= Garmin 41§
QRUEEBRABAELIFHETELE
(FEMAYSHEG A B, mE K%
4% & /5] Goldcorp 8 L. #m
& K&/ 3] Arrow

Transportation Systems. %

33 Sleep, Activity, Fatigue, and Task Effectiveness (SAFTE) biomathematical fatigue model

34 Business Development Bank of Canada (BDC)

35 National Research Council of Canada Industrial Research Assistance Program (NRC IRAP)

36 Federal Emergency Management Agency (FEMA) under United States Department of Homeland Security
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A J] & R 8] Total Workforce
Solutions, % B #h % 2 & ) =
KEXTRHRG, FRBREL
% Seattle Seahawks. % B 1%
¥ #5 3k % Seattle Mariners, £
B %% % & s [% Dallas Mavericks
FHRARYERTE

¥

i

e R

*H

StopSleep

Anti-sleep alarm

(@) i }E \:J{A?fb
%)

i

T ik

o

A B BUR RAR] AR R R 45 3 AR
9 J§ & % ¥ (Electrodermal activity,
EDA) 346 B3 A Bk 5Kk, 7
AR e Y S /PR O i o

>

sy

THhER. Ya

[38]

38 AR IR StopSleep, https://www.stopsleep.co.uk/
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¥ # | £ B BioPac | BioHarness o A®AMIHFK: E |o HBEFELEHA (smart fabric) [39]
# F | Systems Telemetry & NEINNE S 1. Fo 4t 98 1% B (radio frequency
Logging Systems telemetry system, RF) J< 4% & 5t B
A PR I ) B 1 4T B A
o EHEV: &
% # | M Emotiv | EPOC X o AMH;H: MK |o +wWidid BEG: AF3,F7,F3,FCS, [40]
% % | Systems o MK T7, P7, O1, 02, P8, T8, FC6, F4,
F8, AF4
o BHEH: &
ML Seeing | Guardian o FAI4LE o RR| A% F P AR AL I E 8 [41]
Machines o HMERIFH AN TR B IR 5 S5 K A
o BBEFERMEHEHAR R
M X FER

3 @R : BioPac Systems, https://www.biopac.com/product/bioharness-telemetry-logging-systems/
40 FH R : Emotiv, https:/www.emotiv.com/
4 FEH IR : Seeing Machines, https://www.seeingmachines.com/
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(1) 3=-4t & B AL K S B [0 A+ 3 A #
4% L3Harris Technologies.
48 % B 477/~ 3] TIL Logistics
Group. 3% Bl &€ /) 5] First
Bus. % B $# &R R4
3] Priority Ambulance. % B &
4742 b i Cadillac, % B %
i 5] Coach USA. KB~
1B R A5 8] RATP 5 TAE 48
B IR 5 R R T
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%3 Smart | AntiSleep o I E o A& A ¥E— VGA 1% LR M Ak ST e [42]

Eye o BMATm &P AR
o FRIRM & o BHED: ¥4

3% 3 Operator o SEIREL o [43]
Hexagon Alertness System | g 3R 4% 4k,

Light Vehicle o BRIFEAL o

(OAS-LV)

o M ES: 3B Transport Support
&9 Driver Fatigue Monitor (DFM2)

o BHEH: &

42 FA R : Smart Eye, http://smarteye.se/wp-content/uploads/2016/04/Anti-Sleep.pdf
43 & oH R : Hexagon, https:/www.hexagonmining.com/
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£ 8 Multi Modal o AL o &Ed AL EAHAEFE [44]
Intelligent Driver Distraction | o pg 3541k, (Small Business Innovation
Automation | and Fatigue o FEAD Research, SBIR) 1§ % B € 4 3

Detection (MDF) o

o fAR AR ARG FEFTHFC
3 4 ¥ 3%4Z, Jw PERCLOS #=-F
¥ B AR & (AECS). 47% R
BFH REBARRMRALR AL

(1) RAREH S £RIFE
42 B 7530, # A 3. NASA,
B 2 A2, BIRMTL0ER

R4 (2 A0 B R 3] ik 5F 50 P

4 MR Intelligent Automation, https://www.i-a-i.com/
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3 B Fatigue
Management

International

Advisory System
for Tired Drivers

(ASTiD)

o A FENFiE R AEIRGT

o FHBAFHINEIA R G AL
$8 . AT B M e AT B AT S R
Z, WREEEH IR Y A
A E R

o R 77 e AEAS Bl A A 4R

o BNER . e

[45]

4 FH 4R : Fatigue Management International, https://www.fmiapplications.com/
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BTy BRAAMRER R MAARE S, HE AL R 69188 347 4o
2 A KB, REHZEZGTEMABMATEd: ALRENF],
FAE N 5], AR ERAE N 8] iR 8] ASk, TR R IR A BUR F4%
REEGERE, URANTRASNF, MY CMERATHERE TAG A
BAFAR L. AFFRFFIT AR ST, BAlER =78 2% i@ Rs
M5 #, Bp: M LifeBand #= Optalert ¥ # 4% %, VAR Guardian 2 3% i,
BREENA, TAFF—AEBAATHED, TR E 0B R
B R M AT S M SRR R

3. ALEWE

AT E B RAFRGR SR, BT E G AR AR T HAEE
45 S AN L% E (artificial intelligence, Al) 48 3%, F &9 #5 4%k £ H (machine
learning) AT H o KA H5ER ALEATR P MAAEFEEFTTER, mk
7, T B AT AL E e A AT — B 2R B M 89 Seeing Machines, VAR T 7|
HAMTE R £ B Affectiva (Al J& %18 8] 48 B 5F 742 & 7)o
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* 8 Al J& %188 48 Bl #7F 7

Bk o FHRAA
B EERRS 1. EEG Morales et al,
2. #5h4 EOG 2017

(single channel EEG device

with TGAM-based chip) 3. SSS. RPE A% NASA-TLX
5 %4647
A AA THAVEEBRIE| 1. A% B King et al., 2006
- HA18 A JR % (driver | 2. 3% K A & R #(magnified
fatigue detection system gradient function, MGF)
using  artificial  neural | 3. 4Z #& K @) 1% 3% E A ok
network) (standard back propagation

algorithm, SBP)

(1) ATFERRESEHHHF

AT E B IR 542 %] H#7 (Panasonic Drowsiness Control Technology) £
iE A AF 45 /8 X BT (contactless technology) & &A1 Bk A B #5497 X #&

Aep NIRR, &
H B4 B 25),

i AR AR B B A B R IR IR (T ER RS
BEAANIFEHNEITRY ER

(drowsiness-facial expression analysis) & & A B B2 BR

%r‘*
W35 0 A
74, Ak

JR & &% B A5 #F % B (Ohara Memorial Institute for Science of Labour,

ISL) A 45 69 I8 %

% (Kitajima et al., 1997)(JE 4 /8 X B F= I8 5

- 7B 4541 (five levels of drowsiness) 3 1& % 52 A B 49 J& %
> BB 44 [B 26).

o % 8 F% /&% (Borg Rating of Perceived Exertion, RPE) F 78| & X A A MBSO A4 5

(Borg et al., 1987).

YTNASA J’—ﬂ"F & #73F 6 ® & (NASA-Task Load Index, NASA-TLX) F 2 534490
B afr, AT, RAG AR ZZ MY & #1424 (Hart & Staveland, 1988).

N
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Infrared array - - Environment sensor
sensor

Drowsiness level
after 15 minutes

Current
drowsiness level

[8 25 Panasonic J& % 5 %) HL 7 48

Contactless technology measures blinking and facial
expressions and detects even very low, hardly
noticeable levels of drowsiness

Drowsiness Level

Indices related to drowsiness (ex) (Curran®)
*Sleepier one gets @
[Blinking] |

* Shorter intervals between blinks

+ Slower blinking Approx ‘

: : ; — 1800
[Facial expressions]
+ Close eyelids, open lips REIEIEry 4

- Frequent yawning

2=

Proprietary Al processing predicts “drowsiness”

Based on the results from the drowsiness-facial expression analysis conducted in collaboration with
The Ohara Memorial Institute for Science of Labour.

Level of

drowsiness*

Not sleepy Alittle sleepy Sleepy Quite sleepy Extremely sleepy

- Blinking is slow
- Gaze moves slower | and often - Conscious blinking |- Close lids

* Lips part open * Incidental movement, * Yawning * Head tilts forward
such as mouth moves, etc.

Some signs | - Gaze moves quickly
and often
* Blinking cycle is even

* The Ohara Memorial Institute for Science of Labour's “5 Levels of Drowsiness”

26 AF 3 A8 X BT IR 5 AAE 1Y

Rz 9, A TFE BT E K% (Chiba University) £ B H 4 T —&K R 4,
#% 18 £ N GRID-EYE 4L4M 4% 2 7] B8] &5 (infrared array sensor) #=3% 55 & A 35
(environment sensor) P74 | 69 & #H4e: 48K (heat loss). FiABE IR
SARAZE, TRREEAR 15 56 E 0GR (AWM E 27).

48 18 )y % : Panasonic 'E #8, https://news.panasonic.com/global/stories/2017/49621.html
49 8 4 A% : Panasonic 'E #8, https://news.panasonic.com/global/stories/2017/49621.html
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Surrounding environment parameters and
predicts changes in drowsiness

Drowsiness Level Drowsiness Level
(Current) (Forecast)
® Drowsiness Transition Criteria 1
/ J
4 4

5 | ®

Forecasts transitions in drowsiness from environmental
parameters

Drowsiness forecast (ex)if drowsiness starts at level 1

Tisme (min) Time (min)

0 2 4 8 10 12 14 0 2 4 6 8 10 12 14
10 10
_ Brightness 10Ix — Heat loss 33W/m?
T 15 | g 15
O, 2
- 20 1 w 20
n
g 25 1 2 s
£ £
g 30 -+ g 30
- 50W/m?2 —1000Ix
5% Heat loss SOW/1 ” S a5
— Heat loss 33W/m! —10Ix
40 40
When the heat loss is high, drowsiness level When it is bright, drowsiness level

does not change significantly does not change as much

*Co-developed with Chiba University.

B 27 &5 A B &k 8850

&

% & AR 3% (thermal environment) F= 4 32 & (physiology) ¥ 4e3k, A2 7TF %
BEA R 4T K% (Nara Women’s University) &4F P 4 7 — 2 B A & 5
(thermal sensation) #9447, 3 & % R A E A 47 (thermal comfort), #
By BB B A T BB AL A AR A AT 8 Ao A B (48 M BAT 4o (] 28)

E“IS

Technology that measures thermal sensation
to keep people comfortably awake with air conditioning

Contactless infrared array
sensor can measure people’s
thermal sensation (whether
they feel hot, cold) without
being affected by their
clothing.

Warm

Realizes both “comfortable y N 4
(neither hot nor cold) and s e
g A trol” Body surface temperature is high Body surface temperature is low
rawWsIness:con - lots of heat is released - less heat is released
- senses coolness - senses warmness

*Co-developed with Nara Women’s University.

] 28 2R R AR R HAT!

S0 B2 |/ A% : Panasonic ' 48, https://news.panasonic.com/global/stories/2017/49621.html
SR8 R/ A% : Panasonic ' 48, https://news.panasonic.com/global/stories/2017/49621.html
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(2) Affectiva A 2ATLHE

Affectiva A2 ATLH Z (Affectiva Automotive Al) % ¥ B k432 T
£ [% (Massachusetts Institute of Technology) %42 ‘& 5% £ (MIT Media Lab)
o b R A9 AHE N 8] Affectiva, 1E A A L B4 % (Artificial Emotional
Intelligence) Pl 45 At 59 5 AT Ao s A A28 B89 2 LB £ % (2 8 29).

Driver distracted
Rideshare passenger visual anger de
Rideshare passenger vocal anger detected IF

A Rideshare passenger distress
NOTIFY SERVICE

tected =

29 Affectiva 2 kB 8] & %52

FRAGECHRHERERBRSAEE, AARR T XS FEFRE
FEBHARGRAL: ABRIAATLETERAR; BB LARRT
GRS S AENNE L E SR €€ S RIS Y a S YN R 3
B2 (54 B 42 % @ 4o B 30),

52 B8 ;i R : Venture Beat, https://venturebeat.com/2019/04/11/affectiva-raises-26-million-to-bring-
emotional-intelligence-ai-to-car-safety-systems/

51



Signs of fatigue detected.

Select an option to avoid drowsiness:

30 Affectiva % 5% B J& % & 453

B, HEGRLEBEEER S CORE, KT AR AR AR
he, FREHFKA EBAEHZE (in-vehicle conversational agent) 277, #i#

BP0 Ak A B B BB R A (S B R E @ e B 31).

3 RE R AR B : Affectiva ‘& 7 YouTube, https://www.youtube.com/watch?v=zRbGSxcosfg&t=35s
4 RE R AR B Affectiva ‘& 7 YouTube, https://www.youtube.com/watch?v=zRbGSxcosfg&t=35s
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B sEdaaEE

ARCAMTHER, RV E2RHR, SmLALREneki, TR
%42 PERCLOS 42 PVT. @At F B EA$ L3fh, $H»MRR 5 Bk
BhAE. BRABERARGERFRETRIFEE D EER, BHAH
AT R AE 5 A%, THAEGBEMERS B, I, BAK
FHEREAL PHERCEET BRRERRIRESERAR T BSR
AWMAEERZ —, AR ZEFEAN M FAe FALR IR T 8t 5] A2 AR
HREMA, Pl R MAERKBR 109 F 5 F 26 B £ ARRMRG [ iRikiE
FRE o L ETATH | MEERBER, RREBEBRAF B
AgRE IR P AL B AR AL, N AE IR AR L T84y, TR &b
Fety, 2B AR AR ZBUTHBR, ARKE 1045 10 A 13 B 3B IEHF
i R RMEME Ry [RRARIRAIE | 24, RLEKE
AOMAMERGRELE. FEARTREEZHK, MHABLRAHIEDLER
S EEARM BUR, B R ARRIKRE AR B RS B R AR E

Jo AV 109 5F 8 A 28 B 3Tl IE AT BT R 2 [ adk IR A B 32 T B 2
A B4 | PRI 318 E, BPAHL (Engineering). # % (Education)f=ik
#.(Enforcement). HA3F A Ak FE b k5 B 5An bl AHE GG B R, #HF R Bk
RIEGHAERLZANPERE, UAEBBRERZ G, KiHE
IR, 55 A% 7] A2 89 % 5 B Bk 6 BURLE AL, W5 b JR 5 T BT B 4R R N RAR
Ko
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