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WD 2009/ 143620PCT/ CA2009/ 000732 METHOD AND DEVI CE FOR
THE DETECTI ON OF M CROSLEEP EVENTS FI ELD OF THE

WO DOBENTIAN The present invention concer nBCEHCA2009/000732
nmet hod and device for the detection of 5mcrosleep
events. BACKGROUND OF THE | NVENTI ON  Met hods for
guantifying driving performance errors associated with
sl eep onset are of key inportance for reducing the
nunber of sleep related crashes. In the US, driver

WETRO Ao BeRuRE BPe’FHE DRTEETI Al dF istash B Bvents

injuries and 1500 deaths each year. In one study, 55%
of 1000 drivers surveyed indicated that they had
driven while drowsy and 23% had fallen asleep at the
Wﬂ%ﬁﬂﬁﬂ:ﬂdﬁ! ot her studies that sleepiness or

sl eep onset nay play a role in vehicle crashes that

BB LA, LR ERD for e gotecon o

migresleepAventy. osl eep event often occurs as a result of
sl eep deprivation, or nmental fatigue, sleep apnea,
narcol epsy, or hypersomia. There are standardized
Bt f osl eep, which include:

2Bal ogram (EEG and

electroocul ogram EOG% vi deo, 20 test of

Meiheds fahgeantikag: #ving peromnanes efioes @sediataiswith Rleep onset
oSFG 1P SHOSAEEE o RATRIY b pbeE o Bl n e
U&, élh\mrt stedpinesshiis ha amajcat tagsee dft matbe walfiflectrashes and is

r<SBRnSRIA (AR YAl pOTLri ECBnaBPD it pgc vear. In one

st[Ffdgn ‘ZW?@O%H@%@%U&%@G%@H&&& thethth&y ﬁaardr%hswhlle drowsy

S are I npracti cal because they are
abot 23%i hidctdlient esleep ap tbadwbeelauﬂmsw@ylrrr@qmtheﬁ studies that

SI Eteﬁ{éﬁé\ﬁ Sg%%tél?lg{]ﬁ ?}6 p!ﬂyy %ﬁcagzrq %/eb\gr e%hes lfherfigarg r?oneously
aftRed 18 BRICHUsE83009/ 000732

Microsleep events are a useful indicator of sleep onset. A microsleep event often
occurs as a result of sleep deprivation, or mental fatigue, sleep apnea,

narcolepsy, or hypersomnia.

There are standardized methods for monitoring microsleep, which include:
monitoring the electroencephalogram (EEG) and electrooculogram (EOG), video,
test of performance, and the like. Of all these methods, the EEG is considered
the most reliable for measuring sleepiness. However, both EEG and EOG,
require the use of electrodes, which are attached to the subject, thereby making
these methods inappropriate to routinely monitor any operators conducting
fatigue prone tasks, such as, for example, vehicle drivers. The other methods are
impractical because they are both difficult to set-up and because they require
intensive data analysis by humans thereby making data treatment difficult to

automate.
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rel. There are various ways by which m crosleep
epi sodes can be identified. Sonme experts define
wor@easdeeep according to behavioral criteria (BYBCA2®9/000732

uur el . £2/0

closure), while others rely on el ectroencephal ogram
mar kers such as a 3-15 second epi sode (shorter
durations would be difficult to visually detect and

| onger tines would 5qualify as sleep onset.) during
which 4-7 Hz (theta wave) activity replaced the waking

14- 20 Hz | ph back d rhyth M | .
Taels; 866 A PRYRRIIMDGN P GRRERITRIRPURS Sriod 5 iied. Some
eﬁeifr'tsi(défﬁwéaﬁﬁ&ﬁblébg d@chhn? h& peRbGibFaIRYitérl Rlyelilg closure), while

nking artifacts characteristic of full wakeful ness.
others mglynor rededteemcepkalbgranatmarkerssuchpaea 3«49 sagend episode

ST GPL 55 R 19, BTN G54 s woi
q%lg\z%%l QEEPG&{S%‘P.?Win@&NhEﬁC@JTEHQ HetaBlivélaagfit)Ueplaced the

occurring during situations ich require
wakingi 420 He @ipheewaye)shadkgasuntt thythy. a nmot or vehicl e
or operating machi nery. People who experience

1 crosl eeps. |1y, remsj 2 Of ct - , -
VBB SRl B T BRA o o AEnp £ oot
withMBe Rterf@Rlonnef ahe Biinkitigsaitifadls dharagtadstig of full .wakefulness.

sl eepy driver is at very high risk of having

Dageg deisrosiesp myeatsmi iPadaPess §aaémneﬁn§heae§iﬂ%tﬂ getect and
. | !
BRERARETULET URALTR Bl acr oL s EuRp LR eeh 6 hcrosieep

episolied) asn atoans extrealaty tdangeroud whieni agcutringsduring situations
drivers of such events. 20Several  studies have, u

d .
whighaFRaWTR( FUINUBEQJaRIIERS 18U ASIUNNG 7 BISPENShicie or operating

0 g
AR T eop S AT BRIECS R AR unifif folain LABWARS bt them.
indtéad bglie\angl thereselsesdd diae beem gueke thei wholp time, or feeling a
performance. D sadyapt ageously, these, techniques ,

SENTAA By RAENTGRULEENAHTERN JUTIcl SbYEPANIATLERK AL having an

a§(g3ertlt°dl}rir{§'oé‘ %i??o%lézérbgg iggéi@.fl@éﬁ¥ %%Hi'fd@nféoﬁa\;@oé@ﬁ%d Because of

detect “brie eep events of between 3 seconds
macTosiEepepisodds. A vari ety of physiol ogi cal nmeasures
have been proposed to alert drivers to the onset of

ClipERe abilteteiied Mgt oreha el Ve Re il 28 3 eans of
aRefiEahd WarhingRirawdy dvieérsSofeXRh evients:| osed over a

Several studies have used “quantitative” EEG methods to identify driver
sleepiness. Theta power (EEG waves), and the frequency of theta bursts typically
increase during prolonged driving, and are associated with poor driving
performance. Disadvantageously, these techniques typically average EEG
activity over several seconds (up to 1 minute), and therefore could not be used to

detect brief microsleep events of between 3 seconds and 15 seconds.

A variety of physiological measures have been proposed to alert drivers to the

onset of drowsiness.

One of the most investigated is PERCLOS (or PERcent CLOSure), which

measures drowsiness as the percent of time a driver's eyes are closed over a
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2 WD 2009/ 143620PCT/ CA2009/ 000732 tine period. \Wen a
sufficient nunber of open/closed patterns are

wobiaitgmsel) PERCLOS will trigger an al arm PERGRQSCA200kS800732
at percentages greater than 80% which typically means
that wwthin 1 mnute, the eyes of the individual nust
be cl osed for 48 seconds before an alarmis triggered.
Cearly, this delay in 5 unacceptable in tasks such as

driving a vehicle because by the tinme PERCLOS
tiget PerAds \Whenaa gufficieMenynbor of \anen/cesech attgeRge are obtained,

;
PEASSS' g FBp8 5o, B OIS ol BBl T ot
BSV@\wrﬁchSywi_lcaﬂyt meahs ehatpwithiamt mirutac theoeges of thee tralnddual must
18 T o LG S e

Ahé& eli S%&%%é‘&’&\ Egtﬁmfirgaé vehtdid %%Eé }/r’cﬁe% PERCLOS

U'eco S, ow t hat no eye bl |n
aciivates tre dlarmn@werdnversdvdzlequeadqmaye elﬂtero‘aliemgslleleat ot he on the

veiiserb it aslmpnInesstor dRST A0S, PERCLPS e slow a
ﬁeﬁve all&% Yr gva&ﬂlewabms%oee&sﬂéa ba&ret §n GhdiVRILA, tsQJch as a

e onset of drowsiness, Is the 15 neasurenent of peak
dbvem kexperliendesitbe firgdsighssefrsieepiness.Uni t ed St at es Pat ent
7071831B2. The system descri bed therein includes a

i f gl tacle f - that.
b te@riRarh e ae op dapfies REET A ARRE bullfe BRG records.
aRb eMewbiHatkgornidveyerblinkbi sftkh nébrainugediffg Nmidrodieep events,
carried or worn by operators (i.e. portable devices).

lrwlm:mlug thahibeeyies aremtdrpst partialiy@pedt i on et hod and
device for the detection of mcrosleep events in a

AEUfH ti‘g@ﬁ)l célqﬂeﬁﬁjrgrwﬂchs%eoea%eg Fr]etalgﬁterhénl%befeeﬁeoclosure

rl e m cr osT eép even ages,

ah@QWhﬁth&lId‘m@séd cllertd edrivessieto dheobheet pcm‘r tdadn}vemess, is the
devi ces. BRI EF SUMVARY 25 W have unexpect ed ?/
measssBeRld of aaknplink Melegities, ot dessrbed BadNtgd sdites Patent

76? ngdfﬁ %*s%imbd’ BéHrthé}%{nt mau@'egsa BQMF |a%e§9igggpectacle

erns e eye s over time usl ros
frda'tesd:habmust beaswn b;o’threendlvnmalshm mraiwr diaha)mtmlr e becurrence of

fromthe nmeasur ts i.nto hs and comnparin
eyR RpRS- ¢ W‘Pl‘f%et?ﬁ E'é‘fjd}fé’@w Elafat?%f@@@ rcwgrgg%\égperators (i.e.

pgﬁgg,,grd@mesy_\o 2009/ 143620PCT/ CA2009/ 000732

Thus, there is a need for a detection method and device for the detection of
microsleep events in a subject as an indicator of sleep onset that is able to detect
brief microsleep events, at early stages, not requiring the use of electrodes or

other portable devices.

BRIEF SUMMARY

We have unexpectedly discovered that microsleep events can be easily and
readily detected by measuring the closing and opening patterns of the eyelids
over time using a microsleep detection process, converting the raw data collected
from the measurements into graphs and comparing the graphs to those of stored,

standardized microsleep patterns.
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Accordingly, in one aspect there is provided a nethod

of detecting a mcrosleep event in a subject, the
woredoboeeeonpri sing: - determning a plurality BET/€x2009/000732

openness factors by nmeasuring a plurality of distances

bet ween an upper eyelid and a |l ower eyelid of at |east

one eye over a tine period; - generating graphical 5

representations of the eye openness factors; and -

correl ating changes in the eye openness factors over
Acerrdinghs ipaneoasraat thererisfrspeided anethed of deteslinged microsleep

i ndi catj fit ] I t . et ,
el FF b §0aBEy o1 FREY SERRIET .. doteiifvE e My of eve
op@ntessf fattors dybineasurirnd pleciitydondistarfcesi metwesngm upper eyelid
digital canmera_having an infra-red 10 soyrce is used .
a0 4 IOWEHENEIS Of b (9381 ON8rRY] BVSTR GE PREOT ,a-cg%lmefiaﬁag&faphlca'

- cL St | bBAREes in th

R e o e ECobl e IR ry Al S5 AMRS Lhpges I the eve
opemiagse factosgovei time aingerpdrton withe anetfamnceasye closure pattern
_descri bed above, further conprising: verifying the
ingicadivg b th MigTerleeP&YSNthar act eri sti ¢ eye openness

factor levels by neasuring the eye 15 openness
Tﬁ@‘fﬁé’ﬂlj%d%s Yekbséd aBofE, furthRr tB8MpRislg: Mursinatisg #he FR of the

eye. The eye openness factors levels include at’ |east
sabjeckyand pecordsy befasial iMageey A aligitalesameea thaving an infra-red

i ncl ude on r nor.e openness | eyel s.and.five or
59 Ws 185558 o MvmlBE 58 Fac SHE T ool B b el <

include five eye openness |evels. The eye openness
The\téthod! 8s ¥esehbed adov farthBr eBrpriekg: iddiRifdh@ ke @%/@fand the
the 20eyelids, partial or closed eye, and opening o
eyeligsdyelisiag a fapial fastuwerecagnitien @lgasslmabove, in which

the eye openness factors include five successive eye

lev < the u j $1.0 : [

TRETARERE. 5 ros s RER flih e o8P pAEhar Sefityld' g pSsence of
midreskeepheobaifadtdristic epapspesinegs fhetar tavelndyadaeaswingl the eye

eye openness factors if | ess than Lbé? successi ve e

ye
op&RRstniasorsaRs & fynelien ofaiee Jef e Pk Crrle pkflifogyeasThe eve
ofERHUILRELGRONR IS WARK ROBBE! BdTeyE Rt RYEI.  The eye
pening and eye closure representative curves. The eye
opéarsessefactys éscodeatoneeorcmore eyarapenneps tiedklsi anddive or less eye

negative slop and a second Qger .oéénqnim
OP;%%?%%SSleaﬁ sapﬁhﬁe%vq ep@ﬂ%e%yga f?fén'ﬁe Srii¥g §¥s QpennRss levels.
T 5/ SR SRCT FB BT 8O0 B LB I $pete: dhe slogure of the
efelcdspparta er clospdteye, asd vgeninga¥ithé egebdope and a

second order polynom al regression applied to the eye
enness factors, o he f.ourth and fifth eye nness )
TRE TP oP 78 e SohE ARPHBIRMAIER LIS CHRSRCERRGS TACIOR InBlude five
sWUEdeskiVendyd bpeMicsseIBeElsOthessd asitiab BeRitton RE Mhé Bvénévels being
closing representative 5 curves by conputing the

indicativen of oBTigrosleent ahrradierigiss. cl dder enetpdeseribat i Gamprising:
d‘e‘férr%ﬁﬁn@” 4Jbittﬁoq%"1”eg(/et %géﬂﬁ%% rfééto%mjf ﬁe%g.ofﬁ%neﬁ\?e successive eye
actor |é&vel's an i ng

opennes he éye open

opemesseatrilewvels arevdstesteidh regard to the fourth and
fifth eye factor |evels. The subject is infornmed when
ients are greater. than or_equal to

ngglpgtgg{jzg%d%g%flt{#%g%@, furthgr remprising: computing eye opening and
eye closure representative curves. The eye closure representative curves are
computed using a negative slope and a second order polynomial regression
applied to the eye openness factors of the first and second eye openness factor
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10 The net hod, as descri bed above, in which i mages of

the face are sanpled at a frequency of between 10 Hz
warnwIs@d20 The net hod, as descri bed above, furP@ECA2009/000732

conprising: a sub-process for detecting mcrosleep

characteristic eye openness factor |levels at an i nmage

sanpling frequency of 20Hz. The sub-process conpri ses:

verifying that a first level is 15 detected by

confirmng the presence of a series six or

leyglsc e Jiev By@ yapenyiich iaeiors 368 GOSRBEH i @ HQSF'MG aslope and a
cpo% SPS/GI%H go%edrml%m)%re?%o Ileetg fRROY fef F)Hﬁlgé’@sr factors of the

onpr second le et ect ed
fduythcandli fifth ryet bpemiessefantorofevels erThes retinodofurtner ecomprising:

successi ve decreasi enness f.actor
VR RGATes PrRae, BbaTSIRRED P ARENING AR FRTISY gpresentative
@/Eéfﬁﬂ) B8m ?Uﬂﬁﬁ; qhk mééjrsbﬁvc%efﬁﬁerqeéieﬂ{eegy@klé‘élﬁé' r’éfﬂé&ntatlve
presen 0 series of a mninmmof five and
cmm)es muth efgacth ko mmfdstedndusdcmméayq opeoness faptordgeels and the eye
enness fac

OPE 08 PP ESRBIALE VeI JRoRI O RARS SOW B APR TGV (Egtor levels.
THSEH n‘L %%f@ﬁ’ﬁ@d Wﬁe‘ﬁ&hb%a%@ﬁ%@ﬁ‘ldgnt@ a¥é 1grééteiaftha"@h or equal

m ni four 25 successive eye openness ctors
tora eredataovinedghrbsbold walde.above, further conpri sing:
verifyi ng that a fifth level is detected by confirmng

ThinBhER7ES drBonfed Hbot8, Rl BABE i e o spppled at 2

fr@&@éh@b’@f betWEeR @2 438 HOPET/ CA2009/ 000732 The net hod,
as described above, further conprising: alerting the

subject to the presence of the mcrosleep event.
The coethpd gas deapidharkabave defther ¢rImprising pa SWPcRIgegss for detecting

e | V1iC
nﬁ%r%@%b gﬁar%é?é}stlg E? 6%%%‘%2&1% i éstagn lmagge sampling
freagéndy off@@e. OVitle subprofess sou’npﬂsés verifying that a first level is
detected by confirming the presence of a series six or more successive eye

openness factors corresponding to an open eye.

The method, as described above, further comprising: verifying that a second level
is detected by confirming the presence of a series four or more successive
decreasing eye openness factors. The method, as described above, further
comprising: verifying that a third level is detected by confirming the presence of a
series of a minimum of five and a maximum of one-hundred and twenty

successive eye openness factors.

The method, as described above, further comprising: verifying that a fourth level
is detected by confirming the presence of a series of a minimum of four

successive eye openness factors.

The method, as described above, further comprising: verifying that a fifth level is
detected by confirming the presence of a series of a minimum of six successive

eye openness factors corresponding to the open eye.



10

15

20

25

the sanpler having an infra red source for

illumnating one or nore eyes of the subject; - a
wor@popsecessor having el ectronically stored tPEr/€Amoano0732

el ectronically executable mcrosleep detection

process, the m croprocessor being connected to 10 the

sanpler for receiving the sanpled facial imges, the

i mages being electronically converted to graphi cal

representati ons of eye openness factors;  and .
The Matoeg. as Seecihast ohpy® LHECTCEMBEEBIRSigiing the subject to the
prgsgﬁ&-?/ofﬁ\éirﬂ%réélééﬁévgﬁ‘@f ein a plurality of reference

eye closure patterns for electronically correlating 15

the eye openness factors with the reference eye _
Actardimgetq anbthetsasped, therecis, prayidask @ mMie@slaspy event detection

further conmprises.an alert connected to the
deyics, B?QE&@E&DWRHS"&Q-HH ng the subject to the

m crosl eep event. 20Accordingly, in another aspect

t her &5 igciar ipvigéeshrmplee foroshrapliry icidl ngagey @vectime of a subject,

operator to a mcrosleep event, the nmethod conpri sSi n%:
theesamplenihaying an infea req serrceytor diERnaLRg ofe B B'asg eyes of the
S@gauri ng a plurality of distances between an upper

fd and a | ower eyelid of at | east one eye over a

ti e pemi@dprodess@enaviayi elgcoripailc storedptheseint an iedeatronically

of the eye openness factors; orrelatin cha{)}%ﬁs i n ted t
exaraitalle raiseasiRandetestion ProRass. § me(?fﬂef%gﬁ%rd gFognected 1o
thle®'s H?ﬂ&e ﬁyeréaeﬂﬁhgleth%atéa‘?ﬁ el NEAGAL Iinaget, 1the images being

m crosl eep event; and trigdering an alafmso as to
elateonicaie copeeredrtot graphizahirepresestations eoft eye \apenness factors;

2009/ 143620PCT/ CA2009/ 000732 Accordingly, in yet
anfhot her aspect, there is provided a nethod of

corr gl3thBe, SSSeciedHtn L RSbBRILBIbL, BRE&MbIy Bi¥ing stored

cl osure patterns, the nethod conprising: neasuring )
thielsin zan g |LEGIBY ofoneferEoep eyeatalesure rvattqns?mq electronically correlating

determ nin luraljty of eye open f by
t%%???{ﬂ‘e%sgﬁgtroﬁ vatb t%‘? r%feae%/ rkctea%@eé]gélzrtevﬁaé{’]eqéﬁ' upper

eyelid and a | ower eyelid of at |east one eye over a

time period;
The device, as described above further comprises an alert connected to the

microprocessor for alerting the subject to the microsleep event.

Accordingly, in another aspect there is provided a method of alerting a vehicle

operator to a microsleep event, the method comprising:

- determining a plurality of eye openness factors by measuring a plurality
of distances between an upper eyelid and a lower eyelid of at least one eye over
a time period;

- generating graphical representations of the eye openness factors;

- correlating changes in the eye openness factors over the time period with
a reference eye closure pattern indicative of the microsleep event; and

- triggering an alarm so as to alert the operator to the microsleep event.
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generating graphical representations of the eye

openness factors; and correlating changes in the eye
wop®anessso factors with the EEG and EOCG m cr os| BEPCA2009/000732

patterns. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

Enbodi nents of the invention will be described by way

of exanple only with reference to the acconpany

drawi ngs, in which: Figure 1 is a block diagram of

a mcrosleep detection deyi ce.accor

( ' t .
Aptoigiighatin V&t BRBIGET AERECotharRds Bf%g%& 4 MebR o porielating EEG

aﬂ@‘é@@ n%#déﬁeﬁﬁé‘tt&ﬂs@vi%@}@hl%%h e patiiths, el rﬁeﬁo?'hcgitﬁlprising:

I agram o crosl eep event detection process
may be used by the device of Figure 1; Figure 3A and
- BRasusng BGrand EQGewicresleem pattaimsyin @subjeste (Fi gure
3A) and the fully closed eye (Figure 3B) with their

i. d ; f X ' ' i :
- REBG YOI MR, ehRE, FROLLES Ak o pifatty of
disfhcR¥HeMBBAGTSUH Bt SYelidsard & Uower evelief ot atmeakbona eye over a
blink cycle; Figure 5is an illustrative exanpl e of

timeerem@di y cl osed eye (period L4 and L5), at the noment
of a microsleep; and WD 2009/ 143620PCT/ CA2009/ 000732
-Gy o BpPicet LR b Molkye GeERs foctory gnd
sub-process that may be used with the mcrosl eep event
-dedreelation grangessinotheFieyer epéniens factorsageths theplBEg and EOG
frequency of 20 Hz. DETAI LED DESCRI PTI ON 5GCenerally
ng({rgglg&p F%/%@r%n-l imtative illustrative enmbodi ment of
the present invention provides a nethod and device for
the detection of microsleep events in a human subj ect

BRIEFDESCRIPTIORIOF THEODRAWINGSSUr e patterns of at
“Teast one eye, typically both eyes, which occur during

ERBIdARERRP of e tiSvention will be described by way of example only with

reference to the accompany drawings, in which:

Figure 1 is a block diagram of a microsleep detection device according to an
ilustrative embodiment of the present invention, the device being used on a

subject;

Figure 2 is a flow diagram of a microsleep event detection process that may be

used by the device of Figure 1,

Figure 3A and 3B are schematic views of the fully open eye (Figure 3A) and the

fully closed eye (Figure 3B) with their associated eye openness factor;

Figure 4 is a series of schematic views of an example of the variation of the eye

openness factor as a function of time for a blink cycle;

Figure 5 is an illustrative example of the fully closed eye (period L4 and L5), at

the moment of a microsleep; and
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During mcrosleep events, neasured by EEG and ECG we
observed a 10 progressive variation of the distance
wheimees2@an upper eyelid and a | ower eyelid of PEI/oap@m000732
subj ect over tinme. W now descri be hereinbel ow a
met hod and devi ce, which provides conpl enentary
evi dence of inpending sleep in drowsy operators, such
as vehicle drivers, airplane pilots, air traffic
controllers and the |ike, .usi eye closure patterns
Fighre R wnarflanedizgram °£|aewg°§@g8p§v)"%ﬁsﬁeél§ﬁ? ?‘?/FoOPe””éSS factor
n St i efre Iy S u | event
B B O e e VI, e ibrosleep ove
detettiore proaeise i Fég et for as.image sampling firauansy 0f @6t Had
for the analysis of eye closure patterns allow ng the
differentiation between a normal eyelid closure and
QE& E | ss. Referring to Figure 1, there is
a mcrosleep event detection 20

device 1 ich gener.all rl.Ses ' ' e
G?Hﬁfﬂﬁllé!r s%@ﬂ}“’;beangpglmlétlv aﬁ@‘gﬁaﬁ\% %@‘éﬁgﬁeﬁtm the present
inJERMEH BFRAEIA GBS §6vidd for the Nets CtINOSBFNOSIZEP events in
wi th an associ ated nenory 108 and either or both an

adiuman gubjsichpased amthe apalysisueipeite rlostre fattennsyof at least one

Thys,. i ne exanple I . i t hod
eqgitngoeleBaBFEE ThEn SR S bRe BEERRE sfefe ocp

event in a human subject. The nethod conpri ses:

Ddehg' FicroBep RVENE, i incaslirery eryoEBGesmdl HDGI swby observed a
measuring a plurality of distances between an upper )
pwgEessive Mariationakihecdisiange retween @asPrsieYs)d and a lower eyelid

o1tg %égbﬁrﬁmlahys%é@t BYEC i YG\Z’VeaPB%eQ&TBeO%ér&ﬁBSIBW bNfhethod and

cal presentati ons o
dé\ﬂg@/ Wh%ﬁﬁmﬁ@%@&@tma@ thideaye afpmpessing aleepr iv; drowsy
and correlating changes in the eye enness,. factor
oBRIGHOTaEUEh A5 TR PG BTHENE RS By BalicoeantEbliers and the

IR s eV dicsatd B5tteinst WRidWRER Hetsdle @Y BMrts sleepy operators to

unsafe situations before eyelid closure occurs, thereby correlating EEG and EOG

microsleep patterns with eye closure patterns.

Also described is a method for the analysis of eye closure patterns allowing the

differentiation between a normal eyelid closure and one due to drowsiness.

Referring to Figure 1, there is shown an example of a microsleep event detection
device 100, which generally comprises facial image sampler such as a digital
camera 102 with an associated infrared source 104, a microprocessor 106 with
an associated memory 108 and either or both an alarm/display 110 and

input/output interface 112.

Thus, in one example, there is described a method using the device 100 for
detecting a microsleep event in a human subject. The method comprises:
determining a plurality of eye openness factors by measuring a plurality of
distances between an upper eyelid and a lower eyelid of at least one eye,

typically both eyes, over a time period; generating graphical representations of

8



10

15

20

25

In operation, the digital canera 102 is ained at the
face of a subject 10 and 5 illum nates his or her eyes
wda 20004430 t he infrared source 104 in order to BEL/E€ARGOHE00732
the eye openness factor, i.e. a value representative
of the distance between the upper 14a and | ower 14b
eyelids. The imges taken by the digital canera 102
are then processed by the processor 106 which executes
a mcrosleep event detection. process stored on

thgseys PRepaesfefastors 1 08d agswiating ebangss b the exe openness factors
O\E%e (© Y ltﬁtg% pene;f@?jlt r\#ltlhh% %@F&%eeége e(‘,’ISQGred?aﬁéFd ‘?Hdlcatlve of the

vi ce orm the user a mecr eep event
mivfoleep@Rentg an integrated alarmand/or display 110

or provide the information to a further process or

devi ce vi the nput / out interface, 11 s 1o
'%ﬁ@%@‘?ﬁog‘? SgitabicaBeTao i i et 8 é&&eﬂf ?oSltbﬁ%a 10 and
|IIUhﬁr‘iét§s‘F\ O?H&”éyése‘i2%‘s|r@”th@qmr§|%d1&91r§é'q|043ﬁ orfléf to determine

exanpl e, a user i1nterface and 15a w rel ess
tt'ceoaym ppeanésmfattor te. aRelus répigsentative ofithrdistance hefween the
a m cros

e B ot AR AR 5L P gl camera 102

afX et %Po&)ésbﬂeoyoﬂ% DP6UssbP B 08f whith Bk&¢R8S _EMIENRMep event
detection device 100 of Figure 1. The steps of the

detecties processastored dre disedsdpciaied orenrop 148. Adpon Hedection of a

RSERSeR: ettt A R TR B RO B piprm the user
of aMRlictodiBdp it Hydtigdjerign®d antbgrate@YalaAnarel/omaispiay 110 or

at a frequency bet'ween about 10 and 60Hz (i.e.
p@a/nqﬂ ithg infarmationy o atfughee wrooess tqtiedﬁvlﬁée‘s@ $hsp input/output

A 1129 14, D008 e SR e o e

m@%blamd defdction alelvivel F00 §@ctt & efor exagpié izouser interface and
al gorithm executed 25by the processor 106. Then, the

agyeeleyseppraawIniGatioprdgviCe onput ed. Referring now to
Fi gures 3A and 3B, the eye openness factor may be

R@%}FI g%ﬁﬂv ik F&/d?é\fzrtﬂel% % Htﬁvrjpgt @Jga;'%ag\’el?f §5RikddMep event

y open see Figure 3A
deteeties @ndcers 200 tHdtymay beeeleetymldéllly( exrUted lh)lydhe Brocessor 106

ol dnisEpaIne ke drtcendBhetin e ihpbhe sigps of the
protees TRkl gﬁ@@@%%&%%z%az?Qtdmé?bﬁfce%é%@yﬁbhg%t block

p03|t|ons in a tesian representation (X Y)
202 flgr mphmgaasnulmaga‘ of the fagel of aseibja) el CDusmng;e dgital camera

1@&%6%%';1 DOSI ! I@i&wp%n)wpledn‘&gglstqtoe‘ fr%)gHeQ% getween about

1b0a1M°d 608 P@Sééme%g( ﬁéqt{éﬁcya}nﬂt bloek 204, -‘thélﬂﬁé&éﬁ%tzoo identifies,
per i dp03|t|on (xI',y1)'= instant | ower

nrptba sampled(ddgltqtuynaeeutipﬁaeye i@ pudeyelids dda niﬁ(b @ﬁmesy-@bject 10.

Tﬁ&err\]w'gg gccgrﬁéq%\le?dl lﬁSlhg farcf‘Hl qe%?%éu ﬁ'ée&g; El“tﬁorg?@' EH% 6executed
by fite praveessr v@s.i Thers thé ef/@ epehhessiaeey isbampaited.i stic
eye openness factor |evels are present.

Referring now to Figures 3A and 3B, the eye openness factor may be expressed
as 8 having a value between 1, representing a fully open eye 12 (see Figure 3A),
and 0, representing a fully closed eye 12 (see Figure 3B). The value of 8 may be

computed, for example, by dividing the measured distance between the upper
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10Referring to Figure 4, there is shown an

illustrative exanple of the variation of the eye
wop@aness f actor as a function of tine for a bPCTIKA2009/000732

cycle. The blink cycle starts at tinme t1 with a fully

open eye 12 (eye openness factor 6 = 1.00), at t2 the

eye openness factor remains at 6 = 1.00, then

decreases going through 6 = 0.80 and 6 = 0.50 at

ti andt|+1 unti |l it aches 6 = 0. at tJj
147 0RUPWG" b udlyRositans i GagesReePrRaeBIa 0T hy 2
;%)Dat Husmes tk and tk+i,
n:'tf'jgllre(ﬂlgégnnéargeua?gr?zgnl %ﬂf_ily?)poeg ai nTat t. is to be
under stood that the blink cycl e illustrated in Figure

4 for illbs(upentied positprse,,yo)l -y laver lidheosition aqy)aD,
cycle woul d conprise a nunber of sanple tines

B TR S B A B B -
RS T a8 T 2 U 2, 97 e

péé«iﬁ@l@%’é hié@(lﬁ\@h‘ﬁéyie opénihg akh8-(x,I ﬂ? =f lotvek Ild%sit@ﬁtat maximum eye
| evel s, L1 and L5, are associated with the open eye

opeénieg. 8 = 1.00), the second level, L2, with the
cl osure of the eyelids, 14a, 14b (i.e. 0.00 > 6 >

Iﬁ%&eq? p%|6 g%‘fr? iﬁ? ﬁ%‘:‘}%ﬁ% eatt {bﬁoél{‘bgg B]%VBLocé% \@ iﬁ@stif‘?ne microsleep
cexraatiriglic @yd dpennbss fautel leveld arsiprdsdrite 250peni ng of
t he eyellds l4a, 14b (i.e. 0.00 < 6 < 1 OO 6

increasing). Referrin ain o Fi gure rocess
Rofioring fe idirara, 11416d RBoUNan Jiueiaiie gramele G the aRaton of the

ege %@Eﬁggszg % rf%;azfgﬁctldr{/\if%e fbf aIiPk&§RR. BaeKplirk cycle starts

next

a o/ 143G aHGy Gp2009/e00D (8ve iopegressifigdter 5 At 1 lﬁ)IOQ)cekt t, the eye
208, the ocess conputes the eye closure 21 or and
oegrenegﬁefﬁpﬁxg remagis atro FepP@stban dacieasass geing thﬁ@ugiyé 080 and

7Y 455 e opuBERIRsR aar 0g8l ol Bmed Hulhosed eye 12),
agg_g §FFPELRETBIR] oG ¥2)0 50 S 8Y oYtk ¥ afyd e, unt

where Y i cted outcone val ue or

it meehohnsna al1.00aghinvat th |r BYvdsumderstoelf that thet Isllrd(lcyohe ﬂlustrated
for each degree. and Y|ntercept dl; which is ap
in 6lgv%4é9e'lla§mgum9§?w %ﬁ'@l%a@tH@ wa%w%ﬂjcompr'se a

nﬁgﬁgfﬁg&%ﬁg%"t‘ﬁﬂeéﬂépéﬁ&hgsgé%&ﬁ{p‘fe frb&ﬁencjﬂfl and L2. As

opening repr ntatrve rve 25 or 27,
it is conputed usi ng positive slope second order
Rptérylngmiow torféiguees§, thesapgphipeded eye bpeppesofaetoresas a function of
actor the fo nd fifth enness. :
tifig o DedGBISeriEtin § graptmnis Ak e dhnatRbRa a6 zag by five
sBERRERE 18¢81sV e ithiles THe HiRE dMCESEIRER, 21CaRPEB] Age aBdociated
closing representative curves are present. This is

wibdbapdperheye Hirec ormp ttdMgtheheeterd favel,cloaf witbitbatglosure of the
eyelids, 14a, 14b (i.e. 0.00 > & > 0.00, 6 decreasing), the third level L3, with the

partial or closed eye (i.e. 0.00 < & < 0.5 for example) and fourth level, L4, with the

opening of the eyelids 14a, 14b (i.e. 0.00 < § < 1.00, § increasing).

Referring again to Figure 2, the process 200 detects all five levels, i.e. L1 to L5, it
then proceeds to block 208. If not, it proceeds back to block 202 for the next

10
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where X and Y are positions in a Cartesian

representation; of the eye closure representative
WwW@ewa43820 or 26 with regard to the eye opennesBCT/Qatip/o00732

conposi ng eye openness factor levels L1 and L2, and of

the eye opening representative curve 25 or 27 with

regard to the eye openness factors conposing 20 the

eye openness factor levels L4 and L5 I f both Pearson

coeffi Ci ents a er or equal iven thre | d
AR SREP I g B0 G REOCRSRPIT RS B EYE e 2 fof 26 and
ng;e% t t PTRE eSS Ife trapresentative
eﬁ gng z;gorm %tré’@%gggtfaggﬁpour{./és Fi 1rl;g‘sl Y, zﬂ&@ ockp
cai@, 21 her m&rwsjoeqqmtedeuﬁmgmmtwensldeeu gecargD ofiggr polynomial
mformk HF the detection of a mcrosleep
reAIesRIO (RAralg %C't‘WS '1% egrated 25al arm and/ or di spl ay
110 or provide the information to a further process or
devi ce via the inpuy/-ogj puf, X ntggnf?ace 112 (see Figure
1) using, for instance, a wired or WO
2009/ 143620PCT/ CA2009/ 000732 wi rel ess
Wh@rfé&’dmmp&dlﬁéﬁ QuteRMe M@ for th%,pogg@,wpbmodel with regression
i$.to be
Cgéﬁggltreg%od e? EH dgggerés%ﬁ&go'g J:%:Fl)tedrsl]t threshold is
not neant to be restricted to 0.9 and may be adjusted
whichsisigpplied ds ithe éye @pendess tadtersetomposingyhes fifst @ndaggeond eye

ogg end! %%;cgrn@;/glg-rhgsgl Utrlgo Egg: eAtszg:trqbgl t){aegoﬁ%@@rgargﬁresentatlve
CEJR/%S% s by cul @r c&)ﬂﬁﬁfe‘dahéiﬂﬁs &4ifvd Wb éjk*,éablhd)rbrﬂér pe/nomial

eyel1d conplete or partial Closure an re- Oﬁem@g
regressipn epplied Q theheyeegpemiassifactopacompasingdhe dewdh and fitth eye

ORaES, e, RIS o o4 e, OB . Badiofi 71D, Ae! Scess 220

vEBRRE tHe nhf:ro%léept 'é?ea@@é/iﬁnéoé}fd: Wositd)@BpResehedtvel eees are
I's detected anpl e m crosl eep characteristic eye

prasenh s fwwwlw@déoyanoramutmga@@ Rearpen sgefliciaieicy
of 20GHz Referring nowto Figure 6, there is shown a
fl ow diagrama microsleep 15 c&ac istic eye
openness factor | evel e%g; gﬂ"ocess 300 t hat
may be executed at bl 6 of prgpess 200 |n or der

t 0 d et ec t rt=ﬁ e }, T . .........
characteristic penness - o e> 31 to
L5 (see Fi gur’d x or an |Mge S ['ing frewency of
20 Hz The steps of the sub-process 300 are indicated

w re OCk 3a% posﬂ%%g in a Cartesian representation;

of the eye closure representative curve 21 or 26 with regard to the eye openness
factors composing eye openness factor levels L1 and L2, and of the eye opening
representative curve 25 or 27 with regard to the eye openness factors composing
the eye openness factor levels L4 and L5. If both Pearson coefficients are greater
or equal to a given threshold such as, for example, 0.9, then the process 200
proceeds to block 212. If not, it proceeds back to block 202 for next image
sample. Finally, at block 212, the microsleep event detection device 100 may
inform the user 10 of the detection of a microsleep event state via the integrated
alarm and/or display 110 or provide the information to a further process or device

via the input/output interface 112 (see Figure 1) using, for instance, a wired or
11
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20At bl ock 301, the sub-process 300 verifies if the
first level L1 is detected. To that end, the
waaipsweess 300 checks if a series of a m ni NROT/CA2PR00732
(6) successive eye openness factors having a val ue of
8 =1.00 is present. If so, the sub-process 300
proceeds to block 302, if not, it goes back to bl ock
202 of process 200 (see Figure 2). 25At block 302, the
sub-process 300 verifies if the second |euel L2 isS,,_.
wiigieeb  Blpcomsmumigt e dnk sshs - To7 seeawlaolistadis WiFi 2nd the
iigeries of a mnimmof four (4) successive decreasing
eye openness factors having val ues between of 6 = 0.99
WD 2009/ 143620PCT/ CA2009/ 000732 and 6 = 0.01 is
It gs de doet undérstand thad theRearser seclioenitbasbeld isonel egant to be

303, if . | .
Dackla TP s SR YA 1G 081 00 FRTSRE B8 1 may
aBBWar e abpehding fontthe reblution ¥ #le digitalscamréract0x(seBFigure 1).
that end, the sub-process 300 checks if a series of a

m ni mum of five (5) and 5 a maxi num of 120 successi ve )
TheceypeHomiye pakeidr & Hhasedgon thesgeparticylar gbggyvatons closing,

SRR oy U DS )R BiPrestspg Pl
tHes@ge Eloguresp@iernAndibateska pdgressive dabreasingefolioBod by a baseline

verifies if the fourt evel 14 is detected. .To that
peried whese J08 qyelide e Boly° CRsek encithanaa e aRenif T 31 the above
| IAER : ccessi ve increasing eye
O%%Qhnesggbg%?g&§$ﬁ§€%ﬁgj%glues between of 6 = 0.01 and
8 =0.99 is present. If so, the sub-process 300
proceeds to block 305, if not, it goes back to bl ock
202 of process 200 (see Figure 2). Finally, at block

E305, eth sub- LICeSS 3qgr.ver|ef| es |f_eE Eef fgofgt%&%lgvgg an image

S SMBAKS frefun&ebi BIGAE a mi ni num of six (6)

Referring now to Figure 6, there is shown a flow diagram a microsleep
characteristic eye openness factor levels detection sub-process 300 that may be
executed at block 206 of process 200 in order to detect the presence of the five
microsleep characteristic eye openness factor levels, i.e. L1 to L5 (see Figure 5)
for an image sampling frequency of 20 Hz. The steps of the sub-process 300 are
indicated by blocks 301 to 305.

At block 301, the sub-process 300 verifies if the first level L1 is detected. To that
end, the sub-process 300 checks if a series of a minimum of six (6) successive
eye openness factors having a value of § = 1.00 is present. If so, the sub-process
300 proceeds to block 302, if not, it goes back to block 202 of process 200 (see
Figure 2).

At block 302, the sub-process 300 verifies if the second level L2 is detected. To
that end, the sub-process 300 checks if a series of a minimum of four (4)

successive decreasing eye openness factors having values between of 6 = 0.99

12
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15 successive eye openness factors having a value of 8
= 1.00 is present. If so, the sub-process 300 proceeds

W o00bhiessko 208 of process 200 (see Figure 2), tPEI/CA2009/000732
presence of all five (5) mcrosleep characteristic eye
openness factor levels. If not, the sub-process 300
goes back to block 202 of process 200 (see Figure 2).
It is to be understood that the nunber of eye openness
factors used to detect the 20 presence of eac

and 803 0ddp pearantdf spi eisibapiocepe A £L0¢ %'@%PO& if not, it
arL e 1ok 264 Bl Geet AU BR FiuE ™, e o ree

only. It is to be understood that the nenory

Thasrs oati Hoekl 3W|BI fhelt klﬂ)—p'rmesp;mmmsaiﬁ thie third level kBay detected.
contains a pluralit reference eye ¢l osur. t

TG Ros e Bbbatsch o RS SRS SRR B anc
o BRI O bRl S P UE A8 PBLEAD - 000's

peRent NEsa thensubspacesy 300créteddsigthblock J0de dfemdt, it goes back to
i nventi on has been described by way of a particul ar

blegk 392 REProcafs 20hiRsedaduigetleof , it shoul d be noted
that it will be apparent to 13 WO

Aﬁ?ﬁa‘%ﬁ(ﬁg{%’iﬁﬁﬁgﬁ[{b%%%% @907 ifi%%fiﬁl‘t)r!i@g&hm \eadi iLa i%fwettected. To

cations may be applied to the presen
thadrarid; uther sebdpooceasnB00i chemks iepasariesgof rominineurscopdour (4)
of the present invention.

S%@Qﬁ&’_@%?m@@ﬁ@ﬁ@%}z’?@ﬁ haying Aalhgs,Batwsen of 5= 0.01
alqc? 58619895 %rége%rt.ol? IsS?&eesVLﬁo%chcgs? 365kﬂr88éedst {36188k Bﬁg if not, it

goes back to block 202 of process 200 (see Figure 2).

Finally, at block 305, the sub-process 300 verifies if the fifth level L5 is detected.
To that end, the sub-process 300 checks if a series of a minimum of six (6)
successive eye openness factors having a value of § = 1.00 is present. If so, the
sub-process 300 proceeds to block 208 of process 200 (see Figure 2), the
presence of all five (5) microsleep characteristic eye openness factor levels. If
not, the sub-process 300 goes back to block 202 of process 200 (see Figure 2). It
is to be understood that the number of eye openness factors used to detect the
presence of each microsleep characteristic eye openness factor level may vary,
for example according to the image sampling frequency and are meant as

illustrative examples only.

It is to be understood that the memory associated with the microprocessor as
described above, contains a plurality of reference eye closure patterns stored
therein. The graphs as illustrated in Figure 5 are compared to the reference eye
closure patterns. Once a match is found, a microsleep event is verified and the

alarm is activated

Although the present invention has been described by way of a particular

embodiment and examples thereof, it should be noted that it will be apparent to
13



conprising: 5- determning a plurality of eye openness

factors by neasuring a plurality of distances between
waeooapgseo eyel id and a | ower eyelid of at | easpCDO8289/000732

over a tinme period; generating graphica

representations of the eye openness factors; and

correlating changes in the eye openness factors over

the tine period with 10a reference eye cl osure pattern

i ndi cative of the n1 osleﬁ@ event

F

pxsior s o ST B PPl pafhepresent
Frvention.
P Z5uAREMEIAILER: AHALA oncilita IBAPILE, Seor Smepresent
digital canmera having an infra-red source |s used to
illTumnate the face and to record the facial inmage.
4. The method, according to claim1, further
conprising: identifying the eye and the eyelids by
using a facial feature recognition algorithm 20 5.
The nmet hod, according to claim1, further conprising:
verifying the presence of mcrosleep characteristic
eye openness factor |evels by neasuring the eye
openness factors as a function of tine for a blink
cycle of the eye. 256. The nmethod, according to claim
5, in which the eye openness factors |evels include at
| east one eye openness |level. 7.The nethod, according
to claim5, in which the eye openness factors

14
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i nclude one or nore eye openness |levels and five or

| ess eye openness levels. 30 WO
WQRD9N4363620PCT/ CA2009/ 000732 8. The net hod, BCT/OAZ0HGO0732

to claim5, in which the eye openness factors include

five eye openness levels. 9. The nethod, according to

claimb5, in which the eye openness |evels are

5associated with an open eye, the closure of the

eyel ids, partial or closed eye, and opening of the
Ceéﬁlids 10. The nmethod, according to claim1l, in

the eye openness factors include five successive
eye openness |l evels, the sequential detection of the
five 10l evel s being indicative of mcrosleep

1Chaf,§CFrFe&hc§d'édeete%&n Themigbdieep @ M 20 sbjest atis method
further conprisin determ n| ng additional eye

ccnmpnmags factors if less than five successive eye
oD g L oE e SEFEb B a7 Bt 7 ragirna a phrainy
oﬁcﬁ?@éﬁ%{a@%eﬁ)f@eﬁ@ﬁm%r 2EIi@BAdH RPWEr eyl Iof SR iRl ione eye over
a time period;
- generating graphical representations of the eye openness factors; and
- correlating changes in the eye openness factors over the time period with

a reference eye closure pattern indicative of the microsleep event.

2. The method, according to claim 1, further comprising: illuminating the face

of the subject; and recording a facial image.

3. The method, according to claim 2, in which a digital camera having an

infra-red source is used to illuminate the face and to record the facial image.

4, The method, according to claim 1, further comprising: identifying the eye

and the eyelids by using a facial feature recognition algorithm.
5. The method, according to claim 1, further comprising: verifying the
presence of microsleep characteristic eye openness factor levels by measuring

the eye openness factors as a function of time for a blink cycle of the eye.

6. The method, according to claim 5, in which the eye openness factors

levels include at least one eye openness level.

7. The method, according to claim 5, in which the eye openness factors

include one or more eye openness levels and five or less eye openness levels.
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13. The nmethod, according to claim 12, in which the

eye closure 20 representative curves are conputed
waiging4mnegat i ve sl ope and a second order pol REDEAAI09/000732

regression applied to the eye openness factors of the

first and second eye openness factor |evels. 14. The

nmet hod, according to claim 12, in which the eye

openi ng factors are 25 conputed using a positive slope

and a d d I 1 al [ lied t
8t he he TopeARcasoPinGAS rin R NONPIH M VP PReUjpss factors
i 15. Th t hod, di t
mgﬁglg%ﬁl%%gemét?ﬁgﬁg\c@;%?'i si ng: Semefyiong ?ﬁgogowgseﬁce

of mcrosleep eye opening and closing representative
oo MR At R0 ARG e e itets re
a<dYe1dd IR ORI ENEY8AHRAIdS Felct dRe eyeiud, iparfidlrosiclaved eye, and

second eye opennes$ factor |evels and the eye opening
opapng oétheagyaldscur ves with regard to the fourth and

fifth eye factor levels. 16. The nethod, according to

claim15, in which the subject is informed when 5the

16Pear sRE Mediod] Gicebidingté garatErint Waithothe@yal openreess factors
_predeterm ned threshold value. 17. The nethod, ,
ingligler fiMengUeaeseIVei eHE3OPERNGAS: IeNelsniifegeqyentiab delpadion of the five

R e e R S

conprising: a sub-process for detecting mcrosleep
characteristic eye openness factor Jeyvels at an im -
v B 18, tJurtK o%?ermlnlng

18 anpl hegmethedieAEGOEIND dRy claim er comprising:

additional eye openness factors if less than five successive eye openness factor

levels are detected.

12. The method, according to claim 5, further comprising: computing eye

opening and eye closure representative curves.

13.  The method, according to claim 12, in which the eye closure
representative curves are computed using a negative slope and a second order
polynomial regression applied to the eye openness factors of the first and second

eye openness factor levels.

14. The method, according to claim 12, in which the eye opening factors are
computed using a positive slope and a second order polynomial regression
applied to the eye openness factors of the fourth and fifth eye openness factor

levels.

15. The method, according to claim 12, further comprising: verifying the
presence of microsleep eye opening and closing representative curves by

computing the Pearson coefficient of the eye closure representative curves with

16
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1519. The net hod, according to claim18, in which the

sub- process conprises: verifying that a first level is
wa@ledoeasseb by confirm ng the presence of a seriBGI/€A2000000732

nore successive eye openness factors corresponding to

an open eye. 20. The nethod, according to claim

19, further conprising: verifying that a 20second

level is detected by confirm ng the presence of a

series four. or nore successive dec sing eye enness
e gp € st et Seomike YR APOBRSSS O 1P0e B S1dEDSYS opening
rdHES RO BBACSIVIE roid b ifolitAlard) fiH gk I1aYRK ldvels.

tected by confirmng the presence of a Series of
m ni mum of five 25 and a maxi num of one-hundred and

ot notie HEEBRGPHEP TS RETANS 3. HFbRET e siiediif prormed when

tneepeéwoﬂgcdéfﬁéleﬁtsfQrtérgrfealt@vtﬂbnlcﬁ @kﬁla@qb%dpkédetermmed threshold
confirmng the presence of a series of a m ninmum of

valggr successive eye openness factors. 30 WO
2009/ 143620PCT/ CA2009/ 000732 23. The net hod, accordi ng
to claim22, further conprising: verifying that a

171 f t Mheenelthdds dedraingdtd\clgignf3, rim AgidHh empages est ehdfface are
a series of a mnimumof six successive eye openness

sarmetest at & brauanpnel hriwesntifeHaged 68z, 524. The net hod,

according to claim1, further conprising: alerting t he
subject to the presence of the mcrosleep event. 25. A

181 Crﬂihéeﬁeth@vjerabcdleﬁrﬁg?tcb ehimes| fifthel dNAeEINE a sub -process for
~ a faci al i mge sanpler fo

risin
d%@EE'PQ rf@'qf‘é%l?ﬁp thafgeteristiereya rﬁpeaf\eas 513 Oécleve@oﬂt]ean image
S%gﬁﬁfﬁe Qg,l, ofSpfipfra red source for illuninating

es of 't he
19.  The method, according to claim 18, in which the sub-process comprises:
verifying that a first level is detected by confirming the presence of a series six or

more successive eye openness factors corresponding to an open eye.

20. The method, according to claim 19, further comprising: verifying that a
second level is detected by confirming the presence of a series four or more

successive decreasing eye openness factors.

21.  The method, according to claim 20, further comprising: verifying that a
third level is detected by confirming the presence of a series of a minimum of five

and a maximum of one-hundred and twenty successive eye openness factors.
22.  The method, according to claim 21, further comprising: verifying that a

fourth level is detected by confirming the presence of a series of a minimum of

four successive eye openness factors.
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subj ect; - a mcroprocessor having
el ectronically stored therein an electronically

wW@x@en4mki e m crosl eep detection process, the PCT/CA2009/000732

m croprocessor being connected to the sanpler for
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-~ a microprocessor having electronically stored therein an electronically
executable microsleep detection process, the microprocessor being connected to
the sampler for receiving the sampled facial images, the images being
electronically converted to graphical representations of eye openness factors;
and
- a memory associated with the microprocessor, the memory having stored
therein a plurality of reference eye closure patterns for electronically correlating

the eye openness factors with the reference eye closure patterns.

26.  The device, according to claim 25, further comprising an alert connected to

the microprocessor for alerting the subject to the microsleep event.

27. A method of alerting a vehjcle operator to a microsleep event, the method
comprising:

- determining a plurality of eye openness factors by measuring a plurality
of distances between an upper eyelid and a lower eyelid of at least one eye over
a time period;

- generating graphical representations of the eye openness factors;

- correlating changes in the eye openness factors over the time period with
a reference eye closure pattern indicative of the microsieep event; and

- triggering an alarm so as to alert the operator to the microsleep event.
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28. A nethod of correlating EEG and EOG mi crosl eep
patterns with eye closure patterns, the nethod
weomwpniseing: neasuring EEG and EOG mi crosl eepP@EECABI0M800732
in a subject; 5- determning a plurality of eye
openness factors by nmeasuring a plurality of distances
bet ween an upper eyelid and a | ower eyelid of at |east
one eye over a time period; generating graphical
representations of the eye openness factors; and
correlating changes in the eye openness factors with

o8 he FEG.aY BPRIULHPEECPaRd EO@G ticrosleep patterns with eye

closure patterns, the method comprising:

- measuring EEG and EOG microsleep patterns in a subject;

5 - determining a plurality of eye openness factors by measuring a plurality
of distances between an upper eyelid and a lower eyelid of at least one eye over

a time period,
- generating graphical representations of the eye openness factors; and

- correlating changes in the eye openness factors with the EEG and EOG

10 microsleep patterns.
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