WO 2009/143620PCT/CA2009/000732 METHOD AND DEVICE FOR THE DETECTION OF
MICROSLEEP EVENTS FIELD OF THE INVENTION  The present invention concerns a method
and device farthgsletgstion of smicrosleep events. BACKGROUND OF THEMbENF N Methods
for quantifying driving performance errors associated with sleep onset are of key importance for
reducing the number of sleep related crashes. In the US, driver sleepiness is a major cause of motor
vehicle crashes and is o responsible for approximately 40,000 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 wheel. This confirms other studies that sleepiness or sleep onset may play a role in
vehicle crasheqibgtiap ANENRENAlY RIFHRIEHEDETSCHON OR MICRGECPERN @WENTSa 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 |nclude monltorlng the electroencephalogram (EEG) and electrooculogram (EOG),
video, 20 testtEpBrErmMAtENMBN IS %e. Of all these methods, the EEG is considered the most
reliable for measuring sleeplness However, both EEG and EOG, require the use of electrodes, which
are attached %@%%ﬁctsrﬁ‘@iﬂ@y regkirgribesenratiddd sinhpiyopgatetoiieutieedeiinonibr any
operators conducting fati rone tasks, such as, for example, vehicle drivers. The other methods
are 25 m?praé’f?&‘é? g L?g’ y are both difficult to set-up and because they require intensive data
analysis by humans thereby making data treatment difficult to automate. WO 2009/143620

BACKGROUND OF THE INVENTION

Methods for quantifying driving performance errors associated with sieep onset
are of key importance for reducing the number of sieep related crashes. In the
US, driver sleepiness is a major cause of motor vehicle crashes and is

10 responsible for approximately 40,000 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 asieep at the wheel. This confirms other studies that
sleepiness or sleep onset may play a role in vehicle crashes that are erroneously
attributed to other causes.

15 Microsieep 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 microsieep, which inciude:
monitoring the electroencephalogram (EEG) and electrooculogram (EOG), video,

20 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 fo 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

25  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.



vurt PCT/CA2009/000732 There are various ways by which microsleep episodes can be identified.
Some experts define microsleep according to behavioral criteria (eyelids closure), while others rely on
electroencephalogram markers such as a 3-15 second episode (shorter durations would be difficult to
visually dete&ﬁ%?ﬁﬂ%ﬂﬁﬁégrtimes would 5qualify as sleep onset.) during wiich’ ﬁ*—”‘?qgl%(’&%@fa wave)
activity replaced the waking 14-20 Hz (alpha wave) background rhythm. Microsleep, subjectively
related to the sensation of "nodding off', is associated with the interruption of the blinking artifacts
characteristic of full wakefulness. During microsleep events, attention lapses can impair the ability to
detect and o respond to crucial stimuli and events. For example, microsleeps (or microsleep

episodes) can become extremely dangerous when ogcurring.duri jtuation j r%mig continual
alertness, sugﬁ'%eo?f\% nvggo%%%?ylseﬁélg ﬁ'rc gp@?%??r?geﬁg’ac‘?ﬁﬁ'rgégﬁyg%%%}élaéé\jv Egﬁ%%ience %nicroslee ps
usually remaiexpeaw akefioé thesrosiesip s duaiiivinty thehasavelscriaria écyebidsatiena ehenbidle time, or
feeling a 15 sene@liof PR RAciieohle JIR RSV HENRIS leRchiph risk Sl dingaugecident
during a microsleep eplsode. Many accidents have occurred because of microsleep episodes. Clearly,

the ability to detectaniduations avewits b iifiselti sefuisaaty nieipe! cindelomgeartimeariAg!drowsy
drivers ofsuc u%\(aig%?s 336 FRCHHHIRMBAURACALFUETHRINSI AP dBmRg e paidanthe driver

sleepiness. Theta power (EEG waves), and the frequency of theta bursts typically increase during
prolonged driwalinantf=e Hadalhhtw e PRrirvRh BEBmance. Disadvantageously, these
techniques typically average EEG activity over several seconds (up to 1 minute), and therefore could

not be used teRbesieg bsissstidvesicaateiis thkbenertind séConddiagdi’ secmsdsiated
with the interruption of the blinking artifacts characteristic of full wakefulness.

During microsleep events, attention lapses can impair the ability fo detect and

10 respond to crucial stimuli and events. For example, microsieeps {or microsieep
episodes) can become extremely dangerous when occurring during situations

which require continual alertness, such as driving a motor vehicle or operating

machinery. People who experience microsieeps usually remain unaware of them,

instead believing themselves to have been awake the whole time, or feeling a

15  sensation of 'spacing out. The sleepy driver is at very high risk of having an
accident during a microsleep episode. Many accidents have occurred because of

microsleep episodes.

Clearly, the ability to detect microsleep events would be useful as a means of

alerting and warning drowsy drivers of such events.

20 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

25  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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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 ti%%g#'ygéoeyes are closed over a2 WO 2009/143620PC';/&.?@%§4%9@%§2 time
period. When a sufficient number of open/closed patterns are obtained, PERCLOS will trigger an
alarm. PERCLOS works at percentages greater than 80%, which typically means that within 1 minute,
the eyes of the individual must be closed for 48 seconds before an alarm is triggered. Clearly, this
delay in 5 unacceptable in tasks such as driving a vehicle because by the time PERCLOS activates
the alarm, the driver will already have gither. fallen asleep, or be o iBh of fallj ep.
Therefore, diéﬁ‘&%aﬁﬁ%l&%@u%%kﬁéﬁﬁ@%‘té‘é’ %]q())e\?\? fif&%ﬂﬁg Sgll O\E%%%:Sné\gg g%%?\%gtb be taken
before an indiWEREL 8&cvilistrpdeven alpemie RERGhO Srsvaighsibbskeepiages. areseGttetords, which

are made (o eyl pRISQURLA fac OUIBOER serRid.2lse sy ththogtmakt ik ofen

continue during micro ts, indicating that the eyes are at least partially open. Another

physiological beealsses] ViniictBis peredsobsinea stitcrieints iof Bigaeisdurelandvwiich dalsyoledly alerts
drivers tg;the &%‘é@&%‘t&%@%ﬁi 155% St ASdneRgueasriebRealRling wlogitespardessybed in
n

United States Patent 7071831B2. The system described therein includes a pair of glasses or spectacle

frames that mREivMEER &R BlRtAL thaidievill Bfgarhawmrdhaiddict AeReR d'dvR BIMRE. However,

this kind of d%F?eni'#Sltah?\gaég!@@&fWﬂéﬂéYé?RﬁééW&ﬁ@em@@bmms)-iQQ&b’ltﬁoW@e is a
need for a detection method and devjce for the det cti%%gé rgic];osleerg.everiés in a subject as an
p

indicator of sIE¥HYASE: AN PEBYETEVGAUCRRdPRg A indh gﬂgﬁ%&ﬁ(ﬁﬁ'@quiring the
use of electroggscpr tperndialtiedryicsgns of sieepiness.
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10 EOG records, which are made to exclude potential artifacts during EEG records,
also show that normal eye blinks often continue during microsleep events,

indicating that the eyes are at least partially open.

Another physiological measure, which is based on measurements of eye closure
and which supposedly alerts drivers to the onset of drowsiness, is the
15 measurement of peak blink veiocities, as described in United States Patent
7071831B2. The system described therein includes a pair of glasses or spectacle
frames that must be worn by the individuals in order to monitor the occurrence of
eyé blinks. However, this kind of device must be carried or worn by operators (i.e.

portabie devices).

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

other portable devices.
BRIEF SUMMARY

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



BRIEF SUMMARY 25 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
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recording fagighimanseRAHigiakcamera haying gl i emOHER Sdisedl i lluminate the face and

to record the facial image. 10The method, as described above, further comprising: identifying the eye

and the Yl meeno s lacellee feopaniion Aot TR meiad as paiied sbove
further comprismg: Veritying the presente of microsteep tharacteristic'eye openness factor levels by
measuringntheespedisearfesiifivrgs. adadiaigitiormsranmefogaablimireyelt sfutes dyaisEldeye

opennesg{agigitslguela ke dde Rt danstang i smagpenness level. The eye openness factors include
one or more eye openness levels and five or less eye openness levels. The eye openness factors

include five eye gpenness levels. The ey enness levels are assocjated with an open eye, the
clostte of T ESHE: Ferar o o B SR R R T R e e
above, inlwhighgalfcfagiel dprddrecrssogoities mighilenive 20 successive eye openness levels, the

sequential detection of the five levels being indicative of microsleep characteristics. The method
further corngrisinghsietesmigngasiditionaleyeapernesmiaria iViagsitsanHivereaaessive eye
openness factor Ievelﬁ, are det§cted. The methqd as des ril%ed above furﬁper com risirlz%: computing
eye openﬁ&rgﬁ 2] é; aracteristic eye opénness fattor levels by measufing the eye openness
factors as a function of time for a blink cycle of the eye. The eye openness factors levels
15 include at least one eye openness level. The eye openness factors include one or more
aye openness levels and five or less eye openness levels. The eye openness factors
include five eye openness levels. The eye openness levels are associated with an open

eye, the closure of the eyelids, partial or closed eye, and opening of the eyelids.

The method, as described above, in which the eye openness factors include five
20 successive eye openness levels, the sequential detection of the five levels being
indicative of microsleep characteristics. The method further comprising: determining
additional eye openness factors if less than five successive eye openness factor levels

are detected.

The method, as described above, further comprising: computing eye opening and eye
25 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



25 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 secwzﬁgﬁlgﬁ%mess factor 30 WO 2009/143620PCT/CAZOO%Q%I%I%G@A/“%%ZT% eye

opening factors are computed using a positive slope and a second order po

ynomial regression

applied to the eye openness factors of the fourth and fifth eye openness factor levels. The method
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 regard to

ors, are. com

SUbJECt IS'In ormed“vviﬂgnai ear

the first and second ei(e openness fact%l%vels and the el}/eoopening re re§ent
&l teq us h:gcﬁ

to the fourth aRtFHfith eV8 fAXToPRRUNS

ast‘iggec r gsawith regard
earson toe

Icients are

greater than geeanaldajerpsetyetemiaineztbssiiorbpdke 1d 0fEheymepenh essdasteisedf dbove, in
which |mage%?cl)é &E‘E ﬂfﬁgeﬁ%e sam g?%gs%%fr%%&n%%g%pet\yﬁgnn}&% aﬁu‘?tﬁgﬁéo;rr\gﬁé%t.md’ as

described ab €r comprisin process

r detecting microsleep characteristic eye

openness facterifgirgsthe aprasenps soinpicigdiesiicie 6Pe0Rg. Fre SIARPELIBRESSATBHYRS: verifying
that a firsf level, s louPieniiingChTPaae dRCoERnEReR of fiecge ShAlimepausrRsmiLe eve
r g 1o an open eye. The method, as des

openness factors corréspondin

cribed above, further comprising:

pen ey
verifying that euseesmitiergagidetthadashped SHsanh are prespges Brirsiialsanddpmeye
successive degieasing.eyesaRRIINESLREIORN Ry Mg hrtheoaes aiferfnboue rfutshasiiscomprising:

verifying that a third Tevel is detected by confirming the presence of a series, of

maximum of e fYRiREd ISR IS TeXFe b FRARERN S At Jreater

to a predetermined threshoid value. :

i

minimum ?f five and a
an or equa

10 The method, as described above, in which images of the face are sampled at a

15

20

25

frequency of between 10 Hz and 60Hz.

The method, as described above, further comprising: a sub-process for detecting
microsleep characteristic eye openness factor levels at an image sampling
frequency of 20Hz. 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 10 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 faciors corresponding to the open eye.



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 25successive eye openness factors. The
method, as described above, further comprising: verifying that a fifth level is detected by confirming the

presencerabaRifise AL ALDIRUTR EhiaHRGRSSHE BYE MERNESRIIARCATRSRREAGIO the open

eye. The methor escribed above, further comprising: alerting the subject to the presence of the
microsle& EOSAICTBEIESRITETb one aspect, there is provided a microsleep event detection device, the
device comprising: 5- a facial image sampler for sampling facial images over time of a subject, the
sampler havingiag infranecdssaetcéhieeilismmatied ensroranies eyenbiigiectiobjaetyice, tha
microproggé%%raqyﬁlﬁgi ég:ctronically stored therein an electronically executable microsleep detection
process, the microprocesSsor being connected to the sampler for receiving the sampled facial images,

the images being graphjcal 10representations of eye openness factors, the microprocessor, when in
operation, electr'o?li@ﬁa SRBYG S8R S'éﬁeaéBp&@%/e%Fg?? Bpt?@eegs%%rdﬁme 4 é\&'ﬁ)&?ﬁf Egtr(;,;llicall)ll_

connectesktortiee raidng o o83 0d theumeico uhavaig Gtore dthersiregeplof diesobieference eye
closure patterns which, ip, gperation, RepRKs @@&%ﬁ&%ﬁ‘gﬂ@%@n gliagex oe%a%ﬁmftors with the
reference eye closure 15patterns. The device, as described above further comprises an alert

connecteB RS HRD IR B IHREIEERs HR BT IRR BT TRR J1BjBUFTBRIRSTRRI0ERIED EQRMTCEEAC8Ringly, in
another asprskihate isqeevitipdinemethoslicaf atariinginaekicletaperataeto dagrogteppiavyent, the

me‘ﬂ?d Ci%@l%rsiginqgﬁons of eye openness factors, the microprocessor, when in operation,
electronically executes a microsleep detection process; and

a memory electronically connected to the microprocessor, the memory having

stored therein a plurality of reference eye closure patterns which, in operation, permits

electronic correlation of the eye openness factors with the reference eye closure

15 patterns.

The device, as described above further comprises an alert connected io the

microprocessor for alerting the subject to the microsleep event.

20 Accordingly, in another aspect there is provided a method of alerting a vehicie 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;

25 - generating graphical representations of the eye openness factors;

- correlating changes in the eye openness factors over the time period with a

reference eye ciosure pattern indicative of the microsleep event; and

- {riggering an alarm so as to alert the operator to the microsleep event.

30



- 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; 25- 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 -
triggeringhaccatingly sin astaatdnethes ppelrdtmreoisher ovidedste as ineene! 30rAaletiom iFgfy,and/et another
aspect, t%ﬁe%is provided a method. of corrFIatin%é G QE%EO%@écrgsle% rp@tterns with eye closure

patterns, rﬂ"éﬁ[l%%eggrﬁﬁ '%ﬁﬂ%:w-mr”n% esﬁ’r?r?b"ﬁ lt:%%‘ ) r%lcrosﬁe%qﬁrpat%rns in a subject; -

determiningaflurRyiBES sye PpenRessdreloatrneasusingsatplurality of distances Sbetween an
“upper eyelid and a lower eyelid of at least one eye over a time period; - ﬂjeneratin%graphical

representARREBRIE R PRIGHBN AL X LRBPEesR At R O IMRAEHHRG & AP tRY. 0L Hp@RRRSs factors
with ghe %E@e%daﬁ@&épgg@ﬂ% RABRHIS DYl AR RBSr ARpend dhere i guidar a

computer-implemented method of detecting a 10 microsleep event in a subject, the method
comprisinggeeesitinoresignal feorasentzifca sl herre arcome sy fanipesegad of the subject; determining

BT R eRsdaGirlRe Y D eaRiriag.a iRy ! flisianees hepysen, anugbss evelld and
a lower eyelid Of at fedst onNé eye over a time period; generating graphical representations of the eye
opennessg4aetats; and correlating changes in the eye openness factors over the time 15period with a
reference eye closure pattern indicative of the microsleep event. BRIEF DESCRIPTION OF THE
DRAWINB &et another aspect, there is provided a computer-implemented method of detecting a
10 microsleep event in a subject, the method comprising: receiving a signal from an infra

red source at one or more eyes of the subject; 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 over the time

15  period with a reference eye closure patiern indicative of the microsleep event,

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention 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 illustrative
20  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,
25 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



Embodiments of the invention 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 illustrative 20embodiment of the present invention, the device being used on a subject; Figure 2
is a flow diagt&mM®BY & #iilrosleep event detection process that may be usBHHGAHE WL 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; 25Figure 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 mjcr sIeep and
WO 2009/145620P STiE AXRY/GR973D Kl G BSOS RRY HiakR ferisig r?ﬁ(@ré&?S@Bea?"?%? ristic eye
openness faQESUe'I%VQJétQ@J@ﬁ“@Otﬁlﬂiﬂo@me&ﬁdhahﬁya)bbe usadl wilth thremitiosielzieeventatetection
process of Figure 2 for an ima uen of 20 Hz. DETAILED RIPTION 5Generally
stated, the n(%‘? ﬁﬁﬁi%‘?l\?é%ﬁ%ﬁ% iV f%b%%ﬂﬁ?gh SBP@@%‘?’E ??/ %?quyprggpgeﬁs a method and
device for the detection of mlcrosleep events in a human subject based on the analysis of eye closure
patterns of at Ieast one eye t |caII both eyes, which occur during microsleep events. During

IR ESHRIEEGN nd EOG, we observed a

5 Generally stated, the non-limitative illustrative embodiment of the present
invention provides a method and device for the detection of microsieep events in
a human subject based on the analysis of eye closure patterns of at least one

eye, typically both eyes, which occur during microsleep events.

During microsleep events, measured by EEG and EOG, we observed a
10 progressive variation of the distance between an upper eyelid and a lower eyelid
of a human subject over time. We now describe hereinbelow a method and
device, which provides complementary evidence of impending sleep in drowsy
operators, such as vehicle drivers, airplane pilots, air traffic controllers and the
like, using eye closure patterns, which when detected, aleris sleepy operators to
15  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 patiems 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

20 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
25 detecting a microsieep event in a human subject. The method comprises:
determining a plurality of eye openness factors by measuring a pluraiity 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 progressive variation of the distance between an upper eyelid and a lower eyelid of a human
subject over time. We now describe hereinbelow a method and device, which provides complementary
evidence of impending sleep in drowsy operators, such as vehicle drivers, airplane pilots, air traffic
controllers afPtA¥kESEing eye closure patterns, which when detected PAIEt$ S Sperators to
15unsafe 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 20 device 100, which generally

comprises fadhe igyagepsangsefaciisaeatitpre@ine 12098 HPa¥s QRN FRFRY YSurce 104,
a microprocegsey: 136 WitheaR AP GlAtR AN RiMABAH408:98d @BbeIROpRRETRNRIvANESplayhE10 and

input/output interface 112. Thus, in one example, there is described a method using the device 100 for
25 detecting AVAIOVRRRPYERENt 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 lefstopregatipe, tifEcaltjtdlotampees, s dimepaiobegtaveraiing graental Yeprdsentations

of WO 2009/ 3R RORE TS HPRBPLORNTEZ U e oRRARGFS SarLer S0aNe eRiRIRIBRIEhARAes n the

eye openness factors over the time"period with"a reference eye closure é@;ttern indicative of the
microsleep evibateeqsianiess fheteiigital savabie EIresaninBretibersistance Kpjuee1dhind 5

lluminates his, 0 ie¥ £YEAAdialA0 1 YRR PAUFRAYRE IAREACS ol RN Hicpyeiopenness

factor, i.e. a value representative of the distance between the upper 14a and lower 14b eyelids. The

images taken§ e i GraresiAdrAv 10aREFRIS Bro R WRIHY ETIRL & IHTHS FRcF Blcutes a

microsleep evgaLdateClipRoRICERF IO I Hssasractrtrmemoryel08pbipaetaiesiiost of a 10
microsleep event, the microsleep event detection device 100 aé mfﬂﬂ@ the usgr of a microsleep
ite

event by friggBHAGHRERtEYPalelS ST O IeF6r YHEPIRF AT BP TRARYBh RS ¥¥5Hther
process or deyicg vifciaeltpudostusyntestrailan lirisrdedadersterd thadatheycotiponents may

e A o e oreratn °f5 °F 5 0B 8- IR RIeR U RupbEHRGe 2nd
interface 112. It is to be understood that other components may be added to the
microsleep event detection device 100 such as, for example, a user interface and

15  a wireless communication device.

Referring now to Figure 2, there is shown a flow diagram of a microsleep event
detection process 200 that may be electronically executed by the processor 106
of the microsieep event detection device 100 of Figure 1. The steps of the
process 200 are indicated by blocks 202 to 212. The process 200 starts at block
20 202 by sampling an image of the face of a subject 10 using the digital camera
102. The digital camera 102 may sample images at a frequency between about
10 and 60Hz (i.e. sampling frequency). Af block 204, the process 200 identifies,
in the sampled digital image, the eye 12 and eyelids 14a, 14b of the subject 10.
This may be accomplished using a facial feature recognition aigorithm executed
25 by the processor 106. Then, the eye openness factor is computed.

Referring now to Figures 3A and 3B, the eye openness factor may be expressed
as 3 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 5 may be

computed, for example, by dividing the measured distance between the upper



15a wireless communication device. Referring now to Figure 2, there is shown a flow diagram of a
microsleep event detection process 200 that may be electronically executed by the processor 106 of
the microsleep event detection device 100 of Figure 1. The steps of the process 200 are indicated by
blocks 202 tS"#123%HEBlocess 200 starts at block 20 202 by sampling af 4B BF e ice of a
subject 10 using the digital camera 102. The digital camera 102 may sample images at a frequency
between about 10 and 60Hz (i.e. sampling frequency). At block 204, the process 200 identifies, in the
sampled digital image, the eye 12 and eyelids 14a, 14b of the subject 10. This may be accomplished
using a facial feature recognition algorithm executed 25by the processor 106. Th r}%}g]e eye openness

factor is comptiB@NRINREIHS PSR ERRFES AR Ad-RE CHR R eI & % be expressed

as 5 having apsaduenbetmeasute SirRsRMNshariWhedpenieys 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 WQ.2009/1436 ) 14a and lower 14b
eyelids positions in a Cartgégi—zﬁ{pr %ﬁe‘é&nﬁ%’%’gﬁ ?%&é@%%&iﬁé@é%ﬁ%ﬁ%%ﬁ@ the fully open eye D.

Thus: 5 =(upper lid position (xu,yu) - lower lid position (xl,y1))/Di where D = upper lid position (xu,Yu) -
lower lid positidme(elDy £) urre(lid, positicn dtantulppvirl PestasHiopi). ¥uihateheterfid position,
(xu,Yu) =_upper.l ition. mu e.open . = rJid positj maximum eye
opening. %efe‘?‘r?%%jggggngg)@ gu%géﬂé{%%fck é%%{gﬁh%%%é&sg@ﬁﬁi%#ﬁ mic?géﬂlgﬁphcharacteristic
eye opennesiaiton|etsigxdreupresentpioedeanddoyEligu iensthe rositshoalmaxilisti&ige example
of the variatiog %TI(I? eye openness factor as a function of time for a blink cycle. The blink cycle starts
at time t1 with’3 Tu ypren eye 12 (eye openness factor 5 = 1.00), at t2 the eye openness factor
remains at 6 = 1.00, then decreases, going through 5 = 0.80 and 5 = 0.50 at times ti and ti+i, until it

reaches 5 = ORFIAUTIMETRILEG EISER &y PIFCKk=20Rd iR RiREreS SRNTRSNG BPoliHEPe®P50 and 8 =

0.80 at times Hﬁgfgb@igsuetayérmﬁ fadtél0Agidead brissienbe understood that the blink cycle
illustrated in Figure 4 for illustrative purpose only and that an actual cycle would comprise a number of

 sample figies depshAlg e I ARV ASTARIIHARY A S P EREIPUIH Y
penness factors, as a function of
eye openness factor as a function of time for a blink cycle. The blink cycle starts
at time ty with a fully open eye 12 {eye openness factor 6 = 1.00), at t; the eye
openness factor remains at & = 1.00, then decreases, going through & = 0.80 and
&= 0.50 at times t;and t.+ until it reaches & = 0.00 at time {; (fully closed eye 12),
15 and then increases, going through & = 0,50 and § = 0.80 at times 1 and tius, until
it reaches & = 1.00 again at t, [t is to be understood that the blink cycle illustrated
in Figure 4 for iliustrative purpose only and that an actual cycie would comprise a

number of sample times depending the sample frequency.

Referring now to Figure 5, these computed eye openness factors, as a function of
20  fime, can be represented in a graph which may be generally characterized by five

successive levels, L1 to LS. The first and last levels, L1 and L5, are associated

with the open eye (i.e. § = 1.00), the second level, L2, with the closure of the

eyelids, 14a, 14b (i.e. 0.00 > & > 0.00, & decreasing)}, the third leve! L3, with the

partial or closed eye (i.e. 0.00 < & < 0.5 for example) and fourth !evél, 1.4, with the
25  opening of the eyelids 14a, 14b (i.e. 0.00 < § < 1.00, 3 increasing).

Referring again to Figure 2, the process 200 detects all five levels, i.e. L1to LS, it

then proceeds to block 208. If not, it proceeds back to block 202 for the next

10



20 time, can be represented in a graph which may be generally characterized by five successive
levels, L1 to L5. The first and last levels, L1 and L5, are associated with the open eye (i.e. 6 = 1.00),
the second level, L2, with the closure of the eyelids, 14a, 14b (i.e. 0.00 > 8> 0.00, 6 decreasing), the
third level L3V Hial or closed eye (i.e. 0.00 < 8 < 0.5 for examplBYy Hid 1iA%ETel, L4, with
the 250pening of the eyelids 14a, 14b (i.e. 0.00 < 8 < 1.00, 6 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 WO 2009/143620PCT/CA2009/000732 image sample. At block 208,
the process computes the eye closure 21 or 26 and eye opening, 25 or 27 red:)regO ntao%e cufves. The
eye closure réppSSeFRAIRIE RISk BP%“ZF&F&J&F&&%&%E@% iESRBRULE ond st & Solynomial
regression (payabehesmyedsi.er 37 depresttidstvavhereds isTthe pretlicieslicaitoepneseakaéer the
polynomial model w'tg regression coefficients di to 2 for. each degree and Y inter - which is
applied to thecg%eog nﬂgsggfaféto(‘rgr% %@sﬂ?ﬂ‘ &enﬁ%%{gr?d %]8 8?18“3&3%‘ gp%#égséw(%ﬁ\és/els, ie. L1
and L2. As fordesyieroffanaigpliepresentatve 10 curve 25 or 27, it is computed using positive slope
second order polynomial regression applied to the eye openness factors composing the fourth and fifth
eye openness factor levels, i.e. L4 and k5= fheny,axblegkd210, the process 220 verifies if the
microsleep eye opening and closing representative curves are present. This is accomplished by
computing th(\ew ga%r?zns(%ﬁgfgrcé%%ierd %JlSJtEE}me value for the polynomial model with regression

coefficients d4 to ; for each degree and Y intercept d1,

which is applied to the eye openness factors composing the first and second eye
openness factor levels, ie. L1 and L2. As for the eye opening representative
10 curve 25 or 27, it is computed using positive slope second order polynomial
regression applied to the eye openness factors composing the fourth and fifth eye
openness factor levels, i.e. L4 and L5. Then, at block 210, the process 220
verifies if the microsleep eye opening and closing representative curves are

present. This is accomplished by computing the Pearson coefficient, r:

S XY - z";zy

o= : z
. $h - Yy
| x5<2x‘ S X5y RO
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where X and Y are positions 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
20 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 microsieep event deteciion device 100 may
inform the user 10 of the detection of a microsleep event state via the integrated
25 alarm and/for 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



where X and Y are positions 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 20
the eye ope?‘ﬁ%%@9 Ad8Plevels L4 and L5. If both Pearson coefficients arg(évg%v’%’p(%%l 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 25alarm

and/or display 110 or provide the jnformation to a further process or device viathe.input/qutput
interface 112W88E#gIHED TN AR i’é?hé‘é',c \ﬁﬁeg’éreWEi%o Ei%\ép bi‘}‘égﬂ?ooonz

wireless teleggamunication link such as, for example, Bluetooth, WiFi and the like. It is to be
understood that the Pearson coefficient threshold is not meant to be restricted to 0.9 and may be

adjusted to syjyg fepled canidsacpAp ¥RL BarORURIRPARARGIand IRIaReomadhe digital

camera 102 (see Figure 1). The eye closure pattern is based on these particular observations closing,

duration of theeaiistidcihibR @ 6r bamiBrcRsEUsEd g b R ARR) el i PRRISEIEYRE & BRlbsure
pattern indicajes, 3 MPaERTum gep easiegdnlipmed Meakpsetampriiodgewerizgaeyelids are fully

closed and then a reopening. If all the above 10occur, then a microsleep is detected. Example of
microsleep chara Ctta%reizs%(fo%}ﬁeo PERem s JagiordgVels a0 MAgR-SHP ARG RERIAACYBLAICHZ
duration of the eyelid complete or partial closure and re-opening. More precisely,
the eye closure pattern indicates a progressive decreasing followed by a baseline
period where the eyelids are fully closed and then a reopening. If all the above

10 occur, then a microsleep is detected.

Example of microsleep characteristic eye openness factor ievels at an image

sampling frequency of 20GHz

Referring now to Figure 6, there is shown a flow diagram a microsleep

15  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 biocks 301 to 305.

20 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).

25 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 § = 0.9

12



Referring now to Figure 6, there is shown a flow diagram a microsleep is 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'%f #&3&€4mpling frequency of 20 Hz. The steps of the subthréta¥¥%H 3¢e indicated
by blocks 301 to 305. 20At 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 5 = 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). 25At block 302, the sub-process 300 verifies if
the second lewed B=i8.8atsapsesers. tsCe e BWoRIB%SRSAY0 BErrerRERle RIackertd diPhihimum of

four (4) successiuc.degianing oy ePBRISSS stsEBaAGalyes between of § =099 WO
2(109/143620PCT/CA2009/000732 and 5 = 0.01 is present. If so, the sub-process 300 proceeds to

block 303, if not, it bac lock 202 of pro 200.(see Figyre 2). T I 3, the
sub-process %@r\’fg??fi%s@ %Ft#ggh%belg\y fa@?sg T e%g%?e\ae_r?ﬂé ?h%t{:%%%?{@ %\{J%ﬁg?oqéegég%%%%hecks if a
series of a mifignbay efdiviaé¢sumprécesaB0hohectsl & sestssshe ejripenabivda@dandaving a
value of 8 = 0.00 is.present..lf sQ, the sub-process r C it pQt.i back to
block 202 of &8&%’&5‘5Bb‘%%geosﬁé‘ﬁ?ee%’%eﬁéegi’%%%%t %ﬁ%ﬁ%@é g@é&%&% - OR o level
L4 is detecteghrdsetitatfesn thzessibppocees S80putrarkisita blodkss30f aifmintmtigoes fbaei4p

block 202 of process 200 (see Figure 2).

At block 304, the sub-process 300 verifies if the fourth level L4 is detected. To
that end, the sub-process 300 checks if a series of a minimum of four (4)

.10 successive increasing eye openness factors having values between of § = 0.01
and § = 0.99 is present. If so, the sub-process 300 proceeds to block 305, 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 LS is detected.

To that end, the sub-process 300 checks if a series of a minimum of six (6)

15  successive eye openness factors having a value of § = 1.00 is present. If so, the

sub-process 300 procéeds 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 pro'cess 200 (see Figure 2). It

~ is to be understood that the number of eye openness factors used to detect the

20 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
25 therein. The graphs as illustrated in Figure 5 are compared fo the reference eye
closure patterns. Once a match is found, a microsieep event is verified and the

alarm is activated

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

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



io successive increasing eye openness factors having values between of 8 =0.01 and 5 =0.99 is
present. If so, the sub-process 300 proceeds to block 305, 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, 1H& ¥ Hrbtess 300 checks if a series of a minimum of six (815 SHt¥ELER/d%eye
openness factors having a value of 5 = 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). Itis to
be understood that the number of eye openness factors used to detect tq,eio resence of each
microsleep ctrameRFistidliege Bplimedt habmMediicatisnFa a6 5 ARplE cﬁ%r%]ﬁg%eﬁ‘?@ image
sampling frequgeyiane AR daant asiliattipa tRxampe thentyolidsdithe prederstonae titiahthe
memory associated with the microprocessor as described above, contains a plurality of reference eye
closure patterns stored 25 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 WO 2009/143620PCT/CA2009/000732
persons skilled in the art that modifications may be applied to the present particular embodiment
without departing from the scope of the present invention.
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CLAIMS 1. A method of alerting a vehicle operator to a microsieep 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. 2. The method, according to claim 1, further comprising:
iIIumina#’g% face of the subject; and recording a facial image. 3. The method, according to claim 2,
in whic al 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 Usifg adens fehtalertieognivenialgoanaiatsr The tmamodsiaeiprdive o digmmetither
compri%gg.;p\f%rﬁ%ing the presence of microsieep 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,

2 e method SETHING f BUIRTY, e RE L) SpBTaS. BT SraAs By~

opennegisignets b8twida methppeaeyetidirantb <laweb cyanthich dhécage operyessvactograclude five
eye opeprér}%sas_ levels.

generating graphical representations of the eye openness factors;

correlaﬁng changes in the eye openness faciors over the time period with a

referance eye closure pattern indicative of the microsleep event; and
triggering an alarm so as fo alert the operator o the microsleep event.

2. The method, according fo 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 iliuminate the face and to record the facial image.

4. The method, accordihg to claim 1, further comprising: identifying the eye and the

eyelids using a facial feature recognition algorithm.

5. The method, according fo claim 1, further comprising: verifying the presence of
microsieep characteristic eye openness factor levels by measuring the eye openness

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

8. The methdci, according o ciaim 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 to

five eye openness levels,



9. The method, according to claim 5, in which the eye openness levels are associated with an open
eye, the closure of the eyelids, partial or closed eye, and opening of the eyelids. 10. The method,
according to claim 1, in which the eye openness factors include five successive eye openness levels,
the sequential detection of the five levels being indicative of microsleep characteristics. 11. The
method, according to claim 10, further comprising: determining additional eye openness factors if less
than five successive eye openness levels are detected. 12. The methad, according to claim 5, further
compriging NEoMIRAgASFHENIRG R ey uGRePEREERRENNERIFEIOISL IR MGIRYE,
accordiagég,—@ggmeq@;sin 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 gye openness factor levels. 14. The.me , @ccording to claim 12, in which the opening
tactors Sre SRR W S DEaaoe e R A e R e S e
eye openitfess faporspé thisf alrshizndffifte eyelsise mutisifactololaidisys] Brithepaeitpdf dezording to
claim 1% %iﬁger comprising: verifying the presence of microsieep eye opening and closing
represenYa Ivé'curves by computing the Pearson coefficient of the eye closure representative curves
with regard to the first and second eye openness factor levels and the eye opening representative

curves With TEgameiBomeaeratARm dSifIREY el o JeNAHSE thesivR \RRsNNES STIRSIRTs Rl ae dRling to

claim 1% jpoudigh thgsubieshissinfaveas whenstrBepssaeenaibsiastsisse yeatsrdlapaigqual to a
predetermined threshold value.  17. The method, according to claim 3, in which images of the face are

sampled"HE RIS BHERRAGEBFPEIPSRd 60 Hz. 18. The method, according to claim 5, further

comprising: a sub-process for detecting microsleep characteristic eye openness factor levels at an
image sdmplhe fretiushacodinpizo tRiMhimbtiber aocopdiggodddénmidinin avidiiotiaé sysh-process
comprisgs, YEUNALIBAL # &%t ﬁ‘?é{ﬁlﬁk%ed&‘é%%%e% 8%8%8%9%@%%@1&%?8 %t%ﬁ%ﬂ?s Six.or more
successive eye openness factors corresponding to ah open eye. e method, according to claim
19, further comprising: verifying that a second level is detected by confirming the presence of a series

four or Mérd BEIREERk ABTREHRMP5@IBhen L8R CRHITPIISNGT KO MRYHBE, S SRAAY S &Eim 20,

further qu@@q@ggé wesHydaaHivkactiirddevel 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 .me.tfgdﬁ?é’%%’éﬂ%%% t%?%'%nz%lté ”ﬂ‘i{.ﬁ% ey ‘{%Q%gﬂeq it adounth leveliz detesied by
confirming the presence o lea

a seres or a st'four successive eye Opehnéss Tactors.
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 siope 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 o claim 12, further comprising: verifying the presence of
microsieep eye opening and closing representative curves by computing the Pearson
coefficient of the eye closure representative curves with regard fo the first and second
eye openness factor levels and the eye opening representative curves with regard to
the fourth and fifth eye openness factor levels.

18. The method, according. to claim 15, in which the subject is informed when the

Pearson coefiicients are greater than or egual to a predeiermined threshold value.



23. The method, according to claim 22, 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. 24. The method, according to claim 1, further comprising: alerting the
subject to the presence of the microsleep event. 25. A microsieep event detection device, the device
comprising: a facial image sampler for sampling facial images over time of a subject, the sampler
having an infra red source for illuminating one or more eyes of the sub%ect; a microprocessor

connecldd Ihtasiinpicrieridngiimg e shnipledicltidraaag <y, the iRrsyBLLERDREE il

represq;gaggggsp&eygt\gggﬁq@sgia&{grggthg_microprocessor, when in operation, electronically
executes a microsleep detection process; and a memory electronically connected to the

microprocessor, the memory having stored therein a plurality .of reference eye closure patterns, which,
i operation, Noe TG Cle BN EoBIKN ot (i sb SRLMELt SO NP LA roHEER Bo closure
patternsni?6slEbp dewieeiaiztiordimdpssiamms2iiciortieraompasingege seridmonketpdtoyhd
microprgC&?_?sor for alerting the subject to the microsleep event. 27. A method of correlating EEG and
EOG mi ros%'eep patterns with eye closure patterns, the method comprising: measuring EEG and EOG

microsleep patterns in a subject; determinin apluralit)(/)vof eye openness factors by measuring a

plurality!8f didearals BT HRLBHEREVeliE: dR A IBWEr ® FeRdRFPERIELIVRESSR ¥FENEMe

period; ggnesating geaehical deprasantafionsmeftise ¥8onaanessdastors sk sosrelalinghshanges in
the eye openness factors with the EEG and EOG microsleep patterns. 28. A computer-implemented

methodSYPAREEMMEYS PRVLRSS ARG FRECSRGRANEHE AR ARRN @fprising: receiving a signal from an

infra red source at one or more eyes of the subject; determining a plurality of eye openness factors
by meagorintgeanmitinatityaotdisiag desdmtwé €n fanthgppecepekihgndaifonwe teyeldsetan testebne eye
over a time period; generating granhical r lo] e S , ;

cormelatng B e B A ST CE, 5uer s Toub oo e e e e e
pattern éyaicgaramessiagitityosieep event. '

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

one-hundred and twenty successive aye openness factors.

22. The method, according to claim 21, further comprising: verifying that a fourth iavel is
detected by confirming the presence of a series of at least four successive eye

openness factors.

23. The method, according to ciaim 22, 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 io the open eye.

24. The method, according to ciaim 1, further comprising: alerting the subject to the

presence of the microsieep event.
25. A microsieep event detection device, the device comprising:

a facial image sampler for sampling facial images over time of a subject, the

sampler having an infra red source for illuminating one or more eyes of the subject;



a microprocessor connected fo the sampler for receiving the sampled facial
images, the images being graphical representations of eye openness factors, the
microprocessor, when in operation, eiectronically executes a microsleep detection

process; and

a memory electronically connected to the microprocessor, the memory having
stored therein a piurality of reference eye ciosure patterns, which, in operation, permits
electronic correlation of the eye openness factors with the reference eye ciosure

patterns.

26. The device, according fo ctaim 25, further comprising an alert connected fo the

microprocessor for alerting the subject to the microsieep event.

27. A method of correlating EEG and EOG microsleep patterns with eye closure
patterns, the method comprising: measuring EEG and EOG microsieep patterns in a
subject; determining a plurality of eye openness factors by measuring a piurality of
distances between an upper eyelid and a jower 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 microsleep

patterns.

28. A computer-implemented method of detecting a microsleep event in a subject, the

method comprising:
receiving a signal from an infra red source at one or more eyes of the subject;

determining a plurality of eye openness factors by measuring a piuraiity of
distances betwean 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 over the fime period with a
reference eye ciosure pattern indicative of the microsleep event.



