WD 03/ 039358 PCT/ AUO2/ 01508 ALERTNESS MONI TOR This invention relates to a
met hod and device for testing alertness and the onset of drowsi ness by
nmoni t ori Myoaep@3wagl eyelid novenent. 5 Background to the i meamuoenisbBe
detection of drowsiness is of inportance because drowsiness inpairs the
ability of operators of a w de range of; equi pnent including notor vehicles,

aircraft and boats as well as,j i pprent. The probl em of drowsy
driving cannot be 10 sol ved byALEmgﬁwyéﬁs to take renedial action
when feeling drowsy. The difficulty is that many peopl e are unaware of

t hei r dr ovshig@senbef Ridesioth Metioatariddevicd forRistreFslefNeEds dritbthglonsbieyf nmay be
alert and aware afw{r}uthe rouse., Thi s neans ,one cannot predict when their

| evel of dI"GWSINRES LY Moniong@yernd el MYeMftpoi nt of danger because the

drowsy sstate involves a | oss of awareness of the present ; an is
involuntary | apse of attentign. USA patent 5745038 di scl oses an eye nonitor
that exani Raekgrepipdde dhe invgAtiony om the eye to detect blinking behavior as

an i ndi cat-ffe éPéteéﬁd?xV@fidPﬁﬁén?éﬁg’@]pP%&?fang@@@éﬁj@glﬁﬁr&ﬁéiﬁéﬁﬁn@aﬁé’%@m whi ch

utilises digital 1mages of t ace and eyes of an operator, derives a
par amet er 2fllity ohopeBioes o wislegpage pf eguirmantiocluding oty vehicles; airgrafthr eshol d

val ue of t r%dé%ﬁ% ?S-Wegras irﬁu‘é’ﬁ'faﬂéﬁl?f)ﬂeﬁﬂ%eip?o%%ryzagdf'dcwsgtd?f%irﬁacfaﬁﬂgttﬁé falls

bel ow the t at ent specification WO 028 al so uUses a video

i mage Hs agpiapbyedusatinthdiivers ta teke iremediak agliige when dgelingsiiewsvildeand anal yse
and conput f r ! ystem
for anal ysﬁﬁfgulﬁffg\;@%@%ﬂﬁ&p& @ﬁaﬁﬁbﬂ@éﬁﬁéog@%ggﬁﬁé%gﬁgﬁggggnes

st abi | i ty.dro@sinpas even Bo0F8Tey nsmsbegleritandcaveare diierdhsy odusas This xagansns and

sear ohi no. StaHnEehg Za Ahs T RiiRve og s MRS QuPhedt HEPeaSe REBRMAMor conance
conput er sddrigenrbecaespiho sirowesiestate inkdblesaniosnbf HBOEAESs df the lppesenit parsy st em of

i mage anal.ysi,s based o e.pupi|l size. 30 USA patent 6147612 discl oses a
syst ent’of 'éY‘B%tﬁfyl 'ﬁﬁses&eag%naﬁﬁ"ch detects eyelid novenent and actuates an

al ar m whenUsAgatsre 57 45083 hstodesiah éyadhoritdrieat@kamines reflected light from

the eye to detect blinking behavior as an indicator of drowsiness.
USA patent 5867587 discloses a system which utilises digital images of the face
and eyes of an operator, derives a parameter attributable to an eye blink and

20 compares this to a threshold value of that parameter. A warning signal is given if
the parameter falls below the threshold.
Patent specification WO 98/49028 also uses a video image as an eye gaze monitor
to view a range of eye movements and analyse and compute a degree of alertness.
USA patent 6091334 discloses a system for analysing drowsiness which monitors

25 head movement and gaze stability.
USA patent 6102870 uses eye tracker data such as fixations and saccades to infer
mental states of the operator such as scanning, reading, searching, thinking and an
intention to select. It is a system to enhance computer software responsiveness.
USA patent 6097295 discloses a system of image analysis based on eye pupil size.

30 USA patent 6147612 discloses a system of preventing sleep which detects eyelid
movement and actuates an alarm when the eyelid movement is indicative of
drowsiness.



drowsi ness. WD 03/ 039358 PCT/ AU02/ 01508 2 USA patent 6346887 uses a video
based eye tracking systemwhich tracks eye activity and pupil dianmeter and
positi on WO opiosdsge a signal representing eye activity tiraet/Aaanob®sused to
estimate alertness. Al of the above approaches fail to provide a real tine
al ertness nonitor that can 5 provide a calibrated neasure of the

operator' rtn ' ol of this. i ' | de an

al ert nessﬂ#r%’h‘%tagern??ﬁ%\qésgrdos\%s%&égg%g%{%degc}/teit@gﬁlgﬁép%tgﬁ\gﬁgl? tetrgcpsrn%ésur e of the
oper at or ' sadtivityhaisd papil digreetsr and pesitios keproducae kignel rgpreBentiig eyescri pti on of

t he i nvent icg.n. tp To this ecﬂé t hﬁ@QreFﬁEt | nvention provides an al ertness
moni t or i nPEYLY BV G PR US§H I SHTEIGPEHRSHR t 0 measure eyelid and eye
novenent fNroﬂh?%bmapﬁrowhﬁsdail fm?r_@vidé a reel tté sletyess mmnig}fehamén_eylel id
novenents in relation to their i tude,, Ver i eyel i artial eye

cl osur e, d?rBWB?ﬁgcatQ?ré‘qudE,ea%‘er\?/?ﬂ% fErg fﬁaﬁgy%ﬁ- @qﬁﬁ@h@'ffgf tP’?I ow and

prol onged igysitiofl t6 bRfitetan ABAREEEEMBhItE Ae PGB EOmBEtiveaind daibiaiterf eye
co-ordination b) storage neans to conti nuougl,é record the nmeasurenents c) a

dat a pr ocd88a3ure §f e APRraior BnReQ FRGFRIR Y Aaghipery- det er mi ned  scal e,
sai d scal e bei ng averaged neasurenents of the eye and eyelid 20 novenent

paraneters_for a sanple popul ati on neasured agai nst predeterm ned
i ncr enent Jprief deseriptionpfithe dyeandiodd 5 dj splay for showing the al ertness

measur girent, ﬁﬁ’ssgﬁjd PR dré&ent FREeRIGH ;lal%)/id@Q aﬁ!a@érfﬁe%ﬁibﬁitbﬁﬁ?%&ﬁ which he scal e

readi ng reaching a predeterm ned | egal imt based on the bl ood al cohol
equi val entinglgdé®. 25 This invention is predicated on a realisation that

changes | )°yfaAlt MEatird oyBRYSPBYS ndlBmBh: BRPeKefFb dHe Gohrd pi cat i on
of drowsin€ss and al ertness | o0ss. re particularly this invention is
predi cat ed orelativelyrsiew eyaandeyelisemoversenis dikrelationde thejr ampliiederal saccadi c

eye novement &/a@%goéyeﬂé@,lﬂagtia‘f E?é Ufo@ur%%ftdb%ir@lé.y@ﬁ&s; slow or drifting eye
15 movements, slow and prolonged eyelid closure, absence of saccadic movement
and loss of eye co-ordination
b) storage means to continuously record the measurements
c) adata processor to compare the measurements against a pre determined
scale, said scale being averaged measurements of the eye and eyelid
20 movement parameters for a sample population measured against
predetermined incremental blood alcohol levels
d) a display for showing the alertness measurement based on the scale or
e) an alarm means triggered by the scale reading reaching a predetermined legal
limit based on the blood alcohol equivalent scale.
25
This invention is predicated on a realisation that changes in eye and eyelid
movements are an early and reliable indication of drowsiness and alertness loss.
More particularly this invention is predicated on the realization that the peak
velocity of normal saccadic eye movements and of eyelid closure during blinks
30 varies with the amplitude of those movements. It has been discovered that with
drowsiness the velocities are lower for the same amplitude. The ratio of amplitude
to peak velocity for blinks and saccades increases with the level of drowsiness.
Because the dimension of this ratio is time neither the amplitude nor the velocity



30 varies with the anplitude of those novenents. It has been discovered
that with drowsiness the velocities are |ower for the sanme anplitude. The
rati o of wopBisasde to peak velocity for blinks and sacca®€3/Atiecoeases with
the | evel of drowsiness. Because the dinension of this ratio is tine
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i nvention éaﬁn@ér@ﬁré?ﬁ%@éieqntﬁ&@e\n@@bﬂ taistihaemtibhattis bolsod al cohol | evel s have
effects aqn_eye npvenents that parall el ef fects of dr %@ ne%fSelg That is

dr owsi ness'Nig thygntian igralsg Wﬁ@Eéh‘%{Fﬁ?"B‘PWﬁa tIePRHRICORRY IRVE
states thajy &&Wo%&%eﬁ@%t%ﬁll@fﬂh& &@CQY& d?dW’sn%é%' Tlﬁbtl‘@dmwme%s logs

| aboratory settings inpairnme in performance of quﬁs cho hyS| ol ogi cal
tests tﬁecaqigéermes&aagrbmlamhpl 'PSH@%Peh%’F%@J SRips f\?&? %auses

| ner easi N, Jekel o R RBICRBAISDRABbERIP bakiRgh imfizidndrm equi val ent
effects that 1 ncre S|n al cohol concentrations have on the to

per f or manderigrmanes ef meey esychppquiogj‘éai&w begaushiok PIOGURSFIVEHHOPSRt t he

moni tor c - BfbRE%d

equi val en?%egpg%?rwggio%tgte %é‘sm%‘é toga?ﬁéﬁsgggﬁt%gg;ﬁc Many countri es

have | egi sbitit e eduiralent effects thaégwreasmgjblpo@a&ob@wnaqz@tr@ilon%b@ve edHE ol of
machi nery %trﬁ)rWaﬁge gftgkgé)gagl cohol | evel above specified values. Therefor
es

15 this i mention ena rowsy operators to be judged as if they were
i npai red Hyis aaberadiiv bf taisdnyention deatdherewsiiorecapfcandigedusiyireaersidheé o operate a

vehi cl e or_machin ded
A i er t e T soalPlner Sy AR S PAERI 4k b WA lod ABERoL S, NE 2T O
pul se em tdoater&duahybdomrunésehd\mdagleldteaicthat:lelstllI@al {oattive aorehicl@or hgve of a

subj ect b) a st ane r t ect.or I d
emtter iFQL?ﬁ ??P”E"?ré{ ﬁgo %0&0 VEI agbr?é{FSB%‘?ﬁ d’d Y%gpsfﬁggés@ﬁg nmeans
to recey Vethishﬁvéiﬁibﬁ@n@bles Idgﬂ&ﬁysop@mtotsaoww@das if tney twatralimpairesl byof | i ght

[ [ each uI se IS 25 fromthe combi.ned | evel of

![ wg{gggﬁ%@%pp @{C%Qlee JIFesG qff]]%g ﬁ{n negs ?o operate a vehicle or machinery.

In another aspect of this invention there is provided An alertness measuring system
for a subject which includes
a) an infrared pulse emitter adapted to be located adjacent at least one
20 eye of a subject
b) at least one reflected light detector located adjacent said emitter
c) means to transmit the detector signals
d) data processing means to receive the detector signals and to subtract
the total level of light immediately before each pulse is transmitted
25 from the combined leve! of the measured reflectance during the pulse
to provide a reflectance measure
e) said data processing means analyzing said reflectance measure to
assess eyelid and eye movement for presence of one or more of
relatively slow eye and eyelid movements in relation to their
30 amplitude, wavering eyelids, partial eye closure, drooping eyelids;
slow or drifting eye movements, slow and prolonged eyelid closure,
absence of saccadic movement and loss of eye co-ordination.



to provide a reflectance nmeasure e) said data processing neans anal yzi ng
said reflectance neasure to assess eyelid and eye novenent for presence of
one or nowe 00/0393s&l atively sl ow eye and eyelid novenents POTrAdi020io8 to
their 30 anplitude, wavering eyelids, partial eye closure, drooping
eyelids; slowor drifting eye novenents, slow and prol onged eyelid

cl osure, .absence sac ' v, t I f - 0or.dj [ . VWO
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canI _bg a?]@@détecf:rtﬁecaﬁ%é §Q?cmm@gm§mﬁnb©nemay9® ddres=ipe dye tbesst 5 det ect
eyelid closure. ese em.tters an etectors can _comuni cate with a
conput ér ggge&ge&ﬁg?j‘%ﬁ%e'a SF@E&tﬂFr‘?ﬁd& ‘?%‘?WS?”WWQUS}%\%W@F@SS [radio

f r equency loffpfe Haked andifigs BAY e @ing eystaincby®ire dewislesypadloi nto sever al
frequency donmain_or time domain ranges to obtain relative position and

vel ocity d@eaHeneyl cearastiee that can io0 be anal ysed to show presence of

rel ativel gl iae@Xfcetdiia MLg ehrian)seasitb sefdral fréhuehep Homair omme ment  of
bi nocul ar co-ordination of "'the eyes and prol onged ocul ar ui escence. The

dat a r ecod@BWINEGNERS to Shtaim (Ridtive RAsHIoAREE velpcY datader R ¥ taat &R ch

aver aggs n%@% | i a at is

I ncr e?rlgnt tgllé% e e_%gq%g h‘ﬂ%%ﬁﬁ%ﬁ%ﬁ“@g‘%? ([adr?f%Tﬁ?ds%égta Z]mvﬁ? Ggﬁ gﬁl?ﬁl | shes

t he corr elcinsugh ipwaiteent efjkineswlasnesrordinalion cithestvss angdrirelangehecy@duct i on in
al ertness, ug%cgﬁ&rred in a formaccessi ble for conpari son agai nst the data
bei ng regor ed. The stored data may be in the formof a | ook up table or
an i mage Tiesjstayecotas may be gentiny@ily comparetide peasegrided datai whighset  of

Qur at  on GURBEERIR st lBROEL R ol SR OIRIRE Sk e B BB e thi s
mat cheis a iseémehtati Evalsfod bload giehbl carltent. Bhis ddtaaivbishastabiiahesthet hat bl ood
al cohol V%lolrjr%laitign "Ba Ocraéjne gyeaﬁlobg%ent blood alcohol content and reduction in
alertness, is stored in a form accessible for comparison against the data being
recorded. The stored data may be in the form of a look up table or an image
display. The recorded data used for comparison is a set of readings of several
20 parameters of eye movement over a predetermined duration generally 5 to 60
seconds which is continually updated. When this matches a set of data for a
particular blood alcoho! content that blood alcohol value is recorded as the
alertness level of the operator.
Vision is blocked by eyelid closure but detecting such closure is not enough fo
25  detect all drowsiness episodes. Even when eyelids are open very drowsy subjects
still cannot see due to central or neural blocking of vision and impaired oculomotor
control. Neural blocking occurs during blinking and saccade movement although
subjects are unaware that vision is temporarily switched off at these times. Some
drowsy subjects striving to stay awake do keep their eyelids open for a number of
30 seconds after they begin to lose oculomotor control particularly binocular
coordination of eye movements. The first subjective awareness of this would be
double vision or diplopia. Subjects are not usually aware of subsequent slow and

poorly coordinated eye movements, presumably due to neural blocking of vision.



al ertness |l evel of the operator. Vision is blocked by eyelid closure but
detecting such closure is not enough to 25 detect all drowsi ness episodes.
Even wherweywalswss are open very drowsy subjects still camodtA®ee1ssie to
central or neural blocking of vision and inpaired ocul onmotor control.
Neur al bl ocki ng occurs during blinkingsand saccade novenent although
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presumably due to neural. ocKki f vision. WD 03/039358 PCT/ AU02/ 01508 5
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of dangerous, drowsi ness. The device of this invention nonjtors the

d _ t .
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of drowsi BRRPejdie dBRaRsdMhish bedurahteFrRIBBARNARMUESt fRdrh AkfaIftbiseksral] ncrease from
about 300 mll1seconds to nore than 450 mlliseconds. Eventually eyelid

movenent s SBERSIFe DYENG eWarRd an¢ ¥EnEgO! aleringsyand Brawsiessibat iseigabyel i d
closur@s WaifdsiafeCother &\t MhdvieRiEnty ol sbé]fés &880 Blinkbhd Waveg' al

seconds. During the waxXi ngﬁznd wani ng. of a er%ness and drowsiness_that is
typi cal i oheenantsofdheiids Beedinche distirgrishediond slowreyeusnvemepar theal

bli nks ‘anq giayelh A | Viﬁ[ﬁ?ﬁrﬁxeﬂ joh Qﬁv&é ftﬂé dﬁéﬁﬁ&tid?ﬁ%%etrﬂﬁﬁé di stingui shed
from sl ow eye novements. The 1 refl ectance used in this invention all ows
t he di sti hecanahet aspeet oftis.invemtiandhearelis progided aghethnd of measwirigon there i s
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subj ect are anal ysed usin nfrra re 0 obtain
nmeasures drffrd ted light mksesnipl abtaid endasures| afdha Hlinkatnplitarediooreldditg ratoccade
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aver age f periadisftiinsaine atemasuring the deviation of the average from a predetermined
average for alert subjects.

20 Detailed description of the invention
Figure 1 is a schematic diagram showing the location of the emitters and detectors
Figure 2 is a schematic layout of the system function according to this invention;
Figure 3 is an example of a graphical output of this invention relating to eye lid
movement;
25 Figure 4 is an example of a graphical output of this invention relating to eye
movement for the left and right eyes;
Figure 5 illustrates a graph used to determine the blink amplitude velocity ratio
(BAVR);
Figure 6 illustrates a graph used to determine the saccade amplitude velocity ratio
30  (SAVR),
Figure 7 illustrates the difference between the opening and closing velocity of
blinks;
Figure 8 illustrates the signal from a slow, partial blink of a sleep deprived subject;



20 Detail ed description of the invention Figure 1 is a schenmatic di agram

showi ng the location of the emtters and detectors Figure 2 is a schematic
| ayout ofwoDlwa/039858 em f uncti on according to this inventi onPCTAWANENS i s an
exanpl e of a graphical output of this invention relating to eye lid ‘
novenent; 25 Figure 4 is an exanpl e of ga graphical output of this invention
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froma sl Qwnce®afdiiopl bl ink of a sleep deprived subject; WO 03/ 039358
PCT/ AU02/ 01508 6 Figure 9 illustrates the BAVR per minute plotted during a
10mi nutde performance test done repeatedly during sleep deprivation over

ni ght; Fi Qil'éf@m?ag th iGuts éé&ﬁeyﬁe"ﬁg chﬁhd’éd \M[hséh mf@%éﬁ@ﬁﬁemﬂer&‘@/%m bl ood

al cohol concenfration. Ref’erri ng eye is provided with

an infra riga g é@eétﬁrlc@é‘ﬁte}?@ﬂréﬁé amd4 Dﬁ%%f?rﬂ@dth%‘m eflesteddighkt ect ors 13
and 14. D%d?ﬁ&ﬁéllﬂécr@ﬁ% r%/er\ﬁlfnbl’?% Hoh&mo B%é\k%grﬁ‘lo\‘ YredeBaPatdie eye

whi ch corresponds to venent of the ey e and detect's saccadic
nmovenent fdmntwmadtckmo‘eﬂmnttfmMn@théla@m“t%de(ﬂnde‘éﬁiwlm/@%a@tade can be

deriveq, t E@ﬁ%@ t 14
det ectg) r(ca%ﬁ%é%q@e%ﬁ %ﬁ vert ipzéaw%jéggg?coagg tY‘ﬁ!mfdet% Je?&cﬁ?ratﬁee[geg%ﬁgs to the
movement of4 detects yeflacteddliniht dentieeltysacm)ssl thel emv@mmorﬁeﬁpmdmtodhm he anplitude

and vel Oc'nfné\{e%enqﬁgw b%’]g d&gctggwali"og o&%a%é?%{)rqewﬂ%chltﬁé'gmgmﬁb%tUde to

vel ocity ] ect wears d the

i ght em tdrernelcuity oﬂ.éadebl&rktaxnsbe dédrived v powidesa blinkranplittdestol velosity hal f of a

spectacl e rfa io. mlehe sﬁjbje& Wears a light supporting frame to hold the light emitters and

15 detectors. The device is akin to the lower half of a spectacle frame and does not
restrict the wearer’s field of vision. A second part which can be in a pocket or
attached to a belt contains the pulse generating and timing circuitry and the
transmitter.
As shown in figure 2 the system of this invention uses IR pulse generators an IR

20 detector and a wireless transmitter to transmit the detected signals to a receiver.
The reflected infrared pulse height varies as the eye and eyelid move. The LED’s
preferably send out 50 microsecond duration pulses every 500 microseconds (that
is 2000 times a second).
The receiver sends the signals to a pulse analyzer that measures the height of

25  each reflected | R pulse (in volts) after subtracting the effects of environmental
light. It then analyses the data in several ways including comparisons between the
two eyes. .
The out put of the drowsiness quantifier can be stored, displayed or used to
actuate an alarm when a threshold condition is passed. The control portion of the

30  device which contains the display and alarm incorporates a micro processor
programmed to analyse the received signals. The memory store contains data
about the subject’s drowsiness over a preceding time period and can be used much



restrict the wearer's field of vision. A second part which can be in a
pocket or attached to a belt contains the pul se generating and tim ng
circuitrywendosdsss transmtter. As shown in figure 2 the PgItagamweoiso8hi s

i nvention uses IR pul se generators an IR 20 detector and a wirel ess
transmtter to transmt the detected sygnals to a receiver. The reflected
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as a black box is used for aircraft accidents sh?uld an acci dent occur. The

devi ce dd¥ica&an bediseddn alhighf,candifians,&era bagbbrunlightdo night gPadEoNSr i vi ng t he
I evel s,0f gRURQHTBRIRlightreidctdPrisheicaitb e povtidnbiaR ejdagsto thepi dly as

wi th the headlights of oncom ng traffic approaching and rapidly passing 5
or with d#pnigalshapg alfencenan agato ihe posifien PﬂB’IeeQ}’ebgs W%@SON | “such sources
of IR i grbtlf{] r&ﬁtfést?ﬁr e br ik t’ié%ﬁei%o%@& \Aﬁwef‘naeg/%hdf e éﬂéhsanﬁl%fﬁ-ﬂn the
devi ce of 'S 1nvention neasures t ev | medi atel y
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| i ght rsef IThetleckls and phtiered of ohange ipdw lighbreflettedieorne gach ey etnablsrﬁf@e coni cal

shape of th 0 n f
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when can detect and distinguish vertical and horizontal movements lncludmg saccadic

and slow eye movements such as those in smooth pursuit of a target or because of
vestibular-ocular movements that enable ocular fixation in spite of head

20 movements.

Figure 3 illustrates the reflectance signal from a series of normal saccades and
blinks. This data is analysed to identify signal patterns relating to loss of bi-ocular
co-ordination, slow saccades, partial and slow eye closure.

25  Figure 4 illustrates slow eye movements of a sleep deprived subject with eyes
open. There is a phase difference between the left and right eyes equivalent to 150
milliseconds whereas movements of the two eyes are usually coordinated to within
about 10 milliseconds.

Also detected are the slow drifting and poorly coordinated eye movements that are

30 a hall mark of drowsiness as shown in figure 8. These movements begin early in
the drowsiness state usually several minutes before electro encephalogram (EEG)
measurements indicate sleep onset.



closed. The I R pulses directed to each eye are separated in tine by about

100m croseconds to avoid interference. 15 The |evels and patterns of change
in the |iwybtonafbect ed from each eye enable the rel ativePpositozom®sof each
eye and eyelid to be nonitored continuously. The device can detect and

di stinguish vertical and horizontal noyenents including saccadic and sl ow

eye nove ts such those in snoqth pursuit of t QoL because of
vesti bul %868&%‘&9%@3%% lge ?ﬂ%{yseéi ()i cg@%pgrra%]op%{%rf%ﬁaﬁgﬁoogpi te of head 20
m)verr:snt S -freﬁgemtﬁ@s gr a f?r}gﬁt(dif&hﬁsﬂddrhﬁnieSbefﬁdemmtRirg‘nalhorhTabaheet eyeri es of
normal saccades an I.nks. Thig.data is anal ysed t.o identify.siqnal
patterns &M 'St%‘?B&'B'S%‘FOW?-"@@EIS e;eeom(gyﬂ%ﬁgttlp%lﬁgtlvg'ogwogg% Hdes,
partial angofthewredrefalpssdonds Ah ddrtsUifects badoagbs atesynshmnisey¢o mithiament s of
a sleep deprived subject with, T ' hase difference

A \ es. open ere i,s a.
bet weerd t HE MiliseCenis ?deWPk\%}‘(étg%e%ﬂﬂ‘\?)gP‘é?ﬁdst%t i@@rowﬁrﬁqsg, CRAFENANRLT eas
novenent s iOfeduBEd taMd ¥ SPovRER Mdlethéits ePaFolisiRisEGré Bftev hfiindhroabasiby 10
mlliseconds. Al so detected are the slow drifting and poorly coordi nat ed

eye novendftis 20A4r mare MiligeePnal | mark of drowsiness as shown in figure 8.
These ”Dvergﬁ%rﬁréfeﬁ%a'n@etﬁaa ttol dhalykB thetief¥BbAES Sighhiate debreathb yiimever al
efore ele EEG

m nutes b _ ctro encephal ogram measurenments indicate sleep
onset. WOawlibsesss wiwixveyesieosthesionas eldatecteett.| i ght nay be anal ysed

for sacca =i V. ' '

o nd - S SHARE e ok ERBhgdiloghy AN heoaR dpBiRE vBioghy ™

m ljl i se](c:or(H@\A)mf a@omanb\yeTmmpﬁimlmSimgwﬂledtyi iy gresterdhamiieneess opesingf t he
order o - c . ' i t hi
o 1o i1 1 e \anen Py R ls AHIRHAR) MeBRfERERaRLR SYPRISOR2 Bt 0 W LRI D
coor di nat itesblinksbecadee ef diffittlty medetérovining wvhep\advlimhtendef A dounaliaBds are of t en

asynchron%ﬁgpgﬁoegggﬁgggﬁgggﬁgsmre mlliseconds. The preferred nmethod is to

anal yse t ( s to derive the blink anplitude and velocity
val uesisf r aetdewicsi gfitiaik Snvehtioie tied theranbtysisi systeiny isr abl& td differentiztees t he peak

¢l osing V%le v(\}elefr}/ grgrﬁa%gs {%29 in%]lse oergekd 88&%% o\p/eerlﬂﬁé: io% the eyes. Drowsy

subjects do this to alleviate discomfort of their eyes. Grimaces may be separated
from blinks in calculating BAVR’s and they can be separated from spontaneous
blinks regardless of duration. This means that faking of drowsiness may also be

20 detected.
The analysis is carried out on a computer in cable or wireless communication with
the LEDs and detectors. The software filters out the signals to provide patterns of
eye movements at differing frequencies.
The method of analysis of the data uses ratio of the amplitude of each eye/eyelid

25 movement to its peak velocity. For saccades there is only one such velocity while
for blinks there are two namely closure velocity and opening velocity. It is preferred
to use only the peak velocity of the eyelid closure as it varies in an understandable
way, and opening velocity less so. The ratios are called the saccadic amplitude to
velocity ratio (SAVR) illustrated graphically in figure 7 and the blink amplitude to

30  velocity ratio (BAVR) illustrated graphically in figure 6, respectively.
Figure 6 shows the relationship between the blink amplitude and peak closing
velocity for 200 blinks in 12 alert over a 30 second period. Figure 7 shows that in



(POV) of a normal blink. The peak closing velocity is greater than the peak
opening velocity. Duration of blinks is preferably neasured at half the

anpl i t udewQ18839358 of the blink because of difficulty in aerexusmnizogy when a
blink ends. A normal 1/2D is about 110 +/- 35 mlliseconds. 15 The device
of this invention and the anal ysi S sysﬁem is able to differentiate between

grimaces t e force ure enln y

subj ect s al}%‘t béecg%ﬁ'@ Reals v 5?9?% ?? 8 lpe? #gfe?gtgélgb thgé%?p“tl@éegdﬁnay be
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conput er  iBn&ARleRs QliriNd the! rRessufsaAtTaIsa 1100 mwntaécoridb)eﬂh&mvmdfmtm ectors.
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the anpli %ﬁﬁﬁa&ﬁe E%@rt%\é%%érb@ulaﬁé nﬁG%‘é@%emheéé)prbbérh@@ai@ vifligrzistly.  For
saccades there 1s only one such velocity while fo | i nks thetrﬁsare t wo

nanmel y cl é¥aedy bbeﬂhécﬁt@t? Céﬁét'\(ﬁB@WP'%CtVé'F'%Pft W‘e C?E‘“’f"é‘%‘f%*ﬁéﬁ’?@ﬂ“ use only
t h; peak Yﬁ‘d%clhct,r)éae% chfb?eé%We'ly (@l;sa% Qé‘é’i’ﬁﬁ&‘é frithy BA’\/‘?§ alsrﬂh@lévélrbier standabl e

and opening v | es's The ratios are called the saccadic
anpl i tude drcnwsnI\)@Sdt)£>Ite§!S®%1tT'e@’CS(lEI?W!Q)3 thatingsmablBAYRGratp i BaIrpgos of 30%tre 7 and

the bl 4adIQpbt Lé’ﬁ/ﬁ?nc’f‘%s\é‘élb%ﬁ':déé¥.H@W§fscq$§ﬁﬁ¥%ll td rlegﬁér{o%&ﬁugé gphically in

flgure 6 ectively relations tween the blink
anpl i t ude deowdsipesskduringsin m)grfomeﬂmeﬂegls { see figaref)i ingyre; %szvseihé"rﬁor tier a 30

second peri ur & Rd sg9 alert
subj ect s PH@'%&EE%‘@%@E‘ %&%ﬁﬁaB{;%%gEgéA/lE)sgﬁlﬁﬁ'g%ﬁ% re g@;&g%{ao t he arrpl i tude
but  thi s after ahidhfif l@é@mﬁ toriad:raase)mgrq&sfvetym that with blinks. These ratios
are i ndependent of 't up._condi t J (Lt he
t ransduce?@;gERW‘:i rﬁb‘bﬁ?zs ﬁé&(&&@ﬁ‘ém Wkdlg qﬁ%g@{%ﬁ‘ls??@got&hgﬁ%ﬁﬂvg&lq
refl ectss simildiensadiirs as béealauletwrmlraatlm‘f tot drey tamé seal@ raimasecomdscloes and t he
BAVR reflects he cont i ties.of the.porbi [ | es. These
properti edO4f%e Pﬁfm%%rhégé{b d tE B(PE’BQO tﬁ‘ae%F‘Q&%%F%?F?%@?%geacti vation
of the cemjofmhbl RAGY @dSwellys tstotdiRRiration of such episodes per unit of time is

measured and used to assess alertness. These measurements are then related to

those previously recorded in subjects with blood alcohol levels preferably at 0.01%

20 intervals to give an alertness measure based on blood alcohol equivalent levels.
Figure 10 illustrates the indicative relationship between the measured BAVR and
blood alcohol concentration. A blood alcoho! conc’n of 0.05% is approximately

equivalent to a BAVR of 6.

25 Drowsiness is quantified over a period of seconds or minutes by a combination of

the following variables:

¢ measurement and comparison of BAVR
e whether saccades are normal or abnormal based on SAVR and their
30 frequency per unit of time
e the presence and duration of slow eye movements with impaired binocular
coordination
e whether the eyelids are open or closed and for what proportion of time



rati os increase progressively (up to 40 or nore for the BAVR) as the |evel
of drowsiness increases. Tests indicate that nornal BAVR s are in the
range of wWb®awn343es 4. 0+/ - 0.. BAVR increases before subjectrsThdageniaos fail
to respond because of drowsiness during in performance tests ( see figure
9). Figure 9 shows that for this subjwect there was no significant change

in BAVR until agfter 20hoyrs of wakeful.ness .after which it iRS to

i ncrease pr dgr ESRHGRENFE qt#rq"?f’rpfﬂﬂs?f%%\‘r?j”@gtegel &ﬁﬁ‘@@%\?gw *ﬁﬁ*ggg{y’ﬂi n a matter
of seconds. A FRAdedPé/BY Binocilar SddftinatiorMPariding vestibuier-cvals wndisetbatin
relation to any tinpe scale fromseconds to Pou[elsé'.El The an, BAVR and t he
number of ti nmeBYUiSHHEYE MPYEMBRISANIEN atgapiied TorSleaaNisiog WenA VI 3 as t he

total durationy®iciguch epi sodes per unit of tine is mneasured and used to
assess al ertness. These neasurenents are then related to those previously

recordéd i n suthjedteatiency pf longderatipe blis ansiether gyelid slogwes With igin19s 20
intervals to gj ; ; od al cohol equi val ent

| evel s. Figur E)A?ﬁn?'ﬁu@%‘? gﬁglagﬁa%ggﬁz)gt@?%f@e’[ aét)i onshi p between the
measur ed BAVWR thedfredplenoyl obvvahwttary griomeres imelvingnforoedidlasvice at epandtg eonc' n of
0.05% i s appr Ofﬂe”éat §I y equivalent to a BAVR of 6. 25 Drowsiness is
quantified ove a%? riod of seconds or mnutes by a conbination of the
fol | owi ng vari & @gationmefasusedgnongpericcisnyaculapquiefceBdyRnannetduedssaccades

are normal or abBor mal based on SAVI? and their 30 frequency per unit of
time Phe pres¥HRUERE UGS BAVIP®ow eye novements with inpaired

bi nocul ar  cpopgitipatal RVels\Wr 8EIRINdsB&af YRl dlidter wittopaticudr basaidolasd f or
what proportion of time WO 03/039358 PCT/ AU02/ 01508 10 the presence of

droopi ng or waG@RGaRiaBgRs i ds as indicated by high BAVR the degree of

bi nocul ar coordi nation including vestibul ar-ocul ar and snboth pursuit eye
movenents which are required for clear vision when driving a vehicle 5

t he frequdmey the abovryit dam be seen thiat Hlisingartias Hevidey aunigueingeansed wit h hi gh

15  providing an alertness measure based on legal definitions of fitness to operate
machinery or drive vehicles.
The method and apparatus described may be varied or modified to suit the
particular application or equipment being used without departing from the
fundamental elements of the method and device defined.



BAVRs and their cunul ative duration per unit of time the frequency of
voluntary grimaces involving forced closure or opening of the eyes the
duration wboansesssal |y | ong periods of ocul ar qui escence (ramaA®eotiosis) 10
wi t hout eye or eyelid novenents particular |evels of drowsiness can be
equated with particular bl ood al cohol jiconcentrations Fromthe above it can
be seen that @G%s i nvention provides a unique neans of 15 providing an

al ert ness e based on legal definitions of fitness to operate

machi nery {0anGildrirRs¥ efnitbiisy syBiiem Weidinidclades appar at us descri bed may be
varied or nodified to suit t

) ticul | icati I t bei
loed vi t nabmERpROTRE YT BYRERd S mavRient e & ofe eh B od and
devi ce defi n@htiviQ s BFIRRBeFA/ S NS PGelalidn tdhéir Mnplitudén al ert ness

moni tori ng system whi ch includes a) neans to neasure e%el.bd and eye
movenedt forWayesiserRyglids; Paiial @e gletuse ofroopias &YRIRs| oY) \ﬁ“_ V8 Hfid eyelid
nmovement s '%B%rﬁéh@,n?lé\ﬁah@%kéloﬁgj@’d'%@Q%}osﬁré{‘@bﬁdc@@fQé{@daddﬂno@@fﬁémtal eye
cl osure, drooping et\;e 1ds; slow'or drifting eye novenents, slow and

prol onged ey®1d lgsepbeys-ordingéake of saccadi c novenent and | oss of eye

co- or di nay) lofetheARIR FFARToUSt (©RBHd MEOHBkYUEREARA the measurements ) a

data processor to conpare the nmedsurenents agai nst a predeterm ned scal e,
10 sai d schl dbisiprgcesser legetpase e waasIremenistagainsya PERAPIRTIIe SR enent

paranmeters for. lat i dped
i ncr engént al %q'%gﬁﬁgﬁgbﬁo#g%é&gl @85?&gﬁ%ﬁ{ssgﬁéﬁl&%épéi%%&ﬂgﬁﬂe?aaﬁert ness
measur enent parametera farteesapuEé population seasirad @gaipaiwedetegpeedd by the scal e

readi ng reaching a,predet i |limt 15 based on the bl ood al cohol [evel
scale. 2. Anmgrlegﬁqjigsbioo%ﬁj{og%f]%gelgl aimed in claim1 in which at |east one

infra redd) adisplay for showing the alertness measurement based on the scale or
e) an alarm means triggered by the scale reading reaching a predetermined limit
15 based on the blood alcohol level scale.

2. An alertness system as claimed in claim 1 in which at least one infra red
pulse emitter and one infra red detector is mounted on at least one eye.

20 3. An alertness system as claimed in claim 2 in which the detector measures
the total level of light immediately before each pulse is transmitted and
subtracts this from combined level of the measured reflectance during the

pulse.

25 4. A method of measuring alertness in which the eye movements of a subject
are analysed using reflected infra red light pulses to obtain measures of the
blink amplitude to velocity ratio and/or the saccade amplitude to velocity
ratio averaging these over predetermined periods of time and measuring the
deviation of the average from a predetermined average for alert subjects.

30

5. A method as claimed in claim 4 in which the measured blink amplitude to
velocity ratio and the saccade amplitude to velocity ratio values are related
to a scale of blood alcohol content equivalent values.



pul se emtter and one infra red detector is nounted on at |east one eye.
20 3. An alertness systemas clainmed in claim2 in which the detector
measur es wWbhasns3sd | evel of |ight inmediately before eachPpmlAa®20s6508
transmtted and subtracts this fromconbined | evel of the neasured
reflectance during the pulse. 25 4. Apnmethod of neasuring alertness in
whi ch the eye novenents of a subject are analysed using reflected infra
red Iight pulses to obtain neasures of the blink anplitude to velocity

rati o and/ orgt Inansmeaadelanmpt irt cldien 5n whichdhé seflectatlilighpwdsesgareg t hese over
predet er mi ned peri ods gf imta and rreahsuri ng the deviation of the average
froma predet efgiestsq 3 ‘@?L‘&@"P'@ro%?@? €¥ubj ects. 30 5. A method as cl ai ned
inclaim4 in which the nmeasured blink anplitude to velocity ratio and the

saccade anplitude to velocity ratjo_values are relate to.a .scale of blood
al cohol® cont énf '@QWPQ@P@I‘ﬁ'm§§I'WJg§'.mMng"gé’%g@a%@?pﬁ &5 leeiancas 6. A

met hod as cl ai Eeghdidted With®By8lid Mo\Bimeht dritethe ebtaet I66ationgldtedtsl ses are
detected at two | ocations On each 5 7. Anmethod as clained in claim5

. N eye. .
in whi ch one | éefigcianse geseaiated with sseeamie B10VERERi ated with eyel i d movement
and the second | ocation detects reflectance associated with saccadic
movenment. 8. An al ertness neasuring systemfor a subject which includes 10
a) an i nfrar8dAndlednassineasuring ay3ten fooa sebipgodtietingf8eent at | east one

eye of,a subject )amsnfrltag@fpgﬁé;r@nnﬁﬁérla‘a%t% tb b8 ¥ca @éé%nt'a@%@&ﬁ&ﬂeadj acent

said emtter c) an _ t the detector signal's d) data processing
means to receive theyelefastljectsi gnals and to subtract 15 the total |evel

Cevel Jof 1 e meadt BHORORT BB el My Eeletidr IGRRE Adiftont SERBANE PO ance
measure e) said dat mepnotetgansngt theatedecloradignalng said refl ectance neasure to
d) data processing means to receive the detector signals and to subtract
15 the total level of light immediately before each pulse is transmitted
from the combined level of the measured reflectance after the pulse
to provide a reflectance measure
e) said data processing means analyzing said reflectance measure to
assess eyelid and eye movement for presence of one or more of
20 relatively slow eye and eyelid movements in relation to their
amplitude, wavering eyelids, partial eye closure, drooping eyelids;
slow or drifting eye movements, slow and prolonged eyelid closure,
absence of saccadic movement and loss of eye co-ordination.

25 9. An alertness measuring system as claimed in claim 8 in which the
reflected light pulses are detected at two locations on each eye.

10. An alertness measuring system as claimed in claim 9 which one location
detects reflectance associated with eyelid movement and the second
30 location detects reflectance associated with saccadic movement.

11. An alertness measuring system as claimed in claim 10 in which the data
processing system analyses the reflectance signals to obtain measures of



assess eyelid and eye novenent for presence of one or nore of 20
relatively slow eye and eyelid novenents in relation to their anplitude,
waver i ng woaBiossss parti al eye cl osure, drooping eyelids; Psirovuoen01asi fting
eye novenents, slow and prol onged eyelid closure, absence of saccadic
novenent and | oss of eye co-ordinationl3 25 9. An al ertness measuring system
as claimed in %@blfﬁk%nﬁﬂltm %We&&ﬁg ratfef Bﬁ&/EPﬁeléa%édeo%?lﬁlﬁdé‘fo veci'&ftg(:t ed at
two | ocations on each tness neasurin mas clained in
claim9 which e, BWQQimﬁhesm@wmedﬂérﬁmm@da%bmeaﬁtr@dnmstu"ngyfm id
novenent and t ed with
saccadi c novengﬁ\{lgﬁél}ﬁmﬂggg{e'%gt% ﬁ@gﬁ;a%eaogﬁérrﬁ\ﬁrée%;é\%?ﬁﬁz a@%ﬁﬁ?ﬁéﬁ% n claim1l0
in which the data proceSS| ng system anal yses the refl ectance signals tol

obt ai n jmeasuy£s / 150, ebll karrplltudeto
vel oci ty ratf% éﬁ{( rﬂgg&‘@ig %ﬁﬁl ﬂ%’ dﬁn\;&q‘?@c '9 W']J 8 aver agi ng
t hese over pr ed"faaeunadrtéldkpmpllmdie tof\/etolcin;eraaodnmﬂa?e?Uaadagetahﬁ)htudi%\'tbatl on of

t he averagefronpa rcted @'rmned avergefor aﬁ% %{h%g 12. An

al ert ness rreasu?Pﬁ'{:}Pr@gtV@ PR PAIVRLE %aéF%J?rﬂf FPrtt% measur ed

bl i nk anpl it udequivaleed vdudsy rati o and the saccade anplitude to velocity

rati o values are converted to a scale of blood al cohol content equival ent
val ues. 10 13. An al ertness neasuring systemas clained in claim 12 which
includes a 1B sphalerfness BicaBligyg S\btém Qs lmhbNatSaife s WhthBRtiu@ds #n al arm

triggered by the sc\;al readi ng reaching a predetermined |imt based on the
bl ood al cohol disRlaY| orscﬁsaqlgylnggwe alertness measurement or an alarm triggered by

the scale reading reaching a predetermined limit based on the blood alcohol
level scale.

15



