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MEASURI NG ALERTNESS This invention relates to
monitoring alertness particularly in vehicle

wopessawzrs. Background to the invention The depetiatame/000277

of drowsiness is of inportange because drowsiness

inmpairs the ability of operators of a wide range of

equi pnent including notor vehicles, trains, aircraft

and boats as wel | aMEAShIRlNGNLE&‘TtNEB&nt The probl em
not %e SOl ved

.dro driv g
3 bis PRI Raies W P io devhene MAtiarBLn B anssstors
Bhekghofuhlddblthy inveritioat rmny peopl e are unaware of
gaglr d{‘l ess at th even tho h they may be
eteElich StaTaySINEPs st FMBYTANEHeCates ditess Hpais e
ﬁblﬂﬂy?of @B@rafét@ 9k WidS e dMéQDlpHéﬂt Tnch.@ﬂ’r@ méfor veh|cles trains,
s Wil next decrease to oi nt of danger
B'é‘ér V\E ?’H%tscﬂso%'ﬂ/a% nguigtr 'P'rﬁ%!'%@“taﬂl’ge@b!ﬁm Qﬁ\ﬂlfoé% kiving
ehnrioh Be BbREEBY edudating Wk oabNe tehfstalXctigh %@h'f@élmg
USA patent 5745038 di scl oses an eye nonitor

E5eaYFY nB2e Flidiiquly: isthal mgRy P??Riﬁwaf%@n%%etoéthﬁft cér@wsmess at the
F?ﬂnbn&ethhQ%@ rm@ﬁb@awamh&%ew@; ?&eyh%e This

pat ent 586 | scl oses a syste ses
fegns ane casipd Predictwhery thels l%/ﬁbofeir@wsmesawﬂldm deoease to the

g&ht ero%n@eﬁ%%@?%s‘egﬁmte gfrrse«é%f#g@% I\Fé%  GlbsE? ahhwwésgeft_he

ares-t ar ane
prasanhuaﬁgnwlgmtary lapsgypiaitentibn.t he par anet er faI | s bel ow

3809856 B3k SRS Rt BB JSALY R o

aze no
treraye tofdetsckblimkirgniestiavicaiad annadigaster efndrowsimpas.e a

f . USA tt601334d I
OS2 &R ceBafit DEPReen R SuERolac TSR il Erdifuhe fece
any eyesdf sanshegaioe, detriads lalphyaméﬂsﬁammmle 6 402¢ Olinkcaw
FifereRdnt in & 2 ad Gale s B b intoE A RE R e fgiven
| rfrgetesmscﬁenmthetthrershblaghand an Intfntl onf{o

el ec | 0, enhance, er software
Pateptrsciioaldn NG ERHERRR A1s55559 Soian IAce s e ks Gaem
ﬁfonltéﬁi@ SicWakarfdeSofteefodimaie aRd Bhalysd &8d céﬁﬁuﬂ%aé @éﬁree of

4761 2 discloses a systemof preventing sleep ch

G@ft@%%ss eyel id novenent and actuates an alarm when the
B8Rl e TBOSTBM disSlobsdlh epdtbMSoPhnalysing drowsiness which monitors

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.

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.
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drowsi ness. USA patent 6346887 uses a video based eye
tracki ng system which tracks eye activity and pupi |

wdizeosmban2and position to produce a signal repprPeTRAUROWGH0277

eye activity that can be used,to estimate alertness.
WD 03/ 039358 di scl osed an al ertness nonitor that used
infra red light to neasure the anplitude and velocity

dfSaypatent 634&88§y15e8mmmwsdd(eﬁﬁfadkmg%y€mWhﬁ:hQFacf(s eye
be related to the sca

t hat
RSP ol flaTERs Gut B354 b Worheos schabieprasening eve
pErotivitydthatcaretsd useomb éislﬂﬁfa&@@l%ﬁnwltor that can prOVI de

f the operator's al ertness.
E‘Q’E’a‘#’@%ﬁé&d%&a 120 QlRRARSITg 't%tfmtwe@@f@wenmghuoeueasure
ghe ampéissle aRYiveRICitp bf éMdtahB%yé'nS&}e‘ﬁﬁﬁs tdyete 8 megsure of
@i 39358. Brief description of the |nvent|on

N8 OBt thehcambe &{atsﬁé@tf@e@a&]oqul@qct aleglsol levels. This
MNifoP Ebuight % ploRBeVd i tinB HitiRSs fMonftBARSt E&h gfo@ﬁ]‘ér &

e i d novenent b) storage neans to conti nuou
%%@@%m@a%ﬁgﬁmmﬁo% algrtgessa processor to anal yse

LY §|ahd)b§EéY Sﬁﬁ&tlﬁvérﬁloﬂgég cﬂnd@eﬁ?‘ﬂﬁ Svéyd aIEHﬁe@ng]Pégqrr? the type

and vel oci t 05|ng a openi ng av
ifclased VG Pa@808%%i ned periods of time and neasuring

@?&f%&bﬁbt,gﬁoﬂgrl,ﬁeﬂg igeterm ned value for alert

subj ects or showi ng the al ertness
é@reélﬁ‘éh@ psen) lnmentwlna)mwdwms ateringgemedittnng si@tem which
nt reaching a predeterm ned val ue. The
arrpﬁﬁtu e to velocity ratio for eyelid opening and
cl @i mgans taumedsurs eyklid rmivemsn’asur e of drowsiness

f th f to the nmaxi num
C o RS st TR 080 1 PO TR ool Bremstreurerieriin | mo
bl ich ks datacorecesssr t aﬁalyﬁmm aRiveARAtsCRILYIAN W UFR of the

Thi t tl
or cd SapRABS AR 1BioH o5 B3 alosind andomng Byeragpitiese over

cl osupredateemined pefibdg oftirie dhél hsaR0kng He ddipatea™

anpll ude g el ids close nore quickly than

t hey Gg'%ﬁ”'f"ﬁg t"ﬁ%‘e\f%'l Jeitspigctsr e only noderatel y
COU) ed dfspléy fd'ﬁ‘éhowwmbcélerh%%sfn%é%@rérf%ﬁt orl eep

ivation increases AVR for both sing and
gLe@ﬂ Agrm aseeadiieanreq by e m@awemﬁnbweaphleg@ predetermined
m)ve,m@,@ts i ncrease with drowsiness. The

The amplitude to velocity ratio for eyelid opening and closing is used as the main
measure of drowsiness onset. The ratio of the amplitude of to the maximum
velocity (AVR) for both closing and opening during blinks increases with
drowsiness and can be used to predict lapses in vigilance. This invention is partly
predicated on the discovery that the AVR for eyelid closure and reopening are
different for the same amplitude. Generally eyelids close more quickly than they
reopen and the two velocities are only moderately correlated. The inventor has
found that sleep deprivation increases AVR for both closing and reopening.
Consequently the duration of these movements increase with drowsiness. The
ratio it has been found that the ratio of opening velocity and amplitude is a major
indicator of drowsiness. The ratio of the amplitude of opening to the maximum
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ratio it has been found that the ratio of opening
velocity and anplitude is a major indicator of

wdnrosgwress. The ratio of the anplitude of opeRCTEATRMG/000277

t he maxi nunmvel ocity (AVR) of gpening has the dinension
of tinme and is relatively constant wth alert subjects
but increases progressively with drowsi ness and does

n\(ﬁloqu(QAVR?s ot apertngahasthe dithensieh uetms ahe ¥ Ridel Qonk it with
rrLson nee 0 pe averagea over a
R ERcAE LB ORARGR Pl ey S o By S aar v ot reauire

madibratien. and t he val ues sel ected for averagi ng can be

i ne condycting trials and, may be any
e i Ra AT BrrhosPS FUPRATEAR NERE (@R qveraged over a
Rredetemtihgd pbdod of t6é tThet @eﬂﬂ'@btén%f@rsﬁﬁééé?ﬁa@&ﬁd the values
cal cul at ed for. each decig?ct ed movenent and then
aS%L%cﬁegﬁar BYRPIINY 5B herasiermiarp by\eeindusting tialreand may be any
italoie icempiriitioh of ' i | y
;|ui@| SQ. tge a¥:ar aged g?lrgﬁlifeﬁ%?S@gélqvie%%t%ﬁélﬂ%iféﬁrgplygg?gﬂp%{@
\‘7‘5‘?‘8’@ & 'atipg aly calcylpted &oraagh dstactrd maversget arohtber averaged
DWENa PRedRBTAMSLRS iHel rious
B i PAm S HEh S5 3y of Rerig an
QFH19 roay alse Dei erages @d%lmdaded:m tbefinali catcuteted valsicalt is also

! ! | I v S di catin
EREetod o PORNE P MovehichtCs ke Siiaey N AR A porameters.
ITé@&REOUS PafaB1Rtera &8s Prefgrablydvaigitiee jrereaokiageing final\cakelation,

' 1 ' hnol including .
Tl EflctiatiitpBinet it AT of FENSMESS Hith Aipyyelikincicating
Aesineseantbighppralpes inticatiye imoeasinglevels Bir@inege

' h ' I d th
5008 e iy 37 Al S5 5l e
robl-rusnyr datscamesn bty o asnsaur: b
ﬁé Ogh % |¥Ile3n Ire et al el ow a oug apsol ute
asurene

T t ude and vel ocity may be used it

The ptoedgs meens i3 used toBRBY RSsiGhals 8AdMS) ABRIstdTIe oPfRE
t he need for calibratiion. The

| oci ty .t id
BPePSise YR O the eI e Esneatiagicvath g ey toe etsprocessor
Ab @kplainedah ot H¥il HeRfv a(tjrwugh %'blssélme%eé&ﬁ?h%ﬂ{% d&{éﬂqputude

th(fn us'g_ﬂ tBe mean . or nedi an val ue as explalne
(5 ge'a@lv BY BeIUSGH Itiherefpregsl tqysgayeassires ofiralsttive amplitude and
wisgityay aQbi i 1l 2V ) i

¢iyal a9Bidahs BEEE For calibrafE. ‘Ifil_ﬁea\%ra}fg \@fues%arjﬁg };Ja@@ééed

di.splay or a printed report. : m syste

F§13Q APK§Uifabimstatistical apalysds efripiueglity efokadiagsiagd tiert tsdng the
REEA b maBiRm Vil adBRiARCR ' | ng tones,

vi brations etc. V%?’Eﬁ& nl seuf@?éesé#ﬁlgbgﬁgfr m may be a
{hesligplpy naycha a graphioghdisplay@nsesdredre ot nuriiéricahbisphay, an
m@lﬂ dQ s . i, Gi [ e th dr.ows. .

dri ve%/ ls@ ?%2&5 %tr 'ﬁ%ﬂﬁ%@'ﬁwﬁ%ﬁﬁ%ﬁ%t%\f be & ﬂa\é\ﬁ%g light or
noise and may include any of the alerts used with mobile phones such as ring
tones, vibrations etc. Within vehicles the alarm may be a vibrating seat or
tightening seat belt. The alarm merely needs to be sufficient to rouse the drowsy
driver so that they may immediately stop.

The out put data from the analyzer besides being used for the alarm may be kept
as a record and/or transmitted to a control centre. Trucks are monitored for

position and the alertness signals could easily be transmitted by wireless with the
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The out put data fromthe anal yzer besides bei ng used
for the alarm nay be kept as a record and/ or

wonrawarieted to a control centre. Trucks are nBaTtAaRew/000277

for position and the alertnesg signals could easily be
transmtted by wireless with theposition information

so that the central trucking station can anal yse the
deaséficarigforatiaroso thai thercentral irutﬁlngTsh@tldﬁlédWéna‘}yééﬁﬁé YaBSand

could also alter
S AERSHAN CE Ll e 2w e s
besiufthalss eﬂefgy\etoberamehal?ﬂatb@f t@ VBPIé BF mach@gg?o&@hged by the
en in
Rt Berb iafhead i Bals oyl et i ineckaiieie clisengaging
deser] @tswitthing to taesaf@mblo%péﬁaﬁoﬁr awi ngs illustrate
trial results of the invention in which Figure 1 is a

recording using the nethod of this invention with an
amaaumubsmpuofbﬂmeem%ehﬁoﬁ recording of a blink

this invention with a drowsy
g’ﬁﬂ? %@ngﬁn&ﬁr@teﬁ”?! legults oftthe inyaplion indhister sus maxi num
\F&d[;mélﬁlkf afr@f:orﬁlf@' Oggfh%%tﬁoéj Bf fhfﬁnpéﬁtf&h%lﬂférgglgﬁ sUbject;

ustrat es anplitu ver sus maxi mum ve
dy@ed i é‘dﬁ@?fﬂﬁ‘@ @@ bling usingrike Metthagl wfehis Im\J'dnltISh mathessdrowsy
tgubfékﬁ and |l ong eyelid closure in a drowsy subj ect
usi'ng the nmethod of this invention; Figure 6
iFiguie Brilkisiratasramplituge vereus mamiteum velotchy for iepstintibsure fdoring
q,,, kipj ect kept awake over 24 hours; Figure 7

'I%ustrat es the percentage of Iapses using a test of

vflgun&a‘htﬂgsttme:ﬁ ampétusieversps madnuif \glooity Sori dylelis Fédethg during
el ati onshi p between the Johns Drowsi ness Scal e
w%&% and bl ood al cohol concentration; Figure 9

iAiduis brilatsérateasheinke bad langdyelis clostinege a &6@§ﬁ§ub]8cttdgﬁ1g the
é%?ﬁ‘c?d tg\glslb\?}?[@s Scal e and nean reaction- tines;

rgure 1 'PPat es the rel ationshi ps between scores

cErgulrélé iiLstratesBhe BroWsiASssSAGECoRAR ihntiBR W&@&Lﬁ@é‘cﬂ%pt awake
%rﬁgﬁw{ Recording from One or Both Eyes The eye

apparatus used in this invention is of the

Siyuee Kilndtrasdis peicRAthgkdf 1dp8eé N¥iRGLAEsIHI ANk
B%t I apgl : gat, gn O 83 3%%%8. iRGladEstSofSRfilah& over the same

Figure 8 illustrates the relationship between the Johns Drowsiness Scale (JDS)
and blood alcohol concentration;

Figure 9 illustrates the relationships between scores on the Johns Drowsiness
Scale and mean reaction- times;

Figure 10 illustrates the relationships between scores on the Johns Drowsiness
Scale and the percentage of “lapses”.

Recording from One or Both Eyes

The eye monitoring apparatus used in this invention is of the same kind as
described in the inventor’s earlier patent application WO 03/039358.

WO 03/039358 described glasses with transducers (IR-LEDs and phototransistors)
on both eyes. The reason for this was that binocular coordination changed with
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WO 03/ 039358 described gl asses with transducers
(I R-LEDs and phototransi stors) on both eyes. The

woeasm2®or this was that bi nocul ar coor di nati 8aT/AU2006/000277

changed wi t hdr owsi ness whi ch de it essential to

record fromboth eyes. However, based on further

research by the inventor, it appears that the
ﬁa‘é{&lﬂéﬁﬁﬁewhlcbﬂﬂaﬁmbesdamtlaldoCne@brdl &bhﬂﬂibth%?@éfﬂ%v@}’éﬁ based on

Th where t he
AR et B TR i s e okl
rQ@@@mﬁMg&emees mtnmea}*c&:cara@e aslgfdtv%lrﬁﬁs r{r%reléénés ?ht]? Where the
e 0 uyse
%@éfﬁﬁé IbQ'PCﬁ'é‘gg‘E\gv" e ’B'P\b“'t’@tf' ?%@P’s'ﬁe&mdﬂwefmm 1one eye
Iabeaufa’ademrfot bk othenparahictsle. menber bel ow one eye.
hods for nonitoring

OHBBERrprtter 45Ut S statd it Adorsenedihoto transistor

mietdmltcerlmcatéibﬁfﬁitr@Io%ﬁfrbm%tlﬁémﬂarybépcﬁm eHSKegQ"E in the
turg}{]lf. the frame rate of cameras can be increased

{STRBNVideseamera gthads ey manitering dowsinese Haus o\Ractical
tandlﬂﬁbdm&&llbl%len?é S&héoﬁﬂw%tfeﬂ %Hee&/ EBrﬁélino@eﬁH@V%lfthe

is the preferred te |gure

?rﬁg’%(r:rt@%o‘i’r}r?&é”qf% RANIBE Mpreasedie ebemtt500rHa vtiicmman @aw
gkletiticS Hi A‘?Rs t@?)eﬁﬁ@aé(ﬁé& éé‘rﬁllus BtleS lnft%orgb tghﬁglsdgér'ns F‘?\d getection

arbltrary units (A, and Vv
e pretaired FQ%'BO'OEVgure 2 shows a bI ink in a drowsy

gw]@%hé\ﬁ%;ﬂéj@aag\gﬁg@nﬁﬂﬁgim mf#ﬁg% rginv%gmglgga@p@erggubject
e Hertipal axisnpebitiamis io @pitriaryginite (A iahy vefocy & the change in A

t time = a neasure of blink duration
Bg't%f{”?"% change in position per 50 nsec Figure 5

Eigyies2 b%lw&s blinidin @ dipvesyaslubidetirors wisthg the RréledENention
subj ect Anplitude-velocity ratios (AVRs) In the alert
state, it is kaopre amphud©oPBiRk39358 that the

anpl i tude of emch =axiknups cl&&ﬁﬁ&dl@chyﬁoﬂz Vg Y

correl ated w t movt=smarixium! raopehingivielocity B §¥é|,avent| on
i's prediteatwsht imepaatmedsutd6f Klink @RMBLY t hat vel ocity

changes wi t hvelocist be@fge ihpRsBORbEE 56IRKE! OC t.\/ ratio
(AVR) is an inportant measure of drowsiness.

nguwaﬁﬁvmmg e ldﬁﬁyé‘nercldahréﬁu'ﬁ% sLbiRst f or
WK SAY)

referred to re

t‘:\tHg 'V%IQE' XJ@?'HEJ ('%\égé)ades and ot her novenent s V\D
lﬁ&%@&l@ﬁ%@atﬁﬂ%%@%n%ﬂ VOBaR9588 thatth SMpitd MR of each biink

litude of eyelid ) ] ) o L
or saccade is highly Correlated with its maximum velocity. This invention is

predicated in part on the discovery that velocity changes with drowsiness. The
amplitude-velocity ratio (AVR) is an important measure of drowsiness.

WO 03/039358 measured AVRs for blinks as well as for saccades. Itis now
preferred to rely on AVRs for blinks, excluding saccades and other movements.
WO 03/039358 measured each AVR as the ratio of the amplitude of eyelid
movement (the total change of position), measured in arbitrary units (A), divided
by the maximum velocity of that movement, measured as the maximum change in
A per 10 millisec. The inventor has now discovered that this accurately defined the
relative velocity of most blinks and all saccades, but not of slower blinks that occur
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novenment (the total change of position), neasured in
arbitrary units (A), divided by the maxi num vel ocity

wofhodehato2erovenent , neasured as the maxi mum chaRQ®/AR008/000277

per 10 mi|lisec. The inventor chas now di scovered that
this accurately defined the relative velocity of nost
blinks and all saccades, but not of slower blinks that
cbtingdiiewsigess: this howsealizet! the veleity siRbuld B8 nid¥ured as the

Y i l.d \be asyred as the maxinum change 1n A
R oA3E 18 A e BB R A3 st Ro oA P GRAYBY(50) instead of
iAdR@ay of AVR(1 Q. WO 03/039358 was mmi nly concer ned

MV @y ) inrﬁationtoe_elids cl osing during

bl P nKE, TPV IVBIY ANCESAWIEAYRE i ©laticon teeyelds closing
diusing wéinks. Thistinvdridh rginaRgt gaaiebiRe oAk ldbcBPery that closing and
C%nSl dered separ at el his invention treats rgye?l dos
SPRENgSBUORESIdeEy ssraratal. s aranvign RwR( sY8idsaipsing

FHPLRGEOR, andidysidseeopdiia m\m@bg g’;e.];sgﬁ&@?é Var?eieib“igés? TRAY are

<0. 001),..but d t
SIS i (RO e susanaigbraomelatedci  y f or
A ou i Vol foh g BT ygine
g’ﬂﬁfsng blinks. Duration of Eyelid Mvenments. The

HFiuré i49|lhs%te%%ﬂ>l@t§d§4/é’r§ﬁ§‘ﬁ13kﬁ1dm @gl%@gfofgy%lﬂjgreopening during

i nterval between between zero crossin
PQWS%ity signal and is called the positive zero

PRI ByBEEMALmEREC! ) - The duration of eyelids

reopeni ng’i s measured separately as the negative zero

dhe slraiigniof epelids| clgsiatOs)me aBuesckad 6l istearall bstWaseBENéen zero
n . correlated,. even in the sane
SR trh%!_eﬁogg?%@'ﬁ%f & R R S e RS igrval
(RLCIR| Ereedlnafidrhofteytelids Eeqpehingﬁ%nﬁamea%epérrﬁrﬁely as Itheol negative
. ve. clpsin openi ng. e eyelids
i T R AT MR L
moderately cduelateg!, BUémksthe Badleasibjett H=LadTox BY). Whibe durations
%q%/vil ness tFeléjS .&uh@%on gf cl osure increases .
Ry yOrrelRred Wi Gnehthesagesas dheutaspoetivieabyBs for closing
écdiopéniogn of eyelids closed). The total blink duration
tﬁﬁ? rree}sur ed OZS t t]e sum of the duration of closing,
gY§IgR dornot Ysvallysemainelasedifion mare Kranch?2 atilliseogeingiginks in
HberublRetseHel Wit dRWRiH=88 RAS G iBh '
hesfF r%ach thei r maxi num vel o% It y_°m§%&§g%‘%a% ﬁ%ﬁ(edly.
R MEAgUINNeIs 2 Reparaieavatiahly (dukalion of eyelidsiniosgd).t e
Fhedwital Bhe didBiort\A%asirBdSs itle Skl i i
Pholta) IR dikelor 19 ?%n o?stﬂ?]eag.u{] of fHd durhforEASSiRy, duration
of eyelids cloSed, and duration of reopening.
When the eyelids are reopening at the end of blinks they reach their maximum
velocity when about half open, and then the remaining movement can be quite
slow. This has always made it difficult to measure accurately the duration of that
movement and hence the total duration of blinks. Other researchers have tried to
overcome this by measuring the duration of blinks from the interval between the
lids reaching half their respective amplitudes when closing and reopening.
This invention uses an alternative measure. It is the interval between the point of

maximum velocity of closing and the subsequent maximum velocity of reopening,
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novenent and hence the total duration of blinks. O her
researchers have tried to overcone this by neasuring

wohaosdwzeeri on of blinks fromthe interval betweenAuha6/000277

lids reaching half their respective anplitudes when

cl osing and reopening. This invention uses an
alternative neasure. It is the interval between the
pAllRe th intakavenhtine! This musbibe distisguigheairfebrh ke interval between

Ci e call ed the

SR BRURL  ofL RTINS i a e
i GonEpeRly indledeeapieoRsreilinks, vtla:,n $)haﬁeid|en$|redt|©@ loF E%IH d1§§m
t , t i.ch occyrs conmmon
(R 3 BT Uy gl 56 e B e ol s
d@se)d Thisds ffqilgmd\bgrrembemmg whlohysalivags EE\WEFd @@W ﬂ‘uase)

e'ﬁ’f’é’r— ‘%EE 2@@ cal | ed 03| tive
(1hie! eyt e 2l Geaminel % dheufimaybe isdtine
(m@gaumlqﬂmsejf conberutieg pbsitiee any EgAVE 'ﬁ‘iovteHE?]té W’E@ver

't elpﬁﬁﬁ%r@ﬂ e time between the maxi num vel ociti es
consecut T VE 55SiSPMFCURBCHIVE SBradessf dioapmyopriate phase).
\Mhlatregatlvd lhEEH'eVBﬁt fihe glvied lasmééﬂéglgg Gﬁﬁnesté‘t%Pd&%péﬁ HbINKE which

of the, a riate
%ﬁggﬁgi dtqnntgeé'ﬁ ”&'%Q’me@t eyelisl mOV%memtarb@glrmnd
ehdbl i nks whi ch does not depend on the uncertainties
whe I i d novenents begin and end. Relative
Rfﬂﬂt'iv?%@ég]@ \MW@W%"H has proven to be nuch easi er
uma@lp%vdhqwb%hnbéh @éfs%erf twetmpn.eﬁ bR, 1 oﬁgeg el;{a apd eyelid

nmovenments i n sub ec s when sfFtti ng
AYEERTS- 'B&gwcﬁéﬁh%}ﬁﬁlﬁg still, etoing a bempu\ﬂaebasbd pérfgmance

S vl nipg ooy A S S
tieisagetoms. of @mwﬁ@daandlvplocntyl usdd meatsmﬁwgoﬂ(VRé is
@bﬁ;f.ﬁ;u'éﬁﬂly 59 I‘ﬁl% ﬁ'ﬁ/bﬂl%H i3 ;%fﬁpr]ea IIcf> g% I%‘h{)@%\?gonn? rc;%hser

The i nvent
geVemeatsi Eh@maﬂ@od ¢ this dgintioo faraloiry thlé.krs &L dlibrating.

Wﬁ*ﬂp@@ﬁ%kg %%]lap 5 %ra("%u g{/ Ic%ﬁ g? @th hgﬁlrzgg %&t%;é? guratlon
ans estasively. Ial@efaﬂmmmm iramm&nh@‘gmeb ﬁmeﬁ»%fn?égzlus hed gor
L BN W A s
aMsing (P20 and Iftwrn‘)egbhweﬂﬁﬁer@%ﬁﬂﬁné@% eT) Ber rﬁ%lmk& E\ﬂ?n%ﬁ

‘?ﬁt others 'i( %Lé‘ Wi thin them The
WEE My Hinks exreer biege e'm@@a r&@ge‘tshblﬂr@heﬁsaﬁlﬂéalfwwthm them.
Tresaplitode bhes ridringe bﬂﬁl@é ér‘e%%d %;s the Pef@?é\‘n@g%]lrﬁe%s@gmg

atetherelatlve arrpltueo nmovenent

tﬁ?é‘%@!ﬂ\’&ﬁgp o Pf dllmavensentsnor mal " bl | nks for the
mamatbahe waﬂl\%fémﬁttu&é@f drlyTRovdmh, the"drerRfice” amplitude for

ﬁgrtn%:1 tfl blmks for the particular subject at the time, must first be established,
which can vary under different circumstances, such as the intensity of light at the
time. The amplitude of each positive-phase movement that has a duration within
the reference range for eyelid closure during “normal” blinks (eg PZCI = 80-250
millisec) and which is followed by a negative-phase movement with an NIET within
the reference range (eg 60-200 msec) is measured. These amplitudes are
accumulated consecutively and, when twenty are accumulated. their 85!
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whi ch can vary under different circunstances, such as
the intensity of light at the time. The anplitude of

weaals/pzeet i ve- phase novenent that has a durat POWAU2006/000277

within the reference range fog eyelid closure during
"normal " blinks (eg PZCI = 80-250 mllisec) and which
is foll owed by a negative-phase novenent with an NI ET
weareeniile isccaleelated rithés becupeey thg “@ﬁer@ﬁéb”fﬁmhudes which is

l,itudes ar
PSS tmeHE e TR T R R S UleBrisina dhe raseraing,
gmashd opdhe emmy endss$ renehtmeas dments, Thb e88fRSahPRude of all other

RIS PG o e o bS5 calpuiiesassmperogniage

tdféha’t@ﬁfﬂmrmtlldoased on the twenty nost recent
tive anpljtude of all other

The .r el
rmve%&ﬁpg gmﬂqﬁ{dﬁ%frngqs 562 PY G¥elisrmavayaents ethst dkan blinks is <70
c%l Thatad partiesiagy B¢ fcsreﬁésw@nﬂfntémh v%?ﬁd&l Eé?:fc%geé bhé for

@Hilatlve ang of nost eye and
TPEUIBE oV 'i“ﬁaﬁ tBﬁ‘i %qn§af@7fgr the SﬂhﬁCt’$ bead movements
nﬂfelnl driviray. h’ﬁu§ Qlfnest éTP&FnkQ e4h E? disgh &Eﬁ’ed’@? {I'{eﬁ'zr%latlve

saccades and for vestibul o-ocu BV emen
@HPPE’ REING 3F0%nONse SJSéemwshqﬁ!eadhlmaenalhblmkan be quantified,

ol A te-hohhieh t@lméitlﬁi llljn d@ebdgﬁgé@ﬁe %In ié' ngui shed

eir relative
%/%Qt!vﬁdﬁl%ﬁétﬁ ¢aiculated apdiye clangetin units otrelative amplitude per
@daéHd.fied, no matter how [ong their duration in the
drowsy state. Relative velocity is calculated as the
é’fﬂﬁ@%cei in adfarastul ypluntdrpeysliel comire, tusdell;pe&erﬁ@ﬂp itltheAirowsy

lid c ure,

ek EPiEn % Sres B ko bRt b Bioalistt Foe agma bink by
ftedigh rﬁlaitlt/@ah‘@htuﬂbl ypicalty bﬁﬁ&f Sitlo other ﬁdl &h?bt dcf fo@fﬁdhltonn? eye

Lve i tude i ca
B b S s B B Ao i B o retpe S natier
noigeefertsrehafthidiirstentignii shed gri maces before, so this
i s another unique feature of this invention. Relative
Position It is inportant when the eyelids are not

Relating Pokitibnt hey are di stingui shed as open or cl osed
is the relative position of the

t the ti d
Eyselmp?@gaﬁﬂ@pe%ﬂqa,(%@f}eﬂs amed mevinghihat they eke distingwishedoas open
bwclbsﬂwaitdh@ Umieh Fo RIdShisitRE rePMRE Y o itiBR o?tfﬁeéryeﬂﬁ s Rfus?6& Rnown.

el OCIt %I ns and ends for events wt
Wéﬂ%@ hahigdnysintign oy kecorging e positipregienetimald perfoaise zero

Rs16dity lb@glﬁéaéﬂéﬁéno%r@r BFHSHltRh &gk Q%rrmgl” '?%ﬁgee othniﬂP? t ed.erfined

Ot h 90t h percentiles are cal cul
eghH #@S@,ﬂg}glt@@t\/@g@ﬁ ar¢ge@imulated per minute. Then their 10th and

90th percentiles are calculated, as well as the difference between those
percentiles. This is taken as the reference range of differences between relatively
high (lids closed) and low (lids open) positions. Any particular position is then
recorded as a percentage of that difference. For practical purposes the latter is
assumed to be the “neutral” position, although in fact it is slightly above that. The
relative position at any particular time is therefore a percentage of the difference
between the 10™ and 90™ percentiles of previous movements.
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percentiles. This is taken as the reference range of
di fferences between relatively high (lids closed) and

woOamwe(o20ds open) positions. Any particul ar posPCT@AW20/000277

then recorded as a percentageqgof that difference. For
practical purposes the latter is assuned to be the
"neutral" position, although in fact it is slightly
abydiffereace betveandiktive enplitideiand relatieanyogiesr, iap!t8é need for

' . f, t.h | ff
LSS 6 R oy BRSPS BRE b S i sunaent o
nbe @arafheraystelinf nensured db e @ magingirh WeloaP | the Wi to its DC
8&% f‘?lluéaatswe% é)tqm']éi and the need for botﬁpi n the
anal yoi Socgfn%eﬁ?n\é%f)gg

_ si's, ‘may not T el y obvious. The forner
i Wheny thievalsetitect surtliat gatie sHotdthmsryss emBir éﬁéﬁﬂgé%ﬁtﬁﬁ goes

td f j .velocity the latter to its
oéf“{ﬁg%tt? Zrereaﬁ#gga'%qs ({’)Li'rmsth%tf“n}ee?r@ Wreleseiferdetowainingrispwsiness

ianddhustde remmoled onpinetdnalyBlROTHIE 'i@@@r'\é%%i?nrpﬁoj‘r’én’ioving all data
ecor di ngs

i fier, output goes ,al nbst to zero.
M I PR eBhRosiRER e tieyt 30 e an moRtpther values are in
dhevaigee990apoogrust be renoved fromthe analysis. This

IS d i.mpl [ 1 dat ints f
I(&\‘?S%Fﬁf gﬁ@%ﬁ?ﬁ_@a@égg\e’: 28\, ?say) aZSOPOiMQe?eagr nost
QUrehtly Blie & 196 gehé}aliwgp;fn;}atgﬁ éa%&té@?@a‘g?% F]ogpﬁﬁls&rﬁﬂa a

Dr owsj ness Scal e Current ere 1's no
éH@PP&%’SV@,Of SEpwsineascebiedtiely at erpantisatantimey Thesubieantéthsds for

oo st oo il Bt o
86 Spald P Draviiee KersinslaRlbepinesshdcdle ai$9), that can

i . . . | i nska, Sl
B Sepk T oS S0 S
sifsranses betwrensubjeati® not accurately refl ect
i ff jgcts. This | [ id
TSGR Rridetihl SR BEoungkl Soale V%Y, e a8 ibased on a
weigblegheasobinatitsi ofatariables desatbirtbihe sheRftdrish 8f &¥id and

ti 0] lid and optionally eye novenents

RS S BBl B bl g Tan Bhe el Wb aremeasired
objpeteiwnl theltevideafdeyirsentdn. t hi s i nvention. Table 1
?]ﬂﬁ@éﬁ %\%ri abl.egl and wei.ghtings in one enbodi ment of

iHPURiegAPIey ABE meidRiings I enesembpdiftant gf this invention.
Statistical Significance(p<) Logn Standard devi ation
11&@@ 0. 00000 Inter-event tinme Mean Positive AVR
-4 2

0. 00000
Variable B-weighting  Statistical Significance(p<)
Log, Standard deviation 1.1575 0.00000
Inter-event time
Mean Positive AVR -4.7422 0.00000
Mean Negative AVR 2.6295 0.00000
Logn mean duration eyelids closed 0.5116 0.00000
Logn mean total duration of blinks -1.9377 0.00002
Standard deviation Positive AVR  2.3916 0.0008

Intercept (constant) 7.9719 0.00000
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Mean Negative AVR 2.6295 0.00000 Logn nean duration
eyelids closed 0.51 16 0.00000 Logn nean total

wdaomwtoonn2 of blinks -1.9377 0. 00002 Standard degirati2enms/000277

Posi tive AVR 2.3916 0.0008 Injgrcept (constant) 7.9719

0. 00000Thi s regression accounts for 62% of all

vari ance between 60 sec periods for "alert" and

"Thip seafigssiernactounta-fo06IB5f af) varidRMetwdSeee s¥abbAdORr “alert

about i nvol vin
hiCe |§§Lr%ﬂn§§% @% It@é §%§(h§%§)d EaBéSthﬁre&Gﬁcte
valatisdiballysfronTlabo@- MI]@M\AM%BO’(W@W}@Q!‘I Le\n}?@@hés E%ﬁgglidsdev\\%arnon for
e en
e a0e R o E8 WL B oA p At ke ot
|reestling8¥haufe when abbpbtsrwére alﬁreeﬁ&QB)E‘éhd 8olkhsad or g'\‘/\ﬁthm 2

the same re

S0 R ek oM 4 AT il bisasried de o o Johas Tosk of
Aligijance LT andsm@krmbecérmﬁas fbaé aﬁ&% hgﬂ? 6 léé@ﬁé&%atlon
t to the visual stinulus wt

V@E&etﬁgéu ECISETe SReirowsyy(F8) that they Iaﬁg%d’rﬁalletdwfatreaoond to the
disuabstinmeius dithiat 2Becy éttleés‘i? 50 { % btfc i ‘ﬁﬂfé% JTOE & L?s,t 588umed that a

t gures strate t
gg}/cums 'gg‘ﬁsﬁ%ﬁméﬁ'vﬁﬁ@d@?Qbﬁé@tfﬁéﬁcumﬂfammd the | apse

IPlgreS6 lal 78|l dtrate ﬁ%ocdi‘r%ﬁ%ﬁi'o}ﬁ%%tﬁé@ l@?td?‘ov\vm F%ss RAL% a8 the

t andard devi ati ons for ese varlia \
seun Xigilangedp slegprrieprived sukjects TV recor di ngs. Sone

W’ﬂé'n@&ln‘%saﬁd@éndyr@ FFQ)%U VfSr o?%&?? %lﬂgs', \Sf/tﬁrgelr pAL ot%g\ge Leach

nornmal i1 zed rans
Gﬁ'ﬁlﬂefoérJTVar%QOF dlngfh aSDnhe)r/al‘idbdaq{ﬂhagdld cotibavd @ﬂ&rrhﬁ@étﬁlﬁxtlon

)| ecl s who wer e sl e
RS B S ARSI ROE ShindiR el o et than for
depsing’tdonditinas becmtsevdaty whrowsyludéd fdkﬂ) @et/?rﬂﬁ‘subjects who were
st epwi Se
o BPLRRLRATLIG Sed R PR s Ba s a5 tar wgre net very
desivsytad thevtime.abl es to pred| ct "alert” and "drowsy"
.coded, as The apal ysis was

?g@@ﬁ%gnwwﬁ Ve ARed lésﬁ%n s?é?Fin?% EWtinkeh Eoyessionerwar and

badkiwd usihg the éaéélvﬁﬂ BERaysrbdict @RGP MVl
entmb)g "o 2 res?JI ts. & elcdat abgg]e vvggvsg coradltdpns

%pvglge wsng @/@g,rg@%at@mmth glepwiseydieerimioant analysis
a“é“?‘“ﬁﬁ‘“ﬁ*ﬁ"ﬁ?'gtsﬁ'?ﬁff%‘“"%@iﬁ%s@?'Vf”tgh%&%ﬁ*b'&tﬁ% e figsults.
'gfﬁgggtgbwed\é{p@ diyjslediintarwe halvessandssarjasatesnultiple regression

Ay sk visre %@HB@n@d?bﬁﬁé&ghéf‘% d&gé% }Sﬁ%&l?éﬂy%ﬂ%ué‘%sults This
change slightly wth an expan

supports the claim that the JDS is W|dely applicable across subjects. The variables
being selected and their weightings may change slightly with an expanded
database.

In other experiments , subjects were kept awake for 27 hr continuously, and they
performed a 15-min JTV every 3 hours. The mean JDS increased progressively
after midnight, as did the percentage of lapses in their performance of the JTV
(p<0.001).

Calibration of the JDS may be made in terms of the decrement in performance on

JTVs with increasing blood alcohol concentrations. This follows an earlier pilot
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I'n other experinents , subjects were kept awake for 27
hr continuously, and they perfornmed a 15-mn JTV every

wa@ 203022 The nean JDS i ncreased progressi vel yprartiagro06/000277

m dni ght, as did the percent agle of lapses in their
performance of the JTV (p<0.001). Calibration of the
JDS may be made in terms of the decrenment in
pévdioalang the same s wihich was @bksisi degndriseatk flcbah@ationship.

> rafki This . foll.o n earlier pilotstudy
STRRER AR uBSdnay M8 reli bl ectiediee AL FimaRnent of
rtyingeskilislin i dyivsigi smulBitor) taipatingt detfodrRndein 1A BRerPShd sleep-
cal i. éé‘g g agai nst the degree of inpairment of driving
scﬁélp:”Ps |tr%eas'dri ving sinmulator, conparing performnmance

iln atseeond emoammbmloe&@dﬁwﬁtm%esél?bﬁtﬁm i5édifief O ke gccount
of .the invention the algorithmis nodifie

RSB Ve Bhtiioscancl R Y4 b 4 i et il dhesion of ocular
wésabhmoe%%eamhm: TR HEh o8 tﬁ?%1 irﬁ&%’él@rbegw?%ne

ui escence( elr mnute. This Is the nean o
ghe

iRPRFSHLVE Shea Kone¥Rents ©f apekinddineldingsagoadase biirks,

wesEo-stingy Moﬂéﬂnéﬁt%ﬂ&c?ﬂ@%ﬂ@é??longge%as of ecylar quiescence are
vesti bul o-ocul ar novenents, etc. atrvely" onqg
R gt thgrdrawsy glate;for sxrwrstbiestse Angibiec newofriable islthewsy

i i.ahl e is.the
B ATl eI R Bbo X RN S oly a4 G AvR
SAFEsIgs) Hhis pertagirgaIRcreasesids iirovtsinesper cent _agg .

[ ' ' : Ws_yvar.l abl es an
B Y g e o B o dmeRt S¥inE
invgatien.on. Table 2 Variable E eight Statisti cal
§agRidicance (p<). Ln nean negative zero crossing
interval 2.66 0.00001 Ln standard deviation inter

Yagiableti e 0. 99 0.00001 Ln nean Buweighon ofstaystidal
Significanee (pX)0. 003 Ln standard devi ati on negative AVR
0.22 0.00001 Percentage of saccades with high AVR 0.01

0. DOMean negaiivelzeratcraasimfineewd ar quizesgence -doddh1
0. DDSdhdMairdeviation 1deBveht BR01 The regall ts of o FBAY
exiremiearniusation dflegeirpgibsirant have shpgn the Jhgogan be
caln baati@d devidtien MegafivesAVRI i tical exel " of g oop1
dr Pevsentags of Badcadae with highPAVRd genepally,  0.001
Ln mean duration of ocular quiescence -1.49 0.00001
Constant 13.83 0.00001
The results of many experiments by the applicant have shown the JDS can be

calibrated in terms of a “critical level” of drowsiness that can be applied generally,
with greater accuracy and sensitivity, by comparing JDS values with the results of
psycho-physiological performance tests.

JDS values were measured each minute during reaction-time tests (The Johns
Test of Vigilance or JTV) in many subjects who were drowsy because they had
been sleep-deprived to some extent, or had drunk different amounts of alcohol, or
had some other cause of their drowsiness. Different levels of drowsiness, as
reflected in JDS scores, were then described in terms of levels of impairment in the
performance of those standardized tests, such as slowing of visual reaction-times
and how often the subject failed to respond at all to a meaningful visual stimulus.
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with greater accuracy and sensitivity, by conparing
JDS values with the results of psycho-physi ol ogi cal

woendepwrmnce tests. JDS val ues were neasured eBCHIVAU2006/000277

mnute during reaction-tinme tpsts (The Johns Test of
Vigilance or JTV) in many subjects who were drowsy
because they had been sl eep-deprived to sone extent,
ofhesedestltsrikdidatef thatwtierearttivers dbwaiheeRlaches a hé}ﬂicég Bel,

) C f.thelir drowsiness. Different |evels o
P BL1or B el il o6 BEF TS Thslsaclsnedongin i fa aeve. This JDS
dEoe iskesdociatetiaritiva Afasbeasty BighfchiaRBabf r’i@c%sﬁc{]hdf 0a

such a

f.th t andardi zed tests,
G RS st R uSeaat VAtHE Shesvioual i Fog safeistsiving, the
salijtetd rebpomcetd ¢ ' irhQii i i
Sl e oty i 0 itk e
d’l’a?’{?gera e va%e 8 the FRade s Rarampynt cal " | evel , equal
tRigure %lmfsethetrélaﬁbrfshD% %wé&?th%%hngﬁrﬁﬂgigb% ?ﬁallg(wlggf and

fit %{ive. This JDS score is assoclate
! SHI9) CRNERNIEHAM % 19 Subjeets plidir bgrs ares05% confidence

neRiaRgANOWA pedloosi] mul us presented within the visual
fiel For safe driving, the ability to respond to

d.
J:hgéﬁ waga statistioallyt signifinaat refatiomahip, betwedn 'gQS acorﬁs, measured
i i i t
g bls@éﬂda%zé&‘geg}’ glfb'étﬁLme %799 %luﬁgﬁ%l?gHg.hEﬁg, A [n%"g}ﬂaAc

par anount . Fi the re

trRasytachay Diestoslyres dwﬁmmz‘(e]‘[ﬂ@ wherd tP@yccUgnlabmgFeﬁsigvew more
: O . - ely
%%;alsgggt@,gé,_qg pﬁwggg)]{j E”'&i%@/ jects. [Error bars are

con ence interva A p<0.0001] There was a
n Hei v thelsupjest sraskid empushed Btiftarngleldoined/MeedordiRent hand) as

rjn st anday di zed test (10-nmin

) AESRRH S SEprgh el B Sidbeiian 4 Camelipe agiopecthe
bhangesaideat ylzrandduri:ht:ag/atr?ﬂ?eﬁ\)ge?h B@n\dﬁgl@béchﬂgeéi g;@ags on the

el v .npore al cohol,. be n m and m dni .
BHePh Shghd iRl e PLoiamiones fes Dolress Toavesaieita
Bubjbcts Ahegle towrito3eé tHABHINGS afit itk s61dSm PABH r@éﬁolrﬁf Whdn
seel a ch ngg of %Eapes on a conputer screen. e
8%5%3@%" 8? -Hmes4{Rd b pachmaastres with s epciBagidf 2 Mseecare
Uibuialie ledsIthh®500Mmddae screen change to either squares

r_di anonds, for 400 nsec. This gives alert subjects
gﬂjﬁ” reyva thejr isponsasichanas ieseveral waysy sel dom fail to

I e3P OTHEWHERE IGRGBF fo rediGHd tore%egtsitiﬁlﬂfdsk Hﬁ%er(rgqet' nﬁﬂﬁ%s
measured with an_accuracy of nsec, - ar dsual y S

t h&n BiRY fabatore pitem taiespeyd atalle ler they syatesesrecmong of omission.
TR HanhBY Hith HrowdlRdsst oyt Lo

sti mul us(l onger reactsl'sojﬂigfalsérg%)%f.y c%hcg@aﬁﬁglr% m&ap gﬁc%r each
6‘?\{ gq»:?.t,ta@drtgg peregntagedf timesdhatriby sulbjket faity o resp@Tswidin
PaHiéaCine limits (0.5, 1.0 or 2.0 sec) is also calculated.

The JDS scores and RTs during JTVs in many subjects at different levels of
drowsiness because of sleep deprivation, have been measured with up to 40 hours
of continuous wakefuiness. The JDS scores and RTs in the 19 subjects with
different levels of blood alcohol, have also been measured as shown in Fig. 8.

The combined results for 70 subjects who performed a total of 221 JTVs done by
51 sleep-deprived subjects (red triangles and dashed line) and 19 alcohol-effected

subjects (blue circles and continuous ling) are shown in Fig .9.
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These changes with drowsi ness are assessed by
calculating a nean RT for each JTV test, and the

woenm@areage of tines that the subject fails toPCeauQING/000277

within particular time limts;{0.5 1.0 or 2.0 sec) is
al so cal cul ated. The JDS scores and RTs during JTVs in
many subjects at different |evels of drowsiness

bEera ésea highiy sagnprlchmmneatrelanondlmp/beﬂu@en Jﬂl&érlvd Rtlf |N\fe§«|§h group

u ont i nuous.

8 shBictls, ARtieiieofehaiond 426 il et sealre Aie assosiated

| witte slswef réslponsbsaﬂoctb@ oisuallstiviilal ia QT@@P?I (WQF;%LR'B% FRis is true
ts for subj ect's

RSP o7 odoe GO Gnasa A 3SR s eipiafog Witk mean RTs i

sd»e:epe demo medc. swhilethcse (sfr@ﬂgérferéﬂlygic@éptéﬂ Q:nﬁ'é’a? Wefle for such
%ﬁse lEsand 19 . al cohol -ef f ect ed s% ects lue circles
a

JOFRE HESURY [5SpeNses Which B UMEbE @ntr@umq an jnereased crash

hnsghl y significant linear relationship between JDS and
RE @? ach g{) f sub ects, and their regressions
he iFf gicab MegsHiecf £64I6¢ flcian and the RT is a

Srh@Mre bﬁﬁé‘l‘i’d‘ﬁcﬁﬁ tlﬁé% lé BI@aW Ristbd & ‘h‘é%éks?f cﬂh r{b‘g W TV

(hi This is true regardless o ause of
gﬁ W§@'W'Qﬂb@5@ﬁr® it is ngt segvMende have homelatio®Tisetivaen such

riabRes &k O@@?Wﬁ%‘aat%wsle%f‘ilﬂr‘segﬁ I's no generally

accepted critical va for suc RTs, these are sl ow
riigyerideshowysi the rejatiensiips| betweart sdones en the Johnisiiroeamess Scale

b : . . .
ARe PR eniaieor Hpste 122 P IS PRISHEYY 81 RBkETenrvae
ehipetsolied trizagiessaind| deshey lineleatiel® alcotidheffectell sabjects (blue
dcrirjcféis%%d c'oﬁm‘?&&&']%% ysi ol ogical research it is not

i| ati ons between such vari abl es at
0:@10 slﬁowa sanittatrelbticreshifs, intthe same&wo @r@kﬂ@ofb@ubﬁéﬁ% in Fig.9,

nshi ps t ween cor

RS oS SRR g e PRERRES b R e whenhers was
b‘lﬂder mxeréstpbnmioba( dblajes k&@bnﬁ@ﬁfth RIS 50004664, STHig i@%artlcularly

| an t and dasF ? I I“&%e%ﬂd 19 al cohol effected |

JEiyaE e e fidng pituation WS 1RBRRONG; ARl reppend quickly
shoush & aclear visghlatinNFhes be iof clithtal Wéﬂ?tah\i‘@ T%Qél B Qo

ects_as .in Fig.9, between JDS scores and

E‘@g% ﬁgglagargfrelnatlg'gﬂ’@gs 'whigh pf@/ldthWQm@rfgr mgg/ahdlty of the
QDA IO of § PRI Witl8 hiyHEhahes BPRPSIn ||§jﬁe3?e;r50$r%gnce

meec. This is particularly relevant to'th

4¢steand RieSWRablY alsg WhikeediVina: espond, or to respond

qui ckly enough to a clear visual stinulus may be of
critical inportance These are al so highly significant
reeratthe ABoNepdesaription i caw beseenithahte peseldrivertion préwides a

il o
\Oﬂ 01%1 n:\]aansglfée gf&oézgaeﬁgaﬂﬁ rﬁ eabliee P%gﬁgrnog g%e‘?goﬁ% Eoity to
operate machinery or vehicles where alertness is required.

Those skilled in the art will realize that the benefits of this invention can be
achieved by embodiments of the apparatus and methodology other than those

described without departing from the core teachings of this invention.
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test, and presumably also while driving. Fromthe
above description it can be seen that the present

woOonvervzan provi des a uni que nmeasure of dr owsi RESATRNB/000277

a reliable predictor of a perﬁpn's capacity to operate
machi nery or vehicles where alertness is required.
Those skilled in the art will realize that the
bethséts of this invention can be achi eved by

epbodi nents of the apparatus and net hodol ogy ot her
tﬂgﬁwﬂeﬂé@saéewmaa SQ?tFﬂ’b‘MIF'CQEEM@Png fromthe core

t eaghinfgtihsab nidtistird &pdiatrhéenfdrti ™ 1. An al ertness

nonjitoring system which includes a) neans to neasure
eyeP) &f%g% ps fp continupyelvireserd the) neeaRUremeRis| v
r ecer @ da# priRessrataRbfsé bydidtAbRerRéns & SPtir mﬁla%%ée/ ofthe

eyelid novenents to obtain’ nmeasures of the anpli

and vémplifude axd xgleritwioieyeld algsing @ngmpening aveeaging thgse over
t hese pyVdRitei &fidy - | iyl qeasuring

t he dg\?éi/at?oﬂﬁ%?%mlasggg' et e¢°ﬂnﬂ§%%jn\p§|tﬂ§d?{oﬁrgt'a ert

subj edtos @ redeigrapmed valee fos e subjedie al ert ness

nmeagur, ; ' red by the
roadr ey R ShaNire g R IERRRE A" 2

al e#)t Redarpmenns triggemeshictine aseasuegment reachihga pradetermined
whi choithe means to neasure eyelid novenment is a

camera. 3. An alertness nonitoring systemas clai ned
inclaiml in which the neans to neasure eyelid

nov t ri | east one .infra red emtter

moutt o 2 bee pdteRhe SRS AE 1 ol GRecl g means to
red deteastucyeyslidonovemdritts ®oambe. spect acl e frane. 4.

An al ertness nonitoring systemas clainmed in claim1

in which the average values for the anplitude to

vel Bcinjalgraridse brioring epstem R vlaifledsh Behirm1ein\WHig th&eans to
and added to give a drowsi ness neasure that is

conpafE@sts evelid movestend comprisrssat lenst ope JRfrasedemitter

col | egice@tdd 6Ha @beéthcld Attt AWt I845I0RESfra Red d¥lector also
al ertness npnitoring systemas clained in claiml

fittefptegrHihespestactsframeehi cl e or machi ne in which
the alarmmay al so trigger a change to the operational
status of the vehicle or machine.6. A nethod of
meaduPnierinesagnoniiogng sysiem as damedhin elaimddh wdich theaverage
st eps j I ' g i V. f
i eg@?e%%og?@?éh@#ﬁ?% éd vEBEk 2l or OB8hihg MR \FIEY ard
weighted and added to give a drowsiness measure that is compared to a

scale of drowsiness based on data collected from alert and drowsy subjects.

3. An alertness monitoring system as claimed in claim 1 fitted to an operator of
a vehicle or machine in which the alarm may also trigger a change to the
operational status of the vehicle or machine.
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subj ect b) measuring anplitude of eyelid movenent c)
nmeasuring the maxi num vel ocity for eyelid opening and

woloemioagn2el) obt ai ning a value for the anplitudecrau2006/000277

velocity ratio for eyelid opepd ng and closing e)

averaging the values for the anplitude to velocity

rati os over predetermned intervals f) recording the

av ebagenhetraldufsnéasuriag drovsiiess\oila subfbce QVHEH inBRIdLS i?r%esteps of

al ues for alert
sub] oot o7 ORI B ARG BENa PHeld ITRvEne 8t Eastanesye of he
t he averageuMabtues for the arrpl itude to velocity

rati os f.ar enl n are wei ghted and added
to give é\ﬁgf"?ég ﬁ%’é %yq Hé‘@owegn npared to a

scal e ofc)dhmun@mebﬁéﬁﬁhuﬁﬂvél@di@ f@roéy}eﬁéibﬁgmﬁﬁ%'ﬁp%lc%ﬁr%;
and dro 6 !tﬂlects A net hod™ as

in whic 8 Vakiedoriba anplitusede Veleeityiersio foheyaid apening
of the int gﬁa@logmgetv\een consecutive eye and eyelid

novenents of an ind. 9. A nethod as clained in claim
7in V\hiéhaY?fég'tﬂ%b\%Vﬂé@%f%ﬂ%%méhtdd%tD veletitydetios beer

per cent age r@deﬁs@ﬁﬁ%ﬂﬁﬁ Y‘%atléq a high anplitude to
veIOC|tyrat|o od as clained in claim7 in

whi ch t He @rp@rcg@g; th@ pyeraged values for edciviniterial mmbbcnmanérg@
' the measure "ape FEAE: oA Bleeierited <KFr Pl B A S ptects
cal cul ated by the nethod of any one of clains 6 to 10.

7. A method as claimed in claim 6 in which the average values for the
amplitude to velocity ratios for opening and closing are weighted and added
to give a drowsiness measure that is compared to a scale of drowsiness
based on data collected from alert and drowsy subjects.

8. A method as claimed in claim 7 in which the drowsiness measure also
includes the mean of the intervals between consecutive eye and eyelid
movements of any kind.

. 9. A method as claimed in claim 7 in which the drowsiness measure also
includes the percentage of saccades with a high amplitude to velocity ratio.

10. A method as claimed in claim 7 in which the average duration of eyelid
blinks and eyelid closures within a predetermined interval are included in
the measure of drowsiness.

11.A drowsiness scale as calculated by the method of any one of claims 6 to
10.



