; kl e3eli 1f | h6TCG' ~~~w~~~~~ ALERTNESS MONI TOR Thi s invention relates to a
net hod and device for testing alertness and the onset of drowsiness by
nonitoring eye and eyelid novenent. Background to the inventi

detection of drowsiness |Is of inportance because drowsi ness i ﬂm@ H“
ability of operators of a w de range of equi pnent including

aircraft and boats as well as industriadl equi pment. The probl em (*J‘f”‘ﬁ”r'owsy
driving cannot be io .solved byAlFERBESHYCHMTARrs to take renedi al action
when feeling drowsy. The difficulty is that many people are unaware of

their dr O\Aslﬁﬁﬁwéafoarraatam @Ihhuheaahaeemeqméaﬁaaeﬁm@ dnBeidhsbigy may be
alert and aware aft ans one cannot predict when their

| evel of dr oW ﬁ@gis Wm?“?“ﬁ"é%eyaé‘@ﬁ&{i‘éj PYEMRE poi nt of danger because the

drowsy state involves a | oss of awareness of the present ; an 1s

i nvol untary t USA pat ent 5745038 di scl oses an eye nonitor
t hat exam neégg‘%ﬁ?gﬁ %déq?%)hgﬂ?rom the eye to detect blinking behavior as

an | ndicat or Thé detedinpiohdrowsneiBAs pidtnpatarE867H8F dpwshessdwpairssiyst em whi ch
utilises di 9Lbiy of SRARSESf a b rgﬁoﬁ%f%aﬁlprﬁ¥ﬂ$ncﬁxﬁln3%&@%%E@g airdigki ves a

paranmeter attributa to an ao conpares this to a threshold
val ue of tha?nfbﬁ?aé?r%? ‘é?” aSA“‘%@FrﬁI PRyIRpEsR dine peoblgmal drowsy dHENG SR RARERRr fal | s

bel ow t hept hE&SMWeduE’ﬁhglhvé‘r@QQhﬁd afedRNadi6h \9t8dn4f8é121§ dedvag, THReS 3 Vi dleo

i mage as an eye 0 _Vie e anal yse
and compute B ESTRRY Borlud Uhhdte SEER S S STRIF ST Bed % 275 U
for anal ysi ngrodisomss evesshongh tey meyikealest 26! awatecsidr oy eteatThisTdegaz e

stability. U?ﬁ? ﬁeﬁrggﬂt%%ZQhe%S%l ?P’aqo&gir?e(ég@ll ng%to%ﬁr%gggggge 51?1<taotf' ons and

saccades to ator ‘su I ng, reading.,
searching, t uamger rigcausd teadrowsinstetatrivolves @log;ebfeemta.renless pidherpreggrd s @m t o'
enhance clgrrphqvg,r nt%RflE\;‘!@ro%trté?ﬁ@ﬁms' veness. USA patent 6097295 discloses a
syst em of anal ¥S| s _based on eye O\'RR size.. ~0 USA patent 6147612

di scl oses a HP7408Y EREIPYRS aﬁleé@ﬁ‘ Pt peardnasdeiBRad g oy ement  and
actuates -an EHeaéymtmbaectu)hmr@ytﬁhadom\faeﬂm&atcbrs:fdrl\dslﬁﬁsl ve of drowsiness.

I~~~ W~~ USA 6887

o v aotcs PR B Rl SRASRR S SRR L IR0 RS B R0 S
si gnal’ repr esedneyasg)feyepmtp'r vlietiyes tarpararceter aitsbulstéaitotan aysthiimeansl al ert ness,
Al of th alggﬁg?a g?gurlsqg(él?l‘ﬁ%sf{o% Vaide? of‘?ﬁé?}ﬂérgﬁxeﬁer/\%rmﬁ g@ngllse@\t,é}ﬁss rmnl tor

that can ed neasur opera ness,
an obj ect of thdp%am@tele‘amh@ivwﬂ]emeﬁho&b an al ertness nonitor that prOV| des

an, obj ect ve g, SALHBAAHf EBARES) kbR RREFALEL: Snkld BERTIdoPPerate &

vehi cl e or escription ventl o Is end the
present i nvem VlG‘M apﬁ@@ﬂ?lctﬂéﬁe @QV%P%I?%ﬁf@s@amﬂd(ﬁomﬁateWéﬁﬂ RiedReisncl udes a)

means to ”anAepa%fﬁboﬂsémelsamsmmr érwrysla? 8oRREEsONhieM@oRitorsor e of
el atlvely sl ow, eye an r?(}/ s(t’qng enments In relation to their anplitude,

waver i ng %yethﬁgmob%{??rl & ure, drooping eyelids; slow or drifting
eye i s novenkldsspatsit 60028 umaﬁyerﬁgekbrelytalsiud'\ & fystinne andbs®ades tofinfsaccadi ¢

movenent and nlxe(?':?asf sﬁ[es%\‘ﬁ\é%é&'foqis@éﬁésoé?:anning, reading, searching, thinking and an .-
intention to select. ltis 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 eyelld movement is indicative of

drowsIness.
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b) storage nmeans to continuously record the nmeasurenents c) a data
processor to conpare the neasurenents against a pre determ ned scale, sa(d
scal e bei ng averaged neasurenents of the eye and eyelid 20~ novenent
paranmeters for a sanple popul ati on nmeasured agai nst predet erm ned
“increnmental blood al cohol |evels d) a d(splay for showi ng the al ertness
nmeasur enent based on the scale or e) an al arm neans triggered by the scale
readi ng reachi ng a predeterni ned Iegal limt based on the bl ood al cohol
equi val ent ¢ patert§34G368 upep e Yidewbased ey teatkioasysterowhigh treglisiesat i on t hat

changes in exevigdd Qbﬂﬁl'd|ﬁn&&vﬁﬂ%ﬂglﬁo%%r@ﬂm@@&%ﬂal plieseplinpdke indication of
dr owsi ness and .al ert ness articularly this invention is

predi cat ed GF YNNGt EE] '?ez‘ésteﬁg‘?]eit'ﬁéﬁte flAdsseak vel ocity of normal saccadic eye
n})vegent s anl asthempeld shpedanaes fil elusrongs é)lddartkﬁe aéméaé mesitomitidh cdhe ﬁrrpl i tude
of those nov t i scovered that ness the -

vel oci ti e%m %W §cal|br¥ate@%§ agﬁlgeéjrgg-'e OrFS rﬁ&gmﬁsﬁe'w"sfﬂ g ¥\EH§W'E)I itude to peak
vel ocity forln\tﬂntlwk@ pravifesacisatess adicetisbmowdestantohiective\erld cefibratedwsi ness.

Because the fiBRsdrafR BPbratdiisSitdedd itbpematd & PBHAESRRINERE anplitude nor the
vel ocity needs to be neasured in absolute terns so I'ong as the

nmeasurenents |Involve the sane arbitrary scale, In the device of this

i nvention i fBiief desd:rﬁ;mon'ﬂﬂ'ﬂse ineerethii on i s al so based on the realisation that
bl ood al gOthOt es\é% have ffe(g on..eye rTD}/erren S t.hat par agl el the
effects of droWSioha preﬁ?ﬁ YUY BRI RO NEEE e RN PSS MBS and bl ood

al cohol mdun@ud@@haw oural states that show the sane patterns of eye and

eyel 0 over Send 9 pieBRE BN SEYL B RALLIRAL of ST ffEIRNCE of rmny

psychophysi o oglcal cause rogress onger sleep deprivation
t hat causes i nEld¥y sigw Pya/andseygid mpmmntﬁdeselmetmehamlﬂu@ ated with the

equi val ent effwweﬁn%a@mdd Bﬁﬁlglaeﬁ/é'&&smeod}gop?ﬂg%gms Qmeﬁaﬁfﬁﬁgtéy@ns have on the

i o performnce of ose tests. is a benefit of this invention that the
moni tor ¢an coWPYeﬁ“LES‘EFSF'9WF8€8F°&P”9F|%6¥%%F'S'EL5? sab%ﬁ”@?t"ﬁ?—?s?gadd%mﬂ\é?r?@ equi val ent
to that assomatcﬂdssvmfteyeebchrbmeﬂbnal cohol content. Many countries have

| egi sl ated tha rive veh| cl o have control of

machi nery et éto h l“%B !)d"%ﬁt@}oﬁ V“TC@(Fet %egvlére@ﬁ%& fied values. Therefor
isthis |nve0)tadata®mb$sestochommsl§¢ thp measurrsertoadaims| mplgeietﬂmmie‘ﬂ t hey. were

| mpai red by al GaRoLaFachidud SlRrelTASISRfis bPABLyd bideRtg L0 operate a

vehicl e or machinery. |In another "aspect P%thl S |n ention there is provided
An al ert A&ss n@a\éqmqnh@argrpgtﬁ@ﬁpqQﬁar@pl%mﬂu@@@n MaRsered a9eingles a) an infrared

pul se emtter @@émeuqqdp@némg@to@d rdhaeeet at | east -one 20 eye of a
cnitter o ?féaan@s'?' Br S £ HE e B G RAT T® SRS B ocess: g means
to receive td)e adelzenheansiriggeksbathd stale saaking &m‘chlh@a pteafetdrmined &dgabf fi ght
| medi at el y~behml{ SasE&6n th%tl!)lloso% a%%hglre%ﬂﬁ%rgttsgge.
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 [oss.
More particularly thls invention is predicated on the realization that the peak
velocity of normal saccadlc eye movements and of eyelld 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 leve! of drowsiness.
Because the dimension of this ratio is time neither the amplitude nor the velocity



2s fromthe conbined | evel of the neasured reflectance during the pulse to
provide a reflectance neasure e) said data processing neans anal yzing said
refl ectance neasure to assess eyelid and eye novenent for presence of one
or nore of relatively slow eye and eyelid novenents In relation to their so
anplitude) wavering eyelids, partial eye closure, drooping eyelids; slow or
drifting eye novenents, slow and prol onged eyelid closure, absence of
saccadi ¢ novenent and | oss of eye co-orgdination. It is preferred to use,
refl ectance of f ns of measurin e and eyelid novenent,
Infrared |ight® @3&&%5&3%@@&%@8??%&9'%8 aﬁﬁﬁﬁgﬁx@wepﬁén\%&?éhe near the
eyes, to nmeasameatbhercéeiegishe devideglithis iefdntiat ied vbieck from each eye. One
det ector can e to best
detect or canThE iAPhAFAL k)RR bela Rt AN SR R ERhaldEnsye Lo best
a conput er b&agere aaVFitsthameraleldbe aifertp o petwsinedy Thatiedrowsingsselosss [radi o

frequency)s Ceeeics®Bnd blodd'Sicdtef ih@GdedRAICIA BRI En A BleYsR@ | nto several
frequency domain or time donmin ranr%es to obtain relative position and

vel ocity dat 82%%5ps ¥£YR 2BG &YF IR AOVemaNs-dn [5eoralony SAIRgs pad A6 Br esence of

relatively sheMoryacanthayekydopiyépmizhal, te@ysédadss:dftpsdgf@snvemﬂigéﬂent of
bi nocul ar co- rd| na qui e?a% ce. The

data recorded® %99%*“@%@Ftﬁaaﬁefﬁcé%%%?%@ %gr;?%a'f‘%séﬁsaaﬁae’a‘é%f? i ch

aver ages t he wihtieatjuivatepteffeet thad biceeasing Alopdpludtat capnerdmtipischaveastiteed at s
incrementgl hLev&hanod o,i}hgggqegsl cohol content. This data, which establishes

t he correlatlon bet we ¥e novenent bl ood al cohol content and reduction In
al ertness, i &% B?rée@t Pﬂh'é WMo it ESIPHIE" a9 cormHpE eeRid Mifai nst the data
bei ng recor degerafbhealsitseds belt@edquialdnetol thattabebcfatadiwitafa oddadohap tabl e or an

i mage displ a e r eadi ngs
of several %rbtg&a%ﬁg&’u%g g%e}%#égtrmrﬂ% %@@E’B% $§%eat\felhfgeog M%Jrati on .
general |y -5 tcont6) oeaiksy emwdmabE)Od@thomabllapomﬁmméeﬁ vaNeenTh)diefsr mat ches a
set of data f gﬂ@ cohol val ue
is recor dliasg 5@5 ngeerﬂlg %hgﬂ%ﬁo?wg ﬂ#rg JU&%B %tg gﬁhety@?etsr {’ocked by -
eyel i d cl osurisobeiandervideianrasweref adalsiness ;osogs;(ﬂte QWOE@aW%t ect all
drowsi ness epj §rQﬁ!%$asEé’c@Bft%%eﬁ%ﬁ'thé?@ns%ﬁ&udé@% aYe@trnb!ss%Qé/&Mngg%e%?t s still
cannot see due to central aor neural blocking of vision and inpaired

“ocul onot or  cErBPECNEFHNCHScki ng occurs during blinking and saccade
novenent al though sabjagafiaredhelss BRWRF &ddphaitto vé Sicatad hfjadediROE&tohy Swi t ched
off at these tinmes. Sone W}/ subjects striving to stay awake do keep
their eyel ds open fofY&®f &Pt of 30 seconds after they begin to |ose

ocul onotor control paetleastbrs teflediecigbtiti@tectardarattidragiacan saiti eejtternovenent s.
The first subjectiv e e doubl e vision or .diplopia.
Subj ects are not usﬁaﬁlggﬁs B%%ﬁsrﬂth%% %CWHW‘}% ow and poorly coordi nat ed
eye novenents, pr esdJ)rrdbﬂaW@Q%SlftgdﬂWMTECBW@&II%dﬁ@C@fSl@ﬁ%ﬂ@hﬂfo subjactonpari son

“the subjects head is WY thisBbvel Bﬂlgﬁﬂ%nfe@fal’w&fd@%héh ;sdlrs@%tra%ﬁﬁuébas
progressed to' sl eep. Conseque e.alate L\ﬁﬂl’nl ng

danger ous24r owsi ness. TPRENGERR E}?dd?ve?‘i’fl e m%?/sé’Fﬁaa rS{mY?ﬁﬁ gying BeRUFR at | ve
positions and rmverrentt@pmﬁldédneeﬂs(:tery@an@asdreeyel ids, Wth the onset of
drowsi ness the nean_dur, n of spont ane nks |G se from
about 300 m i secoﬁ)ds? '? cef'%'ggnmﬁ% aﬁgﬁlf'%%a%%%dg&érﬁeéﬂ?as {ﬁe@ eyelid
‘novenents becone so slaesess hmﬂd’ah@yyeamevamwntiongeserbb phke dsutorel dw eyel i d
cl osures whi ch occur ré]ét%l?"skgee@ya)ﬁd @yr@lgln?o%méﬁtg)mrglamltg thdy several

seconds. During the waxin wani n | ertness and drowsi ness that is
typi cal 30 amphtude wavering eyehds 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.



io of, this state other eyelid novenents occur such as partial blinks and
wavering novenents of the lids that need to be distinguished fromslow eye
novenents. The | R reflectance used in this invention allows the
distinction to be made, In another aspect of this invention there is
provi ded a nmet hod of neasuring alertness in which the eye novenents of a
- subject are analysed using reflected is Infra red light pulses to obtain
nmeasures of the blink anplitude to velocity ratio andlor the saccade
anplitude to velocity ratio averagi ng §{hese over predeternined peri ods of
time and ne ' f fr m ned
aver age forQ§H t&&g%ﬁ g%ﬁéhé%&%geﬁ ﬁqﬁegéséﬁgchgﬂgkgﬂﬁﬁgg 6%nt|on Fi gure
1is a scherﬁ@i*%mQY%ﬂémfwgﬁbﬁwmsIaod:aetemrs oRy baeogntetioatte and det ect ors
Figure 2 is facsebammd éﬁs'@ﬁ%&u@ﬁhé&ﬁn&%ﬁﬁ%ﬁl%ﬂéﬁéd %k%ﬁ%@h@%to this

[

i nventi on; Fé ué?% g ﬁ n‘g cal output of this invention
relating to ng‘e FeHCN B0 BRafRcen g’eﬁnﬁlﬁrénﬁonesm%i/rpee%@éﬁ?ﬁ[“@?Met%bai’taphl cal
out put 0f5thi&iteqtay&ladt:lo&u'rer'@ieaeEmgtetsoaneyietemkseﬁﬁI(ﬁmrﬁ”nomlcétb@ntheft and right

eye Fi gur bl ink anplitude
v)él gm tlyglrjat |O$ndeigr%%Jd%bg]gﬂgg%é%}fjmgg% Jf’rﬁ)b?%trgr ap éﬂgdl oI det em)n' Ineut he
saccade anplfraaygecylednoestiey ratio 3 o (SAV R); Figure 7 illustrates the

di fference bﬂ{evm@%tatnb@daemrbg aﬁﬁ!@sefdlmls@@ra%@@h&wdman%ﬂtm@ Figure 8
|IIustratesA§he si gnal rtial blink ‘of a sleep deprived

S| aot o Adhain raes o ol FR e PosBTBA R erdl Lol fRhieaoh P CRRL | 1
1Qm'h [lut E 1perfeodrrayned ot st sw kaBI@oel’c&ﬁ@ﬁtveldlsbbwﬁaW kitDey®li€ epvEREti uﬁﬁuondogfr g
; I gur an 00
D) Sohol  cancasittes AR pER g, LB BhitgT PP AL AR BylRRRs BE Goc wi ch an

Infra red puduescendetter 10 and two |nfra red refl ectance detectors 13 and

14. Det ect Orrng g debRed hay 6L Loty ce@&frf@a ﬁ'régé};tr@édld%taaWh?;ﬁs the eye which

corresponds to the novenen detects sSaccadi c novenent
f r om whi ch taﬁ’é’r%ﬁ’bFhetséacéd%’éP\ﬂ?@IeEbthaﬁ%/Of@fpoé%léW”|Sém§'&d‘&%éfeé@h be derived to

pr ]9?“ dte 35 Fﬁﬁﬁ?ﬁ@nt@ﬂﬂdsﬁf@%o&i QlcYiRd! @6ntént. TH dah, whiRh %%Elrshéé(;ﬂae?a '?(r:]t S t
reflected Ii ica acr oss corresponds to the novenen
of the eyeli ”& %’P@'@F% @PYW%’?&5‘8%@%1?093/(]‘&9#%?&{63@@%%| i tude and

vel ocity of aertteshlis stkredana foem decesyibld fdircmompmsmdegamktlttnenﬁatamhgt ude to

vel ocity r atﬂerrdJch%aé e@%ta"\ﬁ%@e m?hej, fogl%f b rtgt}zg'%r ah to hol d the

light ertiitters an he devi ce  lower hal f of
a spectacle d'$F&ﬁVeT@¢1@C@fé%%dﬁ@ﬁJS¢deth¢Cinmaﬂ$q1ﬂes %\@%hoéfeaémgs @ﬂS@V@“El vision. A

'second pagt Mérﬁé’ter‘é%‘f‘eﬁﬂnb%n@npﬁfék@tpré%teﬁﬁlﬁ@cp&f?ﬁloh eferRRf 4 to@@nt ai ns the

pul se generating and timng circuitr etransmtter As shown in

figure 2 these§9'%qséﬁ‘ﬂ s ?%“5“?”%\9%‘??("?%&“1?@@@5 PRichAs &%t gEFAIR M drs an I R 20

det ect or aanaatldMaralbswcéHoammh@f blb&d AlschBRAlE id faorlled gethed signals to a
receiver. %ﬁgeflect eEI |nfra ed pul se height varies as the eye and eyelid
espledtler

move. The L. BI°§’er§ d out 50 microsecond duration pul ses every
500 mi croseomialdms(kildwéd bﬁey%@@ﬂoéﬂr%&td@teﬁﬁ@wnd)clos'ﬁm |srr&ﬁehmgh tsends the

R pui'se & n uhtt o RpRs Ersi . ERE el Bl B P e P eRBER 1 ghe - e
t hen anal y s esiill chrnotisaeaduerio sentrat @rlneumyblocpkmglmdsnargamblmatre¢w@nb1§mr\/\een t he
tWo eyes. . control, Neural blocking oceurs during blinking and saccade movement although

subjects are unaware that vision is temporarily switched off at these times. Some

drowsy subjects striving o stay awake do keep their eyelids open for a number of

30 seconds after they begin to lose oculomotor control particularly hinocular

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.



The qut put of the drowsiness quantifier can be stored, displayed or used
to actuate an alarmwhen a threshold condition is passed. The control
portion of the 30 device which contains the display and al arm i ncor porates
a mcro processor programmed to anal yse the received signals. The nmenory
store contains data about the subject's drowsi ness over a preceding tine
period and can be used nuch 7 as a black box is used for aircraft
accidents should an acci dent occur, The device ' does not require
calibration before each use. I1n night 8riving the | evels of environmental

| ight both viséddparissndnd R_(tgte?ms Hehaangenlika@pioHoy fasardivhil drdwsiheadhd ght s of

oncomng traffic a n and assing.s 0 vmthdydrlvmg when
sunlight is WFHQFS?SFEE? gﬁepby ﬁsre@%%m{yﬁp qogg]ﬁ%ﬁeasddﬁaygoeesa 18% VY%”W gﬁt can be
detected on d!a‘mgersumgirewsth@Sf ace, For this reason the device of this

i nvention ”?gga%e\?g lst;rﬂfeﬁﬂlonl rﬁc‘!rﬁéo he eﬂaﬁl?%pds everﬁ&%g#%‘?\ts%ﬁh@acr‘ pul se

is transmit tract From conbi ned the pul se and
envi r onmeft . eYERagd ﬁiée&?r’s W'Wéh%l%”\ﬁeé@f Gasingss theapan JuUtien pf PpRetaReMEi ti ons from

bright sunligks bl@k@ln@ﬁébsw@ﬂlabweao milgeddn@s Wﬁﬁhaﬂftlsbﬂmihs@bhdsr eflected is

related to t es due t coni cal sh t he cornea
and to the pg\é‘?“&a@hey d {ﬂﬁgewﬁﬁ? OMERGSIoY] E%n'feéﬁ i §% I8P%E?{cbﬁ@(s bH refl ectance
of the t(ssussweygidsbdurahehickpedur téeraitienttyzed lahiiornbdnalftd saverd! The | R .

ul ses direcged. 40 : roseconds
Ito o avoid i ntg'erﬁ1 %éseggwhgggﬁlﬁge%%@ sgaéaf%%nh%stag?ﬁrsﬂép %Qﬁg‘%t %%nﬁbfhe l'i ght
ref | ect ediof r efriniesleie @has eéﬁ@bﬁ%’emétsﬂé?%ﬁiwsﬁ%ﬁW'@F&a'?ﬂ‘w%‘@&ﬁg eye and

eyelid to benapimdney GtheiRBthal HEstSobe dEh@gLﬁbaud ﬁ@n@mw gyethesbmants. THest i ngui sh
vertical and hor zont al

ments.in i,c and sl ow eye novenents
such as thosERfge %tﬁ‘ﬁ)‘i‘ftLﬁe‘ﬂ)mtE‘ﬁl"fveBtfon (ﬁ?‘%sr{ﬂgg‘sﬁ'?c 'YLRDGLRAF vest | bul ar - ocul ar
movenent s t hatanethabispectetithis infdniiad there is prosnpectzemefnode‘érdeas{nmng)verrents, Fi gure

3 illustrates, the refl. ance ccades and
bl i nks, This Iarahfezfsi"kwré{ﬁht}j gé%”‘?k@?%b%% %J%Ct ﬁ %r?a@ ?@ ggﬁé ing to | oss
of bi - oculsar Infraceddightyiulses | to ebtmwrrmsnraaiefﬁhe him\kamalltu@nfa V§IO@W reyfe cl osure. 2s

Figure 4 'll%ﬁ&/&%e%acﬁéc%%n%ﬁﬁ;dg?erenc ?qéngav&aﬁﬁfﬁgsnﬂﬁ@? baéaetemﬁh £ct with

eyes open ereis a et wee and r|g t eyes

equi val ent t geripggohimg amwgn@m@ﬂé\wwﬁ@wﬁém@%ﬁom ReredpisTBed are

usual |y COOI’gyé}@équréléﬁyub}é&[sn about 10 m|liseconds. Al so detected are the
Slow drifting and poorly coordi nated eye noverments that are so a hall mark
of drowsiness as shown In figure 8) These novenents begin early In the
drowsi nesg SDataﬂedJeeainlpyiosev&reahvemtiout es before el ectro encephal ogram t EEG

nmeasurenments_j ndicate sle onset Je nal ysed
for saccade E@Fré?tﬁ A SgVERE '§ dﬁgﬁa?esrwv"p?ﬁ {?8%‘8?@ %gemL%Ps %ﬂ@éé%%ﬁ{r? Y
domai ns. SacEmde s aathepratit dayouta thl syatbmarf@nCéanqu@mthlﬁ lQV@i'WKD
mlliseconds I i is of the
m LI seconds el fis Sh QW of PYEBREN ol Bt o 8hd MRABn AIANE l 83 %!

ct saccades are synchronised to wthin

s 10 m || isedwrergedind blinks within 20 mlliseconds but in drowsiness the
coor di nat };,0ngj %réﬁgﬁﬁﬁ%n%]Q oié@raﬁﬂu@é{b/o@t)é@t JTewERRIAtiGn Rfatifg @ejeness are of ten
asynchr onous by 50 t m |liseconds. The preferred nmethod is to

anal yse the F@f’?‘ﬁ%}t&ﬁ@? 'Eﬂﬁﬂ%r tf’)ﬁesderl ve the blink anplitude and velocity
val ues from Fhyeres ignakes afgrafeieet o detétminkahdblipk ampliudd Velsdity sties t he peak

cl osing vel og%(\}/ (PCV) and the peak opening velocity (POV) of a normal’
blink. The p Rl osi ng velocity is greater than the peak opening vel ocity.

Dur ation of [Flguresilisiraies efasapiblspd hedatermin the s4sadde anmiitusiepelotideliq 11 2 D) of
the blink Obew. of difficulty in determ ning when a blink ends. A
normal ' / Z'D % about 110 +l- 35 mlliseconds . ) _

Flgure 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;



is The device of this invention and the analysis systemis able to
differentiate between grinaces that involve forced cl osure or opening of
the eyes. Drowsy subjects do this to alleviate disconfort of their eyes.

G imaces may be separated fromblinks In calculating BAVR s and they can be
. separated from spontaneous blinks regardl ess of duration. This neans that
faking of drowsiness may al so be 20 detected. The analysis is carried out
on a conputer in cable or wirel ess communi cation with the LEDs and '
detectors, Tt}ge so%‘t]\/\%r? f'hlters out_the6 signals to provide patterns of eye
movenent s at 'diT1 el HGES 1B BENRiPesminviselatted Hathgaf 1camialty sésor@indehe dat a uses
ratio of the testpbrietrapeatedly eaich skypUeMEbid 098 yement to its peak velocity.

For saccadegd i L.y, .one . such velocity I'le for blinks there are two
namel y cl osur ed&\sere d!‘:%ttrg{égﬁ% %%“?ﬁ’sﬁ@’ R?g’YeGEi”’teﬁ'? BAVRjand prosti@tookal to use only

t he peak vel §8NeEPtraiiont he eyelid closure as it varies in an understandabl e

way, and opening velocity less so. The ratios are called the saccadic

anplitude to v?l ocCi t%( ratio (SAVR) illustrated graphically in figure 7 and

the blink anpiSi¥Ugd 1984 apel s is provided wit( SR} red fusstarmterdoanay cal |y | n

figure 6, respectd vefloytantd @iERorS 15 3RYS4 R Lonship befween the blink
| 3 G6iob 7 et e

anplitude an osi vel ocity for : t over a 30
second peri oﬂ?’%ﬂé'ﬂﬂe"’%gﬁ%w \ﬁ”ﬁ%ﬁ élqrrﬁSpongs t91teg movanhgre ot the eyubapeak vel ocity
of saccades wdstepts madiymoebxaeladrotrowhiaﬁtf@@ﬁ*pﬂit‘ijb‘é’@nobwloc;tﬂh%écﬁ a different

rel ati onshy pshdeQ j | i .. Jhese ratios are | hdependent of the set
up conditi on% égcngg %aﬁ?eed)i&g%h ﬁg(?(r:é{(qféoansaﬁadf ﬁB’pi’tF%‘ﬁg’d’ﬁ@é&tysr aflur Petgctehe

nmeasur enent Beets Ehaci! l1ght yerdentin sproTtive Saumicreddressendb td fig contractil e
properties ofnotdmeenestthaepai! fy Jous: i AVR refjlects the
contractile Qrao‘pfr  es gfl} he or bi gslu al}c?@g\r/r%ngct gm Wg’é%’em@é??i es are

i nfl uenced difec Ci}y B\PAR BNk c3p de Serivedt Mavidombiirseartritds kovelafty t he centr al

nervous syst @fip. Teesubgict wears aditieaaSpdri@HaeESh MOl el d-9ud0 04 more for the

BAVR) as {hey f [ s i ncreases, Tests |ndicate that nornal
BAVR s aro | nétt gg'r@ﬁgag(/@%@a%%ﬁ? tl’iego‘ﬁe.rg’ill?g’fﬁﬁeefﬂﬂ?ﬁamﬁ@ﬂéég%n%ef ore

subj ect s - begPAtElgNe Wpdrer viigieehininn. Beeems panivhidh eus boRSoddiétiong i N
performance Hteshe tb a3Re chhtgiHs Ei 9_.shows that for this subject
there was no, si %ni ficant. chlangg%ﬁegk%étﬁﬁt?qdqg?'?ge?'rcﬁ 80¢ beof wakef ul ness
after which ¥3ns gﬁf'ns to increase progressively. In drowsy' subjects BAVR
can vary w d&d sholvn irefi P e Ot Ak IR or is simlar measure

can be c Lcul ?tﬁod In rel F\tlon to any tinme sca hours. The
‘mean BAVR antFoRs AR AMEEIEST ransmilter iteansmithel detoalertsignals éed rdceisemor el r ange

as wel | as tTre réfeciel infared puve Héfgh%lé}fésﬁé)ih%%g@ﬁnd)gfeli&'moge.oljhetLFB% )s measur ed

and. used to SS. These neasurefents "are thén relfated to those
previ ousl y rpee}?:%'%gjzég]#cﬁ&it[%@j”&r%ec\?ﬁfﬂurﬁqoﬁ(Péllsa? B6oF0q reigeisecopdetteatabl y at

0.01% 20 | ntlePeRAltimes@ sgico)an al ert ness measure based on bl ood al cohol

equi val ent  48MelSiveld 10 i strates the indicative relationship
between the measured %lg\g/&ea%gh%% !éoad&gﬁecagﬁ'&ergﬁtue'@ﬁ?q’%ﬁ’ihﬁﬁ'?'gm %l ood al cohol
conc' n of’ 0,%F8vEefectathiR Bulisartin voltp) aftanisviiiacting theefecRAYRMForfental ZS Dr owsi ness
i s quantifi dightol®enanagsdsask &fta RLONLSLRE 11T By, conbination of the
fol |l ow ng vq\{ryi abl es; ?rriasur err%nt aér}% caggrf)ng]ru?@éﬁ% Xrﬁﬂwe%ﬂath%r saccades
are normal o© ffor mal based on SAVR and their 30 frequency per unit of

time the prEsentputantheciiowdioss qodntiféraun BY StorsRY QSRS o%]%é?j thmpai r ed

bi nocul LRk | d _and for what
bi nocu! ?é)ncgg{ugtzeﬁgfaaa% WS e WeshlPecifioh Rpafiel. ARe™Lontor porion o tr O 7

deylce which contains the display and alarm incorporates a micro processor
programmed to analyse the received signals. The memory store contalns data

about the subject's drowsiness over a preceding time perlod and can be used much



10 the presence of drooping or wavering eyelids as indicated by high BAVR
the degree of binocul ar coordi nation including vestibular-ocular and snooth
pursuit eye novenents which are required for clear vision when driving a
vehicle s . the frequency of |long duration blinks and other eyelid closures
wi th high BAVRs and their cunul ative duration per unit of tinme the -
frequency of voluntary grinmaces involving forced cl osure or opening of the
eyes the duratjon of unusually long periods of ocular quiescence (many

seconds) , L9aWak : eyelid novenents particular |evels of :
dr owsi ness can ae}bg%%tﬁéé% @\AF ?‘ﬁ%&ﬁﬂf'ﬂeﬁﬁ siioulsl agciden obwir. Tereend r at i ons Fr om

the above i foRedt saliseeatibration befbiesatinwent i on provi des a unique neans of i5
~ providi ng amigkt &iless 7ER . base n,|egal definitions of fitness to
oper ate nachi %S%/ qrr@g‘ri vegg_lvgﬁ%@frge)nsn?e”ga] %%L?Fgf”ﬁ@@ HXdR gppelraageis descri bed
may be vari E@OrHodithe Bepdights sidncoringtraftic apprascaing an@kdpe@t egn@r equi prent

bei ng used wiwithalsty delap@whémeLHigRmn t el enent’'s of the method
e P R Rurto RS A s o rancy et whi o

and device def : | M5 11 _
i ncl udes a) ga?r’edae%get%edn@é@%%@”é‘ﬁéﬁcﬂ Fanhisegasontectmsive of tifs ipreag@nce of one or
nmore of rel AERSHEISYhsotabierwof ditd imiedidtely FENSRNERBS Suish id €110 atnﬁ.thei_r

ng eyeli

anpl i tude, wayess Mk i rii eye closure, drooping e ds; slow or
drifting eye nove nﬁﬁ?hcssrﬁ?)iwogﬁvdé’ %ﬁh‘? %%%eeﬂ’dé?@é'fqnﬂ’e&o'g'lhsr@?arﬁﬁlﬁﬁence of

saccadi ¢ noVEIFENEN 8 HSq9d8 8!l Baht egnditions fomdbrigit g htto SlhRYREGLGEANS t O

- cont i nuaas| ThereohtofliREgHTRafddlan i rocessor to conpare the
measur ement gon%gl%i nst z)r edet er ﬁ%&&dg%%‘?&g%%} 03 t%ec?illeégb%ﬁoﬁ@e_ aver aged
neasurerrent;fm? {ARS %@E S01BeRH tp herpevitionceftthemyebdrtnes alsber  a sanpl e

popul ati on diffeencesth rafimtamst opihe €68 SlpReSH s, t | ood al cohol |evels
d) a displ aéfosfsEPrTh%rf‘?i"Mﬂs%st he a%erta,gss? %a‘grﬂé?‘(?ﬁe% agéa%‘ge& agﬁwﬂa“ﬁ’é scale . or
e) ~ an alarm means tT1 ggSFS%Fe | ePfLevease enamaten ingmedaahoutg a

pr edet er mi nddmicaseeorsls deavaihinteferebdenod al cohol |evel scale. 2. ~ An

al ertness sysi&mR) i i bWl i n i,ch at | east one infra red
pul se emtter .angﬁﬁghﬁé{%gfclfhgaé:éd@#r{gg%}grmfile§et‘jrgrﬂmeé"&hSYP ghahletiet one eye. 3.

An al er t nedSaLGAORHPIIOf epel pischrdieyelidds be MobltarediuintiucUbR. TheldeEE®T MEASU €5

the total |enebtestfanti @tihghBResHiah 8ldhd Qré plse is transmtted and
subtracts thig.from combined T evel dﬁ}o ﬁ?ggl.ﬁrrggsur tg'“dﬁg'”g saccadic
a oweye 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 subjéct 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 ahall mark of drowsiness as shqwn In figure 8, These movements begin early In

the drowsiness state usually several minutes before electro encephalogram (EEG)'
measurements indicate sleep onset,



reflectance during the pulse. 4. A nmethod of neasuring alertness in which
the eye novenents of a subject are anal ysed using reflected infra red |ight
pul ses to obtain nmeasures of the blink anplitude to velocity ratio and/or
the saccade anplitude to velocity ratio averaging these over predeterm ned
periods of time and neasuring the deviation of the average froma
predeterm ned average for alert subjects. 12 5, Anmethod as clained in
claim4 in which the neasured blink anplitude to velocity ratio and the
saccade anplitude to velocity ratio vajues are related to a scale of blood

al cohol cont.ent Y nt val ues od. as clalrredlnclalm5|n

which the re eé%fegg‘adl@bﬁpa%ﬁg gqgraa&g%etcgﬁat% 0¥l 'PBeERTi ons on each eye.
7. A net hod fagiuelddsned rengectfdinmdomiains wbawhd otgatficpdatroonaldegteyes refl ect ance
O] At 20 whbReRYELITRNEIRRL, R S RERARRhARALLAR ARERS, T of | ect ance

associ ated wth saccadi c_nove nmeasuri1 ng systemfor a
subj ect whi cf°f thePirges’ L S%‘?P”Fﬁf“? %l?%ﬂ“bdﬂﬁ%%‘céﬂﬁeﬁ@@rsya@iﬁml@d te &Y'ﬂb'é | ocat ed

gdj acent lat 10zatikeconds apeblks g/mfahlbﬂl eisebndatbout if dfivsPBS meﬁé@&ﬁ@t@gl i ght
et ect or ocat e t | emt ansmt the detector
si gnal s d) dgk d(af)r o@ggg}%nso n%%?r{goveg]eptéé’g%r?gqf’%sé aﬂ%?'ie@tacﬂmqgfc’@ﬂ‘a‘ﬁ ®and to

subt ract t hebttofR80 of eerd midiseddnght i mredi ately before each pulse is
transmtted fromdhed FRIMLNSE haye no eﬂ&a&eg%goﬁg;@g@g&ﬁé eGjippce after. the

pul se to prOV| nce-° measur processi ng means
anal yzi ng saﬁ*rﬁlbhﬁ@ﬁlaélét@'ﬁélé’\f%@éup@ ﬂﬁ&ﬁ'ﬁ@@éﬁﬁféyféﬂf’d and eye noverent for

presence @f EHGe BNIUIRAERS Bfe etk AbliNElefocky m@\zwﬁd%%sysﬁérmqgmemments in
relatlonto e closure

dr oopi ng eye rf%n%\waﬁ)b\ ”SrT'?etﬁeﬁ 0'83%9 ﬁ%}’r&r&@e@%\mﬁ%ﬁ kSP8BAged eyel i d

cl osur e, abseicdy. oDusdioo atihlinksis\perieably medsuress haff treyenptinde(1dk Dadi on.
the blink because of difficulty in determining when a blink ends. A normal %2 D is
. about 110 +/- 35 milliseconds .

15 The device of this invention and the analysis system Is able to differentiate
between grimaces that involve forced closure or opening of 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 detectoré. The software filters out the signals to provide patterns of
eye movements at différing frequencies,

The method of analysis of the data uses ratio of the amplitude of each eye/eyelid

25 movement to its peak velocity, For séccades,: there is only one such velocity while

* for blinks there are two namely closure velacity and opening ve!ocity. It is preferred
to use only the peak velocity of the eyelid closure as it varles in an understandable
way, and openlng velocity less so. The ratios are called the saccadic amplitude to
\/eloclty 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



9. An alertness neasuring systemas clainmed in claim8 in which the
reflected light pul ses are detected at two | ocations on each eye. 13 10.
An al ertness neasuring systemas clained in claim9 which one |ocation
detects refl ectance associated with eyelid novenent and the second | ocation
detects reflectance associated with saccadi c novenent. 11. An al ertness
measuring systemas clainmed in claim10 in which the data processing system
anal yses the reflectance signals to obtain neasures of the blink anplitude
to velocity ratio and/or the saccade ahfplitude to velocity ratio, averaging
these over petebiscts thedeqrersicolsofebodatises amdrigRags iohs LhSidevati on of the

average fronmnaidy @AeLer Blansldnave or.alert subjects. 12. An al ertness
e BB AR S BSGhi ch e measur ed bl | Nk

measuri ng system )

anpl i tude té%\%? % §rerindePendentrTtiireses e conddionstaid theidhenct lacatieh @cihty rati o

val ues are danv®rbediting & 5 otol ent uj val ent val ues.
coediiy assiakasnin oot o) ARELo g ER RIS

13. An alﬁertﬂpeéos ; ?surl?r}_g system as % ncludes a
di spl ay for "di Bt g‘&%@”’f’ efdha SiEavoraBURcTENd therBAMR raflentsther i gger ed by
the scal e read¥asfiepegeitiespf Mepreaeliemsnes Thidd dro %fé)iﬂl‘hserr])%eéjl ood al cohol
| evel scal e.girddy piihAdigitf itorin stem whi ch 1 ncl'udes” a) neans to
measure eyelid and eye novenen olk?y record the

gy i St O?g&’%%f""%’t"&ﬁ“’ﬁé’%ﬁé&ﬂ?' PRVeUSrRYp Ao ikd d th
measur ement $24OF INEreRae Rrosreselsly bip th 4O whinote forttee BAURY sbatfls e@war ement s ar e
anal ysed t o def¥isiiess MeRSSLTeR Inbibge Md: Ak AMBAVL: velfcitly ratio and/or
t he sacc?nde4gj¢t;)_lpi tgggRto vel oci t ratdl 0 angg'%%gg% 'hgetfﬂréqeqoé\#%l{fi on froma
predet er m ned aver F5FeasPEPaiors ghbiests bealnilp fall tairespberbecersestfowi ng t he
anal ysed nmedswsiwsntwingrin pyrioanartleads® (@MU FHRFSH MARMA riygget er mi ned
measur ement oL 8HA0L Gad Ro S5 nange in BAVR unti

g ange In BAVR until after 20hours of wakefulness
after which it begins to increase progressively.
In drowsy subjects BAVR can vary widely In a matter of seconds. A mean BAVR or
15 similar measure can be calculated In relation to any time scale from seconds to

hours. The mean BAVR and the number of times individual BAVRs exceed the

normal range as well as the total duration 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 équivalent levels,

Figure 10 lllustrates the indicative relationship between the measured BAVR and

blood alcohol concentration. A bload alcohol conc'n of 0.05% is approximately

equivalent to & BAVR of 6.

25 Drowsiness is quantified over a period of seconds or minutes by a combination of
the following variables:

e measurement and comparison of BAVR

+ whether saccades are normal dr abnormal based on SAVR and their -
30 frequency per unit of time '

* the presence and duration of slow eye movements with impaired binocular
coordination |

« whether the eyelids are open or closed and for what proportion of time



14 15. An alertness nonitoring systemas clainmed in claim13 in which the
nmeasured blink anplitude to velocity ratio and the saccade anplitude to
velocity ratio values are related to a scale of blood al cohol content

equi val ent values. . A As..A Al .A9 A A(.AAL.A3@A hY A .Al.AU3 +9;E h
H) 2F9r | wr mhc”Y] ca] ca] cal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal ca] cRa] ca] ca] ca] ca]ca]ca] cRalr! &' ;

)*-...1126: <u>?" AAC+tEHHWWNGBP] P_PPP(Q} xsnhc”Y] ca] ca] caU] ca] ca] ca] ca]ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! QQ*QS
UUUUKYYZbZZ[ [ [ G\ @ }dsQAce" omramg SanbaZhdi @aaaooa] @] aYga] ca] ca] cal ¢
a) ca] ca] ca] ca] calca ca] ca] cal ca] ca ca] ca ca] ca) ca] ca]ca] ca] ca]ca]ca]ca]callL
bbbbcc' dde: e' fvf PEGGERE P mwlq_f)coorémawbw}%nfeahbz]a]-ea]i%raanéar@a hca] ca] ca] ¢
a] ca] ca] ca] ca] ca] patwedyealavahens wakh alcsd gl taleal wadcalsndvmbea] caj caj cal ¢
arcDh y 10%@& ()-'hYCJ 109%9) & () - 10%@& ()- 10%@& ()- @ 10%@& () - $10%@& ()-r'6
+zX6! ¢’ 9y 10%& (\f ! y 109%°P& ()-! 9y 10%a& ()-! 9ly

10%<3<3&' (3 -y 10%ak&eq)ericy offoriDMBABA &lifks -ahb dBBEeVRIld closures with high

{\=f109%&' ( ) SS10 10@ 10@ @10%@&' ()-h
KI[o{\=!1"s 10%&, {3&‘\/!@ %@%lpéﬁuﬁlgtlée jdgré%rfg‘pe(r).inlt &&@e
the frequency of voluntary grimaces involving forced closure or opening of

the eyes
« the duration of unusually long periods of ocular quiescence (many seconds)
10 without eye or eyelid movements
e particular levels of drowsiness can be equated with particular blood alcohol
concentrations

From the above it can be seen that this invention provides a unique means of
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'sult the

particular application or equipment being used without departing from the

fundamental elements of the method and device defined.
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1113 10% / & 0%
<'(\)/E/0T& ()-"f 109" rtfmg o 51t81§|9w:?41d)569bqemd eyelidiadosrTe, qhseRte

"10915T5& () - Fbf sacda¥® nfovendeht Bhd | f i . .
" 109 T& ()()FI N () m%O%T& 1085 OLexe so-rdination, ot 7100 () -
S Z10%@& () - @ﬂ%%@%) G%@B@ Q@g‘ugmrecord the measurements

"109BB& () - kY ~% dats ré’c%%%‘@r'\{%'doﬁwp ng%@gwm%%% & ()-""YL0% & ()-!BY

10%00& ()-!/" Z10%o0& ()-! Z10%0& R ..... (@4 ()-- Z10%& ()-M
cZ10%4&' () - M redetermined scale, said scale being averaged measurements of the

eye and eyelid movement parameters for a sample population measured
against predetermined incremental blood alcohol levels
d) adisplay for showing the alertness measurement based on the scale or
e) an alarm means triggered by the scale reading reaching a
predetermined'limit 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.

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 s'ubtrabts this from combined leve! of the measured
reflectance during the pulse.

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 mea'suring the deviation of the average from a
predetermined average for alert subjects.
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7. A method as claimed in claim 5 in which one location detects
reflectance associated with eyelid movement and the second location
detects reflectance associated with saccadic movement.

8. An alertness measuring system for a subject which includes'

a) aninfrared pulse emitter adapted to be located adjacent at léast
one eye of a subject

b) at least one reflected light detector located adjacent said emitter

¢) means to transmit the detector signals

d) data processing means to receive the detector signals and to
subtract the total level of light imm'ediately 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 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.

9.  An alertness measuring system as claimed in claim 8 in which the
reflected light pulses are detected at two locations on each eye.
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location detects reflectance associated with eyelid movement and the
second 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 signal's 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.

12. An alertness measuring system as claimed in claim 11 in which the
measured blink amplitude to velocity ratio and the saccade amplitude
to velocity ratio values are converted to a scale of blood alcohol
content equivalent values.

13. An alertness measuring system as claimed in claim 12 which includes
a display for displaying the alertness measurement or an alarm
triggered by the scale rea.ding reaching a predetermined limit based on
the blood alcohol level scale. | | '

14. An alertness monitoring system which includes

a) means to measure eyelid and eye movement

b) storage means to continuously record the measurements

c) adata processor in which the recorded measurements are
analysed to obtain measures of the blink amplitude to velocity
ratio and/or the saccade amplitude to velocity ratio and
measuring the deviation from a predetermined average for alert
subjects. .

d) adisplay for showing the analysed measurements or

e) an alarm means triggered when a predetermined measurement
threshold is crossed.
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to velocity ratio values are related to a scale of blood alcohol content

equivalent values.




