ALERTRNESS MONI TOR This invention relates to a nethod and device for testing
ale, and the onset of drowsiness by monitoring eye and eyelid nmovenent. 5
Background to the invention The detection of drowsiness is of inportance
because drowsiness inpairs the ability of operators of a w de range of

equi prent including nmotor vehicles, aircraft and boats as well as

i ndustrial equi pnent. The problem of drowsy driving cannot be io solved by
educating drivers to take renediigrtacssomnen feeling drowsy. The
difficulty is that nmany people are unaware of their drowsiness before and

during the opsine t houah they beaert and aware after they
rouse. This ﬁrréaﬁi ”noﬁi’" c\aéﬁﬁotnh r“o% "“tccvxhegﬁoy EREPAT VR B USRS Phess wi

next decreas(éo‘f*%)r‘@tsﬁéyﬁ@ﬂrﬁ"'“efey" afah@é‘rld pevzte t he drowsy state involves a
| oss of ayvareness of the present ; an 15 involuntary | apse of attention.
USA patent 5 4':?( IS Ioses an eye nonitor that exam nes reflected |ight
from the e Rt UMK behavi or as an indicator of drowsiness.
USA pat ent 5’8@7@&%@ ﬁ@f@&&&sﬁm&f/m;&)ﬁ‘amuﬁébwﬁ tlolvs@ssOh@btadnei mages of the

face and ey t oL, . Lves, ter attributable to an eye
bl i nk and 2oae°§op i Pyt §g§ SRt atiogros hVa“th‘C%ﬁr%r”?” A
war ni ng si grie tioétS@Sv‘@H 2§ ndugtp e@@mraﬁ@t“é‘re Fff%ﬂiﬁlﬂso fisstvey Mg cAT®s hel d. Pat ent

specificati %Iv\é\@beae@&@%&rab@% té%@%rﬁed\/all g&@nkvﬁ?fgﬁelﬁ'% REwEY grgaze nonitor
to view a rap em)egénsan ute ‘a de ree of .

al ert ness. %’%éstt” tEHET iaﬁl@él"%?é’é "é”é;?%'@ﬁ%sf oraABY §¥i@gNYr owsi ness
whi ch noni t afrewsi@ss keadhomhdimnhayanda gaaed aﬁaadf)a‘{elr t}'béy rdJSA 11‘&5 @l‘én56102870

uses eye tr%lé%%n%%?edﬁqgﬁnatﬁelr u:%éa “9%%51%'55 nr% es@g;g'tﬂ ﬁﬁ%popmr rent al

states of the opera uch nki ng and
an intenti 05@’19@ Befage the ﬂftOWISssSate le\ymeemlcnsg of viraes e otibaputsent ; sof t war e

responsi yﬁeneﬁ@mmg@@p@a@f@ngn RA97295 discloses a system of inmage anal ysis
based on ey SLze 30 USA patent 6147612 di scl oses a system of
Hhrenvehta

preventing s FBEPEeSHITE MO RRrE R BFR e BRAteHIBE TR al ar m when
the eyelid risveyentieiest Hindngbdhavier af 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 98/43028 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 statss of the operator such as scanning, reading, searching, thinking and an -
intention to select. Itis 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 disclosss 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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drowsiness. | LI ~li 0L 0~ 10 L0 HULBL PEEEE e vt *1ee166* 1 111 |
U A A I I
*@0002* 2 USA patent 6346887 uses a video based eye tracking.system which
tracks eye activity and pupil dianmeter and position to produce a signal
representing eye activity that can be used to estinmate al ertness, Al of

t he above approaches fail to provide a real tinme alertness nonitor that can
5 provide a calibrated neasure of theZ2operator’'s alertness. It is an object
of this inusatiaom: 6Bi6p8 bvdcde idroalagdd dy@ IS cHNvE oM What rfekovjdes an

obj ective and..call ! - e.of .the operator's fitness to operate a
velhi_ cle or %g(!:vﬁ %g&?éﬁ rfnéggzégé?sll“p?tni‘%%rO%LfC%taﬁégnf’lr[\%‘ﬁfpirb'ﬂg P6 To this end the
present i nvepivtpiapeanbedesd restiinetetafressssnoni t ori ng syst em whi ch i ncl udes

a) neans t0Arlf%@fhgraQO\%Ya%Hogc@s@.d.aipf)ﬁ%r%\é%@gtﬁmfe%[ertpés%%&ﬁ:tgr tﬁgtc%'ﬂe or nore of
relatively slow e povenents I1n relation to their anplitude,

e.and eyelid , . . _
waver i ng 5ey8f‘i"@§,¥°65tﬁrf‘ﬁegﬁ>éé%e 8] 98 GPEatont Yupicay ey el prigst ogihsw or drifting
eye 15 novefreri®n tsbowdaad aipricdse ngetorays pidtides asthjativabsentieragdd saccadic
noverent | anggss: AL ougcRorALAl Bablon Rk, ke AgS,IRANS o cont i nuousl y

record the neasurenents c) a processor to conpar€ the neasurenents
against a pre determned scale, said scale being averaged neasurenents of
t he eye and Bieeliestridfomomeaemnicnparaneters for a sanpl e popul ati on neasured

agai nst _pr term ned incremental b|lood alcohol |evels d) a display for
showi ng fohe%gﬁ@? Frlr’laetgg prrerﬁ%{’gmvgﬂté’ﬂtpr%vé 83" B10%rE MOPAPEISYstEl iiFhal ar m means

triggered bynctudes scal e readi ng reaching a predetermned legal limt based
on the bl ood,alcabgl m?&H}e\/&]eﬁdﬂ'éndsé\ﬁln%ver%gnt 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
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
¢) 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 énd eyelid
movements are an early and reiiable 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



Thi.s fnvention is predicated on a realisation that changes in eye and
eyelid novenents are an early and reliable indication of drowsiness and

al ertness loss. Mre particularly this invention is predicated on the
realization that the peak velocity of normal saccadic eye novenents and of
eyelid closure during blinks 30 varies with the anplitude of those
novenents. It has been discovered that wwth drowsiness the velocities are
| ower for the sanme anplitude. The ratlo of anplitude to peak velocity for
bl i nks and saccades increases with the’l evel of drowsiness. Because the
di mensi on of "IMF & barEesiy! it phrsiutreielne?0 lphessihp Meewudenenss invdles el ocity 3

needs to be W&b@dryﬁdahsma%elré%rtﬁﬁ r%ml&\ﬂgs @kst he measurements invol ve
the sane ar scal e t he deV|ce of this'invention it is volts.

;
This inventi grhs i”ée%ﬁogés %%Ost@de%?f’ ft”ﬁée%J &afiop &gt P'é?F 3'4pAP! IBYebORvaIEEEHDI | evel s
have effectson ey remmrm&semamta&lletlh&te‘paﬂéafdi Bhsitdie. Bhieetavstlesednansi ness.

That is drov‘@f'anéart%%s: %Iﬁ)ostﬁo [7 %la%(:é Q§r$a\/u, npstgthp gts%ow QOl |nduce

behavi oural states t he Sans pat hd> eyeI i d novenents.
I n | abor at or ya@éistqfﬁg%ar’qm&i@m@\rmmtﬁ lﬂﬁ@tvdrmmaﬂregswﬁpmwwtm

psychophysi obQehréahcet @$iapy PEERISPSsi Qggl@eﬂ %fs%%séu‘égloyprBQQ&‘?\rely l@rlwgee‘?p
depr| vation that causes .increasin evel s of drowsi ness been correl at ed

with the equf'vell SVarndE §a?ﬁ%&“0r%ﬁ§f?%|§§?'?@f dlS‘I"%?HHS%ﬁI‘%Sd??SP CE%ﬁé@ﬁt rations
have on the wiliOthpegfigalmmriectothatihosasitgesdd.aldoholicsnoantaanes hiveadn thei s

i nventi on,t hadrthheJanRid0f c@N continuously record the operators alertness
as being equivalent to that associated with a blood al cohol content. Many
countries hal# 3 Regral oifyinyarien thet the mopifes gan canénuges!y eecardibdi cl e or have
control of nashitosrayeekss aMHefmg&qblk/élérﬁi tathapdrebeid @y ein @aewa@wl fied val ues.

Therefor is &omtentg\y’]%n nctoLl .Liesﬁ'\ ﬁ&'aqed%vs%é ge tfggoh\?eeg O?huﬁ%é ged as 1f

they.were inpair OV fitness to
operate a veml’tt"IObOfmaCﬁ‘GJérmetveMVl a blm@imhhléeveasmwp@f‘led kalges. Fﬂnerre:fqron t here

is providgd fn ﬁ\}e‘%ﬁérn@%}esm%%‘%bé}gto@&@tb@fndoéé)%s @tgéﬂ%r%% GA; i ncl Udes a)

an infrared pul se emtter ada acent st one
eye of a subf&t! #)d F%{PV'F%ég‘Fa%’n%Ofr'%%' Blegssdo pregrie ad’é'ﬂ'é’éto()maP'@B%{Ved adj acent

sai d em tterinanother aspect of this invention there is provided An alertness measuring system
for a subject which includes
a) aninfrared pulse emitter adapted to be located adjacent at least one
20 eye of a subject
b) atleast 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 o_f light immediately before each pulse is transmitted

=)
L

from the combined level of the measured reflectance during the pulse
to provide a reflectance measure _

e) sald 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.



c) .neans t-o transmt the detector signals d) data processing neans to
receive the detector signals and to subtract the total |evel of Iight
i mredi ately before each pulse is transmtted 25 fromthe conbined | evel of
the neasured refl ectance 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 30 anplitude, wavering eyelids,
partial eye closure, drooping eyelids;, slowor drifting eye novenents,
sl ow and prol.onged eyelid closure, absence of saccadic novement and |oss
of eye COPO?Q?ﬁ%ﬁ'rgﬁ?{“ 7° rrﬁe“?“s‘“bP‘éF%r'F&f B TEES PETFELITHEE ¥ both eyes
as a neans cheligasigrienyiréypeeddink soeyes adl dapcenenty bd mburasech theght sour ces
and det ect orsg:dTRY- B R @200 [HG 4 ihe asure the
ScdTBYa- e dRung ?q%a&l e ]En & a%g%%ﬁvlg@tegﬁecgaga%f@ ek {S%h be

changes in light reflected back fromea . tor
adj acent t hé'E¥REY “ahbe #fiFeRuye Bitscrssene iy beparoppthpest toobaget ect eyel i d
cl osure. sTheseckemetit ersirantesketaittorasd 6aBctOOBIAKINPRAI:a ih & conput er

based anal ysi g aRf,1L£59L41d V.St Mre or wreless [radio frequency]
connection. The r e?{sectgéﬂ%%ga at%otr?ri%g%@‘eénnb |V§,'Eseeo(§ Wi"ﬁ]fesési Q\L/Oer al frequency

domai n or tifipguedylAeNREctigthges to obtain relative position and vel ocity data

for each eyernkhéedeceate daldmbe pabadiyeeath:d &veRPWRERSeRaINY: kel ativel y sl ow
eye and eyeléjlﬁd novenent , teﬁﬁl | g cl osure, inpairnment of binocular

co-or di nati ST 139E°%Y S8EIEIPrERBAGR ANbYEACEH daty ier exteedhat ¢8ie dat a

r ecor ded larayebmaigeawt to nbuat prgsooaparetdvdipsipw eyeccdreged riatmentihdyely aver ages

the saccadi g enrent . ) : e 15
i ncrenment al |‘§9’\eér gﬁﬁ%‘%arw%ﬁégc?q&c%%rﬁg U@%%ll%f&%ﬁ%%aﬁeﬁg%%%i% ]arest abl i shes
t he correl atdU&i°Yéetween eye novenent bl ood al cohol content and reduction in

al ertness, iTheShRrreebridd rayf K FnAGRAY Sdrdafdfto brefRBial UsQNwWAGRI nst the data
bei ng I ecora(\j/g%.ges'l'tkrl]g sggcggiggnoggr%gnt@g% ot?g pLgule}tioﬁsgn%lg]mg];su?ecy gtOk up table or
an i mage
15 incremental levels of blood alcohol content. This data, which establishes the
correlation between eye movement 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 irhage
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 alcohol 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 to
25 detect all drowsiress episodes. Even when eyelids are open very drowsy subjects
still cannot see due to central or neura! 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 pariicularly binocular
coorcination of eye movements. The first subjective awareness of this would be
double vision or ciplopia. Subjects are nct usually aware of subsequent slow and

poorly cocrdinated eye movements, presumably cue to neural blocking of visicn.



di spl ay. The recorded data used for conparison is a set of readings of
several 20 paraneters of eye novenent over a predeterm ned duration
generally 5 to 60 seconds which is continually updated. Wen this matches
a set of data for a particular blood al cohol content that bl ood al cohol
value is recorded as the alertness |level of the operator. Vision is

bl ocked by eyelid closure but detecting such closure is not enough to 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

i mpai red OCLElyQBRbesm@r@%b@L ts HBledJlrs@hhkblyQ&chdr\‘ngQ&l iSdrdeiheg ki nking and
saccade novenent egt Vi SI on I S terrpor aril Yy

s are at
swi t ched ofﬂ”%fa?ﬁ£§écfgﬁ%%“e§6ﬁﬁyaHP%UE§T %%fég?g W PPIEE o stay awake
do keep theidengyelsidevopen for a nunber of 30 seconds after they begin to

| ose ocul O’T?r‘v»@rd?ﬁm’&rﬂ% n%&kh%‘nﬁ’érk %qulgﬂﬁg)%ﬁﬂgon%%% Wo&%%ﬂg‘ Plhetye

novenent s Irst Jec I ve awareness hi s woul doubl e vi sion
or di pl opf a.eySuB)IYEEsafEN HstoNGRILPA IOy siasRertes Brasihaieqrefror&aN6@ sand  poorly
coor di nat ed e BIBREEAREESS fropT 2SUNBHDI i ightendsQo H@tlartaén bémmlqiaeganat vi sion. By
conpari son the Eupkgc Qgg%n% unllkeééNh] @ awr\ lnEsbutdrowsiness
has progres EateY %?eéB Consequent ry° 5HHTh h8 &gﬁh® e d |late warning
of danger ougovdeyeln ¢l presss. wrWeocaew@emﬁnfw hmds!awﬁr@@rﬁt hadfrtoweysrdlors t he

relative pOSéoEérQJQSDLﬁ[HQ tHEOV S Hne m%fnlnb REaler Y &S @EWE r?éé%'théi'%t ;Wé'h t he onset
of drowsi ness the neah duration of spontaneous i nk bllnks i ncrease from

S
about 300°n1WFW%%§8ﬁW “F@“ﬁﬁpéﬁ?ﬁhﬁoéﬁﬁiﬁ?FT?%%%8HH§a”dE@€ﬁP§alIy eyel id
novenent s becormests osihevidd fhatneel ey badigtingoistedriger sik eyekolrntentssTbav eyel i d

cl osures whi I%reﬂ?crﬁa"f\ ce h?etderm'{ﬂé h\%}\ttnoXan%ngﬂkeatﬁgt %troﬂ% fe p}%ké to several

seconds. ness and drowsi ness that is
typi cal 10 of anﬁh@ asmea:% ef tbrﬁhmentwémralsmncvﬂewéﬁtnsetmrne@awgas parti al

bl i ks and_ vaueELNE wrRYAIBRNR RnchB®s & b Halanded Ustighendlicst | ngui shed

from sl ow eye novenents. tance used in this invention all ows
the di st |1ﬁct‘i‘fcﬁ1re%9rﬁéu'ﬁ%‘€ Obiaﬁ’ fﬁﬁﬁﬁufﬁér"f%ﬁéﬂ‘tar‘m"t“@ﬁﬁ%vﬁl?ﬁ?éfﬁt'loon there is

provi ded a r’ﬁﬂﬂb@&e@éccﬁﬁ@éﬂﬂbhtﬂ@ toaﬂee;btmeﬁsmmgmbm@aebha ;ﬁywdmweﬁents of a
subj ect are an §?d u3|n refl%g d_.15 infra re 5 to obtain
BT e SRt :

measures of 'THE ] AR ARBI T UG8 (o Vel BETY AEPS ol o B
average for alert subjects

20 Detailed déscription 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 blirk of a sleep deprived subject



and/ of the saccade anplitude to velocity rati o averagi ng these over
predeterm ned periods of tine and neasuring the deviation of the average
froma predeterm ned average for alert subjects. 20 Detail ed description
of the invention Figure 1 is a schematic diagram showi ng the | ocation of
the emtters and detectors Figure 2 is a schematic |ayout of the system
~function according to this invention;, Figure 3 is an exanple of a

graphi cal output of this invention relating to eye Iid novenent; 25 Figure
4 is an exanple of a graphical output &6f this invention relating to eye
moverent for THE 9 BfSiAgA  BGIR reyesyte Fbgrreriby b hbMsitalees nangs aph used to
deter m ne t hesbddnskeaplal iy YELORLL Yab@liprigkBAVR): Figure 60l lustrates
a graph usedegmq%mﬁknlggyéhq ggcqadq anpli ude velocity ratio 30 (S. AVR);
Figure 7 illustrates the drffeISAca “Buesieana M Rpehiipe andot! osi ng

vel ocity of Cc®lckrifedon.Figure 8 illustrates the signal froma slow partial
blink of 8 sleep deprived subject; 6 Figure 9 illustrates the BAVR per
mnute plotted during a 10mi nute performance test dcne repeatedly during
sl eep depri vgﬁewﬁg R §rE evFiigRrpedeOviihlahustarat pasd Baireel eiisanshi p

bet ween meaninBAVR @fecthhRoBiRlRON g QOPSEDL Al 2. Referring to figure 1
| pﬁ?és]%ar %n%!e etcésrreﬁeﬁ?eéﬁ@”ttvm infra red

each eye is i.ded with an infra red p )

refl ectance g%r?é%ggrasc'Ofé%nﬁefﬁ‘.":hlﬁ@fr‘é%?ﬁﬁs 'q hedeqverest of éfd eyebaichnki ght
hori zont al | yd&ettosascadiemeymenanhirah w}ﬂdsrrtﬁé&Q@Q@de_téhdtv@%ci%‘f%ga—m of the
eyebal | apd seiRGhS bé@@%qltgp!x@f\égqg%caﬁer 2 anpl | tude and
e

velocity of Q %0 saccade can be derive n@@ﬂ%ﬁ%%%ggygﬂgaéﬁgﬁ@ranplitude
to velocity f‘g‘% TS Beted ot verlpaticacsess erayk Wbichedrréspghds teeid i cal |y acr oss
the eye whi chocorenesiione®iit GntiletecBRYSHBAveRent A SHEHM: 2N flgt ect's eyelid
nmovenent fr Oéﬁd"%!o% éfggci?%klcgygeederived to provide a blink ampli eloci
plitude to velocity
ratio. The subject 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 pﬁcket 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 eys 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 eachreflected | R pulse (in volts) after subtracting the effects of environmental
light. It then analyses the data in several ways inciuding comparisons between the
two eves. .
The out put of the drowsiness quantifier can be stored, displayed or used to
actuate an alarm when a threshoid condition is passed. The control portion of the
30 deyfce which contains the display and alarm incerperates a micro processor
programmed to analyse the received signals. The memory store contains data

4 i t et . . . .
about the subject's drowsiness over a preceding time period and can be used much



and vel oci'ty of each blink can be derived to provide a blink anplitude to
velocity ratio. The subject wears. a |ight supporting frame to hold the
light emtters and 15 detectors. The device is akin to the |ower 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
pul se generating and timng circuitry and the transmtter. As shown in
figure 2 the system of this invention_ uses IR pulse generators an IR 20

det ect or an%ha o M eless transnitter to transnit the detected signals to a
recei ver. ¥ e‘ftloééstﬁac N3 &PB @A se e ghecoiceni esuashé haieye and eyel i d
nove. The LCE@Ssotrmeafe@amhé%rSﬁmﬂe oAtk 8O m crosecond duration pul ses every

500 mi croseqQpds: LN 15,2000 times a second). The receiver sends the
signals to a pg so(étlaﬁtqeﬁz#sz? RAY RSy i85t BoReVididle gid |Rofan chafgeeach ref | ect ed

| R pul se (PrIVEH1EY Lfaffteéﬁngmbfuommmg.ameaneﬁné@mgsar@fra&gl,vbggw@ent al  light.

I't then anarys&fsay) fevidalin DnRRVES, i.ncl conpari sons between the
two eyes. ._The out put of Pl%edlr omsiuﬁeé?y‘ﬁ%sn FF rSOUERS BRI ed,

di spl ayed of GE&5e ftSQ 05&%1%?@ Cigriagd Aprrv @\mnoratneheewm‘lt@ls eo&diohi on is
passed. ThenzasHee bie tpiatleion? iaht thededy t@@dfé G&h""ﬁuf@ns?rg%w%%lﬁ JLhe display
S

and al ar m isieedcRAFRESS RniBiRh%Rr 9 essn r amme e the received
signals. The mam)r;y store (':oﬁt Ains gat 58 ag S%fro?rﬁ%msﬁﬁjsé'@ta”%ﬁéromm ness

over a precBUFRERt iSSP &Y 2ldignteraditens fom huigBicbuntigbhtoatighd céddis ks, box i's used

for alr@¢afmeaa}©0mtd>emﬁgh$|‘wbl&t€’d BNeI REF The device does not
require cal b%ﬁqg} Oggfore each uese goqﬁ‘{]%osﬁgﬁgﬁh\?leﬁ%s%j &° ével s of
envi ronment al HOUIe& BF & GaAcY TR cAfe etelideends aigitdl y as with the

headl i ghts dﬁfﬁre@n@omref@ctan@a‘ drities t&pmﬂscbaﬁéyeﬂg«h@rﬁ‘gyem@?bﬂo%e v\/% 5 or wth
suc

day drivingouher,sp er tree sources of IR
light can be det ec['? chngg d]k% géﬁfcgc“tfe§refsé\é%rateﬁdﬂt”ﬂ%i3!sa%éson t he device of

this i nvent PURCropReests aveiddnterdarerce) evel of |ight imediately before each

pul se i & t man&dls bedyareh c&'éh&rf@ conbined | e of the pul se
and envi ronggnt . 5 e e %ﬁslgg{é%c%%g) O S&d T %ﬂal%%l %ght conditions

from bright sunf?g hopsfgeﬁﬁhﬁF ARG A iod%%“ori'@emqentanmsm Tiod ddviRel i ght
reflected i@ ¢€é¢0éﬁfe¢l dtsongutee: yed®altane Robniah@o % RAtsINELdiRY LB&dic

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 betiveen 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 shc_)wn in figure 8, These movements begin early in
the drowsiness state usually several minutes before electro encephalogram (EEG)
measurements indicate sieep onset,



coni cal shape of the cornea and to the position of the eyelids ands also to
differences in reflectance of the tissues exposed when eyelids are open and
when <closed. The | R pulses directed to each eye are separated in tinme by
about 100m croseconds to avoid interference. 15 The |evels and patterns of
change in the light reflected fromeach eye enable the relative positions
of each eye and eyelid to be nonitored continuously, The device can detect
and di stinguish vertical and horizontal novenents including saccadic and
sl ow eye novenents such as those in sqpoth pursuit of a target or because
of vestibular-ocular novenents that enable ocular fixation in spite of
head 20 noverMEnt'$Ctegiiguf ey 3nestd fat wecadhe ieépt evst anwwesi gnal from a
series of ndraya¢ncsactadeseantmes Bbhaks . Satbide dadian ks nand ysedyd o identify
si gnal pattQ%&%n%ﬁhggbggm bi - ocul ar o-orqination, sl ow

ilal” and slo ]

73' “Sf O't‘ A AV \ an ro + Areea
saccades, parti \E/\'/Qvec;?g&c\l%l§ﬁ?cg.“yiﬁoﬁﬁﬂf &F2Y9 USIFEINEES sl ow eye

movenent s of'S & 8¢ 8" efep? Fereddss tibg estiubigictslvaepdss arepemhroflsed & wigtim phase

di fference betmgescohbeadedihkantchil 20Rlise%ess B ¥ah&Mssti AB3RindALL | 1 seconds
wher eas novene two eyes are usually coordinated to wthin about

lsrré%ga()f-éhes M EY/ Mmovementis, of, ;y e O 5 ;
10 mi | liseconds A & YELEL BE e Fhe A O EEP PiSi TG ARICHBRYSPYc oor di nat ed
eye novenentd tt Bad canere @0saohdd. | mark of drowsi ness as shown in figure 8.

These nmovenmepls;Regl N eand ¥ il be ASj ne {ate usually several
m nut es bef or e%él ect rnagtgn%beé&g?%%@nﬁq%&%n& %é%aiut%ed%{évm L§e M%‘i cate seep
onset. 8 THIHIBAEERY ¥IoFy yRkeniEsM be signalk pésediari4saccade duration over a

range of 1of rreguen giuesa:ed tha peagaiRfvelb:iR PEOTRINE. -SACHAME, dUsaLi on for
normal al ert Si(ifof Jfovenent i.s 5-70 mlli ‘%ggond§ whi 1 e sl ow e e novenent

i ndi cative of df v HEEL T SNEPeR OB YEIPCEES $7°81°E BaB P2k APHING t subj ect s
saccades ar e/esgichPomntieed ok plferady r@asmicklat sttondspiadt (BL2i0)ks wi t hin 20
mi| 11 secondsnbyibBeAloweliness if Ba EAMAMAE ARk hA AFOHEFY, SO the sl ow

eye novenents of drowsiness are of%en ynchr onous by 00 or nore
m | | i second<LPo4tdOgf-erdpitigeroRgt hod is to anal yse the reflectance signals to

derive the bihemlvice of this invention and the analysis system is able to differentiate

between grimaces that invoive forced closure or opening of the eyes. Drowsy
subjects do this to alleviate discemfort of their eyes. Grimaces may be separated
from blinks in calculating BAVR's and they can be separated from spontaneous
blinks regardiess 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 detec'toré. 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 eyel/eyelid

25 mecvement to its peak veiocity. For saccades there is only one such velocity while

~ for blinks there are two namely clesure 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 fatio (SAVR) illustrated graphically in figure 7 and the blink amplitude to

30 velecity ratio (BAVR) iliustrated graphically in figure 6, respectively.
Figure 6 shows the relationship beiwesn the blink amplitude and peak closing

!

velocity for 200 blinks in 12 alert ever a 30 sacond period. Figure 7 shows that in



anplitude -and velocity values fromthe signals of detector 14. 10 Figure 5
illustrates the peak closing velocity (PCV) and the peak opening velocity
(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
anplitude (1/2 D) of the blink because of difficulty in determning when a
blink ends. A normal'/2 Dis about 110 +/- 35 mlliseconds . is The device
of this invention and the analysis systemis able to differentiate between
grimaces that involve forced closure or opening of the eyes Dr owsy
subj ect's do atsht sibecis atd @ek&élevldln$§%€€st meaﬁﬂené{edeyﬁ_ e ubgﬁg%s may be

a

separ at ed f”rggl k kS L ula AVR s ‘and t he parated from
spont aneous aQ:IkTs reragr?l[ di @48 “F %é??d’ﬁs Thi s means that f aki ng of

dr owsi ness Frrﬁ eanaw %é'ﬂdzgerdié@@ct'ed;., Jﬂ'l@rﬁlﬂ@is)/aﬁilj%el@Gq%iah&ﬂof% on a

conput er i ntreadd 8=roHUM @L%a conryni.cat i 1 and detectors.
The sof t war i the signal ééo 28 %cﬂ)f’iﬁg ?ras i”éf%v%feﬂ°‘é*9e novenent s

filt ut
at differi nS‘"“fT“Etﬁiféf?chr%%e" P! W#ﬁ%@%ﬁr Paﬁabysmcsﬂ“eBnt/hee‘léa‘ts@hdlseS ratio of

the anpli tUd@"t@b“eameEﬁ@bE‘V@b"b@u 325m‘]93{'&n¢5% b, LLg Fre Vel OCI ty. For
saccades thegrel 8, gl Y. QBr vel gcity whi For brinks“t{ere are two
namel y cl osure (/e)( ocity &58?19?1390 Ao e tﬂ9veﬂtrta' ”%V%ﬁéﬁéfrm eri‘e to use only

the peak vel%€F thyregse Pﬁéreéyéﬂu @p &4 eBarmeorasoriite BAYA)@S tHaNe@Nonder st andabl e

way, and opemwsgesstaheehd e i re called the saccadic
arr%;l i tud PQ )/%I \% reﬁt:r%&ﬁ%%%lt?e i TC{J@%I é)@@ a?é{ﬁh &%’9?9%%“% gure 7 and
the bli nE anpi’l tug% %”ﬁ@a%eél Salki 9“‘3#%{31 Rea(nBAHR)C iekbarstoeaduad ographl cally in

figure 6, r@’@p’émsswrm Ieré@ﬂﬂﬁﬁ%nGe SEBQV(/%e& h@lfé @J @Foh%%‘o@ig% the bli gg
over a

anplitude a C, vel o ks 1n
second peri %&E%Erjé s GUE f'ca"ftﬁﬁ?” e g”ﬁl‘*é?'t”%&ﬁ%@é@ §f\'t/4i<éfh;b‘@a$( vel ocity
o' e of SactEiedichd Heginetr ingreaselpatgeebsivelyt he anplitude but this is a

di fferent rlﬁloaéw REBjek fB?\Q/Fﬁ'gah / ese ratios_are independent
of the set ﬁ!ﬁ cosﬁ ditions and @En‘é‘% IRI ongagftse{%fﬁe?)cf” 9B Hemedt BRRGker s during

the meastr eHei MePUESaEL bFGé'CH’H’tP‘F i”§é’é&md0 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 aleriness. These measurements are then related to
these 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 bload alcohol conc'n of 0.05% is approximately
equivalent to a BAVR of 6.

25 Drowsiness is quantified overa pericd of seconds or minutes by a combination of
the foliowing variables:

* measurement and comparison of BAVR

e whether saccades are normal or abnormal based on SAVR and their
30 frequency per unit of time

» the presence and duration of slow eye movemenis with impalired binocu'ar
coordination

+ whether the syelids are cpen or closed and for what proportion of tme



s): The SAVR reflects 5 the contractile properties of the extra-ocul ar
nmuscl es and the BAVR reflects the contractile properties of t le
orbicularis nuscles. These properties are influenced directly by the state
of activation/deactivation of the central nervous system The ratios

i ncrease progressively (up to 40 or nore for the BAVR) as the | evel of
drowsi ness increases. Tests indicate that normal BAVR s are in the range of
about 10 4.0+/- 0.. SAVR increases before subjects begin to fail to respond
because of drowsiness during in perfonﬂance tests ( see figure 9). Figure

9 shows that far gpkngngyﬁgL £$§f$= meglgnlf rgh%ﬂggzln BAVR

until after 20hours of wakefulness " aft er b NSt i her ease

progressively. 'IdndﬁQMB?OthV%ETsmBWMROOankvangMbdemymkmaadﬁHD@@r of
seconds, A mean BAYRQ%e rbermdm |ag, FRasHIE: £RBLS:EA a-akadgbn el ation
to any time scale fromseconds to hours. The mean BAVR and t%e nunber of
times individual fSRVs exceed the nornal range as well as the total
duration of such mpisedesy gedn gu:ma&. o®blidks BBd biSer dyBRSIYERsARE hiyged to assess
al ertness. These ARasurenent s are then, rel at e t hose previously
recorded in subjects wth bl o6d alc ﬁ%fmfgvﬂu”nBWéferably at 0.01% 20
interval s to giwvethafiegleert messnarasiuraeediasedngircbl doslirabecatralngedui val ent

|l evels. Figure 1Qeg%&ystrates the indicative relationship between the
measured BAVR and bl ood al cohol concentration. A blood al cohol eone'n of
0.05% i s appr oxi nf ériptionsefuinvaieneng eeriad BalvRuler qukEscaBeDMens$ateB8Es)i S

quanti fi ed over awﬁgﬁtgﬂcﬁgyﬁﬁﬁgmgﬁeﬂg m nutes by a conbination of the
foll owi ng vari abl es; neasurenent and conpari son of BAVR whether saccades

are nornmal or abnTRYe EAEEET BAW %WPQC%%HE eHEtE WigparicdgURARAAIERER! unit  of
time the presencenasdradorsat i on of sl ow eye novenents with inpaired

bi nocul ar coordi nation whether the eyelids are open or closed and for
what proportion of tine 10 the presence of drooping or wavering eyelids
as i ndi cat ed fym tieggpoBANVRRN be seen that this invention provides a unique means of

15~ providing an alertness measure based on legal definitions of fithess to operate
machinery or drive vehicles.
The method and apparatus described may be varied or modified to suit the
particular application or eguipment being used without departing from the

fundamental elements cf the method and device defined.



t he degree of binocular coordination including vestibul ar-ocul ar and snooth
pursuit eye novenents which are required for clear vision when driving a
vehicle 5 the frequency of |ong duration blinks and other eyelid closures
with high BAVRs and their cunul ative duration per unit of tipEOYDWSE
frequency of voluntary grinmaces involviing forced cl osure or opening of the
eyes the duration of unusually |ong periods of ocular qui escence (many
seconds) &0amg hout eye or eyelid nmovenents particular |evels of

drowsi ness can be equated with particular bl ood al cohol concentrations
From t he above Ad aleRRefEmdRREYiAg G stdriwhidnMEO EHN provi des a uni que neans
of 15 providing an al ertness neasure based on | egal definitions of fitness
to operate naglhi nemfesds dbi wWheasad Clebsoity TBAd MBMpARideNdf appRaidatdng dgscri bed
may be varied or nodified to suit the particular application or equi pnent
bei ng used w thout dgpasmhémg fromthe fundanental el enents of the nethod
and device defined. LLOYD WSE 11 CLAIMS 1. An alertness nonitoring

syst emswhi ch i ngl udegordye MRsHHS th OredBRISE Eneiupsrhémsand anpl i tude of eyelid
and eye novenent 5 b) storage nmeans to record the nmeasurenents c) a data

processor to cajcul & gatdhprREssdrdonEwianEat tREPEléIIMAVEmerE! BBblitidéabi o
and/ or the eye novenent anplitude to velocity ratio and conpare the

nmeasur ement s agai nstyefodity @86 BhaMoNEE &@hBvéhem dSRLAY td Wlo&tyPetidant he
al ert ness neasurenent based on the scale 10 or e) an alarmor other

al erting neans tri ggohshrédyhd meas@rah@ntLadting a predetermined scale

d) a display for showing the alertness measurement based on the scale
10 or
e) an alarm or other alerting means triggered by the scale reading

reaching a predetermined limit based on the blood alcohol level

scale.

15 2 An alertness system as claimed in claim 1 wherein said scale uses

measurements of the eye and eyelid movement parameters for a sample

population.
3. An alertness system as claimed in claim 1 in which at least one infra red
20 emitter and at least one infra red detector is mounted on at least one eye.
4, An alertness system as claimed in claim 3 in which the infra red emitter

emits pulses of infra red and the detector measures the total level of light
immediately before each pulse is transmitted and subtracts this from

25 combined level of the measured reflectance during the pulse.



reaching a predetermned |limt based on the blood al cohol |evel scale. 15

2. An alertness systemas clainmed in claim1l wherein said scal e usg®yb WISE

nmeasurenents of the eye and eyelid novenment paraneters for a sanple

popul ation. 3. An alertness systemas clained in claim1l in which at | east

one infrared 20 emtter and at |eastigne infra red detector is nounted on
at | east one eye. 4. An alertness systemas clained in claim3 in which the

infra redsem t emetifyl 6SmBHSFRY Nerthd¥slia wiich fadkyidg ARt& et Rbvdmasdioes the
total level of light imediately before each pulse is transmtted and

subtracts this 4 rsQlB]ect?5a|@0@HbR§é’d|l%V%|bté?ﬁ mBEsirRasHf e BYIRC trid\efehdr | Ng
the pulse. LLOYD WSE 12 5. nmet hod of nmeasuring al ertness in which the

eyelid and eye appi@wERN{cS vobcity2ratiebhfbr tHeCe@AoveRr@ént Oamphitabd toRafpERES Of
the eyelid novenent anplitude to velocity ratio and/or the eye novenent

anpl i tude to veb@shleragingtthesavesradeddteirNinge pe¥iets Bf BHetRuThesslripgtheds of
time and neasuring the 5 deviation of the average from a predeterm ned

averags for al efeliasivhjof tHeSavehagdromid pbdatermirdidri@rage ok aign subjéttavhi ch the
measured eyelid novenent anplitude to velocity ratio and the eye novenent

anplitude to velocity ratio values are related to a scale of blood al coho
content equivalent 10 values or changes in cognitive or psychonotor

performanee. 7.A Aetkédad dsinddainn@din B ialvhioh 6hé medtiuedd ehelid afdvesiepd | i ght
pul ses are detected at |east two |ocations on at |east each eye. 15 8. A

nmet hod as cl ai m@sblitide ltaivaldritynratdl shd dhe legasmova@ehpadipliQiieded @6losity
refl ectance associated with eyelid novenent and at | east on other |ocation

detects refl ectrafic &atsssoaicaatr@died td) acyCalgOfEBRBY - alBohdicetent BEEval@@sSUr i Ng
system for a subject which includes 20 a) at | east one infrared pul se

enmi ttap adapt edaluesber tarajesdnadigaitretorgisychemstorap@f@manek. a subj ect

7. A method as claimed in claim 6 in which the reflected light pulses are

detected at least two locations on at least each eye.

15 8. A method as claimed in claim 6 in which at least one location detects
reflectance associated with eyelid movement and at least on other

location detects reflectance associated with eye movement.

9. An alertness measuring system for a subject which includes
20 a) at least one infrared pulse emitter adapted to be located adjacent at

least one 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
25 subtract 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



b). at' |l east one reflected |ight detector |ocated adjacent said emtter c)
nmeans to transmt the detector signals d) data processing neans tL?ercei ve
the detector signals and to 25 subtract the total |evel of Iight D WISE
i mredi ately before each pulse is transmtted fromthe conbined | evel of
the neasured refl ectance after the pulise to provide a refl ectance neasure
LLOYD WSE 13 e) said data processing neans anal yzing said refl ectance

neasure to calgul atsqid RatLypeddedsimy Rt AENZihgdRid Peliddtaftd ndlurd
and/ or eye novenent anplitude to velocity ratio and conpare the

nmeasur enent s agai nstio acEQERS @ieN BGEIiECMEvenfentO.amplitabierfonesiscitpasatis | ng
systemas clained in claim9 in which the reflected |light pulses are

detected at two or rawdgod { hovenfdht dmplRaaé toBo@YeratiDahd. cOmpar€rt ness
measuring systemas clained in claim10 in which at |east one |ocation

detects refl ectance tpssosdsirefhewtd fig#kst 4 grevatenminbdardieat | east one ot her
| ocati on detects refl ectance associated wth eye novenent. 12. An al ertness

measur sng systemas clained in claim1l in which the data 15 processing
system anal yses the refl ectance signals to obtain neasures of the eyelid

movenment ampl i tardalénesd) esédsuringt bpstamd/agr claBe@yi® BRVANMBNIN whigH itheide to
vel ocity ratio, averaging these over predeterm ned periods of tine and

neasuring the defiéetedayrfpuides anedagriédd @int@o remeteIdidtions avar agatf or
al ert subjects. 20 13. An alertness neasuring systemas clained in claim 12

in which the nmeeseyeed eyelid novenent anplitude to velocity ratio and the
eye novenent anplitude to velocity ratio values are converted to a scale
of bl ood al cohol content equival ent val ues.
10 11, An alertness measuring system as claimed in claim 10 in which at least one
location detects reflectance associated with eyelid movement and at least

one other location detects reflectance associated with eye movement.

12. An alertness measuring system as claimed in claim 11 in which the data

15 processing system analyses the reflectance signals to obtain measures of
the eyelid movement amplitude to velocity ratio and/or the eye movement

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.

20
13. An alertness measuring system as claimed in claim 12 in which the
measured eyelid movement amplitude to velocity ratio and the eye movement
amplitude to velocity ratio values are converted to a scale of blood alcohol
content equivalent values.
25

14. An alertness measuring system as claimed in claim 13 which includes a

display for displaying the alertness measurement or an alarm or other




25. 14. An-al ertness neasuring systemas clained in claim213 which includes
a display for displaying the alertness neasurenent or an al arm or ot her
LLOYD WSE 14 alerting neans is triggered by the scal e readi ngLOgaakisrg a
predetermined limt. 15. An alertness neasuring systemas claimed in claim
14 which includes a 5 display for disphaying the bl ood al cohol |evel scale
or an alarmtriggered by the scale reaching a predetermned Iimt based on
the bl ood al cohplrtih$ WansSisatiggerd8-byAhed@ld RESINgRItichMig & Breéyb@mhadi ch
i ncludes 10 a) nmeans to neasure eyelid and eye novenent b) storage neans to
continuously rga@rd the neasurenments c) a data processor in which the
recorded neasurenents are analysed to obtain neasures of the eyelid
novenent anplitude to velocity ratio and/or the eye novenent anplitude to
velocity ratio and 15 neasuring the deviation froma predeterm ned average
for alert 15subjiechRrtndds andlissiPhgysysim SRovhinged e crRial 14 athidre arldeent S or
e) an alarmor other alerting neans triggered when a predeterm ned
measur gnent t hig@phal foridkspldymse &b bidd hlcohdNietbEsdale 98 aRtlarD frigd@red/ By em as
claimed in claim16 in which the nmeasured eyelid novenent anplitude to
vel ocity rati otmndchlaereayBingay praieteraiiidd timlebaskd oretHcbloydr Akl V@lales are
related to a scale of blood al cohol content equival ent values.

scale.

16. An alertness monitoring system which includes

10 a) means to measure eyelid and eye movement
b) storage means to continuously record the measurements
c) a data processor in which the recorded measurements are analysed

to obtain measures of the eyelid movement amplitude to velocity

ratio and/or the eye movement amplitude to velocity ratio and

15 measuring the deviation from a predetermined average for alert
subjects.
d) a display for showing the analysed measurements or
e) an alarm or other alerting means triggered when a predetermined

measurement threshold is crossed.
20
17. An alertness monitoring system as claimed in claim 16 in which the measured
eyelid movement amplitude to velocity ratio and the eye movement amplitude
to velocity ratio values are related to a scale of blood alcohol content equivalent

values.



