WO 2005/060824 PCT/US2004/041028 Rapid Switching Slit Scan Image
Capnieosystem Background of the Invention: 1. Field of the In\“%ﬁ&oowouozs
The present invention relates to slit scan image capture systems for

diagnostic evaluation of a patient's eyes. More specifically, the present
invention is directed to slit scan image capture systems using rapid

switching light sources, such as high luminescence light emitting diodes

(HL- LEDSs) or lasers. 2. Description of Related Art, in traditional slit

scanning image capture systems, such as the OrbscanTM, available from

Bausch & LaRéd et ot biinth Sttt BaaisaHiegyds
from an incandescent source. These types of light sources typically have
a relatively long period of time required to power-up to a full power state

and tgg@q@yéw B c@% ero power state. This period of
time is typically in theBZ\gn&fe S o'fti?nf?lfés'econds. These long power-up and
powe,i;dow(?:;w &q'%%&ggw'&% the slit lamps to be fully powered-up

during the duration of an eye exam on a patient. For example, the

OrbscanTM is a meying:sUL sy RIRINICh dRaEes; e, Sk g he maved

incrementally acrossé':}lgé eye from time to E’Erllme an%ltat Iﬁ\rillgl %%gﬁ?%H%‘m
systems for diagnostic evaluation of a patient’s eyes. More specifically, the
present invention is directed to slit scan image capture systems using rapid

switching light sources, such as high luminescence light emitting diodes (HL-

LEDs) or lasers.

2. Description of Related Art:

In traditional slit scanning image capture systems, such as the
Orbscan™, available from Bausch & Lomb Incorporated, the slit light source
is focused white light from an incandescent source. These types of light
sources typically have a relatively long period of time required to power-up to
a full power state and to deactivate or power-down to a zero power state.
This period of time is typically in the hundreds of milliseconds.

These long power-up and power-down time periods require the
slit lamps to be fully powered-up during the duration of an eye exam on a
patient. For example, the Orbscan™ is a moving slit system which requires

the slit to be moved incrementally across the eye from time to time and at



PCT/US2004/041028 other times, the slit is to remain stationary for an
WGP Haptured by the system. As a motor causes a slit S(P,l(lﬂ:ﬁ]g%

: D o : 004/041028
move, thereby causing a sift illumination to be moved across the eye, this
movement causes a smear of light across the eye. This smear makes the
image useless for analysis, and is therefore discarded, This discarded
image reflects an amount of time that the patient is required to hold their

eye siinbufiyRinghdala is AcY .1his time period therefore represents
an opportunity for increase% efwgiﬁe%c%y#ﬁonoa&/aﬁ i dMEasaele Replcrthby the

the amyiatof exam time for obtaining eye images is important in order to
reduce the amount of time that a patient must hold their eye steady,

which can lead to lawemntpialitaobeatia aeqdinad; nger a_patient ,
must hold his eye steady, the more his eye may él%%o(&ew Igﬁe§pé8ausmg a sfit

redudddminagerytealie/ mayerciasds dds &9dlignemiortansnatyaley Smear of

movement. Another approach to solving this problem could involve
somelfHGiRiting evenotion proaaenpasiestoes. ngéQM@&W%é‘IPQ(f and
a m(?sciﬁ?élicill sh(éjtter which would shield t.he light from the lamp, while the
slit sGuTce 1o HaVifG9efs tHalk difsardadsisoanie teliaptscaexansari slitime that
imagg, 0 edhe.eye far data capture while the first motor is moving the
et 1 AL S AUEH Dbt ke, i
shut i
@he period therefore represents an opportunity for increased efficiency in
obtaining slit images.
Reducing the amount of exam time for obtaining eye images is
important in order to reduce the amount of time that a patient must hold their
eye steady, which can lead to lower quality of data acquired. The longer a

patient must hold his eye steady, the more his eye may dry out which also
reduces image quality, as well as leads to discomfort and natural eye
movement.

Another approach to solving this problem could involve
something similar to a motion picture projector. This solution would utilize a
mechanical shutter which would shield the light from the lamp, while the siit
source is moving. This then allows a second lamp to expose a slit image
onto the eye for data capture while the first motor is moving the first slit

source. However, accomplishing this would require a very rapid shutter



2 WO 20031060824 PC'T/US2004/041028 system, which would need to
Beoclesinonseally synchronized to the analog video camera. Thi%%p%%oach
would be costly and complicated. In addition, the use of mechanical 3&?95‘”041028
would lead to failures due to worn mechanical parts. Therefore, it would

be desirable to provide a solution where the amount of exam time is

greatly reduced while providing for a relatively simple and inexpensive

means f(ir atcéjlltg‘irir&gt the necessary images. Brief Description of the

Drawings? IS IS WosHdifes t%%?e%’@ﬁi’é’c’ib?ﬁ&‘f e goweizap @nthe analog
power~g8 times of an incandescent slit lamp; FIG. 2 is a graphical
repre\s/,[eznévtglca)ﬁ%}fga t%%cs:aﬁp 5\9vae?%u‘6° PRSI RHCRRR gRies fit addition,
laser $i {a0eF RS dsan ol ideo image of the numeral 1, FIG.

4 is an interlaced video imadgg%f@{%a%o\({%?%ﬁgia@frﬁ Ug 1 worg eghanical
interlaeed video image of the even fields of FIG. 3; FIG. 6 is a prior art
timing diagram showing the procedure for an incandescent light source

slit scan image capheiefystamiduii@ be EeaiBieabsidNas a6AIEEIRY e the
the prior art system described in FIG. 6; 3
amount of exam time is greatly reduced while providing for a relatively

simple and inexpensive means for acquiring the necessary images.

Brief Description of the Drawings:

FIG. 1 is a graphical représentaﬁon of the power-up and
power-down ramp times of an incandescent slit lamp;

FIG. 2 is a graphical representation of a typical power-up and
power-down ramp times for a laser slit lamp;

FIG. 3 is an interlaced video image of the humeral 1;

FIG. 4 is an interlaced video image of the odd fields of FIG, 3;

FIG. § is an interlaced video image of the even fields of FIG. 3;

FIG. 6 is a prior art timing diagram showing the procedure for
an incandescent light source slit scan image capture system;

FIG. 7 is a typical slit image acquired by the prior art system
described in FIG. 6;



WO 2005/060824 PCT/US2004/041028 FIG. 8 is a timing diagram of a
Ws1601/ oi1g a rapid SW|tch|r!g Iaser or HL-LED light source, N b eT/US2004/041008
accordance with the present invention; FIG. 9 is a resultant video image of
slits captured with a system in accordance with the present invention;
FIG. 10 is a block diagram of a slit scan image capture system using a slit
mask moving across a focused point light source, in accordance with the
present invention; %dygl,G. 11 is a block diagram of an alternative slit

S

scan image captur &R URiNg d'2siaBhely sveiRitirisinne eanicsbtehing
mirropfor. scamni ye, in.accordance with the present invention.
Detaiﬁae%gb%i%h&%r?t@gé? idfér%efir'_r’%iﬁﬁ_"&‘ﬁfé‘r‘b‘iﬁ %’ﬁ&ﬁﬂ_‘?gpfﬁé%weu@oamd
power- down ramp:fimesidor a typica) W&Fy'?fg grc')thI}'ﬁsl,am télg??%llﬂ!a ystem

prior art slit scan image capture system. ugh not on

as Flig atchifandeshmventhreadn resfor a typical laser or LED light
source to ramp-up to full power or ramp-down to a effectively off state. As

can be seen from FBMI@Iing B1iGk Uladri. & & Wk SobPAHERR SHRMALYs o

more than 4 orders of magnitude less time for the light source to

poweistg aritliiyvask-dowingksrast bdadesedhedrinigirestesail elemsrtlisce
very fast time period for powering-up and powering-down a light source
enabM& 41 RERSREvention; and

FIG. 11 is a block diagram of an alternative slit scan image
capture system using a stationary slit source and a movable mirror for

scanning the eye, in accordance with the present invention.

Detailed Description

FIG. 1 is a timing diagram showing the power-up and power-
down ramp times for a typical incandescent slit lamp used in a prior art slit
scan image capture system. Though not on the same scale as FIG. 1, FIG.

2 shows the ramp times for a typical laser or LED light source to ramp-up to
full power or ramp-down to a effectively off state. As can be seen from
comparing FIG. 1 to FIG. 2, FIG. 2 requires essentially more than 4 orders of -
magnitude less time for the light source to power-up and power-;iown. As
will be described in more detail below, this very fast time period for

powering-up and powering-down a light source enables a much more



WO 2005/060824 PCT/US2004/041028 efficient and fast slit scan image
%Q&Rﬂ%ﬂég’/%%ém,_ in accl:ordan.ce with the present invention. IMages 52004 1041028
captured on typical prior art image capture systems, as well as preferably

in the present invention, use an interlaced video image, such as shown in

FIG. 3. FIG. 3 shows an image of the numeral | captured as interlaced

video in a typical 640 x 480-pixel frame. This interlaced video image is

well kppywhie thosgskilledn rt, and has odd lines 10 shown as the
black or dark lines and thgé eﬁ\]/llﬁg ixe ’?ﬁ%&eﬁ%ﬁ%ﬁ%&?ﬁaﬁﬁ@%wth the

shade@ssapm @@y lines. Such interlaced video is used in prior art
systems, such as the OrbscanT"l system available from Bausch & Lomb

Incorporated and iesgeibedo RSB B3 =t g%tggtcgp%rtzé%%gtgnqs as
re is hoted™

5,512,965, both of which are incorporated herein by rence.

that ¥ lire paetstaliio impeimptafesmibhuloies MEsR AR SUHRES
progressive scan images may also be used. Typically in image capture =’
systEHE ﬁﬁ;éﬁﬁéf‘lb‘é‘eﬁGidéoﬁl‘ﬁiag'?eslmﬁm@nari&agegfﬁm@tﬂdﬁféﬁhqu@é’&gmd
even fielgs, such that you end up with the images of FIGs. 4 and 5 where
eacRTTAGHASEHYIe94D Bikisalif Gy ipRiaiehfiadaa Tomitteriadddiideo
evewi%%slsl%a}?? %2. Irg thﬁs illustrative example, FIG. 4 contains all the
odd Tield data 10 T RHE HRstRidled dnibednt endhanadt dnescthsiiosn
all t ' fram the interlace
he W@Blggwo‘#%l%ﬁnes anQ ?he even p&el lines 12 shown as the lighter
shaded areas or gray lines. Such interlaced video is used in prior art
systems, such as the Orbscan™ system available from Bausch & Lomb
Incorporated and described in patents such as U.S. Patent 5,512,966 and
5,512,965, both of which are incorporated herein by reference. It is noted
that an interlaced video image is preferred but other video images such as
progressive scan images may also be used.

Typically in image capture systems, the interlaced video image
of FIG. 3 is segregated into odd and even fields, such that you end up with
the images of FIGs. 4 and 5 where each image is 640 x 240 pixels and
comprise only data from the odd or even fields 10 and 12. In this illustrative

example, FIG. 4 contains all the odd field data 10 from the interlaced frame

of FIG. 3, and FIG. 5 contains all the even field data 12 from the interlaced



5 WO 2005/060824 PCT/US2004/041028 frame of FIG. 3. Such

EHUGAGHR O the odd and even fields as shown in FIG. 4 and 5§ e 04041026
known to those skilled in the art. A typical prior art slit scan image capture
system uses the ability to segregate the odd and even fields to obtain or
capture a slit scan image in the odd field while using the time required by

the frame grabber to acquire the even field to move the slit image in order

to beigpositiento, ¢ re anather slit | age during the next odd field
scan by the vic]ébﬁ') uéy%ﬁ%.s?ﬁfg%%ﬁgﬁeﬁggﬁéﬁﬂdtﬁ@ ifiRG Bl giawain

6. WiNiRb. shawis s3I BIRT @THBBNG 8@ ILje top diagram shows

a timing diagram for an interlaced video system where the time required

to obtain or captupetyyicafsor gMeg]itfigégﬁq,ﬁga(?/%a}é%;?jacgl%gach fiel
se

requires approximately one-sixtieth of a secon c}f 0 B]eugf?ﬁ &d.

As cabilfi sesegibwasitiaotpaueepmeidy Ricrandessent slitjame
is ramped-up to full power and is continuous throughout the image

captiif@grrie. tirpiedd fielcausieadypidhbitinandessent sl AkasBEgF
art requires at least 400 milliseconds to power-up or power-down as
shoRAEHEE MRS, figldiseneys the siiniperdd dodeitoasehe gkl to
even field caa;)tU{e is a{)proximately 16.7 milliseconds, and therefore the

slit ISARSHES 20RTRES 28t BRaae dbttisLEgsReXt odd field scan by the video

system.

This can bé seen in the timing diagram of FIG. 6, which shows
a typical prior art timing diagram. The top diagram shows a timing diagram
for an interlaced video system where the time required to obtain or capture
an odd or even field is shown. Typically each field requires approximately
one-sixtieth of a second (1/60 sec) to be exposed. As can be seen, the slit
lamp power from a typical incandescent slit tamp is ramped-up to full power
and is continuous throﬁghout the image capture time. This is because a
typical incandescent slit lamp of the prior art requires at least 400
milliseconds to power-up or power-down as shown above in FIG. 1: whereas -
the time period for either the odd or even field capture is approximately 16.7
milliseconds, and therefore the slit lamp is required to be on continuously.

Typically when capturing an image, a slit scan image capture

system scans slits across each eye from both the left and the right sides.



Typically when capturing an image, a slit scan image capture system
WEHOHNt8%a¢ross each eye from both the left and the right sideg, § WO _
2005/060824 PCT/US2004i041028 This allows reliable data to be |~~~ 4041028
obtained over a large enough area of a patient's eye in order to provide a
comprehensive analysis of the eye. FIG. 6 shows the prior art timing
diagram for image capture and slit motor movement for moving a slit

imageeuicRveadsing slit.images to be projected across a patient's eye
on only a single sid%-!fgﬁ] g;ar%]c ﬁ%ggt%?%tb IDREGKFE Gt Rireusbultbhavato

be reperieekfeydhs SN SIAS, e enough data for one eye. As
can be seen, tri;/e video camég%é%%a%&ﬂ)psrﬁs?enrﬁ\ﬁ analysiz &b ey, FIG. 6

captsiesystespabihe riang bisqRiv & %‘588%%%98 adurin%the odd
ee

field scan and then no image is captured during t vennﬂesl 'BOLY.

Durifgpresenidptaclingatsit mees $bersIRATR QIRE L 2 18X

position for capturing the next slit image of the eye, An image I1s captBFg"(?Cted
duriff S Gtbeteatsvaveomerslitansigtdsideld intaHanay and dhg, s ge
motor i? moved while no image is being captured during the even fie c?
scarLARHRWRAY. RRYmipthe lipiReorat buetne sbacsmieniefdighbti¥BisRough
wou %efgaused b otor movement, is avoided, as well as avoiding the

need for any comphcdtéFanderpensive Mrehanioarshotieridgo system of a
gebcélﬁgé@zm%%%% ﬁig%fg}gs ent%eo? %eh(:"enpf rri%rrnaw,ecg;r;]thnrgesd;agirdaen; ic::;;glyg
during the odd field scan and then no image is captured during the even field
scan. During this time, the slit motor moves the slit image source to a next
‘position for capturing the next slit image of the eye. An image is captured
during the odd fields while the slit motor is held stationary and the slit motor
is moved while no image is being captured during the even field scan. In this
way, during the motor movement a smear of light, which would be caused by
motor movement, is avoided, as well as avoiding the need for any
complicated and expensive mechanical shuttering mechanisms. However,
as can be seen from the timing diagram of FIG. 6, by not capturing any data
during the even field scans essentially half the amount of time required to
capture images is wasted because of the need to move the slit image

source. The more time a patient is required to hold their eye still for the

exam, the more likely discomfort to the patient will be experienced, also



during the even field scans essentially half the amount of time required to

wapivredepages is wasted because of the need to move the slit jmage
source, The more time a patient is required to hold their eye stilfr?onHﬁsé("M/Mlozs

exam, the more likely discomfort to the patient will be experienced, also 7
WO 2005/060824 PCT/US2004/041028 lower quality data will be
captured due to the patient s eyes drying and natural eye motion. A typical
prior art system then segregates the odd field data into a frame, such as
showiQeFrEaitsiada vhisheirmieed Supda for aapemitneyesdryimeand
present inantion solves the timing problem of the prior art and makes
effec{?\?éué?\c?gﬁimg Plise of the interlaced video scanning time through

ioht emiting tlodes T EEE) L e oA KGR cRjpae det
13L.. ;430 A5REA05LH 'a'el.-g%\%rfﬂrﬁ@b?ﬁ’&?ggl:ﬁhé%\{?rﬁdgé%%%%w?ﬁq@& a

www.lumileds.com. Of course, other light sources cou
are gapiablesteyeeing switched fast enough. FIG. 8 shows a slit
laser-timing diagram, in accordance with the present invention. As can be

seen, the same odthandezeen ifiekhfiams\rsamunefineoioSRAVAF A5:Babr art

shown in FIG. 6. However, two slit laser power timing diagrams are

showanduurkesaeffeotsla rsbefisieptinsesatiee interlaced video scanning time
through use of rapid switching light sources, such as lasers or high-

- luminescence light emitting diodes (HL-LEDs), such as Schéfter & Kirchhoff
Type 13L...+90 Laser and HL-LED part number LXHL-NW98 from
www.lumileds.com. Of course, other light sources could be used if they are
capable to being switched fast enough.

FIG. 8 shows a slit laser-timing diagram, in accordance with
the present invention. As can be seen, the same odd and even field frame
scanning time is shown as that shown in FIG. 6. However, two slit laser
power timing diagrams are shown, such that the slit laser ramp times are
essentially those shown in FIG. 2, and require less than 100 micro-seconds
to either ramp-up to essentially full power or ramp-down to an essentially off
state. As can be seen in FIG. 8, rapid switching light sources power up to

an approximately full power state and powers down to an effectively off state

in an amount of time less than the amount of time required by the motor to



essentially those shown in FIG. 2, and require less than 100

Wiictmseeands to either ramp-up to essentially full power or ramp-d to

an essentially off state. As can be seen in FIG. 8, rapid switch{r?g %%%%04/ 041028
sources power up to an approximately full power state and powers down

to an effectively off state in an amount of time less than the amount of

time required by the motor to 8 WO 2005/060824 PCT/US2004/041028

move a slit imgage source from one position to the next. Typically, a single

motor Tequites apFEkRRLIER BT IRfReYERuLY ¥ ooutfrdivpinady asitivgie

to a t it image ce,Is stabilized from one position to

the. no R AR R TR L S RecEni R wovm dvasanesssivon o

capt i if i jQr partions of the patient's

oo T T T TSl e dndne

the e;vmfimag,raaﬁasb@miﬂghﬁﬁimiﬁgﬁ%%%%@ﬁuﬁe i %ﬂe‘%‘tﬁ?g@iﬁfu;—e
[ it fa

being captured with side one's slit laser at full power, side two's S

or. Hig-pEalightf stitiregsoffcthessitaeirrabsids o sRA¥REdISSlitThis is so
image source into position so that side two's slit laser or HL-LED light
sourBeG3yRsIIRRgRaSaIbIvieEayE iseceintbiotil tetb e diesterRNil fields,
while side one motor moves the slit mask or mirror for side one. Such a
timinge SRS eINNGriResamsloLBIBg ribs an incayeiassentlighitured
Sourcetﬁ); Aygpica,l eye exam obtains 40 slit images. The time required to
obtalith&E ifMsgR SR ass PrEdbreweresitmtnoppliokiseaeHOZED light
source is off, the slit motor of side two movés it's slit image source into
position so that side two’s slit laser or HL-LED light source is powered up
and it's image is captured in the first even field while side one motor moves
the slit mask or mirror for side one. Such a timing scheme is simply
impossible using prior art incandescent light sources.
A typical eye exam obtains 40 slit images. The time required
to obtain these images for the present invention is approximately 0.7
seconds (20 frames @ 1/30 sec). This is significantly lower than the prior
acquisition time of about 1.7 seconds.
FIG. 9 shows a resultant interlaced video frame of slit images
captured, in accordance with the present invention. The odd lines 10

contain slit images from side number one and even field lines 12 contain

images from slit image source number two. These interlaced video images



seconds (20 frames @ 1/30 sec). This is significantly lower than the prior
Veegusitiorsime of about 1.7 seconds. FIG. 9 shows a resultantdpte)assd os1o2s
video frame of slit images captured, in accordance with the present

invention. The odd lines 10 contain slit images from side number one and

even field lines 12 contain images from slit image source number two.

These interlaced video images 9 WO 2005/060824 PCT/US2004/041028

t ans into odd and even segregated
famers Dot e B R o Y P s igmes.
shovsarsi sRARBIRIBERRIIR SURAR)14 [96.081ajping sitimages of a

patient's eyes using a slit mask moving across a focused point light

source, in accordanGe 1ithHRsURHEBEIVAREGE cALIGRSL MG St Agsks

16 and 18 are associated with at least two rapid switching focused point
light ebiaioi 20tama@e; réfiepttidrfs sipsionaingnaieiarmasd ensrsakfaad,
19, such that at least two slits may be illuminated on the patient's eye. At
leasf@RésATbRSS ighiPae-aréctrnmedesdeonitie thkt praskst ih6anidd.8At least
respectively for incrementally moving the illuminated slits across the eye
28 tWORIT ARG pBANENS Are GanpiRtem Witk ft heask [v6) Hayhid swiiching
20, §tation§r§ mirror ?nd lens 17, and motor 24 form side number one of

[

the tifing diagHa SHERYrees A0 Ashienteliasted offstationasy purmmend
fmmléh%%é‘%‘?‘?ﬁé 1;f@’)?'such that at least two slits may be illuminated on the

patient’s eye. Atleast two motors 24 and 26 are connected to the slit masks
16 and 18 respectively for incrementally moving the illuminated slits across
the eye 28 to a plurality of positions. A combination of slit mask 16, light
source 20, stationary mirror and lens 17, and motor 24 form side number
one of the timing diagram of FIG. 8, and elements 18, 22,19, and 26
combine to form side number two.

FIG. 11 shows an alternative slit scan image capture system
15 for obtaining slit images of a patient's eyes using a stationary slit source
and a movable mirror for scanning the eye, in accordance with the present
invention. At least two movable mirrors 25 and 27 are associated with at
least two rapid switching stationary slit light sources 21 and 23, such that at
least two slits may be illuminated on the patient's eye. At least two motors

29 and 31 are connected to the movable mirrors 25 and 27 respectively for

10



FIG, 11 shows an alternative slit scan image capture system 15 for
VoBIMTING8Rt images of a patient's eyes using a stationary slit SPEIGESANY
. . . ) S? /041028
a movable mirror for scanning the eye, in accordance with the presen
invention. At least two movable mirrors 25 and 27 are associated with at
least two rapid switching stationary slit light sources 21 and 23, such that
at least two slits may be illuminated on the patient's eye. At least two

t - cted to th ble mirrors 25 and 27
respbenon e B e R G G tnass o plraity o
increposhitaly. oyigihe diwnt [ ss the eye 28 to a plurality
of positions. A combination ofﬂ?g tsgll.lftr%g %rf @18\//%@ THiFRS 295 a5 gnotor

motctPBiorsidsidenimben®oetné haitig Qg‘ﬂiﬁﬂf RIG. 8, and
elements 23, 27, and 31 combine to form side nur@ﬁﬁ@?ﬁ%@ﬁﬁﬂ% 23,

bothFi@ed1dsenibine tideoncaiteenardBdorveapturing images of the
illuminated slits on the eye 28 is connected to a frame grabber 32 for

storing the captur@@ffiieE Toib Fiis. sWitchinytlighliceeEaRs R0 RN 22
powgr-i fo an approximately full power state and power- down to an
effeCTVE B% ‘Siaeem A {ngiBuminatashriteos tharetre2sioemiricling
requ majgrs 24 and 26 or motors 29 and 31 to move slit masks
16 oufﬁ'g érrgrrbeé’\%%g o risinaste S9P¥iERH bRRasssidde tapichexdtching light
gl(i)ts@%%ggg@‘g%@ﬂ%wgrgg& of time required to capture a plurality of

0 an approximately full power state and power-

down to an effectively off state in an amount of time less than the amount of
time required by the motors 24 and 26 or motors 29 and 31 to move slit
masks 16 or 18, or movable mirrors 25 or 27, from one position to a next
position. This allows the amount of time required to capture a plurality of slit
images across major portions of the patient’s eye to be minimized.

The video camera is preferably of the type, such a Teli NTSC
interlaced monochrome camera and the frame grabber is preferably an
interlaced frame grabber, such as a PC-Vision and available Coreco. The
slit masks 16 and 18, the movable mirrors 25 and 27, the rapid switching |
focused point light sources 20 and 22, the rapid switching stationary slit light
sources 21 and 23, and the motors 24 and 26 and 39 and 31 are all
preferably part of a controlier 34 for controlling the switchi‘ng of the light

sources and the movement of the slit masks or movable mirrors. As the first

11



images across major portions of the patient's eye to be minimized. The
RIEYaehEa is preferably of the type, such a Tell NTSC interlggc;%‘

. . PCTTUS2(
monochrome camera and the frame grabber is preferably an interlace
frame grabber, such as a PC-Vision and available Coreco. The slit masks
16 and 18, the movable mirrors 25 and 27, the rapid switching focused
point light sources 20 and 22, the rapid switching stationary slit light
sourges 2h@d 28. 8 e motors 24 and 26 and 39 and 31 are all
preferably part of a con rtfn%l%?\@%?gr ‘BRGSIHFHE Lhrenindiominairshen the

souregs 2894ithghage it or movahle mirrors. As the
first _fwo 21005/0608%@ @égr%%s%éﬁ?%% %ﬁ'%%%? ol 8859 Bghissource

powgEkeok 2pisptdrallomngsds ey 28 via the first
slit mask 16 orq”movable mirror gg%ﬂ%gasaggﬁg ﬁéj%h%@oslf%imgﬁao S5gor 27 is
poweREEatblenTave: toseceRtheliitonskudh BrAmaVRNaAIRRLT éso‘r‘g&%/%%

to move to a next position, such that a time to power-up or power- down a
fight'S8it elighoropcsr2pas 22 dis2 s s ibestimmmeauirad FANRYE &

slit mask 16 gr 18 or movable mirror 25 or 27 to a next position relative to
the PRIEPSEYR2%< Thir dfowamerabietleir @bam Rtadacasfisssmdn
conh%ilgtglat% frﬁm bath the first and second slit mask images illuminated

on the paf?er?tI BpaLe Bfietsd Ris,pdrwarsr pashdieidsybeenineniasete

36 %’r‘ﬁ@ %sgoi'q%h;]dggt g#éJmagoIﬁrtﬁg%llyzing the captured slit

st and second slit mask images

04/041028

illuminated on the patient's eyes. Controller 34 is preferably part of a system
console 36 which also includes CPU 38 for analyzing the captured slit
images and providing data to a practitioner, such as topography, corneal

thickness, and other diagnostic information on the eye 28 that has been

scanned.
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images and providing data to a practitioner, such as topography, corneal
thickness, and other diagnostic information on the eye 28 that has been
scanned. 12 LLOYD WISE | Claim: 1. A slit scan image capture systemoOyD WISE
for obtaining slit images of a patient's eyes comprising: at least two slit
image sources; at least two rapid switching light sources, wherein one of
}fﬁli ht sources is associated with one slit image, such that at least two
slitd’ ay he illuminated on the patient's eyes; at least two motors, each
pgonnected. to the. slit ima %sgurlcqsf r inﬁrementw lly. movingthe . =
Fumind\ed S BRSNS bIGRAINY B oSO S At ves
for capturyi,ng images of the illuminated slits on the eye; a frame grabber
‘Conhected to the video camera for storing the captures images; and
wherein the rapid switching light sources power-up to approximately a full-
power%tg%%sg%r& |c‘);ol\\{/vvlé?a S%V%gtlg An effectively off state in an amount of

time less th > amount of time required by.the motor ta | ove aslit
image%slobrﬁ%%\ggp% #?obrwgcglnﬁ?%fb?o% |6’ﬁf”t%élreerﬁ§lr(ﬁ?r?ironﬁ?ztllr?ghéll% Amdtnt '

%%H%QC@WﬁE&EOSﬁg%%%eCa SRM%H&%’ a?‘ieasg‘g[ tixr\poagi?tg %%? 2 mﬁiﬁfn X igg The
of the patient's eyes.
patient's eyes;

at least two motors, each connected to the slit image sources for incrementally
moving the illuminated slits across the eye to a plurality of positions;

a video camera for capturing images of the illuminated slits on the eye;

a frame grabber connected to the video camera for storing the captures images;
and

wherein the rapid switching light sources power-up to approximately a full-
power state and power-down to an effectively off state in an amount of time less than
the amount of time required by the motor to move a slit image from one position to a
next position, thereby minimizing an amount of time required to capture a plurality of

slit images across major portions of the patient's eyes.

2. The invention of claim 1, wherein the rapid switching light sources are lasers or

light emitting diodes.

3. The invention of claim 1, wherein each of the slit image sources includes a slit
mask and the motor moves the slit masks from one position to a next position in 1/60 of

a second.
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2. The invention of claim 1, wherein the rapid switching light sources are

lasers or light emitting diodes. 3. The invention of claim 1, wherein each

of the slit image sources includes a slit mask and the motor moves thﬁé‘@b WISE
masks from one position to a next position in 1/60 of a. second. 13

LLOYD WISE 4. The invention of claim 1, wherein the frame grabber is

an interlaced frame grabber. 5. The invention of claim 1, wherein the

frame grabber is a progressive scan frame grabber. 6. The invention of

laim 1., wherein the light squrces power- Qreé)og\{zer;down‘inw \es_s than
£ o0 mi S A S O R AR P ihalong e
_imgges of a patient's eyes comprising: at least first and second slit image
TADOCE. . h . . . .
ources; at least first and second rapid switching light sources, wherein
the first light source is associated with the first slit image source and the
second light source is associated with the second slit image source such

§!’_1at atﬁ@?ﬁ%@i%@ &'1“@19&% m %Qz%n#l '{%@‘1”%%‘1%%%@? f aatiel%t;%g i%%_;s%an frame
video camera for capturing images of the illumifiated slits on the eye; ,in
Jterlaced frame grabber connected to the camera for storing the captured

6. The invention of claim 1, wherein the light sources power-up or power-down in

less than 100 microseconds.

7. A slit scan image capture system for obtaining slit images of a patient's eyes
comprising:

at least first and second slit image sources;

at least first and second rapid switching light sources, wherein the first light
source is associated with the first slit image source and the second light source is
associated with the second slit image source such that at least two slit images may be
illuminated on the patient's eyes;

a video camera for capturing images of the illuminated slits on the eye;

an interlaced frame grabber connected to the camera for storing the captured
images; and

a controller for controlling the switching of the light sources and the movement
of the slit image sources wherein as the first light source is powered-up so that a slit
image is illuminated on the eye via the first slit image source, the second light source is

powered-down and the second slit image source is caused to move to a next position,
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images; and a controller for controlling the switching of the light sources
and the movern ent of the slitimage sources wherein as the first light B
source is powered-up so that a slit image is illuminated on the eye Ui WISE
first slit image source, the second light source is powered-down and the
second slit image source is caused to move to a next position., 14 LLOYD
\ J}§§¥I§g(%p that a time to power-up or power: down a light source is less .
%ﬁéan the timr%eré)qg?r\gar 0 rglr e'a sl 'Ol\rj\n%éel%g?ggrfg 1a8€;1e<-:‘5>5<tt B itighme required
geiative dqiivs patlents.enes, fhersbyalowng.each i ebannteriaced,,
rame to contain data from both the first and secon sﬁtalmage ource’s
imagss lminatedon NEAANENES SYES By lhe nvantion of RIM Ty 4 cecc
where% the rapid switching ibéjht éorhrcésbg}ledfgs%??eélr()q?g%%%r{r%ftiiﬁlﬁt and second
SofenoThe: DHERIOnRLARINL IR RN e cofoller Includes motors
connected to slit masks or movable mirrors for mt?rementally moving the
illuminated slits across the eyes to a plurality of positions. 10. The
invention of claim 9, wherein the motors move the slit source from one

83.05itioﬁh@iﬁv@ﬁﬁ%ﬁ@@%}@@e%ﬁ‘ﬁ%%oﬁgi g\%rtg-}/{%ﬁl%@%%@gg@rggfé%g%scrs or

7, wherein the light sources power-up or power-do ss than
IRIfrOseeARdR 045,
9. The invention of claim 7, wherein the controller includes motors connected to

slit masks or movable mirrors for incrementally moving the illuminated slits across the

eyes to a plurality of positions.

10. The invention of claim 9, wherein the motors move the slit source from one

position to a next position in 1/60 of a second.

11. The invention of claim 7, wherein the light sources power-up or power-down in

less than 100 microseconds.
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