Rapid Switching Slit Scan | mage Capture System
Background of the Invention: 1. Field of the
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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



the slit to be noved increnentally across the eye from
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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 slit
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



source is noving. This then allows a second lanp to

expose a slit image onto the eye for data capture
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However, acconplishing this would require a very rapid

shuttersystem which would need to be electronically

synchroni zed to the anal og video canera. This approach
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Brief Description of the Drawings:

FIG. 1 is a graphical representation 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 numeral 1;

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

FIG. 5 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;



an i ncandescent |ight source slit scan inmage capture

system FIG 7 is a typical slit inmage acquired by the
w@eiosnemes system described in FIG 6; FIG 8 i BCHUS2004/041028

timng diagramof a systemusing a rapid swtching

| aser or HL-LED |ight source, in accordance with the

present invention; FIG 9 is a resultant video inage

of slits captured with a systemin accordance with the
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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-down. 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



conparing FIG 1 to FIG 2, FIG 2 requires

essentially nore than 4 orders of nmagnitude |less tine
wo oo050b60824 | ght source to power-up and power - doMT/USE04/041028

will be described in nore detail below, this very fast

time period for powering-up and powering-down a |ight

source enables a nmuch noreefficient and fast slit scan

i mage capture system in accordance with the present

i nvention. |Images captured on typical prior art inage
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| nts%raldgg %‘rjeavs odr%?ay KY€ 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



of FIG 3 is segregated into odd and even fields, such
that you end up with the inmages of FIGs. 4 and 5 where
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fromthe odd or even fields 10 and 12. In this
illustrative exanple, FIG 4 contains all the odd
field data 10 fromthe interlaced frame of FIG 3, and
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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 lamp is ramped-up to full power
and is continuous throughout 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.



and is continuous throughout the inmage capture tine.
This is because a typical incandescent slit |anp of
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whereas the tinme period for either the odd or even
field capture is approximately 16.7 m|lliseconds, and
therefore the slit lanp is required to be on
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hel soclzaﬁ.t ﬁuiri%?;%ig ti‘;’lnrt]a?I tﬁehgit ?nloitctwr moves the slit image source to a next
position for capturing the next slit image of the eye. Animage 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 slitimage

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



is nmoved while no image is being captured during the
even field scan. In this way, during the notor
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luminescence light emitting diodes (HL-LEDs), such as Schafter & 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
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HL_p%E&)IOI’I isgfﬁt\at 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



source is off, the slit notor of side two noves it's
slit imge source into position so that side two's
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side one notor noves the slit mask or mrror for side
one. Such a timng schene is sinply inpossible using
prior art incandescent |ight sources. A typical eye
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obtaae therheegregated by khown meangiinie edd and\eyan isegregated frames,
approximately 0.7 seconds (20 frames @1/30 sec). This
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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



focused point |light sources 20 and 22, reflected off

stationary mrrors and |l enses 17 and 19, such that at
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eye. At least two notors 24 and 26 are connected to

the slit masks 16 and 18 respectively for

incrementally noving the illumnated slits across the

eye 28 to a plurality of positions. A conbination of

slit mask 16, |ight source 20, stationary mrror and

| eriscrementally maxing the4llynoinatedislits annedsethe eye 28fto mipdurality of

timng diagramof FIG 8, and elenents 18, 22, 19, and
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alternative slit scan i mage capture system 15 for
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invention. At |east two novable mrrors 25 and 27 are
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8c?atptdrl/r‘f*ft}.] ifflaigb§ o ilfnihbied rﬁlﬁﬂirﬁlﬂe%‘?etzms BotneRfEd 1 a
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nu 7S réqwi)red 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 controller 34 for controlling the switching of the light

sources and the movement of the slit masks or movable mirrors. As the first
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be 27 61128 & pdweldtedawnland aaeeornd sl npski 18 artrhgvable initeor 27 is

type, such a Teli NTSC interlaced nonochrone canera

angatibéd fd mBee & ahbrI pdstiop) fiobrtadd ¥ tide tb poeel-as efdpower-
frame grabber, such as a PC-Vision and avail abl e

Corefafhr a IGHR stuide 2P&KS! di22d13Li8 ledsttRametithe réfuireats
25 and 27, the rapid switching focused point |ight

f?gﬁwa 2R rAssk Por 1816 Mavale ANrdi3Y B Bload heaPoYitish

it
t sources 21 and 23, and the notors 24 and 26 and

39 \anRfvto MeSatibht PERS 28 2PhiY alds foPadh GBI ahlifEriadd

for controﬁﬁlng t%e swtching of the |ight sources and

: Egr Y W}gﬂﬁ%a@ﬁorﬁ'@gw ﬂ‘i@%ﬂﬁt £ é@e&!ﬁé’klg nﬁ%'sfkfiﬁ{agﬁ% tASa

| source or I'S powered-up so
Lig i ST . . ,

51 RS P el oo M S BN o] Fstem

source

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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22 or 23 is powered-down and a second slit mask 18 or
novable mrror 27 is caused to nove to a next

wW@OEsN6mB4 such that a tinme to power-up or povweCTUBRVOH041028
light source 20 or 21 or 22 or 23 is less than the
time required to nove a slit mask 16 or 18 or novable
mrror 25 or 27 to a next position relative to the
patliGlaihe eye 28. This allows for each field of an
interlaced frane to contain data fromboth the first

and  secangt sédr imBRekeabiRE 8§steml fordtitaink@ ibintdies of a

patient's eyes. Controller 34 is preferably part of a

2%}%@?9&&%@'(.‘6@{3@5%@ ch also includes CPU 38 for

I'yzing the captured slit inmages and provi ding data

to a pr g{:k%ﬂntg;aggtﬁ% dAscdsopogr aphy, corneal

t hi ckness, r -di agnostic information on the eye

28 that ap@*z':?tt}%r}a?ﬁgsg\?gﬂ#} rI}ié?’uﬂ%diﬁ‘rce%; wheidin {ynec‘a 6AheligROC

cap_ture'sys emfo Dt slit inages of a
P T L S s
e 1,7 s e R e PRy RL o 1!
T e et R B a3 2be bifes
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.
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for increnmentally noving the illum nated slits across
the eye to a plurality of positions; a video canera

w0 o005060324r i ng i mages of the illum nated slitsPOnUS1ve4/041028
eye; a franme grabber connected to the video canmera for
storing the captures images; and wherein the rapid
swtching Iight sources power-up to approximately a
full -power state and power-down to an effectively off
state in an anmount of time |ess than the anount of
ti e redbeirvgntign ehelainbi ovhareinibe eanid syitehing gy sprkees are
one position to a next position, thereby m nim zing an
anount &fsets ordighbemitiingidipdesapt ure a plurality of slit
i mages across major portions of the patient's eyes. 2.
The invention of claim1, wherein the rapid swtching
i ght sources are lasers or light emtting diodes. 3.
Thes.i nvaptirentién of daim 1, whéreinehea ndier motes thesliemashssfrom
slit masks fromone position to a next position in
about 16R8 pekitien && aBRL poitioh e abowtelrd0 ofna sécapldai m 1,
wherein the frane grabber is an interlaced frane
gr abber.

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 claim 1, wherein the light sources power-up or

power-down in less than 100 microseconds.
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5. The invention of claim1, wherein the frame grabber

is a progressive scan frane grabber. 6. The invention
w@Roosheisea 1, wherein the |ight sources power- upCDDS2004/041028

power -down in |less than 100 m croseconds. A slit scan

I mage capture system for obtaining slit imges of a

patient's eyes conprising: at |east first and second

slif i rmﬁgé"@éﬁﬁ Faage eaptyreystenm f%Pb%”%%lﬂdﬁag?%ﬁf 5|
S tchl ng |ight sources, wherein the first |ight
source (PAlEBESRYESIGHMRLSING: t he first slit image source
and the second light source is associated with the
second dHitileast firghand secand slitithAGErRRUIGES; | east two sI it
i mges nmay be illuminated on the patient's eyes;
vi deo catigast first a@épemndrrgpﬁdrmogf@blngﬂlghtw@um%uwhﬁmlrethe first
slits on the eye; an interlaced frane grabber
connect ed t olightessotieaeeis assaeniated withribe fitsé sl apage edurce and
i mges; and a controller for controlling the sw tching
of the |ight theosaoped lighidsdunee iswmseoaated efithtthe setartd slit
i mge sources wherein as the first light source is
power ed- up Simadgmsowacs suth thabgideast two Islitimagee chayrbe he
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, such that a time to power-up or power-
down a light source is less than the time required to move a siit

image source to a next position relative to the patient’s eyes,

thereby allowing each field of an interlaced frame to contain
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eye via the first slit imge source, the second |ight
source i s powered-down and the second slit inmage

W@ ouso6e0826 caused to nove to a next position, BOOS1004041028
atine to power-up or powerdown a |light source is |ess
than the tine required to nove a slit image source to
a next position relative to the patient's eyes,
thereby al | oddtadrosmbothithe fitst end aacand slit Insagsosquregie inages
contai ndata fromboth the first and second slit inage
source' s i neifjeminatédion thet patieots eyes. pati ent' s eyes. 8.
The invention of claim7, wherein the rapid sw tching
light sources are lasers or light emtting diodes. 9.
The invention of claim7, wherein the controller
I nad, udeTheBiv@htion onelaiph Bowheredl the rapis kwitchingriigteti=oarces are
mrrors for increnentally noving the illumnated slits
across {dxRrLyA/ht ematiRg dioakst y of positions. 10. The
invention of claim9, wherein the notors nove the slit
source fromone position to a next position in about
1/60 of a second. 11. The invention of claim?7,

whey ei N THBGdn8bih o QHIn® 2 SWRERT the F&oﬁfrolfé?ﬂ@:ludé@\fﬁbtbfs
| ess than 100 m croseconds. 12. A nethod of operating a

slit scapnhdmed RO HlsREbf %vﬁcg& %lﬁb&goﬁlhblterﬁé%@%é\‘;mg

a pati ent''s eyes conprising t steps of: providing at

least fifShuARiSPaREderdbs the &% SQHIGRS of positions.

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

from one position to a next position in about 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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associating first and second rapid switching |ight

sources with each slit image source for illum nating
W@ kios/o608ages on the patient's eyes; providi ng BCUUSE04/041028
canmera for capturing inmages of the illumnated slits

on the eyes; connecting an interlaced frane grabber to
the video canera for storing the captured i mges; and
corft2: ol 1A Mgthod ©f epetating aglibscan; igrgingsypteasTos phtainiey slit
novenent of the slit inage sources wherein as the
first |inghgeseia patiants pyeredpliginghetstens of: sl it i mage
is illumnated on the eye via the first slit imge
sour ce, providisg ebledst firgtandsangose sitimppaspegesiownn and
the second slit inage source is caused to nove to a
next posssochatingfirst drivasecand rapid switghivgelighisoorces with each
power-down a |ight source is less than the tine

requi red to siiiraage sburce ifordiieninatingcait tragesn@xthe
position relative to the patient's eye, thereby

al | ow ng eacpafidrgb@ye$; an interlaced franme to contain
data fromboth the first and second slit image

sour ce' providieg s viddoUddnisth g6k czpturing imagesot the iIRendad slits
The nethod of claim 12, wherein the [1ght sources are
| asers or |igRthe eyes;
connecting an interlaced frame grabber to the video camera for
storing the captured images; and
controlling the switching of 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 such that a time to power-up or power-down a light
source is less than the time required to move a slitimage
source to a next position relative to the patient’s eye, thereby
allowing each field of an interlaced frame to contain data from

both the first and second slit image source’s images illuminated

on the patient’s eye.
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emtting diodes. 14. The nethod of claim 12, wherein
the tine to power-up or power-down a light source is
wo e®s/o6dsan 100 m croseconds. 15. The net hod of PCT/a52904/041028

12, wherein the controlling step includes connecting
notors to each of a slit mask or a novable mrror for
nmoving the illumnated slits across the patient's

eyes. 16. The nethod of claim 12, wherein the notors

nove a slit mask or a novable mirror from one position

t 0 18. neXhe pwathed oficlaim thoviterdin 3te ght godrees mee lasers or light

emitting diodes.

14.  The method of claim 12, wherein the time to power-up or power-down

a light source is less than 100 microseconds.

15.  The method of claim 12, wherein the controlling step includes
connecting motors to each of a slit mask or a movable mirror for

moving the illuminated slits across the patient's eyes.
16. The method of claim 12, wherein the motors move a slit mask or a

movable mirror from one position to a next position in about 1/30 of a

second.
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