WD 2005/ 096918 PCT/ US2005/ 009992 EDGE DETECTOR I N AN
OPHTHALM C EYE EVALUATI ON SYSTEM Priority is hereby
waeb@snoed1s n t he present nonprovi sional appli caP€DNS1005/009992
Provi si onal Application Serial Nunber 60/557,770 filed
March 30, 2004, in accordance with 37 CFR 1.78
(a)(4). Background of the Invention: 1. Field of the
I nvention= The present invention is related to
opht hal mi c_eye evaluation systens, such as placido
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evice in es illumnating a pattern of
concentric rings onto a patient's eye. These rings are

BaERgHONNE SPEH@NIVENtENI e and bl ack rings. The
point” of transition froma light area to a dark area

n a | aci g,? attern_theoretically, should be a step
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systems, such as placido devices. More particular, the present invention is

related to edge detection in such placido inventions for precisely locating a

transition point between a light area and a dark area.

2. Description of Related Art:

Placido devices are well known in the ophthalmic art for
obtaining curvature data for a patient’'s eye, and in particularly the cornea.
The standard prior art placido device includes illuminating a pattern of
concentric rings onto a patient’s eye. These rings are typically alternating
white and black rings.

The point of transition from a light area to a dark area on a
placido pattern theoretically, should be a step function that transitions
directly from a white or light area to a black or dark area with no transition in

between.
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deformation of the placido pattern fromthat
projected onto the eye indicates an aberration in the
curvature of the patient's eye. These aberrati ons can
be observed manually by a physician or these placido
patterns be eval uated automatically by a ]
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appropriate software converts the pixel data that is
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dar k ar ea. WAsersthaseeplaaido pettetnsces analgzdd bya didchings tHdye
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not occur in practice because of a nunber of factors,
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snearing, from nunerous optical
with appropriate software converts the pixel data that is received from the
video camera into charts and graphs that are useful to a physician. One of
the essential elements in developing such charts and graphs, is determining
the edges between the light and dark areas of the placido pattern, i.e., the
precise point at which the pattern alternates from a light area to a dark area.
As stated above, under ideal conditions the transition should
occur at all times at the same radius and yield a step function. This
however, does not occur in practice because of a number of factors,
including errors in fabrication, pixilation, and smearing from numerous optical

effects, and various other noise factors. Other additional errors that may be

introduced into the system may include lighting variations, pigment



effects, and various other noise factors. O her
additional errors that may be introduced into the
wayasemongy i ncl ude |ighting variations, pignePCT/RSANE/009992
2005/ 096918 PCT/ US2005/ 009992 vari ati ons,
refl ections, and the sensor array. The sensor array
i ntroduces error because each pixel does not respond
t he same, and therefore sensor noise is introduced
|ntothes stem Flnts in add{ﬁ:’ionthere i.s
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bet ween adj acent, pixels. Prior art techni ques have
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froma transition fromlight to dark to determ ne an
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di fferences between different points on the imge and
swiph éedg eopdition whermgrenssgsleaksbeliveaniadjacemhaixels.maxi mum
sl opes are typically taken fromgraphs fornmed from
Hough t r an$¥ier ag techpidueg have useca maxinuimpions ¢\@aluadion of
techni que can often lead to identification errors
Bigbé indensity frohea dransitiom frdmdight foclesk predétennine en eve.
cause msidentification of spurious cross-over
podlntisting ther sdé e iayolves taingdiffiereniess baiwben tiffehant oimbs on
edge detection technique that provides for nore
pthe dinage and sacit adgd poirtigandet settévdrat wosy. Tthebe raximung
the transition froma light area to a dark area or
\sloges/aredypicalriakdn fdeagraghsiformed fromeHdxgavtrargtorms| G |
is a partial block diagramof an ophthalmc systemin
Using the maximum slope prior art technique can often lead to identification

errors because of the noise and spurious peak values can cause
misidentification of spurious cross-over points.

Therefore, it would be desirable to have an edge detection
technique that provides for more precise and accurate edge detection when

determining the transition from a light area to a dark area or vice versa.

Brief Description of the Drawings:

FIG. 1 is a partial block diagram of an ophthalmic system in
accordance with the present invention;
FIG. 2 is a graph of Hough transform data obtained from a

typical transition from a dark area to a light area;



accordance with the present invention; FIG 2 is a
graph of Hough transform data obtained froma typical
wo c@sdddonon froma dark area to a |light area; BCTMIS2005/009992
2005/ 096918 PCT/ US2005/ 009992 FIG 3 is a histogram
of resulting edge values using the prior art maxi num
sl ope technique; and FIG 4 is a histogram of
resul ti ng edge val ues using a system in accordance
with the priée ent. invention. Detailed Description An
opht hal i ¢ e Sdganipiegram fyesuinaiendos valuascusingifeerior
wth the present invention, is shown in FIG 1.
SHE mainem; slepe teshniguesandern of alternating |ight and
dark areas 12 and an illum nation source 14 associ ated
with the pdtlGefis adistegramrafjresitingedase/ahiastusing a sysiemo
a patient's eye 16. At |east one canera 18 is
pibsacPisiaage vathahe peesest inkentiope 16 for capturing one or
nore i mages of the pattern 12 reflected fromthe eye
16. A nmenory 20 is connected to the canera 18 for
storing imges of the reflected pattern. An edge
d .jnes the transition point where the
s%?éggyeéégg?@%attern alternates froma |ight area
to a dark area. The edge is determined as being at a
poi nt  50% Bt Mhalmw% ?N?iﬁ@ioarsé!atenhi%n% AESOrianes Wit d

a mninmum staored inten_sit)élevel. )
the present invention, is shown in FIG. 1. System 10 includes a pattern of

alternating light and dark areas 12 and an illumination source 14 associated
with the pattern 12 for projecting the pattern 12 onto a patient’s eye 16. At
least one camera 18 is positioned relative to the eye 16 for capturing one or
more images of the pattern 12 reflected from the eye 16. A memory 20 is
connected to the camera 18 for storing images of the reflected pattern. An
edge detector 22 determines the transition point where the stored reflected
pattern alternates from a light area to a dark area. The edge is determined
as being at a point 50% between a maximum stored intensity level and a
minimum stored intensity level.

Preferably memory 20 and edge detector 22 form a portion of a
central processing unit 24.

While the pattern 12 is shown as a standard placido pattern of

concentric rings, pattern 12 may also form other patterns, such as the



Preferably nenory 20 and edge detector 22 forma

portion of a central processing unit 24. Wile the
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concentric rings, pattern 12 nay al so form ot her

patterns, such as the 4 WO 2005/ 096918

PCT/ US2005/ 009992 spi der-web pattern described in

detail in U S Pat ent Application 10/261,539 filed 30
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patterns have a comon step transition fromlight to
cmpkca)tioruiaﬂrkcqr@oratqgmeram@a/srefewn% iIn gdeifen, oihermatieens
50% of rise techni que described, nore precise placido
afalkpews, W%m%kﬁ&?a%%@m%\%@et“bet R the patieras have
maxi mum sl ope techni que. Using the maxi num sl ope
teemmrrmmestem transidenfrem light tosiﬂrlwer dankde lighteateam t he
correct ring, making the results unusable. In order
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graph of Hough transfornms was obtained froma
qirecisaplapido aralydeswere wbiigd &s comparad $6 thegprior fartom a
dark area shown generally at 26 to a |ight area shown
gradmain glope t@hnique. disingitherma&tiGunslodd echnigué ahe oasults
was performed using various |evels of sensor noise,

| oftgint were nodievert bnrtise cqriredt Iriat)j making the @alltblnusableg,Inand
artifact <clutter. The resulting edge curves of FIG 2
hardeistoradnapare ttee msURS bétveedahe two techniques, a graph of Hough

transforms was obtained from a simulation, as shown in FIG. 2. A transition
from a dark area shown generally at 26 to a light area shown generally at 28
is shown in FIG. 2. The simulation was performed using various levels of
sensor noise, lighting variations, pixilation, optical blurring, and artifact
clutter. The resulting edge curves of FIG. 2 has similar character to real
data.

The original edge for all of the above curves was specified at
50 pixels. A simulation was performed for 1,000 curves, like those shown in
FIG. 2. A histogram of the resulting edge values using the maximum slope

technique is shown in FIG. 3. As can be seen from the graph, the mean



data. The original edge for all of the above curves
was specified at 50 pixels. A sinulation was
w@ersoparesl for 1,000 curves, |ike those shown PET/UF10G5/009992
2. A histogramof the resulting edge val ues using the
maxi mum sl ope technique is shown in FIG 3. As can be
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b at 50. 02 4%@ with a standard deviation or error
ge ‘PF?)”?{E rso P18t ogram of FIG 4 using the 50%
rlsete uefor e anal ysis, shows a nean
vaI ue of 49 o)g@rg O\/\Eggé{‘:ﬂ?'@g/é}? 9% Rf dse technigue for
devi ati on of onI 0.27 pixels. As can be seen from
CBAPARNRIYSIE: FRIOWS 27192 o BleVaT 40 Shaixels s @ghiened ith se
technl gue, ~a standard error oxi mately three
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experienced. Wen using the 50% of rise techni que, the
aglendaigldqviatiopguiusimadhe siopetteehnigueupatanderd etier of
interpol ated curve. Because the curve is _
| ARRPKITIielY dhreeH(8) times at of SeYorafirise seavinueatascexperenced.
sl ope nethod however, involves taking differences
bet ween di fWbeensingdhe68%o0f risedethrigye, thEhessaracyris or s
becone additive, and the resulting edge points can be
sequiviiant torioé agcuraenadi thg inteepataigd ounve s Bepausenthelcue® is
fitting sonme kind of curve through the resulting
sintgrpelateui, $he amsuhtt ofregror is deceaseanl: € hersiape method however,
addi ti on,
involves taking differences between different points on the image. These
errors become additive, and the resulting edge points can be somewhat
noisy. Finding the maximum slope involves fitting some kind of curve
through the resulting slopes thus, resulting in even more error. In addition,
because the present invention looks for 50% of rise, several points on the
plateau and the floor can be used to get an accurate calibration of the light
intensity, thus greatly reducing the measured noise. This is a sharp contrast
to using slopes. Each slope calculation contains combined effects of the
noise from two (2) measurements, thus doubling the measurement noise.
Thus, determining the edge and the transition from a light area
to a dark area or visa versa, is simply a matter of taking an average floor

value of a dark area which becomes a minimum intensity level and finding an



because the present invention |ooks for 50% of rise,

several points on the plateau and the floor can be
was@d/oreigiet an accurate calibration of the |ipgL/US2005009992

intensity, thus greatly reducing the neasured noi se.

This is a sharp contrast to using slopes. Each slope
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PCT/ uszoosﬂd@@@!iwn RretieRydheBiaspRgnNntisaYauidhinclude one
intensity level of a light area and determ ning a
wigitalicamstia pepitienest relefye todhe eymitar capikyingenasemase 50%
of the difference between the maxi mumintensity and
naoessf the eattarn y 2| reflested froppthe Lyeyi6i A hercaptured jmadeeis
present invention would include one digital canera
pyricallperpiured as arvarray of piseleydeire eacapixelrdapiuresanor
nore inmages of the pattern 12 reflected fromthe eye
IBiminadion apensitydevetaderé s maxipuosihtepsitylever arezporads to
array of pixels where each pixel captures an

ithe paitteat's 62 ligit aras apd laevieimuhentensityraxe! momespdnels 46 the
| evel corresponds to the pattern's 12 |light areas and
pattenn’sulsrk atcass iThe ddgealetector 2Z5thendistdrmindsea transition
pattern's dark areas. The edge detector 22 then

pelretrwingre she stored saptucst infejerdliewiitsefrdorme Iight s to a dark
captured imge alternates froma light area to a dark
area wherein the edge is determined as being at a point 50% between the
maximum intensity and minimum intensity levels of closely spaced pixels.
Typically, these pixels are at least preferably two (2) pixels apart and
preferably no more than 15 pixels apart.

Thus, has been shown an inventive ophthalmic eye evaluation
system that more precisely determines an edge between a step function
transition in a placido pattern from a light area to a dark area. Other
variations to the present invention will be obvious to those skilled in the art
and should be considered within the scope of the present invention such as

the use of different types of cameras, memories, and illumination patterns,

as well as different methods of illuminating a pattern onto a patient’s eye.



area wherein the edge is determned as being at a
poi nt 50% between the maximumintensity and m ni num
WO pa0s0%4918 | evel s of closely spaced pixels. TREI/T81005009992
these pixels are at |east preferably two (2) pixels
apart and preferably no nore than 15 pixels apart.
Thus, has been shown an inventive ophthal mc eye
eval uation systemthat nore precisely determ nes an
a‘s&bet\/\een a step function transition in a placido
Ph froma light area to a dark area. O her
variations to the present invention will be obvious to
tthose Asldphtealmic eyd evalubtiorasysterh@ohtbribiagconsi der ed
within the scope of the present invention such as the
use ok pditferebealternmuthes light spdrtziriaareagenori es, and
illumnation patterns, as well as different nethods
of il animurainatign dop@blaesocialedavith hatpaesin Br gmectlﬁgm
2005/ 096918 PCT/ US2005/009992 | Cdaim 1.

opht hal m ¢ paierrearab aidtieRt S¥gé;em conpr i si ng a
pattern of alternating Iight and dark areas; an
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projecting the pattern onto a patient'’s eye at 1east

one camer anpeiihbg§ssdr thelpakeMPreiectel $rofY el Ye;
capturing one or nore | nages of the pattern reflected
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storing tﬁéﬁc mages o? '?ﬂe § g ©
reflected pattern; and
an edge detector for determining a transition point where the stored
reflected pattern alternates from a light area to a dark area,
wherein the edge is determined as being at a point 50%

between a maximum stored intensity level and a minimum

stored intensity level.

2. The invention of claim 1, wherein the pattern is a placido pattern.
3. The invention of claim 1, wherein the pattern is a spider-web like
pattern.



reflected pattern; and an edge detector for
determ ning a transition point where the stored

WO edoseedoesl pattern alternates froma |ight areBCT/USH05/009992
dark area, wherein the edge is determ ned as being at
a point 50% between a maxi mum stored intensity |evel
and a mninmum stored intensity level. 2. The
i nvention of cI aim1, wherein the pattern is a placido
pattern. Fﬁg i nvention of claim1, wherein the
Bat t oA QPbTEIRY: %e@wthwﬁ%mpﬂsms WO
2005/ 096918 PCT/ US2005/ 009992 An ophthal m c eye
eval ugtedpmgf&l '@W%tﬁ]gdlghé?ﬂ@daﬁ‘ ?f&??,er n of alternating
l'i ght and dark areas; an illum nation source
assoc PatlmiRgtion ﬁwcmﬁmmed withghe patieindgr prisiecting the
pattern onto a patient's eye; at |east one digital
camer a poshatiesn&unte alpgtientes eye:t he eye for capturing
one or nore images of the pattern reflected fromthe
eye @hlepsgtianetdhigitalgameradositinped relativepiodhe dyaforaapturing
array of pixels where each pixel captures an
i | um nat i @® ¢mmens innggdseofdhe patter retiectad fnomthe eye
intensity level corresponds to the pattern's |ight
areas and wherein thencapiwred sinage isscagituredrasespamalsoftpixdldh e

where each pixel captures an illumination intensity level where
a maximum intensity level corresponds to the pattern’s light
areas and a minimum intensity level corresponds to the
pattern’s dark area;

a memory connected to the camera for storing the captured images;
and

an edge detector for determining a transition point where the stored

’ captured image alternates from a light area to a dark area,

wherein the edge is determined as being at a point 50%
between the maximum intensity and minimum intensity of
closely spaced pixels.

5. The invention of claim 4, wherein the pattern is a placido pattern.



pattern's dark area; a nenory connected to the canera
for storing the captured i mages; and an edge detector
WO e0o5@edoes m ni ng a transition point where the BCDUS05/009992

captured imge alternates froma light area to a dark
area, wherein the edge is determned as being at a

i nt _.50% between the xi numintensity and m ni rum
%t engi%ﬁ}n\fﬁ“ o IC§§@"§? 4 ydiecein She apiéernds a-prider-wedlike on
of claim4, wherein the pattern is a placido pattern.
9 W0 PEBSIN96918 PCT/ US2005/ 009992 6. The invention
of claim4, wherein the pattern is a spider-web |ike
pattern. 7. The invention of claim4, wherein the
di stance between the maxi mum and mninmumintensity
pi-xel dhednyantipp £f clagm 4, yéiesein ghe distaricabetweemthefmairaim
4, wherein the distance between the maxi rum and
m ni maRd iinERED igtepsidepixels és aldeastr2pixalen 15 pi xel s. 10

8. The invention of claim 4, wherein the distance between the maximum

and minimum intensity pixels is no more than 15 pixels.
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