DOT RADI AL RI NGED PLACI DO Background of the Invention
1. Field of the Invention The present invention
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the novel placido pattern of the present invention
allows for easier, nore accurate, and nore econom ca
detection of concentric anomalies that may occur on
the eye being examogURADIAIDRINGED PDATID! ated Art
Pl aci do i magi ng and pl aci do exam nati ons comonly
referred to as keratonetry date back over 150 years.
Traditionally keratonetry enabl es neasurenents of eye
cur n 1 the fixturings used, as well
as %égkéﬁnggihégﬁginggﬁﬁ%ﬁkeratonetry, the geonetry of
an eye can be derived nmanually by exam nation of a
phot ogr aph. "A reference placido pattern is first
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reflected placido image is directly proportional
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Tradition patterns typi cal yed a series of
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2. Description of Related Art

Placido imaging and placido examinations commonly referred to as
keratometry date back over 150 years. Traditionally keratometry enables
measurements of eye curvature that depend on the fixturings used, as well as
set-up geometry. Using keratometry, the geometry of an eye can be derived
manually by examination of a photograph. A reference placido pattern is first
captured photographically after being reflected off of a sphere of known radius.
A fundamental theorem of placido geometry states that the magnification of the
reflected placido image is directly proportional to the radius of curvature of the
examined object. Traditional patterns typically employed a series of concentric
light and dark circles, such as shown in

FIG. 1.



of radical change of curvature of the cornea, such as

a smaller radius or nore curvature, the rings woul d
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in radius, the rings woul d appear to be cl oser

together. For a perfectly spherical cornea, the rings
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described in U.S. Publication 2004-0061833 and is commonly assigned with the
present invention to Bausch & Lomb Incorporated. An example of such spider-
web pattern is shown in FIG. 2. FIG. 3 shows yet another prior art placido patter
which may be referred to as a dartboard pattern. The dartboard pattern can be
said to be a combination of concentric and radial edges.
A camera typically is placed behind a hole in the center of the placido
pattern and is aimed toward a patient’s eye. During an acquisition of an image
of the eye with a reflected placido pattern, the device is placed in an appropriate

location in front of the eye. The surface of the cornea of the eye being examined

then reflects the pattern and the images captured by the camera placed behind



Wth certain i mage processes and anal ysis software in
known instrunents, such as the Bausch & Lonb
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kerat omet ors or topography systens, it is possible to
build a curvature map of the anterior surface of the
cornea being exam ned. A nmajor problemw th the ringed
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anbi guous data. If a curvature anonmaly occurs,
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However, if specific points are added to the ring pattern in the middle of
the rings, it is much easier to detect a concentric anomaly. The spider-web
placido pattern of FIG. 2, does not share the limitation on detecting concentric
anomalies with the pattern of FIG. 1. However, the algorithm required to find the
edges in a spider-web placido pattern is very complex relative to the algorithms
used for a simple placido pattern of FIG. 1. This is especially true since the
concentric edges in the spider-web pattern are interrupted by radial lines or
edges, which corrupt some of the relevant data with regard to the concentric
edges.

The dartboard placido of FIG. 3 also does not have the concentric

anomaly limitation of the simple ring placido. However, like the spider-web



addition, the alternating black and white bl ocks do
not produce snooth single edges, especially if the
w@bm@eioeks40 s slightly out of focus. Therefore, PCT/UR200%044302
be advant ageous to have a pl acido pattern which can
detect concentric anomalies relatively easily with the
use of |ess conplex edge detection algorithns required
of Haxido paften, aniorpabimplexsadgBrdeedctibe aorifin @realired. In
Drawings FIG 1 is a depiction of a prior art placido

patddeiition, fFleGltePnatmgalstkpirgtwiste Bbcke B nétpradidce smooth single
spider-web |ike pattern; FIG 3 is a prior art

depidyfeb Osspekcially hahé Breidd ipbirpitideupetibeid); FIG 4 is a
pl acido pattern in accordance with the present

i nvent i aherdfbfe, itvdutd BE adldrRddedius 6 Akeslh rgmido?éau%m which can

pl aci do pattern in accordance with the presen
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of a placido pattern in accordance wth the present
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accor dance th the present inventi G 8is a
depi ction of incomng rays fromnear the center of a
pl acido pattern; FIG 9 is an incomng ray froma

i dafigf RerhERR SIS nol uding & reference
surface section; FIG 11 depicts the surface segnent of
FI G 10 FABohép awepiciiqnsofraeprias @rigulacido pattern;
FIG. 2 is a depiction of a prior art spider-web like pattern;
FIG.3isa priér art depiction of a dartboard placido pattern;
FIG. 4 is a placido pattern in accordance with the present invention;
FIG. 5 is an alternate embodiment of a placido pattern in accordance with
the present invention;
FIG. 6 is yet another alternate embodiment of a placido pattern in
accordance with the present invention;
FIG. 7 is yet another placido pattern in accordance with the present
invention;
FIG. 8 is a depiction of incoming rays from near the center of a placido
pattern;
FIG. 9 is an incoming ray from a wider angle then shown in FIG. 8;

FIG. 10 is a partial view of a placido pattern including a reference surface

section;



image; FIG 12 is a partial placido pattern showi ng a

surface segnent to be neasured; FIG 13 shows the
wabaess4cegnent of FI G 12 di scl osing a radi aPCT/US2005/044302

anomaly; FIG 14 is a partial view of placido pattern

including a surface segnent; FIG 15 depicts the

surface segnent of FIG 14 along with the reflected

i mage; MFIG 11depistsahpauifacy segnemt of FEG.plocglbs wRAlts esflected

along with a surface segnent; FIG 17 depicts the

surifnage; segnent of FIG 16 and illustrates a

concentric anomaly; FIG 18 is a partial view of a

pl aci do Mm@t { 2l bartiaCHIALEE PakernishBwiniea Blirs@Yegment to be

invention including a surface segnent; FIG 19 depicts

t hgnssdrége segnent of FIG 18 including the reflected

imge; FIG 20 is a partial view of a placido pattern
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Se%ﬁ]’ﬁalff FIG 20 including the detection of a
concentri’c anonaly. Detail ed Description of the
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image;

FIG. 16 is a partial view of a placido pattern along with a surface segment;

FIG. 17 depicts the surface segment of FIG. 16 and illustrates a
concentric anomaly;

FIG. 18 is a partial view of a placido pattern in accordance with the
present invention including a surface segment;

FIG. 19 depicts the surface segment of FIG. 18 including the reflected
image;

FIG. 20 is a partial view of a placido pattern in accordance with the
present invention including a surface segment; and

FIG. 21 depicts the surface segment of FIG. 20 including the detection of

a concentric anomaly.



present invention. The pattern 10 includes a series of
alternating light and dark concentric rings 12 and 14

W@ 2006068840 about a central point 16. A series 0PCHPSIMEN044302
geonetric shapes 18 and 20 are pl aced about at | east
some of the concentric rings 12 and 14. The geonetric
shapes 18 and 20 are of a contrasting color with
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shape is placed. Preferably, the colors are black and
white f t hi ghest t.rast. I
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onto which they are placed. Likew se, the geonetric
sh&eBsenttc §pgs Y2.Ard ddicspiesed Bholiiaceniral paial 16 Yy seres of spaced
onto which they are placed. Preferably the geonetric i
shasegetic shapesd 8and 4] Aeinedahoubadegstsonte afthg gancentric
14. However as shown in FIG 5, an alternate . _
entio@s fgrand 1. athegernRiEc ghapes Heant 44 arf ofi hoaHtastng celor with
pl aci do pattern 22 may contain geonetric shapes 24
onlrgspaet év/eyingt eor 14 eiywhich thegeerasticshape & placed. hreferably,
geonetric shapes are light colored and pl aced about
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rings 28 are devoid of any geonetric shapes. FIG 6
shdssussdladffeetivedy.t er nat e enbodi nent of a pl aci do

pattern 30, in accordance with the present invention.

The pl adhd@epatetrio shap@s dB drd@0 dreipseferabiy cisdular dokss such as
opposite of that shown in FIG 5. That is dark

gedmeivhiin Fibanasouh éther ghontatrc alapds rhaybé used as @tbse skilled in

rings 34 and the dark colored rings 36 are
the art will appreciate. The geometric shapes 18 are light colored relative to the
rings 12 onto which they are placed. Likewise, the geometric shapes 20 are
dark colored relative to the rings 14 onto which they are placed. Preferably the
geometric shapes 18 and 20 are placed about every ring 12 and 14.

However as shown in FIG. 5, an alternate embodiment in accordance with

the present invention, a placido pattern 22 may contain geometric shapes 24
only on every other ring. In the case of FIG. 5, the geometric shapes are light
colored and placed about the dark colored rings 26. Whereas, the light colored
rings 28 are devoid of any geometric shapes.

FIG. 6 shows another alternate embodiment of a placido pattern 30, in

accordance with the present invention. The placido pattern 30 of FIG. 6 is



devoi d of any geonetric shapes. FIG 7 shows yet
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pattern 38 has |ight colored geonetric shapes 40 on

each dark colored ring 42 and dark col ored geonetric

shapes 44 on each light colored ring 46. The
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geometric shapes 40 and 44 are too densely populated about the pattern 38 and
therefore, the system may become confused as to which dot is being reflected
by a patient’s cornea if a severe but very small area of aberration occurs on the
cornea being examined. Likewise, the patterns 22 and 30 may have insufficient
geometric shapes placed on the patterns to reliably catch most of the concentric
anomalies on a patiént’s eye. As those skilled in the art will appreciate, FIG. 4
most likely provides the best combination of a sufficient number of geometric
shapes placed about the pattern without overly crowding the pattern with
geometric shapes.

The dot radial ring placido patterns of FIGs. 4 — 7 are designed to track

both radial and concentric anomalies on the surface of a cornea being examined.



i1lum nated placido and canera. The canmera and a

conputer capture the reflected i mage fromthe cornea.
wWOo-R@s/0684@nd 9 illustrate how |ight rays fromPE&EUS2005/044302

pl acido are reflected. FIG 8 shows incom ng rays

al pha and beta (a and b, respectively) that originate

very near the center of the placido 10. The angle of
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appreciate, in actuality, the surface segnents are a

t hribe-2olefdRERRIONi mage” t aken fromthe concave shape

of a typical placido pattern and reflection off of a
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anomal i es acrossrings 54 and 56. Therefore, angles

al phecephien pbaningp@inggayifrom @ wigasapste: Pespithéhe wider angle, the
same rules hold true for both FIGs. 8 and 9.

FIGs. 10 — 13 illustrate how a radial anomaly will affect the reflected
image off the eye. The rectangle surface segment 52 with poles A and B moves
across the rings 54 and 56. FIG. 11 shows the surface segment 52 below the
reflected image. Note that for simplicity, all surface segments in all remaining
F1Gs. have been flattened and straightened as needed for two-dimensional view,
but will still illustrate the concepts correctly. As those skilled in the art will
appreciate, in actuality, the surface segments are a three-dimensional image

taken from the concave shape of a typical placido pattern and reflection off of a

cornea. As shown in FIG. 11, surface segment 52 has no anomalies across



surface normal of the surface tangent plane. Surface
segnment 58 with poles D and E shows a radial anomaly,

WO bab/068840 an anonaly that travels normal to orPEIHE208%/044302
ring edges 60. The effect of such a radial anomaly
mani fests itself as a warp or distortion in the ring
edges 60. Note that the distorted ring edges 60 and
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12 within the bounds of the dashed-lines are nmarked as
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i ncom ng ray defined by angle al pha contacts the
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with the rin or tangent to the rings, A problemwth
det %%ftr\eﬁgbvaaf%i%e@rw P taaﬁdh%ﬁy#%%@}r%glﬁﬁr@np gngle than that of FIG.

di stortion occurs in surface segnent 64 with poles D
and!E épis@fiectsithe spifage nosmahalibe peitt 2E gorgggnérﬁqncggthe angle of
wherein the reflected image or ray beta is equal to
t hereflgelinn hrp ehaposd Hier keia Whish ilediad iurlphatp a pewanste X. The
FIG 17 shows that surface segnent 64 is being

change in reflected angle results in a distorted reflection when using the same

surface normal tangent plane as that in FIG. 11. However, it is noted that rings
54 and 56 outside the distortion bounds F are. not distorted on the reflection.
FIGs. 14 — 17 illustrates a concentric anomaly. A concentric anomaly
moves tangently or with the ring edges 60. In FIG. 14, the surface segment 62
with poles A and B are formed with the rings or tangent to the rings. A problem
with detecting a concentric anomaly occurs when the distortion occurs in surface
segment 64 with poles D and E of FIG. 16. FIG. 15 shows surface segment 62
wherein the reflected image or ray beta is equal to the incoming ray alpha and
has no distortion. However, FIG. 17 shows that surface segment 64 is being

distorted just as the radial anomaly of FIG. 13 is distorted. However, the



distorted just as the radial anomaly of FIG 13 is

di storted. However, thedistortion of FIG 17 is hidden
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running with the rings 54 and 56. FIGs. 18 - 2 1
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difficult to inplenent algorithns with the use of
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By the sinple inserti on of geometric shapes wthin
ri n&%unﬁﬂg‘%\ﬁﬂﬁttﬁé?m@é‘gﬁ@hd g8 can be identified. FIG 18

shows a partial placido i mage having rings 66 and 68.
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andsnrznp}lcny sake, only geometric shapes 70 within the surface segment 72 are
shown. Though it is to be understood that other geometric shapes 70 are placed
about the placido pattern within rings 66 and 68, as described above with
respect to FIGs. 4 - 7.
FIG. 19 shows surface segment 72 with shapes 70 wherein the angle
- alpha and beta are equal to each other when there is no anomaly. It is noted
that everything in FIGs. 18 — 21 are identical of those of FIGs. 14 — 17 with the
exception of the referenced geometric shapes 70 being added inside a ring.
Again, edges 74 show little or no distortion with the anomaly of FIGs. 20 and 21.

However because of the geometric shapes 70, the distortion causes the position

of the marks to change. This change is shown as a difference between the

10



However because of the geonetric shapes 70, the

di stortion causes the position of the marks to change.
wabios/oedsange i s shown as a difference between PCT/US2005/044302

t hedi stances D1 and D2 of FIGs. 18 and 20. Therefore,
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al gQ;Ei'éﬁ Fa 3)2 teﬁ ithels it Htld cﬁf'ﬂ% %BQIﬁEatotﬁecan be used to

positi ots by tra e cent

a d&éteﬁ %é @&168# dﬂo%é%ée\rﬁstééa & Ry pda%?% e detection

I'nventive Iac
é“f?#ppfﬁ i dﬁﬁth@Féh??hﬁ A @%é%““f‘”e%géiﬁgﬁ SER7 e
P SR P eer b Prae e b BHEER G GG Khown
2 et AgPRbRR heg® Prditing doalPirSeshedie Prafon hanges
<o Gt e b denia £t 8doRBRiRng i e pefig apvored
image.
Thus, has been shown an inventive placido pattern that simply and
effectively detects concentric anomalies more simply and straightforward then

has been possible heretofore.
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the concentric rings, wherein the shapes are of a
contrasting color with respect to the ring or which

wWo b@oobsspe i s pl aced. 2. The pl aci do pattern oPCT/IUS2005/044302
1, wherein the geonetric shapes are circular dots. 3.
The placido pattern of claim11l, wherein the geonetric
shapes are light colored relative to the rings onto
whighe Oigimare placed. 4 . The placido pattern of
claim , wherein the geonetric shapes are dark col ored

R R R A N
shapes aarn?el%rgﬁﬁgceogf aegc?r{wga ro% Qrg eye, the pattern comprising:
a series of alternating light and dark concentric rings centered about a
central point;
a series of spaced geometric shapes placed about at least some of

the concentric rings, wherein the shapes are of a contrasting color

with respect to the ring or which the shape is placed.

2. The placido pattern of claim 1, wherein the geometric shapes are circular
dots.
3. The placido pattern of claim 1, wherein the geometric shapes are light

colored relative to the rings onto which they are placed.

4. The placido pattern of claim1, wherein the geometric shapes are dark

colored relative to the rings onto which they are placed.

5. The placido pattern of claim 1, wherein geometric shapes are placed on

every ring.
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