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PLACIDO Background of the Invention 1. Field of the Invention The

pregenisiageaiion relates to a novel placido pattern. More spegifisadhs itaso2
novel placido pattern of the present invention allows for easier, more
accurate, and more economical detection of concentric anomalies that
may occur on the eye being examined. 2. Description of Related Art

Placido imaging, and pIacEl @@Wﬁﬂm%@ﬁ%gﬁ@%%@ed to as

keratometry date back over 150 years. Traditionally keratometry enables
measurements of eye curvature that depend on the fixturings used, as

well as Sekip-g6aMSHhIpiRgHRiRtometry, the geometry of an eye can
be derived mianually by examination of a photograph. A reference placido

pattern is first captured photographically after being reflected off of a

sphere af knowi kadiuse Anfundmental theorem of placido geometry
states that the magnification of the reflected placido image is directly
proportional taortaerexdiviSrokotiovatiroidhaencexbpisEcidd witject. Viaditional
patterns typi_qalle& employed a series of concentric light and dark circles,
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the premise that the concentric ring patterns reflected from the human
Cornea occur on the eye being examined.

2.  Description of Related Art

Placido imaging, and placido examinations commonly referred to as
keratometry date back over 150 years. Traditionally keraiometry enables
measurements of eye curvature that depend on the fixturings used, as wall as
set-up geomeiry. Using keratometry, the geomeilry of an eys can be derived
manually by examination of a photograph. A reference placido pattern is first
captured photographically after being reflecied off of a sphere of known radius.
A fundamenial 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.



would distort based on the anterior shape of the examined cornea. in the
case of radical change of curvature of the cornea, such as a smaller
ragiaS:qieEq curvature, the rings would appear to be furthgg-ppaitsdatzo:
areas that are larger in radius, the rings would appear to be closer

together. For a perfectly spherical cornea, the rings remain concentric

and evenly spaced. Within the last twenty years or so, it has been found

that if a recor&%CW%Féﬁ‘SW%@g‘égr%ga? aaystiersd theadidrayas deysioped
captured, [ages a0 be: ReTRAGA 0 AN ImAge oS eflerion 858 cormea
close-to-perfect reference sphere. The differences i)e Ween the two

images e indicatebevomushtheicusaby er vk beamaligssusiasanf case
the examined eye has changed from a perfect sphere. Other prior art

placido gardine shenggeteupiitrasélipaames wirtiais fetipleroedised e

U.S. Publication 2004-0061833 and is commonly assigned with the _
presentiHVENEn 6 BETALAE TORRE 156 HArRae o BRAREHE bPLgEHaroer in

spider- wapHakeHrds BOWRIPEID B BHEedRlaaws ﬁ%%#@étﬁgeﬁ&f&an

placido patter which may be referred to as a dartboard pattern. T
dartboacdrpattcéne dagsbemsanddocbeidccothbiratyapafedoncentric and
radial edges. A camera typically is placed behind a hole in the center of

the placido pA{tE¥R BREPR MRMBYVRIARPE S phfiehbesayauTsURRgf aTecording
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In an appropriaté location In nt of the eye. urface

of the cesrga@tthearyRR RgeXaMETRdidhen defltetttbaeatiersrand thiere.
images captured by the camera placed behind 2 WO 2006/068840 -
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change (%rtgésgg{ér%?psﬁggég%f the examined eye has changed from a perfect sphere.
Other prior art placido patterns include a spider-web pattarn, which is fufly
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 pattemn. The darthoard pattern can be
said fo be a combination of concentric and radial edges.

A camera typically is placed behind a hole in the center of the placide

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 comea of the aye being examined

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



on the changes in curvature on the corneal surface from that of a perfect
sphere. With certain image processes and analysis software in known
inst@mentssssuch as the Bausch & Lomb Incorporated Orb$€avizHZng/ 044302
Systems or other known keratometors or topography systems, it is
possible to build a curvature map of the anterior surface of the cornea

being e Q‘Sﬁo'ﬁéﬂé’rj&rPég%‘ﬁ@%ﬂ’&w&'ﬂ%@a&% Mﬁﬁ%%§’é 51 Qs elding

possibility of acquiring ambiguous data. If a curvature andomaly occurs,

tangentisiyhtocharingad efgediroon the ctrfepesspeaiiverolitheeygdmagephere.
an ambiguity may occur. This is referred to as a concentric anomaly.
AnotheMWih&etaanshaan HITae shas 2né ForlrriS $AMRRAD AneHidBAmaHial such
anomaly is detected Gom iherefloction of the placidoyrings, Howeyer, It
specific points aré added to the Hng pattern in the middie of the rings, It is

much easigflaatest RngatEgsanmaly . phhnapidelnwelatidomap of

pattern of FIG. 2, does not share the limitation on detecting concentric
anomalibs witkrigresyiaterpl §feRIGNda brivgeemitstalgorithm required to
find the edgesinas ider-webTEIacido attern is ve[rlésomplex relative to

the algorithms® (G PEPRACEI L kI PARETR Yiire 1S Fiigggsibility of
especially r!r'ﬁgsg?ﬁﬁi}b&sc@éi&e MHC&IGER D06 APICI e pATtEN] &G

interrupted by radial ines or edges, which corrupt'some of the relevant

data withreegiardototttre tenceanitcpedgesotthe danihags daplacislguid &y, @cur.
also does not have the concentric anomaly limitation of the simple ring

placido. W TRREA RS 3 HRICPITELAPIRYY 2008156884 @ anomaly that may

PCTIUSD%O%%%A@ g(u)’azdial anomaly. A radial anomaly is detected from the reflection of

the placide rings.

However, if specific points are added {o the ring pattern in the middie of
the rings, it is much easier io 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 aigorithm required to find the
edges in a spider-web placido pattern is very complex relative to the algorithms
used for a simpie placido pattern of FIG. 1. This is especially frue since the
concentric edges in the spider-web pattern are interrupted by radial jines or
edges, which corrupt some of the relevant data with regard to the concentric
adges,

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

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



placido pattern, a more complex edge detection algorithm is required. In
addition, the alternating black and white blocks do not produce smooth
singtezeagessespecially if the placido is slightly out of focuspTivesedasesdto2
would be advantageous to have a placido pattern which can detect
concentric anomalies relatively easily with the use of less complex edge
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of Draw . 11s a depictio rior art placido p .21sa

depictioguafiarpriey Atésaiterbrueh diepaEeNBekE s rtisrBdRbekAboth single
depiction of a dartboard placido pattern; FIG. 4 is a placido pattern in
accordaffleesvrEPerafydsibatniavisativ AlighlE oBtigf predternate embodiment

of a placido pattern in accordance with the present invention; FIG. 6 is yet
another altern%a%ré}%ﬁb'dfﬁ%i% 0 %aﬂ‘é?gaﬁa%" SR PR aa%%ﬁfi&é?"iig@%mq’% an
presentd@@pg%eﬁ{ﬁ, an?ﬁé@_&@@éb@é!ﬁé’é%ﬁ WRARINLA &%Qé%%?e%%e
the present invention; FIG. 8 is a depiction of incoming rays from near the
center afedeptimoidgoptittey ne i H @i scameipdomanm gatéarfsom a wider angle
then shown in FIG. 8; FIG. 10 is a partial view of a placido pattern

including a reference surface section; 4 WO 2006/068840

PCT/ U%\Qwé‘s%%%ion of Drawings

FIG. 1 is a depiction of a prior art placido 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 piacido pattern in accordance with
the present invention;

FIG. 6 is yet another alternate embodiment of a placido patiern in
accordance with the present invention;

F1G. 7 is yet another placide pattern in accordance with the present
invention;

FFG. 8 is a depiction of incoming rays from near the center of a placido
paftern;

FIG. 9 is an incoming ray from a wider angle then shown in FIG. 8;

FiG. 10 is a partial view of & placido patlern including a reference surface

section;



FIG. 1-1 depicts the surface segment of FIG. 10 along with its reflected
image; FIG. 12 is a partial placido pattern showing a surface segment to
bewmeasusedy FIG. 13 shows the surface segment of FIG. Irdissiosng
radial anomaly; FIG. 14 is a partial view of placido pattern including a
surface segment; FIG. 15 depicts the surface segment of FIG. 14 along

with the_refleq; ng ld:ts éLffés e;all s/%artlal VI ﬁlé)f %%‘amdot%attér?ﬁ?cted

along with a surface S gmen ﬂeplcts surface egmen

FIG. 16;qpgdllustrates a concentric anomaly; FIG. 18 is a partial view of a
placido pattern in accordance with the present invention including a
surface segmEig; FG:. 4 Pedish wesitvepstiefacherigme nuddel &gi@nt to be
including the reflected image; FIG. 20 is a partial view of a placido pattern
in accord&AEsRith the present invention including a surface segment;

and FIG. 21 depicts, p,sUHacs Sea \Age‘ngfqﬁlﬁ:@%@%yggg%w&amal

-detection of a concentric anomaly. 5 WO 2006/068840
PCT/US20%1044302 Detailed Description of the Preferred Embodiment
FIG. 4 shows an ophthalmic placido pattern 10 for use in determining

FIG. 14 is a partial view of placido pattern including a surface segment;

FIG. 15 depicts the surface segment of FIG. 14 along with the reflected
image;

FIG. 16 is a partial view of a placido patiern 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 & placido patiemn 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.



curvature of an anterior surface of a cornea of an eye, in accordance with
the present invention. The pattern 10 includes a series of alternating light

anggasks epgentric rings 12 and 14 centered about a centrakpaigiodfeslso:
series of spaced geometric shapes 18 and 20 are placed about at least

some of the concentric rings 12 and 14. The geometric shapes 18 and 20
are of a contrasting color with respect to the ring 12 or 14 on which the
geomethetHigst RepriptienriibablieieHe e o afématk and white for

the highest cantrast though other colors may be used effectively. The

ly.
geometric shapgs 15K B PRPI RIS PR RELRLT (R8T Uskip gvgteéwg?}\ﬂ?
in FIG. 4, (noyah,piRergeameiic shanes Mav-PeUsedifs AaassKileg iRe

the art will appreciate. The geometric shapes 18 are light colored relative

to the ringsehliorigisvhithdipeteanc: placedet kkewvise ptheegeamelito: and dark
shapes 20 are dark colored relative to the rings 14 onto which they are
placed. PRSIy HRUCARISPIAIEOAE aRENTe RNl Sarss f spaced

every r!nﬁlgojﬁ'?e%{édshlép '5'%"%%’8%&‘%}2%“&%"’:;@&%@ aPleal E‘f'}r%%”gft(?.e concentric
embodiment in accordance with the present invention, a placido pattérn

22 may geidaingeamettic §bapesi? 4hapty M-Luely Herdingwiasthg 6a86with
of FIG. 5, the geometric shapes are light colored and placed about the

dark colsasgeingthe6nWizarets cthehightheaoratttiing P iamiadesorreierably,
any geometric shapes. FIG. 6 sho¥vs nother alternate embodiment of a
placido BT30S S OIUACR RHAHS IO eV R CHHSh Y PrRsRigeY
pattern 30 Qgelélgfegﬁi\%@,.wo 2006/068840 PCT/US2005/044302

essentially the opposite of that shown in FIG. 5. That is dark geometric
shapes The geometric shapes 18 and 20 are preferably circular dots, such as

shéwn in FIG. 4, though other geometric shapes may be used as those skilled in
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 fo 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 deveid of any geometric shapes.

FIG. 6 shows another alternate embodiment of a placido pattern 33, in

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



32 are placed about light colored rings 34 and the dark colored rings 36
are devoid of any geometric shapes. FIG. 7 shows yet another alternate

embodimapism accordance with the present invention of a plagidepaitesin:
38. The placido pattern 38 has light colored geometric shapes 40 on each
dark colored ring 42 and dark colored geometric shapes 44 on each light
colored ring 46. Trhe difference between FIG, 7 FIG. 4, is that the
geometriE SAApLs YD BRGA (§r§ %f’ﬂ: Wrrﬁg%]geﬁstﬁ(}atﬁ?a%aéﬁ IHNRRShapes

rings relgsved ekt ébol;hﬁgmaB@dqfﬁegmsyaq@@aﬁ%@m@ﬂr%%@ta%e
e

ring, depends on the amount of curvature data that is desired to
analyzedevuit\which teeredtyorithenesf the system can handle. One
potential drawback of FIG. 7 is that the geometric shapes 40 and 44 are

too densely pdptitat&a4Fott e Pt SBeHAHEREH 2 2prerdgrte it the
may became confused asdamhich delisheingslierisd.hyapatiant

) t
cornea if a severe but very small area of aberration occurs on the cofnea
being examinddchikeviistathe patiems:? 2anddbanayheyerinsufficissid
geometric shapes placed on the patterns to reliably catch most of the

concentdECBSiRaNBRCE 1 BPATeHttoigned AR dSKiladiffatsacarbeliteen FIG.

appreciaje, FIG..4, mast likely provides.the best combination of a
ficiont BIOIHS. s r R e e R e msne

overly crawsdingdhe pating itliveeometric shapes. The dot radial ring
placido patterns of FIGs. 4 - 7 are designed to track both radial and
concentric anorh@ahegbgr thesumkide shieassariaceduing theaininddpeTd@® the

20061068840 PCTIUS2005/044302 = ‘ .
amount of curvature data that is desired to be analyzed and which the algorithm

of the system can handle. One potential drawback of FIG. 7 is that the
geometric shapes 40 and 44 are too densely populated about the pattem 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
comea being examined. Likewise, the pattems 22 and 30 may have insufficient
geometric shapes placed on the patierns to reliably cafch most of the concentric
anomalies on a patiént’s eye. As those skilled in the art will appreciate, FIG. 4
maost 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 radiai ring placido patterns of FiGs. 4 — 7 are designed to track

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



Typically as with a prior art ring placido, an eye is situated in front of an
illuminated placido and camera. The camera and a computer capture the
refgstackispage from the cornea. FIGS. 8 and 9 illustrate howdight fa¥&ezo2
from the placido are reflected. FIG. 8 shows incoming rays alpha and

beta (a and (3, respectively) that originate very near the center of the
placido 10. The angle of reflection off of eye 48 depends on intersection

position OFF AR AGERT BlRE BEEES 86 pbiResfriemebafting
ray. The,angles.aloha and beta il br,dentical win, respect toa suface
normal from plane 50. énce the angle ot incidence equals e angle of

reflectiopseednshidyethe:s abie=Rh eNeEN 8RAJAS IRk AW IS &om the
with the exception of an incoming ray from a wider angle. Despite the

wider arpgeictheresigfisstedies hold true for both FIGs. 8 and 9. FIGS. 10 -
13 illustrate how_a radial anomaly will affect the reflected ima

ff th
ove. The rectiGreE TRNE CUDImeTRYE 2 Wik F5 B5A B ABCE ntRe el
the ring$, 24800\ ef, S tHelcshRws: the suHase é.egné%ﬁe?obﬁéﬁaﬁﬁa@oﬁ of eye

reflected image. Note that for simplicity, all surface segments in a
remaining deitdsdhavénbessrilatiersiitbantistaigtidmadapaeedochfarcontact
two-dimensional view, but will still illustrate the concepts correctly. As

those SKIREH 95 HRISIG B dE AI6S ARURARG BRIS SilHeUsh Bt

are a th?%%@é@%%%é&%ﬂﬁ&é%%%# 'bféﬂé‘%ﬂ?%%@%%’&%@%"% ﬁ%ff%éxgéceaéuais
placido pattern and retlection off of a” cornea. As shown im FIG. 11,

surface geoingatds Zhasit® anomalies across 8 WO 2006/068840
PCT/US2005/044302

FIG. 2 shows the same phenomena, as that shown in FIG. 8, with the
exception of an incoming ray from a wider angle. Despite the wider angle, the
same rules hold true for both FIGs. 8 and 9.

FlGs. 10 — 13 illustrate how a radial anomaly wilt affect the reflected
image off the eye. The recfangie surface segment 52 with poles A and B moves
across the rings 54 and 56. FIG. 11 shows the surface segment 52 below the
refiected image. Note that for simplicity, all surface segments in all remaining
FlGs. have been flattened and straightened as needed for two-dimensional view,
but will still flustrate 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 refiection off of a

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



rings 54 and 56. Therefore, angles alpha and beta are equal with respect

to the surface normal of the surface tangent plane. Surface segment 58
witipalegBand E shows a radial anomaly, that is, an anorB&k/tubpagso44302
travels normal to or against ring edges 60. The effect of such a radial
anomaly manifests itself as a warp or distortion in the ring edges 60. Note -
that the dj ing.e a r t 58 on the.placido
rlecton B EIC LD T bR oF e Aok a s el i B o e

F. FIG. k3risbowsihe segmenteSihelem thenseflection and illustrates what
would occur with the radial anomaly contained within surface segment 58.

An incoming r&pr@gefisessirétapmes co afsdissiivvsarfedal anentiffetatts,

angle than thatthG 11. This affects the surface normal af the point of
contact TS A YT TR 120 CH LR ol FATGhIGouch 2

equal to gliphaiRAdeM-RRAE XeeliR LRaN0S NsiefivatRdIRNGlE L85MISIN Note

a distorted reflection when using the same surface normal tangent plane
as that ithel (e Hisitieweugsdpes Aded thatatagegb4rand &bibatsmbthefiection
distortion bounds F are not distorted on the reflection. FIGs. 14 - 17

illustrate® & CorcftRE dIshaunys & dn Eaiitpe-iirs ARyrarsdes fangéhdy
or with “%ﬁ?(mr%d&%ﬁn@ﬂt 48 560 Wb e Shsfass %ﬁ@%‘?&&@@ﬁ%ﬂf&’%ﬁ%ﬁmh
ormed wi

and B are h the rings or tangent to the rings. A problem wit
detectinga eangentit-anamalyeaces vherdhegistasion/ocedsming ray
surface segment 64 with poles D and E of FIG. 16. FIG. 15 shows

surface SefipremveroRittertoREsiiseEdRragkectfapBearls Bgnaitbof FIC.

the incorping yay. alphe and, has no ditoriion, However, FIG, Jrshows, 1,

that surface segments64 is lf)elng isorte Just as the radial ancmaly 0 g

FIG. 13 isnlistoreds Hangyerch®&a, which is equal to alpha fo a new angle X. The
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 refiection.

FiGs. 14 - 17 lllustrates a concentric anomaly. A concentric anomaly

maoves 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 ocours in surface
segment 64 with poles D and E of FIG. 18. FIG. 15 shows surface segment 62
wherein the reflecied 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 {he radial anomaly of FIG, 13 is distorted. However, the



WO 2006/068840 PCT/US2005/044302 distortion of FIG. 17 is hidden

due to the fact that the same color surfaces are being viewed within the
comeentsn@romaly. Since there is no other frame of referenas;es2005/044302
concentric anomaly on a ring placido can be hidden or at the very least,
significantly attenuated. So while the image still is being distorted, an

operator,of Iha CapmaEa ﬁi‘%ﬂ%‘é‘e% 8[]8%%%?%5%?@%‘8tefgatr_%%tftca%? Ulates are

ror
because it is running with the rings 54 an |s§ose oW

a placidegaitaawdn ameRreaneadithithnoprasesiipyenlion cabidentifyetor
concentric anomaly quite easily and simply without using complicated and
difficult t&eriieene FORRSHHIP AO WAL FNE Uise PR gsiatkanbe ditslemertidse very
show above in FIGs. 2 and 3. By the simple insertion of geomeiric shapes
ot B O N A B S L A FERE e BTG 2

partial placidg-ineaar Raviog e 6R PREEG aFPEARPPHSRY 33K @B Because it

geometric shapes 70 within the surface segment 72 are shown. Though it
is to be imwierstgarthithe vtiusrgemmétiic shapes 70 are placed about the
placido pattern within rings 66 and 68, as described above with respect to

FIGs. 4 - 7. FIE G0 Gions Lftd SghRaR “r PR s apeoremn eitiine
the anglg, Alpha,andiaeaABSANAl &AM ENRIMNAN AR T A simp

.
anomaly. It is noted that everything in FIGs. 18 - 21 are identical of thos

of FIGs. dlithetlt Uisiithdhepiexeeptiandafithe keierpnnes geometicahanessébr
being added inside a ring. Again, edges 74 show little or no distortion with

the anorRlif'r FIGH. Z0T0% LW IRBRNEVR Fifdeatizedct th¥ HesHetpidnsertion of

shapes 70 thq distortion ¢ Uses the pasition, of the mlarks to ch%nlgﬁ, This
ebmetrnc s age&wl I theé Bn%l\} conci%ntrlc anomalies can be identiiied,
change % shown as Ifference between the

F1G. 18 shows a parttial placido image having rings 66 and 68. For
simplicity 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 patiern 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 w.hen there is no anomaly. liis noted
that everything in FIGs. 18 — 21 are identical of those of FiGs. 14 — 17 with the
exceptioﬁ 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



10 WO 2006/068840 PCT/LS2005/044302 distances D1 and D2 of FIGs.

18 and 20. Therefore, the addition of the circular dots 70 establishes a
frawe 0éarefexmnce where the concentric anomalies can be ielentifimdsande:
better analyzed. As those skilled in the art will understand the system
described above, is very easily able to detect concentric curvature
anomalige, |n addion, (B Usgl sxshing mAde pIRCeSeIn Ao S cutar
with little"'or no mo |ﬁcat|on can be used to detect tlcldse concentric

anomaligsisnsteadmbrsingreaipplexradae-deiertion algrrithmmaesiadan be
for FIGs. 2 and 3, the present invention can detect a distortion in the

series ofdpadirdtrnddieiisesialttrrdradial pattern using known centroding

algorithms. These centroding algorithms track the position changes of the
dots by trackih%stwgsc?eﬂ?g?do%} o%%@e%ﬂ%rﬁﬁﬁﬁﬁ% BIREE ifesCERsianove. is

image. Ths.has BesnSHAUM ARIBYRRIME Riaeidadalietn thabsimrhande of

effectively detects concentric anomalies more simply and straightforward
then hasxbgiep jpess bedwesioperithinM@S ikt Ve Gladifiraliodean be used to
ophthalmic placido pattern for use in determining a curvature of an-

anterior %ﬁtﬁ%@%ﬁémﬂcﬁjﬁﬁ’ﬂ%‘; thEteadtE HY ER AR oY driestion
alternating, light and dark SPPRENUIC NG LGRS ARIMER can detect a

distortion in the series of geometric shapes in the radial patiern using known
centroding algorithms. These centroding algorithms track the position changes
of the dots by tracking the center of a dot covering mutltiple pixels in a stored
image.

Thus, has been shown an invenfive placido pattern that simply and
affectively detects concentric anomalies mare simpiy and straightforward then

has been possible heretofore.
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central point, wherein each concentric ring is continuous without any
radial lines or edges; a series of spaced geometric shapes placed about
and within at least some of the concentric rings, wherein the shapes are
of a contrasting color with respect to the ring on which the shape is
placed. 2. The placido pattern of claim 1, wherein the geometric shapesMCSin
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 claim 1, wherein the geometric shapes are dark
colored relative to the rings onto which they are placed. 5. The placido

wéoa&tfgnlan: claim 1, wherelh geometric shapes are placed on every ring. 12

1.

An ophthalmic placido pattern for use in
determining a curvature of an anterior surface of a cornea of an eye, the
patiern comprising:

a series of alternating light and dark concentric rings centered about a
central point, wherein each concentric ring is continuous without
any radial lines or edges;

a seties of spaced geometric shapes placed about and within at least
some of the concentric rings, wherein the shapes are of a
contrasting color with respect to the ring on which the shape (s
placed, |

The placido pattern of claim 1, wherein the geometric
shapes are circular dots.
The placido patiern of claim 1, wherein the geomelric shapes
are light colored relative to the rings onto which they are placed.
The placido pattern of ¢laim 1, wherein the geometric
shapes are dark colored relative 1o the rings onto which they are placed.
The placido patiern of claim 1, wherein geometric shapes

are placed on every ring.
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