Semi-Automatic Identification of Optic Disk by Image Processingor Quantitati ve Funduscopy
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Abstract. Thispapemdescritesthecurrer stateof researctanddevelopmentof asystenfor thepartialautonation
of quariitative Funduscpy. Imageprocessingechnigees are usedto segmert the optic disk and estimatethe
parametes of thecircunferenceassociatedvith it. Theglobalobjectiveis to facilitatethediagnaisof pathdogies

like SystemicArterial HypetensionandDiabetesMellitus.

1 INTRODUCTION

The examination of the back part of the eyeball (fundus)
aka. ophtralmoscoy or funduscopy hasasits objective
the studyof the retinaaswell asthe providing blood ves-
sels (arteriesand veins). The transpaent structues that
compaetheeyebdl permitthatthe microvascularityof the
retinacanbe obsered by relatively simple optical equip
ment. A typicd imageof theretinaacquiredby a ophttal-
moscop is shavn in figure 1. llinessedik e DiabetesMel-
litus, SystemicArterial Hypertersion, glaucona andoptic
nene damageotentiallyprovoke modficationswhich can
leadto irreversible damageo vision if not treatedin time.
Sincethefundus is the only partof the humanbodywhere
onecanobsenre bloodvesseldy nortinvasive meansfun-
duscopy providesa methoalogy to exanine andevaluate
the stateof thebloodvesseldy simpleobsenration.
Currernily funduscop is execitedmanuallyin aquali-
tative manrer. Diagnasticsareissuedby directly observimg
thefundusof the patientseyebdl. This qualitative analysis
givesriseto mary variatiors in theinterpretationof the ob-
sened sympoms causingconseqant variatins of the di-
agnosticglueto thedepedeng onthedifferentexperierce
of the professionalthatrealizesthe examnationandon the
usedophthalmoscop. Individualsat an advarcedagecan
presentsymptons of Retinal Hypertension(RH) without
actuallyhaving theillnessbecausg¢healterationannatu-
rally occurwith elderpeople.Hayrehetal. [4] commemthe
discordsin theinterpietationof therelationof thevascular
diameterbetweenarteriesand veinsin corventioral oph
thalmoscgy, both intra-dosener and inter-obsener like,
thuscharacterizig this criterionto beinterpretedwith great
difficulty. Dimmitt and co-workers[1] quantify the inter
obserer variationas 38%, regading fundusabnamalities
diagnsedby directophthalmoscop. Lendes [6] mentiors
further conditionswhichlimit oprithalmoscop, likethedu-
rationspendfor the examiration, the necessityof anexpe-
riencedobsenrer andthefactbeinga qualitative evaluation

Figurel: Imageof theretina. The brighte centralregion
forms the optic disk wherethebloodvesselconverge.

Recentlyquantitative methalologesto investigatethe
vasculatty of theretinahave beenemplo/edthusdiminish-
ing thevariation of the diagnais amory the prafessionals.
Statisticalstudiesshov that manwal examirationspreseh
avariationbetweent% and34%, wherea semi-automéc
technigiesredicethis variation to betweerl,5%and7,5%.
Motivated by the difficulties the diameterof the vessels,
Newsometal. [7] compae the measuref thevasclar di-
ametembtainedby anobsererto a compuerizedmethal.
They obserethatin corventionalophthamoscojy theblood
colunmswerelarger comparedto the automatedliagrosis
charaterizingamethoalogicalerra of theexaminer.

The objective of this work is to develop andrefinea
tool thatis lesssensibleandspecific,ableto automae the
quartitative methalology for the examiration of the fun-
dusthusreducirg theintrinsic errorsof thequalitative tech-
nigues. In this first stageof the work we concertrate on
the determiration of the optic disk. Theideais to limit



the subjectie influerce of the professionalwhenit comes
to the delineatim of the brighter areaof the fundus that
constitutesghe disk. By forcing a quantitative analysisto
acceptthe sggmenation of the disk by a semi-autmatic
imageprocessingsoftware, subsegant phaseof analyses
that usethe optic disk as a referace are less sensibleto
subjectve errors. The ability to reprodice the analysisis
a significantadwartageof our proposal sincethe result of
the sgmentatio depedson the emplo/edalgorithmsand
theirfixedparametes. Relevantwork regardingimagepro-
cessingfor the detectionof the optic disk arefor instance
[5] whichtry to determire the disk by pyramdal deconpo-
sition and Hausdoff-basedtemplatematching Huiqi and
Chutatapg?] try to fully autonmatethe detectionby using
clusteringthebrightestpixelsin theintensityimage apply
ing Principd ComporentAnalysisanddistancemeasurén
the prgectedspaceto determire the center An interest-
ing appoachusingdefamablemodels(snales)to thecon-
tourdelineatiorprodemwasappliedby Mendelsetal. [?].
The Houghtransfom wasusedby [?] to estimatethe op-
tical disk. The paperis organizedasfollows. In chapter2
we describeheimageproessingechnquesusedto deter
mine the optic disk, in chapte 3 we provide the resultsof
thetheoeticalbasesppliedto realimagesof theretinaand
finally in chapterd we exposethelimitations of themethal
andgive anoutlookfor furtherresearch.

2 Optic Disc Segmentaion

We divide the taskto determinethe areaof the optic disk
into independentimageprocessingndoptimizationmod

ules. In the first passwe apply a nomalizationto the pi-

xel intensitiesin orderto compensateor evertual artifacts
introduwced by the image acquisitionhardware. With the
equipnent used,usually a global gradien of the pixel in-

tensitiescan be obsered along a linear directian of the
imagewhich mustbe compensatedor. The secondpass
compisesof a semi-autmnatic sggmertation stepin which
theopeatorindicaesa pixel thatbelorgsto the optic disk.
A region-growving algoritim is usedto obtaina partof the
disk area. In the third part a BacktrackingBug Follower
Algorithm is usedto obtainthe contaur of this disk frag-

ment. Finally in the last passagainin a semi-interactie
way asegmernt of thecontou is indicatedwhich constituts

apartialarcof thecircunferenceassociatetb thedisk. An

optimizatian algorithm is usedto estimatethe threedeter

mining paranetersof the disk, 2 andy coordnatesof the
centerandradius.

2.1 Normalization

In the experimentsthat we performedthe imageacquisi-
tion wasdoneby acquiing aopticalphaogragh usinga 35
mm cameracouged to a Nikon NF5050phthdmoscope A

global gradien of the pixel intensitiescan be obsered in
all of the imagesused. This meansthat a homaeneos
areaof theretinaseemslarker or brighterif obsened along
aline of theacquiredN x M image Consideing thein-
tensitiesf (%) (i, j) of thepixelsatpositions) < i < N —1,
0 < j < M — lindepenlentlyfor eachbandb of theRGB
mockl, b € {r, g,b} we calculateanew intensityfr(f.?W (i,9)
as

£, G0, 5) = 0, 5) +m® fm® W

wherem!” = med{f®(i,j)},j = 0...M —1is
medianvalueof the pixels of the i-th line andm(®) is the
meanof all m{”, i =0...N — 1.

In asecondhasshewholeprocedureas repeatealong
thecolummsthuseliminatingprablemsof rotationsensitve
line-basedcompensatiorprocedure.

For eachline of theimagethe medianis calculatedn
order to disrggard the influenceof intensitiesthat deviate
too muchfrom the mean This choicehasthe effect that
neitherdarler areaslike blood vesselsnor brighter areas
liketheopticdiskinfluercethemeanvalueof eachline too
much Theresultingvecta m(®) usuallyshaws the global
gradent artifactof theacqusition proaess.

The effect of this first pregocessingstepis that the
imageis globally morehonogen®usalongacertaindirec-
tion. A positive effect relatecto this propety is thatthefol-
lowing region-growing segmenation algoiithm dealswith
regions that do not presehn artificial differencesat the ex-
tremesof the region which would degereratethe contaur
of the sgmentedregion. The imageis now prepredfor
thenext stagewhichis the partialsgmentatio of the optic
disk.

2.2 Segmentdion

Stantonet al. [9] charactdree a region of interestin the
fundusimagedefinedby thecircularoptic diskandanother
circunferencewith a radius four timeslarger thanthat of
the centraloptic disk but with the samecenter Henceour
goalis to outline the inner circumferenceor at leasta part
of it. Theidealoptimalsegmentgion of thetotal disk area
for instanceby simplehistogambasedsegmentationis vir-
tually impossiblesincethe vesselsornverge in the cental
areaanddueto their differentbrightnesgelative to the disk
fundusdo notallow to obtaina cortiguousregion.

The semi-autoratic algoiithm requresthreeparame-
tersfrom theoperateo: aninitial pointbelorgingto thedisk
areato be sggmentedanumbe of barrier pixelsandaper
centag of toleranceof deviationfrom theinitial poirt. The
initial pixel p(3, j) is visually specifiedby the opeatorus-
ing alocata device (e.g. amouse) This methalology en-
suresthat erroreousinitial conditiors of the segmenation



procedireareexcludedsincetheinitial pointis apartof the
opticaldisk.

Thealgoiithm works in theusualregion-basedexpan
sion[3] recusively analyzingthe 4-neighbas of eachpixel
until the sggmertationcriterionis not satisfiedarymorefor
all canddatepixels. We definethetonality v(i, j) of thepi-
xel at position (i, j) asthe heuristicf(9) (i, j) + f®) (i, ).
The red bandis omittedin this criterion sinceit carriesa
negligible amoun of information. The deviation tolerarce
T specifiedby theopeatorfinally definesheseggmentatio
criterion If thetonality v(i’, j') of all barier pixels falls
belaw thepernitted tolerarcethenthe partial sggmentation
is terminatedli.e. if

(i ,j) < (i, §)1 - T). )

Startingfrom a pixed at position (s, j), the region ex-
pansionalgorithmsearches nunber of B consecutie pi-
xels eitherin a horizontal or vertical sequene. If all these
B barier pixels satisfy the segmeniation criterion 2 then
(i, ) belong to theregion. For instancesearchingoward
eastall pixels (4,5 + 1), ..., (i,j + B) satisfy2.

The resultof this processingnodue is a contigwous
region that delimits a part of the optical disk, includng a
partialarcof thebowundaryof thedisk whichis essentiafor
thenext phase.

2.3 Contour Detecion of Partial Optic Disc

As mentiored before the goal of this processingmodule is
to obtainthosecoordnateswhich delimit thecortour of the
areasggmentedby the region grawing algorithm This is
a well studiedtaskin image proessingsincethereis no
uncerténty involvedin theprocess. The Backtrackiry Bug
Following algoiithm describedby Pratt[8] startswith an
initial contou point and simulatingthe movementsof an
insectorientirg itself alongthe borde finds the next con-
tour pixd until reachingheinitial position

Dueto theimperfectseggmenationof theregion grow-
ing algoiithm, thecontou traclkerfindsaborder thatcanbe
divided into two principal parts. The first is a contiguous
sequencef pixelsthattruly lie on the border of the optic
disk. The secondpart are pixels which belorg to the in-
terior region of the disk. Onceagainthe interactia of a
humanoperato is requred to specifytwo pointsbelong
ing to the border The algorithm then collects N points
X = {(xs,:)} Y, betweerwhichall belorg to the border
of theoptic disk.

2.4 Parameter Estimation of Optic Disk

The point set X deternined will finally sene asthe data
samplef anonlinearoptimizationalgaithm for circle fit-

ting with theobjedive to determire thethreedescriling pa-
rametersof a circumferenceu = (C,,Cy, R)7, the co-

ordnatesof centerC = (Cj,C,) andtheradits R. We
follow the methal proposedby Ganderetal. [2]. In afirst
passan initial guessof the paraneter vectoru(®) canbe
obtaired by a linear solutionby minimizing the algebréc
distancebetweerthe pointsandthe mocel.

We definethe meansquae distancebetweerthe data
points andtheanalyticd paraméersthatdefinethecircleas

N

E(u) =) [(z: — Ca)®+ (yi — Cy)* = R (3)

i=1

The paranetersu,,;, thatminimize this distancesat-
isfy VE(u) = 0|y=u,;., .. 0E/0C, = 0,0E/0Cy =0
anddE /IR = 0. Theseconstraits definealinearsystem

Xw =t (4)

whereX is a N x 3 matrix whereeachline contairs
the ith augmered datapoirt [z; y; 1], w is a coeficient
vecta of theformw = [a b c]T, a = —2C,, b = —2C,,
¢ = C;+C? —R? fromwhichthedesirecparanetervector
u (moare specificallythe initial guessu(®) canbe derived
andt is a N-dimensionalectorof expressiong—z 7 — y?].
The initial coeficients can directly be calculatedby
theMoore-Penros@seudiversematrix X f = (XTX)~1X7T
as
w0 = xt¢ (5)

andfinally theinitial guessu(®) usingtherelationbetween
u andw

up = Cp=—a/2
Uz = Cy:—b/Z

R=./C.)?+C)? —c. (6)

As mentiored earlier[2] the algebaic solutionto the
meansquaredistanceminimization prablem is often not
satishctory enoudn. In orde to minimize the geometic
distanced(u) with

us =

aw = [(&)-(5)]-
d(u) = ié[di(U)F (7)

Using Gauss-Nerton optimization we canformulate
thel-thiterationasthelinearsystem

J(uwh = —F(u) (8)

whereJ(u) is the N x 3 Jacobiarconsistingof elements
(J)ij = 0d;(u)/0u;, his a3-dimensionalresidud vector



ideally corverging toward 0 andF'(u) is a N-dimensional
vectorwith elements\/(C, — ;)2 + (Cy — ;)2 —R). In
theconcgetecaseu = (C,, Cy, R)T, oneline of the Jaco-
bianis givenby

( Co—x; Cy—yi -1 )

V(Co—2:)2+(Cy—9i)2  /(Co—2i)2+(Cy —4:)? )
Theresidualectorh canonceagainbeobtainedising

thePseudoiverseJ f(u) = (J7J)~1J7 as

h = It (u)(-F(w). ©)

Finally the new values of thedesiredcoeficient vecta
is updatedn thenext iterationas

™ .= u® 4 h. (10)

Therecusive estimationof u is stoppedf ||h|| falls
belov a predefirdthrestold.

Resumingndeternining of theparaneterscenterand
radiusof theoptic disk we first provide aninitial guessu (%)
by (5) and(6) thenat eachiteration stepthe Jacobiarand
function F arecalculatedtheresidualis deterninedby (9)
andu is updatedby (10).

3 Results

We presentpreliminary resultsto prove the usefulressof
our apprach for the detectionof the optic disk. One of
the dravbacks relatedto the experimentsbelaw is thelack
of statisticalsignificance.lt is extremely difficult to obtain
a suficiently large databasef fundus imagesto corrdbo-
ratethe theoetical proposals. Neverthelesswe claim that
thevisually inspectale resultsarequite encouagingsince
the optic disk is delimitedin a manne similar to thatof a
humanbeing

3.1 Normalization

In our particdar acquisitionenvironmert theimageis sur

rourded by a dark arearesultingfrom the difference be-
tweenthe circularimageandthe rectamgular backgound

seefigure 1. The dark pixels must be excluded a priori

from ary subseqant processingsteps. Therebre a fixed
thresholdof bandspecificRGB valueswas establisheds
(120, 80, 60) below which the pixel is excluded from the
calculusof the normalizationvalue Figure?2 justifiesthe
choiceof the medianof eachline (or colunm) comparing
it to the mean,shaving thatthe medianis lesssensitie to
local intensitychan@sthanthe mean. Figure 3 shavs the
normalizedversionof figure 1.

3.2 Segmentaipon and Contour Detectionof Partial Op-
tic Disc

For theexpelimentsemplgred,thenumber of barier pixels
wassetto B = 10, the deviation tolerancewas fixed at

150

Mean

140

Intensity
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Figure 2: Comparisorbetweenthe medianand meanfor
intensitynormalization. Theimageshaws theintensitiesof
theb-bandof thecolumrs betweerline 400 and1500 of the
imageof figure 1. Thepeakof themeanatabou 900 is due
to theoptic disk.

Figure3: Retinaimageof figure 1 afternomalization.



T = 23. The sggmenation resultof the partial region of
thediskis presetedin figure4.

Figure4: Partial region of the optic disk usedto obtaina
partialarcof thecontou.

The Backtraclng Bug Follower determires the con-
tour of the partial region (highlightedin figure 4) which
containsthe partial arc of the disk which interestsus. The
operato is requred to deliver two coodinatesthat lie on
the contaur of disk, marked with a crossin figure 4. Note
thatthe choiceof thetwo points does notinfluencethe de-
termination of the comgete contaur to a large extentsince
the subsegantoptimizationalgorithmis robustin termsof
thenumter of arcpixelsdelivered.

3.3 Parameter Estimation of Optic Disk

Thefinal stepis appliedto thepixelsthatconstitutethe par
tial arc. The initial guesscalculatedfrom (5) and (6) is
¢ = 82163, C") = 1002.44 andR(© = 209.17. We
stoptheupdatirg of theparanetersu by (10)if thenom of
residualvector||h|| falls belov 10~%. Theevolution of the
residualvectorh of (9) canbe obseredfrom tablel. The
final valuesafter3 iterationstepswasCéXXX) = 821.73,
X = 1003.127 and REXXX) = 209.77.

4 Conclusionsand Futur e Work

In this paperwe have preseied a pratotype for the semi-
automatiodetermingion of optic diskin funduscopy. With
the help of image processingand optimizatian techniqies
we try to provide a framevork which helpsa specialistto
have arepralucibletool which aidsin the calibrateddeter
minationof the extensionof the optic disk. It coud sene

Sep Resdual h? ITh]]

T (0092752 0.677479 0.597575 )  0.90&18
1 ( —0.001723 0.003369 0.002847 ) 0.00435
1 ( —0.000023 0.000078 0.000041 ) 0.00®91

Table 1: Evolution of the residwal vecta h of (9) using
Gauss-Nerton optimizationto improve the circle parame-
ters.

asa basisfor further diagrostic procedurs which take the
outlineof thediskasareference.

As mentioredearlierwe would lik e to have moredata
at our dispositionto be ableto provide statisticalevidence
abou the viability of the proppsedmethoalogy. We will
try to apply the systemto a larger numker of berchmark
images.
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