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Abstract. Thispaperdescribesthecurrent stateof researchanddevelopmentof asystemfor thepartialautomation
of quantitative Funduscopy. Imageprocessingtechniques areusedto segment the optic disk andestimatethe
parametersof thecircumferenceassociatedwith it. Theglobalobjectiveis to facilitatethediagnosisof pathologies
like SystemicArterial HypertensionandDiabetesMellitus.

1 INTR ODUCTION

The examination of the backpart of the eyeball (fundus)
aka. ophthalmoscopy or funduscopy hasas its objective
the studyof the retinaaswell astheproviding bloodves-
sels (arteriesand veins). The transparent structures that
composetheeyeball permitthatthemicrovascularityof the
retinacanbe observed by relatively simpleoptical equip-
ment.A typical imageof theretinaacquiredby a ophthal-
moscope is shown in figure1. Illnesseslike DiabetesMel-
litus, SystemicArterial Hypertension,glaucoma andoptic
nervedamagepotentiallyprovoke modificationswhichcan
leadto irreversibledamageto vision if not treatedin time.
Sincethefundus is theonly partof thehumanbodywhere
onecanobserve bloodvesselsby non-invasive means,fun-
duscopy providesa methodology to examine andevaluate
thestateof thebloodvesselsby simpleobservation.

Currently funduscopy is executedmanuallyin aquali-
tativemanner. Diagnosticsareissuedby directlyobserving
thefundusof thepatientseyeball. This qualitativeanalysis
givesriseto many variations in theinterpretationof theob-
served symptomscausingconsequent variations of the di-
agnosticsdueto thedependency onthedifferentexperience
of theprofessionalthatrealizestheexaminationandon the
usedophthalmoscope. Individualsat anadvancedagecan
presentsymptoms of Retinal Hypertension(RH) without
actuallyhaving theillnessbecausethealterationscannatu-
rally occurwith elderpeople.Hayrehetal. [4] comment the
discordsin theinterpretationof therelationof thevascular
diameterbetweenarteriesandveins in conventional oph-
thalmoscopy, both intra-observer and inter-observer like,
thuscharacterizing thiscriterionto beinterpretedwith great
difficulty. Dimmitt andco-workers [1] quantify the inter-
observer variationas38%,regarding fundusabnormalities
diagnosedby directophthalmoscopy. Lenders [6] mentions
further conditionswhichlimit ophthalmoscopy, likethedu-
rationspendfor theexamination,thenecessityof anexpe-
riencedobserverandthefactbeingaqualitativeevaluation.

Figure1: Imageof the retina. Thebrighter centralregion
forms theopticdiskwherethebloodvesselsconverge.

Recentlyquantitativemethodologiesto investigatethe
vascularity of theretinahavebeenemployedthusdiminish-
ing thevariation of thediagnosisamong theprofessionals.
Statisticalstudiesshow that manual examinationspresent
a variationbetween6% and34%,whereas semi-automatic
techniquesreducethisvariation to between1,5%and7,5%.
Motivated by the difficulties the diameterof the vessels,
Newsomet al. [7] compare themeasureof thevascular di-
ameterobtainedby anobserver to a computerizedmethod.
They observethatin conventionalophthalmoscopy theblood
columnswerelarger comparedto theautomateddiagnosis
characterizingamethodologicalerror of theexaminer.

The objective of this work is to develop andrefinea
tool that is lesssensibleandspecific,ableto automate the
quantitative methodology for the examination of the fun-
dusthusreducing theintrinsicerrorsof thequalitativetech-
niques. In this first stageof the work we concentrateon
the determination of the optic disk. The idea is to limit



thesubjective influence of theprofessionalwhenit comes
to the delineation of the brighter areaof the fundus that
constitutesthe disk. By forcing a quantitative analysisto
acceptthe segmentation of the disk by a semi-automatic
imageprocessingsoftware,subsequentphasesof analyses
that usethe optic disk as a reference are lesssensibleto
subjective errors. The ability to reproducethe analysisis
a significantadvantageof our proposalsincethe resultof
thesegmentation dependson theemployedalgorithmsand
theirfixedparameters. Relevantwork regardingimagepro-
cessingfor the detectionof the optic disk arefor instance
[5] whichtry to determine thediskby pyramidal decompo-
sition andHausdorff-basedtemplatematching. Huiqi and
Chutatape[?] try to fully automatethe detectionby using
clusteringthebrightestpixelsin theintensityimage,apply-
ing Principal ComponentAnalysisanddistancemeasurein
the projectedspaceto determine the center. An interest-
ing approachusingdeformablemodels(snakes)to thecon-
tourdelineationproblemwasappliedby Mendelsetal. [?].
The Houghtransform wasusedby [?] to estimatethe op-
tical disk. Thepaperis organizedasfollows. In chapter2
wedescribetheimageprocessingtechniquesusedto deter-
mine theoptic disk, in chapter 3 we provide theresultsof
thetheoreticalbasesappliedto realimagesof theretinaand
finally in chapter4 weexposethelimitationsof themethod
andgiveanoutlookfor furtherresearch.

2 Optic Disc Segmentation

We divide the taskto determinethe areaof the optic disk
into independentimageprocessingandoptimizationmod-
ules. In the first passwe apply a normalizationto the pi-
xel intensitiesin orderto compensatefor eventual artifacts
introduced by the imageacquisitionhardware. With the
equipment used,usuallya global gradient of the pixel in-
tensitiescan be observed along a linear direction of the
imagewhich must be compensatedfor. The secondpass
comprisesof a semi-automaticsegmentationstepin which
theoperatorindicatesa pixel thatbelongsto theoptic disk.
A region-growing algorithm is usedto obtaina partof the
disk area. In the third part a BacktrackingBug Follower
Algorithm is usedto obtainthe contour of this disk frag-
ment. Finally in the last passagainin a semi-interactive
wayasegment of thecontour is indicatedwhichconstitutes
apartialarcof thecircumferenceassociatedto thedisk. An
optimization algorithm is usedto estimatethe threedeter-
mining parametersof the disk, � and � coordinatesof the
centerandradius.

2.1 Normalization

In the experimentsthat we performedthe imageacquisi-
tion wasdoneby acquiring aopticalphotograph usinga 35
mmcameracoupled to aNikonNF505ophthalmoscope.A

global gradient of the pixel intensitiescanbe observed in
all of the imagesused. This meansthat a homogeneous
areaof theretinaseemsdarkeror brighter if observed along
a line of theacquired	�

� image. Considering the in-
tensities����������������� of thepixelsatpositions��� �!�"	$#&% ,���'�(�)�*# % independentlyfor eachband + of theRGB
model, +-, �/. �102�3+4� we calculateanew intensity � �����57698 ���������
as

� �����57698 �:�������<;=� �>�?�@BA C �:�3�9���ED F �>�?�HG F �>�?�I (1)

where F �>�?�I ;KJ�LNM � ���>�?���:�3�9����� , �O;P�RQ7Q7Q3�S#T% is
medianvalueof the pixels of the � -th line and F �>�?� is the
meanof all F �����I , �U;=�VQ7Q/QH	W# % .

In asecondpassthewholeprocedureis repeatedalong
thecolumnsthuseliminatingproblemsof rotationsensitive
line-basedcompensationprocedure.

For eachline of the imagethemedianis calculatedin
order to disregard the influenceof intensitiesthat deviate
too much from the mean. This choicehasthe effect that
neitherdarker areaslike blood vesselsnor brighter areas
like theopticdisk influencethemeanvalueof eachline too
much. Theresultingvector XY����� usuallyshows theglobal
gradient artifactof theacquisition process.

The effect of this first preprocessingstepis that the
imageis globallymorehomogeneousalongacertaindirec-
tion. A positiveeffect relatedto thisproperty is thatthefol-
lowing region-growing segmentation algorithm dealswith
regions that do not present artificial differencesat the ex-
tremesof the region which would degeneratethe contour
of the segmentedregion. The imageis now preparedfor
thenext stagewhichis thepartialsegmentation of theoptic
disk.

2.2 Segmentation

Stantonet al. [9] characterize a region of interestin the
fundusimagedefinedby thecircularopticdiskandanother
circumferencewith a radius four times larger thanthat of
thecentraloptic disk but with thesamecenter. Henceour
goal is to outline the innercircumferenceor at leasta part
of it. Theidealoptimalsegmentation of thetotal disk area
for instanceby simplehistogrambasedsegmentationis vir-
tually impossiblesincethe vesselsconverge in the central
areaanddueto theirdifferentbrightnessrelativeto thedisk
fundusdonotallow to obtaina contiguousregion.

Thesemi-automatic algorithm requires threeparame-
tersfrom theoperator: aninitial pointbelongingto thedisk
areato besegmented, anumber of barrier pixelsandaper-
centageof toleranceof deviationfrom theinitial point. The
initial pixel Z[�:������� is visually specifiedby theoperatorus-
ing a locator device (e.g. a mouse). This methodology en-
suresthat erroneousinitial conditions of the segmentation



procedureareexcludedsincetheinitial point is apartof the
opticaldisk.

Thealgorithm works in theusualregion-basedexpan-
sion[3] recursively analyzingthe4-neighborsof eachpixel
until thesegmentationcriterionis notsatisfiedanymorefor
all candidatepixels.Wedefinethetonality \2�����9�]� of thepi-
xel at position �����9�]� astheheuristic �!�_^������������a`"����������������� .
The red bandis omitted in this criterion sinceit carriesa
negligible amount of information. Thedeviation toleranceb

specifiedby theoperatorfinally definesthesegmentation
criterion. If the tonality \c�:��d1�9�ed�� of all barrier pixels falls
below thepermitted tolerancethenthepartialsegmentation
is terminated, i.e. if\c�:� d ��� d �[�O\c�:�������f�H%R# b ��Q (2)

Startingfrom a pixel at position �����9�]� , the region ex-
pansionalgorithmsearchesa numberof g consecutive pi-
xelseitherin a horizontalor verticalsequence. If all theseg barrier pixels satisfy the segmentation criterion 2 then�:������� belongs to theregion. For instancesearchingtoward
eastall pixels �:�3�9�-`h%N�f�7Q7Q/Qf�/�:�����-`igj� satisfy2.

The resultof this processingmodule is a contiguous
region that delimits a part of the optical disk, including a
partialarcof theboundaryof thediskwhichis essentialfor
thenext phase.

2.3 Contour Detection of Partial Optic Disc

As mentionedbefore thegoalof this processingmodule is
to obtainthosecoordinateswhichdelimit thecontourof the
areasegmentedby the region growing algorithm. This is
a well studiedtask in imageprocessingsincethereis no
uncertainty involvedin theprocess.TheBacktracking Bug
Following algorithm describedby Pratt [8] startswith an
initial contour point andsimulatingthe movementsof an
insectorienting itself alongthe border finds the next con-
tourpixel until reachingtheinitial position.

Dueto theimperfectsegmentationof theregion grow-
ing algorithm, thecontour trackerfindsaborder thatcanbe
divided into two principal parts. The first is a contiguous
sequenceof pixels that truly lie on the border of the optic
disk. The secondpart arepixels which belong to the in-
terior region of the disk. Onceagainthe interaction of a
humanoperator is required to specify two pointsbelong-
ing to the border. The algorithm then collects 	 pointsk ; � �:� I �H� I ���4lInm � betweenwhich all belong to theborder
of theopticdisk.

2.4 Parameter Estimation of Optic Disk

The point set
k

determined will finally serve as the data
samplesof anonlinearoptimizationalgorithm for circlefit-
ting with theobjectiveto determinethethreedescribing pa-
rametersof a circumference,op;q�?rtsu�3r[v��Bwx�Hy , the co-

ordinatesof center z{;��?r s �3r v � andthe radius w . We
follow themethod proposedby Ganderet al. [2]. In a first
passan initial guessof the parameter vector o-�_|�� can be
obtained by a linear solutionby minimizing the algebraic
distancebetweenthepointsandthemodel.

We definethemeansquare distancebetweenthedata
pointsandtheanalytical parametersthatdefinethecircleas

} �?oU�~; l� I�m �e� ��� I #�r s � � `=��� I #�r v � � #&w �f�>� (3)

The parameterso���� 5 that minimize this distancesat-
isfy � } �:oa��;T��� � m ����� � , i.e. � } G �2r�s�;=� , � } G �2r[v�;��
and � } G �2w�;=� . Theseconstraints definea linearsystem��� ;h� (4)

where
�

is a 	{

� matrix whereeachline contains
the ith augmented datapoint � � I � I % � , � is a coefficient
vector of the form

� ; � � +V� � y , � ;W#���r s , +j;�#���r v ,�R;=r �s `�r �v #tw � , fromwhichthedesiredparametervectoro (more specificallythe initial guessoV�_|�� ) canbe derived
and � is a 	 -dimensionalvectorof expressions� #V� �I #�� �I � .The initial coefficients can directly be calculatedby
theMoore-PenrosePseudoiversematrix

k" [¡ � � y � ��¢ � � y
as � �_|�� ; k   � (5)

andfinally theinitial guesso��_|�� usingtherelationbetweeno and
�

£ � ; r s ;T# � G �£ � ; r v ;T#�+ G �£ � ; w�;¥¤ r s � � ` r v � � #��¦Q (6)

As mentionedearlier[2] thealgebraic solutionto the
meansquaredistanceminimization problem is often not
satisfactory enough. In order to minimize the geometric
distance§��?oU� with

§ I �?oU�S; ¨¨¨¨ ¨¨¨¨
© r~sr[v«ª # © � I� I ª ¨¨¨¨ ¨¨¨¨ #�w§��?oU�S; l� I�m � � § I �:oa� � � (7)

Using Gauss-Newton optimization we can formulate
the ¬ -th iterationasthelinearsystem­ �:oa�1®�;T#R¯x�?oU� (8)

where
­ �:oa� is the 	�
�� Jacobianconsistingof elements�1°E� I²± ;¥�2§ I �:oa� G � £ ± , ® is a 3-dimensionalresidual vector



ideally converging toward � and ¯x�:oa� is a 	 -dimensional
vectorwith elements��³ �?r s #&� I � � `h��r v #&� I � � #�w´� . In
theconcretecaseoO;���r s �3r v �Bwx� y , oneline of theJaco-
bianis givenbyµ ¶2· ¢ sN¸¹ � ¶c· ¢ sN¸ ��ºH»�� ¶�¼ ¢ v�¸ ��º ¶c¼ ¢ v�¸¹ � ¶2· ¢ s/¸ �:ºH»a� ¶c¼ ¢ v�¸ �:º #x%
½ Q

Theresidualvector® canonceagainbeobtainedusing
thePseudoinverse

­�  �:oa� ¡ � ­ y ­ ��¢ � ­ y as®
; ­   �:oa�f�1#R¯x�?oU�B��Q (9)

Finally thenew valuesof thedesiredcoefficient vector
is updatedin thenext iterationaso �n¾_» � �~¿ ;=o �_¾n� `i®!Q (10)

The recursive estimationof o is stoppedif Àf®�À falls
below apredefinedthreshold.

Resumingondeterminingof theparameterscenterand
radiusof theopticdiskwefirst provideaninitial guesso´�_|��
by (5) and(6) thenat eachiterationsteptheJacobianand
function ¯ arecalculated,theresidualis determinedby (9)
and o is updatedby (10).

3 Results

We presentpreliminary resultsto prove the usefulnessof
our approach for the detectionof the optic disk. One of
thedrawbacksrelatedto theexperimentsbelow is thelack
of statisticalsignificance.It is extremely difficult to obtain
a sufficiently large databaseof fundus imagesto corrobo-
ratethe theoretical proposals. Neverthelesswe claim that
thevisually inspectable resultsarequiteencouragingsince
theoptic disk is delimitedin a manner similar to thatof a
humanbeing.

3.1 Normalization

In our particular acquisitionenvironment theimageis sur-
rounded by a dark arearesultingfrom the difference be-
tweenthe circular imageandthe rectangular background,
seefigure 1. The dark pixels must be excluded a priori
from any subsequent processingsteps. Therefore a fixed
thresholdof bandspecificRGB valueswasestablishedas�H%N���Á�BÂe�Á�3Ã��e� below which the pixel is excluded from the
calculusof the normalizationvalue. Figure2 justifiesthe
choiceof the medianof eachline (or column) comparing
it to themean,showing that themedianis lesssensitive to
local intensitychangesthanthemean.Figure3 shows the
normalizedversionof figure1.

3.2 Segmentation andContour Detectionof Partial Op-
tic Disc

For theexperimentsemployed,thenumberof barrier pixels
was set to gÄ;q%N� , the deviation tolerancewas fixed at
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Figure2: Comparisonbetweenthe medianandmeanfor
intensitynormalization.Theimageshows theintensitiesof
the + -bandof thecolumnsbetweenline Óe�e� and %NÔÕ�e� of the
imageof figure 1. Thepeakof themeanatabout Öe��� is due
to theopticdisk.

Figure3: Retinaimageof figure1 afternormalization.



b ;×�Õ� . The segmentation resultof the partial region of
thedisk is presentedin figure4.

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

The Backtracking Bug Follower determines the con-
tour of the partial region (highlighted in figure 4) which
containsthepartialarcof thedisk which interestsus. The
operator is required to deliver two coordinatesthat lie on
thecontour of disk, markedwith a crossin figure4. Note
thatthechoiceof thetwo points does not influencethede-
termination of thecompletecontour to a largeextentsince
thesubsequentoptimizationalgorithmis robust in termsof
thenumber of arcpixelsdelivered.

3.3 Parameter Estimation of Optic Disk

Thefinal stepis appliedto thepixelsthatconstitutethepar-
tial arc. The initial guesscalculatedfrom (5) and (6) isr �n|3�s ;$Âe�Ø%eQ Ãe� , r �_|��v ;W%N���]�ØQ Ó�Ó and w��_|3�t;Ù�Õ�eÖÁQ�%4Ú . We
stoptheupdating of theparameterso by (10)if thenorm of
residualvector Àf®�À falls below %/�2¢cÛ . Theevolution of the
residualvector ® of (9) canbeobservedfrom table1. The
final valuesafter � iterationstepswas r �nÜ�Ü�Ü��s ;ÝÂ]�Ø%�Q²Ú¦� ,r ��Ü[Ü�Ü��v ;Y%N�����uQn%4�eÚ and w �nÜ�Ü�Ü�� ;=�Õ��ÖuQÞÚeÚ .
4 Conclusionsand Futur eWork

In this paperwe have presented a prototypefor the semi-
automaticdetermination of optic disk in funduscopy. With
the help of imageprocessingandoptimization techniques
we try to provide a framework which helpsa specialistto
have a reproducibletool which aidsin thecalibrateddeter-
minationof theextensionof theoptic disk. It could serve

Step Residual ® y À7®[À
1 ß �ÁQ ��Ö]�eÚÕÔe�à�ÁQ Ã]ÚeÚ4ÓØÚ¦Öá�uQ Ô�Ö]Ú�ÔeÚÕÔ'â 0.908118
1 ß #R�ÁQ ���u%4ÚÕ���ã�ÁQ ���e���eÃ�Öá�uQ �e�e��ÂÕÓ�Ú â 0.004735
1 ß #R�ÁQ ���e���e���ã�ÁQ ���e����Ú¦Âá�uQ �e���e�ÕÓu% â 0.000091

Table 1: Evolution of the residual vector ® of (9) using
Gauss-Newton optimization to improve thecircle parame-
ters.

asa basisfor further diagnosticprocedures which take the
outlineof thediskasa reference.

As mentionedearlierwewould like to havemoredata
at our dispositionto beableto provide statisticalevidence
about the viability of the proposedmethodology. We will
try to apply the systemto a larger number of benchmark
images.
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