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Abstract

The objectie of this paperis to estimatethe orientationof a sceneplanefrom anuncal-
ibratedperspectie imageunderthe assumptiorthatthe scenes coatedwith ahomoge-
neougbut unknawn) texture. We malke thefollowing novel contritutions: first, we shav

thatthe problemis equivalentto estimatingthe vanishingline of the plane;secondwe

shawv thatestimatinghetwo degreesof freedomof thisline canbe decomposeihto two

searchegachfor oneparameterthird, we give analgorithmfor this estimationwhich

is applicableto both regular andirregular textures. The algorithmsdo not requirethat
texelsareidentifiedexplicitly. But oncethe planevanishingline hasbeenobtainedthen
texelslocationscanbe determinedandthe geometryof the scenegplanecomputedup to

anaffine transformationWe give examplesof thesecomputation®n realimages.

1 Intr oduction

In orderto recover sceneorientationfrom texture deformationin animageit is necessaryo
malke assumptiondyothonthecamerge.g.calibratedprthographicandonthenatureof the
texture (e.g.known, regular, homogeneoussotropic). In this paperwe analyzeone of the
mostbasicassumptions- homaeneity, for the caseof a texturedplanarsurfacein a single,
uncalibratedperspectieimage.The objectveis to remove theperspectie deformationrand
estimatethe orientationof the sceneplane.

Thehomogeneityssumptiorallows only projective notaffine, propertieof theimaged
surfaceto be determined.In particular for a planarsurfaceonly its vanishingline canbe
determined.This is becausdnomogeneityis preseredunderaffine transformationgunlike
isotropicity or compession[1]). For examplea regular squaregrid is transformedby an
affine mappingto a grid of parallelogramsll with the sameshapeandarea,and constant
densityi.e.to anothethomogeneougrid.

In termsof the imaging conditionsperspectie effectsare necessaryotherwisethe ho-
mogeneityassumptiorcontributesno informationon thevanishingdine. If aplaneis viewed
by an affine camera(e.g.scaledorthographyor weak perspectie) thenthe imagedtexture
is homogeneousincethereis anaffine transformatiorbetweertheworld andimageplanes,
andthereis no relevanttexture deformationthatmay be usedto estimatethe vanishingline.

Oncethevanishingline of a planehasbeencomputedhetexture canbe affine rectified.
This affine rectificationis very usefulin mary practicalsituations.For example:in single
view metrologyfor measuringlistance®f pointsfrom planed4]; in obtainingtexturemaps
from imagesfor graphicalmodels[8]; in enablinga probabilisticanalysisof slantedtex-
tures[11, 12]; andfor texture synthesisalgorithmswhich cannot be appliedto projective
textures[5].

In contrasthetextureassumptiorof isotropy (usedby e.g.[2, 17]) allowstheplaneto be
metricrectifiedsuchthatafronto-paralleiview maybegeneratedHowever, thisassumption
is valid for fewer realworld textures,andwe do notinvestigatat furtherhere.

In this paperthe homogeneityassumptiornis “revisited” in thelight of two developments
sincethe work of [7, 11] adecadeago: (i) the projectve geometryof uncalibratedmages;
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Figure 1: Projective distortion: (a) A camerawith centreC) imagesaworld planes parallelto the X -axis.
The planevanishingline 1 is parallelto theimagez-axis. (b) The scenelines L; arethe intersectionof = with
planesparallelto theimageplane andareimagedatl;. Thesetsof lines{L;}, {1}, imagez-axis,cameraX -axis
andvanishingline areparallel. The projectize deformationalongeachimageline 1; is constan{seetext).

(i) the useof the full texture deformation[10], not just the areadeformationof [11]. The
resultis a new methodof estimatingplaneorientationwhich doesnot requiretexelsto be
identifiedasafirst step— a problemthathasplaguedmary previousapproaches.

2 Texture constraints on the vanishingline

In this sectionwe describehebasicgeometryof texture deformatiorandtheinducedwithin
imagemapping.The shaperecovery algorithm,describedn detailin section3, is basedn
theseresults.

2.1 Constraints on the dir ection of the vanishing line

Thekey idealies in thefollowing obsenation:

Result1 In a perspectiveimage of a plang pointson a line parallel to the vanishingline
havethe sameperspectivedistortion.

We first give a simple geometricproof. Supposethe sceneplaner is parallelto the
cameraX -axis(fig. 1a) (this assumptions only to aid visualization).The vanishingline of
the planeis thenparallelto theimagez-axis. Considera setof fronto-parallelsceneplanes
(i.e. planegarallelto theimageplaneof thecamerafig. 1b). Eachof theseplanesntersects
the planer in aline parallelto theimageplane. Consequentlythe perspectie distortion
alongthe imageof this intersectionine is the same(becausointson the world line have
the samedepth). Eachof theseimagelinesis alsoparallelto the imagez-axis andthusto
thevanishingline.

Fromfig. 1 it is evidentthaton the retinal arraythe direction of the imagegradientof
perspectie distortionis perpendiculato the vanishingline. However, a generalcalibra-
tion matrix (e.g.anon-unitaspectatio) appliesan affine transformatiorto theimage. This
transformatiorpreseresparallelism but notorthogonality Thusin ageneraimagethegra-
dientsof perspectiedistortionareparallelto eachother, but theirdirectionis notnecessarily
orthogonato thevanishingline. Thusanimportantspecializatiorof resultl is

Result2 in the caseof an image which has the correct aspectratio (and has not been
skewed)the gradientof perspectiveeffects(correspondingo gradientin depth)is perpen-
dicular to thevanishingline.

The geometricresultsof this sectioncaptureGibsons obsenation [6] that“texture gra-
dientof thegroundis orthogonato thehorizonon theretinalimage” (seefig.2).

We now sketcha moreformal proof for the caseof imagedareas.In particularwe shov
thatthe contour(lines) of imagedareadeformationare parallel to the vanishingline.



vanishing line

distribution
of image
areas

- image points

gradient

gradient vanishing line
a- in theimageplane b - distribution of imageareas
Figure 2: The direction of the gradient of imaged areais orthogonal to the plane vanishing line: (a) The
(synthetic)perspectie imageof a regular squaregrid with vanishingline 1 = (0.005,0.01,1)T. The gradient
vectorof the distribution of the areasof theimagedquadrilateralss orthogonatlto the vanishingline. (b) The 2D

surfaceshawvs the areaof theimagedquadrilateralssa function of imageposition. The gradientof the surfaceis
zeroin thedirectionparallelto thevanishingline.

Proof. Considera perspeciie imageof a sceneplane. Pointson the sceneandimageplane
arerelatedby a homographymatrix H, suchthateachworld point X mapsto a pointx in the
imageasx = HX. Similarly linesaremappedasl = H~ " L. Sincewe areonly interestedn
projective propertiesof theimagethe matrix H maybe chosenwithoutlossof generalityas

1 0 0
H=| 0 1 0 (1)
Lol s

wherel = (13,15,13) T is thevanishingline. This transformatiormapstheline atinfinity of
thesceneplane(0,0,1) " tol.

If aworld region R undegoesarigid translationonthe sceneplane,its imageR; under
goesa more complicatedtransformatioron the imageplane- its shapechangesaccording
to imageposition. In particularthe areaof theimagedregion A, is a function of its im-
agepositionx andthe world-to-imagehomographyi: Az, = f(x,H, Agz). At apointx,
Ag, = Ar|J|, where|J| is the Jacobiarof x = HX atx. It canbe shawvn thatif the third
coordinate®f bothx andl arel then|J| = |H|(1-x)™% = (1-x)73.

Differentiatingthe Jacobiangives the areagradient(%, %) T which is parallelto

(I1,13) . Thusthelevel setconsistof thelines (11,15, d) T which areparallelto thevanish-
ingline (Iy,1s,13) . O

The length of the gradientvector, unlike its direction, is a function of the imagepoint
position. In particularthenormof thegradientis greateifor pointsfartherfrom thevanishing
line.

2.2 Geometry giventhe vanishingline
A first resultthatwe will useis that

Result3 if 1is identifiedin theimage thenthe sceneplanemaybe affinerectifiedusingthe
transformation(1).

Thesignificanceof thisresultis thatthis degreeof rectificationis all thatis requiredin order
to assesfiomogeneityon the (back-projected}ceneplane.



To this point we have consideredhe homographybetweenthe sceneandimageplane.
We now turn to the homographybetweertheimageanditself. If a pattern(e.g.atexel) re-
peatson asceneplaneby atranslatiorthentheimagedpatternis relatedby atransformation
which is conjugateto the world translation.This transformatioris againa homographyand
is known asanelation[14, 15].

Elation. An elationis aplane-to-plan@rojectivetransformatiowhich canbeparametrized
asE = I + uva', wherev is afixedpoint correspondingo thetranslationdirection;a is a
line of fixedpoints,andy is ascalarrelatedto the magnitudeof thetranslation.The point v
is constrainedo lie ontheline a (v - a = 0). An elationhasfour dof: two for theline a, one
for the directionv andonefor theratio p. Thefull transformatiorcanbe computedirom
thecorrespondence’ = Ex of two pairsof points.In this casetheline of fixed pointsis the
vanishingline of theplanel, sothatkE = I + pvl'.

Supposdor the momentthatl is known, thenthe two remainingdegreesof freedomof
the elationmay be computedirom a single point correspondenceln the caseof a regular
texturethen,givenl, onecorrespondencketweertwo texelsdetermineghe transformation
betweerall texelsrelatedby repetitionin the samedirection.

3 Computing the vanishingline

This sectiondescribe®urapproacho estimatingthevanishingline 1 of theimagedtextured
plane.

The methodis dividedinto two main steps:(i) estimatingthe directionof the vanishing
line, and(ii) estimatingts position. Thesestepsstemfrom resultl. In thefirst stepwe search
for the directionof a setof parallellinesin theimagesuchthatthe perspeciie distortionis
thesamealongeachline (thoughdiffers betweerthelines). This determine®neof the two
degreesof freedomof the vanishingline. The secondstepthendetermineghe remaining
degreeof freedom. Thusby employing result1 we decomposehe two-dimensionakearch
for 1 into two one-dimensionasearches.We will considerthe caseof a texture which is
appoximatelyregularly repeating.

3.1 Stepl: estimatingthe dir ection of the vanishingline

We requirea self-similarity measue on theimage. Thenwe candeterminethe directionof
minimumperspectie distortionby finding the directionin which theself-similaritymeasure
is amaximum.

The problemis thusreducedo oneof measuringauto-correlationandherewe employ
normalizedauto-correlatiorior thesimilarity measurgNAC). Note,thatNAC is invariantto
anaffinetransformatiorof theintensities — oI+ 3. Thismeanghatthemeasurés largely
invariantto slowly varyingillumination acrosghe plane,where“slow” is in comparisorto
theregion sizeusedfor the NAC.

Figure 3 shavs an exampleof a perspectiely distortedhomogeneousexture andthe
NAC surfaceobtainedby correlatinga selectedmagepatchwith theentireimage. Thisis a
synthetidmagegeneratedby projectively distortingafronto-paralleimageof arealtextured
fabric. Theregion of theNAC surfacesurroundinghe selectedestpatchis morecorrugated
— higherandsharpempeaks,deepewalleys — thanin otherareas.The region orientationis
horizontalin this casebecausé¢hevanishingline is horizontal.

To quantitatvely measurehis effect we usethe varianceof the NAC values.Therefore,
the direction of the vanishingline can simply be estimatedby detectingthe direction of
thebandfor which maximumvarianceof the NAC valuesoccurs.Thisis aone-dimensional
searctproblem.Therobustnes®f thealgorithmis increasedy repeatinghis searcrseveral
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Figure3: Peaksand valleysin the NAC surface: (a) A perspectie imageof planefabric. The vanishingline
is horizontal. The imagedtexels have approximatelyequalareaparallelto the vanishingline. Note — do not be
distractedby the actualtexture grid createdby the fibres of the cloth but concentrateon the directionin which
the texels maintainthe samesize. (b) Squarepatcheqws , w2, w3, marked in white) of differentsizeshave been
selectedn theimage.(c) The NAC surfacerelatedto oneof the selectegatchegw: ). Noticethehorizontalregion
wherepeaksandvalleys of the NAC surfacearesharper(sharpetight anddark blobs). Two cross-sectionsf the
NAC surfacearealsoplotted: cross-sectionl is taken alonga line parallelto the directionof minimum distortion
(horizontalin this casehroughtheselectegatch,wi ; cross-sectior? is takenalongaline parallelto thedirection
of maximumdistortion (vertical in this case)throughwi. The curve correspondingo cross-sectiorl is quite
corrugatedit hasa greatvarianceof NAC values,alongthewholeline. Cross-sectio, instead has“flatter” tails.
Thepeakin the middle, correspondingo the strip centredon the selectegatch,is ignored.

timesfor differentpatchegositionsandareasandmakinga robustestimatefrom the setof
computeddirections(e.g. by usingthe medianof directions,cf. fig. 4a). The algorithmis
describedn tablel.

Theone-dimensionadearchn point(b) of thealgorithmin table1 maybeimplemented
in differentways. Sincewe wish to find the global maximumof thevarianceof NAC values
asa function of the orientationof the strip, attentionmustbe paid to avoid local maxima
(fig. 4a).

3.2 Step2: estimating the position of the vanishingline

In this sectionwe describehe secondstepof the algorithmto computethe completevanish-
ing line. It is, again,a 1D-searclalgorithm.

1. Repeat

(a) Selectarandomimagepatch(randomcentrex andrandomareaof the squarecorrelationwindow
w) andcomputetherelatedNAC surface;

(b) 1D searctfor thedirectiond correspondingo themaximumvalueof varianceof NAC valuesinside
astrip of fixedwidth, centredon x andwith directioné:

e computean initial valuefor 8 (e.g.by maximizing NAC varianceinside strip over a setof
anglesuniformly sampledn therange[0°, 180°]; cf. fig. 4a);

o refined by non-linearmaximizationof the NAC variance(e.g.Levenbeg-Marquardt).

2. Therequireddirectioncorrespondso the medianof the setof computedangless.

Tablel: Algorithm 1, estimating the dir ection of the vanishing line
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Figure4: (a) Variance of NAC valuesfor rotating strips centred on different test points. Eachof thethree
curnes shavs the behaiour of the varianceof the NAC valuescomputednsidea strip of fixed sizecentredon a
testpointfor directionsvarying from 0° to 180°. ThethreeNAC surfaceshave beencomputedor threedifferent
patchesselectedon the imagein fig. 3a (horizontalvanishingline). The threesurfacescorrespondo the three
patchesnarledin fig. 3b. Theglobalmaximumof eachof thethreecunesis closeto 0° (groundtruth).

(b) Variance of PNAC valuesover entire imagefor translating vanishing line. Eachof thethreecurvesshavs
thebehaiour of thevarianceof thevaluesof thewhole PNAC surfacefor avanishingine with fixedorientationand
distancevaryingfrom —oo to +o00. ThethreePNAC surfaceshave beencomputedor threedifferentpatchesThe
verticalline in the diagramshaws the distancecorrespondingo the groundtruth vanishingline. This representhe
situationof maximumhomogeneityof the affine warpedimage. The global maximumof eachof the threecurves
is closeto the groundtruth position. In both (a) and(b) the cunesalsoshav local maximaandminima.
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Figure5: Computing sizeand shapeof correlation windows from elations: Given animagepoint x1, its
correlationwindow w1 andtheplanevanishingline 1, thecorrelationwindow w» for thepointxs is computedrom
the elationE of axis1 andrelatingx; with x3. The vertex of the elationis the pointv = (x1 X x2) x 1 and

= =llx1 xx2||/[[(1-x1)(v x x2)][.

Having computedhe directionof line 1 the only parametethatremaingto be estimated
is its position (saythe distanceof 1 from the centreof theimage). We will build on result
3,i.e.thatif thevanishingline is identifiedthenthe back-projectedexture canbe computed
and its homogeneityassessedThe ideathenis thatif the planeis correctly rectified the
texture is homogeneou all directions,not just parallel to the vanishingline. Actually
all computationsare carriedout in the image,to avoid samplingproblemsand having to
tessellateo infinity onthesceneplane.

We first describea new, improved measuref similarity betweenary two imagepatch-
es, which accountdor perspectie distortion,andthenshav how to useit to computethe
positionof the vanishingline.

A newsimilarity function: projectivecorrelation. Supposeave wishto measuréhesim-
ilarity betweerntwo pointsonthesceneplanespecifiedby imagepointsx;, xo andanimage
correlationwindow w; aboutx;. If the vanishingline 1 is known an elation betweenthe
two pointsis completelyconstrainecandthereforethe sizeandshapeof the corresponding
correlationwindow w- aboutx, maybecomputedfig. 5).

Oncethe window w» is computedeachpoint inside it can be warpedby the inverse
elationE~! andthe new imagepatchcomparedvith the original (w;) by applyingthe usual
normalizedcross-correlatiorfthis is possiblebecausenow the two patcheshave the same
shapeandsize). This simplemapprovidestherequiredinvarianceto perspectie distortion.
We have effectively defineda more powerful measureof similarity betweentwo patches
whichis invariantto perspeciie distortion. The new similarity functionis termedProjective
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Figure6: Computing the vanishing line, the PNAC surface, rectifying the imageand extracting texels,Ex.

I: (a) Thevanishingline of theimageof the planefabricof fig. 3ahasbeencomputeddy our algorithm(in sect.3.1
and3.2)to be:1 = (5.04 x 10~5,0.0027,1) . Thegroundtruthis: 1 = (0,0.003,1)T. Thetwo ellipsesshav

thesslight differencebetweencomputedandtrue orientationsof the plane.(b) Oncel is known the PNAC imageis

computedor fig. 3awith respecto aselectedestregion. Thepeaksf thePNAC surfacearenow distributed,sharp
anddistinctover the entireimage,no longeronly insidea limited region (comparet with NAC imagein fig. 3c).

(c) Computedexel positions. Almost all the texels have beendetectedcorrectlyin theimageby thresholdinghe
PNAC surfaceandgroupingtogetherthe pointsobtained.(d) Affine rectificationof theimagein fig. 3ais obtained
directly from theknowledgeof 1 (result3). Noticethatthisis affine warpingandthereforeanglesarenot presered

but parallelismof linesis. Thegoodnes®f the estimateof the vanishingline canalsobe assesselly the degreeof

parallelismof thefibresin therectifiedimage.

NAC (PNAC).

Note: this mapalsoprovidesa solutionto the scaleselectionproblemidentifiedby [9,
13 (i.e. the computationof the correctsize of neighbourhoodsf image points suchthat
the datainsidethe neighbourhoodrerepresentatie of the texture characteristics)andthe
featuredetectionproblemidentifiedby [16] (i.e. in orderto detectreliableimagefeaturest
is necessaryo computea setof filters of differentsizesfor eachimageregion). In the case
of vanishingline atinfinity thenPNAC coincideswith NAC.

Assessinga vanishing line. The scoringfunction is basedon the deformationeffect that
thecurrentvanishingline would have ontheimagedtexels. The scoreemployedin this case
is the varianceof the valuesof thewhole PNAC surfacerelatedto a selectedestvanishing
line (cf. fig. 4b). Thishasbeenfoundto beaneffectivemethodof measuringhehomogeneity
of thecorrectedmagewithout explicitly correctingit.

Table2 describeshealgorithmfor computingthe remainingparameteof the vanishing
line. Thealgorithmis analogoudo thatof table1, exceptthatthe one-dimensionaearchis
performedon a distanceparameteratherthananangle.

3.3 Guided matching and texelsextraction

Onceanestimateof thevanishingine hasbeenobtainedarobustguidedmatchingalgorithm
canbeperformedandthetexelsdetectedvertheentireimage.

Given a selectedimage region and the estimatedvanishingline we can computethe
PNAC correlationsurfaceof theselectegatchwith every otherpointin theimage(asearlier
we computedthe NAC surface,seefig. 6b). Sincethe similarity measurebetweenimage
regionsis nolongeraffectedby perspectiedistortionsbut depend®nly ontheworld regions
asimplethresholdingandgroupingalgorithmonthe PNAC surfaceis sufiicientto detectthe
locationof theimagetexels(fig. 6c¢).

MLE estimation of the vanishing line. Oncethe texel positionshave beendetectedn
the projective image,then, by applyingthe homogeneityassumptioraccordingto [11] (i.e.



1. Repeat

(a) Selectarandompatch(x,w) in theimage.

(b) 1D searctof thesecondl.o.f. of thevanishingline (e.g.its signeddistanced from the centreof the
image;its orientationis fixed,computedasin tablel):

e computeaninitial valuefor d (e.g.by maximizingvarianceof entirePNAC surfaceover a sef
of distancedogarithmicallysampledn therange[—oo, +0o0]; cf. fig. 4b);

o refine d by non-linear maximization of the varianceof the whole PNAC surface (e.qg,
Levenbeg-Marquardt).

2. Therequiredvanishingline is the onecorrespondingo the medianof the setof computedlistancesi.

Table2: Algorithm 2, estimating the secondd.o.f. of the vanishing line

homogeneity= constantnumberof texels per unit area)it is possibleto computea ML
Estimateof the planevanishingline 1 basedon texels positionsonly.

Thestatisticatheorydevelopedn [11] is herereinterpretedn termsof projectve geom-
etry; ratherthancomputingslantandtilt of a planewe computeits MLE vanishingline. It is
straightforvardto prove thatin this projective framawvork thelog-likelihoodfunctionof [11]
becomedog L(1) = —nlog(4,) —3 Y i, log [1-x;| wheren is thenumberof texelsin an
imageareaA;; thecorrespondingvorld areais A,, andx; arethelocationsof eachtexel in
theareaA;. Settingthe derivativesof the log-likelihoodfunctionto zeroyields (consistent
with [11]) theresultthatthe MLE of the planevanishingline is obtainedwhenthe centroid
of theback-projectedread,, coincideswith thecentreof massof theback-projectegboints
X;.

4 Examples

In thissectionwe giveresultsfor: (i) thecomputedranishinginel; (ii) theplaneorientation;
(iii) the affine rectifiedimage; and (iv) the detectedexels locations;on a setof example
images. The planeorientationis computedasn = K "1 (whereX is the internalcalibration
matrix,andn is the planenormal)andsorequiresanestimateof K. However, the otherthree
resultsdo notrequirecalibration.

Theimagein fig. 7a hasbeenobtainedby applyinga known purely projective homo-
graphicwarpingto a fronto-parallelimagefrom the setof texturesin the VisTex databask
(the procedureusedfor fig. 3a). This procedureprovidesa groundtruth valuefor the van-
ishing line to which the computedvanishingline is compared.In figure 7b the orientation
ellipseshave beencomputedrom the vanishingline by assuminga simple cameracalibra-
tion; i.e. the principal point at the centreof theimageandnull skew. Figure7d hasbeen
obtainedby applyingour rectificationalgorithmto fig. 7a. Noticein therectifiedimagethe
patternelementshave aboutthe samearea(ratios of areasare affine invariant). The accu-
ragy of the algorithmis demonstratedby the closenes®f the computedand groundtruth
orientationellipses.

Figure8 shavstheresultsof thealgorithmappliedto amuchlessregularplanartexture.
Theimagein fig. 8ahasbeenobtainedby warpinga frontoparallelimage(asin fig. 3a) (the
originalimageis takenfrom a setof Brodatz[3] texture€). Thealgorithmaccuratelyrecov-
erstheorientationof the planeandperformstherectificationdespitethe weakregularitiesof
theoriginal pattern.

Exactlythesameautomaticalgorithmworkswell alsofor very geometridexturepatterns
likethefloorin fig. 9. In thisimagethe“groundtruth” vanishingline hasbeencomputedoy

http://www-white.media.mit.edu/sinod/imaeryVisionTexturevistex.htiml
2http:/iwwwux.his.no/ tranden/brodahtml
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Figure 7: Detecting texels and rectifying projective images, Ex. Il: (a) A perspectie image of a tex-

tured planarsurface. The true vanishingline is 1 = (0.001, —0.0016,1)T. The computedvanishingline is
1 = (0.0005,—0.0013,1)T. (b) Computedand groundtruth orientations. (c) The detectedtexels positions
(marked in black) usingthe computedvanishingline. (d) Image(a) affine rectified. In the rectifiedimageangles
arenot presered but areasare,in factthe basicelementof thecloth patternall have aboutthe samearea.
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Figure8: Detectingtexelsand rectifying projective images,Ex. lll: Detailsasin fig. 7. Thetrue vanishing

lineis1 = (0.000769,0.00123,1) T andthe computedvanishingline is1 = (0.000508, 0.00128249, 1)T.

manuallydefiningandintersectingwo setsof imagesof parallelworld lines[8]. Thesehave
beendefinedby joining up setsof correspondingpointsin thetiles acrosgheimage.

Our algorithmis capableof automaticallycomputinga very good estimateof the true
vanishingline; this is demonstratedby comparisorof the groundtruth and computedori-
entationellipses(fig. 9b) andthe good parallelismof thetile patternin the rectifiedimage
(fig. 9d).

If the assumptiormof homogeneityis not valid then the algorithm may fail alreadyat
its first step,the orientationof the vanishingline. A typical situationwherethe algorithm
wouldshav problemss in dealingwith animageof a brick wall interruptedby windowsand
doors.Theassumptiorof texturehomogeneitys violatedin thelargeby theinterruptionsn
thebrick pattern,andarobustanalysisis required.

5 Conclusionand futur e work

A particularstrengthof the methodsthat we have developedis that, unlike previous algo-
rithms[11, 12], it is notnecessarto explicitly identify texelsasthefirst step. Thealgorithm
hasbeendemonstratefbr casesvheretexelsaredefined,andalsofor textures,suchasfig-
ure 8, which aremore stochastic.Even thoughthe computationof the vanishingline does
not needexplicit detectionof texels, oncethe vanishingline hasbeencomputeda robust
guided-matchinglgorithmbasedn planarprojective transformationsnay be performedo
extractthetexelslocations.

We have setup a frameavork wheredifferentcostfunctionscanbe slottedin, andhave
investigatedne suchcost— the varianceof the PNAC surface. It now remainsto develop
costswhich are bettertunedto stochastidextures. One suchpossibility is to sampleand
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Figure 9: Automatic rectification of slanted textured floors, Ex. IV: (a) Original realimageof a slanted,

horizontaltiled floor. Its groundtruth vanishingline is1 = (0,0.0077, 1)T. Notice the strongillumination
gradientin thisimage. It is crucialthatthe similarity measuresisedin the algorithmareinvariantto this gradient.
(b) Thecomputedvanishinglineis1 = (0.00024, 0.0093, 1)T. Thecomputedbrientationof thefloor is compared
to thegroundtruth. (c) Thedetectedexels;thelocationsof thewhite tiles hasbeendetectedvenin thedarkregion
atthetop. (d) Affine rectificationof (a) by usingthe computedvanishingline. The parallelismof thetile patternis
recovered.Noticethestrongblurring effect on thetop tiles dueto perspectie reductionin imagedsize.

synthesizan the mannerof [5], which is a non-parametrianethodthat doesnot require
learninga texture pdf. A costfunction maythenbe basedon predictionerror betweerthe
synthesize@ndmeasuredexture.

Anotherextensionis to useotherattributesin the MLE. At presenibnly the positionof
thetexelsis used but with the PNAC costfunctionotherattributesshouldbeincluded,such
ascorrelationstrength.
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