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Abstract

Basedon high-level geometricknowledge, especiallysym-
metry, imposeduponobjectsin images,wedemonstrate in
thispaperhowto edit imagesin termsof correct3-D shape
andrelationshipsof theobjects,withoutexplicitly perform-
ing full 3-D reconstruction.Symmetryis proposedas the
central notationthatuni�es bothconceptuallyandalgorith-
micallyall typesgeometricregularitiessuch asparallelism,
orthoganality, and similarity. The methodsare extremely
simple, accurate, andeasyto implement,and they demon-
stratethepowerof applyingsceneknowledge.
Keywords: vision and sceneunderstanding,high-level
knowledge,structurefrom symmetry, imageediting, 3-D
scenerecovery.

1 Intr oduction

Oneof the centralissuesin computervision is to perform
realistic 3-D reconstructionbasedon imagesof a scene
taken from differentvantagepoints. A commonapproach
to achieve this goal is thestructurefrom motion technique
that involves reconstructionfrom multiple images. This
line of work hasled to the developmentof multiple view
geometry. In classicmultiple view geometry, we usually
do not apply any knowledgeabout the scene. Typically,
only imageprimitivessuchaspoints, lines andplanesare
used,andno knowledgeabouttheir spatialrelationshipsis
assumed.However, recentlymoreandmorework hasun-
veiledtheusefulnessof sceneknowledgein reconstruction
[17, 2, 13, 7]. While varioustypesof sceneknowledgeand
simplifying assumptionscanbe imposeduponphotometry
and shape,it is the geometricknowledge that we will be
focusingon in this paper. Geometricknowledge,suchas
parallelismandorthoganality, prevails in man-madeenvi-
ronment.It providesusefulcuesin retrieving from images
shapesof objectsandspatialrelationshipsbetweenobjects.
As we will demonstratein this paper, if we no longercon-
�ne ourselves to primitive geometricfeaturesbut instead
begin to applyglobalgeometricinformation,it opensmany

new avenuesandpossibilitiessuchasediting imageseven
withoutexplicitly performing3-D reconstruction.

Geometricsceneknowledgesuchasobject shapesand
spatialrelationshipsbetweenobjectsarealwaysrelatedto
sometypes of “regularities.” For object shapes,regular
shapessuchas rectangles,squares,diamonds,andcircles
alwayscaptureour attentionmorethantheothers.For spa-
tial relationshipbetweenobjects,parallelism,orthoganality
andsimilarity arethemostconspicuousones.Interestingly,
all suchregularitiescanbeencompassedunderthenotionof
symmetry. For instance,a rectangularwindow hasonero-
tationalsymmetry(by ������� ) andtwo re�ectivesymmetries;
windowson thesideof awall displaytranslationalsymme-
try; thecornerof a cubeadmitsa rotationalsymmetry, etc.
Therearemany studiesusingsymmetriesin the scenefor
reconstructionpurposes[8, 6, 1, 3, 18, 19, 14, 15, 9].

Recently, a setof algorithmsusingsymmetryfor recon-
structionfrom a single imageor multiple images[7] have
beendeveloped,which leadsto furtherstudieson geomet-
ric segmentation[15], largebaselinematchingand3-D re-
construction[9]. In [15], symmetryinformationhasbeen
appliedfor segmentationpurposes.In eachimage,by iden-
tifying symmetrycells–regionsthatareimagesof symmet-
ric objectssuchasrectangles,3-D informationaboutthese
symmetrycellsareobtained.Theimageis thensegmented
basedon thegeometricinformationsuchascoplanarityand
shapesimilarity of thesymmetrycells. Identi�ed symmetry
cells canalso be usedashigh-level featuresfor matching
purposes[9]. For symmetrycellsfoundin differentimages,
by comparingtheir 3-D shapeandcolor information,fea-
ture matchingis establishedand cameramotion is calcu-
lated. With known cameramotions,3-D reconstructionis
ef�cient andaccurate.Theseareexamplesof utilizing high-
level geometricknowledgein modelingandmotionanaly-
sis. In thispaper, wewill extendthesetechniquesto another
application– photoediting.

Photoediting hasbecomean importantpart in digital
photographyandgraphics. In many casesit is desiredto
edit thephotossuchthat consistentgeometryandperspec-
tiveeffectsareconserved.Examplesof suchactionsinclude
removing unwantedre�ections from a building facadeand
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addinga logo on thegroundfor a football gamescene(wa-
termarks).However, commonphotoeditingsoftwaresuch
asPhotoshopstill lackssuchfunctionswith easyinterfaces.
Currently, thephotosarestill manipulatedatthelevel of im-
ageregions,in whichthepreservationof geometryandper-
spective is usually“achieved” by manualadjustment.With
the symmetry-basedalgorithms,it is possibleto manipu-
late such2-D imageregions in termsof their correct3-D
shapesandrelationships.For instance,whenwe apply the
knowledgethatoneobjectis rectangularin 3-D, its poseand
sizeis automaticallydeterminedfrom its image.Thisopens
many new functionalitiesandapplicationsthat would oth-
erwisebeverydif�cult withoutapplyingsuchsceneknowl-
edge.In this paper, we demonstratea primitivesystemthat
caneasilyandaccuratelyperforma seriesof photoediting
functionsbasedon3-Dshapeandrelationshipwith minimal
amountof manualintervention.
Relation to prior work. The effects of symmetryin 3-
D reconstructionandrecognitionhave beenstudiedexten-
sively. It leadsto the single-view geometryof symmetry.
[11] studiedhow to reconstructa3-D objectusingre�ective
symmetryinducedby a mirror. [4] useda seriesof regular
shapesto reconstructthebuilding structurebasedon high-
level knowledge.[6] studiedre�ective androtationalsym-
metriesunderperspectiveprojection.Somemorerecentap-
plicationsandstudiescanbefoundin [16, 17, 5]. [13, 10, 2]
showedthatothersceneknowledge(e.g.,lengthratio, van-
ishing point, line etc.) alsoallows accuratereconstruction
of 3-D structuralmetricandcameraposefrom images.In
3-D objectandposerecognition,[12] pointedout that the
assumptionof re�ective symmetrycanalsobe usedin the
constructionof projective invariantsand is able to elimi-
natecertainrestrictionson thecorrespondingpoints.These
invariantscanalso be formulatedusing Grassman-Cayley
algebra,aspointedout in [3]. Recently[7] hassystemati-
cally studiedreconstructionfrom symmetry. Its implication
on geometry-basedimagesegmentationandlarge-baseline
featurematchingis givenin [15, 9] As a continuation,this
paperis to show somepossibleapplicationsof applying
symmetryknowledgeaboutthescene.

2 Symmetry-based cell reconstruc-
tion

Here we brie�y introducesometechniquesfor 3-D pose
andshaperecoveryusingsymmetryknowledge.To usethe
symmetry-basedalgorithm,we startfrom imagesthebasic
symmetricobjectscalledsymmetrycells. While thesymme-
try cell canbe imageof any symmetricobject,we just use
oneof thesimplestsymmetricobject–rectangleto illustrate
the reconstructionprocess. Oncea (rectangle)symmetry
cell in a planeis identi�ed, it is thenusedto recover the3-
D poseof the plane. Whenmultiple planesarepresent,a

furtherstepof alignmentis necessaryto obtaintheircorrect
3-D relationships.

2.1 Reconstructionfr om a singleview of one
symmetry cell

First let look at3-D reconstructionof planeposeusingsym-
metry cells. The 3-D reconstructionof symmetricobjects
from a single image has beenthoroughlystudiedin [7].
However, in thecaseof a rectangle,thereconstructionpro-
cesscanbe signi�cantly simpli�ed using the fact that the
two pairsof paralleledgesof therectanglegive riseto two
vanishingpointsin theimage,asshown in Figure1. A van-
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Figure 1: Image formation for a rectangle . �	� and ��


are two vanishing points. � is the inter section of the
diagonal of the four -sided pol ygon and is the image of
the rectangle center .

ishing point ��
�� �	���������������! , expressedin homoge-
neouscoordinates,1 is exactly the directionof the parallel
lines in spacethat generates� . The two vanishingpoints

�
� and ���"�#�! associatedwith the imageof a rectangle

shouldbeperpendicularto eachother:
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In addition, the unit normal vector &

�'�( of rectangle
planecanbe obtainedby &*)

�
�,+

��� , where ) means
equalityup to a scalarfactor.

If we attachan object coordinateframe on the plane
with the frame origin being the centerof the rectangle,
the normal vector of the plane being the � -axis and the
other two axis parallel to the two pairs of edgesof the
rectangle,then our goal is to �nd out the transformation

-

/.102��3546�87:96.<;=4 betweenthe cameraframeandthe
1Homogeneouscoordinatesof an imagepoint can be viewed as the

vectorfrom thecameracenterto theimagepoint in 3-D space.
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objectframe.Here 0 � 7

�

.1;=4 is therotationand 3��"�( 

in thetranslation.Notethat 0 is independentof thechoice
of theobjectframeorigin. In theabsenceof noise,thepose

.<0,� 354 is simply:
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where � �8�! is the (homogeneous)imageof the center
of the rectangleand � ���	� is somescalefactor to be
determined. In the presenceof noise, the so-obtained0

maynotbein 7

�

.<; 4 , andweneedto projectit onto 7

�

.<;=4 .
Theprojectioncanbeobtainedby takingthesingularvalue
decomposition(SVD) of 0 
�

��� � with 
 ��� �

�

.<;=4 .
Thenthe rotationis 0 
�
��2� . To �x thescalein 3 , we
typically choosethe distance� from the cameracenterto
therectangleplaneto be1, whichmeansthat 3#
���� with
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2.2 Alignment of multiple symmetry cells in
oneimage

In practice,we may have multiple rectangularsymmetry
cells in different planes. Using the methodsfrom above
section,we canrecover theposeof eachcell up to a scale.
However, the scalesfor differentcells often are different.
Therefore,we must take a further stepto align the scales.
For example,asshown in the left panelof Figure2, each
plane is recoveredwith the assumptionthat the distance
from the cameracenterto the planeis �




� . However,
if wechoosethereferenceplaneto betheoneonwhichcell

�

� resideswith �

�



� , ourgoalis to �nd thedistancesfrom
thecameracenterto theothertwo planes.Takingtheplane
onwhichcell � � resides,in orderto �nd thedistance�

� , we
canexaminetheintersectionline �

�
� of thetwo planes.The

lengthof �

�
� is recoveredas

�

�

�

�
�

�

in the referenceplane
and

�

�

�
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�
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in thesecondplane.We thenhave therelation-

ship ���
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$� . Sotheposeof thesecondsymmetry

cell is modi�ed as -
� 
�.<0 ����3�� 4&% .<0 �=�'��3�� 4 . Theresults

areshown in theright panelof Figure2.
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Figure 2: Left. Recovered plane poses using symmetr y
cells before alignment. Right. Recovered plane poses
after alignment. Now the axis are all in the same scale .

For planeswithout explicit intersectionline, as long as

line segmentswith samelengthin 3-D spacecanbeidenti-
�ed oneachplane,theaboveschemecanalsobeused.

3 Symmetry-basedplane reconstruc-
tion

In orderto performphotoeditingonthelevelof 3-D objects,
we needto register theseobjects. In this paper, we only
demonstratethisusingplanarobjectwhile oursystemis not
limited to planarobjects. To registera planarobject, �rst
wecharacterizetheposeandlocationof theplaneonwhich
it reside;thenwe cande�ne theobjectfrom the imageand
projectit into 3-D space.

In orderto characterizeaplane,weonly needto know its
pose(normalvector& ) andits distance� to thecameracen-
ter. This canbe accomplishedby introducinga coordinate
frameontheplanesuchthatthe � -axisis thenormalvector.
Thentheposeanddistanceinformationarecontainedin the
transformation-


 .<0,� 354 betweenthis coordinateframe
andthecameraframewith thethird columnof 0 beingthe
normalvector & and 35�

&




� . Apparently, the choice
of suchcoordinatesystemis not uniquesincetheorigin of
theframecanbeanywhereon theplaneandthecoordinate
framecanrotatearoundthe � -axiswith arbitraryangle.The
two components0 and 3 of the transformation- canusu-
ally be determinedseparately. Sincethe pose & is only
relatedto 0 andthe distance� is mainly relatedto 3 , we
candetermine& and � in differentsteps.

3.1 Planeposedetermination

Therearebasicallytwo meansof determining0 andhence
& . The �rst is a direct methodusingsymmetrycells. By
identifying a rectangularsymmetrycell in the planefrom
the imageand applying the methodprovided in previous
section,thetransformation-


�.<0,��354 betweenthecamera
frameand the frameattachedto the cell canbe obtained.
FromSection2.1we know that 0 is a desiredrotationand

& is thethird columnof 0 .
Thesecondmethodis to usethespatialrelationshipbe-

tweenthe planeand other planewith known pose. This
usually occursin the casewhen it is dif�cult to identify
a “good” symmetrycell on the plane or the spatial re-
lationship is compelling and easyto apply. The spatial
relationshipconsideredhereis symmetryrelationshipbe-
tweenplanes;it includesre�ective, translationalandrota-
tional symmetry. The commonlyseenparallelismcan be
viewedaseitherre�ective or translationalsymmetrywhile
orthoganalityis anexampleof rotationalsymmetry. In any
case,therotation 0 of theplaneframecanbeeasilydeter-
minedfrom theknown planehaving symmetryrelationship
with theplanein query.
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3.2 Planedistancedetermination

Knowing & , we only needto solve 3 to obtain � . Here
we discussthreewaysof deciding3 . Notethatany point �

on the 3-D planecanbe chosenastheobjectframeorigin
andhence3 
�� with � � �: beingthe coordinateof

� in the cameraframe. Therefore,if the imageof � is �

in homogeneouscoordinates,3 
 �

� with � � �	� being
thedepthof � . Our �rst methodis to directly determine�

for a point with known 3-D location. If a point with image
� on theintersectionline betweentheplanein queryanda
planewith known poseanddistance,its coordinate� in the
cameraframecanbedeterminedusingtheknowledgeabout
thesecondplane.Then �"
��

�

�

�

���

and 3 
$�

� .
Thesecondmethodis to apply thealignmenttechnique

introducedin previoussectionto obtain � . By identifying
oneline segmentontheplaneof queryandanotherline seg-
menton a known planewith the understandingthat these
two line segmentsareof the samelength in 3-D space,�

canbesolvedusingthealignmenttechniquein Section2.2.
Finally, if noneof the above techniquescanbe applied

but we have someknowledgeaboutthespatialrelationship
betweentheplanein queryandsomeunknown plane(s),we
canusetheseknowledgeto solve 3 . Theusefulknowledge
arealsothesymmetryrelationships.An exampleof re�ec-
tive symmetryis illustratedin Figure3. In any case,if the
symmetrytransformationbetweenthedesiredplaneandthe
known planeis -	� andthetransformationbetweenthecam-
eraframeandtheknown planeframeis -�
 , thenthedesired
transformationis -



-	
 -
�

�

� . Sothekey point is to �nd out
thesymmetrytransformation-

� in 3-D space.For re�ective
symmetry, this meansto identify the re�ective plane. For
translationalsymmetry, this meansto �nd out the transla-
tional vectorin 3-D. And for rotationalsymmetry, we need
to known thelocationof therotationalaxisandtherotation
angle.Theseinformationcanbeobtainedfrom theknown
planes.

3.3 Object registration

Whenplanesarede�ned,objectscanbechosenby selecting
polygonsin theimage.Forany image� of apointin aplane
with pose .<0,� 354 , its depthcanbecalculatedas �




�

�

�

�
�

�

where & is thethenormalof theplaneor thethird column
of the 0 . And thecoordinateof thepoint in 3-D is � 


��� .
Therefore,for any imagepolygon 7 
��

�

�
���������

���
� , the
corresponding3-D object in the planecan be determined
easily.

4 Photoediting

The above techniqueallows us to perform many opera-
tions on images. Most of theseoperationsare relatedto
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Figure 3: Obtain the transf ormation between a plane
coor dinate frame and the camera frame using kno wn re-
�ective symmetr y.

the “copy-and-paste”function. That is, by identifying ob-
jectsin theimage,wecanput themontodifferentlocations,
whichis not limited to asingleimage.Thesymmetry-based
techniquesallow us to perform all suchactionswith our
high-level knowledge.

4.1 Copy-and-pastewithin oneimage

Given a photo, many times we want to overwrite certain
placeswith otherobjectsor images.For example,we may
want to eliminatesomeunwantedocclusionor shadow. Or
we want to “copy” the imageof an object from oneplace
to another. While in commercialphoto editing software
suchas Photoshopwe can do this purely on image, it is
usuallyhardto get thecorrectgeometrydueto perspective
effects. However, with theknowledgeof thesceneandthe
registered3-D objects,correctperspectiveimagecanbeob-
tained.

Thekey point for the“copy-and-paste”is thefollowing:
for agivenimagepoint, �nd theimageof its symmetrycor-
respondence.To do this we needto specifythesymmetry
transformation-�� in 3-D space.For re�ective andtransla-
tional symmetries,this canbe achieved by selectingonly
onepair of symmetricpointson known planes. For rota-
tional symmetry, we needalsoto point out thedirectionof
rotation axis and rotation anglesbesidesthe pair of sym-
metricpoints.For any point � , �rst wecanprojectit to 3-D
spaceas � ; thenperformsymmetrytransformationon it to
obtainits 3-D symmetriccorrespondence-

� .��"4 ; �nally we
canobtainthecorrespondingimageof -

� .�� 4 .
So the “copy-and-paste”operationcanbe performedin

threesteps:

1. De�ne thesourceregion(object)onanknown plane;

2. De�ne the symmetrybetweenthe destiny andsource
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regions;

3. For eachpoint in thedestiny region,�nd its symmetric
correspondingimagepoint.

Herewe show threeexamplesinvolving this “copy-and-
paste”function. As shown in Figure4, we want to recover
theocclusioncausedby the lights, this is accomplishedby
simply “copying” the region above usingthe translational
symmetryof the wall pattern. In Figure5, we want to re-
renderthe region with sunlight shadows, this is doneby
“copying” theregionon theothersideof thewall usingthe
re�ective symmetrybetweenthem. Besidesremoving un-
wantedobjectsor regions,we canalsoaddvirtual objects
usethesametechnique.Figure6 showstheaddedwindows
on both sidesof the walls usingboth translationalandre-
�ecti ve symmetry. The lastdemois anexampleof extend-
ing currentpictures.For example,if we extendthepicture
in Figure 7 to one, our sceneknowledgetells us that the
extensionis just the translationalcopy of part of the wall.
Therefore,by applyingtranslationalsymmetryon the new
regions,we canobtain the result in the right. Figure8

Figure 4: Using multiple translation symmetr y to re-
move the occ lusion caused by lights.

Figure 5: Using re�ective symmetr y to re-render the
areas with shado ws and occ lusion.

is an exampleof applyingmultiple copy-and-pasteactions
basedon re�ective and translationalsymmetryon an out-
doorscene.Thecomplicatedforegroundhasbeensuccess-
fully removed and the window panelswith re�ections of
thetreeshavebeenreplacedby cleanones.This privodesa
goodbasisfor furthergraphicalmanipulationon thebuild-
ing image.

Figure 6: Using translational symmetr y to “cop y-and-
paste” the areas with windo ws onto another blank area
(the bottom row of the right side windo ws is the “cop y”
of the row above it).

Figure 7: Extending the picture to the right using trans-
lational symmetr y (the image is extended to the right by
300 pix els).

4.2 Copy an imagepatch onto another image

Theabove techniquescanalsobeextendedto copy a patch
in aplaneof oneimageontoaplanein anotherimage.This
is doneby aligning correspondingplanesin different im-
ages.Thealigningprocessincludesthreeaspects:

1. Alignment of planeorientations.Aligning planeori-
entationsmeansthatthetwo coordinateframeson the
two planesshouldbealignedin theeveryaxis.

2. Alignment of scales.Aligning scalesmeansthat the
correspondingobjectin thetwo planesshouldhavethe
samesize.This usuallyaffectsthescaleof translation

3 of thesecondplanecoordinateframe.

3. Alignmentof correspondingpoints. Usually onepair
of correspondingpointsareenough.
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Figure 8: Using multiple symmetr y to clear the fore-
ground of the building as well as re�ections of the trees
on the windo w panels.

The above threestepsare for the caseof calibratedcam-
eras.For thecaseof uncalibratedcamera,it is necessaryto
identify all four correspondingverticesof the correspond-
ing rectangleregion. Figure9 is anexampleof “copy-and-
paste”betweentwo calibratedimages. While Figure 10
shows“copy-and-paste”with anuncalibratedpicture.

Finally, Figure 11 shows a comprehensive exampleof
aboveoperations.A longChinesecaligraphystrip is folded
correctly on the two adjacentwalls; and windows on the
left sideare“overwritten”by windowsfrom theright using
re�ectivesymmetry.

4.3 Imagemosaicing

Generatingpanoramaor image mosaicingfrom multiple
imagesis alwaysaninterestingproblemin computergraph-
ics. Traditional approachusually requiresthe imagesare
taken with cameracenter �x ed. However, by applying
knowledgeaboutplanesin the sceneandusingsymmetry
cellsto aligntheplanes,wecanpiecetogetherdifferentim-
agestaken at differentviewpoints. The key point is to use
the correspondingsymmetrycell to align the two images
of thesameplaneusingthealignmentstepsin theprevious

Figure 9: Paste the painting “Creation” on the wall of
in the indoor picture . The calibration inf ormation about
the left bottom painting is kno wn.

Figure 10: Combining the two photos in the left. The
calibration inf ormation about the photo on the left bot-
tom is not availab le.

section. The “byproduct” is to recover the transformation
betweenthetwo cameras.As shown in Figure12, by align-
ing symmetrycell from differentimages,wecanobtainthe
cameramotionandthencombiningthesetwo pictures.

4.4 User interface

The photoediting softwareis part of our effort on a com-
putervision relatedapplicationpackage.For testpurposes,
a userinterfacebasedon Matlabhasbeendeveloped.User
can usemouseto click on the necessarypoints as input.
Thevisualeffect dependspartially on theprecisionof user
input. While it is desiredto have preciseinput, subpixel
precisionis not required.All the resultsshown in this pa-
perarerunningin Matlabona850MHzCPUlaptopwithout
any optimizationof code.Mostof therunningtimeis dueto
therenderingprocess,whichrangesfrom severalsecondsto
lessthanthreeminutesdependingon thesizesof theimage
andpatches.
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Figure 11: A comprehensive example of various opera-
tions on the original image of Figure 2.

5 Discussion

In this paper, we have demonstratedseveral applications
in photo editing by applying high-level knowledge and
using symmetry-basedtechniques. As shown in Figure
11 and Figure 12, the symmetry-basedapproachadmits
a much broaderrangeof applicationsthan traditional ap-
proaches.With thecharacterizationof symmetrycells,we
cangeneratepanoramaswithout �xing cameracenter. With
symmetry-basedmatchingtechniques[9], it is possibleto
build an automaticmatchingand reconstructionsystem.
Thesymmetry-basedapproachdisplaysthepower of high-
level knowledgein motionanalysisandstructurerecovery.

Despite its advantage,applying high-level knowledge
also providesus somenew challenges.First, we needto
know how to effectively representandcomputetheknowl-
edge. This papergives an example of representingthe
knowledgeof theexistenceof rectanglesin 3-D space.The
characterizationof generalsymmetricshapescan be per-
formedsimilarly. Secondly, we needto know how to in-
tegrateresultsobtainedfrom differenttypesof knowledge.
For eachimage,whenthespatialrelationshipsbetweenob-
jectsare taken into account,the objectscan no longerbe
treatedindividually. Thenthereconstructionprocessneeds
to �nd an “optimal” solution that is compatiblewith as-
sumptionson the shapesof individual objectsas well as
their relationships.In Figure2, we dealt this problemby
performingalignmentof thesymmetrycellswith respectto
a referencecell. If moresymmetrycellswereinvolved,we
would have to balancethe alignmentprocessby consider-
ing all adjacentsymmetrycells. Last but not the least,in
the processof incorporatingknowledgein any new appli-
cations,we want to identify which part can be computed
automaticallyby themachineandhow muchmanualinter-
ventionis really needed.For thephotoeditingprocess,we

Figure 12: Joining the two pictures on the top using
corresponding symmetr y cells (in this case windo ws)
on the front side of the building. The mid dle picture is
the bir d view of the reco vered 3-D shape of the two sides
of the building and the camera orientations (the two co-
ordinate frames).

point out the minimal amountof input requiredfrom the
userfor differentactions.In general,suchminimal require-
mentmight notbeuniqueandshouldbetakeninto account
in designinguserinterfaces.

Besidesabove challenges,therearealsomany graphics
problemsto be solved in the future for this photoediting
system.For example,somegraphicalartifactsarisein the
processof “copy-and-paste.” Although traditional image
processingtechniquescanbeapplied,it is alsopossibleto
processtheimageby incorporatingthecorrect3-D geome-
try. For instance,attheboundarybetweenthecopiedregion
andtheoriginal region, it is betterto �lter (blur) alongthe
direction of the vanishingpoint. Other problemssuchas
how to combineresultsfrom multiple symmetrycuesare
alsoanon-goingresearchtopic.
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