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Figure1: Geometrysynthesis.Thegeometryin thelargeimagesis synthesizedfrom theexamplegeometryshown in thesmallerimages.

Intro duction
Geometrysynthesisrelatesto geometrymodelingmuch like tex-
turesynthesisrelatesto texturemodeling.Texturescanbecreated
by hand,generatedprocedurally, or synthesizedfrom existing tex-
tures. Likewise, geometrycanbe modeledby hand,andspeci�c
typesof geometrycanbe generatedprocedurally. However, there
arecurrentlyno techniquesto generategeometrybyexample.

Inspired by texture synthesistechniques,such as the one by
[Liang et al. 2001], we presenta methodfor geometrysynthesis.
Givenanexampleof inputgeometry, wesynthesizenew outputge-
ometrythatis perceivedto besimilar to theinputgeometry.

Geometry Synthesis
We useregularly sampleddistance�elds asanintermediategeom-
etry representation.After computingthedistance�eld of theinput
geometry, which we call the source,we createthe target distance
�eld thatwill hold thesynthesizedresult. It is seededwith random
samplesfrom thesource.Then,thebestmatchingsourceblock for
acornerblockin thetargetis located,andcopiedfrom thesourceto
the target. A next block in the target thatoverlapsanalreadysyn-
thesizedareais selected,andagain its bestmatchis copiedto the
target.This is repeateduntil thetargetis completelysynthesized.

To enforcesimilarity on a largerscale,we apply this procedure
iteratively; thesourceis repeatedlysubsampled,andthe�rst itera-
tion worksonthelowestresolutionversionof thesource.Thetarget
is seededwith randomsamplesfrom thesourceonly for the�rst it-
eration. For next iterations,the target is seededwith the resultof
thepreviousiteration.

Whencopying a block from thesourceto the target,we output
thecorrespondinggeometry. Becauseit is unlikely thatthegeome-
try correspondingwith two neighboringblocksin thetargetwill �t
exactly, wesmooththeoutputgeometryusingmeshrelaxation.

Geometry Matching
Matchinggeometryusingdistance�elds, anessentialoperationin
our algorithm, is handledby the geometrymatchingalgorithm.
Given a block of distance�eld samples,the geometrymatching
algorithm�nds the mostsimilar block in the distance�eld of the
input geometry. To this end,we �rst organizea hierarchicalrepre-
sentationof the distance�eld in a searchtree,andthenemploy a
treesearchalgorithmto locatethebestmatchfor thequeryblock.
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To constructthe searchtree,we �rst choosea block size. We
thenconsiderall possible(thusalsooverlapping)blocksin thedis-
tance�eld. For eachof theseblocks,we build a completeblock
pyramid by averaging(this bearssomesimilarity to the construc-
tion of Gaussianimagepyramids).Eachlevel in theblockpyramid
of eachblock thenbecomesanodein thesearchtree.Finally, iden-
tical nodesin thetreearecombined.

We de�ne a similarity measurebetweencorrespondinglevelsof
block pyramids,for which thefollowing two propertieshold: �rst,
whencomparingthe levelsof two block pyramidsat subsequently
increasingresolution,their similarity decreases.Second,a lower
boundfor thesimilarity betweencorrespondinglevelsof two block
pyramidscanbeobtainedfrom theirsimilarity atalowerresolution.

Our treesearchalgorithm,inspiredby theA? algorithm,exploits
bothproperties.We have veri�ed experimentallythat it is threeto
four ordersof magnitudefasterthana linear search. Matchinga
block of size323 in a 2563 distance�eld takesroughly10 seconds
(on a 2 GHz desktopPC).This correspondsto a nearestneighbor
query in a 323 = 32768dimensionalspacewith about11 million
candidatepoints.A simplebruteforcelinearsearchwould takeap-
proximately12 hours. Our geometrymatchingalgorithmis very
fast, consideringthat thereareno generalpurpose(even approx-
imate)nearestneighboralgorithmsthat canhandlesearchspaces
with a dimensionlarger thanabout30 muchmoreef�ciently than
a linearsearch.Becauseof our fastgeometrymatchingalgorithm,
geometrysynthesisbecomescomputationallyfeasible.

Conclusion
Figure1 shows somegeometrysynthesisresults.Our techniqueis
ableto mimic theappearanceof theinput geometryandsynthesize
similaroutputgeometry.

Future work will concentrateon specializedgeometryrecon-
structionoperators,extendingour techniqueto geometrysynthesis
over surfacesof arbitrarytopology, andextendingapplicationsof
texturesynthesisto similarapplicationsoperatingongeometry.
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