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Figurel: GeometrysynthesisThegeometryin thelargeimagess synthesizedrom the examplegeometryshavn in the smallerimages.

Intro duction

Geometrysynthesisrelatesto geometrymodelingmuch like tex-
ture synthesigelatesto texture modeling. Texturescanbe created
by hand,generategrocedurally or synthesizedrom existing tex-
tures. Likewise, geometrycan be modeledby hand,and speci ¢
typesof geometrycanbe generategrocedurally However, there
arecurrentlynotechniqueso generatggeometryby example
Inspired by texture synthesistechniques,such as the one by
[Liang et al. 2001], we presenta methodfor geometrysynthesis.
Givenanexampleof inputgeometrywe synthesizenew outputge-
ometrythatis percevedto besimilarto theinputgeometry

Geometry Synthesis

We useregularly sampleddistanceelds asanintermediategeom-
etry representationAfter computingthedistanceeld of theinput
geometry which we call the source,we createthe target distance
eld thatwill holdthe synthesizedesult. It is seededvith random
sampledrom the source.Then,the bestmatchingsourceblock for
acornerblockin thetargetis located,andcopiedfrom thesourceto
thetarget. A next block in the tamgetthat overlapsan alreadysyn-
thesizedareais selectedandagain its bestmatchis copiedto the
target. Thisis repeatedintil thetargetis completelysynthesized.

To enforcesimilarity on a larger scale we apply this procedure
iteratively; the sourceis repeatedlysubsampledandthe rst itera-
tion worksonthelowestresolutionversionof thesource Thetarget
is seededvith randomsampledrom the sourceonly for the rst it-
eration. For next iterations,the taigetis seededvith the resultof
thepreviousiteration.

Whencopying a block from the sourceto the target, we output
thecorrespondingeometry Becausaét is unlikely thatthegeome-
try correspondingvith two neighboringblocksin thetamgetwill t
exactly, we smooththe outputgeometryusingmeshrelaxation.

Geometry Matching

Matchinggeometryusingdistanceelds, anessentiabperationin
our algorithm, is handledby the geometrymatchingalgorithm.
Given a block of distance eld samples,the geometrymatching
algorithm nds the mostsimilar block in the distanceeld of the
inputgeometry To this end,we rst organizea hierarchicalrepre-
sentationof the distanceeld in a searchtree,andthenemploy a
treesearchalgorithmto locatethe bestmatchfor the queryblock.
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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 Gaussianmagepyramids).Eachlevel in theblock pyramid
of eachblockthenbecomes nodein the searchree.Finally, iden-
tical nodesin thetreearecombined.

We de ne asimilarity measuréetweercorrespondindevels of
block pyramids,for which the following two propertieshold: rst,
whencomparingthe levels of two block pyramidsat subsequently
increasingresolution,their similarity decreasesSecond a lower
boundfor the similarity betweercorrespondindevels of two block
pyramidscanbeobtainedrom theirsimilarity atalowerresolution.

Ourtreesearchalgorithm,inspiredby the A? algorithm,exploits
both properties.We have veri ed experimentallythatit is threeto
four ordersof magnitudefasterthana linear search. Matchinga
block of size32% in a 256° distanceeld takesroughly 10 seconds
(on a2 GHz desktopPC). This correspondso a nearesneighbor
queryin a 322 = 32768dimensionalspacewith about11 million
candidatepoints. A simplebruteforcelinearsearchwould take ap-
proximately12 hours. Our geometrymatchingalgorithmis very
fast, consideringthat thereare no generalpurpose(even approx-
imate) nearesneighboralgorithmsthat can handlesearchspaces
with a dimensionlarger thanabout30 muchmoreefciently than
alinearsearch.Becausef our fastgeometrymatchingalgorithm,
geometrysynthesidbecomegomputationallyfeasible.

Conclusion

Figure1l shavs somegeometrysynthesigesults.Our techniques
ableto mimic theappearancef theinput geometryandsynthesize
similar outputgeometry

Future work will concentrateon specializedgeometryrecon-
structionoperatorsextendingour technigueto geometrysynthesis
over surfacesof arbitrarytopology and extendingapplicationsof
texture synthesigo similar applicationsoperatingon geometry
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