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We are concernedwith texture-mappingrecorered geometry
with photographsThe photograph®verlap,andtypically a point
in thegeometryis coveredby multiple photographsThe geometry
is representedsa triangularmeshwhich may be recoveredeither
from photograph®r from laserrangedata. Fromphotographshat
have beenalignedwith the geometrywe wish to manufcturespe-
cializedtexturemaps,jmagesbrokenupinto triangularpatchegsee
Color Platel). Thenaive approactwould allocatea x edsizedtri-
anglein the texture mapfor eachtrianglein the mesh. However
this would be very costly bothin termsof memoryandrendering
speedln thisabstractywe suggestwo waysof reducinghenumber
of texturemaps.
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Figurel: Texture Map Synthesis Assume3D triangleT is cov-
eredby two photograph$® andQ. We allocatea triangulartexture
patchin texture mapimageM correspondingo T, andpopulateit
with aweightedaverageof the projectedareaf T in photographs
P andQ.

Our standardexture map creationschemes asfollows. Since
eachtrianglein a meshmay be coveredby multiple photographs,
we actually synthesizeone texture patch (a triangularshapedre-
gion)for eachtriangleto remove theredundang. Thistexturepatch
is an appropriatelyweightedaverageof the projectedareasof the
trianglein all photographs(Figl). We usethe schemen [1] to
placethesynthetictriangulartexture patchesnto texturemaps and
thereforeobtaintexturecoordinatesThesizeof eachtriangulartex-
turepatchis determinedy themaximumnumberof pixelsmapped
ontoit from ary image.Thus,all elsebeingequal,biggertriangles
in themeshwill beallocateda biggerpatch.

We run into problemswith this approachpecauset generates
too mary andtoo big triangles. Graphicshardware hasa limited
amountof texture memory(2MByte on our SGI O, machineforc-
ing the maximumsize of the texture mapimageto be 1024x512).
If we cannotpackall textureinformationinto thatamountof space,
we have to composeanultiple texture mapsandswaptexture mem-
ory multiple timesfor eachframe. Swappingtexture memoryis
quiteexpensve (our SGI O, need9.04secondo loada1024x512
image).

Texture Patch Resizing

Oneway thattheabove texturepatchallocationmethodis waste-
ful is thatit pickssizesfor texture patcheswithout consideringhe
amountof variationin the photographs.However, we needfewer
texture mapimagepixels (texels)to represensmoothareaghanto
encodehighly varying regions. By usingan information measure

on theimage,we canbetterdecidethe size of eachtexture patch.
We usethe responsef an edgedetectionoperator(the derivative
of the Gaussian)as our information measureand apply it to all
original photographsFor eachtexture patch,we usethe maximum
responsatits correspondingixelsin thephotographso determine
thenumberof texelsit actuallyneedgo keeptheoriginal colorvari-
ationsonthetriangle. Thussmoothregionswheretheoperatodoes
notrespondareallocatedfew texels.

Texture Patch Clustering

Additional savings canbe achieszed by reusingtexture patches
for multiple 3D triangles whenthetextureover thesetriangledook
similar. For example,if thewallsin aroomareall white, it is pos-
sible to representhe shadingvariationson the walls with a small
numberof texture patchesevenif the numberof trianglesfor the
wallsis quitelarge. Thisrequireghatwe clusterthetexture patches
from theprevioussectionandsetthe sametexturecoordinateso all
trianglesin the samecluster

We rst quantizethe edgelength(numbeiof texels alongeach
edge)of every texture patchto bea power of 2, suchas?2, 4, 8, 16
and32. ThenusetheK-meanalgorithm(Lloyd algorithm)in vector
quantization [2] to clusterall the texture patcheswith the same
size. Becauseof Mach Bandeffect, slight color differencealong
theedgesharedy two 3D trianglesmayberatherobvious. We use
alargerpenaltyfor differenceon edgetexelsto alleviatethis effect
duringK-meanclustering.Givenanerrortolerancewe needto run
a binary searchto nd the minimum numberof clustersthat can
achieve thaterror. This processs quitetime-consuminginceeach
stepof the binarysearchmeeddo runthe K-meanalgorithmwhose
compleity is O(nmd) wheren is thenumberof initial vectorsm
isthenumberof clustersandd is thedimensionalityof eachvector
This compleity become®(n?d) whenm is alargefractionof n.
Wefoundoutthatatwo-level schem&anoptimizetheperformance
by rst groupingthe n vectorsinto © n clustersandthenrunning
thebinary searcton thevectorsbelongingto eachclusterwhichin
turn splitsinto multiple clusters.

We have appliedour texture mapsynthesisaandtexture patchre-
sizing techniquego 45 high resolutionimagesof a large interior
sceneand obtained20 1024 by 512 texture maps. Thenwe used
our texture patchclusteringalgorithmon the 20 texture mapsto ob-
tain 5 new texture maps. The averageerrortolerancewassetto 9
(of 256) intensitylevels per pixel per color channel. Theresulting
compressetexture mapscanstill achiere goodvisual quality with
acompressiomatio of 4 (seeColor Plate2 ).
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Plate 1. An exampleof synthesizedexture mappacledwith triangulartexture patches
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Plate 2. A comparison (a)-(b) Two syntheticimagesof arealroomrenderedvith the original setof 20 texture maps;(c)-(d) two synthetic
imagesrenderedrom the sameviewpointswith the compressedetof 5 texturemaps.Thetwo pairsof imagedook similar.



