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We are concernedwith texture-mappingrecovered geometry
with photographs.Thephotographsoverlap,andtypically a point
in thegeometryis coveredby multiple photographs.Thegeometry
is representedasa triangularmeshwhich mayberecoveredeither
from photographsor from laserrangedata.Fromphotographsthat
have beenalignedwith thegeometry, we wish to manufacturespe-
cializedtexturemaps,imagesbrokenupinto triangularpatches(see
Color Plate1). Thenaive approachwouldallocatea �x edsizedtri-
anglein the texture mapfor eachtriangle in the mesh. However
this would bevery costly, both in termsof memoryandrendering
speed.In thisabstract,wesuggesttwo waysof reducingthenumber
of texturemaps.
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Figure1: Texture Map Synthesis Assume3D triangleT is cov-
eredby two photographsP andQ. Weallocatea triangulartexture
patchin texturemapimageM correspondingto T , andpopulateit
with aweightedaverageof theprojectedareasof T in photographs
P andQ.

Our standardtexture mapcreationschemeis asfollows. Since
eachtrianglein a meshmay be coveredby multiple photographs,
we actually synthesizeone texture patch(a triangularshapedre-
gion)for eachtriangleto removetheredundancy. Thistexturepatch
is an appropriatelyweightedaverageof the projectedareasof the
triangle in all photographs(Fig.1). We usethe schemein [1] to
placethesynthetictriangulartexturepatchesinto texturemaps,and
thereforeobtaintexturecoordinates.Thesizeof eachtriangulartex-
turepatchis determinedby themaximumnumberof pixelsmapped
ontoit from any image.Thus,all elsebeingequal,biggertriangles
in themeshwill beallocateda biggerpatch.

We run into problemswith this approach,becauseit generates
too many andtoo big triangles. Graphicshardwarehasa limited
amountof texturememory(2MByte onourSGIO2 machine,forc-
ing the maximumsizeof the texturemapimageto be 1024x512).
If wecannotpackall textureinformationinto thatamountof space,
we have to composemultiple texturemapsandswaptexturemem-
ory multiple times for eachframe. Swappingtexture memoryis
quiteexpensive (ourSGIO2 needs0.04secondto loada1024x512
image).

Texture Patch Resizing
Onewaythattheabovetexturepatchallocationmethodis waste-

ful is that it pickssizesfor texturepatcheswithout consideringthe
amountof variationin the photographs.However, we needfewer
texturemapimagepixels(texels)to representsmoothareasthanto
encodehighly varying regions. By usingan informationmeasure

on the image,we canbetterdecidethe sizeof eachtexturepatch.
We usethe responseof an edgedetectionoperator(the derivative
of the Gaussian)as our information measure,and apply it to all
originalphotographs.For eachtexturepatch,we usethemaximum
responseatits correspondingpixelsin thephotographsto determine
thenumberof texelsit actuallyneedsto keeptheoriginalcolorvari-
ationsonthetriangle.Thussmoothregionswheretheoperatordoes
not respond,areallocatedfew texels.

Texture Patch Clustering
Additional savings canbe achieved by reusingtexture patches

for multiple3D triangles,whenthetextureover thesetriangleslook
similar. For example,if thewalls in a roomareall white, it is pos-
sible to representtheshadingvariationson the walls with a small
numberof texture patcheseven if the numberof trianglesfor the
walls is quitelarge.Thisrequiresthatweclusterthetexturepatches
from theprevioussectionandsetthesametexturecoordinatesto all
trianglesin thesamecluster.

We �rst quantizethe edgelength(numberof texels alongeach
edge)of every texturepatchto bea power of 2, suchas2, 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
theedgesharedby two 3D trianglesmayberatherobvious.Weuse
a largerpenaltyfor differenceon edgetexelsto alleviatethis effect
duringK-meanclustering.Givenanerrortolerance,weneedto run
a binary searchto �nd the minimum numberof clustersthat can
achieve thaterror. Thisprocessis quitetime-consumingsinceeach
stepof thebinarysearchneedsto run theK-meanalgorithmwhose
complexity is O(nmd) wheren is thenumberof initial vectors,m
is thenumberof clusters,andd is thedimensionalityof eachvector.
This complexity becomesO(n2d) whenm is a largefractionof n.
Wefoundoutthatatwo-level schemecanoptimizetheperformance
by �rst groupingthe n vectorsinto

p
n clustersandthenrunning

thebinarysearchon thevectorsbelongingto eachclusterwhich in
turnsplitsinto multiple clusters.

We have appliedour texturemapsynthesisandtexturepatchre-
sizing techniquesto 45 high resolutionimagesof a large interior
sceneandobtained20 1024by 512 texture maps. Thenwe used
ourtexturepatchclusteringalgorithmonthe20texturemapsto ob-
tain 5 new texturemaps.Theaverageerror tolerancewassetto 9
(of 256) intensitylevelsperpixel percolor channel.Theresulting
compressedtexturemapscanstill achieve goodvisualquality with
acompressionratio of 4 (seeColor Plate2 ).
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Plate1. An exampleof synthesizedtexturemappackedwith triangulartexturepatches
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Plate 2. A comparison (a)-(b)Two syntheticimagesof a realroomrenderedwith theoriginal setof 20 texturemaps;(c)-(d) two synthetic
imagesrenderedfrom thesameviewpointswith thecompressedsetof 5 texturemaps.Thetwo pairsof imageslook similar.


