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Texture dependert refinemen of multi resolution meshes

Andreas Schilling and Reinhad Klein *

Abstract

Stae of the art multiresolution modelirg allows to se-
lectively refire a coarse meé of an objed on the visually
importart parts In thisway it is possibé to rende the ge-
ometry of a given objed accuately with a minimum num-
ber of triangles The criteria used in current approaches
take care of geometrc error and even of shadirg errors. If
however texture mappirg is usdl it is inevitable to contol
displacemerstand distortiors of the texture during refine-
ments.

In this pape we descrile a new approach for bette es-
timation of the errors dueto displacel and distorted texture
coadinates in simplified meshes This allows for accuate
renderirg of textured scens with a minimumnumbe of tri-
angles.

1 Introduction

Recenty multiresolution modelirg for simplicid ge-
ometrc modek (any dimension non-orientable non-
manifold, non-regular) have gained mass$ve interest Mul-
tiresolution modek (MRMSs) providethe bassto handle vi-
sualiz and transmt over the network and edi very large
datasets[9, 2, 1, 3, 4, 7, 8, 10]. These models provide the
bassfor the geometrt approximatim of an objed with dif-
ferert levels of detail Asagrowing numbe of applications
rely not only on the geomety of the objecs but make also
extengve use of textures the incorporatia of texturesinto
the multiresolution modekbecomesanew challenge Inter-
estingl, this problem has not been addresse by the nume-
ous publicatiors abou medh simplification multiresolution
modelirg and view-dependetselecive refinemenso far.

1.1 TheTextureProblem

In the proces of texture mapping 2D-images are
mappel onto suifacesin 3D. Normally the sufface is trian-
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gulated ard texture coordinats are assigne to ead vertex.
Inthisway triangula partsof theimagearelinearly mapped
onto thetriangles of the model Unfortunatey arbitrary sur-
facesare not developabéand thereforgthe mappirg of 2D-
textures onto the suiface is not isometric this mears that
the associaté affine transformatia is not the sane for all
triangles of the suface If during the simplification process
severd triangleswith differert affine mappingarereplaced
by one triangle (with only one affine mapping erroisain-
evitable see Figure 1. Only if in addition to the geomet-
ric errois also the distortion of the texture is measurd and
controlled texture mappirg on simplified sufaces delivers
reasonatdresults.

1.2 Outlin e of the solution

A measue for the texture distortion in the simplified
med is needed The solution for tha is to use the 3D-
distan@ betwea pointsin the origind mes ard the corre-
spondirg pointsin the simplified mes (the onesthat get the
sane texture coordinateyinsteal of the geometrt distance
like the Hausdoff- distan@ betwea the two meshe [4].
This measue exactly describs how far a textured point is
moved from its origind location when the simplified mesh
isused This measuremerhas to be dore during the gen-
eration of the multiresolution model Later on at rende-
ing time our measue allows us to selecively refine the
modée until the displacemenand distortion of the texture
on the simplified modéd as well as the geometrt errar be-
tween simplified and origind modéd islessthan apredefined
bourd in screa spacee.g half apixel.

In addition the necessit of refinemem depend on the
contens of the texture for pars of the texture where the
color doesnt chang of cour® only the geometr¢ error
matters.

In the reminde of this pape we first briefly review the
principlesof multiresolution modeling Thenwe discusthe
new errar measue and defive a possibé texture-enhanced
multiresolution model.



Figure 1. The icosahed ron on the right side is still a good geometri ¢ approximatio n for the glob e.
The geometri ¢ approximatio n error is about +£350 miles, but the textur e disto rtion gets close to 2000
miles . Close to the equato r the approximatio n of the textur e is stil | relative ly good, but approaching
the pole s the approximatio n errors becom e larger and larger. (Distanc e betwee n two meridian s and

betwee n two parallel s of latitud e is 15 degrees.)

2 Review of multiresolution models
2.1 Generating the multiresolution model

Thegeneratio of aMRM of an objed generaly involves
asequeneof locd simplification operatiors lik e vertex re-
moval, edce collapsetriangle collap or vertex clustering.
The sequene of locd simplification operatiors defines a
sequeneof coarse and coarse approximatios of the orig-
inal mode| the MRM. How this sequeneis generatd de-
pends on the various simplification algorithms In generda
medh simplification algorithm stars with the fineg triangu-
lation in 3D spa& approximatimg the origind model Then
it simplifies the startirg triangulation by clusterirg vertices,
by collapsirg edges or triangles or by removing vertices
fromthe curren triangulation and retriangulatig the result-
ing holes Thisis dore until no further simplification step
can be performed In mary algorithis the orde in which
the simplification stes are performel is determiné by a
priority queue A cog function is evaluatel for eat pos-
sible simplification operation and the one with the lowest
cog is performed In gener&the cod function represents
the errar (geometrt distancé betwee origind and simpli-
fied mesh.

2.2 Selectverefinemert of multi resolution models
If the inverse locd simplification operatiors are known

(e.g vertex split asthe invers of edge collaps operation),
we are able to refine a coarg approximatio of the model

by reversirg the whole simplification process However, if
we wart to perfom only selecive refinemen we have to
find away to skip parts of the inverse simplification process
ard therely change the sequene of refinememoperations.
Of coure this is not arbitrarily possibe (e.g we cannot
split avertex which is not presenin the currert mesh) The
dependencebetwea the differert simplification stegs de-
fine a hierarcly tha can be describé by a directed acyclic
grafh of modification operatiors or the associaté trian-
gles Therefore a genera selecive refinemen algorithm
stars with a crude approximatiom of the modd and checks
for ead triangle if refinemenis needed If yes the algo-
rithm has to take care tha all predecesswperatiors of the
needd refinemen operation have alread been performed.
The next section describs the measue that can be usel to
decice abou the nedl of further refinememof a certan tri-
angle.

3 Texture Distortion and Geometric Errors
3.1 Point to point correspondeneand distortion

For the calculation of the distane betwea correspond-
ing points we assune that texture coordinategs ) are as-
signel to every vertex in the origind mesh Both the origi-
nd and simplified modd arerendere with linear texture co-
ordinak interpolation on the triangles In orde to compute
the errar betwea the triangle in the simplified modé and
the correspondig area in the origind med the foll owing
techniqee is used The triangulation of the origind model



Figur e 2. Mappin g of origina | and simplifie d triangulation s into textur e space. By thes e two mappings
a point-to-poin t relatio n between point s on the origina | mesh and point s on the simplifie d mesh can
be established . This relatio n exactly describe s the disto rtion of the textur e in the simplifie d model
and is therefore used to defin e the error measur e.



defines a correspondig triangulatian in texture space see
Figure 2. Every point in the texture spa@ correspondto

two points one on the simplified and one on the original

mesh The interestirg errar is the geometrt distane vec-
tor betwea those two points The maximum lengh of all

the distane vectors bound the geometrt errar between
the simplified and origind model Thereforeit can be used
during the generatio of the MRM as sorting criterion for

the priority queue Secondy, at renderirg time this error
can be directly converted into ascree spae errar.

3.2 Computation of theerrors

To calculae the maximum lengt of all distane vectors
it is suficient to calculae it for ead triangle A 4;,,,,, Of the
simplified triangulation
[[Msimp(s¢ ) — Morig (s )]l

€A imp THIAX
(s,t)GA’Simp
where M,;,, andM,,;, denoe the mappirg from texture
coordinats onto the simplified ard the oringind meshes,
respedtvely’. Note that this maximum errar can only occur
ontheverticesand edge intersectios of thetrianglesAy, ..
andAj;,,,. Thisleads to the following algorithm First,
all vertices ard all edges in texture spa@ of the original
triangulation that interse¢ with A, are collected With
neighborhodinformation of the origind mesh this can eas-
ily be dore using an actve edge list algorithm In the next
step the intersectio points betwee the collected edgesand
theedgeof A{;,, , arecomputedin thelag step the corre-
spondirg points of theinner vertices and intersectim points
are determin@ using M;y,, and M,,;,. For this purpose,
the barycentr¢ coordinats of thes pointsin texture space

are used.

4 The texture enhanced multiresolution
model

In a simple texture enhancd multiresolution modé it is
suficient to store for ead triangle the distance: o that oc-
curred when in the proces of simplification this triangle
was generated Using this information at extraction time
we can immediatey deciceif agiven triangle of the simpli-
fied triangulation is valid or if further refinemenis needed.
Theonly criterion that hasto be checkeal istha spherswith
radiuse at the vertices of thetriangle projed to the screen
smallg than the allowed screen spae errar of e.g half a
pixel. In this way, the existig MRMs can easily be modi-
fied to do corred renderirg of textured models It is surpris-
ing thatea whichisknown asparametric distane (with the
texture spa@ as parametespacg to our knowledge was not

1Triangles in the texture spa@ are denote with dashes.
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Figure 3. The color deviatio n caused by the
use of the simplifie d model instead of the
origina | model . The deviatio n vecto r tell s that
the color ¢; at screen location P; shoul d be
visibl e at scree n location P,, wherethe wrong
color ¢, appears. Note that the correc t posi-
tion of color ¢; in the image space depends
on the viewin g position.

used until now for this purpo of texture dependetsimpli-
fication.

41 Improvingthe model

However, this simple modd does nat take into account
the texture itself. Homogeneos pars of the texture are
treatal in the same way as detaila parts with high contrast.
For changimy textures (e.g video-extureg this approach
makes sense But in the comman ca® of static textures we
can do bette. The key obsevation is tha even alarge de-
viation of texture coordinate canna be recognize if the
texture color doesnt changein the regardel areaor at least
doesnt changein the direction of the deviation.

How can we find out, if there is a differen@ between
the rendere image of the simplified and the rendere im-
ace of the origind modeP To answe this questia let us
projed the simplified modé onto the scre@ and assune for
the momert tha for ead point of the simplified modé the
three-dimensioraleviation vecta definal by the point-to-
poirt relation abo\e is available The projectiors of these
deviation vectors onto the screa tell us how far and where
the pointswould move if we would use the origind instead
of the simplified mode| see Figure 3. Of course for afast
decision wher to selecively refine the modé at rendering
time we neal a very simple measue for the expectel color
deviations Unfortunatey, it isimpossibéto calculat color



changsindependenfrom the viewing position Therefore,
it is impossibé to store the expectd color deviations al-

read/ in the MRM. Instead a measue is needé tha en-

ables us to calculae thes deviations a renderimg time. In

orde to be fast, this measue mug deliver a single quantity
for eadh triangle of the simplified model.

4.2 Measuring color deviations

A possibe measue could be calculatel from a three-
dimensionaboundirg volume for the geometrt deviation
vectosover atriangle ard atwo-dimensionbboundirg vol-
ume of the color gradiensin the texture space At rendering
time from the projectiors of both of thee boundirg vol-
umes onto scre@ spa@ a worst-cag color deviation could

then be calculated This approab has two disadrantages:

First the cossin memoy and computatiom timeto storeand
combire the two boundirg volumes in scre@ spae are too
high. Secondy, there might be situatiors where the combi-
nation of color gradiert and geometre deviation vecta in

ead point would lead to smal color changesbut asbound-
ing volumes over a triangle are used we only get a worst
ca® estimation where the maximun color gradiens over
a triangle are combinal with the maximun deviation vec-
tors over atriangle which in their turn might correspod to

totally differert locatiors on the triangle.

A bette measue can be developal using the foll owing
obsevation if the geometrt deviation vectors are decom-
posel in atangentihand anormd componeh(with respect
to the simplified triangle) the color change cause by the
tangentihcomponehdo not deperl any more on the view-
ing direction and can thus be calculatel in advane during
the generatio of the MRM. In this ca® insteal of using
the worst-cag combinatiaon of deviation vecta ard color
gradien for the whole triangle the exad resulting color-
deviations at ead point are used We get thes deviations
basicaly by subtractiig an appropriatef warped versian of
the texture from the origind texture To get an estimation
for the totd color deviation, the color deviation cause by
the normd componen of the deviation vecta mug then
simply be added A fad simple bourd for this color de-
viation can be calculatel by multiplying the lengh of the
screa projectian of the normd componehwith the maxi-
mum projectel color gradien over theregion of thetriangle,
enlaged by the possibé projectin of the normd compo-
nent Singe the lengh of this projectian is in gener& un-
boundel (at smal viewing angles with respetto the trian-
gle) this measue makes only seng if the viewing angk is
not smalle than a predefine minimum This can easiy be
checkel at renderirg time. Asthe projectian is unknown at
simplification time, neithe the projectal color gradien nor
the length of the projectel normd componehare known in
advance Thereforewe store only the produd of the length

of the normd componehand the maximum absolué value
of the color gradientin theregardel area Later at rendering
time the actud projectian istaken into account.

43 TheMip-Map-levels

The abowe errar measue allows high geometre devia-
tions even at smal viewing distancs if the texture permits
it (smal color changes)During renderirg time the distance
from which a certan triangle may be see is a priory un-
known ard therefore the Mip-Map level usal to rende the
triangle is also unknown. The problem hereis, tha differ-
en Mip-Map-levels contan differert color differences and
therefore the sane geometre errar can lead to different
color deviations As an example imagire the sard in the
desert Unless we get quite close the sard appeas to have
asingle color in this cas texture distortion canna be rec-
ognized The situaticn changs abruptly when we get close
enoudnh ard the Mip-Map-level changs so tha the single
grairs of the sard can be seen Therefore the erra mea-
sures definad abowe are dependetifrom the Mip-Map-level
and mug be storad for eat Mip-Map-level independenil.

5 Theextraction algorithm

The god of the multiresolution modd isto minimizethe
numbe of polygorstha are sen to the renderimg pipeline,
without affecting the quality of the resultirg image To
achieve this, the multiresolution modé allows the extrac-
tion of selecively refined modek eithe by coarsenig or
refining the currert triangulation The decisim if @) agiven
triangle may remaninthetriangulatian or if b) its surround-
ing area mug be refined further or if c) a coarse triangula-
tion of its surroundiy area is possible is the mog impor-
tart step in this process For an implementatio this can
be reducel to the single questia if a given triangle fulfills
the quality requiremergor not [6]. To answe this question
we have to investigak the characteristis of tha part of the
origind surface tha correspondto the triangle in question.
In thefollowing we call this patt of the origind sufface cor-
respondiig surface for simplicity. The flow diagran of the
algorithm we use for this decisio is shown in Figure 4.

5.1 Handling backfacing surface parts

Thefirst questian in the algorithm isto decice if atrian-
gle A(v;,,vi,, v;,) and its correspondig patt on the orig-
inal surfa@ is on the backsia with respet to the current
viewing position This first step has been describe by sev-
erd authos ([11, 4, 5] to mentia only afew).



Yes

Backside? Do not refine
Projected Triangle Do not refine
Smaller than pixel?

Geometric error Yes Do not refine

smaller than pixel?

Normal component
smaller than pixel?

Tangential color
deviation < threshold

Total color deviation
< threshold

Do not refine Refine Do not refine

Figur e 4. Flow diagram of the extractio n algo-
rithm.

5.2 Controllingthe geometric error

To contrd the geometr¢ errar, the parametre distance
betwea origind and simplified triangulation mug be con-
verted to a scre@ spae erra. Severd approachgto this
problam have been publishel and can alo be usal to con-
vert the parametr distane [11, 4, 5]. If the projectal er-
ror is less than halff a pixel, of cours no further refinement
is needed A further significart reduction would be possi-
ble by avoiding the refinemem outsice of the view frustum.
However, to suppot fag changs of the viewing direction
in VR-applicatiors refinemem outsice the view frustum is
inevitable.

5.3 Controllingthecolor deviation

In contras to previous work, we can avoid refinement
even in cases where the projectel screa spae errar is
large than halff a pixel, if in the resut the color doesn’t
change To ched the color changes we conside the pre-
calculat@ contribution from the tangentib componenfor
the triangle in questio and add the contribution resulting
from the geometricherrar in normd direction multiplied
by the maximum color gradient Becaug of the projec-
tion, the secoml contribution is more complicated There-
fore, we first ched if the normd componehprojecsto a
scre@ lengh smalle than half a pixel, in which ca it can
be neglectad and only the storad tangentiacontribution has
to be checkel (right brand in the flow diagram) In the
othe cae we canna negled the normd contribution. As
describe aboveif the viewing ange with respetto the tri-
angkissmalle than apredefine threshotl (45° arereason-
able) werefine In the othe ca® we use the storad product
of the lengt of the normd componehof the paramet er-
ror and the maximum color gradiert and multiply it with the
cotangenof the viewing angke with respetto the triangle,
see Figure 5. After addition of the storeal color deviation
cause by the tangentia componentwe get a reasonable
bourd for the totd color deviation.

6 Conclusion

This pape deakwith the new ard interestirg problem of
combinirg multiresolution modelirg and texture mapping.
A texture enhancd multiresolution modd is presentegthat
can be usal to dete¢ and avoid texture distortions An im-
proved versia of the modé takesthe contensof thetexture
into accoun ard allows to achieve comparale resuls with
coarse geomety. The presentd resuls can be applied to
various existing types of multiresolution models.
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Figure 5. The product of the lengt h of the nor-
mal componen t and the colo r gradien t has to
be multiplie d with cotan( «) to correct for the
screen projection , as the normal component
e gets shortened with cos(a), and the color
gradien t has to be multiplie d with 1/sin(«).
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