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LOTSOF DIFFERENTAPPROACHES. ..




TEXTUREDATALIVING ON SURFACEIS

APtexand Mesh Colors
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TEXTUREDATALIVING ON SURFACEIS

AFilm uses texture data directly on surfaces
AMuch easier to model!
AGet all the rendering benefits too

APtexwidely (sometimes exclusively) used
AMesh Colors has also been used in production



Every model has a list of patches, each
with its own separate texture.

Ptex Mesh Colors



Ptex Mesh Colors



MESHCOLORDR PTEX. . ..|IN REAITIME
APessibie fMoDonald201 3Nfikses al. 2d1d,® H n mn 6

AStill lesspracticalttharn 2Ddextures due t0\SW
(or SWHHWimiplementation:
ASaftwarei israch-slower tthanhhatdware!
AComplicated do: emlulaté | filtering functionality
Almplementation! limitations



MESHCOLORTEXTURES YUKSEI2017]

Almplements\Mesit Golors using standard 2D textures
A Almostas fast as 2D textures fomsimple:filiering
A Added:shadercomplexity
A Gomplicatedrimplementation
A Anisotrapicffilteringproblematic

AWhat iif the rrequired W changes ito implement-directly were lsmall?



OUR CONTRIBUTION

AWe show: that implementing/Mesh Colars ensexisting GPusiwould
require mmimal-HWW ichanges

Aoty GuNB pR: dz@ Surebi rkdlke {b @Ko n 1 tRl sEsiwdit i ake s M& L
required HHWLchanges iminor!

Can leverage existing storage!
Can leverage existing filtering HW!

Edgecrossing unnecessary
Similar performance expected




PATCH TEXTURES

|

Il Unlike in Mesh Colors, in &

o iala

Patch Texture, edge and

corner data is duplicated,

not shared with neighbors.
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Set of Patch Textures

Standard 2D Texture



PATCH T EXTURES

Standard 2D Texture

Individual Patch Texture
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Set of Patch Textures



PATCH TEXTURES

No restriction on resolution is
Imposed, but if 2+1 on a side,
Smooth filtering between
neighbors is possible.

Individual Patch Texture



PATCH T EXTURES

(u,v) and(s,) coordinates in a patch texture



PATCH T EXTURES
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2D Texturgu,v) and(®)tand (s,t) coordinates in a patBlatextlegturéu,v) and (s,i)



PATCH T EXTURESTORAGE
AVery similar 4o 'standard 2D textures



PATCGH TEXTURESTORAGH MIPNMARS
AVery similar 4o 'standard 2D textures

AMost GRUJststare ine.gx=4 tiles
Alf meshttextures are"1 @n=assidecrequires: padding



PATCH TEXTURESTORAGH MIPMARS$

Power-of-two 2D

textures fit nicely In
memory

Standard 2D texture



PATCH TEXTURESTORAGH MIPMAPRS$

2"+1 patch textures require
padding (a few %)

Patch texture



PATCH TEXTURESTORAGH T RIANGULAAPATCHES

Qm - - e ey ATriangulampatchdexturescdoonot-map
: nicelyito2D:storage

NN csic space”

) I ANot necessarjly arproblem

® o o o AQuaddominantrmesheststandard

¢ o 0o o N . A Patchttextures typidallyrsmall

® © 0 0 o o
: AClevenworkaroundsxexist (though

T O 5 requiire rmore-HW ichanges)

® 6 06 0 0 0o o o .

o0 -0 -0 -0 -0 -0 -0 b



PATCH TEXTURESTORAGH TRIANGULARPATCHE$




RESTORAGH TRIANGULARPATCHE$

lteri ' ues outsio
Extra defined texels




HLTERING(QUADRILATERAPATCHE$

AEXactly the samesasfon 2B textures!

AG9eEtQSdaliit neddShe R 2-tgx@ Shifty6fR B dextuie &i@s )& (8 F
conversion).)

2D Texture Quad Patch Texture



HLTERING( TRIANGULARPATCHES

ATriangutarmpatchessuse barycentricfiltering

AMany possibte ways-totweak«existing:logictsotthatit
implementithis

AMostly, jjustpass 0risnsome:placdes«see<paper)



ANISOTROPIEL

NG

ASameoprocesssasifon 2B textures

AHowever weernaw have the ehance
to detect patchbboundaries!



RING(PATCH BOUNDARIES

ANISOTROPIEILT

What to do about outof-
patch samples?
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RING(PATCH BOUNDARIES

ANISOTROPIEILT

—

GwA IKGE ta-KA
o | verse to neighbor patch

This is expensive
(an indirection)
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ANISOTROPIEIL

ING(PATCH BOUNDARIES

Clamping the points to
the edge changes the
filter shape.




RING(PATCH BOUNDARIES

ANISOTROPIEGILT

Clipping the filter is a
simple alternative.
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ANISOTROPIEIL

If multisampling is used, the oi3creen
B result can be similar to the correct filter
(see [Yukselet al. 2010], [Toth 2013])




ANISOTFROPIELTERINGCOMPARISON

AAny approachsiscacceptable
A None oftthermethadsaeveahtheledges

A Groundttruthrnot-expected without edgerossing

AThisiisbecauseonaotifiltering ractass edges, tikein-2Dtextures



ANISOTROPIELTERINGCOMPARISON

Patch Edges Ground Truth




ANISOTROPIELTERINGCOMPARISON

Patch Edges Clamped




ANISOTROPIELTERINGCOMPARISON

Patch Edges




ANISOTROPIELTERINGCOMPARISON

Patch Edges Ground Truth




ANISOTROPIELTERINGCOMPARISON

Patch Edges Clamped+MSAA




ANISOTROPIELTERINGCOMPARISON

Patch Edges Clipped+MSAA




PROOFOF CONCEPT
Almplemented:alk algorithms) in [GRbhrenderer



PROOF OF CONCEPT

ALIEN



CONCILYSION

Almplementing\MesIt Colors requires|onlynminimal ichangesitoi exis
GRU hardware

ATakeawayfovendors goimplementiitalready
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https://geometrian.com/data/research/patchtex/HPG2019_PatchTexturesHardwareImplementationOfMeshColors.pdf

WHY IS IT HARDERWITH PTEX?

APtexand MeshcColarsdvavei minordheoretical differences (t
are dualsof:eaciother), hutithis/teadstoi significantidifficult
in-practice.

AMain pralilemiis that edgerossingdsequiredfor conrect
filtering iim Ptex



---1--------r-------ﬁ--------l

| --------J--------L-------J--------l
Il = . --------1--------r-------ﬁ--------l

/

required for correct bilinear

filter near edge.

Data from neighbor
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WHY IS IT HARDERWITH PTEX?



WHY IS IT HARDERWITH PTEX?
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Unclear how to correctly filter here.
Different solutions, all involving
edgecrossing. This means
substantial HW changes!
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Duplicating edge data avoids
crossing, but is inconsistent.
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HLTERING(QUADRILATERAPATCHE$




HLTERING( TRIANGULARPATCHE$



