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Abstract

We are investigating methods for simplifying large
geometrical models for interactive walkthroughs using
texture-based representations. This paper presents a
simplification methodwhich dynamically “caches” distant
geometryinto texturesand tradesoff accuraterenderingof
the distant geometryfor performance.Smooth transitions
and continuous borders are defined betweeig#enetryand
texturesthus the representationgan be switched without
suddenjumps (as is the casewith many current texturing
techniques). All theeomputationdor the transitionscan be
donea priori without the needto changethe textureseach
frame thereatfter.
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M otivation

Geometricmodelshave becomevery large and difficult
to renderat interactiverates.As a result, many algorithms
have beendevelopedto simplify models until they are
(hopefully) smallenoughto be renderedhat interactiverates.
Two popularapproachegre visibility culling and level-of-
detail managementVisibility culling algorithms determine
which subsetof the model is visible and only renderthat
portion of the geometry [1][2]. Unfortunately, these
algorithms do not work well when mamyimitives are still
visible. For example,complexrooms, usedin architectural
walkthroughs,have a large amount of visual complexity
that must be rendered. Level-of-detail (LOD) algorithms
[3][4], which typically require manual interaction for

generating the multiple LODs, cannot easily simplify scenes

with a large number of visible objects.

A relatively new simplification approach is to
dynamicallyrepresengeometriccomplexity using textures
[5]. Textureshavethe advantageof taking constanttime to
renderregardlesof the complexity of the portion of the
modelthey representWe areinvestigatinghow to createa
system that rendersthe nearby subsetof a model as

geometry and the distant, but visible, subset of a model with
a texture-based representation. As the viewpoint changes, the

systemdynamicallychangeghe geometryinto texturesor
the textures back into geometry. Preliminaggultsindicate
that representing the distant geometry with textpreduces
an adequateimage quality for architectural walkthrough
applications. The error introducedis proportionalto the
distance from the original textusamplepoint. The system

can bound the error by resampling the texture as needed.

We encountered two maj@roblemsin developingthis

causesthe image displayedby the textureto be incorrect
(unless image warping is used [6]). Consequently,the
geometry surrounding the texture does not match the
geometry sampled in the texture. This is especially
noticeableat the border betweenthe geometry and the
texture. We presenta solution to the boundary problem
(without warping the texture),thus providing a continuous
border betweengeometry and texture. This gives us the
freedomto unnoticeably place textures anywherein the
model.

Second,f the viewpoint haschangedrom the texture
samplepoint, a straightforwardtransitionto geometrywill
cause a sudden jump fhe image (asin [5]). Therefore,we
need to define transitions to smootllyangegeometryinto
texture andexturebackinto geometry.We presentsmooth
transition operationto convertgeometryinto textures(and
vice versa).

Texture-based Simplification

We have devised a simplification method which
dynamically replacesarbitrary portions of a model with
textures and morphs the near geometrgnadchthe texture.
This method is capable of simplifying models of high vis
complexity in cases where visibility culling and object-ba:
LOD are difficult to apply.

Our simplification methodhas a preprocessingphase
and a run-time phase.The preprocessingohase statically
partitions the model into a 3D grid of cells. Space
partitioning andview frustum culling are usedso that the
amount of work to be done for transitionstéxtureor back
to geometryis proportional to the number of visible
primitives.

The run-time phase performs smooth transitions to
texture and back to geometry while maintaining a
continuousborder betweenthe geometryand texture. The
following threesectionsdescribethe major elementsof the
run-time phase:

Continuous Border

At run-time, a distanfandvisible) subsetof the model
is replacedby a texture. Once the viewpoint moves,
additional geometry becomessible. In orderto maintaina
continuous border between the texture grelgeometrythat
became visible either:

* The texture must be warped to match the geometry
* The geometry must be warped to match the texture

The former casecorrespondgo image warping [6] in
which the sampledtexture has depth information and is

rendering system. First, since a texture represents a subset of Warpedevery frame to match the appropriatereprojection.

the model from aingle viewpoint, changingthe viewpoint

The adjacent geometry is rendered normally.



We use the secondapproach,namely morphing the
verticesof the geometryto matchthe textureand maintain
CO0 continuity (higher orders of continuity are also possible).
This approachis more advantageousecauseia) it allows
texturing hardware to be efficiently used, (b) thrturedoes
not need to bevarpedeveryframe, (c) it doesnot introduce
visible artifacts as the viewpoint changes as mathbease
with image warping, and (dll of the work is performedat
one time (at geometry-to-texturetransition time or as a
precomputation).
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Figure 1: Geometry-Textureborder. Texture and un-
morphed geometry (left). Texture and morphed geometry

(right).

Geometry-To-Texture Transition

Replacinga distant (and visible) subsetof the model
with a texture correspondsto a geometry-to-texture
transitionandis a straightforwardoperation.The following
series of events occur:

1. Therenderedmageof the geometryis copiedinto
texture memory. A texture object {@xture-mapped
guad covering the subsetof the model currently
visible) is addedto the model. To reduce texture
memory requirements, the texture can be sampled at
a resolution lower than the framebuffer's
resolution.

2. The geometryrepresentedy the textureis culled
out of the model. Since the model is space
partitioned, this is a fast operation. All cells
currently containedin the viewing volume beyond
the texture plane distanceare removed from the
active set of cells of the model. Thecells that
intersectthe viewing volume canbe partitionedor
not culled at all.

3. The geometryin front of the texture plane is
rendered normally. The geometry behthe texture
(that has not been culled) and the geometry
surrounding the texture plane object arerphedto
match the geometry representedtbyg texture (this
is the continuous border problem). Tsierrounding
geometry is projectednto the texture plane (space
partitioning and view frustum culling make this
operation proportional to the visible geometry).

After a geometry-to-texture transition, tfalowing are
true:

« The user cannot walk forward beyond the texture pl
(without performing a texture-to-geometry transition).

* Geometrynearthe viewpoint is renderednormally.
Surroundinggeometrymaintainsa continuousborder with
the texture and near geometry buht rendereccompletely
accurately. This is not a bad tradeoff for the improved
performance.
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Figure 2: Model partitioning strategy. Each box
correspondsto a space-partitioningcell. The cells are
classified:near,culled, and morphed.Intersectingcells can
optionally be partitioned.

Texture-to-Geometry Transition

A textureis sampledfrom a specific viewpoint (and
view direction).If the viewpoint at the time of the texture-
to-geometry transition is the samethe sampleviewpoint,
the transitionis instantaneousln general,this is not the
case.Thus a smoothtransitionis graduallyperformedover
the next few frames. A texture-to-geometrytransition
consists of the following steps:

1. The geometry representedby the texture is
reintroduced into the model at ipgojectedposition
on the texture plane.

2. The vertices of the geometry are morphed from
their projected position and orientation on the
texture plane to their correctly projected position
(note that if the texture plane is not currentlythie
viewing volume, an instantaneous transition ban
performed).

3. The verticesof the surroundinggeometryare also
morphed to their correctly projectgasition. Since
spacepartitioning and view frustum culling are
used, only the visible geometry is actually
morphed.

Results

We implemented this method orgeaphicsworkstation
using OpenGL.The methodwas appliedto threemodels:a
procedurallygenerategipes model, a radiosity illuminated
churcht and an auxiliary machine room of a nuclear
submariné For eachmodel, severaltextureswere created
and the geometry behind the texturas culled. For a better

1 Courtesy of Lightscape Technologies Inc.
2 Courtesy of Electric Boat Division, General Dynamics Corporation.



view of what the simplifiednodelslook like, including the
transitions, please refer to the video.

unity with texture outlines

Figure 3:Churchmodelwith two textures(outlinedin
red) and surrounding geometry morphed to match the
textures.

Conclusions

Visibility culling algorithms alone cannot simplify
models whera large subsetof a modelis still visible. For
example,modelsconsistingof many roomsarewell suited
for visibility culling algorithms (i.e. portals), but if the
geometryinside one room is still very complex there is
inherently a large amount of geometry in the viewing
volume. Object simplification requires highly structured
models in order to separatethe model into objects.
Furthermore, in scenes where there is high visual
complexity, object simplification is not always sufficient.

The algorithm presented here is ablesitmplify models
and increase performancein the cases where visibility
culling breaks down. Furthermore, it does rexjuirehighly
structuredmodels as with object simplification and can

render scenes quickly regardless of visual complexity. We are

able to achieve egenderingtime proportionalto the amount
of nearby geometry and the number of textures used.

We are currently exploring methods to decide
automatically when to perform the transitions. A cost-
benefit style function determineswhen and where in the
scenethe transitionsshould occur in orderto maintain an
interactiveframerate. This will enableus to walkthrough
complex models while automatically “caching” distant
geometry into texture-based representations.
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