Feature-Based Cellular Texturing

for Architectural Models

1) Title

2) Introduction,Motivation / 2D vs. 3D

in geometric modeling… especially in architectural settings…

often… clear distinction…  basic shape…  embellishing detail…

sometimes this embellishing detail…

made up of repetitive patterns… of geometric entities…

We call such patterns “cellular textures”

… and we call … individual geometric entities “cells”

such pattern are all around us …

… in masonry, tiling, shingles , and many other materials.

These patterns are interesting to us … as computer scientists …

… because it would seem … that many of them … can be generated algorithmically.

goal in cellular texturing:

separate … overall shape … repetitive detail

allow the user: model basic shape … select patterns

computer: realize the patterns … on the model

user can … explore design space …

…modifying the original shape

…changing patterns

…and experimenting with their parameters … 

computer does tedious and difficult work … regenerating the cellular texture

real patterns affected by … features of the underlying model …

for example … bricks turn corners

… stones frame windows & doors

also, different patterns … coexist on same model

to do this right … must consider full 3D geometry … of model … of cells

figure on right …

not enough to create 2D texture maps for each face

no continuity … across faces

you can see a seam on the edge

3D cells turn corners … the way we expect

… pattern conforms to the geometry

transition: there has been some work done previously … in cellular texturing and related areas

3) Related Work / Yessios,Miyata

1979 … Chris Yessios …

published some algorithms … generating stone patterns

1990 … Miyaya generated image on right … appeared on cover

image look convincing … but what gives it away … is the seam

2D cells on 2D geometry

4) Related Work / Fleischer

1995 … Kurt Fleischer …

biological cell simulations … particle system on object

specify local interaction … between points

good for natural patterns … scales , thorns , hair … local control

not appropriate for architectural patterns … global structure

5) Related Work / Worley

solid texturing … elegantly solves problem …

texturing 3D objects without seams

1996 … Steve Worley …

set of basis functions … compliment Perlin’s noise and turbulence

… for creating solid textures

one special case … implicit voronoi diagram

nice cellular patterns … arbitrary geometry

as with all solid texturing algorithms … little control … doesn’t respond to model …

as if carved out of a big solid 3D block of texture

6) Related Work / Wong

1998 … Wong et al. …

presented algorithm … generating floral ornamental patterns…

generate shapes and patterns to fill regions …

strictly a 2D technique

7) Contributions: What This Paper is About

paper is about … strategy … generating 3D cellular textures

… respond to features of a 3D model

1st part … ordering cellular texturing operations

… simplifies implementation of patterns

… eliminates conflicts between patterns .. adjacent portions of models

2nd part … occupancy maps

… which parts are covered by cells

… which parts remain to be textured

3rd part …

… specification of patterns … units of code … we term “pattern generators” …

… pattern generators … implement the creation of cells

… more complex patterns … built out of tree of pattern generators …

8) Contributions: What This Paper is About / Not About

not about how to create specific patterns

… not a tutorial on how to lay bricks …

… text of paper … notes …

… give flavor … involved … implementing patterns …

not about how to solve impossible problems

… 1-inch cube … 2-foot stones

… easy to create model … pattern … simply incompatible

… assume user has a sensible goal in mind

transition: now … I’d like to discuss … what I mean when I talk about “features” of a model

9) Geometry: Features / Wireframe

figure on right … model … to which we wish … apply a cellular texture

cells are … applied to features …

… by “features” we mean … corners , edges, faces

model serves as a scaffolding for cells …

model provides features … act as placeholders for cells …

… so if we apply a cellular texture to this model … might look like this …

10) Geometry: Features / RGB Blocks

… simple block texture …

Cells color-coded …

… cells placed on corners … red …

… cells placed on edges … green …

… cells placed on faces … block …

When I created this model … I had some things in mind …

I intended this edge to be part of an arch …

Such information can be captured … labeling features …

Perhaps I want …  apply a brick texture to arches … blocks to everything else …

11) Geometry: Features / One Brick Edge

… this is the result …

Now if I label … underside … and back edge …

12) Geometry: Features / Brick Arch

… this is the result …

So you can see … labels capture semantic information …

… about the model …

transition: Let’s take a closer look at the input mesh

13) Low Level Mesh / High Level Mesh

Left … input triangle mesh …

Right … feature mesh …

Low-level mesh: vertices , triangle edges , triangles

… defines the geometric shape of the object

High-level mesh: corners , edges , faces

… defines the features … to which cells are applied

multiple triangles make up a single face …

multiple triangle edges make up a single edge …

… we use … hierarchical version … winged-edge data structure …

14) Ordering / Base Mesh

1st part of our strategy for cellular texturing …

… order of cellular texturing operation.

Imagine placing cells on this shape

… if you start by … placing some on the front face … some on side face …

… may be difficult when they meet at the edge …

When you started placing cells … on one face …

… didn’t know … what you were going to have to do …

… to make them meet correctly … with the other cells … at the edge

Difficulty … cells on edges … more constrained … than cells on faces

… cells on edges … have to line up with patterns … on both faces

Likewise … cells on corners … even more constrained … than cells on edges

Cells on corners … are part of the pattern … of all adjacent edges

Solution … place more difficult cells , cells with most constraints , first

… edges before faces …

… corners before edges …

So … if we apply a brick texture to shape on right …

15) Ordering / Corners

… we start with corners …

… and this is what it looks like …

Once corners are textured …

… edges don’t have to worry … about each other

… their area of interaction … has already been textured

16) Ordering / Edges

Next … apply cells to edges …

… and this is the result

Note … each edge could be considered independently

And now … once edges are textured …

… faces don’t have to worry … about each other

… their area of interaction … has already been textured

So … third step … apply cells to faces …

17) Ordering / Faces

… and we have the completed result.

Note … each face could be considered independently

18) Occupancy Maps / Brick Arch

2nd part of our strategy … occupancy maps

Occupancy maps … are binary maps ...

… store which parts of features … are occupied …

… and which … are unoccupied

… a 2 dimensional occupancy map … for each face …

… a 1 dimensional occupancy map … for each edge …

… not necessary for corners …

Occupancy maps … initialized with cells from adjacent features …

Figure … top-left … brick pattern applied to arch … after corners and edges …

Figure … top-right … visualizes face occupancy maps … directly on surface

… dark: occupied … light: unoccupied

When texturing a face … we fill in unoccupied space

Figure … bottom-left … cells creates for faces

Figure … bottom-right … complete cellular texture

Occupancy maps … also useful for clipping …

19) Occupancy Maps / Clipping

Top … brick pattern overlaid … on top of occupancy map

Some bricks … lie in completely unoccupied regions …

… keep these

Some bricks … lie in completely occupied regions …

… discard these

Some bricks … cover region … partially occupied … partially unoccupied

… clip these bricks … to occupancy map

… as shown in the bottom figure

Note … don’t have to look at cells … adjacent features …

… occupancy maps … have all information needed … for clipping

20) Pattern Generators / Input,Output

3rd part of strategy …

… specification of cellular patterns with “pattern generators”

Pattern generators … units of code …d o all the work of creating cells

The task of creating patterns … segmented into 3 functions …

… Pattern generators implement a function … place cells on corners.

… Pattern generators implement a function … place cells on edges.

… Pattern generators implement a function … place cells on faces.

These 3 functions … take as input …

…feature they are operating on … either a corner, edge, or face

    … along with the feature … have adjacency information …

    … access local geometry … near feature …

    … for example …

        … corners may look at outgoing edges … or normals of adjacent faces …

    This is were having a good … winged-edge data structure …

    … for the mesh … comes in handy

…occupancy map

    … so edges & faces … know which parts … of the feature … to texture

…set of parameters … specific to pattern generator

    … for example, size of cells … aspect ratio stones … spacing between cells …

Output from pattern generators … the list of cells they create.

A pattern generator … doesn’t have to do all the work itself

… can pass features to other pattern generators to create cells

… in fact … a pattern generator’s only function … may be to decide which

    … other pattern generator … should handle feature

Pattern generators … that pass features to other pattern generators …

… can make decisions … based on label attached to feature

… or by geometric analysis

transition: The following example will show all of these ideas put together

21) Pattern Generator Tree / Wireframe

A single pattern generator … could do all the work … of putting a complex …

… cellular texture … on a model

They are more useful … if they do smaller , more reusable , tasks …

… and we combine them to create interesting patterns

Left … tree of pattern generators … will apply to model …

… of curved wall … with 2 windows … on the right.

Rather than looking at this tree all at once … let’s look at one piece at a time.

22) Pattern Generator Tree / Small Brown Blocks

… small brown blocks …  This is what it looks like.

23) Pattern Generator Tree / Random Ashlar

… random ashlar …  This is what it looks like.

Above these two pattern generators …

… orientation: “horizontal” and “vertical”

…example of geometric analysis.

24) Pattern Generator Tree / Orientation

Here is the result.

…horizontal … passed to Small Brown Blocks

…vertical … passed to Random Ashlar

In this model … features around the windows … are labeled as “Windows”

25) Pattern Generator Tree / Windows

The other side of the tree … handles features labeled as “Windows”

Cells placed on all Window features … shown on right

Features labled as “Windows” … are first sent to different subtrees …

… one subtree for corners

… one for edges

… and one for faces

Corners … are textured by … a Small Brown Blocks … pattern generator

Faces … Random Ashlar

For edges … this tree … checks their orientation…

… vertical … are handled by … Brown Window Stone

… horizontal … Small Brown Blocks

When we put this all together…

26) Pattern Generator Tree / Full

… we get the final cellular texture.

Note that this texture is the result of … both …

… the original model

… this tree of pattern generators

We could modify the model … or change the tree …

… we could even apply a different tree … to this model …

… or we could apply this tree … to an entirely different model

27) Video

Now I’m going to show a video

TALK DURING VIDEO

Video shows two things …

Texturing of brick arch

… first corners … then edges …

… pause to visualize occupancy maps on faces …

… texturing of faces

Three models … three pattern generator trees …

… each tree applied to each model

28) Mortar / Full

One point worth discussing … how we create mortar joints … between cells

Image on left … top-down view … of a model

29) Mortar, Space-Filling / Flush

Pattern generator … create cells …

…that fill space … with no space in between.

Image on right … shows what these cells … look like …

…doesn’t look like a brick wall yet

After cells are created … we shrink them … to make space in between.

30) Mortar, Shrunken Cells / Flush

Rather than create geometry … each mortar joint …

…between every pair of adjacent cells…

We use the original base mesh as mortar

But now if we use the base mesh for mortar … we won’t see the cells

…because they are completely inside the mesh

So instead … we shrink the original model …

31) Mortar, Shrunken Mesh / Full

… like this.

Now we have cells … with mortar joints …

… since the cells are 3D … they cast shadows onto … each other … and the mortar

As a final step … we can displace the cell geometry … 

…to create … more natural rough surfaces

32) Mortar, Displaced Cells / Displaced

… like this.

33) Stairs, Wireframe / Stairs Rendered

As a final example …

… left … base mesh of … stairs model

… right … cellular texture … we generated for this model

Note that the original base mesh … is very simple

All the complexity … comes from the pattern.

There is an interesting pattern … on the corners of the stairs …

34) Pattern Segmentation, Wrong / Close-up

Here is a close-up.

Notice … diagonally cut bricks on the corners.

Figure on left …shows overhead view.

It appears as if … this violates our … corner , edge, face segmentation…

… the two diagonally-cut bricks … on different edges …

… have to know about each other … in order not to intersect.

The way to handle patterns like this …

… is to think of corners as … “area of interaction between adjacent edges”

We don’t just put one cell on each corner …

35) Pattern Segmentation, Right / Close-up

… in this case we put 3 cells on the corner.

Let me say that again

… when segmenting a pattern … into corner cells, edge cells, and face cells…

… think of corners as … “area of interaction between adjacent edges”

Likewise …

… think of edges as … “area of interaction between the 2 adjacent faces”

36) Pattern Segmentation / Corners

On the right … all the cells placed on corners.

To implement this brick pattern … need to place bricks … in different orientations …

… on different corners of the mesh.

We made heavy use … of geometric analysis … for this brick pattern.

37) Vertex Types / Corners

We implemented a pattern generator … that looks at the outgoing edges …

… classifies corners … based on the concavity of … outgoing edges … and their direction

… and sends a corner to a different sub-tree … based on its classification

38) Vertex Types with Cells / Corners

Here are the cells … the pattern generator tree creates … for each type of corner.

You can see each of these in the image on the right.

Figure on left … 4 examples

… top-left … 3 convex edges

… bottom-left … 3 concave edges

… top-right … 2 concave edges … and …1 convex horizontal edge

… bottom right … 2 concave edges … and … 1 convex vertical edge

39) Vertex Types with Cells / Corners and Edges

After the corners … the edges are then textured.

You can see … we apply different patterns …

… to horizontal and vertical edges

… and also to convex horizontal edges (top of steps)

… and to concave horizontal edges (bottom of steps)

40) Pattern Generator Tree / Partial Face

This pattern includes some decorative … vertical bricks.

This is an example … pattern generator … that creates some cells …

… but doesn’t completely fill a feature.

… It passes it on … to another pattern generator … for further processing.

Figure on left … shows a portion of … pattern generator tree.

We labeled the face… that we wanted to received this special … decorative pattern

… pattern generator creates the vertical bricks

… the cells are placed in the occupancy map … for the face …

… and the feature is passed down … to a generic brick pattern generator.

41) Pattern Generator Tree / Full Face

The brick pattern generator … fills in the remaining space

… and we get the completed … cellular texture … shown on the right.

42) Final Rendering 1 / Blank

Here on the left … is the final image …

… of our brick pattern … applied to the stairs model.

43) Final Rendering 1 / Final Rendering 2

And here on the right … we see a … slightly different pattern

… applied to the same model.

This pattern creates … cement slabs … for the stairs … with some rough edges…

Also, it creates … a decorative herring-bone pattern … on the labeled faces.

The handrails … not part of the pattern …

… they were modeled by hand … and placed in scene … prior to rendering.

44) Summary / Blank

In summary…

We have presented a strategy … for the algorithmic generation …

… of 3D cellular textures.

These textures are the result … of both a pattern … and the full 3D geometry … 

… of the underlying model.

This strategy consists of 3 main parts:

… The ordering of … cellular texturing operations.

    … First the corners , then the edges , and then the faces

… The use of occupancy maps … to keep track of which regions of a feature

    … have already been textured.

    … This allows different patterns … to coexist on the same model

    … and also facilitates clipping

… The specification of patterns … with a tree of pattern generators

    … Pattern generators implement … the creation of cells

    … and can be combined … to create more complex patterns

45) Future Work / Blank

However there is still … plenty of work to do.

We have just scratched the surface … in terms of the number of patterns …

… there are to experiment with.

It would be interesting to apply … many of the existing …

… 2D pattern generation techniques …

… to creating 3D cells in our framework.

Rather than implementing each pattern individually … it would be valuable to have …

… a higher-level specification … for patterns.

We consider pattern generators … analogous to “shaders” … used in local illumination.

Just as shading languages emerged … as the field matured …

… we would like to see a cellular texturing language … that adds some structure …

… and organization to the … definition and implementation … of patterns.

The cells we generate are 1 layer deep.

… look fine on the outside …

… but would not be useful … to someone actually trying to construct a model …

… with real stones or bricks.

Mortar is an important topic … worthy of better treatment.

For example, the shapes of mortar toolings …

… cause different types of shadows to be cast …

… and can have a big impact of the appearance of a building.

We have dealt with models … with well-defined … corners , edges, and faces …

… and used these 3 types of features … as the targets of cellular texturing operations.

For other models … different feature sets … may be more appropriate

For example, in this image…

46) Future Work / Posts

… the cement caps … on top of the posts and walls …

… cover a face … plus multiple corners and edges … with a single cell.

Also, it may be more natural … to specify a stone wall … with a single polygon …

… or surface …

… as opposed to the closed meshes we have used.

Finally, our models and patterns … are designed independently …

… with a human responsible … for ensuring a sensible combination.

A higher-level constraint solving system … operating on top of our framework …

… could potentially help coordinate …

… design of geometry

… and assignment of pattern generators.
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