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Presenter Notes
Presentation Notes
Hello! Today I am presenting MesoGen, a process to design rich mesostructures along a base surface. And maybe the first question is what do I mean by mesostructure.
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Geometry representation & authoring process depends on the scale.



Presenter Notes
Presentation Notes
Depending on its scale, geometry is represented by different means. Typically, coarse surfaces are represented by 3D meshes,
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Presenter Notes
Presentation Notes
Depending on its scale, geometry is represented by different means. Typically, coarse surfaces are represented by 3D meshes, and small details are embedded in textures (displacement, normal, roughness).
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- Geometry representation & authoring process depends on the scale.
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Presenter Notes
Presentation Notes
Depending on its scale, geometry is represented by different means. Typically, coarse surfaces are represented by 3D meshes, and small details are embedded in textures (displacement, normal, roughness). But where is the threshold? Some types of geometry fall neither on one side nor the other one. We call these mesostructures.
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Presenter Notes
Presentation Notes
Depending on its scale, geometry is represented by different means. Typically, coarse surfaces are represented by 3D meshes, and small details are embedded in textures (displacement, normal, roughness). But where is the threshold? Some types of geometry fall neither on one side nor the other one. We call these mesostructures.
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Self-repetition
Complex topology &

Mapped along a surface



Presenter Notes
Presentation Notes
Mesostructure shares features with both sides of the spectrum. This is why we need a dedicated authoring method and representation.
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MESOGEN
> WORKFLOW >



Presenter Notes
Presentation Notes
We hence present MesoGen, a tool to author such mesostructure.
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> WORKFLOW >

Tile-based modeling



Presenter Notes
Presentation Notes
At a high level, we use a tile-based approach and assist the creation of the tile set.
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Tile-based modeling
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Presenter Notes
Presentation Notes
At a high level, we use a tile-based approach and assist the creation of the tile set. This means that the user creates a small set of building blocks,
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Presenter Notes
Presentation Notes
At a high level, we use a tile-based approach and assist the creation of the tile set. This means that the user creates a small set of building blocks, then each slot of the base surface (in other word each quad) gets assigned one of these tiles.
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Tile-based modeling

. : Dual Mesh

TILING
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Presenter Notes
Presentation Notes
At a high level, we use a tile-based approach and assist the creation of the tile set. This means that the user creates a small set of building blocks, then each slot of the base surface (in other word each quad) gets assigned one of these tiles. This assignment itself is automatic, it is ensured by a tiling engine.
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Presenter Notes
Presentation Notes
Tile based content is very handy, but it also comes with drawbacks.
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No repetitive work.
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No repetitive work.
Easy to add extra constraints.

Lead to compact representations.

Used for various applications.



Presenter Notes
Presentation Notes
Aperiodic texture generation, point distributions, precomputed light transport, crowd animation, garment modeling, etc.
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Used for various applications.
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No repetitive work. Tile set creation is cumbersome.
Easy to add extra constraints. Solving may take ~ forever.

Lead to compact representations.

Used for various applications.
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No repetitive work. Tile set creation is cumbersome.
Easy to add extra constraints. Solving may take ~ forever.
Lead to compact representations. Tile boundaries may be noticeable.

Used for various applications.
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No repetitive work. Tile set creation is cumbersome.
Easy to add extra constraints. Solving may take ~ forever.
Lead to compact representations. Tile boundaries may be noticeable.

Used for various applications.



Presenter Notes
Presentation Notes
I’ll intrduce some of the way we benefit from the advantages while addressing the drawbacks.
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Presenter Notes
Presentation Notes
So let’s start with tileset creation
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Challenge: Ensuring -by-construction



Presenter Notes
Presentation Notes
The key problem that makes tileset creation annoying is that a tile set is actually two things:
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Presenter Notes
Presentation Notes
The key problem that makes tileset creation annoying is that a tile set is actually two things: some combinatorial information, stating which side of which tile is allowed to be in contact with some other side.
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Presenter Notes
Presentation Notes
The key problem that makes tileset creation annoying is that a tile set is actually two things: some combinatorial information, stating which side of which tile is allowed to be in contact with some other side; and some geometric content, which is actually what leads to the end shape.
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Challenge: Ensuring -by-construction
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Presenter Notes
Presentation Notes
These must always be consistent with each others, and if the authoring tool does not assist this it induces an important mental charge on the designer, and a potential for errors.
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Challenge: Ensuring -by-construction



Presenter Notes
Presentation Notes
Our process consists in editing these two pools of data in a joint fashion.
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Presenter Notes
Presentation Notes
The combinatorial information is a set of abstract tiles
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Presenter Notes
Presentation Notes
The combinatorial information is a set of abstract tiles and a set of interfaces
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Challenge: Ensuring -by-construction
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Presenter Notes
Presentation Notes
The combinatorial information is a set of abstract tiles and a set of interfaces that we assign to the sides of the tiles.
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Challenge: Ensuring -by-construction
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Draw 2D Sections
On instances of the interface


Presenter Notes
Presentation Notes
In order to ensure consistency, and thus continuity by construction of the end result, the geometric content is first defined on the interfaces, as cross sections.


TILE SET CREATION

Challenge: Ensuring

Add Tiles T

51 13

Add Interfaces I

@ SIGGRAPH 2023
LOS ANGELES+ 6-10 AUG

-by-construction

Draw 2D Sections
On instances of the interface

Select 3D sweep surfaces
Define tiles’ content


Presenter Notes
Presentation Notes
In order to ensure consistency, and thus continuity by construction of the end result, the geometric content is first defined on the interfaces, as cross sections. The inner content of a tile is then simply built by connecting cross sections.
This interface-first process is the way we ensure consistency and make the creation of the tile set less cumbersome.
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Presenter Notes
Presentation Notes
Now another issue was the solving time.
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Challenge: Ensuring tiling engine

(while solving is NP-hard)



Presenter Notes
Presentation Notes
The key issue is that a tiling problem is in general NP-hard. So instead of finding a magical solution we work the problem around.
But first let me recap how a typical tiling solver works.
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Algorithm: Tiling engine
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Algorithm: Tiling engine Left unchanged
- Modified during this step
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Algorithm: Tiling engine

Collapse
Constraint propagation
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Challenge: Ensuring tiling engine
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Algorithm: Tile suggestion = Voting

Data: Dead end neighborhoods N recorded during solving. A
neighborhood n € N gives for each direction d € D a set of
possible transformed interfaces ng; = {i, (2,. .. } (where (1_2)
means that interface i, is flipped).

Result: An interface iy for each direction d € D of the new tile
fn SuggestNewTile N:

Initialize votes: I* — N to 0:
foreach neighborhood n € N do
foreach i € ny X ng X ng X nqy do
foreach tile transform p do

i’ « inverse(p) - i;

votes(i’) « votes(i’) + 1;

return argmax(votes);
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Algorithm: Tile suggestion = Voting

Data: Dead end neighborhoods N recorded during solving. A
neighborhood n € N gives for each direction d € D a set of
possible transformed interfaces ng; = {i, (2,. .. } (where (1_2)
means that interface i, is flipped).

Result: An interface iy for each direction d € D of the new tile
fn SuggestNewTile N:

Initialize votes: I* — N to 0:
foreach neighborhood 1 € N do
| foreach i € ny X ng X ng X nqy do
foreach tile transform p do
i’ « inverse(p) - i;

votes(i’) « votes(i’) + 1;

return argmax(votes);
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Challenge: Provide visual feedback
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Challenge: Provide visual feedback
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Tile assignment
Macrosurface
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Challenge: Provide real-time visual feedback
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Challenge: Provide real-time visual feedback
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Challenge: Provide real-time visual feedback
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Memory footprint
ours: 9.71 MB
mesh: 2 690 MB

Render time
24 ms per frame
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6.4M tris / 1.69 MB/ 1.4 ms 8.6M tris [ 1.48 MB/ 1.8 ms G6.AM tris / 1.69 MB / 1.4 ms

2.9M tris / 0.87 MB/ 0.71 ms

8.5M tris / 1.49 MB / 2.0 ms

w M More results available in the paper!
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We propose an interactive method to:
Design complex mesostructures from a simple coarse quad mesh.

Ensure the continuity of the mesostructure by construction.

Compactly represent mesostructures in a GPU-friendly way.
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MesoGen: Designing Procedural On-Surface Stranded Mesostructures

ACM Transaction on Graphics (SIGGRAPH '23 Conference Proceedings)

Elie Michel Tamy Boubekeur
LTCI, Télécom Paris, IP Paris Adobe
Adobe
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We propose a workflow for designing rich mesostructures, with self-similarity but no repetition artifacts. Our method is
based on Wang tiling to enable fast authoring and efficient real-time rendering.

m Paper (72 MB) |l Lowres Paper (2.2 MB) |l Supplemental (26 MB)

Abstract

Three-dimensional mesostructures enrich coarse macrosurfaces with complex features, which are 3D
geometry with arbitrary topology in essence, but are expected to be self-similar with no tiling artifacts, just
like texture-based material models. This is a challenging task, as no existing modeling tool provides the
right constraints in the design phase to ensure such properties while maintaining real-time editing
capabilities. In this paper, we propose MesoGen, a novel tile-centric authoring approach for the design of
procedural mesostructures featuring non-periodic self-similarity while being represented as a compact and
GPU-friendly model. We ensure by construction the continuity of the mesostructure: the user designs a set
of atomic tiles bv drawine 2D cross-sections.on. the interfaces between tiles. and selectine pairs of cross-

https://eliemichel.qithub.io/MesoGen

Test our Open Source prototype!



https://eliemichel.github.io/MesoGen

End of slideshow
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