
THE PREMIER CONFERENCE & EXHIBITION ON 
COMPUTER GRAPHICS & INTERACTIVE TECHNIQUES

© 2023 SIGGRAPH. ALL RIGHTS RESERVED.

ÉLIE MICHEL & TAMY BOUBEKEUR

MESOGEN
DESIGNING PROCEDURAL ON-SURFACE 
STRANDED MESOSTRUCTURES

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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MESOSTRUCTURE

• 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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MESOSTRUCTURE

MACRO
3D MESH

• Geometry representation & authoring process depends on the scale.

Presenter Notes
Presentation Notes
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MESOSTRUCTURE
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MICRO
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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, 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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MESOSTRUCTURE

MACRO
3D MESH
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?

MICRO
TEXTURES

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.



Complex topology
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MESOSTRUCTURE

MESO

Self-repetition

Mapped along a surface><

MACRO MICRO

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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OUR APPROACH

> MESOGEN >WORKFLOW

Presenter Notes
Presentation Notes
We hence present MesoGen, a tool to author such mesostructure.
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OUR APPROACH

> MESOGEN >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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OUR APPROACH

> MESOGEN >WORKFLOW

TILE SET

Tile-based modeling

[Wang61]

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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OUR APPROACH

> MESOGEN >WORKFLOW

TILE SET

Tile-based modeling

SLOT GRAPH

[Wang61]

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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OUR APPROACH

> MESOGEN >WORKFLOW

TILE SET

Tile-based modeling

SLOT GRAPH

>> TILING 
ENGINE

MESOSTRUCTURE
[Merrell07]
[Gumin16]

[Wang61]

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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TILE-BASED CONTENT CREATION

PROS CONS

Presenter Notes
Presentation Notes
Tile based content is very handy, but it also comes with drawbacks.
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TILE-BASED CONTENT CREATION

PROS

• No repetitive work.

• Easy to add extra constraints.

• Lead to compact representations.

• Used for various applications. [Stam97, Cohen03, Decaudin04, Leaf18]

CONS

Presenter Notes
Presentation Notes
Aperiodic texture generation, point distributions, precomputed light transport, crowd animation, garment modeling, etc.
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TILE-BASED CONTENT CREATION

PROS

• No repetitive work.

• Easy to add extra constraints.

• Lead to compact representations.

• Used for various applications. [Stam97, Cohen03, Decaudin04, Leaf18]

CONS

• Tile set creation is cumbersome.

• Solving may take ~ forever.

• Tile boundaries may be noticeable.

>

We benefit from this…

>

… and address that
A BC

Presenter Notes
Presentation Notes
I’ll intrduce some of the way we benefit from the advantages while addressing the drawbacks.
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TILE SET CREATIONA

Presenter Notes
Presentation Notes
So let’s start with tileset creation
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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

TILE SET =   COMBINATORIAL INFO   +   GEOMETRIC CONTENT

MUST BE CONSISTENT

A

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

TILE SET =   COMBINATORIAL INFO   +   GEOMETRIC CONTENT

A

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

TILE SET =   COMBINATORIAL INFO   +   GEOMETRIC CONTENT

A

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

TILE SET =   COMBINATORIAL INFO   +   GEOMETRIC CONTENT

MUST BE CONSISTENT

A

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

A

JOINT 
PROCESS

>

>

COMBINATORIAL 
INFORMATION

GEOMETRIC 
CONTENT

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

A

JOINT 
PROCESS

>

>

COMBINATORIAL 
INFORMATION

GEOMETRIC 
CONTENT

Presenter Notes
Presentation Notes
The combinatorial information is a set of abstract tiles and a set of interfaces
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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

A

JOINT 
PROCESS

>

>

COMBINATORIAL 
INFORMATION

GEOMETRIC 
CONTENT

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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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

A

COMBINATORIAL 
INFORMATION

GEOMETRIC 
CONTENT

JOINT 
PROCESS

>

>

Interface-first! [Bian18]

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.
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TILE SET CREATION

• Challenge: Ensuring continuity-by-construction

A

COMBINATORIAL 
INFORMATION

GEOMETRIC 
CONTENT

JOINT 
PROCESS

>

>

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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SOLVING TIMEB
TILE SUGGESTION

Presenter Notes
Presentation Notes
Now another issue was the solving time.
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TILE SUGGESTION

• Challenge: Ensuring interactive tiling engine

  (while solving is NP-hard)

B

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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TILE SUGGESTION

• Algorithm: Tiling engine [Merrell07] [Gumin16]

B
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TILE SUGGESTIONB
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TILE SUGGESTION
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TILE SUGGESTION

• Algorithm: Tiling engine [Merrell07] [Gumin16]

B

DEAD END
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TILE SUGGESTION

• Algorithm: Tiling engine [Merrell07] [Gumin16]

B

DEAD END

Record neighboring state
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TILE SUGGESTION

• Challenge: Ensuring interactive tiling engine

B

Tile Suggestion
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TILE SUGGESTION

• Algorithm: Tile suggestion = Voting

B
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TILE SUGGESTION

• Algorithm: Tile suggestion = Voting

B
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TILE SUGGESTION

• Algorithm: Tile suggestion = Voting

B
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COMPACT MODELC
VISUAL FEEDBACK



46

VISUAL FEEDBACK

• Challenge: Provide real-time visual feedback

C
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VISUAL FEEDBACK

• Challenge: Provide real-time visual feedback

C



49

VISUAL FEEDBACK

• Challenge: Provide real-time visual feedback

C

Shell Mapping
with tangential continuity
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VISUAL FEEDBACK

• Challenge: Provide real-time visual feedback

C
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RESULTS
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RESULTS

105M triangles
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RESULTS
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RESULTS

More results available in the paper!
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CONCLUSION

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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MORE INFO

https://eliemichel.github.io/MesoGen

Test our Open Source prototype!

https://eliemichel.github.io/MesoGen
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End of slideshow
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