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cWhat is Digital Fabrication?

Additive Manufacturing

Laser Cutter

CNC Milling

+ any computer assisted
fabrication methodology ...



Why is Digital Fabrication relevant?

Additive Manufacturing (AM) technologies 
are posing the question: 
How design could take advantage of AM 
digital fabrication technology?

This is feeding the discussion in a broader sense:
How digital fabrication technology could 

impact on manufacturing processes and the 
exploration of the design space?



Why isn't Digital Fabrication plug-and-

play?
(YET)MAIN GAP: Digital/Virtual

worlds lack of physicality!

MAIN GAP:
Technology limitations

Our work focus on this gap!!!



What is Functional Fabrication?

Functional Fabrication comprises the 

design and manufacture of physical 
objects with functionalities by means of 

digital fabrication technologies. These 

functionalities include:

●Mechanically enhanced workpieces,

●Articulated physical models,

●Aerodynamic workpieces,

●Deformable workpieces and

●Object’s with controlled appearance 

and acoustics.

Spin-It: Optimizing Moment of 
Inertia for Spinnable Objects   
Moritz Bächer, Emily Whiting, Bernd 
Bickel, Olga Sorkine-Hornung

Fabricating Articulated Characters from Skinned Meshes                  

Color Enhancement for Rapid Prototyping
P. Cignoni, E. Gobbetti, R. Pintus and R. Scopigno



What role CG community plays?

Recent design tools are clearly taking advantage of relevant 

computer graphics techniques and extending these 

techniques to realise new physical forms as well as bringing 

innovation to feed into the design space.

That is: Guiding the exploration of the feasible design space!

Input Motion         Generated Automaton      Physical Prototype

Designing and Fabricating Mechanical Automata from Mocap Sequences
Duygu Ceylan, Wilmot Li, Niloy J. Mitra, Maneesh Agrawala and Mark Pauly.

Pteromys: Interactive Design and Optimization of Free-formed Free-flight Model Airplanes

N. Umetani, Y. Koyama, R. Schmidt, T.Igarashi



Classification

1. Articulating

2. Controlling deformability

3. Enhancing structural properties

4. Achieving balance

5. Aerodynamics

6. Appearance and Acoustics



1. Articulating Workpieces
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2.Controlling Deformability

Small-scale microstructure “looks” homogenous
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A lot of different patterns…

Goal: design microstructures for widest range of elastic 

behaviors …A library of Elastic Tensors

Elastic Textures for Additive Fabrication

Julian Panetta, Qingnan Zhou, Luigi Malomo, Nico Pietroni, Paolo Cignoni, Denis Zorin

Siggraph 2015,



2.Controlling Deformability

Target:

Young’s Modulus

Poisson’s Ratio

Elastic Textures for Additive Fabrication

Julian Panetta, Qingnan Zhou, Luigi Malomo, Nico Pietroni, Paolo Cignoni, Denis Zorin

Siggraph 2015
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2.Controlling Deformability

Procedural Voronoi Foams for Additive Manufacturing

Jonàs Martínez, Jérémie Dumas, Sylvain Lefebvre

SIGGRAPH 2016



2.Controlling Deformability
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3.Structurally Functional Shapes: 
Architecture

Paneling

Improving Performance

Construction Plan



3. Architecture Paneling

Planar faces are highly desirable

Bending glass panel may be an expensive operation

Form-finding with Polyhedral Meshes Made Simple

Shape-Up: Shaping Discrete Geometry with Projections



3. Architecture: Static performance

Optimize performances by changing the meshing

Keeping the overall weight constant

Concentrate cells in region with higher stress

Elongate cells along stress directions

35

Statics Aware Grid Shells



3. Architecture: Construction Plan

36

Assembling Self-Support Structures



4. Achieving Balance
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5. Capturing Aereodynamics
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[Cignoni(2008]



6. Appearance

Multi material 3D-prints [Hasan et al. 2010]

Alexa and Matusik [2011]3D Printing svBRDF [2013]
O. Rouiller, B. Bickel, J. Kautz, W. Matusik and M. Alexa



6. Appearance

Kiser et al. [2013]

Milling a BRDF [Weyrich et al. 2007]



Conclusions and Future Work


