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Intelligent Tools for
Creative Graphics
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* Geometric Reasoning

* Physical Constraints

e Data-Driven Techniques and Machine Learning

e Crowdsourcing
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About myself

Nobuyuki Umetani
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Associate Professor @ The University of Tokyo (- ’

Formally, Research Scientist @ Autodesk Research(Toronto) A
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Motivation




Motivation

* There are fantastic software, but difficult to design
functional objects L \
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Design Involves Multiple Physics

~

Beau and Alan Daniels
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https://beaudaniels.com/generic-cutaway-car

Design and Simulation is Typically
Separated
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Empower Designers using
Interactive Simulation

______________________________________
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*Aesthetics *Solving physics equation
*Usability *Optimize physical properties

*Manufacturability
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Free-form Wind Instrument

Simulation & optimization to guide the instrument
design with correct tones
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Interactive Design Interface
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Designing for 3D Printing is Difficulté

Beginners cannot design structurally sound shape

3D printing

[source: DBragerl4@Thingiverse]

‘ Tl
< SIGGRAPH i,



______________________________________

Interactive Weakness Detection

Design with interactive trial & error

3D printing
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Solution: Cross-Sectional Analysis

Key idea: bending momentum conservation
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Stress!
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Motivation: Fashion Design

How to design a new garment?

Drawing a pattern Fitting on a mannequin
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Source code is available online:
http://nobuyuki-umetani.com/
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Basic Idea

The simulation result and design is one-
to-one map in the static analysis
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Computational Fluid Dynamics (CFD:)

Input N (| Predictor —
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e Shape

*Force
*Pressure field
*Velocity field

. »
X
P
» 5

. , Neural network
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Parameterization is the Key to ML
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x5 Concurrent Flight Simulation &
B L i
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Machine-Learning from Measured
Data

e Accurate fluid simulation is difficult in real-time e
* We use actual data to simulate flight trajectory

Sampling airplane Tracking flight
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Sampling Force & Velocity
Relationship




Sampling Force & Velocity
Relationship

3D motion
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omni-directional
aerodynamic force
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Parameterization problem

* Shape need to be represented by fixed dimensional vector/tensor

3D shape
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Our Approach:
Mesh Representation
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* Quad mesh with constant topology

* Deforming a template mesh into input shape
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization Example
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Parameterization of Fields

3166

JiL

2020 1323




Application to CFD

* Predicting aerodynamics at an interactive rate
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Accuracy
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Shape with Genus One Topology
/ PolyCube \
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Conclusion
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numerical mechanical
method Integrated engineering
Design
Simulation

Interaction /| interaction
technique
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Thank you!
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