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Overview

* Motivation: Generating 3D Printed functional designs
* Methodology: 4 building blocks

— Variational Autoencoder (VAE)
— Noisy Kriging
— Efficient Global Optimization (EGO)
— Real parameter GA (rGA)
* Experiments:
— Uniform vs. Random Sampling
* Results and Discussion:
— Optimal design and a few others
— Discovered 3D printing rule

e Future Work and Conclusions
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Motivation

How can we design functional parts for 3D printing?
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‘ - . - <«— supports

Fused Deposition Modeling Process

Takes time/effort to remove requires

Produces waste material post-processing

Leaves excess plastic behind

Damage object during removal
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Motivation

 Examples for 3D printed non-functional parts
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Motivation

* One solution is Evolutionary Decomposition (E. Yu et.al., GECCO’17)
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Motivation

* One solution is Evolutionary Decomposition (E. Yu et.al., GECCO’17)

e PROBLEM-1: What about functional parts?

e We cannot decompose

load-carrying parts! Supports!
(Grey)
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3D Printing Functional Parts

e PROBLEM-2: Resolution in 3D Printing

P Slicing
o (Output: GCODE )
«

3D gear design 3D Printing model
(Continuum model) (Discrete model)

12
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3D Printing model
(Discrete model)
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iVation
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3D Printing model
(Discrete model)
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3D Printing Functional Parts

e PROBLEM-2: Resolution in 3D Printing

Slicing f‘?/\\\\\\\ \\g

(Output: GCODE ) /

3D gear design 3D Printing model
(Continuum model) (Discrete model)

e Effects of 3D printing process?
— 3D Scanning cannot capture the details,
— Rendermg GC(?DE deeI ~7-3 weeks!
— Deformation simulation 16
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Motivation

e (Car-Launcher Mechanism — as a proof-of-concept
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Motivation
e (Car-Launcher Mechanism — as a proof-of-concept

SPRING
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https://docs.google.com/file/d/1KB4-LkUOFzrn4eT-X9G3eb7wrHH56a82/preview
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Available Methods

e Several popular design methods:
o Shape Optimization
B requires parameterization of the model
o Topology Optimization
m compute heavy for nonlinear material & dynamic problems
® Generative (Deep Learning) Methods:
o Variational Autoencoders (VAEs)

o Generative Adversarial Networks (GANs)

m Mostly applied to images or 3D shapes (visual aspects)
m Why not use their flexibility and creativity for functional
design purposes?
21
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Methodology

* Building blocks:

>
>
>
>

Variational Autoencoders (VAE)

Noisy (Regressing) Kriging

Efficient Global Optimization (EGO)
Real-parameter Genetic Algorithm (rGA)

* Integration Flowchart

WHAT STARTS HERE CHANGES THE WORLD
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VAE

®* Autoencoder — efficient representatlon Iearnlng

/ Soca Latent Variable P
7 g -~ Space S {‘{‘1— .

AE ——>

Training Loss =
Recons.Error + KL-divergence

OUTPUT: /
Reconstructed Images

Forces LVs to follow a unit
Gaussian distribution

VAE —>

Kingma and Welling,

INPUT: Training set
20 14 (8 styles of springs)

Style-2 Style-3 Style-4 Style-5 Style-6  Style-7  Style-8 23



Interpolation
in LV-space
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Noisy (Regressing) Kriging

* Kriging — surrogate (e.g., function approximator,
response surface model)
* Interpolation vs. Regression

Correlation between two points:

0.04 r - -

— - interpolation y d : V2
—_ i () (DAl < _ (@) _ 0
oosa| |5 IS Teor [sex 906 = [ T (-0 e -7

1 Predictioﬁ\é‘bngw point x*:
g(x*) = p+rT R+ (y-1p)

1-1TR+ ,u)-lr]

A2/ %\ _ a2 T -1
$°(x") =0 [1+A—r (R+AD) 'r+ TR+ AD)-11

Predicted (re-interpolation) error (for EGO):

§i= 1TR‘1r]
<

A2 * 62 T _1
Sri X y=0vi“ |1=T R £+
rt ( ) ri [ lTR__ll
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EGO

e EGO — surrogate (or model)-based optimizer
e |teratively updating the surrogate model with promising
infill points which maximize Expected Improvement crit.

Initial Sample Set

A Ypest — J(X)
L BII(R) ~(ypess - JoN 22202 ) 4

xpéanswe Fitness c .

valuations A( )

=x
§(X)¢ (ybesf Y )
§(x)
Build Surrogate
Add Update
Search for
Improvement

26
Best Design
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EGO

e EGO — surrogate (or model)-based optimizer
e |teratively updating the surrogate model with promising
infill points which maximize Expected Improvement crit.

-4
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Initial Sample Set 0/68 =z 2 /\/\
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rGA

®* rGA — real parameter Genetic Algorithm

®* QOperators:

. Constraint-1
= Tournament Selection, = Printability
e e Constraints
= o-Blend Xover, 4_‘\
. . Fitness=250 @ Constraint-2
= (Gaussian Mutation

False True

® Its rOIeS: Fitness=200 @ Constraint-3

= Tuning Kriging hyperparameters Palis Derformance

= Maximizing El in EGO puness=160 —anic? ) .

itness= Constraint-4
®* Fitness evaluation (Normalized): °
Rexp Fitness=130 ‘:a:’ Constraint-5
(x) — Z MSEl T Z Idl e 75|2 False True

T Fitness=110 @ @

Fitness=[0,100]




&y The University of Texas at Austin WHAT STARTS HERE CHANGES THE WORLD

Integrated Method

Exp-1: Random Sampling
in LV-space (12-D)

Initial Designs

Exp-2: Uniform Sampling
in LV-space (12-D)

i
I
I Fitness
: Evaluations [
e i ————————————— >
I
| Build Kriging
< rGA
VAE-Encod ' -
ncoder : (13-D) Add Update
N — = ' \1, (New design in
| VAE-Decoder - J — s w LV-space)
e I : Search for an
update (12-D) [€ LG4 A
Stop?
Best Design
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Experiments

Total of 72 fitness evaluations

36 initial samples =16 + 20

Two experiments for choosing those 16 designs
— Exp-1: Random Sampling

— Exp-2: Uniform Sampling
20 designs by Normal distribution
Rest (36) are incrementally chosen by EGO

WHAT STARTS HERE CHANGES THE WORLD
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Exp-1 Results
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Evaluated solutions
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Exp-2 Results
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Discussion

Exp-1 — Exploitation

Exp-2 — Exploration

Similar optimal designs

Gaps cause fracture or act like a hinge!
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Discussion

e Gaps are not always bad: Double-line print!

Continuous Gap

(red region) \ —‘
//
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Future Work

* Hyperparameter optimization for VAE, or GAN

— | VAE
EG - Conv. NN Training set @ Discriminator
Real
A .@E rake

Generator - .
Fake image

35
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Future Work

* Hyperparameter optimization for VAE, or GAN

— | VAE
EG - Conv. NN Training set @ Discriminator
Real

e Quantification of infeasibility gl .ﬁa{me

-— —>
\ ........
Generator |
VS. Fake image
) ’
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Future Work

* Hyperparameter optimization for VAE, or GAN

— | VAE
EG - Conv. NN Training set @ Discriminator
Real

* Quantification of infeasibility @' f.ﬁE{Fake

{\
> Generator |
VS. Fake image

/

* Repair haIIucmatlons

<J2] !
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/
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Future Work

* Hyperparameter optimization for VAE, or GAN

— | VAE
EG - Conv. NN Training set @ Discriminator
Real

* Quantification of infeasibility @' f.ﬁE{Fake

{ N\
> Generator <
VS. Fake image

/

* Repair haIIucmatlons

<J2 ]!

* More de5|gn appllcatlons
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Conclusions

* Methodology: Known ingredients, new recipe
* Design + Manufacturing — Functional Performance
* Successful Generative method for:

— Complex design problem

— Limited #fithess evaluations

— Losses

= Reconstruction (encoder-decoder)
= Production (Slicing & 3D Printing process)

— Many missing values

— Noisy landscape

* (Clever use of gaps

39
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THANK YOU!
Any Questions?
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