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DL - Deep Learning

Al in Industry and Future Opportunities ML - Machine Learning

Al — Artificial Intelligence

Outline

Machine Learning
= What s it
= Recent progress
= Current State of DL for Engineering

= Industry Challenges for Design & Manufacturing

= Design and Manufacturing Opportunities for ML

= Conclusions

iy United Technologies
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Machine Learning : “Learning Programs From Data”

3 o A
> Decision making via rule
= based and expert
systems

Machine Learning
Probabilistic methods that
improve with more data

Deep Learning
Creates the best data
representations to date for
learning and querying.

%@ United Technologies
Research Center

2012

Speech Recognition

Object Recognition
2014

Information Fusion

2015

- Sequential Decision

Making
Attention Models

Networks

- Text €-> Image

2017

Unsupervised
Generative Models

Meta-Learning

2018

Self Attention

Cross Domain
Modeling




Current State of Deep Learning for Engineering

Awaliting Newton, though Copernicus would do

Ptolemy Copernicus

Newton

r
m.,xm
R=hR=G
1. This is what the data tells us. 1. Also consistent with the data. 1. Also consistent with the data.
2. Best available predictions. 2. Explainable. Comforting. 2. The underlying principle.
S Rovaaren Gontar oS 5
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Industry Challenges for Design & Manufacturing

Common Industry Practices

= Physics based engineering

= Reliance on extreme scale simulations
= Heuristic, incremental design methods
= Expert based decision making

United Technologies
Research Center

Machine Learning Shortcomings

= Difficulty incorporating explicit constraints
= Physics, manufacturing & engineering specs

Risk and Bottlenecks

= Many expert based tasks:
= Produce highly variable results.

= Are repetitive, time consuming and unscalable.
= Are difficult to codify.

Organizational

= Often suboptimal:
= Data collection and management.

= Analytics planning and pipeline standardization.
= Data collection and feedback loop for design.
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Design and Manufacturing Opportunities for Machine Learning

Learning from Prior Design & ML-enabled
Multi-fidelity Design Optimization

Detect when massively parallel simulations can be

modeled at lower fidelity and switch.

/
/ Rig
testing

Cost
On

3D RANS

2D RANS

Multi-fidelity data/simulation
(aerodynamic design example)
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Fidelity-adaptive database

Knowledge abstraction and Design Recommender System P N

B\
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generation N N e
~ -

Machine learning .

8

B —
= -—
>

optimization
-——
b . _V'Py

Fast and parallel design
space exploration

10-20x
speed up

& automation

Manual ML-assisted

Material Design and Characterization

Cad

Figure 5: Flowchart of the coupled cGAN inspection
EVELET.

Deep Learning for Image-based Material Characterization

Michael Giering, Kishore Reddy and
dgar A. Bernal
United Technologies Research Center (UTRC)
Eastoacmford CTos118
{GierinMJ, ReddyKK, BernalEA ustre use.com

Rg\falj Noraas

Pratt & ospace

East Has 0611
Ryzn. N

Modeling Structure-Property Relationships in Materials
Using Deep Convolutional Neural Networks
Ry B

anath?

w, East Hartford, CT 06105, USA

aration, East Hartford, CT 06105, 154

Design of Complex Energy System Components

( N
Unsupervised &
Supervised Learning
\ J
4 N
Advanced Manufacturing
Constraints
\ J

Representation Learning

iy United Technologies
Research Center

-

S NPIONS

Heat exchanger design recommendations,

fabrication and validation

Spec Consistent Automated High-dimensional Design

The power of ML

Constrained to:

Physics, Engineering
and Manufacturing
specs

ML-enabled large dimensional multi-
disciplinary design
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Bridging the Engineering — Machine Learning Gap

Conclusions

The greatest barrier to realizing the value of ML
IS the absence of bridges from existing
deterministic, rule based practices to highly
non-linear probabilistic methods.

= Trust by experts

= Performance confidence and explainability
= Validation methods

= Specification practices

= Commissioning practices

United Technologies
Research Center

Cutting edge DL methods are
becoming more explainable.

Generative models are enabling better
and more generalizable models.

Unsupervised learning has begun and
is the key to exploration of design and
manufacturing product spaces.
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