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The structure — property connection

Forward model:
unique solution
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Two approaches to the structure-property link

¢ Feature-based machine learning:

features random forest ML properties
microstructure 2

iy 4 * Interpretable
8l © Capitalizes on domain knowledge and expertise

¢ Holistic machine learning:

convolutional neural network ML

properties

microstructure

* Powerful
sl © Black box
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Project outline

1. Data collection 2. Image representation 3. ML for structure-property
connections
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Images and metadata

To create a balanced
26 9-12% Cr ferritic/martensitic steel alloys database, we take 16
images from each class to
form a balanced database
containing 416 images

469 SEM images: two detectors, five magnifications

Mechanical test data at multiple temperatures

Alloy ID # #ofimages

SEM Images H | |
YS at 24°C
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Data Processing
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Two datasets are created:

2. NETL-3744: 224 x 224 — cropped images

Data augmentation (rotation, scaling,
shift) can be used to increase the data
volumes as well.
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Data Preprocessing
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Yield stresses occupy a small range, and some alloys have
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Downselect to 10 alloys

Selection Criterion: At least 10 MPa difference in yield stress
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VGG 16

Fc1: fully connected layer 1

224 x 224 x3
224 x.224 x64

12 x 112 x128

56 X 56 X256
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Convélution + RelLU

Max pooling
Fully fonnected + ReLU

Softmhax

b4c3: block 4—conv 3

b5c3: block 5—conv 3

VGG 16 CNN:
Pretrained on the ImageNet
database of natural images

Carnegie
Mellon
University



Clustering visualization: FC1 features

FC1 features are less helpful than the raw image features.
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Is there structure we can’t see in the CNN features?
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To check, we train a regressor using
CNN features.

Promising results — there is a signal!
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Project schedule

9/1/19 12/1/19 3/1/20 5/31/20 8/30/20 11/29/20 2/28/21 5/:

Select alloy system .

Survey data sources: archives, experiments, synthetic -

Collect data: microstructural images and property metadata _

Train and test image segmentation method

collection

Develop constituent segmentation image representation

Train and test random forest ML model
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Correlate microstructural metrics with properties
Develop hypercolumn pixel image representation

Compare supervised and unsupervised ML methods

holistic

Optimize ML for property prediction
Visualize property trends with material microstructures

Write and submit final report to NETL

reporting
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Project goals

1. Collect microstructural image data and property metadata for heat resistant alloy
systems

2. Develop material-agnostic CV techniques to extract knowledge from
microstructural images.

3. Create ML systems to find relationships between microstructures and property
metadata.

4. Analyze and interpret the results to discover new PSP connections.
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