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Our research
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The intelligent AM machine

“More 3D printers will have eyes (sensing) and brains (machine learning)”
(Additive Manufacturing trends in 2022%)
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In-situ process monitoring:

»
>

* First-time-right (&customized)
* Reduce wastes

* From monitoring to control
* Digital twins

Multistream massive data

startups, Patents, papers
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From sensorized to intelligent AM systems
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Al for the Intelligent AM machine
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Generative Al for zero-defect AM

GenAl

Generative
Adversarial
Networks

Variational Normalizing
Autoencoders flows

Diffusion

Autoregressive

models

models

Applications
- Data generation / augmentation
* Process outcome prediction

« Anomaly detection from generatively predicted patterns .
. » Sometimes defects and faults are observed only at severe

levels — lack of data in intermediate states

« In the big data era, real data are commonly highly
unbalanced (e.g., more difficult to gather data in
defective states than in normal states)

Type of data

. ypTime series, signals * Process monitoring and classification performances

. Tmages suffer from these limitations

« Videos » Simulation is sometimes used to fill this gap, but complex
« Multi-sensor data, data / complex process dynamics are difficult to

< ... simulate in realistic way
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Generative Al for data augmentation

GANSs — Generative Creswelletal. 2018
Adversarial Networks
;) v 0 ; g
%0 1 2 -1\
Samples of Real Data

Zadeh et al. 2021
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« Powder bed images (before and after melting) « Thermal videos
» Surface texture images « High-speed videos (visible, NIR, stereo)
« CT data .
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Case study in AM
Surface defects in extrusion-based Additive
Manufacturing (Colosimo et al. 2023)
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Limitations, Challenges and Outlook

Efficient Al, transfer learning and

GenAl can enable a transformation of
industrial practices and methods

Proliferations of GenAlI architectures, but

limited guidelines to overcome major issues... Open issues and outlook

« Lack of effective automated validation methods « Transfer to enable efficient transfer of knowledge

« Unstable training and Al models from one

« Extrapolation capability limited by over-fitting issue machine/material/geometry to another

« Complex and highly computationally expensive « Use of domain knowledge to enhance loss function
training process definition and output evaluation metrics

« Lack of consolidated methods for network « Implementation of resource-efficient Al
selection/optimization methodologies and tools for real-time

implementation
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