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NASA explores the unknown 
in air and space, innovates for 
the benefit of humanity, and 
inspires the world through 
discovery.



Nondestructive Evaluation Sciences Branch

• NASA’s primary nondestructive 
evaluation (NDE) Research 
organization

• NDE Research Laboratory
• Thermal Imaging
• Ultrasonic Scanning
• Phased-Array Ultrasound
• Eddy Current
• Terahertz Imaging
• Computed X-Ray Tomography
• Fiber Optic Sensors Fabrication
• Nano and Mems Sensor Fabrication
• Photo and Thermal Elasticity
• Scanning Electron Microscopy
• Raman Spectroscopy



Artificial Intelligence (AI) & Machine Learning (ML) 
for Aerospace

• ML NDE examples
• Beyond NDE data – Large Language Models (LLM)

• Challenges / Opportunities



Machine Learning to Analyze NDE Data: 

Examples



Launch: 
11/2022

Artemis-1
(formerly EM-1)



Orion Heat Shield Inspection

Backscatter x-ray (BSX) imaging



3D BSX Measurements

Test Block

• NASA has been investigating how to perform NDE on charred AVCOAT.
• The proof of concept could be used on flown Artemis-1 heat shield.

BSX top slice

BSX side slice

POCs: Eric Burke, Dr. Peter Spaeth



Data Analysis

• BSX data contains four types of classification 
(see image)

• Using supervised learning techniques and 
segmentation hyperparameters (random forest 
classifier applied to segment the images)

•  Depth of char automatically calculated within 
+/- 2mm.

POCs: Dr. Peter Spaeth

Gray-scale = estimate of char depth



Why this approach to image classification?

• Random forest classifier applied to segment the images
• Results are explainable for relatively shallow decision trees
• Can be readily applied to the expectedly large set of BSX data that could be 

collected across the heat shield 
• Established open-source tools are available to carry out the analysis
• Statistical tools are available to quantify the uncertainty in training the 

random forest



Inspection During Manufacturing for Automated 
Fiber Placement (AFP)

Steer-induced overlap and gap 

1”



ML for Automatic Flaw Detection in AFP
Goals:

• Automated highlighting of areas where 
further inspection is required. 

Challenges

• Other image analysis method performed 
poorly (e.g. edge detection, clustering).

• Thermal discontinuities are not uniform in 
size, shape, or any characteristic.

• Thermography is, by nature a diffusive 
process, meaning discontinuities lack 
defined edges.

• “Clean” data with clear flaws that can be 
used for training are difficult to come by. 

ML Approach:

• Manually segmented images to make 
a training dataset. 

• Trained a UNet to segment thermal 
images for manufacturing flaws. 

POC: Dr. Elizabeth Gregory



Labelled Data for ML Training
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What it Does Well        What it Does Poorly

POC: Dr. Elizabeth Gregory

Near edge of part, and areas 
without as much definition.



Beyond NDE Data Analysis



Large Language Model (LLM) tools
• Trained to take in text input and predict the most likely next word

• Opportunity: knowledge growth & knowledge management

• “ChatGPT sometimes makes things up. Is AI’s hallucination problem fixable?” by 
Matt O’brien, TechXplore

• "It's inherent in the mismatch between the technology and the 
proposed use cases.” 

• "I think we will get the hallucination problem to a much, much 
better place…I think it will take us a year and a half, two years…”

• Source: https://techxplore.com/news/2023-08-chatbots-ai-hallucination-problem-
fixable.html?utm_source=nwletter&amp;utm_medium=email&amp;utm_campaign=daily-nwletter 

https://techxplore.com/news/2023-08-chatbots-ai-hallucination-problem-fixable.html?utm_source=nwletter&amp;utm_medium=email&amp;utm_campaign=daily-nwletter
https://techxplore.com/news/2023-08-chatbots-ai-hallucination-problem-fixable.html?utm_source=nwletter&amp;utm_medium=email&amp;utm_campaign=daily-nwletter


Source: 
https://www.defense.gov/News/Releases/Release/Article/3489803/d
od-announces-establishment-of-generative-ai-task-force/

The future of defense is not just about 
adopting cutting-edge technologies, but 
doing so with foresight, responsibility, and 
a deep understanding of the broader 
implications for our nation."



Note: The following examples are based on AI tools 
currently under testing at NASA and are not intended 
to endorse or oppose any specific AI toolset



Opportunities – beyond NDE data processing
Currently testing LLM AI tool capabilities/limitations through a variety of test cases.

https://www.drivendata.org/competition
s/252/ai-research-assistants/

AI Research assistant 
• Focus the AI tool on a specified 

data set. 
• Summarization, understanding 

trends across multiple papers, 
compare papers, identify 
relevant search terminology, 
querying content of papers, 
identify gaps areas, identify key 
author . 

• Citation of what results are 
based on. 



ChatwithPdf.com



ChatwithPdf.com



Opportunities – beyond NDE data processing

• Shareable codes: 
Python License V 2.0

Currently testing LLM AI tool capabilities/limitations through a variety of test cases.

Can this package be used in software 
that is released open source and why?



Opportunities – beyond data processing

• Policy compliance: 
Establishes procedures 
and responsibilities for 
the reporting, review, 
assessment, and release 
of software created by, or 
for, NASA. 



Microsoft Azure AI

NPR 2110 
section 2.8

Provide a brief summary of the text 
at a 10 year old reading level.



Google Cloud Platform  AI Studio

NPR 2110 
section 2.8

Provide a brief summary of the 
following at a 10 year old reading 
level.



Challenges / Opportunities (not specific to aerospace)

• Unable to use some techniques due to lack of training 
data.
• Data from validated models?

• Lack of standard data set(s) for NDE
A consortium could enable this 
• Example: Round robin testing NASA and partners did 

under ACP, link to that TM.
• ‘Explainable’:  when is this needed? Can it aid in 

understanding when a model is not applicable



Challenges/Opportunities (not specific to aerospace)

• Cultural – Need partnerships to include experts (.e.g pair 
with computer science). Tool accessibility may be 
outpacing the understanding.

• Security.

• Understanding a specific AI/ML tool can be used for. 
When should it NOT be used. (true for both ML and 
LLMs!)



Specific to aerospace:



Questions?



Hyperparameter Tuning
Hyperparameters:

• Number of convolutional layers in each 
block.

• Number of blocks.

• Size of the filters.

• Activation scheme. 

Challenge:  Interaction of 
Hyperparameters is not intuitive.
Typical Solution: Trial and Error

Our Solution:  Genetic Algorithm  
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