Infroduction

In preparation for long-duration Mars missions, understanding astronaut tasks is critical. We
employ Natural Language Processing (NLP) and deep learning (DL) to classity and analyze
each Mars task, for better insight into their associated physiological and cognitive demands.

What is NLP and DL¢ NLP is a field of Al
machine learning (ML) concerned with the

Inferaction between computers and human

language, used for understanding text data. ML
DL is primarily concerned with learning

abstract patterns in the data.

« Mars Tasks (MT]: 1,058 text descriptions and objectives of specific tasks that astronauts may
perform during a Mars mission [1].
e.qg., 'Descend crater wall while carrying hand fools and wearing surface EVA suit to conduct
geological research.”

« Human System Task Categories (HSTIC): 18 categories of human systems with description [2].
e.g., Cognition-Simple/Complex, Vision.

N LP O Artificial Intelligence
DL Machine Learning
Deep Learning
Natural Language Processing

MT are dataset samples, HSTC are features. We trained our model using a binary table where a
value of 1 indicates the involvement of an HSTC in the MT, and 0 otherwise. Those tables were
generated by the Clinical Science Team from the Science Integration Office.

Challenges

« Severe class imbalance. The number of 0's (majority) and 1's (minority) are vastly uneqgual.
Solution: Combine and drop categories with too few examples, resulting in 9/18 HSTC.

« Too little data. DL requires as much data as possible to classity HSTC.
Solufion: iImplementing an exponential scoring Into the preprocessing step to create a
sampling distribution for augmentation.
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Augmentation

Select minority HSTCs 1o generate more examples of MT.

By calculating the frequency, normalizing, and applying an exponential weighting
factor to create sampling distribution to augment.

 EFasy Data Augmentation (EDA) technique is used for efficient augmentation [4][5].
Train, validation, and test splits are correctly separated before augmentation.

Implementation

Google’s Bidirectional Encoder Representation for Transformers (BERT) is
based on the fransformer architecture (DL) [4]. The BERT model is used
to capture abstract semantic and syntactic uses of the MT [5].

1. Use MT descriptions (only 9/18) and assess model performance (MT only)
2. Use MT and HSTC descriptions and assess performance (MT + HSTC)
3. Preliminary results embedding for unsupervised learning using MT.
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Google BERT Algorithm

https://creatives.me/2022/09/22/what-is-google-bert/
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Results for Supervised Learning

Results show that LLMs perform best when predicting the involvement of vision, pressure ops, hand,
and communication categories in the execution of Mars tasks. That is high AUC in the ROC and PR
curves, as well as the F1 score.

Supervised BERT (MT + HSTC) using 9/18 HSTC

ROC Curve - DistilBERT Precision-Recall Curve - DistilBERT
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Future Work: Unsupervised Leaming

To tailor BERT to be able to predict without tfraining on data, we plan to compare and cluster similar
MT together by extracting the meaning of the tasks without the HSTC labels. By comparing two (or
more) sentences with each other we can use a pairwise relatedness metric for clustering [6]. This, and
traditional cosine similarity, was used Iin the preliminary stages of development for distributed
document representation [6].
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