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Abstract

Mass spectrometry is a powerful tool for investigating habitability and possible biosignatures in ocean
world environments. Future autonomous underwater vehicle (AUV) missions to extraterrestrial oceans
would allow for high-density in-situ sampling. However, these missions must operate under severe band-
width and power constraints, making the transmission of the entirety of the raw data impossible. Intelli-
gent onboard selection of the most scientifically relevant data is a promising approach for addressing the
constraints around data transmission.

Existing research has focused on peak-centered summarization and predefined science utility scor-
ing. This paper presents a systematic evaluation of lightweight statistical and machine learning models
for time-resolved mass spectra. Realistic mission conditions are approximated using controlled spectral
datasets that incorporate operationally meaningful events, including abrupt compositional transitions and
the transient appearance of low-abundance organics. Across these scenarios, this paper compares classical
change-point methods and lightweight neural architectures, including autoencoders and recurrent sequence
models. All methods are evaluated for their anomaly detection accuracy, data reduction efficiency, compu-
tational footprint, and interpretability. Preliminary results indicate that a compact two-layer autoencoder
architecture achieves the strongest balance across these evaluation metrics. By providing a comprehensive
evaluation of anomaly detection algorithms, this research provides a foundation for onboard autonomy
capabilities in ocean-world exploration.
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