National Aeronautics and Space Administration

FY24 Strategic University Research Partnership (SURP)

Lowering the Barriers to Planetary Science Studies with a Large Mars Model

Principal Investigator: Umaa Rebbapragada (398)
JPL Co-Investigators: Steven Lu (398), Serina Diniega (322)
Arizona State University: Hannah Kerner (Assistant Professor), Mirali Purohit (Ph.D. Student)

% ARIZONA STATE
UNIVERSITY
A Foundation Model for Mars

What are Geospatial Foundation Models Useful For?

Mars has different sensor coverage and science infrastructure

The deep learning revolution brought forth neural network architectures that were support. FM strategies for Earth may not apply.

trained from large corpuses of labeled digital photography (e.g., cats, dogs, chairs). Building Foundation Models for Earth vs. Mars

Geospatial Foundation Models are neural networks that are trained through self-
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supervision [1,2] using large archives of unlabeled geospatial data. They promise:
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There have been hundreds of geospatial FMs created from Earth-observed data.
See [3] for a comprehensive list.

Question: Should we invest in custom FMs for Mars science?

Year 2 Progress

We continued attempts to train a competent Mars FM with promising
results. In Year 2 we matured experiments utilizing a model-editing
approach [4] that strategically combines single-sensor models.

We also created the first Mars benchmark designed to systematically evaluate
models across a broad range of Mars-related tasks using both orbital and
surface imagery. Mars-Bench comprises 20 datasets spanning classification,
segmentation, and object detection, focused on key geologic features such as
craters, cones, boulders, and frost.
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Figure 1. Overview of proposed approach for constructing a Mars orbital FM using model editing with EVL. Models are trained separately
on HiRISE (0.25 m/pixel) and CTX (5 m/pixel) data. Then, checkpoints are selected where the validation losses align, ensuring compati-
bility for merging. The models on selected checkpoints are then merged using task arithmetic operation (7°) [23].
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Results show that a model editing approach (t) beats models built
from either HIRISE (H) and CTX (C) alone, or a model trained
simultaneously on both (H+C) on the HIRISENet downstream task.
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Table 1. Comparison of the proposed approach with different baselines. The proposed approach (7 (HgvL,CgvL)) outperforms or
performs on par with the other baselines, demonstrating its effectiveness in handling multi-resolution data. Results are reported as mean +
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g e T gt Figure 1: Representative samples from selected Mars-Bench datasets, from all three task categories

® In-depth science analysis on select use cases showing science benefits
reaped from the use of the best-performing Mars FM
®* Deploying LMM models onto the PDS Imaging Node

* Experiment with larger model sizes and pre-training samples

®* Expand validation to include all Mars-Bench use cases
® Adding pre-training data from THEMIS and CRISM
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