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Mark Wronkiewicz! (wronk@jpl.nasa.gov), Serina Diniega’, Brian Jackson?, “ua Jet Propulsion Laboratory B BOISE STATE Abs. #2530-
1Jet Propulsion Laboratory, California Institute of Technology, 2Boise State University -~ J  California Institute of Technology UNIVERSITY e e e
4 A 4 . . . . )
Rethinking Data Acquisition on Small Spacecraft Vortices and Their Contribution to the Dust Budget
. : : : , .. The contribution of dust devils to the Martian dust |
To capture rare phe.nomena like dust deyﬂs, new algorithms are needed t.o respond.to events in real time. Traditional, pre- budget is important but remains poorly understood. *
scheduled observational schemes are likely to: miss high-value events if observations are too sparsely collected, and/or Determining how much dust devils contribute 0
exceed bandwidth or power availability with continuous observations (i.e., small spacecraft [1,2]). Any capability that depends on the dust flux (Q) from each individual .30
addresses these concerns could improve scientific outcomes; we focus on quantifying the contribution of rare dust vortices to vortex [5]. 9":'3.0
the Martian dust budget Lab work suggests Q depends on the pressure &25_
excursion at the vortex’s center as Q x APY. Thus, |
Spacecraft with an adaptive sampling strategy could address these issues [3], but research is needed to understand the large uncertainties o, on y translate into large =0
technical capabilities and a priori knowledge that would enable such algorithms. We conducted a proof-of-concept study that: uncertainties ogoon the population-weighted dust L5
. ] ] ] flux 20 (Figure 2). ol
* Developed and tested 4 science autonomy methods for detecting Martian convective vortex on real M2020 data [4] H T S .
. . . . : /
 Demonstrates that real-time detectors can conserve power and data volume until an event of interest is detected Analyzing pressure data (e.g., from rovers) to | ’ G‘f
accurately determine vortex pressure excursions  Figure 2. Relationship between the
* Generated science outcomes quantitatively similar despite highly constrained use of simulated resources (y) is critical to assessing their role in the Martian  signal-to-noise ratio (SNR) for the
- / dust budget. population-weighted dust flux (2Q/oy()

and the SNR for the individual vortex
contribution. As SNR on y increases, the

ReseafCh ObjeCtIVGS and AppanCh SNR on the population-weighted dust flux

increases, improving our understanding.

We assume two observation modes: For each detector, we can tune: -
1. Monitor mode: Constantly on / Low resource: pressure 1. Detection threshold: Lower thresholds capture more . B Figure 3. Vortices measured by M2020
SEeNsor. events, but require more power and data volume - 0 vary in terms of pressure deviations and
2. Alert Mode: Limited duration post-trigger / High resource: 2. Alert mode cooldown: Longer cooldown times record £ - durations. Most tended to have a smalt
) ) ' : G 8z _ deviation (<1Pa) and short
: more data but require more power and data volume £2 e pressure
wind sensors, cameras, and pressure sensor. g P ) Var duration (<50s, lower left). But there are
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Figure 1. We aim to quantify how science autonomy algorithms can increase the ratio of science returned vs.

resources used (power and data). Our current project status is indicated by the dashed red box. We plan to a N\
complete this work and submit a paper by the end of May, so stay tuned! And feedback is welcomed. : : & \ 4
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is not “background.” If this FWHM window (red detected by each detector, as compared to the total dust inferred
5 100 | == NNy probability exceeds a shaded region). Figure 9. Vortex detection performance for all four detectors (columns) from the original population of vortex encounters from Mars 2020
8 0 | Lognoma | Ji threshold parameter, the . o for tight and loose filters (rows) over vortices in the test set. [4]. Even with a strict filter returning only 5% of the autonomously
%D-z — Studert1 ',I' \ algorithm triggers a vortex s — e Figure 7. Similar to Performance varies according to the vortex characteristics described in selected data, most detectors return vortex populations within a
= o N | - " () 1 . . . _ . . . . .
2 . ‘| detection. Here, we use a (0 “\’ o (] the ab(?ve figure but Figure 3. Markers indicate true positives (trigger before FWHM), near factor of 2-3 of the original population, though the adaptive one
O & —U. - . . . . . . . . . .
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= H ” \ determine that probability. L 025 “0%¢ transformer model. percentage of test vortices in each of those categories detector improvements are expected to improve their performance.
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