AGGREGATION AND TRACKING OF LARGE-SCALE
ANELIREKA MARTIAN DUST EVENTS (ST-DATMADE)

T. Lombard™, L. Montabone““) V. Guyon(”

(Centre for Mars itoring, , Le Bourget-du-Lac, France (ti il.com), 2L de gie D i IPSL, Sorbonne Université, Paris, France, ®Space Science Institute, Boulder, CO, USA.

- INTRODUCTION - DATA METHOD

A NOVEL APPROACH TO THE SPATIO-TEMPORAL DETECTION, E 3
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Martian dust storms significantly impact the planet's climate and weather, The study employs the column dust ..; Detection involves identifying spatio-temporal ies in CDOD maps, distinguishing
ing both ic and surface iti [1]. Orbital data help track optical depth dataset at 610 P‘a pressure - e gl dust ies from the gl dust level using segmentation. The data
these storms, which pose for i and energy level (CDOD@610) spanning  from - ‘l ) »_ is partitioned using the k-means algorithm ([13]), separating it into background dust, dust

Martian Year (MY) 24 to 36 [9]. This core, and dust cloud categories. Aggregation is done using the Density-Based Spatial

production [2], [3], [4] and [5]. Accurate monitoring and forecastmg are crucial for
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future Mars exploration [6]. Previous work has zed supervised machine dataset, normalized to remove Clustering of Applications with Noise (DBSCAN) algorithm [14]. It is used for spatial
learning (SML) for detecting dust storms from visible images, but this study topographic features, includes gridded l* clustering of the highest CDOD values (dust core), it dust i
3 These instances are tracked from one Martian day (Sol) to another, forming sequences

observation maps and kriged maps from
satellite retrievals. The focus is on
detecting large-scale dust events with
CDOD@610 MAP DETECTION AGGREGATION TRACKING surface areas 21.6x106 km? lasting more
than two Martian days [2].

If you are interested please follow the =
QR code links to access the databases:

explores the use of Unsupervised Machine Learning (UML) for detecting,

aggregating, and tracking Martian dust events using infrared atmospheric data. based on spatial coherence and continuity.
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observations in are on Shaded Zonal means of the
MY24to MY27 are  the Mars Climate daily irregularly gridded maps of 9.3 um
available on the Database (MCD) ~ absorption column dust optical depth
NASA/PDS. to the 610 Pa

pressure level for the different Martian
Years, is displayed in background.
Preliminary maps for MY36 from EMIRS
and MY37 from both EMIRS and MCS
are currently available upon request.
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Figure 2: Flow chart of the proposed approach ST-DATMADE.

Image Cred

RESULTS

The ST-DATMADE approach successfully
detects, aggregates, and tracks dust
events across multiple Sols,
demonstrating the method with data
around Lg = 228° during MY24, around Lg =
187° during MY25, around Lg = 35° during
MY35 and around Lg = 311° during MY36.
The study produces a catalog of dust
event instances, identifying their spatio-
temporal distribution and statistical
features such as area and intensity.

Figure 4: Martian dust event detection (second column), aggregation into i in third column) and tracking of sequences (letters and colors in fourth column) from kriged maps (first column). Montabone et al.,
2015 defined a Sol-of-Year from a Sol-based Martian calendar, where MYs have an integer number of Sols [9]. One may note that only sequences lasting more than 2 Sols are labelled with a letter. Left panel: MY24, around
Lg = 228° between Sol-of-Year (SOY) 448 and 451. Center panel: MY25, around Lg = 187° between Sol-of-Year (SOY) 384 and 387. Right panel: MY35, around Lg = 35° between Sol-of-Year (SOY) 72 and 75.
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Figure 5: Martian dust event detecllon (second column), aggregation into it bers in third column) and tracking of sequences (letters B e e O ”‘;'..f.'n" C R

and colors in fourth column) from kriged (first column), during. Montabone et al., 2015 defined a Sol-of-Year from a Sol-based Martian calendar, Figure 6: Sol-by-sol identification and tracking of the evolution of a dust sequence (“storm’). The rest of the daily gridded
where MYs have an integer number of Sols [9]. Left panel: MY36, around Lg = 311° between Sol-of-Year (SOY) 579 and 582 maps (using EMIRS maps is visible in the transparent background. Left panel: MY36 between Lg= 307° and Lg= 316° from daily EMIRS-

instrument data). Right panel: MY36, around Ls = 311° between Sol-of-Year (SOY) 579 and 582 (using MCS instrument data). based CDOD maps normalized to 610 Pa. Right panel: MY36 between Ls = 309° and L= 318° from daily MCS-based
CDOD maps normalized to 610 Pa.

- CONCLUSIONS

The automatic, Unsupervised Machine Learmng -based approach effel:uvely detects and tracks Martian dust events, providing a comprehensive analysis of their spatio-temporal characteristics. This method offers a more objective and detailed understanding of
dust storm behavior P to previ based visual il

- PERSPECTIVES

The developed catalog will facilitate in-depth studies of large-scale dust events, including their origins, traj ies, and ior. The reduces jectivity and imp the of dust storm detection, supporting future Mars
exploration efforts and paving the way towards future dust storm forecasting.
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