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Artifical Intelligence (A.l): Scientific domain that seeks to solve logical or
arithmetic problems by mimicking the decision-making capacity of a human

brain.
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Interest

Bedforms: spatially organized periodic
patterns formed by the flow of a fluid
on a substrate and by different
processes of material mobilization.
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Some different forms/sizes/spacing

< -~

Continuum?

- D~

Same processes on Earth as
other planets?
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How to map quickly and accurately ?

o Develop an automated mapping protocol

e Create a vector dunes database

e Quantify dune geometry
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Residual Relief (RR) computation and sampling
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Dune fields show superimposed generations
of dunes (m to km-scale) producing
complex topographic signal on DEMs. Each _
dune scale patterns can be analyzed % g
independently if the topographic signal is ; Z
disentangled with the Residual Relief
approach (Hiller and Smith, 2008).
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Deep Learning algorithm - Convolutionnal neural network (CNN) training

I The CNN is a robust algorithm to detect the bedform shapes in a landscape and produce a binary raster of this interest objects OUTPUT VISUEL
permicted (Delatte et al., 2019; Shumack et al., 2020).

The CNN architecture is based on the assemblage of a contration path (block A) and an expansive path (block B), each path is
characterized by two phases of convolutions.

Convolution is a mathematical matrix operation that consists of multiplying the values associated with the features of interest
(here the contour of the dunes) by a kernel filter (for example the contour detection filter). This process is repeated until the
entire image is filtered. The sum of the matrices products generates an image of a smaller resolution.

The convolution steps are followed by different matrix operations of maxpooling, convolution transpose and concatenation
that allow us to summarize and localize on the image all values associated with our objects of interest.

= Recall
catenation
> 87%
< 1 e 5 =)
<= 12|13 38| & BlE|8| el 18|18 gRI® 8 - & 2 Accuracy
o D e o 'u; 53 ] R | - i -] =
) CZL J || = ‘ o O (o) 91%
| | ‘ , ’ = -
— —— 2dn24 12x12 24x24 o
48x48 X N 48x48 |
96x96 96x96 o 102 Quality
192x192 192x192 70%

Daynac et al., (in prep)

European

EGU23-7223 PICO2.9 SSP1.1 Open session on stratigraphy, sedimentology and palaeontology EGU Geosciences

Union




Deep Learning Mapping Further Le Mans

concept workflow RUbAl Khall investigations Université

Crestlines extraction

OUTPUT VISUEL
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Morphometric parameters of Rub’Al Khali dunes

Comparison with current map

- A south area with a very consistent pattern of shorter (< 1 km) and a height gradient that decreases

113-135 to the south (70 to 20m);

135-158 - A similarity between the central area pattern of our work and the megabarchan area identified at
the dune field scale in previous studies;

158-180 A similarity between the south area pattern of our work and seif dunes area identified at the dune

DIRECTIONggesT (°) field scale in previous studies.
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2 68-90 . . .
2 - A central area with a very consistent pattern of long (>2 km) and high (> 70m) dunes;
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Namib dune field map
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Morphometric parameters of Namib dunes
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Morphometric parameters of Namib dunes
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To conclude...

Efficient semi-automated protocol for producing a
large-scale dune databases;

This work is an original production that completes
atlases of these regions present in the literature
the morphological boundaries mapped from
aerial/satellite images (Barth, 2001; Glennie,
1970; Livingstone et al., 2014; McKee, 1979);

Only a few detection problems were noticed, and
these were caused on by the DEM'’s resolution
limit in a few specific locations, which produced a
weak dune signal.

RR & Aomatic shape

GT mask

output
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Mapping
workflow

1. RESIDUAL RELIEF 2. LAPLACIAN FILTER 3. GAUSSIAN FILTER

4. DATA SAMPLES INCREASE (e.g. rotation, split, zoom etc.)

Various future uses:

>

>

Use of neighborhood
guantify dune dispersion;
Use of drift potential relationships, flux
calculation, wind speed (Tsoar, 2005;
Livingstone, 2007, Ashkenazy and al., 2012,
Chanteloube et al., 2022) to identify the
sedimentary dynamics of dunes;

Produce different detailed atlases of
aeolian  dunes diversity and their
morphometric parameters on a global
scale;

Application of the protocol in different
environments: hydraulic & extraterrestrial.

relationships to
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Further
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Thank you for your attention and if you
have more questions, contact me:

jimmy.daynac@univ-lemans.fr
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