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WHAT IS DUNE ?

Why map aeolian dunes ?
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Figure 1: A map of the world’s dune areas, divided into active (yellow), limited activity (gray), and fixed (green)
regions (Ashkenazy and al, 2012). The rectangles indicate the areas whose properties are summarized in

Ashkenazy and al, 2012. Same processes on Earth as other
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OBIJECTIVES OF THESIS

Geometry
Sinuosity

Symmetry
Orientation )
Develop a semi-automated protocol

Sedimentary Analyze form/characterize processes

Fluid
stock
Velocity Granulometry
Direction(s) Density
Viscosity source e Reconstruct fluid dynamics from
independent data
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STUDY AREA: RUB’AL KHALI BASIN (ARABIAN PENINSULA)

Rub’Al Khali basin (Arabian peninsula)
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KSM: Kharif Southwesterly Monsoon

Environment characteristics

Wind regimes
- WSmax = ~6 m.s-1 NW (July/August)

- WSmin = ~3 m.s-1 SW (October)
Sand type

Quartz & amphiboles (Farrant and al.,
2015; Garzanti and al., 2017)

Dune formation age
Upper Pleistocene (36 ka — 70 ka;
(Vincent, 2008))

Sand source

- Anatolia-Zagros orogen (Paleogene)
- Oman Mountains (Neogene)

Anatolia

: Arabian
shield

Why study Rub’Al

Khali basin ?

Vast area (660 000
km? for totality)
Several forms
Spatial variability
Different scales
observation

Figure 2: Simplified relief map of Arabia and surrounding showing location of main areas of sand dune and
wind regimes. Modified from Farrant and al, 2015; Glennie and Singhvi, 2002.

Figure 3: The complex source-to-sink system of
Arabian sands (Garzanti and al., 2017).
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STUDY AREA: RUB’AL KHALI BASIN (ARABIAN PENINSULA)
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Figure 4: Synthetic map of sedimentary morphologies generated from bibliographic summaries of Barth, 2001, Kumar
and Abdullah, 2011; Goudie and al., 2000; Glennie and Singhvi, 2002.
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DUNES

Clustered patterns Isolated patterns

- Presence of several dune morphologies,
- Marked borders between different morphologies,

- Spatial evolution of pattern,

- Spatially clustered sedimentary patterns (figure 5).
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@ STUDY AREA: RUB’AL KHALI BASIN (ARABIAN PENINSULA)

SCALE OBSERVATION

B Aeolians bedforms orders C Natural examples & scale observation
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Figure 5: Presentation of different observation scales (b and c) of the Rub’Al Khali dunes.
- Presence of different orders of
magnitude,
- Order lll and Il can be acquired by
satellite acquisition,
- Order | requires an outcrop study.
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT

VISUAL OUTPUT SOFTWARE

RR 3x5 RR 3x21
S Lo
o DEM coP 30 RESIDUAL RELIEF
Ay A An'\ ‘ b

The objective of the residual relief
is to suppress the regional
topographic trend on a DEM and
to preserve the local trends
associated at the bedforms.

SEMANTIC
SEGMENTATION

VECTORING

Key feature for the development
of the extraction protocol by

PIXEL RESIZING Artificial Intelligence.

OutpuT
A POST TREATMENT :
local topographic trend + +
; . ‘ base level ,% base level
MORPHOMETRICS outpPuT 3| T ' -
PARAMETERS Aur E 2
_____ Figure 6: Principle of residual relief extraction. From left to right: DEM and associated
EI:I Qis 3.22 o i Raster shapefiles topographic profile; Thresholded residual relief and associated topographic profile;
T . . . .
E - Python 3.9 w I:l Vector shapefies Extracted residual relief and associated profile.
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8 - Ecognition %
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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Figure 7: 100 training sample location map for convolutional neural network (CNN with U-Net architecture) distributed over
four sandbank (Yemen, Mauritania, China, Algeria). Each yellow box represent one sample of 192x192 pxL.

100 residual relief
samples created

el Rcs5o/ution: 192x192 pxl

}

Yemen
[1; 25]

Mauritania
[26; 50]

China
[51; 75]

Algeria
[76; 100]
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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Figure 9: Illustration of Volumetric Open Sky

approach (Rolland and al, 2022).
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT

OuTPUT

DEM COP 30mM

_______ s

RR 3x5 RR 3x21
SHORT LoNG

WAVELENGTHS WAVELENGTHS

'\II )\HI A\II'

SEMANTIC
SEGMENTATION

VECTORING

PIXEL RESIZING

Ay POST TREATMENT |~
MORPHOMETRICS Qutput
PARAMETERS A'“'

w i ]

E D Qgis 3.22 E o Raster shapefiles
E - Python 3.9 o D Vector shapefiles
I-ol- <

n - Ecognition %

VISUAL OUTPUT SOFTWARE

DEM coP 30

/

5
1 _akm

VECTORING

?

RESIZING
(R SN Sl
=T
A .

ESESYS. =
A~ e

RESIDUAL RELIEF

SEMANTIC
SEGMENTATION

|
E -
7

Growth of ridge lines
until they come into
contact with neighboring
lines (individualization of
forms)

)

M.@ LPG

CSI n°1 - 2022

DAYNAC Jimmy




SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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SEMI-AUTOMATED PROTOCOL DEVELOPEMENT
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FIRST RESULTS: MAPPING OF THE RUB'AL KHALI DUNES
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Figure 10: Map of the different of aeolian dunes of the Rub'Al Khali basin (2 observation scales) digitized by semi-automatic approaches (Deep Learning (U-Net), seed
growing, Volumetric open sky). A) Map of order Ill dunes. B) Focus on order IllI’and order Il dunes. each numbered rectangle corresponds to the focus of a type of dune.
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ANALYZES PLANNED FOR YEAR 2

MORPHOMETRIC &
DYNAMIC ANALYSIS

Use of neighborhood relationships
to quantify dune dispersion.

Use of drift potential relationships,
flux  calculation, wind speed
(Fryberger, 1979; Tsoar, 2005;
Livingstone, 2007, Ashkenazy and
al., 2012) to identify the
sedimentary dynamics of dunes.

APPLICATION TO A NEW
ENVIRONMENT

GLPG

CSI n°1 - 2022

DAYNAC Jimmy







