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moving flui .(s .ear stress) and granular se 1menFs (quantl.t}.l, s1ize and S ap§ of particles). _ e = regional topographic trend from the dune relief: | SAMPLING | e | VOLUMETRIC |
Dunes are ubiquitous on planetary surfaces, shaping repetitive patterns at different scales. [ S8 as oo | DATASET | __RELIEF | | OBSCURANCE |
Spatial and volumetric mapping and analysis of these bedforms is therefore essential to better [S55 = - S 2. Segmentation of dune outlines from RR using a Deep
understand 1) their formation processes and 11) their spatio-temporal evolution. SECOND = — Learning algorithm (Shumack et al., 2020); B. N N
Bedform mapping studies are usually focused either on a dune field scale (i.e. main geometric | "BUNE .~ o NBORAL | SKELETIZATION |
patterns) or on a few selected dunes (i.e slope, outline, crestlines, etc.), but never encompassed GFN.ERAT'?N M~;f - 3. Computation of Volumetric Obscurance (VO ; Rolland NETWORK o D
both scale. Indeed, numerous maps are produced by manual digitizing (e.g. crestlines, outlines, —————— — et al, 2022) to enhance high inflexion points
slip faces) which 1s very time-consuming and biased by mapper subectivity. - 2 [ = corresponding to dune crestlines;
Here, we propose an automatic method of dune outlines, crestlines and slip face mapping from . VoS MAPPING SHAPE _5 1 |soLATION  |—ae—MAIN CRESTLINE
o : - : - : 4. Skeletonization of dune crestlines from VO and MODEL EXTRACTION
DEM based on Artificial Intelligence (AI) which allows instantaneous, massive and integrated ' ’ _ .
extraction of several properties from local scale (each single dune) to regional scale (dune extraction of main crestline; EEATURES
. g, o g eq- e, ~— v
field). We illustrate our Al protocol capabilities, reproducibility and accuracy on the Rub'Al L2771 5 C on of d dth. leneth DAL 2ol
Khali sand sea Simple linear dunes . Computation of dune parameters (e.g. width, length,
a ' heigth, crests orientation) from the mapping results. SEEEORET MORPHOMETRIC SO
_ SHAPES E PARAMETERS | CRESTLINES
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/ ( amy i Z , (Fi‘, “ o _ N Dune fields show superimposed generations of dunes (m

to km-scale) producing complex topographic signal on
DEMs. Each dune scale patterns can be analysed
independently 1f the topographic signal 1s disentangled.

A. RESIDUAL RELIEF CONCEPT & SAMPLING
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RUB'AL KHALI AUTOMATIC MAPPING & MORPHOMETRIC PARAMETERS

We computed 1t on 100 training samples that are then
55.00°E 56.00°E used as learning data set to map the dune outlines. The
. samples are selected from four arid regions and cover a
large range of dune types (barchanoid, star, dome, linear
and complex dunes).

Each sample represent a DEM on which dunes are
identified and digitalized manually. This manual mask is
considered as a "ground truth" reference by the Deep
Learning algorithm.
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B. DEEP LEARNING ALGORITHM Concatenation
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The crestlines extraction is based on the Volumetric -
, | ‘ ; Obscurance algorithm (Rolland et al., 2022). The tool | Modified from Roliand et al., 2022 ,
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identification

volume below and above the topography in a sphere of a
given radius centred at a given point of the topographic — —

- / Surface, — Deleted branch

i — Preserved branch

s ; i — Trunk ;

o » Node :
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e e The output raster is reduced to a branched skeleton from Dune individualisation

. dune 1 dune 2
n,..=78.477 an automated algorithm that analyzes the branch h

connectivity of each bedform crestlines to keep the NN

SUM o, = 78.036 km
longest segment.

ngyne = 18.477
sand cover = 58.738 km?
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RESULTS - Dune widths changes from 400 m to - between the south area pattern of our work and seif dunes CONCLUSION & FURTHER WORKS

Metrical performances of the protocol from manual references 1.8 km follwing a S to N gradient; area identified in dune field scale previous studies. This protocol demonstrate T R!y \\ ‘: ‘\TQ\“\%D\%@
G/ SN\ E \w
Metric | Recall (%) | Accuracy (%) Quality (%) [ Crest deviation (°) _ A central area with a verv consistent  PUNE TYPES go‘?d performances to map AN
. y AR RUB' AL KHALI various and complex dune \ % \‘
Mean 87,1 90,9 69,1 11 pattern of wide (>1.2 km), very long ' forms. This work is an original N
Median 92 91’ / 69’ 4 8 (>2 km) and hlgh (>7O m) dunes’ productlon that completes RR & Automatic shape  Automatic crest

atlases of this region present in GT mask output output

the literature the morphological
boundaries mapped from aerial/ A

- A south area with a very consistent
pattern of narrower (<600 m), shorter

After the DNN training, the We automatically mapped more than

. . : : < 1 km) and a height gradient that
mapping model is assessed from 20% 78,000 dune outlines and crestlines, Eiecreases) 0 the southg(70gto 20 m); satellite images (Barth, 2001; N
' f more than 58,000 km?. ’ : :
of the samples, demonstrating good  on an area o ) Glennie, 1970; McKee, 1979). 2
performances: 02%, of precision, This 1s the first map ever of width, ) S
, : : : Only a few detection problems v
87% of recall and 70% of mapping  length, height and orientation of _ =
: , : : : were noticed, and these were
quality. 78,000 dunes of the Rub'Al Khali  Our detailed morphometric measure- | L
. caused on by the DEM's Q
desert, showing: ments at the dune field scale shows: tion Timit in a o L
resolution limit in a few specific
Automatically extracted crestlines ' recti - between the central area pattern of ™~ b ' ' S,
N . Y A . . o - Mean crestlines direction of 81° v P £z Draa or Uruq P2 Plumatedunes il Barchans 's5] Sand sheets locations, Wthh pr.oduced 4 =
show low directional dispersion (11°) (range: 45°-135°) for high dunes our work and the megabarchan area [z= Seif dunes i3 Convergentdunes = Barchanoid ridges | <] Sabkhas + dunes weak dune signal. This protocol 2
) ... . . . . ; [y small lineardunes °% Dome dunes ZA Megabarchans B8 Sabkhas - coastal . 1
regard.lng man'l'lally dlgltlZSd ones  (>70m) and of 35° (range: 171°-180°) 1den.t1ﬁed in dune field scale previous I Sigmoidaldunes &3 pyramidel dunes ] Transverss unes 13 Gravel i may be. used in the future on 5 .
( considered as "ground truth"). for smaller dunes (<70m); studies; 72 Hooked dunes ¥ Parabolic dunes === AKIé dunes I Redrnck hydraulic and extraterrestrial E

modified from Edgell, 2006 dunes.




