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1. Introduction

Remote sensing, especially from Synthetic Aperture
RADAR (SAR) imaging, can reveal the roughness of
surfaces  on  the  Earth  and  other  planetary  bodies.
Various geological features and terrains are known to
have  unique  small-scale topography  and  can  be
identified by their roughness in SAR images at the
scale of the RADAR wavelength [1].  Validation of
the  relationship  between  radar  reflectivity  and
geometric  roughness  (also  relevant  for  Aeolian
processes  [2])  requires  measurements  in  the  field.
Here we obtain multiple overlapping images with a
handheld  camera  during  the  Europlanet  2018
campaign [3] to derive a 3D spatial model at several
sites  a few meters across  in a  particularly flat  arid
region, the Danakil desert of Northeastern Ethiopia. 

The large area of the salt flats in this region means
that  the  remarkably  flat  surface  may  manifest  in
nonimaging microwave data (such as  scatterometer
and  radiometer  observations)  to  facilitate  the
interpretation  of  similar  data  from  planetary
missions.

2. Materials and Methods

A fiducial  marker was placed on the surface and a
series of photos were taken 360 degrees around the
marker  from  shoulder  height  at  two  different
distances from the marker, ~3 m and ~10 m. 

Each image group was then loaded into the software
program Agisoft  PhotoScan Pro to  create elevation
models.  The  shadows  that  existed  in  some  of  the
photos were subtracted from the image. The photos
were then aligned in Agisoft to position and orient
each photo to build a sparse point cloud model, from
which  a  dense  point  cloud  was  then  built.  A
coordinate  system  was  created  using  the  image
marker, and using the size and shape of the marker,

quantitative  data  could  then  be  extracted  from the
photos  to  build  an  elevation  model  of  each  the
different surfaces. The dense (x,y,z) point cloud data
was exported to MATLAB to calculate the standard
deviation  of  the  z  positions  as  a  measure  of
roughness for each flat [1][4]. 

3. Results and Discussion

The  results  and  data  for  three  of  the  studied  flats
analyzed to date are as follows:

Flat 1: A  salt  flat  that  appeared  to  be  slightly
rougher  visually,  and  that  had  a  height  standard
deviation of 2.48 cm (Fig. 1).

  Figure 1: DEM of Flat 1

Flat 2: A salt  flat  near  and similar  to Flat  1  with
high polygon edges that had a standard deviation of
2.68 cm (Fig 2). Note the remarkably regular spacing
of the ridges,  and the very flat  surfaces  between –
casual  visual  observations  show  strongly  specular
reflections from these surfaces at low sun elevations. 
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  Figure 2: DEM of Flat 2

Flat 6: A rocky, pebbled alluvial fan terrain that had a
standard deviation of 5.11 cm (Fig. 3).

  Figure 3: DEM of Flat 6

Flat 11: A sandy flat that is generally smooth (Fig. 4)
was found to have a height standard deviation of 1.67
cm. A profile of this flat and the DEM clearly show
small-scale ripples (Fig. 5).

4. Conclusions

Preliminary research shows that the elevation models
built from images of these flats in Ethiopia represent
and quantify the roughness of the area well. If these
roughness calculations are relevant to the geological

processes of other planets, then this study will give
us better understanding of locations on other planets
that we see as flat in remote sensing data.

  Figure 4: Image of Flat 11

  Figure 5: DEM of Flat 11
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