Small Scale Topographical Characterization of Jezero Crater Region, Mars
Sylvain
1IPAG,

1
Douté ,

Susan

2
Conway ,

Marion

2
Massé

Université Grenoble Alpes, France (sylvain.doute@univ-grenoble-alpes.fr),

2Université

de Nantes.

INTRODUCTION

ANALYSIS

Jezero crater paleolake basin and its associated fluvial
sedimentary deposits will be the site of rover
exploration in 2020. We perform the topographical
characterization of the Jezero region and its deltas at
metric to hectometric horizontal scales by generating
improved high-resolution digital elevation models
(DEMs).

The refined DEMs are characterized by conducting a
multi-scale analysis with the Isotropic Undecimated
Wavelet Transform [2] of the DEMs:

cJ = c0 +

A new method combining photogrammetry and
photoclinometry [1] is used in order to produce high
quality, large Digital Elevation Models (DEMs) from
panchromatic images of Jezero crater region acquired
by the Context Camera (CTX) and the High Resolution
Imaging Science Experiment (HiRISE) of the Mars
Reconnaissance Orbiter.

Fig.4 CTX imagery (6m.pixel-1):
multi-scale slope representation->
RGB composition Red: 6m.pixel-1, Green: 24m, Blue: 96m

where c0 represents the smoothest version of the total
signal that is considered (cJ=DEM height field) and dj
the details of the signal at decreasing spatial scales j.
We decompose the DEMs into J+1=6 scales (6, 12, 24,
48, 96, 192 m.pixels-1 for CTX; 1, 2, 4, 8, 16, 32
m.pixels-1 for HiRISE) and calculate, at each level, the
map of absolute slope.
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METHODS
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Fig.5 HiRISE imagery (1m.pixel-1):
Multi-scale slope representation ->
RGB composition Red: 2m.pixel-1, Green: 8m, Blue: 32m
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Fig.6 multi-scale slope statistics for two geological units

VALIDATION
Fig.1 The flowchart of the DEM generation method.

We present a comparison of topographical profiles extracted from the initial CTX DEM (green lines),
the refined CTX DEM (red lines), and, as a reference, the refined HiRISE DEM (blue lines).
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Second we built false color compositions of the Jezero
region indicative of the slope of the scene at three
increasing spatial scales (Figures 4 and 5). The
composition is superposed with transparency on the
CTX or HiRISE orthorectified image and draped onto a
3D rendering of the DEM.
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Fig.2 Shaded representation of the initial and refined DEMs restricted to a region of
interest. Left image: initial CTX DEM with (θ0=51°, φ0=261°). Right image: refined CTX
DEM with (θ0=51°, φ0=261°).
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Table 1: CTX Image information for Jezero.
Left image

Right image

Image ID

F04_037396_1985

D15_033216_1989

Sun elevation

35°

51°

Sensor elevation

81°

74°

Sun azimuth angle 272°

261°

Phase angle

22.9°

46.6°

Transect #1

Left image

Right image

Image ID

ESP_045994_1985

ESP_046060_1985

Sun elevation

42°

40°

Sensor elevation

86°

70°

Sun azimuth angle 267°
Phase angle

51.3°

Distance along profile (m)

Fig.3 topographic profiles extracted along transects for a region of
interest (ROI) centered on the western fan deposit of the paleolake.
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Elevation (m)
Initial CTX
Refined CTX
Refined HiRISE

Table 2: HiRISE Image information for Jezero.
Absolute slope (°)

Absolute slope (°)

The processing of a series of CTX and HiRISE images of
Jezero crater paleolake with our new DEM generation
method provides an extremely detailed view (relative
height precision ≈2m for CTX, ≈20 cm for HiRISE) of
the region’s geomorphology at different spatial scales
allowing quantitative investigations of stratigraphy,
paleohydrology, present aeolian processes, slope
statistics, and rover trafficability.
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First we extract multi-scale slope statistics for
different terrain units of the scene as defined by [3]:
fluvial fans, volcanic floor, inlet channel bottom, etc.
Two examples are provided in Fig. 6 for an eroded
sedimentary deposit (large yellowish depressed area in
the center of Fig.5) and for an ancient lava flow (large
dark lobe at the top left of Fig.5).
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