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Introduction: Mapping and characterization of ac-

tive aeolian processes from remote sensing data on 

Mars has been growing after the advent of HIRISE 

imagery. The spatial resolution of the data (0.25 m/pix) 

permit the study of even small-scale aeolian features, 

such has ripples. Ripple migration rates were estimated 

[1] and dramatic changes of the ripple patterns were 

described based on the analysis of temporal series of 

HIRISE observations [2]. 

We have focused our initial efforts in the human 

analysis and change detection of ripple patterns, but we 

have quickly realized that automated image processing 

tools would be required due to the increasing amount 

of available data. We have envisioned and started to 

implement an integrated framework for mapping and 

characterizing ripple patterns on Martian dunes.  

Methodology: Automated ripple pattern character-

ization techniques are not new [3], and estimates of 

migration rates were made using the COSI-Corr sub-

pixel correlation on Earth [4] and on Mars [5]. 

The mentioned approaches rely on a pixel or sub-

pixel based analysis, but the high spatial resolution of 

the HIRISE imagery is ideal to the application of ob-

ject based image analysis (OBIA) techniques [6]. We 

choose this approach because it allows the natural 

integration of textural, spectral and spatial information. 

Other important concern was that the targeted frame-

work would have to be able to integrate change analy-

sis using temporal series of images.  

Orthorectified HIRISE images and DTMs are the 

standard input datasets used. The main steps of the 

proposed methodology are ripple segmentation, 

vectorization and object characterization. A set of 

morphological operations using line segments as struc-

turing elements is used in order to achieve ripple seg-

mentation. After that, a hysteresis threshold generates a 

ripple marker matrix. The applied vectorization pro-

cess is the same presented in [7]. At this point, we have 

a set of objects (lines) which mark the spatial location 

of each ripple. To be more precise, it marks the center 

of the illuminated side of the ripples. 

Several parameters are then computed and linked 

with each ripple line. Spatial parameters (length, azi-

muth, and sinuosity) as well as morphometric parame-

ters computed from the DTM (slope, aspect, longitudi-

nal dip) are some of the derived parameters (fig, 1a,b 

and d). Besides the reflectance data computed from the 

image, more complex multi-scale textural information 

is also stored. Morphological orientation fields are 

computed at different scales and are integrated on the 

mapped objects. 

Application examples: Ripple population circular 

statistics can be easily analyzed. Length weighted cir-

cular distributions can be produced and the main trends 

identified [8]. The same kind of analysis can be per-

formed locally by deriving a vectorial field from the 

ripple lines. Assuming that the ripples formed perpen-

dicular to the main wind regimes, an axial vector can 

be generated for a given area representing the orienta-

tion of the main winds. This should be considered a 

first approximation since complex ripple patterns, with 

more than one main ripple orientation are common. In 

those cases, we use the textural parameters to segment 

ripple populations, and generate a primary and second-

ary axial fields. This is particularly suited to analyzed 

areas with more than one set of ripples [9].  

Ripple wavelengths can also be estimated, allowing 

the spatial analysis of the variation of this parameter 

(fig. 1c), which can be converted to ripple heights, and 

used to derive sand fluxes [5]. 

 Temporal analysis is not yet fully supported. Rip-

ples are nearly periodic features whose migration can 

hardly be described has a simple translation. In Gale 

crater for example, a firm correlation between ripples 

is not possible everywhere. In localized areas near the 

dune brinks, the ripple pattern seems to be completely 

different suggesting that a migration of more than one 

crest wavelength has occurred. The periodic nature of 

the ripples, defect migration, re-orientation of the pat-

tern and appearance of secondary ripple sets are im-

portant factors that must be considered when a ripple 

correlation is attempted. If we consider that the migra-

tion was higher than one ripple wavelength we could 

barely assure that a correlation is meaningful [10]. We 

have adopted the conservative approach of assuming 

that the displacements were less than half the wave-

length, and measure the displacements between neigh-

bor ripples in the two time-lapse images. Those as-

sumptions imply that we are measuring a minimum 

possible displacement [2].  

Conclusions: Work is underway to improve and 

expand the described object based ripple pattern char-

acterization techniques. Although the mentioned limita-
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tions, migration estimates through feature correlation is 

under development. 
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Fig. 1 – a) Gale crater HIRISE image; b) azimuth segmentation of mapped ripple traces; c) axial representation 

of the ripple wavelengths for the two populations segmented in b); d) ripples regional mean slope extracted from the 

HIRISE DTM. 
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