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Abstract

We apply a multivariate statistical method to Titan
data acquired by different instruments onboard the
Cassini  spacecraft. We have searched through
Cassini/VIMS [1] hyperspectral cubes, selecting
those data with convenient viewing geometry and
that overlap with Cassini/RADAR [2] scatterometry
footprints with a comparable spatial resolution. We
look for correlations between the infrared and
microwave ranges the two instruments cover. Where
found, the normalized backscatter cross-section
obtained from the scatterometer measurement,
corrected for incidence angle, and the calibrated
antenna temperature measured along with the
scatterometry echoes, are combined with the infrared
reflectances, with estimated errors, to produce an
aggregate data set, that we process using a
multivariate classification method to identify
homogeneous taxonomic units in the multivariate
space of the samples.

1. Introduction

We present new results combining the VIMS and
RADAR data on Titan’s surface. In RADAR data we
consider two geophysical quantities: the normalized
backscatter cross-section obtained from
the scatterometer measurement, corrected for the
incidence angle, and the calibrated antenna
temperature  determined  from  the radiometer
measurement, as found in publicly available data
products. In VIMS data, combining spatial and
spectral information, we have selected some
atmospheric windows in the spectral range between 2
and 5 um, providing the best optical depth to
measure surface reflectance.

The two RADAR parameters are combined with
VIMS data, with estimated errors, to produce an
aggregate data set, that we process using a

multivariate  classification method to identify
homogeneous taxonomic units in the multivariate
space of the samples. The use of data sets from
different instruments onboard the Cassini spacecraft
has the potential to deepen our understanding of the
nature of the surface.

Our analysis relies on the G-mode [3], an
unsupervised clustering method that has been
successfully used in the past for the classification of
such  diverse data sets as lunar rock
samples, asteroids and planetary surfaces. Due to the
large number of data of Titan, the classification work
proceeds in several steps. In a previous work [4], we
analyzed the data acquired in Titan flybys: T3, T4,
T8, T13 and T16, covering mostly the major bright
and dark features seen around the equator, combined
with VIMS infrared data, in order to validate the
classification method. Now we focus on flybys: T23,
T25, T28, T30, and T43, covering also regions of
Titan located at higher latitudes.

2. Results

The obtained results are generally in agreement
with previous work devoted both to the analysis of
the scatterometry data through physical models and
to the correlation between SAR and radiometry data
at a high resolution scale.

In general, dark basins like Belet and Senkyo behave
the same way as other dark equatorial basins already
explored in our previous analysis [4], appearing dark
in all of the atmospheric windows between 2 and 5
pm and showing at the same time a low
backscattering coefficient and a higher antenna
temperature (when it is considered), the first
parameter being indicative of a small roughness
and/or composition [5] while the latter parameter is
also consistent with the higher emissivity of the
material these regions are filled of [6]. On the other
hand, optically bright features show a variety of
behaviors at different spatial scales: on a regional



scale they appear bright also in the methane windows
from 2 to 5 pum, but not necessarily at the same
degree and with possible differences related also to
the backscattering coefficient. This evidence is likely
related to surface composition (e.g., different
concentrations of simple ices and/or hydrocarbons),
and it becomes even more detailed by increasing the
spatial resolution of the data, with small
homogeneous types showing subtle differences in
some of the explored variables. Furthermore, volume
scattering effects can also play a role, and are
revealed by diagnostic combination of the
backscattering coefficient and antenna temperature
values.
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Figure 1. Classification of cube CM 155908941 1
with 5 variables. Mean values of the variables for the
12 types identified by the G-mode analysis.

Lowest I/Fs

Low I/Fs, high o,
and low gy ya

e N ,Hi&veﬁ]—F@
2.02pymand
~ highest o,

Latitude (°)

320 283 247 LlowIFand 210
West Longitude (°) lowest o,

Figure 2. Classification of cube CM 155908941 1
with 5 variables. Spatial distribution of the samples
superimposed to an ISS optical mosaic [7].
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Figure 3. Classification of cube CM_1627151462 1
with 5 variables (including the antenna temperature).
Mean values of the variables for the 8 types
identified by the G-mode analysis.
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Figure 4. Classification of cube CM 1627151462 1
with 5 variables (including antenna temperature).
Spatial distribution of the samples superimposed to
an ISS optical mosaic [7].
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