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    Introduction:  Titan is veiled by a dense atmos-
phere which absorbs and scatters both the incoming 
solar flux and the signal reflected by the surface. The 
surface can still be seen at specific wavelengths at 1.08, 
1.27, 1.59, 2.03, 2.69-2.78 and 5 µm, where the atmos-
pheric gases are the most weakly absorbing [1,2]. We 
focus in this paper on the global mapping of Titan’s 
surface at these wavelengths using the Visual and In-
frared Mapping Spectrometer (VIMS) onboard Cassini, 
with the objective to reduce the atmospheric contribu-
tion in the short wavelengths surface windows.  
   Methodology: We have computed a global hyper-
spectral mosaic of all VIMS data taken during the nom-
inal and equinox Cassini mission (from Ta in October  
2004 to T70 in June 2010) (Figure 1). Coarse resolu-
tion images are used as background, and progressively 
finer resolutions are put on top. A series of filters has 
been designed to remove pixels acquired with extreme 
viewing geometries, which produce strong atmospheric 
artifacts.  

 
Figure 1: Global mosaic of VIMS data at 5 µm ac-
quired between Ta and T70. 
 
     At first order, the spectral radiance or intensity 
I(λ,φ) in W/m2/µm/sr measured by the instruments can 
be summarized by the following simplified radiative 
transfer equation [3]: 
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where λ is the wavelength, φ is the phase angle, F is the 
solar radiance (in W/m2/µm/sr), i is the incidence angle, 
R is the bidirectional reflectance of a perfect Lambertian 
surface, τ is the optical depth of the atmosphere, and Iscat 
an additive term that includes the light scattered by the 
atmosphere. According to this formalism, I/F in the sur-
face windows should be directly correlated to cos(i) in 
areas of homogeneous reflectance values, provided that 

we can get rid of the Iscat term. This Iscat term can be ne-
glected at first order in the 5 µm window [4,5]. For 
shorter wavelengths, we use an average of the left and 
right band wings, respectively corresponding to the first 
wavelengths at the shortward and longward side respec-
tively of a spectral window where the surface cannot be 
seen, as a proxy for Iscat. These wavelengths probe al-
most all the column of atmosphere, except the very last 
layers close to the ground. They therefore contain al-
most all the additive scattering contribution provided by 
the atmosphere. To account for the difference with the 
exact amount of additive term in the center of the at-
mospheric surface window, where the methane is the 
most transparent, we empiricaly multiply this contribu-
tion by a scaling factor k. This process is illustrated for 
the 1.27 µm window in the scatter plots shown in Figure 
2. The plot is restricted to the area indicated by the red 
rectangle, which corresponds to homogeneously bright 
materials only. 

 
Figure 2 : 2-D scatter plots of I/F at 1.27 µm versus 
cos(i). Top: without any correction. Bottom : after the 
optimized subtraction of the scaled band wings. 
 
    After this empirical correction process of the addi-
tive term, the division by cos i can be used to normal-
ize at first order the viewing geometry in the corre-
sponding  image (Figure 3).  
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Figure 3 : global mosaic of Titan at 1.27 µm. Top : 
raw I/F values. Middle: same map after division by 
cosine of the incidence angle. Bottom: empirical sub-
traction of the additive scattering contribution and 
division by cos(i). The maps are displayed in black and 
white with a linear stretch corresponding to the values 
indicated in parenthesis. 
 
The main discrepancies which are still present between 
individual images in this global mosaic integrating sev-
en years of observations are due to transient phenome-
non such as clouds, residual calibration artifacts and 
second order photometric effects. 

Conclusion and Perspectives : The global map-
ping of the surface of Titan free of atmospheric and 
photometric effects is still a challenging task. We have 
presented an empirical approach that can be used in 
order to improve the quality of the maps and correct 
the images at a first order. This can be useful to pro-
vide a comparison with other independent analyses 
based either on alternative empical approaches, or on 
complete radiative transfer modeling, paving the way 
for further refined algorithms. Further refinement could 

for example include the use of the semi-automated 
cloud detection technique of [6], or a refined surface 
photometric function [7]. 

 

 
Figure 4 : Global views of Titan from the Cassini 
spacecraft. The foreground image is a false-color 
composite of the global corrected VIMS mosaic of Ti-
tan with Red=5.0µm, G=2.0 µm, B=1.27 µm. The 
background is an ISS true-color image. 
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