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Introduction:  A technique to estimate surface to-
pography of a celestial object with an atmosphere has 
been set by using:  (a) a radiative transfer code to 
simulate the radiation field in any point of the atmos-
phere and in a range of suitable boundary conditions, 
(b) models to simulate microphysical characteristics of 
the atmosphere surrounding the object and (c) an algo-
rithm for the atmospheric corrections of hyperspectral 
images in the visible-NIR domain [1] to apply to 
VIMS images. This technique bases on the band ratio 
method for in-band and out-bands reflectances, on a 
small wavelength range to assure the surface reflectiv-
ity invariance. We applied this technique to the Titan 
image V1490952268_2, taken by VIMS during the 
March 31st, 2005 flyby, calibrated in the IR range  
884.21 – 5108.00 nm. This image has a surface pixel 
resolution of about 52 x 104 km which is low due to 
the Cassini spacecraft distance at the moment of the 
measurement (208000 km). The spectral resolution 
was about 16 nm. 
   Methodology:   The VIMS bands selected for the 
band ratio method are centered at 2034.24 nm (n.167) 
and at 2100.34 nm (n.171), out-band and in-band re-
spectively. The choice of wavelengths in this part of 
the spectral range minimizes (even if not totally elimi-
nates) the weight of the scattering respect to the ab-
sorption optical depth (the scattering get more and 
more important moving to shorter wavelengths) and 
makes negligible thermal contributions. The proximity 
of the two bands assures surface reflectivity invariance 
for each pixel. Then we can express the reflectance 
ratio, for a non scattering, plane parallel and horizon-
tally stratified atmosphere as: 
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where µ0 is the cosine of the sun zenith angle,  µ is the 
cosine of the observation angle, τ171 is the absorption 
optical depth of the air column for the in-band reflec-

tance and R171 and R167 are the in-band and out-band 
measured reflectances respectively. 
As the absorber profile (CH4 for Titan) is derived from 
the literature [2], reviewed on the basis of the last 
Huygens mission [3], we can retrieve the elevation of 
the reflecting surface by solving the equation (1) 
knowing all the layer optical depths and applying the 
k-correlated method to any air column growing from 
the TOA to the surface. However, the Titan atmos-
phere is so loaded of aerosol that an algorithm to cor-
rect the blurring effects of the haze on the VIMS hy-
perspectral images was necessary also in the IR range.  
We chose an analytical formulation similar to that of 
the 6S code [4] to separate the atmospheric parameters 
from the ground parameters in the formulation of up-
welling radiance reaching the sensor entrance pupil: 
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where LSAT(λ) is the measured radiance, LATM(λ) models 
the atmospheric contribution, tdir(λ)* Lp

0(λ) models the 
direct transmission by the upwelling radiance of the 
pixel at the ground level and tdif(λ)* LENV

0(λ) models 
the environment effects. The terms on the right of the 
equation (2) has been calculated by using the package 
libRadtran [5] with the radiative solver DISORT2 ap-
plied to the microphysical model of the Titan atmos-
phere by Rannou [6,7] and using the absorption k-
coefficient database by Baines [8]. 
Equation (2), together with some libRadtran suitable 
applications, permits us to calculate a first approxima-
tion of the surface reflectivity by the relationships: 
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where E0(λ) is the downwelling irradiance at the sur-
face, ρG is an average albedo taking into account the 
adjacency effects due to the ground reflections, ρF is 

Lunar and Planetary Science XXXVII (2006) 1579.pdf



the average albedo due to the scattering towards the 
sensor of the light reflected by the environment and 
S(λ) is the atmospheric spherical albedo. 

Results:  Assuming, as first guess, that the adja-
cency and the environmental surface albedo,  ρG and ρF 
respectively, to be equal to ρ, the first estimate of the 
pixel albedo has been derived consequently. From 
equation (2), we can then derive the upwelling radi-
ance contributions for the two VIMS bands 167 and 
171, purged by the atmospheric and environmental 
terms. In figure 1 the original and the purged band 
ratio images are reported. We solved the equation (1) 
applied to purged band ratio for each pixel of the y-
profile relative to sample 25 of the image in figure 1. 
Our vertical grid for the layer optical depth calculation 
has been fixed to 0.5 km (10% of the smaller horizon-
tal dimension), then we cannot retrieve any surface 
elevations below this level. Really, though in figure 1 
differences in surface elevations across the sample 25 
would be probable, the first calculation results don’t 
reveal any difference of depth among pixels. Consider-
ing the possibility of an elevation difference profile 
within 0.5 km, we solved again the equation (1) for the 
purged band ratio magnified by a factor 2.2, to en-
hance a possible elevation difference profiles. The 
results of these two calculations are reported in Table 
1. As the spatial 

  
 

   

resolution of the image is considerably low it can be 
stated that the averaged differences in altitude are con-
tained within 0.5 km. On the other hand, the magnified 
band ratio (second and fifth columns of Table1) give 
elevation differences up to 5 km. We plan to apply this 
retrieving technique to different images with signifi-
cantly higher spatial resolutions. 

 
 

Table 1 
line Magni-

fied 
band 
ratio 

No 
magni-

fied 
band 
ratio 

line Magni-
fied 
band 
ratio 

No 
magni-

fied 
band 
ratio 

3 0 0 21 5 0 
4 0 0 22 2.5 0 
5 0 0 23 0 0 
6 0 0 24 0 0 
7 0 0 25 0 0 
8 0 0 26 0 0 
9 0 0 27 0 0 
10 0 0 28 0 0 
11 0 0 29 0 0 
12 0 0 30 0 0 
13 0 0 31 0 0 
14 0 0 32 0 0 
15 0.5 0 33 0 0 
16 2 0 34 0 0 
17 0.5 0 35 0 0 
18 1.5 0 36 0 0 
19 0 0 37 0 0 
20 2.5 0    
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Figure 1: left panel: original band ratio; right
panel: purged band ratio. Sample 25 
is indicated by a white arrow. 
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