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Introduction:  In general, remote sensing image 

data are influenced by miscellaneous effects caused by 
exterior effects such as atmospheric and photometric 
characteristics as well as technical characteristics of 
the employed optics and sensors. In addition to obser-
vation and terrain geometries the spectral intensity of a 
given surface pixel is controlled by material properties 
such as roughness, porosity, grain size, and composi-
tion. Besides a possible small size variation of the ma-
terial properties the terrain geometry plays an impor-
tant role as solar incidence and phase angles change 
significantly during especially long-swath mapping.  

 
In order to deal with such photometric effects (as-

sessment, quantification and correction) a variety of 
software implementations for planetary image data has 
been developed (USGS ISIS2 and ISIS3 packages, 
VICAR routines). To account for variations in spectral 
intensities several photometric functions have been 
employed to correct such issues ranging from rather 
simplistic models parameterized by the incidence angle 
only to complex multi-parameter models that addition-
ally take into account certain surface properties. Ap-
plication of such photometric functions provide im-
provements of image data with respect to pixel intensi-
ties and allow the correction of these data to a common 
reference geometry and observation conditions. Nor-
malized image data permits substantial improvements 
to combine and form a homogeneous data mosaic.  

 
Methodology: The goal of this work is to be able 

to perform selected photometric corrections with user-
defined parameterization within a GIS environment 
using onboard tools and auxiliary information from 
observation data so that photometric effects are mini-
mized and subsequent image mosaicking by perform-
ing histogram matching and additional (non-
photometric) color corrections lead to a pre-assessment 
of the best-possible results. We set up an environment 
which allows performing end-user photometric correc-
tions by implementing basic raster-tools routines 
within ESRI’s ArcGIS. Mars Express High Resolution 
Stereo Camera (HRSC) [1,2,3] forms the data basis for 
which a proper selection of the 'correct' function and 
user-defined parameterization is of utmost importance 
in order to be able to create color-image mosaics. The 
HRSC instrument provides high-resolution stereo im-
age data with a pixel scale up to 12.5 m with a pan-
chromatic nadir-looking channel, four colour channels 

and along-track triple stereo. The stereo performance 
of the instrument allows for derivation of high-
resolution digital terrain models with a scale up to 50 
m/px [4,5,6,7]. Auxiliary geometric information, i.e. 
incidence angle/azimuth and emission angle/azimuth, 
are generated by making use of the NAIF/SPICE tool-
kit using reconstructed orbit data. For the derivation of 
correct geometries and the photometric corrections we 
use standard ArcGIS tools, i.e., expanded procedures 
from the model builder with algebra routines (figure 
1). 

  

 
Figure 1: Flowchart describing the general procedures 
and work flow. 
 
As a test environment, we have implemented the sim-
ple photometric models Lambert, Minnaert [8] and 
Lommel-Seeliger [9].  

 
Figure 2: Part from the HRSC orbit 1235 (Valles 
Marineris): nadir image before (left) and after (right) 
photometric correction (Minnaert, k=0,5). 
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More sophisticated models, such as Hapke photometric 
function [10-13], will require a thorough knowledge of 
the surface properties and will not be treated initially. 
However, it has been shown [14] that for planetary 
surface more simple models, such as Minnaert, pro-
vides good results (see figure 2). We have successfully 
implemented the basic photometric routines and the 
ArcGIS environment has shown to be capable of deal-
ing with large planetary data sets in an efficient way.  
 
Once the angle conversions from SPICE and the 
proper terrain geometry has been defined, subsequent 
calculations and corrections are performed semi-
automatically using the created Model Builder rou-
tines. The implementation in ArcGIS allows a user-
friendly combination and comparison of most varied 
planetary image data and corresponding photometric 
corrections and thus it delivers a powerful tool for 
miscellaneous image processing procedures including 
image enhancements and mosaicking (see figure 3).  
 

 
Figure 3: Mosaic of the HRSC orbits 1235 and 0360 
(Valles Marineris): nadir image mosaic (without 
high/low pass filtering) before (left) and after (right) 
photometric correction (Lommel-Seeliger).  
 
Rather than being of systematic relevance in the con-
text of ongoing systematic correction efforts for HRSC 
global data, the work flow demonstrated here is set up 
to support the choice of a reasonable parameterization 

not only for nadir observations but also for HRSC col-
our data on the end-user level.  
 
Several methodological aspects can be integrated into 
the systematic data processing workflow to be estab-
lished using non-interactive routines within a 
VICAR/ISIS environment allowing exchange of data 
between different processing levels. 
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