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Introduction: The simulation of surface clutter is an 

invaluable tool in the analysis of airborne and 

spaceborne radar sounding data in order to discriminate 

true subsurface reflectors from off-nadir surface echoes 

with similar time delays [1,2]. Software has been 

developed to simulate surface clutter, but to date most 

instances have been specifically written to work with a 

single dataset or instrument [1,3]. The algorithms 

employed to perform a clutter simulation for different 

planetary bodies or radar instruments are not inherently 

different, however, so new software should not be 

necessary for individual missions. A generalized clutter 

simulator could also aid in mission design by predicting 

clutter for specific radar paths over features of interest 

on any planetary body where topographic data is 

available. The creation of a generalized clutter simulator 

that can use many types of navigation files, digital 

elevation model formats, and coordinate reference 

frames is our goal, and is facilitated by the use of open 

source libraries such as GDAL and NumPy [5,6]. 

We will apply the software discussed here to create 

a set of uniform surface clutter simulations using the 

Mars Orbiter Laser Altimeter (MOLA) gridded data 

product [7] to accompany the SHARAD data products 

in the in the Planetary Data Systems (PDS) (Figure 1). 

Software Description:  This clutter simulation 

software uses a facet-based model for the calculation of 

surface reflections. A faceted surface is generated from 

a supplied digital elevation model, and then the return 

strength and two-way travel time for each facet is 

calculated to simulate the specular radar return from the 

surface. Facet-based clutter simulations have been 

shown to be effective even when the model of surface 

topography is of lower resolution than the radar 

wavelength [2]. At each point in the input navigation file 

the echo strengths and two-way travel times for an 

arbitrarily sized rectangle of arbitrarily sized facets are 

calculated. The return strength and two way travel time 

for each facet are used to create the clutter simulation, 

which shows the predicted surface returns as a function 

time delay in an image that is directly comparable to the 

radar data being simulated. Changing the dimensions of 

the surface area in which facets are computed allows for 

simulation of clutter for both focused and unfocused 

data, while modifying the dimensions of the facets 

allows for reduction of clutter simulation resolution in 

exchange for quicker run time and vice versa. 

Generality is accomplished in the software largely 

through the use of the Geospatial Data Abstraction 

Library (GDAL) [5] that can read in many digital 

elevation model (DEM) formats and perform 

conversion between different coordinate systems. 

Converting the data into a consistent internal format is 

the largest concern when attempting to write a 

generalized clutter simulator, once the data is in a 

standard format the facet size and number of facets are 

easily parameterized in the algorithm. 

Another obstacle to the creation of a generalized 

clutter simulator is the wide variety of timing references 

used for radargrams. The radar data can simply be 

recorded in time delay from the signal source (i.e., the 

spacecraft), or referenced to the topography or gravity 

field of the body being sounded. Our software has 

parametrized this problem, allowing the user to datum 

the clutter simulation to any arbitrary surface. 

Facet-based clutter simulation is inherently an O(n2) 

problem; therefore, halving the dimensions of the facets 

over a constant area will quadruple the number of 

calculations that need to be done. The inherent 

complexity quickly becomes a problem with small facet 

sizes, but there are several possible methods to speed up 

the calculations, which we are evaluating along with the 

goals of generality and code portability. 

Application to SHARAD: The software described 

in this abstract will be used to create a uniform set of 

surface clutter simulations to match the US Reduced 

Data Record (USRDR) SHARAD data archive in the 

PDS. We have discovered that some issues with the 

USRDR products that require the use of intermediate 

processor outputs not archived within the PDS. These 

issues do not significantly impact the radar data but 

prevent the construction of the most accurate clutter 

simulations, including the generation of first-return 

locations used for other analyses.   

For example, a truncation of precision in the 

processor leads to inaccurate ground tracks at high 

latitudes in the PDS archived navigation files – this 

issue is solved by using an intermediate navigation 

product from the processor that is output before the 

truncation.  

In addition, USRDR products are datumed to the 

GMM-2B areoid, the same areoid used by areoid-

referenced MOLA products. However, a bug in the 

processor causes the calculated areoid radius used for 

datuming to be incorrect for SHARAD observations 

longer than several thousand traces. This erroneous 

areoid radius can be corrected for, and is only recorded 

in intermediate products output by the processor.   
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A major dataset-based limitation that must be 

acknowledged are the MOLA “polar holes.” The Mars 

Global Surveyor (MGS) had a near polar orbit, however 

there is still a data gap at extreme high latitudes (i.e. 

around both poles of Mars). The MRO has a slightly 

more polar orbit than the MGS, which causes sections 

of high latitude radar observations to cross areas that 

have poor to nonexistent MOLA coverage. The zones in 

the simulations where this occurs can be recorded and 

depicted by the simulator, so that simulation users are 

aware of regions where the simulations are inaccurate 

(Figure 2). 

The clutter simulation software outputs a variety of 

products in addition to standard clutter simulations, 

such as simulations only considering topography to the 

left and right side of the spacecraft, raster maps of the 

echo return power, and text files with the location of the 

nadir and first returns calculated by the simulator. 

Consideration of which of these products will be useful 

to include in the PDS archive is necessary, and input 

from the SHARAD community is encouraged.  
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Figure 1: Clutter simulation (top) generated for SHARAD 

radargram 1294501 (bottom) crossing Planum Boreum, 

Mars using the MOLA gridded data product [7]. Red-boxed 

inset shown in Figure 2. 
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Figure 2: Inset from the clutter simulation (top) and 

radargram (bottom) in Figure 1 showing inaccuracy in the 

simulation caused by the MOLA polar hole. Red coloring in 

the simulation denotes the area of influence of the MOLA 

polar hole. 
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