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Introduction: The next generation of radar mis-

sions to Venus will employ more sophisticated radar 
instruments and operate in modes not previously used 
at Venus. We have developed a family of performance 
models for assessing how radar imaging, interferome-
try and stereo modes will perform at Venus.  

The performance model is comprised of several el-
ements that capture the instrument  configuration, at-
mospheric propagation, and Venus backscatter. An 
overview of the performance model is described here.  

Orbit Model:  Ephemeris data can be supplied ei-
ther using a simple Keplerian two-body orbit or from a 
more exact orbital dynamic model.  

Instrument Model: The instrument model com-
putes radar performance metrics like noise equivalent 
σo based on instrument parameters including radar 
frequency, bandwidth, noise temperature, antenna di-
mensions, gain pattern, range and instrument losses. 

Atmosphere Model: The Venus atmosphere af-
fects radar measurements in two ways: 1) it attenuates 
the signal with losses proportional to the frequency 
squared in dB 2) it slows and bends radar waves result-
ing in range measurements being increased relative to 
the geometric range. We use a detailed electromagnetic 
atmospheric permittivity model to account for these 
effects [1]. This is particularly important for character-
izing interferometric radar performance [2]. 

Backscatter Model: To assess global performance 
it is desired to have a global backscatter model of Ve-
nus. Magellan S-band imagery and a physical scatter-
ing model are employed to convert S-band backscatter 
measurements to the desired frequency. We use the 
nearest imaged incidence angle to the desired inci-
dence angle to derive backscatter measurements of a 
radar operating in the frequency range of  X-L bands 
(2-10 GHz) [3]. 

Radar Stereo: Radar stereo uses data collected 
from two different vantages to measure topography. 
Points at elevations different from the reference sur-
face will appear shifted in the radar imagery, termed 
radar parallax or disparity. Disparity measurements can 
be made manually or via automated image matching 
algorithms. Matching and ephemeris errors are the 
major sources of elevation error and can be modeled 
from a rigorous sensor model via [4] 
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An empirical model of the matching error based on 
Magellan stereo data and general radar theory is used 
to characterize matching performance.  

Radar Interferometry: Radar interferometry can 
be used to measure topography or millimeter level sur-
face deformation. Single pass interferometry is used 
for topographic measurement and repeat pass interfer-
ometry can be used for topography and surface defor-
mation measurement [5].  

Single Pass Interferometry:  Radar interferometric 
topographic errors are primarily a function of baseline 
and phase errors given by [4] 
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Phase errors are a function of SNR and the amount of 
pixel averaging used to reduce noise. Interferometry, 
unlike radar stereo, does not rely on scene contrast to 
make elevation measurements.  

Repeat Pass Interferometry: Repeat pass interfer-
ometry can be used to measure topography, however 
atmospheric changes between observations can cause 
large errors and hence single pass systems are pre-
ferred. Equation 2 can used to assess the topographic 
measurement performance.  

Surface deformation, e.g., from motion along faults 
or volcanoes, can be measured using two observations 
separated in time. Major error sources are ephemeris 
errors, temporal decorrelation or changes in the surface 
between observations, and atmosphere changes be-
tween observations. SO2 variability is the major at-
mospheric error source we have modeled [2]. Surface 
decorrelation is informed by terrestrial earth analogs 
and the one repeat pass interferometric measurement 
made at Venus with the Magellan radar [6]. 
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