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Abstract: 
 

 
At present, exploration of the interior of planets, their moons, and other celestial objects 
is a problem of growing interest. An efficient tool for such exploration is a space borne 
ground-penetrating radar [1,2]. Analyzing radio signals reflected from subsurface 
horizons enables one to determine the structure of a celestial body at a depth as large as 
several kilometers. The measurement coverage of a planet surface is completely governed 
by the spacecraft orbit and may reach 100%. Due to these advances over other 
investigation methods, radar is one of the most promising means of exploration of 
planetary interior.   At present, there is several radar projects aimed at exploration of the 
interior of the Mars and so on. Discovery of the European hypothetical ocean is another 
promising problem whose solution involves radar sounding. Most planets and their 
moons have ionospheres with certain densities. Since the ionospheric plasma is a 
dispersive medium for electromagnetic radiation, it distorts a radar pulse. To increase the 
depth of sounding, a radar should operate at frequencies as low as possible. However, the 
lowest radar operating frequency is determined by the critical frequency of the 
ionosphere. In addition, the sounding depth resolution can be enhanced using ultra wide 
band chirp signals providing for a large relative bandwidth at a comparatively low center 
frequency. Under these conditions, dispersion distortions due to the presence of 
ionosphere are especially noticeable. Therefore, a scheme of signal processing should 
include a certain procedure for their correction [3]. One celestial body situated at a small 
distance from the Earth and having an ionosphere is Mars. Although the results presented 
in this work mainly refer to the Martian ionosphere, nevertheless the proposed approach 
to solving the problem can be applied to exploration of other celestial bodies. Various 
models predict short-wave signal attenuation ranging from several decibels to values 
corresponding to absolute opacity. It turns out that the  main factor restricting phase 
distortion compensation and determining the integral experimental characteristics  is the 
additive noise. Other factors distorting measurement results (in particular, the rough 
surface effect, small-scale ionospheric irregularities, ionospheric absorption, 
birefringence in the presence of a magnetic field, etc.) are not considered here and should 
be investigated independently. In this work, we analyze various approaches to correcting 
ionosphere-induced phase distortions that have been recently proposed. The problem of 
correcting phase distortions introduced into a chirp sounding signal of an orbital radar by 
the ionosphere effect was considered. Several versions of adaptive schemes were 
proposed for compensating distortions. There are: the functional optimizing technique, 
based on searching of the signal possessing maximal amplitude or intensity contrast, or 



minimal Shannon entropy; the immediate signal phase processing, extracting ionospheric 
contribution from the whole signal phase; and the hybrid one, which is the synthesis of 
the former two approaches. These schemes are suitable for both data processing aboard a 
spacecraft and interpreting sounding results at ground-based stations. Advantages of 
using additional information sources, in particular, data on the ionosphere critical 
frequency obtained with the same radar, were analyzed. Operation of the proposed 
algorithms was simulated on the real ionospheric profiles, obtained by the Viking and 
Mars Global Surveyor spacecrafts. Stability to additive measurement noise was 
investigated. It was shown that the proposed algorithms ensure the accuracy of distortion 
compensation necessary for detecting subsurface horizons situated at a depth of hundreds 
of meters to several 
kilometers. 
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