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Introduction: 
SHARAD (SHAllow RADar) is a SAR (Synthetic 
Aperture Radar) instrument for subsurface investiga-
tion selected and provided by ASI (Italian Space 
Agency) for the NASA’s Mars Reconnaissance Orbi-
ter. SHARAD has been designed to work like a 
Ground Penetrating Radar to search for subsurface 
deposits of water or other structures related to water 
activity. It operates with a bandwidth of 10 MHz 
around a carrier frequency of 20 MHz and a PRF of 
almost 700 Hz. Thanks to the capability of the selected 
transmitted pulse to propagate in the ground, the in-
strument is able to reveal underground interfaces up to 
a depth of 2 Km. Along with the MARSIS radar in-
strument SHARAD will unveil the complex structure 
of the Martian subsurface.  

 

Sharad performance: 
The key to understand SHARAD’s way of working are 
the high scattering properties due to a quick change in 
the dielectric constant of the transmitting mean.  This 
allows the detection of interfaces between layers hav-
ing different dielectric constants and occurs for the air-
surface interface, as well as subsurface interfaces and 
in the case of deposits of water or ice among terrain 
layers. 
The quality of the scientific inferences derived from 
the sounder data depends upon the strength of the re-
turned echoes from the surface and subsurface layers 
as well as the instrument detection characteristics (as 
displayed in Fig.1). The detection of a specific subsur-
face feature depends upon the strength of that particu-
lar subsurface return clearly distinguished above both 

Fig. 1 Example of the variability of SHARAD performances for different characteristics of the observed scenarios.  
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 the overall noise level of the system and the level of 
other surface returns arriving at the same time. Signal 
to noise ratio is therefore a fundamental element in the 
evaluation of the overall radar performance. One of the 
SHARAD first return acquired in September 2006 
after the antenna deployment is shown in Fig. 2. Anal-
ysis of the first echoes have demonstrated that, in line 
with the science requirement, the signal to noise ratio 
of the detected echo can be of the order of 36 dB after 
ground processing and the 3dB resolution can be of the 
order of 27 meters after Hanning weighting. 

 
Performance of the instrument can however be very 
dependent on the operating environment and in partic-
ular on the reflectivity of the surface and the subsur-
face, on the effect of the ionosphere and on the level of 
clutter echoes, which on their side are dependent on 
the surface topography. Though, for dayside observa-
tions, ionosphere distortions have been compensated 
using an adaptive algorithm, while in the data 
processing there is not yet the possibility to automati-
cally remove or reduce the clutter. The clutter mitiga-
tion technique consists in associating to the classical 
analysis of possible subsurface interfaces from a ra-
dargram both surface scattering simulation results ob-
tained using a MOLA DEM and visual inspection of 
topography plot or images of the area overflown by 
MRO during the Radar observation. 
 

Investigated areas: SHARAD is operative since 
the beginning of the MRO Primary Science Phase, that 
is Novembre, 8th 2006. Since then SHARAD is oper-
ating with the nominal expected performance. All the 
data takes planned since the beginning of the PSP have 
been prepared taking into account the SHARAD target 
Data Base worked out by the science team and includ-
ing, other than the poles, scientifically relevant regions 
of interest like, for instance Meridiani, Medusa Fossae, 
Hellas Planitia, Apollinaris Patera and, in addition, the 
Phoenix landing sites. Since the beginning of the PSP 
MRO has flown, at the time of this abstract more than 
2000 orbits. Sharad has acquired  on 775 observations 
1400 Gbit of data observing almost all the targets iden-

tified by the science team, obtaining good results, con-
sistent with the MARSIS observations, mainly on the 
SPLD. 

 
SPLD:  
Geologic context: The south polar cap of Mars is com-
posed by icy sediments organized in layers that present 
alternating albedo due to a different dust content.  The 
bulk composition is water ice, while on the top of the 
cap a few meters thick layer made of a mixture of car-
bon-dioxide and dust protect water ice deposits from 
sublimation. 
Observations on radargrams: Radargrams allow to 
identify subsurface features with a sufficient lateral 
extension to be detected by the along-track resolution 
of SHARAD. 
Among all data acquired by SHARAD over the south 
pole of Mars it is possible to identify two main type of 
geologic discontinuities: 1) internal layers within the 
South Polar Layered Deposits (SPLD) and 2) a reflec-
tion coming from the contact between the SPLD with 
the substrate.    
Signals form the internal SPLD layers are less sharp 
and intense than the surface impulse, they are often 
associated with the local morphology as evidenced by 
the analysis of MGS/MEGDR topography; they have 
been detected as isolated signals or in groups of sever-
al shallow reflections.  

 
For example, the radargram 2202 (Fig.3) shows a de-
tailed image of the subsurface which is characterized 
by a multilayered structure. The upper part of the se-
quence shows several reflectors dipping downward 
(from left to right) which overlay on a main reflector 
located between s of depth.μabout 1 and 4   
 
A more blurred but still easily detectable signal occurs 
often with a time delay compatible with the depth of 
the bottom of SPLD; in the observed data, SHARAD 
signal penetrated up to 1400 meters of polar deposits 
before being reflected by the substrate. 

While MEX/MARSIS data acquisition campaign is 
providing the overall three-dimensional shape of the 

Fig. 2 One of the first echoes received from SHARAD. 

Fig. 3 MOLA and Radargram for Obs. 2202. 
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SPLD, first SHARAD promising results over the south 
pole give us new insights on the internal organization 
of the polar deposits and this will help us to delineate a 
more accurate  reconstruction of the geologic history 
of this region of Mars. 
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