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Introduction:  SHARAD (SHAllow RADar) is a 

subsurface sounding radar provided by ASI as a Facil-
ity Instrument to NASA's 2005 Mars Reconnaissance 
Orbiter (MRO) mission for the characterisation of the 
uppermost part of the Martian interior. MRO will be 
launched on August 2005 from Cape Canaveral Air 
Force Station and will deliver a payload designed to 
provide observations from a low Mars orbit, with a 
nominal science period starting from September 2005. 
SHARAD operating parameters, a 20 MHz central 
frequency with a 10 MHz bandwidth, will allow to 
study the planet in a way that will be complementary 
to the Italian-US sounding radar MARSIS (Mars Ad-
vanced Radar for Subsurface and Ionosphere Sound-
ing) in terms of scale and resolution. 

Scientific Objectives:  The primary objective of 
the SHARAD experiment is to map dielectric inter-
faces to several hundred meters depth in the Martian 
subsurface and to interpret these results in terms of the 
occurrence and distribution of expected materials, in-
cluding competent rock, regolith, water and ice, with a 
vertical resolution of ~ 10 m and a horizontal resolu-
tion of a few hundred meters (300 m - 1 Km). It is ac-
knowledged that the surface of Mars will not be uni-
formly amenable to using radar sounding in the search 
for subsurface interfaces. However, it will be possible 
to find conditions of favourable radar viewing geome-
try, interface scattering, surface and volume scattering, 
and material properties, which may allow the identifi-
cation of subsurface layers from orbit. When strong 
internal reflections do occur, they will be identifiable 
as aqueous only by contextual inferences drawn from 
the characteristic geological context of water habitats. 
Independent of any ability to directly detect water or 
ice, SHARAD should make significant new data avail-
able toward addressing critical scientific problems on 
Mars, including the existence and distribution of bur-
ied paleo-channels, subsurface layering, an improved 
understanding of the electromagnetic properties of the 
"stealth" region, further insights into the nature of pat-
terned ground, and other morphologies suggestive of 
the presence of water at present or in the past. In addi-
tion, it should be possible to answer certain kinds of 
geologic questions, such as the character of the surface 
below the polar ice caps and the nature of some of the 
layered terrain. 

System Analysis:  The ability of SHARAD to 
achieve its science objectives will be largely dependent 
on the electrical properties, both permittivity and per-

meability, of the soil, degree of scattering off the sur-
face and volumetric debris, and the stratigraphical lay-
ering of the subsurface. 

Two simple layering models have been used for a 
first preliminary analysis of the theoretical detection 
capabilities of subsurface water and ice. In the first of 
these two models, called (I/W), the first layer is a po-
rous crust with the pores filled up by ice from the sur-
face down to a depth below which liquid water is sta-
ble and becomes the pore-filling material. In the sec-
ond model, called (D/I), the pore-filling material of the 
first layer is considered to be a gas or some other vac-
uum-equivalent material down to a depth, below which 
ice fills the pores. 

The dielectric properties of the mixtures of the dif-
ferent materials in the above mentioned models, have 
been evaluated as in [1]. 

For the surface scattering characteristics, an at-
tempt has been made to assess the extent and distribu-
tion of the surface clutter (i.e. the echoes from off-
nadir portions of the surface which can mask the time 
synchronous echoes reflected from the wanted subsur-
face layers) making use of the MOLA data set. 

For the evaluation of the interface detection per-
formance of SHARAD, the back scattering cross sec-
tions of concurrent echoes coming from the surface 
and subsurface layers have to be evaluated. Assuming 
as a first approximation that the surface and subsurface 
interfaces have the same average topographic charac-
teristics, the ratio of the above mentioned surface and 
subsurface echoes is directly proportional to the corre-
sponding Fresnel reflectivities. 

Considering the requirement on the penetration 
depth, a transmitted frequency of 20 MHz has been 
chosen. The chosen bandwidthis 10 MHz in order to 
obtain a free-space range (depth) resolution of 15 m. 
The required ground resolution is obtained via the 
classical pulse limited geometry in the cross track di-
rection and via a synthetic aperture processing in the 
along track direction with coherent data takes up to 
about a couple of seconds to achieve the better resolu-
tion required, that is 300 m. 

Performance Evaluation:  A preliminary sizing of 
the radar sounder requires the evaluation of the link 
budget with sounding assumptions for its relevant pa-
rameters which will guide the design of the SHARAD 
instrument. 

The single-look signal-to-noise ratio for non-
coherent surface back-scattering is given by [2]: 
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where Pp is the peak power, G the antenna gain, λ 
the wavelength, σ0 the surface backscattering coeffi-
cient, R the range, k the Boltzmann constant, TS the 
system temperature, L the propagation losses, ∆ the 
range resolution, Vt the spacecraft tangential velocity 
and DC the system duty cycle. 

To evaluate the radar equation in the above equa-
tion, it is assumed that the peak power radiated by the 
antenna is 10 Watts, the range resolution in free space 
is 15 meters, the average altitude is 300 Km and the 
duty cycle is about 5%. 

The link budget with the above mentioned system 
assumptions is shown in the following table: 

Scenario I/W D/I 
 S/N(dB) S/N (dB) 
Pp (10 W) 10 10 
G2 0 0 
λ3 35 35 
σ0 54÷0 54÷-8 
64π3 -33 -33 
R2.5 (R=300Km) -137 -137 
k (=1.38 10-23) 228 228 
TSL (Braun Model) -49 -49 

)15(2 m=∆∆  7 7 

DC (5%) -13 -13 
Vt (4 Km/sec) -36 -36 
Single Look S/N 66÷12 66÷4 

 
Hardware Description: SHARAD consist of 3 

major subsystems (S/S): Antenna S/S, Radio Fre-
quency (RF) S/S, and Digital S/S. The antenna is es-
sentially composed of a dipole radiating element 
roughly matched in length to half the wavelength of 
the carrier frequency. An impedance matching network 
is also required to match the transmitter and antenna 
impedances. 

The radar will transmit frequency-modulated radar 
pulses about 85 microseconds long and with a 10 MHz 
bandwidth. To cope with the 300 - 1000 m spatial 
resolution requirement, SHARAD shall actually oper-
ate as a nadir looking synthetic aperture radar sounder. 

Moreover in order to improve the subsurface de-
tectability, the same synthetic aperture concept could 
also be applied in the cross-track direction by process-
ing, on ground on a best effort basis, the coherent data 
taken from many appropriate close orbits if available. 
Different non-coherent processing techniques are un-
der analysis as well. 

Science Operations:  Being an active instrument, 
and with a frequency range much higher than the Mar-
tian ionosphere plasma frequency, SHARAD is in 
principle able to operate at any time in the orbit, inde-
pendently of the sun illumination conditions. During 
its normal operation SHARAD will be a table-
controlled instrument, switching among different 
modes of operation according to a pre-determined se-
quence of commands. At every switch-on of the radar 
a certain amount of time (in the order of 5 minutes) is 
required to pass the instrument into science operation. 
Within a single orbit, the instrument will be operated 
in any of its observation modes, in any desired se-
quence and can be operated continuously or discon-
tinuously. 

SHARAD on-board processing of the pulse echoes 
consists in artificially adding a delay, corresponding to 
a phase shift, to the samples of each pulse, and then in 
summing the samples so as to allow the constructive 
sum of the signal component whose delay (phase shift) 
from one pulse to the next corresponds to the nadir 
direction. Synthetic aperture processing of SHARAD 
pre-summed echoes will take place on the ground: this 
allows for the longer synthetic apertures which are 
needed to achieve the desired along-track horizontal 
resolution. 

References: [1] Picardi G. et al. (1998) 
INFOCOM Document n. N188-23/2/1998. [2] Picardi 
G. et al. (1999) INFOCOM Technical Report 
007/005/99. 
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