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AN ANALYSIS OF THE MAPPING SONAR ON THE 'HUYGENS' PROBE TO TITAN; 
J. R.C. Garry, Unit for Space Sciences and Astrophysics, Canterbury University, Great Britain 

As part of the Cassini mission to the Saturnian system a probe will be deployed in 2004 onto 
the surface of Titan. This probe, named Huygens, carries a set of acoustic devices to investigate 
the moon's atmosphere and surface. One part of the sensor package is an active sonar which is 
expected to yield topographic inforn~ation about Titan's surface. A computer code has been 
written to model the sonar's operation over synthetic boundaries with known statistical 
properties. By examining the dependence of these simulated echoes on the surface properties 
an estimate may be made of the precision with which the landscape of Titan can be known. 

The synthetic surfaces used as targets in the sonar code approximated fractal objects (at the 
1 : 100 m scale) with varying dimensions and relief ranges to closely mimic natural landscapes. 
Backscatter functions were applied to each of the surfaces' elements to give echo strength 
profiles as a function of delay. These profiles are binned into Huygens' telemetry format and 
give a maximum along-path resolution of 10 cm. The scattering functions were qualified by 
tests to measure the acoustic backscatter response of large ice surfaces of varying degrees of 
roughness. Two of these ice surfaces were used as models for the backscatter function applied 
to each tile of the surfaces employed in the sonar code. These surfaces were; a heavily fractured 
surface (RMS height range of 3 cm, and no perceptible correlation at the one wavelength-scale; 
13 mm); a near-plane surface (2 mm RMS height range and smooth at the centimetre scale). 

To characterise the backscattered signals the standard deviation, o, was recorded of the 
difference between the normalised binned echoes of the surface under test in the sonar code 
and that of a flat semi-infinite diffuse plane positioned at the same test distance of 100 m. The 
dependence of o on four parameters was studied in these simulations; the scattering function 
used; the vertical range of the surface; its fractal dimension (Dl; and the probe's descent speed. 

Scattering function: Significant shifts could be seen in neither the values of o nor in the echo 
profiles produced by applying the functions discussed above to the benchmark surface (vertical 
range of 20 m, D = 2.1). However, the power in the strongest bin for each surface correlated 
well with the normal backscatter cross-section of their respective scattering functions. 
Relief range: A clear link was present between o and the vertical height ranges used (0,s m, 
10 m, and 20 m) when applied to a slightly rough boundary for which D = 2.1. The correlation 
between the relief range and o was good for identical surfaces which were simply scaled 
vertically. The scatter in the values of o from surfaces made from different random height 
sequences (comparable to different regions of a variegated landscape with the same statistical 
properties) means that the gross relief range can be sensed only with a fidelity of around 5 m. 

Surface dimension: A faint connection could be seen between o and the surface's dimension in 
the range of values 2.4 to 2.1. The scatter in the response from dissimilar surfaces with the same 
statistical properties made further discrimination difficult. 

Descent speed: For the minimum, nominal, and maximum expectable speeds (3 m .S1, 5 m S! 
and 7 m il) no significant shift in either o or the echo profile's shape was seen. 

On the basis-of these results Huygens' API sonar should be able to distinguish between deeply 
faulted terrain, smooth undulating surfaces, and plane features (such as the surface of liquid 
bodies) within its 20 " wide half-power beamwidth from an altitude of = 100 m. 
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