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Sensor  arrays  are  used in  numerous geophysical  applications  including site  characterization using
ambient vibrations. The geometry of the sensor array has a major impact on the performance of the
array processing system and has been discussed extensively in literature.

Seismic surface waves can be measured by deploying an array of seismometers on the surface
of the earth. The goal of such measurement surveys is, usually, to estimate the velocity of propagation
and  the  direction  of  arrival  of  the  seismic  waves.  In  this  work,  we  address  the  issue  of  sensor
placement for the analysis of seismic surface waves from ambient vibration wavefields.

In literature different types of array have been used and the choice of a particular geometry is
often not justified in a quantitative way. In Horike (1985), L-shaped and cross-shaped arrays with a
regular  sensor  spacing  have  been  employed.  Irregularly  spaced  crosses  were  used  in  Asten  &
Henstridge (1984), Milana et al.  (1996), Ohori et al.  (2002) and Rost & Thomas (2002). In other
works,  sensors  were  arranged  as  several  triangles  centred  around  a  common point  (Satoh  et  al.
2001a,b). In Gaffet et al. (1998) and Cornou et al. (2003), concentric circles were used.

In this work, we first clarify the relationship between array geometry and the estimation error.
We show how the geometry affects the mean-squared estimation error of parameters of interest, such
as the velocity and direction of propagation, both at low and high signal-to-noise ratios (SNRs). In
particular, we show how outliers occur at low SNR and what causes them.

After having clarified the sources of errors, we propose a cost function suitable for the design
of the array geometry with particular focus on the estimation of the wavenumber of both Love and
Rayleigh waves. The proposed cost function is developed from the parameter estimation problem and
does not assume any prior constraint on the array geometry.

The  details  concerned  with  the  implementation  of  the  numerical  approach  for  array
optimization are omitted in this instance and they can be found in Maranò et al (2014). We show
numerical experiments verifying the effectiveness of our cost function and resulting array geometry
designs, leading to greatly improved estimation performance.
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