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2Channel wave processing

FIGURE 2. Six component data matrix for seven different sets of source
activations, the first four being at a different lateral position in the
coal-seam from the last group of three. A four-component subset of these
data is used in the similarity transformation.

work by developing a quantitative analysis of polarization anomalies in the
data using processing methods, invert the processed dispersion, and
indicate how this may enhance the anisotropic interpretation.

Model for wave processing
The channel waves are processed by adapting the vector convolutional
model of Zeng and MacBeth (I 993). In this model of the wave process
the three-component vector displacements,  (t) and  at the ith
receiver generated by the two orthogonal source motions? s’(t) and 
are collected together in a single data matrix     and
related to the source matrix S(t) = (s’(t)  As the velocity and
polarization varies with frequency for guided waves. it is not possible to
define distinct arrivals in the time-domain, and coherent wave modes’in
the frequency domain must be analysed.Assuming a uniform anisotropic
medium between source and receiver, the data matrix may be computed
using:

It is assumed that the source process is linear, so that S(W) is a diagonal
matrix with real entries. It is further assumed that the geophone-rock.
coupling is linear with a flat response within the bandwidth of interest. 
Although the data are three-component recordings from two sources,
mathematically it is possible to use only 2x2 square matrices, and a
further recording is required for full three-component processing. 
is an 2x2 matrix of dispersion terms  and excitation and attenuation

     for the different
modes. The number of modes cannot  be greater than 2 in this present

case, and    for all If this is not the case, then
further analysis of coherency combined with time-variant filtering or
combining frequency-slowness phase functions is required.As the
channel wave motion is an elliptical motion, each displacement or
polarization vector in the 2x2 eigenvector P matrix is complex in the
frequency domain (Cho and Spencer 1992). Each polarization vector
represents a non-linear motion in the time-domain.

The transformation procedure obtains the
eigenvalues and eigenvectors which most closely fit the overlapping,
coherent dispersed wave modes in the signal. The eigenvalue matrix

 estimated from applying this analysis to the first four seismograms
from the field data is shown in Figure 3.From this we observe that the
data consist mainly of one single eigenmode, with a smaller low
frequency component and a higher frequency residual which could be
indicative of Rayleigh-type motion.The dispersion characteristics of the
modes in the signal are now concentrated in  and can be used for
further dispersion analysis.These are separated from the polarization
anomalies in P(o) which are more sensitive to the orientation and
symmetry of the anisotropy.

FIGURE 3. Four-component subset of first four traces in Figure 2 after
similarity transformation in the frequency domain which attempts to
diagonalize the matrix. Traces are windowed around the dispersed guided
wave only.

Dispersion of the principal eigenmode
The principal eigenvalue solution on the rotated YY component can be
used for dispersion analysis in the normal way.One method for
interpreting this is to invert using the technique of Horne and MacBeth
(1994) for an anisotropic structure.This inversion consists of an
organized forward modelling search performed using a genetic algorithm,
which maximizes the degree of correlation between the observed and
calculated modal energy distribution in frequency-slowness space. This
fit function avoids direct-estimation of the observed group velocity using,
ridge searching. Figure 4 shows a standard frequency-slowness plot for
the first set of traces, with group velocity dispersion curves overlain. The
dispersion curves indicate that although the major energy distibution is
related to the Love-type mode, there is the latent potential to excite other
modes. The residual energy after rotation on the XX component may be
related to the two neighbouring higher modes.The anisotropic
parameters for these curves lie close to that of Liu et al. (1992).
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3 Channel wave processing

FIGURE 4. Frequency-slowness representation for principal
eigenvalue X,(o) recovered from the first set of traces, with dispersion
solutions for best fitting generalized modes.

Polarizatoin of purincipal eigenmode
For each frequency component in the signal we define a polarization
ellipse in the horizontal plane given by the complex vectors  and
p,(w) such that P(w) = {p,  . The characteristics of these
polarizations vary with mode type and with frequency. being dependent
primarily upon the strong contrast in the matrix velocities which form the
wavegu ide and secondly upon the anisotropic parameters.The
polarization in the present case can be defined by the ellllipticty  (ratio of
minor to major axis), sense of rotation (prograde or retrograde), and the
orientation of the major axis (in this present case this is the horizontal
azimuth  These can be defined from 

(2)

=   (3)

and;

The sense-dependent ellipticity is, in particular, a strong function of
matrix velocity contrast, and it is quite possible for the sense of rotation to
vary along a single mode even for an isotropic model (MacBeth and
Burton 1986). The parameter  is specific to the anisotropic
propagation, and is a function of the orientation of the symmetry axis and
strength of anisotropy, for a given symmetry system.

Figure 5 shows the variation of and  with frequency along the
Love-type mode in the coal-seam data compared with those from synthetic
seismograms. The ellipticity is close to zero at lower frequencies,
becoming first prograde and then retrograde either side of the peak
frequency of the signal.This can be directly related to the variations
observed in the time-series.The azimuth of the major axis has a
maximum at around 20 degrees, and for a particular symmetry system is
related to the strength of the anisotropy.We would expect low frequency
effects to be related to the anisotropy and layering in the country rock and

the higher frequency effects to be related to the coal-seam properties.

DISCUSSION

The symmetric positioning of the sources and receivers on the waveguide
resulted in low energy in the even modes (Rayleigh-type) (perfectly zero
in the isotropic case). Consequently, it was not possible to fully
investigate the Rayleigh-type modes, and our estimates have been strictly
in the horizontal plane.Rayleigh-type modes, together with data from a
vertical source, are necessary to fully confirm the type of seismic
an isotropy present in the waveguide through analysis of their
three-component polarizations.These waves may be generated by
off-centre sources and receivers.Although additional records from a
vertical source may be difficult to obtain in in-seam seismic surveys, this
is possible in cross-well surveys.Further resolution of the modes may be
achieved by processing data from arrays of multicomponent receivers.

CONCLUSIONS

A complex similarity transformationis presented which separates
dispersion and polarization characteristics of channel waves in the
frequency domain. Channel wave polarization is an important constraint
when anisotropic structure is interpreted by inversion of the dispersion.
The ellipticity and sense of rotation of a dispersed mode conveys
information regarding the velocity contrasts in the structure.The
orientation of the polarization ellipse at each frequency is related to the
orientation and strength of the anisotropic symmetry system. Ideally, the

polarization and principal eigenmode dispersion should be analysed in a
joint inversion scheme.
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FIGURE 5. Ellipticities, sense of rotation and azimuth of major axis of
polarization ellipse as a function of frequency for: (a) observed traces
(dotted line); (b) synthetic seismograms (solid line). Triangle marks
frequency independent value for isotropic model.
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