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Introduction
It is difficult to achieve good coupling of horizontal geophones in a gimballed three-component (3C)
geophone system (Brink et al. 1996). In a non-gimballed 3C system buried into sea-floor sediments,
the directions of geophone axes may vary due to dipping sea-floor, or twisting of recording cables.
To determine the geophone orientation, processing algorithms can be developed which rely on
the liquid-solid condition of the water break at the sea-floor, and require pre-knowledge of the
sea-floor impedance (Amundsen et al. 1994). This approach may tend to be impractical and un-
reliable in cases of 1) inaccurate or unknown sea-floor properties, 2) shallow water depth, and
3) unconsolidated sea-floor. Here, we present robust processing algorithms which overcome these
difficulties, so that the effort to ensure good alignment of the geophone during acquisition may be
reduced, leading to a reduction in the acquisition cost without compromising data quality.

Processing Algorithm
We consider a geometry with 3C geophones embedded in the sea-floor. The displacements of
the water breaks can be expressed in the orientated coordinate system@-inline,  y-crossline, and
x-vertical downwards) as,
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where R, is- the orthogonal rotation matrix about the y-axis, S(t) is the source wavelet, X(t) is
the wave propagation function in the water, T’*, Tps, 6, and 6ps are P-P and P-S transmission
coefficients and angles, respectively, when the water break impinges upon the sea-floor. These
transmission coefficients and angles depend on the impedance of the sea-floor.

If all three axes of the 3C geophone are mis-orientated in the acquisition coordinate system,
the recorded displacement of the water break Dr(t) can be obtained by rotating D(t) from the
orientated system to the acquisition system using three Euler’s rotations. Denoting the Euler
angles as ~11 (the azimut ha1 angle), y (the dip angle) and 4 (the rotation angle), we have,

D , ( t )  =  [  al(t)  a&) as(t) IT =  R&)R&)R&)D(t). (2)

Where  I, a2@), and as(t)  are the mis-orientated geophone recordings. With known impedance
of the sea-floor, D(t) can be predicted with a normalization factor S(t). Thus angles CX,  y and 4 can
be determined from equation (2) using an optimization method. We refer to this as the one-stage
method requiring known sea-floor properties.

However, this requirement may be avoided by using a two-stage method based on the data
redundancy within a common receiver gather which usually contains a number of traces with
incidence angles varying from near vertical to near horizontal. First, we select vertically or near-
vertically incident traces within the common receiver gather. Noting Tps = 0 in this case gives,
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From equation(3),  we can estimate y and #I without knowing the sea-floor impedance, and correct
for these angles for the entire gather. In the second stage, we select the non-vertically incident
traces; with $ and y corrected, the azimuthal angle a can now be determined from equation (2) in
a similar way to the first stage.

Results
Figure 1 shows the effectiveness of the two-stage algorithm. After correction by all the rotation
angles, the event on the x-component is more continuous, whilst on the ?/-component it is minimized.
We also compared this with the one-stage method which requires the sea-floor properties. The two-
stage algorithm is more robust and reliable than the one-stage method (see Figure 2).
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Figure 1: (a) Synthetic model generated by ANISEIS with mis-orientated 3C geophones on the sea-floor. (b) After
re-orientation. Water depth 200m is assumed, and 50% noise is added.
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Figure 2:. Comparison of the two methods. Vertical axis is the maximum error of 0, y and 4. The two-stage
method(solid line) is more accurate than the one-stage method(dashed line).

Conclusion
. Using the data redundancy within a common receiver gather, we have developed a robust two-stage

orientation method to avoid having the sea-floor properties for a non-gimballed geophone system
in which all three orientations may be initially unknown. Synthetic tests show that geophone
orientations can be estimated with sufficient accuracy for up to 50% noise levels.
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