A note on absolute calibration by comparison with a reference sensor

An unknown seismometer B can be absolutely calibrated by comparison with a well-calibrated reference instrument A. For broad-band instruments, marine microseisms provide a convenient test signal.

It is however a prerequisite that the components of A and B have the same orientation in space. This may be inconvenient to achieve mechanically – it would require iterative adjustments of the 3-d orientation until the best coherency is observed, which might not occur for all three components at the same time. It is much easier to produce, from the output signals of A, synthetic traces of ground motion that have the same orientation as the components of B. The mathematical problem is to find a coefficient matrix G such that, in a least-squares sense,  
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This matrix equation can be solved with the LINREG3 software, or with MATLAB. The gain of Bx relative to A is then (gxx2+gxy2+gxz2 )1/2, etc., assuming that A is perfectly oriented, calibrated, and intrinsically orthogonal. We may also use the reverse formulation (interchange A and B) and thus directly obtain a calibrated three-component output signal from sensor B.

To use the linreg3 routine in this sense, use the batch file linreg3x3.bat (that is, type linreg3x3 in a command window). Don’t forget to previously  equalize the responses of the two instruments, to remove offsets and trends, and to limit the bandwidth to that part of the spectrum where you expect to have the best coherence. See also orientation.doc.

LINREG3 represents a given signal as the best linear combination of three other given signals. By running LINREG3 for each component of the new seismometer you obtain the complete three-dimensional transformation matrix. It should be orthogonal (describe a pure rotation in space) if both seismometers are internally orthogonal.

The batch file ‘linreg3x3.bat’ will run LINREG3 three times with the reference signals ref.z, ref.n, ref.e and the test signals unk.z, unk.n, unk.e whose orientation with respect to the reference signals is assumed to be unknown. The ‘unk’ data have deliberately been rounded so that their correlation with the reference signals is no longer perfect.

The signals and residuals may be plotted with WINPLOT using the parameter file WINPLOT.PAR .

Download source code, executable, and test data from

http://www.software-for-seismometry.de/
_1308839004.unknown

