ORIENTING ONE SEISMOMETER RELATIVE TO ANOTHER
LINCOMB3 finds a set of three coefficients a, b, c so that a given signal w ist represented as a sum of three other given signals x, y, and z, so that

w = a*x + b*y + c*z + residual 

with a minimal residual in the least-squares sense. By applying this procedure to all three components w1, w2, w3 of a seismometer whose orientation is questionable, using the three components x, y, z of another seismometer as a reference, the complete 3*3 transformation matrix between the two seismometers is obtained.

Let the components of the reference seismometer be ref.z, ref.n and ref.e and those of the unoriented seismometer unk.z, unk.n and unk.e, all of them stored in the subdirectory ‘data’, then the batch file 

lincomb3 data ref.z ref.n ref.e unk.z 0 0

lincomb3 data ref.z ref.n ref.e unk.n 0 0

lincomb3 data ref.z ref.n ref.e unk.e 0 0

will produce the output

 LINCOMB3: solve w=a*x+b*y+c*z for a, b and c

 x=file1, y = file2, z=file3, w=file4

 the output file is the residue w-a*x-b*y-c*z.

 file data\ref.z wird gelesen:    500 / 600000 punkte

 file data\ref.n wird gelesen:    500 /    500 punkte

 file data\ref.e wird gelesen:    500 /    500 punkte

 file data\unk.z wird gelesen:    500 /    500 punkte

 Decomposition of signal w = data\unk.z:

   coefficient of series x = data\ref.z     0.999828

   coefficient of series y = data\ref.n     0.050100

   coefficient of series z = data\ref.e    -0.019974

 Energy of series w        0.316E+08

 Energy of series w-xyz    0.431E+02

 rms residue                0.116716 %

 writing residue into file data\unk.z.res

C:\Dokumente und Einstellungen\Erhard\STRATO Webhosting\seismometry website\software\linregress>lincomb3 data ref.z ref.n ref.e unk.n 0 0 

 LINCOMB3: solve w=a*x+b*y+c*z for a, b and c

 x=file1, y = file2, z=file3, w=file4

 the output file is the residue w-a*x-b*y-c*z.

 file data\ref.z wird gelesen:    500 / 600000 punkte

 file data\ref.n wird gelesen:    500 /    500 punkte

 file data\ref.e wird gelesen:    500 /    500 punkte

 file data\unk.n wird gelesen:    500 /    500 punkte

 Decomposition of signal w = data\unk.n:

   coefficient of series x = data\ref.z    -0.000003

   coefficient of series y = data\ref.n     0.899586

   coefficient of series z = data\ref.e     0.199815

 Energy of series w        0.474E+07

 Energy of series w-xyz    0.419E+02

 rms residue                0.297301 %

 writing residue into file data\unk.n.res

C:\Dokumente und Einstellungen\Erhard\STRATO Webhosting\seismometry website\software\linregress>lincomb3 data ref.z ref.n ref.e unk.e 0 0 

 LINCOMB3: solve w=a*x+b*y+c*z for a, b and c

 x=file1, y = file2, z=file3, w=file4

 the output file is the residue w-a*x-b*y-c*z.

 file data\ref.z wird gelesen:    500 / 600000 punkte

 file data\ref.n wird gelesen:    500 /    500 punkte

 file data\ref.e wird gelesen:    500 /    500 punkte

 file data\unk.e wird gelesen:    500 /    500 punkte

 Decomposition of signal w = data\unk.e:

   coefficient of series x = data\ref.z    -0.300032

   coefficient of series y = data\ref.n     0.100036

   coefficient of series z = data\ref.e     1.099897

 Energy of series w        0.256E+08

 Energy of series w-xyz    0.420E+02

 rms residue                0.128132 %

 writing residue into file data\unk.e.res

from which we read the transformation matrix as follows:

( unk.z )   (  0.999828    0.050100   -0.019974  )   ( ref.z )

(       )   (                                    )   (       )

( unk.n ) = ( -0.000003    0.899586    0.199815  ) * ( ref.n )

(       )   (                                    )   (       )

( unk.e )   ( -0.300032    0.100036    1.099897  )   ( ref.e )

In practice, you would normally be more interested in reconstructing the properly oriented components from the output signals of the unoriented seismometer, so you would either interchange the ‘unk’ and ‘ref’ signals in the batch file, or invert the matrix numerically.

The batch file for the test run contains an additional command to print the “correct” transformation matrix for comparison, but you would of course not know that matrix unless you have synthesized the ‘unk’ signals as we have done. 

=================================================

The exact transformation matrix is:

( unk.z )     (  1.00   0.05  -0.02 )   ( ref.z )

(       )     (                     )   (       )

( unk.n )  =  (  0.00   0.90   0.20 ) * ( ref.n )

(       )     (                     )   (       )

( unk.e )     ( -0.30   0.10   1.10 )   ( ref.e )

We have also prepared a plot-parameter file that will cause WINPLOT to display all six signals and the residuals of the fit. (We have added some noise so the fit cannot be perfect.) The parameter file is however not automatically generated and you will have to edit it in order to display your own signals.

