Three-signals coherency analysis after Sleeman et al.
Three Fortran programs must be combined (manually or by a batch file) for a Sleeman-type analysis: TRICROSP, BANDNOIS, and TRI2DB.

TRICROSP performs the three-signal analysis but the output is in counts rms.

To convert it into decibels of acceleration power density, we compare the

results to the output of BANDNOIS, a simple spectral analysis that takes the

transfer function of a geophone or broadband seismometer into account

and refers the signal level to the USGS Low Noise Model. The program

TRI2DB reads the output files of BANDNOIS and TRICROSP and 

combines them into a listing of noise spectral power densities in dB 

absolute (re. 1 m^2 / s^3) and relative to the LNM.

The analysis is most conveniently done with the following batch file:

bandnois data\tritest2.1 0.03 1. 0.707 2000. 6

tricrosp data\tritest2.1 data\tritest2.2 data\tritest2.3 6 

tri2db

tritest2.1 etc. are the names of data files. The programs require the following

runstring parameters:

BANDNOIS   datafile   microvolts-per-count   free-period   damping 

                 generator-constant   frequency-bands-per-decade

TRICROSP    datafile1   datafile2   datafile3   frequency-bands-per-decade

All Fortran programs require three .dll libraries that are also contained 

in the directory where the executables are, and should be copied with the programs. The number of samples per file is (presently) limited to 2^21.

Running the three programs will produce three output files for which

explanations are given below. The number of bands has been chosen

small to keep the files short. TRI2DB can handle up to a total of 1000

bands, but the statistical significance of the results decreases with the

bandwidth, and generally 2 to 12 bands per decade are recommended.

bandnois.out:

 BANDNOIS:

 effektive Amplituden in Frequenzbaendern mit gleicher relativer Breite

 Seismometer: T =    1.000000       h =   0.7070000       G =    2000.000    

 Digitizer: 1 count =   2.9999999E-02 Mikrovolt

  Inputfile: tritest2.1              

 WH1   10-HHZ 06 137 06 06 58 424.998 200.00 1970317 1.265E8 50 GSNVBB1  

  1970317 punkte, dt=   0.00500

 die Bandbreite ist das 0.787 fache der Mittenfrequenz

  bandmit     bandbr       amp      wrld       rld      NLNM       dif

    (m)Hz      (m)Hz    nm/s^2   .../wHz        dB        dB        dB

    31.623    24.872   111.093    22.276    -153.0    -168.0      15.0

    14.678    11.544   104.173    30.660    -150.3    -168.0      17.7

     6.813     5.358    61.228    26.450    -151.6    -167.1      15.5

     3.162     2.487    33.267    21.094    -153.5    -166.7      13.2

     1.468     1.154    12.189    11.344    -158.9    -168.6       9.7

     0.681     0.536    14.050    19.193    -154.3    -159.9       5.5

     0.316     0.249    63.493   127.313    -137.9    -145.1       7.2

     0.147     0.115    88.159   259.468    -131.7    -152.7      21.0

     0.068     0.054     5.803    25.070    -152.0    -163.1      11.1

     0.032     0.025     4.121    26.128    -151.7    -185.0      33.3

     0.015     0.012     8.044    74.864    -142.5    -187.5      45.0

     6.813     5.358    17.349   237.006    -132.5    -185.0      52.5

     3.162     2.487    33.608   673.892    -123.4    -187.4      63.9

     1.468     1.154    56.658  1667.540    -115.6    -182.9      67.4

       (1)       (2)       (3)       (4)       (5)       (6)       (7)

(1) center of band, in Hz or mHz

(2) bandwidth, in Hz or mHz

(3) total signal amplitude per band in nm/s^2 rms

(4) square root of power spectral density, nm/s^2 per sqrt(Hz)

(5) acceleration power spectral density in dB re 1 m^2 s^-3

(6) acceleration power spectral density of the (New) Low Noise Model

(7) difference between signal and LNM PSDs

Download

Download source code, executable, and test data from

http://www.software-for-seismometry.de/
tricrosp.out:

 Triple-signal coherency analysis according to Sleeman, Wettum, Trampert

  read input file 1: tritest2.1              

  header line: WH1   10-HHZ 06 137 06 06 58 424.998 200.00 1970317 1.265E8 50 GSNVBB1

  1970317 samples, dt=   0.00500

  read input file 2: tritest2.2              

  header line: WH1   10-HHN 06 137 06 06 58 424.998 200.00 1970317 1.265E8 50 GSNVBB1

  1970317 samples, dt=   0.00500

  read input file 3: tritest2.3              

  header line: WH1   10-HHN 06 137 06 06 58 424.998 200.00 1970317 1.265E8 50 GSNVBB1

  1970317 samples, dt=   0.00500

 The signals were tapered

 FFT 2**21 =  2097152 points of which  1970317 are data

  tricrosp: rms amplitudes in counts. amp1 is the coherent signal in ch.1

  bandm    amp1      t2      t3      n1      n2      n3    coh21    coh31

  (m)Hz     cnt     rel     rel     cnt     cnt     cnt      sqd      sqd

 31.623   33.63   0.964   0.875    5.36    8.08   14.67   0.9720   0.9209

 14.678   78.80   1.003   1.018    2.58    5.55    6.33   0.9980   0.9976

  6.813   98.76   1.007   1.017    1.89    4.13    4.65   0.9993   0.9992

  3.162   97.39   1.010   1.019    2.09    4.32    5.61   0.9992   0.9988

  1.468   82.64   1.018   1.023    3.24    6.13    8.52   0.9977   0.9961

  0.681   82.79   1.005   1.013    3.22    5.90    8.15   0.9978   0.9964

  0.316   187.2   0.992   1.005     2.1     3.9     4.9   0.9998   0.9997

  0.147   150.7   0.989   1.003     1.3     2.5     3.1   0.9999   0.9998

  0.068   4.991   0.906   0.871   1.031   1.898   2.222   0.9343   0.9128

  0.032   3.959   0.863   0.784   1.001   1.818   1.884   0.9016   0.8823

  0.015   5.993   0.925   0.841   1.069   1.779   1.943   0.9578   0.9450

  6.813   8.245   0.932   0.856   1.182   2.162   2.255   0.9683   0.9616

  3.162  13.860   0.958   0.878   1.275   1.939   2.396   0.9902   0.9846

  1.468  16.928   0.945   0.860   0.588   1.318   2.117   0.9973   0.9926

  0.681   35.02   0.964   0.893    0.60    2.39    1.55   0.9982   0.9991

    (1)     (2)     (3)     (4)     (5)     (6)     (7)      (8)      (9)

(1) center of band, in Hz or mHz. For bandwidth see bandnois.out.

(2) amplitude of the coherent signal in ch.1 (first input file)

(3) gain of ch.2 versus ch.1 (as determined from the coherent signal)
(4) gain of ch.3 versus ch.1 (as determined from the coherent signal)

(5) noise in ch.1 (in counts rms). ch.1 = first input file.

(6) noise in ch.2 (in counts rms). ch.2 = second input file.

(7) noise in ch.3 (in counts rms). ch.3 = third input file.

(8) coherency squared of ch.2 versus ch.1

(9) coherency squared of ch.3 versus ch.1

tri2db.out:

 tricrosp.out translated into decibels re 1 m^4 / s^3

 using bandnois.out for the transfer fct. of system 1

   bandctr    NLNM   n1abs   n1rel   n2abs   n2rel   n3abs   n3rel

    31.623  -168.0  -169.1    -1.1  -165.2     2.8  -159.2     8.8

    14.678  -168.0  -180.0   -12.0  -173.4    -5.4  -172.4    -4.4

     6.813  -167.1  -186.0   -18.9  -179.2   -12.1  -178.3   -11.2

     3.162  -166.7  -186.9   -20.2  -180.6   -13.9  -178.5   -11.8

     1.468  -168.6  -187.0   -18.4  -181.7   -13.1  -178.8   -10.2

     0.681  -159.9  -182.5   -22.6  -177.3   -17.4  -174.6   -14.7

     0.316  -145.1  -176.9   -31.8  -171.5   -26.4  -169.6   -24.5

     0.147  -152.7  -173.0   -20.3  -167.2   -14.5  -165.5   -12.8

     0.068  -163.1  -165.9    -2.8  -159.7     3.4  -158.0     5.1

     0.032  -185.0  -163.9    21.1  -157.4    27.6  -156.3    28.7

     0.015  -187.5  -157.6    29.9  -152.5    35.0  -150.9    36.6

     6.813  -185.0  -149.5    35.5  -143.6    41.4  -142.5    42.5

     3.162  -187.4  -144.2    43.2  -140.1    47.3  -137.6    49.8

     1.468  -182.9  -144.8    38.1  -137.3    45.6  -132.4    50.5

     0.261  -142.6  -176.4   -33.8  -170.9   -28.3  -169.1   -26.5

     0.178  -146.2  -174.0   -27.8  -168.8   -22.6  -166.8   -20.6

     0.121  -158.2  -170.9   -12.7  -165.4    -7.2  -163.7    -5.5

     0.083  -166.1  -166.8    -0.7  -160.9     5.2  -158.8     7.3

     0.056  -168.1  -164.4     3.7  -157.6    10.5  -156.5    11.6

     0.038  -181.1  -166.9    14.2  -159.3    21.8  -158.0    23.1

     0.026  -186.4  -161.4    25.0  -155.7    30.7  -154.7    31.7

       (1)     (2)     (3)     (4)     (5)     (6)     (7)     (8)

(1) center of band, in Hz or mHz. For bandwidth see bandnois.out.

(2) acceleration power spectral density of the (New) Low Noise Model

(3), (5), (7) acceleration power spectral densities of the three channels

(4), (6), (8) same relative to the LNM

May 2006   E. Wielandt

Note, July 2010:

Cross-spectral analysis, whether with two or three signals, will give unsatisfactory results when the mathematical model for signal + noise is wrong. For example, if the seismometers under test are sensitive to magnetic variations with different sensitivities, then we have two input signals (seismic and magnetic) or even more (the magnetic field has three components) in addition to instrumental noise, and there are two or more unknown transfer functions for each instrument. Sensitivity to barometric variations may complicate the situation further. Under such circumstances the identification of coherent signals with seismic input and of incoherent signals with instrumental noise is not meaningful.
