Appendix C. Modifying Instrument Responses 

The MT5 program supports WWSSN and GDSN instrument types directly through the designation of the instrument type. These are known as "standard response types" in MT5. Advanced users may wish to use seismograms from other instruments. The options for designating a "non-standard response type" (an instrument response that is not explicitly supported by MT5 and its utility programs) are described in this appendix. 

If overall instrument response can be calculated in poles and zeros (expressed in radians/sec; normalized to 1 Hz for BB and SP, or .04 Hz for LP instruments), you can enter its poles and zeroes in the .INV file as you would for a GDSN instrument. Alternate response types are supported if you create a non-standard instrument response entry as outlined in this Appendix. 

Remember that MT5 expects the length unit in the instrument response to be microns rather than meters. To convert instrument responses stated with meters as the unit of length to microns, multiply stated gain values by 1E-6. 

Although this section only describes formats for the MT5 extensions for non-standard instrument responses, line numbers used herein refer to the same numbering scheme used in Appendix B. 

SYN4-compatible formats

Adhering to methods described in this section allows the use of .INV files with SYN4 as well as with MT5. However, these methods may only be used with a restricted set of displacement-type instrument responses. 

SYN4 allows modification of the .INV file to indicate that an alternate instrument response is in a separate file. This is very similar to, but more limited than, the use of code XF, described later. The following steps describe the method.

NOTE: As an example, input file MT5TEST.INV uses the technique described in this section to store the instrument response for station ST1 in instrument file TEST1.INS. 

Step 1. Modify the instrument response flag in the seismogram header lines of the proper seismograms in the .INV file by placing a '1' in column 6. This is a flag that tells the program to look in the next line of the .INV file for the name of the file containing the information about the instrument response to be used for this seismogram. 

Step 2. In the line after the seismogram header line in the .INV file, type the name of the file (including pathnames) containing the instrument information; the file name should be by itself on the line with no blanks. 

Step 3. Set up the instrument response file(s). These can be in one of three formats. The first line in the file contains a left-justified two-letter code that indicates the format. Numerical data are in a free format (i.e., values can be separated by commas or blanks). 

· Time series format; two-letter code = 'ts'. The second line contains the sampling interval (DT) in seconds and the magnification for the time series describing the instrument response. The third and successive lines contain the time series amplitudes sampled in time intervals of DT (up to 256 points). Note that the seismogram in the .INV file must have the same sampling interval DT.
Example: Time series format file for an impulse response with 0.5 second sampling is

ts 0.5 1 1 0 0 0 0 0


· Instrument Constants format; two-letter code = 'co'. This format allows modification of the constants used in Hasegawa's formula for the calculation of the instrument response. The second line of this file contains five constants separated by blanks:

1. the seismometer period in seconds 

2. the seismometer damping constant

3. the galvanometer period in seconds

4. the galvanometer damping constant

5. the period in seconds at which maximum amplification occurs 

Example: A file of Constants for a typical WWSSN long-period instrument is 


co 15.0  0.93 100.0   1.0  15.0 

SYMBOL 158 \f "Wingdings"
Poles and Zeros format; two-letter code = 'pz'. This format allows reading poles, zeros, and the calibration constant from a file other than the .INV file. The format is the same as in the .INV file (see Appendix B.4 Line 3) except that the first line of this file must be 'pz'. If you use this method of designating the instrument, do not include the poles, zeros, and the calibration constant in the .INV file. 

Step 4. Choose the Phase-Data type (PDT; see Table 1) that is closest to the one you will be using in frequency content and modify the instrument and phase indices on the seismogram header line in the .INV file accordingly. MT5 applies certain functions to the seismograms on the basis of their PDT; for example each type can have separate default values for scaling, t*, etc. For best results, if you use poles and zeros to describe your instrument, use one of the GDSN indices (4-7) for instrument type; if you use the time series or constants to describe your instrument use the WWSSN indices (1-3). 

MT5 extensions to instrument response formats

Two significant changes are made in MT5 to improve the handling of instrument response information over that of SYN4. The use of response data for instruments that are calibrated in terms of ground velocity or acceleration is described in the next section, and the new MT5 formats for non-standard instrument response are given in the section following.

Although standard file formats for input files to MT5INT and MT5, as described in Appendix B, are backwards-compatible with the SYN4 program, the MT5 extensions to instrument response formats, as described in this section, are not. A program crash will usually result if a .DIG, .DSN or .INV input file with the MT5 extensions is used with SYN4. 

The instrument response flag 

Column 7 of Line 2 (seismogram header line) in the .DIG and .DSN files serves as a flag for ground motion type. Many modern digitally recorded seismometers have response calibrations given for ground motion in terms of velocity or acceleration rather than displacement. If it is displacement-type, the character in column 7 will be either 'p'or 'b' (as the center character of the component name). If it is velocity-type, replace the center character of the component name with 'v', and if acceleration-type, replace with 'a'. 

In somewhat similar manner, column 6 of Line 2 (station header line) in the .INV file is the instrument response flag. The instrument response flag is created by setting bit 0 if an external instrument response file is used, and setting bits 1 or 2 for the ground motion type options (see SYN4 compatible section above and code XF below). If the ground motion response is velocity-type, the digit in column 6 should be 2 or 3; if acceleration-type, the digit should be 4 or 5. The choice of odd or even digit in column 6 is based on whether the response is supplied in a separate file (odd) or in the current .INV file (even). 

Non-standard response entries in MT5
In addition to supporting the three non-standard instrument response formats available in SYN4 (see SYN4 compatible formats above), many more non-standard instrument response types are supported in MT5INT and MT5. Identical instrument response codes are used in .DIG, .DSN and .INV files and are detailed in the next section. 

Non-standard responses appearing in .DIG and .DSN files will be passed through to the .INV file in similar format so you can elect to include response information at either point in the process. One of the codes, XF, allows you to have instrument response information in one or several external files that are linked with the analysis when MT5 generates elementary seismograms. 

The .DIG and .DSN input files to MT5INT use column positions 59-61 of Line 2 (seismogram header line) and the .INV input file to MT5 uses column positions 87-89 of Line 2 (station header line) to give the code indicating a non-standard instrument response. Leave these column positions blank to use the built-in standard response types. 

Line 3 in .INV files has a series of entries that further describe the non-standard response in entirety or that describe a table of values that follow. Line 3 in .DIG and .DSN files always begin with the number of data points, and the remainder of Line 3 is the same as all of Line 3 for .INV files. The format of Line 3 is specific to each of the available non-standard response codes. 

Codes for non-standard response

Two and three letter (case-insensitive) codes are available for non-standard instrument response. These are described below along with details of their formats for Lines 3 and 4. Remember that Line 3 in .DIG and .DSN files begins with the number of seismogram data points, before being followed with the additional information detailed in this section. All instrument response data specified as "LN 3" must be on one line and is free-form format (separated by space or comma). Data specified as "LN 4" is also free-form format, may have any number of entries per line, and may span multiple lines. 

LN 2 CODE
DESCRIPTION 

TS
Time Series format: Impulse response expressed as a time series.

LN 3: 

1. sampling interval (DT) in seconds (must be same as sampling interval for the seismogram) 

2. magnification for the time series 

3. number of points in series (up to 256; optional for response data in external file - see XF) 

LN 4:
time series amplitudes sampled in time intervals of DT. 

CO
Instrument Constants format; constants used in Hasegawa's formula for the calculation of the instrument response. 

LN 3:  

4. the seismometer period in seconds

5. the seismometer damping constant

6. the galvanometer period in seconds

7. the galvanometer damping constant

8. the period in seconds at which maximum amplification occurs 

PZ
Poles-Zeros: Same as standard instrument response used for GDSN instruments; poles and zeros for Laplace transform analog response in radians/sec; normalized to a response of 1.0 unit of ground motion at 1 Hz for BB and SP, or at 0.04 Hz for LP instruments. 

LN 3:

1. number of zeros

2. number of poles

3. calibration constant

LN 4: 

1. pairs of real and imaginary zeros

2. pairs of real and imaginary poles

PZA
Poles-Zeros type A: poles and zeros for Laplace transform analog response in radians/sec; response may be normalized to any frequency. 

LN 3:

1. number of zeros

2. number of poles

3. A0 constant

4. reference frequency in Hz for A0

LN 4:

1. pairs of real and imaginary zeros

2. pairs of real and imaginary poles

PZB
Poles-Zeros type B: poles and zeros for analog instrument expressed in Hz; response may be normalized to any frequency.

LN 3:

1. number of zeros

2. number of poles

3. A0 constant

4. reference frequency in Hz for A0

LN 4:

1. pairs of real and imaginary zeros

2. pairs of real and imaginary poles

RL
Response List: response list representing fourier transform of impulse response; expressed in amplitude and phase for fixed sampling intervals of frequency. 

LN 3:
number of responses

LN 4:
pairs of amplitude and phase shift (in degrees) sampled at intervals of 1/(256*DT) seconds.

RLA
Response List type A: response list representing fourier transform of impulse response; expressed in amplitude and phase at specified frequencies.

LN 3:
number of responses

LN 4:
triplets of frequency, amplitude and phase shift (in degrees). 

RLB
Response List type B: response list representing fourier transform of impulse response; expressed in real and imaginary amplitudes at specified frequencies.

LN 3:
number of responses

LN 4:
triplets of frequency, real and imaginary amplitudes. 

XF
External File: an external file holds response information for the seismogram. An alternate, backwards-compatible method of specifiying this is to place a '1' in column 6 of Line 2 (station header line) of the .INV file (see SYN4 compatible above). The first line (or optional starting line) for the response data in the external file contains one of the instrument response type codes from this list, and must be followed by LN 3 and LN 4 entries appropriate to that code. LN 4 type data items will be read until the required number is reached or an end-of-file is reached. 

LN 3:

1. full path and filename of the external file

2. optional starting line number for the response data, where the first line in the file is 1. 

Reserved (but currently unsupported) codes are:

PZC
Poles-Zeros type C: (Reserved - not yet defined) poles and zeros for composite data. 

PZD
Poles-Zeros type D: (Reserved - not yet implemented) poles and zeros for digital data expressed in radians/sec; usually used to specify Infinite Impulse Response (IIR) filters; response may be normalized to any frequency.

LN 3:

1. number of zeros

2. number of poles

3. A0 constant

4. reference frequency in Hz for A0

LN 4:

1. pairs of real and imaginary zeros

2. pairs of real and imaginary poles

CFA, CFB, CFC, CFD Coefficients type A, B, C, D: (Reserved - not yet implemented) coefficients representation of a Finite Impulse Response (FIR) or Infinite Impulse Response (IIR), where: 
CFA = analog stage expressed in radians/sec, 
CFB = analog stage expressed in Hz, 
CFC = composite stage, 
CFD = digital Z-transform stage. 

LN 3:

1. number of numerators 

2. number of denominators

LN 4:

1. list of numerator coefficients

2. list of denominator coefficients 

DE
Decimation: (Reserved - not yet defined) digital decimation stage.

GA
Gain/sensitivity: (Reserved - not yet defined) gain or sensitivity stage. 

MU
Multiple stages: (Reserved - not yet defined) header for multiple stages; generally including analog poles and zeros, digital FIR, decimation, and gain/sensitivity stages.
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