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1. Introduction 

RATIO is a program package for off-line automated determination of ratios between the horizontal and vertical component seismic spectra, as well as for general spectral analysis. The ratio between the horizontal and vertical spectra is generally used to determine the predominant frequency of oscillation of the uppermost layer of the crust, and thus in microzonation studies (Nakamura, 1989). The spectral analysis features are useful in vibration studies. 

The program was primarily developed to process seismic noise measurements, but there is no limitation to process seismic events as well. The digital data are supposed to originate from a Geotech DL-24 data logger recording three channels and are supposed to be transferred in a separate procedure from the DL-24 data logger, converted to CSS3.0 format, and saved in a RATIO specific directory structure which will be described in §3. 

However, because the main program reads SeisGram-ASCII formatted files, other data formats can be easily converted into SeisGram-ASCII format (see e.g. Oncescu and Rizescu, 1997).

The automatic processing comprises: 

1) Converting CSS data files into SeisGram-ASCII format.

2) Renaming and archiving the CSS and the converted data files according to the convention described below.

3) Identifying and separately storing CSS data files with wrong site designation or when more then 100 records are to be processed originating from the same measuring point (site).

4) Computing several FFTs (using a Hanning window) for time shifted data on each channel and averaging.

5) Computing the average FFT per channel and then the resultant horizontal spectrum, to increase the stability of the spectral estimates.

6) Computing the ratio between the horizontal average spectrum and the vertical spectrum. Optionally, the vertical or the horizonzal components can be deconvolved with different 2-pole seismometer transfer functions to account for different instruments transfer functions.

7) Computing average or median of spectral ratios and of peak frequencies in case of several spectral ratios from the same site are determined.

8) Outputing results in a file readable by the GRAPHER (by Golden Software, Inc.) or GMT program. 

9) Plotting results with the GRAPHER program (if a license is included with  RATIO).

A general convention is used to identify the channel (‘Z’, ‘N’, ‘E’) as the fourth character of the channel code. The channel code will always consist of four characters, and the first three characters are those of the station code. RATIO uses only capitals for station codes.
The maximum data length per channel RATIO can handle is 20 minutes (at 100 Hz sampling rate). The maximum number of FFTs per channel is 6 (see §4).

RATIO uses a specific file naming convention: a three-character experiment name (data set), followed by a three-character site designation (measuring point) and then by a two-digit sequence number (record number at the same measuring point).

To operate RATIO, it is assumed that the user is familiar with the DOS/Windows commands and with the Geotech D-series software terminology. 

2. Hardware and software requirements

RATIO is both computationally and input/output intensive. It needs an IBM-PC compatible computer with at least a Pentium processor. A printer supported by the operating system is recommended. RATIO runs in a DOS window under the  Windows 9x or Windows NT operating systems. 

RATIO does not plot the results (FFTs or spectral ratios) by itself: the plotting program GRAPHER (Golden Software, Inc.) or GMT is required.

3. Installation

Before installing RATIO, change to the drive where you want to install it. The drive should have free space at least four times the size of the input files to be processed in one step.

To install RATIO, copy the self-extractable distribution file ratio21.exe in the root directory of the drive you want to install and run it. The installation will be done automatically and the necessary directory structure will be created.
Before running RATIO, the configuration file ratio.ini has to be edited separately to tune the RATIO parameters for your specific application. The description of the RATIO parameters is explained in §5.

The \RATIO directory contains the RATIO software and the following subdirectories:

- \RATIO\ARCHIVE\, for storing the original, but renamed, CSS files.

- \RATIO\FFT\, for storing the output files containing the spectral results.

- \RATIO\PROBLEMS\, for storing the data files with wrong (duplicate) site designation.

A set of three test files (for the three components) in CSS format is provided to test the installation. Their names start with ‘CH’ for the header files and with ‘CD’ for the data files.

GRAPHER must be installed on the same drive as RATIO. Use only GRAPHER version 2.04 or above, and install it using the default path. 

4. Principles of operation

First step is to download the data files from the DL-24 acquisition disk (SCSI or PCMCIA hard disk) by choosing CSS output format. Supposing the raw data are transferred to the \RATIO directory in CSS format, the processing is started by typing at the command prompt
Ratio /Jnn /Lmm

where the optional parameters are Jump nn seconds from file begin and retain a Length of mm seconds. 

Each record of interest will have a pair of two files (one header file and one data file) for each channel. The CSS files have the following naming convention:  

CXmnnn_HHMMSS.DOY, where
X is H for the header file and D for the data file, m is channel number 1, 2 or 3, HH is hour, MM is minute, SS is second, and DOY is day of the year.

Every set of 3+3 files is transformed from the CSS format in a set of 3 files in the SeisGram-ASCII format using the CSS2SGA program. Then, the CSS files are renamed and moved in \ratio\archive\ by the program RENFILSP. 

The renaming convention of the CSS files is 

EXPSITnn_Xm.CSS, where: 

• EXP  is a three-character name of the experiment (data set), to be set in ratio.ini;

• SIT is a three-character name of the site (measuring point), taken from the station code as entered when programming the DL-24 recorder; for more details on programming the DL-24 recorder, refer to the DL-24 manual;

• nn is a two-digit number counting the records from the same measuring point (site), starting with 00 and ending with 99;

The user should use a different SIT string for each site (measuring point).

The FFTs are computed by the program DIVIDE. The same program determines the average (or median) spectrum for each channel channel, the resultant horizontal spectrum, the spectral ratio, the smoothing of the spectral ratio and the output of results. Before computing the FFT, a cosine tapering is applied at the beginning and at the end of the trace on 4% of the points. There is an option to compute up to 6 FFTs for each channel and then use their average. These FFTs are computed on shifted time windows, each 80% of the initial trace length. The shifting is done exactly with 4% points. With 6 shifts of 4%, the whole interval between 80% and 100% is covered. Normally, 6  FFTs should be used. The number of the FFTs can be controlled in the file ratio.ini (see §5). This option has been introduced because it gives more stable spectral estimates than only one spectrum (Zhu et al., 1989).

The output files (written in the \RATIO\FFT\ subdirectory) are ASCII files with the following names:

• EXPSITnn.TXT – output file with the spectral data (might be smoothed if the option ‘smoothing before division’ is selected in ratio.ini):

- 1st column contains the frequency values in Hz; not all frequencies are written,  only those between Fmin and Fmax specified in the ratio.ini file (see §5).

- 2nd column contains the spectrum of the resultant horizontal component

- 3rd column contains the spectrum of the vertical component

- 4th column contains the corresponding periods in seconds

- 5th column contains the spectrum of the NS or second component

- 6th column contains the EW or third component

• EXPSITnn.DAT – output file with the smoothed spectral ratio values (if ratio computation is asked for in ratio.ini)

- 1st column contains the frequency values in Hz; not all frequencies are written,  only those between Fmin and Fmax specified in the ratio.ini file (see §5)

- 2nd column contains the horizontal/vertical spectral ratio

- 3rd column contains the corresponding periods in seconds

or GRAPHER formatted files:

• EXPSITnn_R.GRF – ratio of the horizontal to vertical component spectra (if ratio computation is asked for in ratio.ini)

• EXPSITnn_HV.GRF – horizontal and vertical component spectra before division (if ratio computation is asked for in ratio.ini)

• EXPSITnn_V.GRF – vertical (or first channel) component spectrum (if vibration analysis is asked for in ratio.ini)

• EXPSITnn_NS.GRF – NS component (or second channel) spectrum (if vibration analysis is asked for in ratio.ini)

• EXPSITnn_EW.GRF – EW component (or third channel) spectrum (if vibration analysis is asked for in ratio.ini)

5. Parameter setting 

It is recommended to make a copy of the ratio.ini file before changing it. A new extension like .OLD or .SAV will prompt you later. For more convenience, a GUI configuration program RATIOCFG is provided to change the ratio.ini file.

There are several parameters that might need changes for the automated processing. When editing manually, do not change column where the value starts, keeping the blank before and after the equal sign.
; RATIO.INI

; This file contains initialization data for the various RATIO programs.

[RATIO]

ExpName = CCC         ; Experiment name (3 characters)

Comp = Z N E          ; Components for the 1st, 2nd and 3rd channel

Nffts = 6             ; Number of FFTs per component (max. 6)

FFT_Length = 14       ; FFT log2 length, 5-31 (2^10, 1024 points)

Fmin = 0.10           ; Lowest frequency to retain (Hz, floating point)

Fmax = 10.            ; Highest frequency to retain (Hz, floating point)

DelFreq = 0.          ; If>0, equal freq. windows to smooth (Hz, float. point)

SpectralAnalysis = V  ; R=Spectral Ratio; V=Vibration analysis (components FFT)

PlotFreqPer = F       ; Plot results in function of: P=Period, F=Frequency

Display = Y           ; Display results on screen (Y=yes, N=no)

DivOct = 2.           ; Factor to compute smoothing window as 2.**(1./DivOct)

Smooth = 2            ; Smoothing method (1=non-overlapping windows,2=yes)

Mode = 2              ; 1=smooth after division,2=smooth before division

Deconvolve = 0        ; Deconvolve following component(s): O=No,1=1,2=2,3=1+2

1Component = Z        ; Component to be deconvolved (H or Z only)

1Eigenperiod = 2.0    ; Eigenperiod to compute transf.func. (sec)

1Damping = 0.70       ; Fraction of critical damping to compute trans.func.

1Gmotor = 600.        ; Motor constant of 1st component in V/(m/s)

2Component = H        ; Component to be deconvolved (H or Z only)

2Eigenperiod = 5.0    ; Eigenperiod to compute transf.func. (sec)

2Damping = 0.70       ; Fraction of critical damping to compute trans.func.

2Gmotor = 300.        ; Motor constant of 2nd component in V/(m/s)

[AVERATIO]

Fmin = 0.10           ; Minimum frequency (Hz, floating point), 0=No

Fmax = 20.            ; Maximum frequency (Hz, floating point), 0=No

Median = Y            ; Compute median (Y) or arithmetic average (N)

Freq = Y              ; Work with frequencies (Y) or periods (N)

Reject = 0            ; Reject values outside (-x*sigma,x*sigma) interval, 0=No

ExpName identifies a site (a set of measurements at one location only).

Comp defines the correspondence between channel number (1, 2, 3) and the component orientation (usually in the order Z, N, E).

Nffts should be let to 6. Only in the case fast results are needed, it should be set to 1.

FFT_Length represents the power of 2 of the length of the FFT (15 corresponds to a data length of 32,768 points). In turn, this length corresponds to 10 minutes (600 seconds) of continuous recording sampled with 50 Hz, and padded with 2,768 zeroes.

Fmin and Fmax are the minimum and maximum frequency of interest and only between these two values there will be the spectral ratios written in the output file.

DelFreq is used to command, if positive, the smoothing in equal intervals of frequency (in Hz). If zero, the smooting is performed in increasing intervals of frequency controlled by DivOct (recommended).

SpectralAnalysis is a switch, ‘R’ meaning spectral ratio computation or ‘V’ meaning spectral analysis for vibration studies; the output files .DAT are generated only if this switch is ‘R’. 

PlotFreqPer is a switch to command graphical representation as a function of frequency (‘F’) or period (‘P’).

Display is a switch to command the display of results graphically (‘Y’); if several sites are to be processed in the same session or one site has several measurements, this switch should be set to ‘N’. In both cases, the graphic files .GRF will be generated for later interactive display.

DivOct is used to compute the moving spectral window for smoothing the spectral ratio (floating point). Recommended values are 4 and 8, and represents in how many intervals an octave will be divided (the larger the value, the smaller the smoothing).

Mode is a switch to command smoothing after the spectral division (‘1’) or spectral division after smoothing the horizontal and vertical spectra (‘2’).

Smooth determines the smoothing method: ‘1’ means non-overlapping spectral windows (less smoothing), ‘2’ means that the spectral windows are 50% overlapping  (more smoothing, recommended).

Deconvolve can be ‘0’ (no deconvolving), ‘1’ (deconvolve 1st component), ‘2’ (deconvolved 2nd component) or ‘3’ (deconvolved both components). By component is understood either the vertical or the resultant horizontal component. The deconvolution is done with a 2-pole seismometer tranfer function of the form:




where (0 is the circular eigenfrequency of the seismometer and ( is the fraction of the critical damping. The circular eigenfrequency (0 is computed from the Eigenperiod parameter and ( corresponds to the input parameter Damping. G is the seismometer motor constant (floating point) and corresponds to the input parameter Gmotor.

Component commands which component (average horizonal denoted by ‘H’ or vertical denoted by ‘Z’) will be convolved with F((). The spectral ratio will be computed after this step.

6. Important Notes
1. Depending on the quantity of input data and on the capacity of the hard disk where RATIO is installed, the content of the \RATIO\ARCHIVE\ subdirectory has to be periodically purged. It is the user’s choice what backup strategy and what backup medium to use.

2. It is advisable to look after each automatic processing session in the \RATIO\PROBLEMS\ subdirectory. You will find there the original data files that accidentally had a wrong site designation or when the number of records per measuring point exceeds 100. This is recognized by RATIO when renaming the files by finding already existing files with the same name. Remember that before starting data acquisition at a new measuring point, the three-character station code must be changed in the DL-24 data logger.

3. It is also advisable to look after each automatic processing session in the \RATIO directory. You will find there in a log-file named EXP_____.LOG, the history of the renaming and also of the files moved to the \RATIO\PROBLEMS\ subdirectory. If the log-file exists, the new content will be appended; if it does not exist, the file will be created.

4. Twelve template files .GRT are provided in the \RATIO directory, which will tell the GRAPHER program (Golden Software, Inc.) what plot to do. An example is  given in the Appendix, as obtained with FRATIO.GRT. The two template files FSPECTRUM.GRT and PSPECTRUM.GRT are provided for plotting the average horizontal and the vertical spectra before the spectral division, important for vibration analysis studies. They are automatically used by RATIO if the switch SpectralAnalysis is set to ‘Y’ in the ratio.ini file.

5. A utility program AVERATIO can be used to compute the average of several spectral ratios. The program must be started at the command prompt from the \RATIO directory and looks for data in the \RATIO\FFT\ subdirectory. The program AVERATIO also computes the average or median of spectral ratios and of peak frequencies in case of several spectral ratios from the same site. The program outputs an on-line help when started with a ‘?’ followed by ENTER. When no options are entered on the command line, the program computes only the average (or median) spectral ratio. The following options are available, and at least one option must be entered on the command line to command peak frequency statistics computation:

/F: to command the program that input and output values are frequencies (in hertz). Default is to use periods (in seconds). 

/In: to enter the mInimum frequency n (or period, according to the /F switch). Default is to start with the first frequency (or smallest period) in the .DAT spectral ratio files.

/An: to enter the mAximum frequency n (or period, according to the /F switch). Default is to end with the last frequency (or largest period) in the .DAT spectral ratio file.

/M: to command the program to compute the Median (minimizing the L1 norm) instead of the average (minimizing the L2 norm). Default is to compute the average. 

/Rx: to command the program to Reject values outside the interval -x(sigma... +x(sigma. Default is off (not to reject data).

It is strongly recommended to input the minimum and the maximum frequencies with /I and /A options. The output of AVERATIO program is written in the \RATIO\FFT\ subdirectory in the files averatio.dat (average or median spectral ratio), averatio.par (average or median peak frequency with error) and error.dat (auxiliary file to be used by the GRAPHER templates FAVERAGE.GRT and PAVERAGE.GRT). 

6. It is strongly recommended to rename immediately the output files mentioned above. A batch file RENRESLT.BAT is provided for this purpose. It must be started from the same \RATIO\FFT\ subdirectory and always with two arguments: first argument is the site (station) code (max. 3 characters, e.g. ‘COD’) and the second argument is the data set designator (max. 1 character, e.g. ‘s’ for strong motion, ‘n’ for noise, ‘e’ for seismic events). The renamed files are of the form: AVEn_COD.GRF, AVEn_COD.DAT, AVEn_COD.PAR and ERRn_COD.DAT.

7. References

Nakamura, Y., 1989. A method for dynamic characteristics estimations of subsurface using microtremors on the ground surface. QR RTRI, 30, 25-33.

Oncescu, M.C. and Rizescu, M., 1997. CONVSEIS v5.0 – Conversion program package for seismological data on PCs, Karlsruhe, 82p; also part of IASPEI Shareware Software Library, 1994-1999.

Zhu, T., Cun, K.-Y. and West, G.F., 1989. High-frequency P-wave attenuation determination using multiple-window spectral analysis method. Bull. Seismol. Soc. Am., 79, 1054-1069.

APPENDIX 1

Example for a spectral ratio plot using the 

GRAPHER program with the template PRATIO.GRT 
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APPENDIX 2

Format description and naming convention of the input files

The input files for RATIO are in the CSS3.0 flat format: for each channel, there is one header file and one data file. The format of the ASCII header file is given in the table below:

Attribute description
Field

no.
Storage type
External format
Position

Station name
1
C6
A6
1-6

Channel name
2
C8
A8
8-15

Time of the first sample (sec 1/1/70)
3
F8
F17.5
17-33

Waveform ID – NOT USED
4
I4
I8
35-42

Channel operation ID – NOT USED
5
I4
I8
44-51

Julian date (day of year)
6
I4
I8
53-60

Time of the last sample (sec 1/1/70) 
7
F8
F17.5
62-78

Number of samples
8
I4
I8
80-87

Sampling rate in sec-1
9
F4
F11.7
89-99

Nominal calibration
10
F4
F16.6
101-116

Nominal calibration period
11
F4
F16.6
118-133

Instrument code
12
C6
A6
135-140

Indexing method
13
C1
A1
142-142

Numeric storage type of the data
14
C2
A2
144-145

Clipped flag – NOT USED
15
C1
A1
147-147

Directory
16
C64
A64
149-212

Data file name
17
C32
A32
214-245

Byte offset – NOT USED
18
I4
I10
247-256

Comment ID – NOT USED
19
I4
I8
258-265

Load date
20
Date
A17
267-283

The data file contains only the 4-byte integer binary data.

The naming convention is:

CXknnn_HHMMSS.DOY, where
X is H for the header file and D for the data file, k is channel number (e.g. 1,2,3), nnn are the last three digits of the instruments serial number, HH is hour, MM is minute, SS is second, and DOY is day of year of the first sample in the data file.

For the subsequent processing only the first two characters of the file name, CH and CD, are important.
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