Sesame H/V software: main processing module – HVPROC

The main processing module performs the basics analyses devoted to the estimation of H/V ratio.

The principal steps executed by the code are the following:

1. Reading of input time histories

2. Offset removal 

3. For each selected time window inside time histories

a. Tapering

b. FFT

c. Smoothing of Fourier spectra

d. Merging of horizontal components

e. H/V ratio

f. Optional output of single window H/V and spectra

4. Optional output of average  spectra 

5. Average of H/V

6. Computation of F0 according to WP02 scheme 

7. General output  

The code is automatically invoked inside the J-SESAME package but it can also be run as a command line call in the following way :

· Hvproc0_1 winfile parfile outfile

winfile  is the file which lists the time window to be analysed

parfile contains the parameters for the processing

outfile is the name of the general output file

winfile

This file lists the  selected windows used for the processing. Such windows may  automatically be chosen  by the  “window selection” module. 

The winfile structure is as follows:

D:\Sesame\Data\file1.gse  5.1 19.3  1  EHZ EHN EHE TST

D:\Data\file2.saf  0.1 14.3  2

D:\Data\file3.cts  123.0 137.2  3
Where:

Column 1: 3d time history file name

Column 2: beginning of selected time window (in seconds from the first sample of the file)

Column 3: end of selected time window (in seconds from the first sample of the file)

Column 4: format identifier  (1 =  GSE; 2 = SAF; 3 = City Shark) (*)

Column 5: vertical channel label – only for GSE format (**)

Column 6: horizontal  channel 1 label – only for GSE format (**)

Column 7: horizontal channel 2 label – only for GSE format (**) 

Column 8: station name label – only for GSE format (**) (***)

(*) Definition of SAF format is given below

(**) GSE files can contain time histories coming from different stations. The code will search those identified by the given channel and station labels.

(***) Station label can be omitted. In this case the code will look for channels belonging to the first station met in the file

In this file blank-lines and blanks at any location do not matter, comment lines beginning with a ‘#’ character are ignored as well.

Data can come either from different sections of the same time history or from different time histories, the only constrain is that the sampling rate should be unchanged.

Although it would no be advisable,  time window lengths can be different. The code will set the time duration for the analyses as the maximum found and pad with zeros the shorter windows.

parfile

In this file the parameters needed for the processing are listed, the code considers the section of the file between the following two lines:

### section processing

### end processing

Comment lines begin with a ‘#’ character.

The  options for the processing are the following:

1. Frequency spacing. The output values of H/V ratio and spectra are computed for the frequency values defined by this option.

syntax: 

freq_spacing:<type>[:<arg1>:<arg2>:<arg3>]


type
  arg1   arg2    arg3


fft
   -
    -
       -


fft_red f_min f_max
 -


linear  f_min f_max #_points


log
  f_min f_max #_points


In some cases the code has to modify the limit set by the user, a warning is then issued.

2. Offset removal. The offset can be computed either on the entire record or on each selected window [all; win]. High pass filtering is performed on the entire record [high-pass]

syntax: 

offset_rem:<type>[:<arg>]

 type    arg1          arg2

  no
  -              -

     r_mean  all             -

     r_mean  win             -

    high-pass frequency      -

band-pass frequency_1 frequency_2

3. Tapering. It can be set the percentage of the window that is affected by the tapering on both ends. (boxcar stands for no taper; cos stands for “Hanning” tapering)

syntax: 

taper:<type>[:<arg>]

 type    arg1 

 boxcar
  - 

 cos     percentage

4. Smoothing. The raw values of Fourier spectra are smoothed before the computation of  H/V ratio. When the smoothing window requires values of the raw spectrum outside the range 0-F_Nyquist, then the smoothed spectrum will be restricted to the significant frequency interval.

syntax:

smooth:<type>:[<arg1>[:<arg2>]]

type    arg1     arg2

none
   -
      -    (1)

linear bandwidth box     (2)

linear bandwidth tri     (3)

log percentage  box      (4)

log percentage  tri      (5)

konno-ohmachi bandwidth  (6)

1. Raw FFT values are retained

2. Smoothing with constant weight in the interval  [f-bw/2 f+bw/2]

3. Smoothing with triangular weight over the linear interval [f-bw/2 f+bw/2]

4. Smoothing with constant weight over the log interval [f/(1+p/100) f*(1+p/100)]

5. Smoothing with triangular weight over the log interval [f/(1+p/100) f*(1+p/100)]

6. Smoothing with Konno-Ohmachi window 

5. Merging of horizontal components. The two smoothed horizontal spectra are merged according to this option .
syntax:

merge_type:<type>

 
type

 
arithmetic
(H_ew+H_ns)/2

 
geometric
sqrt(H_ew*H_ns)

 
quadratic
sqrt((H_ew^2+H_ns^2)/2)

complex     FFT of the complex time history f(t)=ew(t)+i*ns(t). 

      Spectral values are divided by sqrt(2)

6. Output of single window information

syntax:

single_win_out:<arg>

arg is either 'yes' or 'no'

In case of 'yes', for each time window a separate output file is created. The name of the file is the base output file name extended by '_win_###',  ### indicating the number of the time window in the sequence of file#2. Each file contains the following columns:

frequency, merged H/V, H/V ns, H/V ew, spectrum vertical, spectrum NS, spectrum EW

7. Output of average smoothed Fourier spectra

syntax:

average_spectra_out:<arg>

arg is either 'yes' or 'no'

In case of 'yes' an additional  output file is created. The name of the file is the base output file name extended by '_sp'. The file contains the following columns:

frequency,  spectrum vertical, spectrum NS, spectrum EW, s. d.. Vert., s.d. NS, s.d. EW

Default values

The following default values are used in the processing in case the corresponding parameter is not set in parfile

· freq_spacing:fft 

· offset_rem:r_mean:all 

· taper:cos:5 

· smooth:konno-ohmachi:40 

· merge_type:quadratic 

· single_win_out:no

· average_spectra_out:no 

outfile

This file lists:

· The windows used in the processing 

· The parameters used in the processing

· Number of windows and number of frequency values

· F0 and the range correspondent to +/- 1 s.d.

· The values of the average HV and corresponding s.d.  for each frequency value:

 frequency    merged_HV    ns_HV   ew_HV   merged_HV_sd    ns_HV_sd    ew_HV_sd

a. Currently if merge_type:complex then merged_HV = ns_HV = ew_HV

b. Value of H/V  corresponding to 1 s.d = xx_HV * xx_HV_sd

J-Sesame automatically define the output file name (which is the same as the input .saf or .gse file with the extension “.out”), if the same input file is reprocessed, the output file will be overwritten.

Dimension

Currently the code can read time histories with number of samples per channel up to 600000, the processing  can be performed with  (approximately) n_freq*n_win < 1000000, where

N_freq = number of output frequency values

N_win = number of windows considered

SAF FORMAT

The  SESAME ASCII file is organized in 3-columns that correspond to 3 output  channels of a single sensor. The first column refers to the vertical component  the second and third to the horizontal ones which are supposed to be  deployed at 90 degrees between each other.

The first section of the SESAME ASCII includes an header containing some mandatory and optional parameters. Each parameter, only one in a row,  is specified by means of a keyword followed by “=” and then by the value of the parameter itself. (i.e. :  ndat = 1234).
Therefore  the structure of such SESAME data file is:

· First line :  "SESAME ASCII data format (saf) v. 1 "

· Header information

· Empty lines are allowed

· Comments can be added provided that the first character in the row is "#"

· Keywords are not case sensitive

· Separator between keywords and their values is "="

· The order of the keywords is irrelevant

· Blanks can be added everywhere

· Data begin after this separator  line : "####--------------------"

· Data are written in  three columns free format

· Column 1 must correspond to the Vertical channel, columns 2 and 3 to the horizontal ones

Mandatory keywords are :

· STA_CODE : station/site code (For instance in the GSE2.0 format this parameter is at most 5 characters long)

· START_TIME : start date and time - year month day hour minute second  (e.g. 1999 4 23 0 3 44.78 )

· SAMP_FREQ : sampling frequency in Hertz

· NDAT : number of samples

· CH0_ID : component 1 definition - It should be the vertical channel. It is a label. (For instance in the GSE2.0 format this parameter is  3 characters long)

· CH1_ID : component 2 definition - horizontal 

· CH2_ID : component 3 definition - horizontal

· UNITS : label (e.g. m/s)

Optional keywords are:

· NORTH_ROT : is the orientation of the first horizontal component (channel 1 - column 2) from North clockwise (degrees)

· GAIN : sensor output can be recovered by dividing the data by gain

