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‘ Introduction |

The following slides show the overall setup of a seismometer/magnetometer station

which is attached to a rather large VAX running OpenVMS.

This VAX (FAFNER) does all the data gathering, applies various lIter algorithms to
the raw data and creates plots of the Itered data which are ma de available to the

internet by a WASD web server.

All of these operations run completely unattended and consist of a variety of scripts

and programs written in DCL, Fortran and C.
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‘ Overview of the station |

The following picture shows the main elements of the seismic station:
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‘The Instruments |

The instruments located in a remote hut are:

A horizontal seismometer of the Lehman type. This instrument features an

natural period of about 8 seconds.
A three axis geophone with an natural frequency of 4.5 Hz.
A 1 Hz geophone.

Another 1 Hz geophone with a negative impedance ampli er whi ch in fact
lowers the natural frequency to about 0.1 Hz making this instrument quite

sensitive for teleseismic events.
A ux gate magnetometer with a resolution of about 1 nT.

A VT terminal connected to the VAX.
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‘ Building a seismometer hut I

First of all you need a concrete base (about 3.5 tons — the cat is optional):
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‘ Building a seismometer hut I

Next you have to build a framework to mount the hut on:
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‘ Building a seismometer hut I

Then mount the oor on this framework:
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‘ Building a seismometer hut I

Do not forget that racks and doors must not necessarily t:
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Building a seismometer hut

The completed hut:
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\What about the instruments? |

The following slides give a short impression of the instruments used to measure

seismic events as well as uctuations in earth's magnetic e Id.

All of these instruments and the corresponding electronics have been described in
[1] and are well suited for the ambitioned hobbyist. :-)
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‘The Lehman seismometer |

A classic instrument, rst described in 1979 in Scienti c Am erican:

.E!(_ r‘l"r_l(l(_'
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A real seismometer
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The ampli er for this instrument
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‘The vertical seismometer |
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The 3-axis geophone
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The 3-axis ampli er
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‘The eight channel A/D-converter I

All of these instruments are connected to this eight channel 16 bit analog/digital

converter:
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‘The magnetometer I
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‘The time base |

All data converters are synchronized by this oven stabilized time base:
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Everything in place
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‘The other side of the modem lines |
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The central DEChub
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And nally — the VAX
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‘ Gathering data I

The two main data sources are the eight channel analog/digital converter and the
counter of the magnetometer. Both send data on a asynchronous serial line with a
speed of 9600 Baud each.

The A/D-converter sends a datagram of the following structure 25 times per second:

Channel 0 | ChannelO | ... | Channel7 | Channel7 | Sync | Sync

Low byte High byte | ... Low byte High byte | OxFF | OxFF

The magnetometer counter sends the hexadecimal ASCII representation of a 24 bit

integer once every 10 seconds. Each of these values is followed by a CR/LF pair.
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‘ Gathering data I

The modem lines are connected to a DECserver 900. Since the A/D-converter
sends binary raw data the corresponding terminal server port has to be set up
accordingly:

Port 7. (Remote) Server: DSRVO02

Character Size: 8 Input Speed: 9600
Flow Control: None Output Speed: 9600
Parity: None Signal Control: Disabled
Stop Bits: 1 Signal Select: CTS-DSR-RTS-DTR
Access: Remote Local Switch: None
Backwards Switch: None Name: PORT _
Break: Disabled Session Limit:

Forwards Switch: None Type: Ansi
Default Protocol: LAT Default Menu: None

Enabled Characteristics:
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‘Con guring the LAT device I

The corresponding LAT device has to be set up as well to allow the transfer of eight
bit binary data:

$ SET TERM LTA57:/PERM/NOHOSTSYNC/NOWRAP/NOBROAD/N(WDL
INOECHO/NOSCOPE/NOTTSYNC/NOLINE/EIGHT/NOHANGUP
INOINTER/TYPE_AHEAD/ALTYP

Since there were frequently dropped datagrams encountered when the VAX was
running under heavy load it was necessary to use the alternate type ahead buffer.

This required setting the parameter

TTY_ALTYPAHD=4096

and rebooting the system once.
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‘ Gathering data I

The data sent from the A/D-converter is gathered by a Fortran program using QIOs

for the communication with the LAT device.

This program writes one data le per hour, containing 3600 25 datagrams

representing eight channels each.

After reading the 16 bytes raw data of a datagram the gather program waits for the
expected two synchronization bytes. If these are missing it will write an entry into a

log le and wait until the next occurrence of a OXFF OXFF pair.

Normally there is no data lost. Only during lightning and very heavy load of the

machine for extended periods of time there are infrequent drops of bytes on this line.
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‘ Gathering data I

Reading data from the magnetometer is done quite the same way, the only

difference being that the synchronization characters are CR/LF instead of OXFF
OXFF.

The program gathering magnetometer data writes a new data | e every hour, too,

which contains 360 lines of raw data.
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Working with LAT devices using QIOs

First of all it should be checked for the device to read from being a real LAT device
using the SYS$SGETDVIWall:

STRUCTURE /ITMLST/
INTEGER 2 BUFLEN, CODE
INTEGER 4 BUFADR, RETLENADR
END STRUCTURE
RECORD /ITMLST/ DVI_LIST

C
DVI_LIST.BUFLEN = 4
DVI_LIST.CODE = DVI$_DEVCLASS
DVI_LIST.BUFADR = %LOC (CLASS)
DVI_LIST.RETLENADR = %LOC (CLASS_LEN)
C
STATUS = SYS$GETDVIW ( , , INPUT_DEVICE, DVI_LIST, , , , , )
IF ((NOT. STATUS) .AND. (STATUS .NE. SS$_IVDEVNAM))
1 CALL LIB$SIGNAL (%VAL (STATUS))
IF ((STATUS .NE. SS$_IVDEVNAM) .AND. (CLASS .EQ. DC$ TERM) ) THEN
RETVAL = .TRUE.
D WRITE (, '(X, 2A)) INPUT_DEVICE, ' IS A TERMINAL DEVICE'
ELSE
RETVAL = .FALSE.
D WRITE (, '(X, 2A)) INPUT_DEVICE, ' IS NOT A TERMINAL DEVICE'
ENDIF
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Connecting to the LAT device

The easiest way to connect to a LAT device for reading is to send a data byte to this
particular device:

SUBROUTINE PUT_BYTE (OUTPUT_CHANNEL, OUTPUT)
IMPLICIT NONE

INCLUDE '($SYSSRVNAM)'
INCLUDE '($IODEF)'

INTEGER 4 STATUS
INTEGER- 2 OUTPUT_CHANNEL
CHARACTER OUTPUT

STRUCTURE /TT_WRITE_IOSB/
INTEGER 2 STATUS, BYTE_COUNT, LINES_OUTPUT
BYTE COLUMN, LINE

END STRUCTURE

RECORD /TT_WRITE_IOSB/ WRITE_IOSB

STATUS = SYS$QIOW (,
1 %VAL (OUTPUT_CHANNEL), %VAL (I0$_WRITEVBLK),
1 WRITE_IOSB, ' ', %REF (OUTPUT), %VAL (1), , , , )
IF (NOT. STATUS) CALL LIB$SIGNAL (%VAL (STATUS))

IF (NOT. WRITE_IOSB.STATUS)
1  CALL LIB$SIGNAL (%VAL (WRITE_IOSB.STATUS))
END
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Reading a single byte

CHARACTER FUNCTION GET_BYTE (INPUT_CHANNEL)
IMPLICIT NONE

INCLUDE '($SYSSRVNAM)'

INCLUDE '($IODEF)’

INTEGER 4 STATUS

INTEGER 2 INPUT_CHANNEL

CHARACTER INPUT

STRUCTURE /TT_READ_IOSB/
INTEGER 2 STATUS, TERM_OFFSET
CHARACTER TERMINATOR (2)
INTEGER 2 TERM_SIZE

END STRUCTURE

RECORD /TT_READ_IOSB/ READ_IOSB

STATUS = SYS$QIOW ( , %VAL (INPUT_CHANNEL),

1 %VAL (I0$ READVBLK .OR. I0$M_NOECHO .OR. I0$M_NOFILTR),

1 READ_IOSB, , , %REF (INPUT), %VAL (1), , , , )

IF (NOT. STATUS) CALL LIB$SIGNAL (%VAL (STATUS))
IF (NOT. READ_IOSB.STATUS)

1  CALL LIB$SIGNAL (%VAL (READ_IOSB.STATUS))

IF (READ_IOSB.TERM_OFFSET .EQ. 0) THEN
GET_BYTE = READ_IOSB.TERMINATOR (1)

ELSE
GET_BYTE = INPUT

ENDIF

END
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‘ Putting everything together I

The resulting Fortran program will now create a new data le e very hour, read one

hour of datagrams from the LAT device and write the resulting data to the le.

The only routine left is the synchronziation function:

INTEGER- 4 FUNCTION SYNCHRONIZE (SYNC_CHAR, CHANNEL)
IMPLICIT NONE

C
LOGICAL*4 NOT_SYNCED
INTEGER- 2 CHANNEL
INTEGER 4 SKIP_COUNTER
CHARACTER SYNC_CHAR, GET_BYTE
C
SKIP_COUNTER = -2
NOT_SYNCED = .TRUE.
C

DO WHILE (NOT_SYNCED)
SKIP_COUNTER = SKIP_COUNTER + 1
IF (GET_BYTE (CHANNEL) .EQ. SYNC_CHAR) THEN
SKIP_COUNTER = SKIP_COUNTER + 1
IF (GET_BYTE (CHANNEL) .EQ. SYNC_CHAR) NOT_SYNCED = .FALSE
ENDIF
END DO
SYNCHRONIZE = SKIP_COUNTER
END
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Writing to the le

Since the data for each analog channel is a 16 bit integer value, it has to be
converted to a single precision oating point value prior to being written to the output
le.

This is necessary to facilitate the following postprocessing steps and is done using
an implicit loop like this:

WRITE (1, *) (REAL (VALUE (I)) / 32767., | = 1, VALID_CHANNELS)

The resulting les look like this:

-5.4017762E-03 1.4709922E-02 0.3013703 -1.2115848E-02 - 3.0579546E-02 -2.1515550E-02
-5.0050355E-03 1.2573626E-02 0.2699057 -1.0162664E-02 - 3.2990508E-02 -2.2675253E-02
-5.4322947E-03 1.6968291E-02 0.3014313 -1.0528886E-02 - 3.3143103E-02 -2.0264290E-02
-7.1718497E-03 1.3245033E-02 0.2334361 -1.2390515E-02 - 3.2532733E-02 -2.1027254E-02
-4,4557024E-03 1.3397626E-02 0.3013703 -1.2207404E-02 - 3.2624286E-02 -1.9714957E-02
-3.2349620E-03 1.2604144E-02 0.1459700 -9.8269600E-03 - 3.0365918E-02 -2.2034364E-02
-2.7771844E-03 9.9185156E-03 0.3014924 -1.1291848E-02 - 3.1647693E-02 -1.9531846E-02
-1.3122959E-03 1.4679403E-02 0.2928861 -1.0620441E-02 - 2.9694511E-02 -2.1301920E-02
-2.9602954E-03 1.5106662E-02 0.3015534 -1.0681478E-02 - 3.1067843E-02 -2.1393476E-02
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‘ Filtering seismic data I

Every hour the last le containing raw data from the seismome ters and geophones

will be processed by a digital Iter.
Filtering the data is necessary to extract interesting signals and suppress noise.

The detection of teleseismic events requires instruments with a rather low natural
frequency (at least about 10 seconds) since the earth acts as a low pass lter for

waves traveling through it.

Most man made noise has a much higher frequency domain and is thus quite easily

removed using a digital low pass lter.
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‘An FFT low pass lter I

In this approach a FFT based low pass lIter is used. Such a Ite r works like this:

1. Perform a FFT transformation of the raw data yielding the corresponding

spectral data.

2. Apply some lIter rule on this spectral data (i.e. remove al | unwanted frequency

domains).
3. Perform an inverse FFT transformation to create a ltered data set.

Performing FFT transformations is quite time consuming and it was decided to port
the FFTW packet to OpenVMS for this purpose.
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‘Effects of FFT lters |

The following plot shows an earthquake having a Richter magnitude of 7.8 which
took place in Colima on 21-JAN-2003. The Iter applied was a F FT low pass lter
with a cut off frequency of 0.08 Hz:

The upper trace shows the raw data with noise while the Itere d data is shown in the

lower trace.
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‘Effects of FFT lters |

The next plot shows an earthquake having a Richter magniture of 7.3 which took
place on the Solomon islands on 20-JAN-2003. The cut off frequency was 0.06 Hz,

the upper trace shows the raw data, the lower trace the result obtained by the lIter:
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After ltering the data, an hourly postscript plot is genera ted:

72 2.54 div dup scale
.01 setlinewidth -90 rotate -25 0 translate 90 rotate
0 -3 translate
0.05 setlinewidth
/Times-Roman findfont
1.5 scalefont setfont

newpath 3 2 moveto (Hourly plot

) show

0.015 setlinewidth
/Times-Roman findfont
.75 scalefont setfont

newpath 3 1 moveto (Sample rate: 25, 6 channels of
3600 seconds of data each.) show

newpath 3 0 moveto (0: Lehman, 1: 1Hz hor., 2: 1Hz vert.,, 3-5: 4

-90 rotate

0.01 setlinewidth

newpath

5 3 moveto

5.041082
5.040416
5.039715
5.038979
5.038210
5.037406

3.000411
3.000822
3.001233
3.001644
3.002056
3.002467

lineto
lineto
lineto
lineto
lineto
lineto
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‘ Converting to JPG I

This postscript picture is then converted to a JPG picture using ghostscript like this:

gs "-sDEVICE=jpeg" "-sPAPERSIZE=ledger" "-dNOPAUSE" -
"-sOutputFile=""destination' 'source'

The resulting JPG le, which contains a time stamp in its name , is then written to the

directory

DISK$SUSER_O:JULMANN.PUBLIC_HTML.SEISMIC_ONLINE]
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‘Creating an hourly plot I

The following picture shows such an hourly plot (Tonga, 03-MAY-2006, 7.8):
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‘Creating daily plots I

At the end of a day there will be 24 les containing one hour of r aw data, each.
These les will be read by another batch job which will create a daily plot containing
24 traces showing the data of a single instrument (normally either the Lehman

seismometer or the 1 Hz geophone with the NIC ampli er).

The data will be Itered as a whole (to minimize artifacts at h ourly boundaries) and a

postscript le is generated.

This postscript le will be converted to a JPG le and placed i nto a publicly

accessible directory, too.

Following this the 24 les of raw data will be packed into a ZIP -archive and stored on

a large hard disk for future reference.
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‘Creating daily plots I

The following picture shows such a daily plot showing an earthquake which took
place on 22-JAN-2003:
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‘ Displaying magnetometer data I

Displaying data read from the magnetometer works quite the same way as the

postprocessing of data gathered from the seismometers/geophones.

The main difference is that no Itering is necessary — the dat a is quite smooth due to
the long integration time — and there is no daily plot, only an hourly plot which will be

updated automatically.

The quality of the measurements is pretty good as the following pictures will show.
The upper plot has been created from data read from the ux gat e magnetometer
while the lower plot is an of cial plot from the geomagnetic o bservatory in Wingst

covering exactly the same time frame.
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‘ Displaying magnetometer data I
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‘Accessing data via the internet I

The plots of both systems, the seismometers/geophones and the magnetometer are

written to disk as JPG les and are thus readily displayable o n any web browser.

The rst attempt was to write the resulting JPG les into some subdirectories below
[.PUBLIC _HTML] which worked ne using the web server as a browser since

every le contains a time stamp in its le name.

After running the whole system for extended periods of time it became clear that a
slightly better selection scheme had to be used to avoid excessive times to load the

le names into the browser.
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‘Accessing data via the internet I

For normal access it is not necessary to have a list of all available les.

In every case it is suf cient to have a list containing
yesterday's le only,
the les of the previous 10 days,
the les of the previous 30 days or
all les.

Such a list is easily generated using a small CGl script as shown below:
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‘ Selecting the time frame I

This CGl-script, written in DCL, rst displays the followin g HTML form:
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‘Ten days of data I

Selecting the "10 days”-button will result in a display like this:
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Creating a web form

$ base_directory = "disk$user_0:[ulmann.public_html.se ismic_daily]"
$ base_url = "../seismic_daily/"
$ columns =6

$ type sys$input
Content-type: text/html

<htmlI>
<head>
<meta http-equiv="Content-Type" content="text/html; ch arset=is0-8859-1">
<title>
Daily seismic plots
<ftitle>
</head>
<body bgcolor="#66A7C1" text="#494949" link"#FFFFFF" vl ink="#000000"
alink="#FFFFFF">
<center>
<h1>Daily seismic plots</h1>
<form action="seismic_daily.com">
<input type="submit" name="action" value="One day">
<input type="submit" name="action" value="10 days">
<input type="submit" name="action" value="30 days">
<input type="submit" name="action" value="All">
<form>
<p>
</p>
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‘ Get the user input back I

The web server used (WASD, what else? :-) ) has a feature that writes data resulting
from a form into a symbol called WWMWQUERYSTRINGwhich may be evaluated
easily in a DCL script:

$ action = f$edit (f$element (1, "=", www_query_string), "u pcase, collapse")
$ if action .nes. "ALL" .and. action .nes. "30+DAYS" .and. -
action .nes. "10+DAYS" .and. action .nes. "ONE+DAY"
$ then
$  type sysSinput
<p>
&nbsp;
</p>
<b>
Please press one of the buttons above to display a list of avai lable plots.
</b>
$  goto finish
$ endif

The IF -block is used to check for manipulated data which may result from users
tinkering with URLSs.
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Determining the start of the time frame

Depending on the selected time frame a symbol DAT Eis created which contains

the begin of the desired time frame:

if action .eqs. "ONE+DAY" then date = f$cvtime ("today-2-0
if action .egs. "10+DAYS" then date = f$cvtime ("today-11-
if action .egs. "30+DAYS" then date = f$cvtime ("today-31-

BB B P

date = f$extract (0, 4, date) + f$extract (5, 2, date) + -
fextract (8, 2, date)

$ type sys$input

<table bgcolor="aqua" color="white">

<thead>

<tr>

$ write sys$output " <td colspan="columns' align=""cente
$ type sys$input

<b>

Daily seismic plots

</b>
</tr>
</thead>
<tbody>
<tr>
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Creating a nicely formatted list of les

Now loop over all directory entries satisfying the date condition and create a table
with six columns:

$ column_counter = 0
$ file_loop:

$

BB BB PR BB B P

$
$

file = f$search ("base_directory’' *.jpg")
if file .eqs. "™ then goto end_loop
file = f$element (0, ";", fSelement (1, "", file))
file_date = f$element (2, " ", file)
if file_date .lt. date then goto file_loop
description = file_date + "/* + f$element (0, ".", f$elemen
write sys$output " <td><a href="""base_url"file"">
column_counter = column_counter + 1
if column_counter .eq. columns
then
type sysS$input
</tr>
<tr>
column_counter = 0
endif

$ goto file_loop
$ end_loop:
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t (3, "_", file)
<pre>"descriptio
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‘ Finishing the script I

The only thing left to do is closing the table structures an n ishing the DCL script:

$ type sys$input
</tr>
</tbody>
</table>
$!
$ finish:
$ type sys$input
<center>
</body>
</html>
$ exit
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‘ Further information l

Further information may be found at the following links:

http://www.vaxman.de

http://fafner.dyndns.org/ ulmann/cgi-bin/seismic _online.com
http://fafner.dyndns.org/ ulmann/cgi-bin/seismic _daily.com

The author may be contacted at ulmann@vaxman.de .
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