What is SEED ?

SEED - Reinoud Sleeman

SEED is an international standard for the exchange of digital

seismological data
SEED was designed for use by the earthquake research
community, primarily for the exchange between institutions

of unprocessed earth motion data

SEED is a format for digital data measured at one point in space

and at equal intervals of time.
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SEED history

< 1985:

1985:

1987:
1988:

1990:
1991.
1992:
2004:

SEED - Reinoud Sleeman

IDA, GDSN, .....

IASPEI Commision on Practice = working group on

digital data exchange = FDSN (International

Federation of Digital Seismograph Networks)

FDSN draft standard (USGS)

official release (version 2.0)

(document by Halbert, Buland and Hutt)

version 2.1 (indexing, improved cross references )
version 2.2 (dataless SEED)

version 2.3 (mini-SEED, FDSN network code)
version 2.4 (data quality type code)
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SEED In practice

» recordings of digital time-series data (seismic waveforms)
= exchange of waveform data (real-time, archive)
= archiving of digital waveform data (global to local)
» storage of meta-data (information about the data,
e.g. station information, sensor)

» end user (analysis software)
= not for non-time series data
= not for unequal time-interval sampled data (except logs)
» not designed for processed or synthetic data, but possible
» parametric data possible (e.g. phase readings) but never used,;

|ASPEI Seismic Format (ISF)
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SEED Reference Manual (current version 2.4)

available from IRIS: www.iris.washington.edu




Standard for the Exchange of Earthquake Data (SEED): structure

control headers

dataless SEED (metadata)

ascii

waveform data

raw data and embedded
auxiliary information

mMini-SEED

binary (+ ascii)
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\.

Volume Header

Abbreviation Header

Station Header

Time Span Header

Data Record

Data Record

Data Record

\

y

(full) SEED volume
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Standard for the Exchange of Earthquake Data (SEED): organization

Volume Header \

Abbreviation Header

logical record { Station Header

Time Span Header

size in bytes:
256 Data Record
512
1024
2048
4096
8192
16384
32768

Data Record

logical volume

A control header may use more
than one logical record

Data Record j
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Standard for the Exchange of Earthquake Data (SEED): blockettes

Volume Header

blockettes:

Station Header(s)

e building blocks of (control) headers

Time Span Header(s)

— T R e defined data structures
pata Record e different and variable length

e not restricted to logical record boundaries
e ascii (in control headers) or

binary (in data records)

Data Record
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Volume Header

Abbreviation Header(s)

Station Header(s)

Time Span Header(s)

Data Record

Data Record

Data Record

[

50] Station Identifier Blockette

Name:
Blockette Type:
Control Header:

Field Station Volume:
Station Oriented Network Volume:
Event Oriented Network Volume:

Station ldentifier Blockette

ISC/NEIC

registration

http://www.isc.ac.uk

HE200-106. 4567001740 00006001 Albuquerque, ANewMexico, AUSA~0013210101989,241~~

FDSN network code
http://www.fdsn.org
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Reqirec
Required
Required

A

W~ @® e Wy =
=1
i

[P —
My =t O

/

Field name

Blockette type — 050
Length of blockatte
Station call letters
Latitude (degrees)
Longitude (degrees)
Elevation (m)

Mumber of channels
Mumber of station comments
Site name

Metwork identifier code
32 bit word order

16 bit word order

Start effective date
End effective date

Update flag
Metwork Code

O S DDODODDO0O000 00 ‘E'
g
i

Length

Mask or Flags

W
T

[UN]
R
R
R
HEEE

W
[UNLPS]
T

T

g

TIME

TIME

[ULN]
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Volume Header

Abbreviation Header(s)

Station Header(s)

Time Span Header(s)

Data Record

Data Record

Data Record

SEED - Reinoud Sleeman

[53] Response (Poles & Zeros) Blockette

Response (Poles & Zeros) Blockette

Name:

Blockette Type:
Control Header:

Field Station Volume:
Station Oriented Network Volume:
Event Oriented Network Volume:

053

Some Response Required
Some Response Required
Some Response Requireg

usually b53 - b58

Use this blockette for the analog stages of filter systems and for infinite impulse response (IR} digital filters. Digital
filters usually have a Decimation Blockette [57] following, and most stages have a Sensitivity/Gain Blockette [58]
following. The stage sequence takes into account the fact that newer seismic systems will contain combinations of
analog and digital filtering, allowing different deconvolution algorithms to be run sequentially (in cascade). SEED
reserves the composite function to describe analog instruments with digital feedback circuitry. Stage order is the same
as the original convolution order. Use the original earth units for the input units of stage 1. Use digital counts for the

output units on the last stage. (See Appendix C for more information.)

®NO G hON z
@

w

10
11
i2
13

14

15
16
17
18

Figld namea

Blockette type — 053
Length of blocketie
Transfer function type
Stage sequence number
Stage signal input units

Imaginary zero

= cel0-2HG

Imaginary zero error

Real pole
Imaginary pole
Raal nole erro

Imaginary pole error

AD normalization factor (1.0 if none)
Mormalization frequency fn(Hz)

Type Length
D 3
D 4
A 1
D 2
D 3
D 3
F 12
F 12
D 3
F 12
F 12
F 12
F 12
D 3
F 12
F 12
F 12
E 12

Mask or Flags

-
“#E

Vi

gy

"

o

" HHE-#E
" HHHE- R

g

" ARANEE-SE"
" ARANEE-SE"
A RAHE-#R"
i AHRAHE-#R"

s

- HHANHE-HE"
- HHANHE-FE"
" AHANHE-SE"
" ARANEE-SE"
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SEED: metadata and system response

Volume Header

blockette 50
Abbreviation Header(s) blockette 51
blockette 52
blockette 53 W
blockette 58
Time Span Header(s) blockette 54
blockette 57

blockette 58 $ response description

v

Station Header(s)

Data Record

Data Record

blockette 58

= dataless SEED interpretation

Data Record
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Comprehensive Metadata
SEED Representation

Acquisition system block diagram and SEED response blockettes

sensor analog digital digital digital digital
: anti-alias o anti-alias anti-alias anti-alias IR filter
; amplifier filter digitizer FIR filter FIR filter  FIR filter :
ho—@ > |+  m
[m/s] Vi : . [Counts] ! 5 : [Counts]
B053 polles&zeros B054 coefficients B053 poles&zeros
BO58 sensitivity | 5 B057 decimation | 5 B058 sensitivity
; 1 : B058 sensitivity :
B058 sensitivity . BOS coeft :
i 54 coefficients :
gggg rs’gllfssiﬁ‘:ﬁros E B057 decimation |
y B058 sensitivity
B054 coefficients B054 coefficients
B057 decimation B057 decimation
B058 sensitivity B058 sensitivity
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#

EEEE SRS RS S S S RS RS S A SR S R SR S A R E R A E AL R R S A E R SR A AR
#

BOS0FO3 Station: BOSA

BOSOF16 Network: GT

BOS2FO3 Location: o0

BOS2F04 Channel: BHE

BO52F22 Start date: 2002,308,00:00:00

BO52F23 End date: 2599 ,365,23:59:59

#

# e +

# | Response (Poles and Zeros) |

# | GT BOSA 00 BHEZ |

# | 11/04/2002 to 12/31/2599 |

# e +

#

BOS3IFO3 Transfer function type: A

BOS3F04 Stage seguence number: 1

BOS3IFOS Response in units lookup: M/5 - Velocity in Meters Per Second
BOS3IFO& Response out units lookup: V - Wolts
BOS3IFOT7 AD normalization factor: +1.08711E+05
BOSIFOS Normalization freguency: +1.00000E+00
BOS3IFO9 Humber of zeroes: 3

BOEIET 4 Mumheyr of moless [

- real error imag_error
RESP I e 0E+00 +0.00000E+00 +0.00000E+00
OE+00 +0.00000E+00 +0.00000E+00
0GE+00 +0.00000E+00 +0.00000E+00

real_error imag_error
0E+00 +0.00000E+00 +0.00000E+00
0E+01 +0.00000E+00 +0.00000E+00
0E+01 +0.00000E+00 +0.00000E+00
E+00 +0.00000E+00 +0.00000E+00
0E+00 +0.00000E+00 +0.00000E+00
0E+00 +0.00000E+00 +0.00000E+00

output of: rdseed -R L .

oo em=otivity Gain |

[=]

readable representation of dataless SEED

L T
# | GT BOSA 00 BHZ |

# | 110472002 to 1253172599 |

# P —— +

#

BOSEFO3 Stage seguence number: 1

BOS8FO04 Sensitivity: +2.95820E+04
BOSBFOS Preguency of sensitivity: +1.00000E+00
BOSEFO6 Number of calibrations: 4]

#
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Stage 1 = Sensor |
g EEEE SRS RS S S S RS RS S A SR S R SR S A R E R A E AL R R S A E R SR A AR
#
BOS0FO3 Station: BOSA
BOSOF16 Network: GT
BOS2FO3 Location: oo
BOS2F04 Channel: BHE
BO52F22 Start date: 2002,308,00:00:00
BOS2F23 End date: 2599 ,365,23:59:59
#
# e +
# | Response (Poles and Zeros) |
# | GT BOSA 00 BHEZ |
# | 11/04/2002 to 12/31/2599 |
# e +
. #
|r1 tr]ls (:EiSEE’ BOGIFO3 Transfer function type: -\
BOS3F04 Stage seguence number: 1
F(ES-ESZl()()() BOS3IFOS Response in units lookup: M/5 - Velocity in Meters Per Second
BOS3IFO& Response out units lookup: V - Wolts
Borehole in BOS3IFOT RO m:urrlrlalizl.atic'n factor: +1.08711E+05
BOS3F0E Hormalization freguency: +1.00000E+00
BOShOf South Afrlca BOS3IFO9 Number of zeroes: 3
y BOS3IF14 Humber of poles: [
# Complex zeroes:
# i real imag real error imag_error
BOS53IF10-13 1] +0.00000E+00 +0.00000E+00 +0.00000E+00
BO53IF10-13 1 +0 +0.00000E+00 +0.00000E+00 +0.00000E+00
BO53F10-13 2 .00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
# omplex poles:
t i real imag real _error imag_error
¢ -1.00850E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
1 -2.23000E+01 +2.41000E+01 +0.00000E+00 +0.00000E+00
2 -2.23000E+01 -2.41000E+401 +0.00000E+00 +0.00000E+00
Goes from M/S ground /5553915-13 3 -1.50000E-02 +0.00000E+00 +0.00000E+00 +0.00000E+00
BO53IF15-18 4 -3.00000E-02 +0.00000E+00 +0.00000E+00 +0.00000E+00
pv1()tic)r] t() \/()rts BO53F15-18 5 -8.00000E-02 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
# e +
# | Channel Sensitivity/Sain |
# | GT BOSA 00 BHZ |
# | 110472002 to 1253172599 |
# S +
#
BOSEFO3 Stage seguence number: 1
BOS8FO04 Sensitivity: +2.95820E+04
BOSBFOS Preguency of sensitivity: +1.00000E+00
BOSEFO6 Number of calibrations: 4]
#
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Stage 2 = Datalogger

Volts are converted
TOo counts

SEED - Reinoud Sleeman

He He M M W W W

BOS4F03
BOS4F04
BOS4F05
BOS4F06

B

054F10

B
#
#
#
#
#
#
#

BOSTFO3
BOSTEO4
BOSTEFOS
BOSTFOG

BOSTEFOTY
BOSTFO8

He He M M W W W

BOS8F03
BOSE8F04
BOS8F05
BOS58F06

Response (Coefficients)
GT BOSA 00 BHZ
11/04/2002 to 1273172599

Transfer function type:
Stage seguence number:

Response in units lookup:

Response outb

er of numerators:

V - Volts
COUNTS - Digital Counts

Number of denominators: o
f===ms=sc=ss=sss=sss=ssssssssssss=s===== +
| Decimation |
| GT BOSA 00 BHE |
| 11/04/2002 to 1273172599 |
S +
Stage seguence number: 2
Input sample rate (HEZ): 1.6384E+05
Decimation factor: oo004
Decimation offset: 00000

Estimated delay (seconds):
Correction applied (seconds):

Channel Sensitivity/Gain

GT BOSA 00 BHE
11/04/2002 to 1273172599

Stage seguence number:

Sensitivity:

Freguency of sensitivity:
Number of calibrations:
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+0.0000E+00
+0.0000E+00

+2.62151E+05
+0.00000E+00
1]
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Stage 3 = Digital FIR filter and decimation

#
BOS4F03 Transfer function type: D
BOS4FP04 Stage seguence number: 3
BOS4F0S Response in units lookup: COUNTS - Digital Counts
BOS4F0& i Tokups COUNTS - Digital Counts
BOS4F0T Number 33
BOG4F10 er of denominators: 0
# Numerator coefficients:
i coefficient error
. BOS4F08-09 o +0.00000E+00 +0.00000E+00

TranSfer funCt|On type BOS4F08-09 1 +0.00000E+00 +0.00000E+00
BOS4FP08-09 2 +1.00000E+00 +0.00000E+00
BOS4F08-09 3 +4.00000E+00 +0.00000E+00
BOS54F08-09 4 +1.00000E+01 +0.00000E+00
BOS4F08-09 5 +2.00000E+01 +0.00000E+00
BOS4F08-09 & +3.50000E+01 +0.00000E+00
BOS4F08-09 7 +5.60000E+01 +0.00000E+00
BOS4F08-09 g8 +8.40000E+401 +0.00000E+00
BOS4FP08-09 9 +1.20000E+402 +0.00000E+00
BOS4F08-09 10 +1.61000E+02 +0.00000E+00
BOS54F08-09 11 +2.04000E+02 +0.00000E+00
BOS4F08-09 12 +2.46000E+02 +0.00000E+00
BOS4F08-09 13 +2.84000E+02 +0.00000E+00
BOS4F08-09 14 +3.15000E+02 +0.00000E+00
BOS4F08-09 15 +3.36000E+02 +0.00000E+00
BOS4FP08-09 16 +3.44000E+02 +0.00000E+00
BOS4F08-09 17 +3.36000E+02 +0.00000E+00
BOS54F08-09 18 +3.15000E+02 +0.00000E+00
BOS4F08-09 19 +2.84000E+02 +0.00000E+00
BOS4F08-09 20 +2.46000E+02 +0.00000E+00
BOS4F08-09 21 +2.04000E+02 +0.00000E+00
BOS4F08-09 22 +1.61000E+02 +0.00000E+00
BOS4FP08-09 23 +1.20000E+02 +0.00000E+00
BOS4F08-09 24 +8.40000E+01 +0.00000E+00
BOS54F08-09 25 +5.60000E+01 +0.00000E+00
BOS4F08-09 26 +3.50000E+01 +0.00000E+00
BOS4F08-09 27 +2.00000E+01 +0.00000E+00
BOS4F08-09 28 +1.00000E+01 +0.00000E+00
BOS4F08-09 29 +4.00000E+00 +0.00000E+00
BOS4FP08-09 ¢ +1.00000E+00 +0.00000E+00
BOS4F08-09 i1 +0.00000E+00 +0.00000E+00
BOS54F08-09 32 +0.00000E+00 +0.00000E+00
#
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Reporting Filter Delays & Decimation

BOSTFO3
BOSTPO4
BOSTFOS
BOSTFOG
BOSTEOQY
BOSTEFOB

BOS8F03
BOSEBFO4
BOS8BFOS
BOS58F06
&

SEED - Reinoud Sleeman

e g ————
| Decimation

| GT BOSA 00 BHEZ

| 11/04/2002 to 12/731/2599

e e e e ————

Etage seguence number:

Input sample rate (HEZ):
Decimation factor:

Decimation offset:

Estimated delay (seconds):
Correction applied (seconds):

A e e e e e
| Channel Sensitivity/Gain
| GT BOSA 00 BHE

| 11/04/2002 to 1273172599

e e

Stage seguence number:
Sensitivity:

Freguency of sensitivity:
Number of calibrations:
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4.0960E+04

oooo8

00000
+4.0260E-04
+0.0000E+00

+1.00000E+00
+0.00000E+00
(#]
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Overall Gain (also called Sensivitity)

The very last stage in the response cascade is the
overall gain of the whole system, which is the

multiple of all stage gains at the same frequency,
and called Stage 0

#

BOS8FO03 Stage seguence number:
BOSEF04 Sensitivity:
BEOSBFO05 Freguency of sensitivity:
BOS8F06 Number of calibrations:
SEED - Reinoud Sleeman Managing Waveform Data and Related Metadata for Seismic Networks

0

+7.75495E+09
+1.00000E+00

0
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PlotResp

JPlotResp, Version 1.57

Amplitude

Fhase (degrees}

=100 4

-150 4

amplitude response

phase response

0.0001 0.001

0.01

0.1

1

10

100

Hz

Display:

|- FAITTETITLTL S T IICI..'lI':l

Metwork: RO, Station: CRAR, Channel: BHZ

BeginTime: 2005,228,00:00:00

MinFreq: 0.0001, MaxFreq: 100, Numfreqgs: 100, Spacing: Logarithmic
OutputUnits: Velocity

Amplitude, Phase

Print

[[] Show Datapoints

[¢] Logarithmic Amplitude

Save

[] Combine Amplitude,Phase

Close
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