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Abstract.  The aim of this paper is to review some commonly used digital seismic formats. The most widespread seismic formats for exchange of waveform data are SEED (Standard for the Exchange of Earthquake Data), GSE (Global Seismic Exchange), and SAC (Seismic Analysis Code) formats. Available seismological software products for waveform analysis usually create and use its own digital format. A recent tendency in development of seismological software packages is the possibility to use some of the existing digital formats. Some of these software packages and formats are AH (Ad Hoc), SEISAN (Seismic Analysis), PITSA (Programmable Interactive Tool for Seismic Analysis), SEGY (Society of Exploration Geophysicists - Y format), CSS (Center for Seismic Studies), miniSEED. The contents of SEED, GSE, SAC, and CSS formats are described here in details. The addresses of the corresponding web sites are given for more information. 
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Introduction.  

Before the 1970’s, analog media were the sole means of recording seismic data. Usually paper or films were used for recording and preserving of data. No such information as the station code, starting and ending date and time, dominant frequency pass band and other was available on these records. These data were written on the seismograms by hand. Some seismogram’s parameters were extracted by hand, too. 

Digital recording methods have been used since about 1970 first in seismic prospecting and then in seismology. In the early days of digital seismometry, the design of data formats depended on the manufacturer of the data acquisition system. Display and analysis software was often proprietary and marketed specifically for a certain manufacturer’s equipment and data format. Data exchange between seismologist and data centers has been complicated by different data formats and different computer systems. It was necessary to create a standard for seismic data to solve these problems. In 1976, the International Deployment of Accelerometers (IDA) format was introduced. In 1985, the International Association for Seismology and Physics of the Earth’s Interior (IASPEI), Commission on Practice, formed a Working Group on Digital Data Exchange to propose a standard for international digital data exchange. In 1987 the Federation of Digital Seismographic Networks (FDSN) adopted SEED format as a Federation draft standard.

Since the volume of commonly available digital seismic data continues to increase dramatically (from 600MB annually in 1980 to 300GB in1992), database systems which are specially designed to handle these large datasets have begun to appear as a superset of the standard data exchange formats. The Internet has become a major research tool. Because analysis tools are still closely associated with a particular data format, the number of computer programs is available for format conversion. But by conversion from one data format to another it is possible to lose information because of incompatible fields in the data headers. Today many different data formats are used in seismology. They can be grouped into the following four classes: a) local formats in use at individual stations and networks (ESSTF, PDR-2, BDSN, GDSN); b) formats used in standard analysis software (SEISAN, SAC, AH); c) formats designed for data exchange and archiving (SEED, GSE); d) formats designed for database systems (CSS, SUDS).

The information in all data formats is separated into two parts: header and waveform data. The header can include information about site, station, channel, network, time, response of instrument, information about recording system, type of waveform data, etc. The waveform data are usually binary and follow the header part.

 The description of some the most commonly used data formats is given below. 

Standard for the Exchange of Earthquake Data  (SEED).  

As mentioned above SEED has been adopted by the FDSN as format for the Global Seismograph Network (GSN) data, primarily for the exchange of unprocessed waveform data. Many other organizations (German Regional Network, Geo Research Network GEOFON, Harvard University, Incorporated Research Institutions for Seismology IRIS, Mediterranean Network MEDNET, Observatories and Research Facilities for European Seismology ORFEUS, Pacific Ocean Seismic Data Observation Network POSEIDON, etc.) use this format for archival storage and exchange of seismic data at present. A number of the present generation data acquisition systems (e. g. Quanterra, Nanometrics) produce data in miniSEED (dataonly SEED volume) format. 

During the first several years of its existence several changes were incorporated into the SEED format. At present it is quite stable. The latest version is 2.3 and it was adopted in December of 1992. This format can meet the needs of many individuals and institutions that collect, record, transmit and read seismological data. The SEED works for continuous, station oriented and/or event oriented waveform data from single field stations, observatories, networks, or arrays. The SEED is self-defined, because the data from each station-channel includes all necessary information, including response information, reference to byte order and data description language (integer, binary, compressed). The format is very flexible, because it allows appending of new data fields to header blockettes or even new blockettes without altering the existing control header structures in any way.

The SEED file consists of one or more, one after another logical volumes. There are three types of logical volumes: field station-, station network-, and event network- oriented. The structure of each logical volume is the same, but the interpretation of some data fields is different. The data in the format are divided into two parts: control headers (dataless SEED volume) formatted in American Standard Code for Information Interchange ASCII and time series (dataonly SEED volume or miniSEED) which are binary and unformatted.

The control headers contain auxiliary information about the volume, the station-channels, and the data. Because control headers are encoded in printable ASCII characters they are directly readable and may be controlled visually by analysts. Four groups of control headers are defined. The first group is named volume identifier headers. It contains information about the time of the data, logical record length, format version of the logical volume, etc. The second one is named abbreviation dictionary headers.  It contains the definitions of abbreviations used in other control headers. Space is saved by making abbreviations for lengthy comments and field data format definitions. Other abbreviations are used to facilitate automatic processing and to guarantee coding consistency, particularly for units’ fields. The third group is named station headers. It provides relevant operating characteristics for a station and all of its channels – including station location, instrument types, and channel transfer functions (responses). The forth one is time span headers. It identifies the time span within which the time series that follow were recorded. It also provides indices to each time series, as well as information about the seismic events that may have occurred during the time interval. 

Each control header is made up of a sequence of blockettes – data structures that contain a type identifier (specific number of blockette), length (number of symbols), and sequence of data fields specific to the blockette type. The blockettes are either ASCII formatted (in control headers) and they contain no waveform data records or unformatted binary (in time series). Data fields are either fixed or variable in length. Information in every ASCII formatted field may be: alphanumeric ASCII string with fixed length (for example channel name BHZ), decimal integer or fixed point decimal (for example with masks -#### or -##.####), floating point number with an exponent (for example with mask -#.###E-##), and variable length ASCII string, ending with tilde “~” (ASCII code 126). The next field in every blockette starts immediately after the end of the current field, or after the tilde for variable length fields. The data and time ASCII field use a special mask: YYYY,DDD,HH:MM:SS:FFFF, where YYYY is the year, DDD is the Julian day of the year, HH – the hour of the day UTC (Coordinated Universal Time), MM – minute of the day, SS - the seconds, and FFFF is the fraction of a second. The time field is a variable length field, time could be truncated at the most significant valid time to avoid unneeded time precision. For example “1987,023,04:23:05.15~” and “1987,023~” are correct time fields.

Blockettes from every control headers’ type and time waveform series are assembled in blocks. Every block has eight bytes identifier ASCII formatted. The first six bytes content the incrementing sequence block number in the record. The next byte is the record type code (V – volume identifier header, A - abbreviation dictionary header, S – station header, T – time span header, D – data time series). The last byte is blank (ASCII code 32) when the block is new or asterisk “*” (ASCII code 42) when the block continues the previous block.

The list of blockettes in control headers is given in table 1, as the most blockettes are optional.

Table 1.  List of blockettes in SEED2.3 control headers.

	Blockette’s number
	Blockette name
	Number of fields

(version 2.3)

	Volume identifier control headers

	5
	Field volume identifier blockette
	5

	8
	Telemetry volume identifier blockette
	12

	10
	Volume identifier blockette
	9

	11
	Volume station header index blockette
	5

	12
	Volume time span index blockette
	6

	Abbreviation dictionary control headers


Continue Table 1. 
	30
	Data format dictionary blockette
	7

	31
	Comment description blockette
	6

	32
	Cited source dictionary blockette
	6

	33
	Generic abbreviation blockette
	4

	34
	Units abbreviations blockette
	5

	35
	Beam configuration blockette
	9

	41
	FIR (Finite Impulse Response) dictionary bl.
	9

	43
	Response (poles and zeros) dictionary block.
	19

	44
	Response (coefficients) dictionary blockette
	13

	45
	Response list dictionary blockette
	12

	46
	Generic response dictionary blockette
	9

	47
	Decimation dictionary blockette
	9

	48
	Channel sensitivity/gain dictionary block.
	10

	Station control headers

	50
	Station identifier blockette
	16

	51
	Station comment blockette
	6

	52
	Channel identifier blockette
	24

	53
	Response (poles and zeros) blockette
	18

	54
	Response (coefficients) blockette
	12

	55
	Response list blockette
	11

	56
	Generic response blockette
	8

	57
	Decimation blockette
	8

	58
	Channel sensitivity/gain blockette
	9

	59
	Channel comment blockette
	6

	60
	Response reference blockette
	6

	61
	FIR (Finite Impulse Response) blockette
	9

	Time span control header

	70
	Time span identifier blockette
	5

	71
	Hypocenter information blockette
	14

	72
	Event phases blockette
	12

	73
	Time span data start index blockette
	9

	74
	Time series index blockette
	16


The waveform time series follow control headers. The logical record may contain one or more waveform data records. The SEED structure allows conversion from one logical record size to another without having to reformat data records. Each data record (block) contains a fixed header section, a variable header section, and data section. The fixed header section provides the minimal self-definition needed to use any portion of the data without any other auxiliary information. A sequence of unformatted binary blockettes, each of which is optional, makes up the variable header section. These data blockettes are structurally different from control header blockettes: they are binary, and they are found only in time series, just after the fixed header. These blockettes provide information about channel specific, time dependent events such as automatically determined phase arrival information or a calibration in progress. The data section contains the actual time series data. The information in time series is unformatted binary and depends on the byte order of the machine (VAX, Motorola, 68000, PC).  The fixed header section and each blockette are an integer number of 32 bit words in length. The data description language in the data dictionary, refereed by the blockette 52 for the represented channel, governs byte swapping within the data. The list of the data blockettes is given in table 2.

Table 2.  List of the binary data blockettes in SEED2.3 time series.

	Blockette’s number
	Blockette name
	Blockette’s size(in bytes)

	
	Fixed section of data header
	48

	100
	Sample rate blockette
	12

	200
	Generic event detection blockette
	28

	201
	Murdock event detection blockette
	36

	202
	Log-Z event detection blockette
	Reserved

	300
	Step calibration blockette
	32

	310
	Sine calibration blockette
	32

	320
	Pseudo-random calibration blockette
	28

	390
	Generic calibration blockette
	28

	395
	Calibration abort blockette
	16

	400
	Beam blockette
	16

	405
	Beam delay blockette
	6

	500
	Timing blockette
	8

	1000
	Data only SEED blockette
	8

	1001
	Data extension blockette
	8


The data section of a data record is located at the byte specified in the fixed header, after the end of the last header blockette. The blockette 52 in the control headers defines which format will be present in the record. This provides a coded reference to an entry in the blockette 30, which describes the internal representation of the data. The Steim1 and Steim2 compression schemes are the most used compression algorithms for waveform data at present.

Dataless and dataonly (mini-) SEED volumes are accepted in 1991. These are the two parts of a complete SEED volume (without time span control headers, which can be derived from the dataonly SEED).


SEED format is designed to handle the requirements of international data exchange and is not suited to the needs of individual researchers. But the wide availability of software tools to convert SEED into other formats is crucial for its success.

Finally, SEED format is designed not only for seismic data. It may contain other geophysical data (Earth’s electric field, magnetic, gravity, tilt, strain, etc.), weather and environmental data (wind speed or direction, pressure, temperature, humidity, precipitation, etc.) and other data.

Complete description of SEED format version 2.3 may be found in http://www.iris.washington.edu ( Manuals or in http://orfeus.knmi.nl/manuals as a file SEED.pdf. 

Global Seismic Exchange GSE.  


The Global Seismic Exchange format is extensively used by the Group of Scientific Experts Technical Test (GSETT) projects on disarmament. The main purpose of this format is to serve as an exchange format for the nuclear test-detection community and it is not really suited for use of analysis programs directly. For this reason there are several sub-format forms depending on data type (waveform, response, arrival, origin or event data, bulletin, etc). 

The GSE format uses only printable (alphanumeric) ASCII characters. The information in the format is divided in lines. Each line contains different type of data and starts with line identifier. The default line length is 132 bytes and it may be extended up to 1024 bytes. If the line is longer than 1024 bytes it has to end with line continuation character “\” (ACSII code 92) and than may be continued on a new line. The GSE2.1 is the most recent version. 

Description of GSE2.1 waveform data format is given in this paper only. More information about other GSE data formats may be found in the electronic version of GSE manual given at the end of this chapter.


The GSE2.1 format for waveform data consists of a waveform identification line (WID2) followed by the station line (STA2), optional event line (EID2) and beam line (BEA2), the waveform data itself (DAT2), and checksum of the data (CHK2). Each data line (DAT2) should end with a checksum so the validity of the data can be verified. The line continuation character is not used in waveform data lines so there are many data and checksum lines. Description of each line is given in table 3.

Table 3.  Description of lines in GSE2.1 waveform data formats.
	Position
	Name
	Description

	Waveform identification line

	1 – 4
	WID2
	Must be WID2

	6 – 15
	Date
	Date of the first sample (yyyy/mm/dd)

	17 – 28
	Time
	Time of the first sample (hh:mm:ss.sss

	30 – 34
	Station
	Station code

	36 – 38
	Channel
	FDSN channel code 

	40 – 43
	Auxid
	Auxiliary identification code

	45 – 47
	Sub_format
	Format of data – INT (integer ACSII), CM6 and CM8 (comp-ressed data), or AUT, AU6, and AU8  (signifies authentication)

	49 – 56
	Samps
	Number of samples

	58 – 68
	Sampate
	Data sampling rate (Hz)

	70 – 79
	Calib
	Calibration factor: the ground motion in nanometers per digital count at calibration period (calper)

	81 – 87
	Calper
	Calibration reference period in seconds at which calib is valid

	89 – 94
	Instype
	Instrument type

	96 – 100
	Hang
	Horizontal orientation of sensor in degrees (-1.0 if vertical)

	102 – 105
	Vang
	Vertical orientation of sensor in degrees (90.0 if horizontal)


Continue Table 3.
	Station identifier

	1 – 4
	STA2
	Must be SRA2

	6 – 14
	Network
	Network identifier

	16 – 34 
	Lat
	Latitude in degrees, north is positive

	36 – 45
	Lon
	Longitude in degrees, east is positive

	47 – 58
	Coordsys
	Reference coordinate system

	60 – 64
	Evel
	Elevation in kilometers

	66 – 70
	edepth
	Emplacement depth in kilometers

	Event identifier (optional)

	1 – 4
	EID
	Must be EID2

	6 – 13
	EventID
	Event ID of associated event

	15 – 23
	Bull_type
	Bulletin type

	Beam identifier

	1 – 4
	BEA2
	Must be BEA2

	6 – 17
	BeamID
	BeamID for the waveform

	19 – 23
	Azimuth
	Azimuth used to steer the beam ( in degrees )

	25 – 29
	Slowness
	Slowness used to steer the beam (s/deg, -999.0 if vertical beam)

	Data block

	1 – 4
	DAT2
	Must be DAT2. This is header line of data block

	1 – 1024
	Data
	Data values. May be many lines and line length may be variable

	Checksum line

	1 - 4
	CHK2
	Must be CHK2

	6 - 13
	Checksum
	Checksum of data



The GSE formats are quite simple and easy to use. When the data are not compressed they may by read by any ordinary text editor tool. But the waveform data files get big and unhandy on large data sets, no direct access is possible, the whole trace has to be read in and processing speed becomes slow on large files.


The full description of GSE 2.11 message formats and protocols may be found on http://orfeus.knmi.nl/manuals in file provizional-GSE2.1.ps.

Seismic Analysis Code SAC.  

The Seismic Analysis Code (SAC) is developed at Lawrence Livermore National Laboratory in Livermore, USA. This is a general-purpose interactive program designed for the study of time sequential signals. Emphasis has been made on analysis tools used by research seismologists in the detailed study of seismic events. The current version SAC2000 is developed by Lee Miner and Peter Goldstein. Data in SAC format are available from some data centers (ORFEUS). SAC data format is relatively simple. It is binary but there are programs to convert it to alphanumeric ASCII SAC data format. A data file contains a single data channel recorded at a single seismic station. Each SAC data record contains a fixed length header section followed by one or two data sections. 

Evenly spaced data files have only one data section that contains the dependent variable. Unevenly spaced data and spectral data files contain two data sections. For unevenly spaced data, the first data section contains the dependent variable (for example amplitude of displacement) and the second contains the independent variable (for example time). For spectral files the first component is either the amplitude or the real component and the second component is either the phase or the imaginary component. The header is 158 32-bit words in length and contains floating point, integer, boolean, and character fields. Some of the fields are internal for SAC and usually are not of interest to the user. Other fields are not currently being used. Description of the most of the field is given in table 4.

Table 4.  Description of the fields in SAC header.

	Word’s number
	Type
	Name
	Description

	0
	floating
	DELTA
	Increment between evenly spaced samples

	1
	floating
	DEPMIN
	Minimum value of dependent variable

	2
	floating
	DEPMAX
	Maximum value of dependent variable

	3
	floating
	SCALE
	Multiplying scale factor for dependent variable

	4
	floating
	ODELTA
	Observed increment if different from nominal value

	5
	floating
	B
	Beginning value of the independent variable

	6
	floating
	E
	Ending value of the independent variable

	7
	floating
	O
	Event origin time

	8
	floating
	A
	First arrival time

	10 - 19
	floating
	T0 – T9
	User defined time picks or markers (seconds relative to reference time).

	20
	floating
	F
	Finny or end of event time (sec. relative to reference time)

	21 – 30
	floating
	RESP0 -   RESP9
	Instrument response parameters

	31
	floating
	STLA
	Station latitude (degrees, north positive)

	32
	floating
	STLO
	Station longitude (degrees, east positive)

	33
	floating
	STEL
	Station elevation (meters)

	34
	floating
	STDP
	Station depth below surface (meters)

	35
	floating
	EVLA
	Event latitude (degrees, north  positive)

	36
	floating
	EVLO
	Event longitude (degrees, east positive)

	37
	floating
	EVEL
	Event elevation (meters)

	38
	floating
	EVDP
	Event depth below surface (meters)

	40 –49
	floating
	USER0 – USER9
	User defined variable storage area

	50
	floating
	DIST
	Station to event distance (km)

	51
	floating
	AZ
	Event to station azimuth (degrees)

	52
	floating
	BAZ
	Station to event azimuth (degrees)

	53
	floating
	GCARC
	Station to event great circle arc length (degrees)

	56
	floating
	DEPMEN
	Mean value of dependent variable

	57
	floating
	CMPAZ
	Component azimuth (degrees clockwise from north)

	58
	floating
	CMPINC
	Component incident angle (degrees from vertical)

	70
	integer
	NZYEAR
	Year corresponding to reference time in file

	71
	integer
	NZJDAY
	Julian day

	72
	integer
	NZHOUR
	Hour

	73
	integer
	NZMIN
	Minute

	74
	integer
	NZSEC
	Second

	75
	integer
	NZMSEC
	Millisecond

	76
	integer
	NVHDR
	Header version number. Current value is 6.

	79
	integer
	NPTS
	Number of points per data component

	85
	enumerated
	IFTYPE
	Type of file (0 – 4)

	86
	enumerated
	IDEP
	Type of dependent variable (5,6 – 8, 50)


Continue Table 4.

	87
	enumerated
	IZTYPE
	Reference time equivalence (5,9 – 22)

	89
	enumerated
	IINST
	Type of recording instrument (5,23 – 36)

	90
	enumerated
	ISTREG
	Station geographic region

	91
	enumerated
	IEVREG
	Event geographic region

	92
	enumerated
	IEVTYP
	Type of event (5, 39 - 44)

	93
	enumerated
	IQUAL
	Quality of data (44 – 48)

	94
	enumerated
	ISYNTH
	Synthetic data flag

	105
	boolean
	LEVEN
	True if data is evenly spaced

	106
	boolean
	LPSPOL
	True if station components have a positive polarity (left-hand rule)

	107
	boolean
	LOVROK
	True if it is okay to overwrite this file on disk

	108
	boolean
	LCALDA
	True is DIST, AZ, BAZ, and GCARC are to be calculated from station and event coordinates

	110-111
	character
	KSTNM
	Station name

	112–115
	character
	KEVNM
	Event name

	116-117
	character
	KHOLE
	Hole identification if nuclear event

	118-119
	character
	KO
	Event origin time identificator

	120-121
	character
	KA
	First arrival time identification

	122-141
	character
	KT0 – KT9
	User defined time pick idenifications

	142-143
	character
	KF
	Finny identification

	144-149
	character
	KUSER0-KUSER2
	User defined variable storage area

	150-151
	character
	KCMPNM
	Component name

	152-153
	character
	KNETWK
	Name of seismic network

	154-155
	character
	KDATRD
	Date data was read onto computer

	156-157
	Character
	KINST
	Generic name of recording instrument


The character fields are ASCII formatted and floating point fields are in IEEE format.

There are so called enumerated type of header fields in the table. These are integer fields. Every value points to a specific description of the field. Some possible values of field IFTYPE are - 1 (time series), 2 (spectral file – real and imaginary), 3 (spectral file – amplitude and phase), etc. Some possible values of field IDEP are - 5 (unknown), 6 (displacement in nm), 7 (velocity in nm/s), 8 (acceleration in nm/s.s), and 50 (velocity in volts). Some possible values of field IZYPE are - 9 (begin time), 11 (event origin time), 12 (first arrival time), etc. Some possible values of field IINST are - 33 (WWSN1), 36 (SRO), etc. Some possible values of field IEVTYP are - 37 (nuclear event), 40 (earthquake), 41 (foreshock), 44 (other), etc. The list with these values can be continued.

For any given SAC file, some of the header fields may not have meaningful values. These fields are referred as “undefined variables” for that file. A special value signifies this undefined state. These values are –12345.0 (for floating), -12345 (for integer and enumerated), false (for boolean), and –12345 in ASCII (for character).

The data start immediately after header. The values are stored in floating point binary format. The number of data points is given in the header.

Alphanumeric equivalent of the SAC binary data file is available - SAC ASCII. There is no difference in content of header fields and data sections between binary and ASCII format. SAC alphanumeric values (header or data) are saved in 5 fields on each line (for floating, integer, enumerated and boolean fields) or in 3 fields on each line (for character fields). The undefined values are the same as in binary SAC.

Popularity of SAC data format not only as internal format for SAC software package is probably due to fixed header and to the existence of alphanumeric equivalent of format. Conversion options from and to SAC format exist practically in most seismic analysis software packages. There is also software for byte swap of SAC binary format, which is necessary for different machines.

The SAC homepage is http://www.llnl.gov/sac. 

Center for Seismic Studies CSS.  

The Center for Seismic Studies (CSS) Database Management System (DBMS) was designed to facilitate the storage and retrieval of seismic data for seismic monitoring of test ban treaties.  At present, relational database systems like Antelope or its free version Datascope use CSS schema format for data processing. The current version is 3.0 with extension for handling SEED volumes, moment and centroid information, seismic array processing, etc. Basic schema 3.0 is documented by Anderson in 1990.

The seismic data in CSS format are separated into two categories: parametric data and waveform data. Information in the parametric part of data is stored in multiple tables (relations) and each table is stored in a single file (usually ASCII formatted). Each relation is made up of records (each line is a record) and each record has a fixed set of fields (attributes). The fields occupy fixed positions within each line (there is no variably sized text field) and fields are separated by space (ASCII 32). Some of relations are optional and others are created during processing of data by corresponding software. The organization of relations and fields is done using an ASCII schema file. This schema file specifies the fields (type and format of field’s value) and provides additional information, including short and long descriptions of every attribute and relation, null values for each attribute, a legal range for each attribute, units for an attribute. There are 139 basic and additional 99 attributes in schema 3.0. Some of fields are identifiers and keys and allow simple ways of doing the standard operations on relational database tables – subset, joins, and sort. The attribute sta is an example. It is a field of type string, with 6 symbols length (left alignment), null value is “ - “, short description is station, and detail – the common code-name of a seismic station. The number of relations are 21 basic and 11 additional. The names of relations and short description are given in table 5. 

Table 5.  Short description of relations in CSS3.0 schema with extensions.

	Name of relation
	Number of attributes
	Description

	affiliation
	3
	Network station affiliations

	arrival
	26
	Summary information on a seismic arrival

	assoc
	19
	Data associating arrivals with origins

	event
	6
	Event identification

	gregion
	3
	Geographic region

	instrument
	12
	Generic (default) calibration information about a station

	lastid
	3
	Counter values (last value used for keys)

	netmag
	11
	Network magnitude

	network
	6
	Network description and identification

	origerr
	20
	Summary of confidence bounds in origin estimations

	origin
	26
	Data on even location and size

	remark
	4
	Comments

	sensor
	12
	Specific calibration information for physical channels

	site
	12
	Station location information

	sitechan
	11
	Station-channel information

	sregion
	3
	Seismic region

	stamag
	12
	Station magnitude

	stassoc
	17
	Arrivals from a single station grouped into an event

	wfdisc
	20
	Waveform file header and descriptive information

	wftag
	4
	Waveform mapping file

	wftape
	22
	Waveform tape file header and descriptive information

	Additional relations 

	seedformat
	7
	Seed information lost in conversion to CSS(added 1993)

	seedindex
	6
	Seed volume index (added 1993)

	centryd
	21
	Information on the centroid location (added 1993)

	moment
	34
	Describes the moment tensor for a given origin (added 1993)

	wfedit
	10
	Describes a waveform edit (added 1993)

	calibration
	10
	Station-channel calibration parameters (added 1994)

	stage
	18
	Filter stage calibration parameters (added 1994)

	beam
	8
	Beam description parameters (added 1994)

	fkgrid
	24
	East-west north-south slowness grid parameters (added 1994)

	stgrid
	18
	Slowness-time grid parameters (added 1994)

	wftar
	24
	Tar archived waveform file header and descriptive information (added 1995)

	wfrms
	9
	Waveform RMS (root-mean-square) values (added 1995)

	wfmeas
	15
	Waveform measurements (added 1995)


Each line (record) in some of the relations has fields which point to external files with the instrument response and calibration information (instrument and stage), grid values (fkgrig and stgrid) or waveform data (wfdisc, wftape, and wftar). The waveforms themselves are stored in ordinary disk files (pointed by relation wfdisc), on tapes as tar file (pointed by relation wftar) or on official Center archive tapes (pointed by relation wftape). The waveform data file contains only a sequence of sample values (usually in binary representation). The time of the first sample, the number of samples, sample rate and representation of data (integer, floating point, ASCII, byte order) are noted in an indexed line of corresponding relation (wfdisc, wftape, wftar). Each wfdisc line and each waveform data file contains digital samples from only one station and one channel. 

The wfdisc relation includes an id number for each station and channel. The id number points to the other relations that contain detailed information about the station and instrumentation. 

The CSS data format is unique in several respects – waveform data are separated by other information, the format is described by schema ASCII file, and the schema file may be edit. These mean that any particular software which uses CSS format may add specific attributes and relations or may use waveform data without any additional conversions. The Frequency-Time Analysis (FTAN) software package for processing of surface wave is an example for this advantage of CSS format. Results from analysis of waveform data are stored in relations in style of CSS and this makes possible applying of relational database technology on the new output data.


The full description of CSS3.0 schema with extension may be found on http://es1.multimax.com/~gtdb/TEXT/css30.html .

Other formats.


AH. The Ad-Hoc (AH) format is used in the AH waveform analysis software package developed at Lamont Doherty Geological Observatory. An AH data file consists of any number of pairs of fixed-size headers and variable-size data records, all in binary format. The header contains such information as station name, and location, instrument calibration, sampling rate, event time and location, etc. Also comment space is available within the header for remarks and value specifying the size of the data record which immediately follows. Several data types are supported, the most important of which are floating point and complex (two-component floating point). Other available data include double precision floating point, vector (two-component) and tensor (three-component). The AH package also supports a number of conversion tools, including to ASCII AH format. The compressed AH software package with detailed description of AH format may be got from ftp://ftp.ldeo.columbia.edu/pub/ah/ah_alpha.tar.Z . 

SEGY. In the early 1980's, the most common data storage format was SEGY. This is the Society of Exploration Geophysicists Y format and it is still widely used, especially in seismic prospecting. The SEGY data format consists of 3 parts. The first part is a 3200 byte header, which contains 40 lines (text with 80 characters per line) of text data describing the tape. The second part is a 400 byte binary header containing information about the contents of the tape reel. The third portion of the SEGY format consists of the actual seismic traces. Each trace has a 240 byte trace header. The header is followed by the data, written in IBM floating point notation (note that this is not the common IEEE format). The Society of Exploration Geophysicists homepage is http://www.seg.org and a detailed description of SEGY data format may be found in http://walter.kessinger.com/work/segy.html .


SEISAN. The SEISAN (Seismic Analysis) format is used in the seismic analysis program SEISAN. This program is developed in the Institute of Solid Earth Physics at the University of Bergen, Norway. The SEISAN format is binary unformatted. It contains file header (minimum 12 ASCII strings of 80 bytes), channel header (1040 bytes long string), and channel data. The last two blocks are repeated for each station and channel. The SEISAN package can also deal with GSE and SAC formatted data. Data acquisition in the SEISAN format is provided by the SEISLOG system. Information about SEISAN software and manual is available in http://www.ifjf.uib.no/seismo/Software/seisan/seisan.html. 


PITSA. Indexed Sequential Access Method (ISAM) is a commercial database file system designed for easy access. Programmable Interactive Tool for Seismic Analysis (PISTA) based its internal file structure for digital waveform data on ISAM. The ISAM-PITSA file system consists of two database files containing the headers and the indexing information for all traces, and at least one trace file per channel. The trace file is a binary image of the floating point data, which can be accessed independently. All files in ISAM-PITSA file system have the same file name base (extensions “.nx0” and  “.dt” for the database files, and “.001”, “.002”, etc. for the trace files). In order to facilitate portability and to permit every user to write their own conversion routines, a new format called BINARY has been added to PITSA. It is simply a binary image of the internal representation of data in PITSA, without the database overhead of the ISAM format. Another advantage of BINARY format is that it makes exchange of data files across platforms fairly easy. Each file consists of a short file header followed by as many data blocks as there are traces and all this information is binary. The PITSA software and manual may be found on http://www.uni-potsdam.de ( software.

ESSTF. The European Standard Seismic Tape Format (ESSTF) grow out of a major corporate effort by Lennartz Electronic GmbH. ESSTF has been used as the framework for the file system in the SAS-58000 data acquisition system. ESSTF combines header information in ASCII format with seismic data in binary format. Each data block contains a 48 character header block (channel number, time, etc) in ASCII. All channels are stored in a multiplexed form in one file. Data are organized in frames, each containing 500 data points. The Lennartz Electronic GmbH homepage is http://www.lenartz-electronic.de .

Conclusions.

The digital seismology practice produced a variety of seismic formats. This fact forced coding of software packages for conversion of waveform data from one to another format. In general, conversion causes additional work for seismologists and may produce errors or loss of information due to converting. However, during the last years the earthquake data centers started using mainly SEED, SAC and GSE formats for exchange of waveform data. Some of these centers are IRIS Data Management Center (http://www.iris.washington.edu), ORFEUS  (http://orfeus.knmi.nl), and GEOFON (http://www.gfz-potsdam.de/geofon ). These centers provide a variety of free software packages for format conversion, including software for personal computers working on Windows and DOS. We find that the most useful package for format conversion is RDSEED supported by IRIS for most of commonly used computer platforms (UNIX, LINUX, Windows, VAX). This software package provides conversion of data from SEED or mini SEED to SAC (binary and ASCII), CSS, AH, SEGY, miniSEED or SEED (extract station, channel or time period). However, it is highly desirable to promote one standard format for seismological data storage, which will allow application of different software packages for waveform analysis on data and will permit to concentrate the work of seismologists mainly on seismological results of their work than on the correct conversion of data.

A comprehensive list with seismic software and sites is available in ORFEUS home page. 
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Цифрови формати за обмен и обработка на сеизмични данни

Р. Б. Райкова, С. Б. Николова

Резюме.  Цел на настоящата работа е да се направи обзор на най-използваните и най-удобните цифрови сеизмични формати. Сега най-широко използваните сеизмични формати за обмен на сеизмични записи са SEED, GSE и SAC формати. Съществуват много софтуерни пакети за обработка и анализ на сеизмични данни. Обикновено тези продукти използват собствен цифров формат. Съвременната тенденция е този софтуер да използва някои от съществуващите цифрови формати. Някои формати и програми за анализ на цифрови сеизмологични данни са AH, SEISAN, PITSA, SEGY, CSS, miniSEED. Форматите SEED, GSE, SAC и CSS са разгледани подробно в тази статия. Дадени са и съответните интернет-адреси за повече информация.







