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Introduction

Most of this guide consists of UNIXhan pages that describe the applications included in the WFDBv@&Mrm
Database) Software Package (and related software fromdHimgdkit). This introduction contains important infor-
mation about how to interpret the material in the main sestiof the guide, and about common conventions for
using all of the WFDB applications that are not describedharhain sections. The FAQ that follows this introduc-
tion contains additional information that will be partiadl helpful if you are using MS-Windows (but it may be of
interest even if you are not).

Using this Guide

The organization follows the traditional arrangement eftiNIX Reference Manual: section 1 contains programs,
section 3 contains libraries, and section 5 contains filmé&is. In the UNIX Reference Manual, sections 2 and 4
are reserved for system calls and device interfaces ragplgcthese sections do not exist in this guide. Following
convention, a citation such adann(1) refers to the page titlediann in section 1 of this guide.

A man "page” may span more than one physical page, although masttd&achman page in section 1 of this
guide documents one or more applications, as indicateceiNAME section at the top. Th8YNOPSISappears
next; it illustrates the form of the command line needed tothe application. In the synopsispldfaceindicates
text to be typed as is, antalics indicate replaceable arguments; brackets ([], whichnatd¢o be typed) surround
arguments that may be omitted, and ellipses (...) followuargnts that can be repeated. TODESCRIPTION
sections are intentionally terse; this is a reference miamdhnot a tutorial introduction to the software described
within. In those cases for which relevant tutorial mateeigists elsewhere, references appear inSE& ALSO
sections of eacman page. A unique feature of this guide is tB®URCE section at the end of each page, which
provides a URL where you may find the current version of theaa(s) for each application.

On each page, the footer indicates the date when that pagkstasvised, and (in most cases) the version of
the WFDB Software Package that was current at that time. Ardate and version number do not mean that the
page is out-of-date; rather they mean that the materiakitbeston that page remains current.

Under GNU/Linux or Unix, if the WFDB Software Package hasrbeestalled on your system, you can also
access the information contained in the main sections sfghide usingnan and related programs. For example,
to see the manual page fatsamp, run the command

man rdsamp

(This also works under MS-Windows if you have installed thyg®in package, which includes timean utility for
formatting and reading manual pages.) In some cases you e/ to addusr/local/man to your MANPATH
environment variable, in order to make these pages actessiman.

An HTML version of this guide is also available (attp://www.physionet.org/physiotools/wag).

Using WFDB Applications

If you have not used any of these programs before, you maytoessd up your environment properly so that WFDB
applications can find their input files. Ssetwfdb(1) in this guide for information about doing this; a moreaiketd
discussion may be found in the first chapter of WIEDB Programmer’s Guiden the section about the database
path.

WFDB 10.5.4 14 July 2010 v
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Certain types of command-line arguments are used by maredpplications described in this guide. These

include:

time

record

Where this appears, substitute the name of a WFDB recAndcord name isnot a file name! The first
part of the name of a .hea file is the name of the record to wiiehhea file belongs; so the record name
corresponding to ‘100.hea’ is ‘100’. For example, MIT-BIHrAythmia Database record names are 3-digit
numbers, AHA Database record names are 4-digit number&ammpean ST-T Database record names begin
with lowercase ‘e’, followed by a 4-digit number. Record remmay contain letters, digits, and underscores.
Case is significant in record names that contain letters) evenvironments such as MS-Windows for which
case translation is normally performed by the operatingesyon file names; thus ‘e0104’ is the name of a
record found in the European ST-T Database, whereas ‘E@4.84t. Once again: a record namen a file
name; record hames never include an extension (.hea, tclat, e

Wherever a record name can be supplied to a WFDB applicatmnmay include path information if nec-
essary. For example, if the WFDB path includes the curreneictliry, and if the current directory includes
a subdirectory named ‘myecords’, and that directory contains a record named ‘e28f, you can supply
‘my _records/recor@®3’ as arecord argument. See th&/FDB Programmer’s Guidéor further details on
record names.

Each PhysioBank database directory includes a text file d&®®BE€ORDS, which lists the record names for
all records in that directory.

annotator

Where this appears, substitute an annotator nafimmotator names arenot file names! The suffix (ex-
tension) of the name of an annotation file is the annotatorenfamthat file; so, for example, the annotator
name for ‘e0104.atr’ is ‘atr’. The special annotator nante ia used to name the set adference annotations
supplied by the database developers. Other annotatioae¢ésannotator names that may contain letters,
digits, and underscores, as for record names.

Each PhysioBank database directory includes a text file da@NNOTATORS, which lists the annotator
names for all annotation files in that directory.

Where this appears, substitute a stringsiandard time format Time arguments generally specify elapsed
times from the beginning of the record (for exceptions ts thie, see the section on teetim function in
the WFDB Programmer’s Guide Examples of standard time format:

2:14.875 2 minutes + 14.875 seconds
143 143 seconds (2 minutes + 23 seconds)
4:02:01 4 hours + 2 minutes + 1 second
4:2:1 same as above
512345 12345 sample intervals
e time of the end of the record

signal

Where this appears, substitute a signal number. Signal etswave integers; the first signal in each record is
signal 0. In printed documentation for the databases, Egihaays appear with signal 0 at the top, signal 1
beneath, etc.

signal-list

Vi

Where this (orsignal ..) appears, you may specify more than one signal in any désiréer; separate the
signal numbers using spaces. Unless otherwise noted, al sigty appear more than once, or not at all, in a
signal list. In most cases, the end of the signal list is urigodus (since signal numbers are never negative,
an option argument beginning with - is a reliable indicdtoln unusual cases, you may need to arrange
options so that the signal list is at the end of the commansh ¢inat it is followed by an argument that cannot
be interpreted as a signal number.

14 July 2010 WFDB 10.5.4
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Frequently Asked Questions
(and Frequently Exclaimed Exclamations)

| double-clicked on the program icon, and nothing happens!
| typed the program name in the 'Run...’ dialog, and nothing happens!
Don't do this!

With few exceptions, PhysioToolkit applications runtext mode (i.e., they do not include a graphical user
interface). These programs are intended to be run withimnait@l emulator using a command-line interface. In
most cases, if you attempt to run them by clicking on theingor names, or by entering the program name in the
MS-WindowsRun... dialog box, these programs will open a DOS box, print a usagasary, and exit, usually
much too fast for you to read anything.

By far the best way to use these programs under MS-Windowsinstall a Unix-compatible terminal emulator
and shell in which to run them. The best of these is also ffggu have not already done so, download and install
the Cygwin software package fronttp://www.cygwin.com/. This package includdsash the GNU Bourne Again
Shell and a terminal emulator in which to run it. After a startlinstallation of Cygwin, you can launch a terminal
emulator andashby clicking on the Cygwin icon that will have been installedyour desktop.

If you do not wish to use Cygwin, it is possible to run thesel@pfions within a DOS box, but there are many
limitations of command.comthat may prove frustrating. In particulapmmand.comsupports a relatively small
space for environment variables that is not secure agaifffgrioverruns, and has idiosyncratic filename globbing
behavior.

What does the message "init: can’t open header for ...” mean?

This message can be produced by any application linked ta/@B library, includingrdsamp(1) andrdann(1).

In order to read data files, these applications need to finchddrghed) file for the input record you specify. The
message indicates that the header file was not found in amgapected places, or that it was unreadable. There
are three common reasons why this can happen:

e Therecord name supplied to the application is not correct. Record saamenot file names (if this doesn’t
sound familiar yet, go back and read the introduction agdinjou wish to read, for example, a signal file
namedslp60.datusingrdsamp, you must specify the name of the record to which this file bgso&lp60)
after the-r option, and not the name of the file itself. Whatever followst” can’t open header for ...” is what
the application thinks is the name of the record you wish &mlréAlso, be aware that case matters in record
names, even under operating systems that ignore case iafiilesy ThusSLP60’ is not a valid record name;
"slp60’ is.

e The header file is missing. If you download signalaf) or annotation .@tr, .grs, etc.) files, be sure to
download the correspondinigeafiles from the same locations.

e The list of locations to be searched does not include thetitotaf the header file. WFDB applications
find their input files by searching a list of locations spedifiey the WFDB path (the environment variable
WFDB, or a default list of locations if WFDB has not been set). TheEDB path normally includes the
current directory, but this may not be true if the WFDB patk baen modified; the current directory must
appear explicitly (either as a ”.” or as an empty componenh@path) in order to be included in the list of
locations to be searched. For further information, see 'Ma@base Path and Other Environment Variables”

in theWFDB Programmer’s Guide
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How can | save the output of ... in a file?
How can one program read another’s output?
If you are running programs from a command prompt (by typiagnmands into a terminal emulator window or an
MS-DOS box), these things can be done easily.

If you have ever used GNU/Linux, Unix, or MS-DOS, you may haaptured the output of a program by
redirectingit to a file, like this:

foo >bar

The > operator redirect®o’s standard output (which would normally appear on-scrégn)a file namedar.
If bar exists already, its contents are replaced. If you wish teagfpo’s output to whatever is already contained
in bar, use a command such as this instead:

foo >>bar

There is an analogous operator that arranges for a progstamdard input (which would normally be read from
whatever you type on the keyboard) to be read from a file idstea

baz <bar

Here, the< operator arranges fdraz to read its input from a file namdahr. If bar was created bjoo, then
this command allowbaz to readfoo’s output.
You can combine input and output redirection in a single camdusing the pipe X operator:

foo | baz

This command run$oo and sends its standard output directlybi@e, without requiring an intermediate file.
True multitasking operating systems such as Unix and GNu#kiallow both programs to run (apparently) simul-
taneously; under MS-DOS or MS-Windows, the first progranmsrtoncompletion before the second one begins
execution.

You can use these techniques whenever you run programs fcommmand prompt, whether those programs are
among those available here or obtained from some otherasolYau can use the same techniques with programs
you write yourself; the only requirement is that your pragsamust read from the standard input and write to the
standard output (i.e., they must not attempt to bypass #melatd input/output mechanism by reading directly from
the keyboard or writing directly to the screen).

These operatorsy{, >>, <, and|) are supported by all shells (command interpreters) undéet, GNU/Linux,
and MS-DOS (including those that run within MS-DOS boxes threo types of terminal emulators under MS-
Windows). For further information, please refer to the doeatation for your shell or command interpreter.

Where else can | find answers to my questions about this softwe?
If you haven't read the introduction to this guide yet, do swn It answers many frequently asked questions
by describing the common behavior of many of the WFDB apfibices. It also describes the typographic and
organizational conventions used in the remainder of thidegu

Many more questions are asked and answered in the PhysigiQettfetp://www.physionet.org/faq.shtml).

viii 14 July 2010 WFDB 10.5.4
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NAME
a2m, ad2m, ahacwert, ahaecg2mit, m2a, md2a — werting between AHA DB and WFDB formats

SYNOPSIS

To read from an AHA DB DVD:
ahaecg2mit] -s] ahafileecg...

To read from an AHA DB CD:
ahacorvert ahafilecmp ...

To read from an AHA DB floppdisk or 9-track tape:
a2m -i ahafile-r record -a annotator| options... ]
ad2m -i ahafile-r record[ options... ]

To corvert a WFDB record to AHA tape format:
m2a -r record -a WFDB-annotator AHA-annotatdroptions... ]
md2a -oahafile-r record[ options... ]

DESCRIPTION
The AHA Database for Evaluation of Ventricular Arrhythmia Detectors (AHA DB) has been wlisttib
since 1983 by ECRI (http://www.ecri.org), in at least three formats:

single-file (.ecg) format
Developed by ECRI for distributions of the AHA DB on DVDs (ca. 2008); this format can be read
by ahaecg2mit

compressed (.cmp and .ano) format
Previously developed by ECRI for distributions of the AHA DB on flopplisks (ca. 1990) and
CDs (ca. 1995); this format can be readhbgcorvert (usinga2mandad2m).

tape format
Originally specified by the creators of the AHA DB at the Biomedical Computing Laboratory
(BCL) at Washington Uwersity in St. Louis. This format was also used for tape distributions of
the MIT-BIH Arrhythmia Database from 1980-1989; it can be read2myandad2m, and written
by m2aandmd?2a.

The AHA DB consists of development set of 80 records (which were created by the BCL between 1976
and 1983 and Iva been distributed by ECRI since then) antkst set of 75 records (also created by the
BCL between 1976 and 1983, but not distributed until about 20 years |&&ech record contains tw
simultaneous ECG signals thatveaeen digitized for three hours continuoysgd beat annotations for

the final 30 minutes of the signals in each recdide records ha been distributed in terversions: dong

version (records named nOnn and nlnn) containing the full three hours of signals,shod &ersion
(records named n2nn and n3nn) containing only the final 35 minutes of signals (including all of the anno-
tated beats).

ECRI currently supplies the AHA DB only onvDs, so the tape and compressed formats are primarily of
historical interest. The programs described weatornvert these formats into WFDB (also known ag/gth
ioBank or MIT) format. Long version input files can be wated in their entiretyor these programs can
create shortersion records from either long or short version inputs. The laspitwgrams bela corvert
WFDB records to AHA tape format (cearsion to AHA DB DVD and CD/flopp disk distribution formats

is not supported) All of these programs print a brief usage summaryvbked with no command-line
arguments, or with & option.

Note that records in WFDB format can be excerpted and reformatted in more generally agefubing
snip(1) orxform(1).

DVD FORMAT

WFDB 10.4.8 23 July 2008 1
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ahaecg2mit

Use ahaecg2mitto corvert .ecg files from the AHA DB BD into WFDB-compatible records. One or

more input filenames may be supplied as command-lmerants; eackpecified input file is camrted

into a WFDB record, including a .hea (header) file, a .dat (signal) file, and a .atr (reference annotation) file.
If the first command-line argument s, then ahaecg2mitproduces short-form records with the correct
(n2nn or n3nn) record names.

If the .ecqg files are not in the current directajiye their full pathnamesThe output files are whys writ-
ten to the current directgrgo be sre that the current directory is writeable (it should not be the DVD) and
that has sufficient free space (roughly 8 Mb per long version record, or 1.6 MB per short version record).

OLDER FORMATS
ahacorvert

azm

Useahacorvert to corvert one or more records from an AHA DB CD-ROM into WFDB formRunaha-
convert without ary command-line arguments for instructions, or see Raenples belew. Note:ahacon-
vert is a shell script; to use it successfufpu will need to hee a &ell (standard with all versions of
Unix, and included in the free Cygwin package for M&déws) as well aad2m anda2m, which per
form the actual work of the cueersion.

Use a2m to corvert AHA-format annotation files from tapes, flopgisks, or CDs into WFDB format.
Options fora2minclude:

-stime Shift annotations forward by the specifiiie (default: no shift for type O input files, 5 minutes
for type 1, 2 hours and 30 minutes for typef@; type 3, the default is 5 minutesrécord is of the
form n2nn or n3nn, or 2 hours and 30 minutesiiécordis of the formnOnn or n1nn).

-t type Corvert an input file of the specifigglpe(0: a file produced by a WFDB application usjmgann
andWFDB_AHA_WRITE mode; 1: an AHA DB ‘short format’ tape file; 2: an AHA DB ‘long
format’ tape file; 3: an AHA DB compressedrfo) CD-ROM or floppy disk file). Input files of
types 1, 2, and 3 are assumed to contain annotation times in milliseconds, whichvettedon
sampling intervals based on an assumed sampling fregu#n250 Hz. Default: type 3 is
assumed ifhafileends with.ANO or .ano; type 0 is assumed otherwise.

ad2m

Use ad2m to corvert AHA-format signal files from tapes, floppdisks, or CDs into WFDB format.
Options forad2minclude:

-C Corvert an AHA DB compresseddmp) floppy disk file (this is the default idhafile ends with
.CMP or .cmp, otherwisead?2m assumes that the input is a file in AHA DB tape format).

-f time Begin corverting at the specifietimerelative o the beginning of the input file (default: O, i.e., at
the beginning of the input file)

-t time Stop cowerting at the specifieimerelative © the beginning of the input file (dailt: 35 minutes
after the starting time ifecord is of the formn2nn or n3nn, 3 hours ifrecord is of the formnOnn
or nlnn, or the end of the input file, whictier comes first).

m2a

Usem?2ato corvert WFDB-format annotation files into AHA tape format. Optionsifi@ainclude:

-stime Shift annotation times baclard by the specifieime, and corvert them from sample intervals to
milliseconds.

23 duly 2008 WFDB 10.4.8
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md2a
Usemd2ato corvert WFDB-format signal files into AHA tape format. Options fod2ainclude:

-n new-record

Create a ng& header file for the AHA-format output signal file, so that it may be read as record
new-record

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

EXAMPLES
AHA Database DVD
If the DVD is accessible dmedia/dvd/, the command
ahaecg2mit -s /media/dvd/*.ecg
malkes a complete set of short-version records in the current dire¢nyit the-s to male a ®t of long-
version records instead.) Underivilows, within a Cygwin windw, the DVD is accessible dsygdrive/d/
(or /cygdrivele/, etc., depending on the dd letter that Vihdows has assigned), so the same task can be
done under Windows by
ahaecg2mit -s /cygdwe/d/*.ecg

AHA Database CD
AHA DB CDs contain both long and short versions of each redordiost cases, you will want to ogant
only one version of each recordo corvert the short-version records onlfithe contents of the CDGM
are aailable at/mnt/cdrom, type:
ahacorvert /mnt/cdrom/?[23]??.cmp
(The pattern?[23]??7 matches the record names of the short-version records.)

To oorvert the long-version records onlype:
ahacorvert /mnt/cdrom/?[01]??.cmp

AHA DB floppy disk
To make a \ersion of AHA DB record 1201 in WFDB format,vgn the distribution flopp disk, copy the
files 1201.ancand1201.cmpto the current directoryhen type:
ad2m -i 1201.cmp -r 1201 -c
a2m -i 1201.ano -r 1201 -a atr -t 3
These commands produce filE201.dat(the signal file),1201.hea(the header file), anti201.atr (the ref-
erence annotation file), all in the current directdRun ad2m first, so that the me header file is zailable
for the use oB2m. (In this example, note that the options ’-r 1201’, '-¢’, and '-t 3’ are redundant unless
you have renamed the input files, sineel2m anda2m recognize the record name and file types from the
suffixes otherwise.)

AHA DB short version tape
To dbtain the same files\gn a ‘short version’ 9-track distribution tape, gofhe second and third files
from the tape into file4201.tapand1201.annin the current directoryhen type:
ad2m -i 1201.tap -r 1201
a2m -i 1201.ann -r 1201 -a atr -t 1
The names for the files copied from the tape are arhitvarydo not use names of files to be generated by
ad2m or a2m (see the previousxample). Notehat the first and fourth files on the distriion tape con-
tain an ‘id’ block, which can be read byadid (a program included in theorvert directory of the WFDB
Software Package) to verify the record name. Distribution tapes that contain more than one record contain
additional sets of four files,\afys in the same order within each set.
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AHA DB long version tape
To make a \ersion of the three-hour AHA DB record 1001 in WFDB formatemihe ‘long version’ distri-
bution tape, cop the second and third files from the tape into fil881.tapand 1001.annin the current
directory then type:
ad2m -i 1001.tap -r 1001 -t 3:0:0
a2m -i 1001.ann -r 1001 -a atr -t 2
The-t 3:0:0 option is necessary to pent ad2m from truncating the signal file after the first 35 minutes.

Converting AHA DB long version tapes to short version records
To make a \ersion of AHA DB record 1201 in WFDB format,vgh a ‘long version’ 9-track distrilstion
tape containing the corresponding three-hour record 100¢ tkesecond and third files from the tape into
files 1001.tapand1001.annin the current directoryhen type:
ad2m -i 1001.tap -r 1201 -f 2:25:0
a2m -i 1001.ann -r 1201 -a atr -t 1
In this case, thef option instructsad2m to skip the first tw hours and 25 minutes of the ‘longnsion’
AHA signal file, and to reformat the remainder (eql@int to the 35-minute ‘short-version’ recordhe -t
1 option is used witla2m even though its input file comes from a ‘long-version’ tape, because the annota-
tion times must be shifted only by the amount necessary for a ‘short-version’ tape in this case.

Sharing signal files for long version and short version AHA DB records

To keep both versions (1001 and 1201) on-line, ertak long version first (see al®), then type:

a2m -i 1001.ann -r 1201 -a atr -t 1
to male a $iort version reference annotation file. Continue (under UNIX) by:

cp 1001.hea 1201.hea
or (under MS-DOS) by:

copy 1001.hea 1201.hea
and edit1201.heareplacing ‘1001’ in the first line (only!) with ‘1201’, and replacing ‘212’ in the second
and third lines by ‘212+6525000’ (see the description of the ‘bysetffield in header5)). Although
each version needs its own header and reference annotation files, therkiog-signal file can be shared
with the short version, allowing a substantialisgs in storage requirements. Note that WFDB application
programs that read the ‘shoergion’ record 1201 signal file may report signal checksum errors at the end
of the record, unless you also recalculate the signal checksums (easily donenigihgto copy the
record; delete the cgmnce the checksumsyealeen obtained).

AVAILABILITY
These programs are provided in twwvert directory of the WFDB Softwaredekage. Rumnake in that
directory to compile and install them if thbavenot been installed already.

SEE ALSO
snip(1), xform (1), wfdb(3), header(5)

AUTHOR
George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/ognt/a2m.c
http://www.physionet.org/physiotools/wfdb/ognt/ad2m.c
http://www.physionet.org/physiotools/wfdb/ognt/ahacowmert
http://www.physionet.org/physiotools/wfdb/cgant/ahaecg2mit.c
http://www.physionet.org/physiotools/wfdb/ognt/m2a.c
http://www.physionet.org/physiotools/wfdb/ognt/md2a.c

4 23 duly 2008 WFDB 10.4.8



ANNZ2RR(1) WFDBApplications Guide ANNZ2RR(1)

NAME
ann2rr rr2ann — couert annotation files to interval lists and vice versa

SYNOPSIS
ann2rr -r record -a annotator[ options... ]
rr2ann -r record -a annotator| options... ]

DESCRIPTION
These programs are typically used to obtain RR interval series from ECG annotation files, or to create an
annotation file from such a series, butthavea wider range of uses.

ann2rr
Useann2rr to extract a list of intervals, in text format, from an annotation file. By default, the intervals are
listed in units of sample inteals (usesampfreq(1) to determine the sampling frequgrat the input record
if necessary). Options f@nn2rr include:

-A Print all intervals between annotationBy default, ann2rr prints only RR intervals (those
between QRS (beat) annotations). This optiegrrides the-c and-p options.

-C Print intervals between consemativalid annotations only(See discussion belo)
-f time Begin at the specifietime By default,ann2rr starts at the beginning of the record.
-h Print a usage summary.

-i format
Print intervals in the specifiddrmat By default, intenals are printed in units of sample intels:
Otherformat includes (seconds)m (minutes),h (hours), and (time interval in hh:mm:ss fer
mat). Formatss, m, and h may be followed by an integer between 0 and 15 ina@yuspecifying
the number of decimal places (default: Bor example, use the optioms8 to obtain intervals in
seconds with 8 decimal places.

-p type[ type... ]
Print intenals ended by annotations of the specifigaesonly. The type aguments should be
annotation mnemonics (e.@N), as normally printed bydann(1) in the third column. More than
one-p option may be used in a single command, and gaoption may hee nore than onéype
argument following it. If typebegins with *-’’, however, it must immediately folles -p (standard
annotation mnemonics do not begin with’,/ but modification labels in an annotation file may
define such mnemonics).

-P type] type... ]
Print intervals begun by annotations of the spectiipdsonly.

-t time Stop at the specifieine

-v format
Print final times (the times of occurrence of the annotations that end eachl)ntdilvis option
accepts all of thdormats defined for-i, as well asT (to print the date and time in [hh:mm:ss
dd/mm/yyyy] if the starting time and dateviedeen recorded in the header file fecord). If this
option is chosen, the times appear at the end of each line of output.

-V format
Print initial times (the times of occurrence of the annotations tluan leach interal). Any of the
formats usable for thev option may be used witly. If this option is chosen, the times appear at
the beginning of each line of output.

-w Print final annotations (the typehl,(V, etc., as for-p above) of the annotations that end each
interval), immediately following the intervals in each line of output.

-W Print initial annotations (the types of the annotations thginbeach interval), immediately before
the interval in each line of output.

The -c option, used without thep option, causeann2rr to filter out intervals between beats thavéa
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intervening non-beat annotations, such as rhythm or signal quality change annotdtedswith the-P

and-p options, the-c option causeann2rr to reject intervals between annotations of the type(s) specified
by -p if there are annotations of anther types intergning; thusfor example,*-c -P N -p N’ yields only
intervals between consecwi rormal beats, and intervals between pairs of normal beats surrounding an
ectopic beat are discarded from the output. As another example? ‘N -p V' yields prematureentricu-

lar coupling intervals only (a coupling intahis the interval between a normal beat and an immediately
following premature ventricular contraction).

The de#ult output contains a single column of intervals only; by usingwhd/, -w, and -W options, up
to five mlumns, separated by tabs, may be output. The order of the columns is fixed (initial times, initial
annotations, intervals, final annotations, final times).

rr2ann
Userr2ann to create an annotation file from the standard input, which should usually be a list @isnterv
in the format produced bgnn2rr. (For exceptions, se€T, -w, and-x belon.) The first tolen on each line
is taken as an interval, and (if thev option is present) the second token is taken as an annotation
mnemonic; anything else on the same line is ignored, as are empty lines, spaces and talifiratitigedie
a line, non-numeric tokens and anything following them on the same ligaiveeintenals, and zero inter
vals. Theoutput consists of a binary annotation filecbrd.annotato), and (if it does not exist already) a
text header filerécord.hea). Option$or rr2ann include:

-F frequency
Assume the specified samplifiggquency This option has no effect unless it is necessary for
rr2ann to create a header filen this case, a sampling frequgraf 250 Hz is assumed if thé&
option is omitted.

-h Print a usage summary.
-T Interpret the input as times of occurrence, rather than as intervals.
-w Set each annotation type from the mnemohic\{, etc.) in the second column of the input (in the

format produced bgnn2rr using its-w option).

-Xn Multiply input by n to obtain intervals (@if -T is also used, times of occurrence) in units of sam-
ple intenals). Defult:n=1.

Note thatwrann(1) also provides a &y to generate an annotation file fromtteUnlike that ofrr2ann,
wrann’s input format permits specifying annotation subtypes and other fields.

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

FILES
record.hea headdfile
record.annotator annotation file
AVAILABILITY

These programs are provided in tigp directory of the WFDB Softwarea@kage. Rurmake in that
directory to compile and install them if thbavenot been installed already.

The PhysioNet ATM (http://pfsionet.org/cgi-bin/AM) provides web access smn2rr (selectShov RR
intervals as textfrom the Toolbox).

SEE ALSO
rdann(1), sampfreq(1), setwfdb(1), wrann(1)

AUTHOR
George B. Moody (george@mit.edu)
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SOURCE
http://www.physionet.org/physiotools/wfdb/app/ann2rr.c
http://www.physionet.org/physiotools/wfdb/app/rr2ann.c
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NAME

bxb - ANSI/AAMI-standard beat-by-beat annotation comparator
SYNOPSIS

bxb -r record -a reference-annotator test-annotatpoptions ...]
DESCRIPTION

Using options-C, -L, or -S, bxb implements the beat-by-beat comparison algorithms described in
ANSI/AAMI EC38:1998, theAmerican National Standdrfor Amtulatory ECGs and in ANSI/AAMI
EC57:1998, theAmerican National Standdrfor Testing and Reporting Performance Results ofd@ar

Rhythm and ST Segment Measurement Algorithmb is the reference implementation of these algo-
rithms, and must be used to obtain the beat-by-beat performance statistics cited in EC38 and EC57 in order
to be in compliance with these standards (see EC38, section 5.2.14, and EC57, sectibime4Q)-L,

and-S options also gther statistics on RR interval errors, which were considered for inclusion in E£38, b
were &entually dropped from it.

Input to this program consists ofdvennotation files associated with the sameeord. One of these is des-
ignated theeferenceannotation file, the other thestannotation file (called the ‘algorithm’ annotation file
in EC38 and in EC57).

Optionsinclude:
-cfile  Append condensed reports (EC57 Table A.2.1 formdileto
-C file  As for-c, but report RMS RR interval error and SVEB statistics also.

-f time Begin the comparison at the specifiede (default: 5 minutes after the beginning of the record).

-h Print a usage summary.

-l filel file2
Append line-format reports (EC5@&bles A.2 and A.3 format) tilel andfile2 respectiely (see
below).

-L filel file2
As for -l, but report RMS RR interval error and SVEB statistics also.

-0 Generate an output annotation file (see below).

-0 Generate an expanded output annotation file (see below).

-sfile  Append standard reports (EC38, section 5.2.14, and EC57, Table 3 forfilat) to
-Sfile  As for-s, but report RMS RR interval error and SVEB statistics also.

-t time Stop the comparison at the specifigde (default: the end of the record if it is defined, the end of
the reference annotation file otherwigé;itimeis 0, the comparison ends when the end of either
annotation file is reached).

-V Verbose mode (list all beat label discrepancies; see below).
-w time Set thematd window (default: 0.15 seconds; see below).

The statistics athered bypxb are based on tallies of ‘matching’ annotations in the reference and test anno-
tation files. Matching annotations need notveaexactly equal annotation times; theatd window speci-

fies the maximum absolute fdifence in annotation times that is permitted for matching annotatiois.
measures the total shutdo time in the test annotation file as the sum of all intervals that begin with a
‘shutdavn’ annotation and that end with a ‘resume’ annotation. (If a period of shutdown does not end
before the end of the record, the creator of the annotation file shaeatthetéess write a ‘resume’ annota-

tion at the end of the record, in order to permit correct shutdown accounting.) This program follows the
convention for ‘shutdown’ and ‘resume’ annotations adopted for reference annotation files of the European
ST-T database, a cagention compatible with that established for the MBTH Arrhythmia Database: ‘shut-

down’ annotations ar®lOISE annotations with bits 4 and 5 (i.e., the ‘16’ bit and the ‘32’ bit) of the sub-
type field both set; ‘resume’ annotations AI®ISE annotations with gnother subtype. The ceention

used in AHA Database reference files, in which unreadable intervals aredngrionly one ‘shutden’
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annotation placed near the middle of the interval, is also acceptable; in this caseyrslsigssumed to
beggin 150 ms after the previous annotation, and it is assumed to end 150 ms before the following annota-
tion.

At most one ofc, -C, -I, -L, -0, -s, and -S can be gien as an ption. If ‘-’ is given as afile argument,
reports are written on the standard outpfimno options are specifiethxb writes standard reports on the
standard output (eqedlent to using the optiors -). Theoutput generated by selectidgor -L includes
column headings only if ile other than -’ is specified, and only if the specifidite does not alreadyxest.

In this way, bxb can be used repeatedly toild up a line-format table for multiple records, for further pro-
cessing bysumstatg1).

The-o option produces an output annotation file with annotator riadne The output annotation file con-

tains exact copies of all of the test annotatbeat labels that match those of the reference annptator

well asNOTE annotations that describe all mismatches. Mismatched annotation types are mapped into the
AAMI ‘test label’ mnemonics i, V, F, Q, O, and X; if the-C, -L, or -S option is also specified, the
mnemonics also includ®). The‘aux’ field of eachNOTE annotation indicates the element of the confu-

sion matrix in which the mismatch is tallied (elgy, represents arventcalled a normal beat by the refer

ence annotator and a ventricular ectopic beat by the test annoM@FE annotations that correspond to

beats missed by the test annotator are placed at the sample indicated by the reference annotation; all others
are placed at that indicated by the test annotation.

The -O option produces a similar output annotation file, in this case containing not only beat lslzdls b
others as well.No summary report is produced- is specified. NOTE annotations produced usin@

contain unmapped annotation mnemonics from the input annotation files. This option, if used together with
-f 0 -w O, identifies all discrepancies between a pair of annotation fitesan be especially useful for
developing reference annotation files fomneecords.

The-v option specifies that each beat label mismatch is described on the standard output in a format similar
to:

N(120188)/V(120191)
where the letters indicate the AAMI mnemonics corresponding to the reference and test annotators’ beat
labels, and the numbers indicate time fields (sample numbers) of the reference and test annotations
respectiely. Note thatO andX mnemonics are generated b as placeholders for missing beat labels;
you will not find them in the input annotation files.

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

DIAGNOSTICS
non-standad comparison selected
The-f, -O, -t, and -w options modify the comparison algorithm usedlap in ways not permitted
by EC38 or EC57. These options are provided for the usevelogers, who may find them use-
ful for obtaining a more detailed understanding of algorithm errors.

SEE ALSO
ecgeval(1), epicmp(1), mxm(1), rxr (1), setwfdb(1), sumstatg1)
Evaluating ECG Analyzerén theWFDB Applications Guide
American National StanddrANSI/AAMI EC38:1998, Ambulatory Electrocardiographs
American National StanddrANSI/AAMI EC57:1998, ésting and Reporting Performance Results of-Car
diac Rhythm and ST Segment Measurement Algorithms
The last tvo publications are\ailable from AAMI, 1110 N Glebe Road, Suite 220, Arlingtory 22201
USA (http://www.aami.org/).

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/bxb.c
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NAME

calsig — calibrate signals of a WFDB record

SYNOPSIS

calsig -rrecord[ options... |

DESCRIPTION

calsig (formerly knavn ascalibrate) rewrites the header file for a WFDB record, setting the gain and base-

line fields based on measurements it makes, and setting the units fields based on input from the user or from
a alibration file. Normally, calsigis used by specifying a time intahfor the measurements; best results

will be achieved if the specified interval is restricted to one or more squaxe@alibration pulses in each

signal to be calibrated, although sinew&pulses may be usable if the sampling freqyemcl/or ADC res-

olution is high enough.

The program constructs a smoothed amplitude histogram for each signal and identifiespiiadipal

modes. Initially each bin of the histogram counts the number of samples in the analysialiftemvhich

the amplitude has a specifiedlve. Thehistogram is smoothed by applying avipass filter that replaces

the contents of each bin by a weighted sum of fifteen bins centered on the bin of intereso frhecipal

modes in the smoothed histogram must be separated by at least one bin with a count that is less than one-
eighth the count of the larger modk this criterion is not satisfied for awgn dgnal, calsigwarns the user

and does not adjust the gain or baseline for the affected signal.

If a signal list is specified using theoption (see below), only the specified signals are calibrated, and the
gan, baseline, and units fields foryaather signals are left unchangedhus, if calibration pulses are not
simultaneously \ilable in all signals to be calibratedalsig may be run repeatedly with different time
intervals and signal lists.

Optionsinclude:

-cfile  Obtain calibration pulse specifications from the speciiledseewfdbcal(5); default: obtain this
information from the file specified by the environment vari&dleDBCAL , or interactvely).

-f time Begin at the specifietiimein record (default: the beginning a&cord).
-h Print a usage summary.

-q Instead of using the standard method for calibration, get a ‘quick-and-dirty’ estimate by taking the
signal amplitudes at the starting and ending times (as specifié@ibg-t) as epresentate d the
low- and high-amplitude phases of the calibration pulse. Use this option only if the standard
method fails; the standard method is more accurate.

-Q Use an alternate ‘quick-and-dirty’ estimate based on the range of signal amplitadése anter
val specified by-f and-t. This method may be easier to use tharor signals with significant
high-frequeng content, since it does not require precise location of sigiteérea. Asnoted
aborve, the standard method is more accurate if it can be used.

-ssignal-list
Calibrate only the signals named in tignal-list (one or more input signal numbers or names,
separated by spaces; default: calibrate all signals).

-t time Process until the specifidgichein record (default: 1 second after the starting time).

-V Ask for calibration pulse limits (default: read limits from the calibration file).

ENVIRONMENT

10

It may be necessary to set and export the shell varidi€3B andWFDBCAL (seesetwfdb(1)).

Calibration files must be located in one of the directories nam@d-IDB, the database path. If theven
ronment ariableWFDBCAL is set, it names a calibration file that will be read unlessctbption is used

to specify a different calibration file. At most one calibration file is read; if more thanca@ion is
given, only the last one isfekctive. If the calibration file does not contain an entry for the type of signal to
be calibratedgalsig obtains the information from the user intereati. If the calibration file contains tw

or more entries for the same signal type, only the first entry is used.
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SEE ALSO
setwfdb(1), wfdbcal(5)

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/calsig.c
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NAME

coherence — estimate coherence and cross-spectruro tifrtevseries
SYNOPSIS

coherence -fiile [ options ..]
DESCRIPTION

coherenceestimates the coherence and cross-spectrum of a pair of real-valued time series; as a byproduct
of its calculation of coherence, it also estimates the autospectra of each of its input timeTserfds.
argument specifies the name of a text file containing the samples of the seriesoouttns. Thestan-

dard output contains #vmlumns of numbers (optionally preceded by column headings), which are fre-
gueny (Hz), coherence, cross-spectral power (dB), autospectvedrp@B) of the first time series, and
autospectral power (dB) of the second time series.

This program is based on arran program by C.R. Arnold, G.C. Cartard J.F Ferrie, as described iA"
coherence and cross-spectral estimation program’, by G.C. Carter akdrdd; inPrograms for Digital
Signal Pocessing edited by the Digital Signal Processing Committee of the IEEE ASSP Society (Ne
York: IEEE Press, 1979). The functions fft842() and its auxiliary functions r2tx(), r4tx(), and r8tx(), are
based on Fortran subroutines by G.D. Bergland and Molan, as described by them ina%$t Furier
transform algorithms’, also included Brograms for Digital Signal Processing

Optionsare:

-f frequency
Specify the sampling frequepnmn Hz (default: 250).

-nn Process the input inverlapping chunks of samples (default: 1024 For best resultsn should be
a power of two.

-V Print column headings.

-X sx sy Specify multiplicatve sale factors for the ttime series (defaults: 1)A reasonable choice is to
use the reciprocals of the standardiaions of the respeet ime series if these differ signifi-
cantly.

Note that the scale factors generallyéndttle or no visible dect on the coherence or on the shape of the
spectra. Thehoice of chunk size (using the option) will have a gnificant efect; someexperimenta-
tion may be needed to determine an appropriate chunk size in each case.

SEE ALSO
fft (1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/psd/coherence.c
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NAME

dfa — dcetrended fluctuation analysis
SYNOPSIS

dfa [ option... ]
DESCRIPTION

The method of detrended fluctuation analysis (DFA) hagepraseful in rerealing the extent of long-range
correlations in seemingly irregular time series.

Briefly, the time series to be analyzed is first gnsted. Ng&t, the integrated time series isvidied into
boxes of equal length. In each box of lengtim, a least squares line (or polynomial ceief arderk) is fit

to the data (representing the trend in that bd¥@xt, we detrend the integrated time series by subtracting
the local trend in each box. The root-mean-square fluctuation of thgsated and detrended time series is
calculated and denoted B&).

This computation is repeatetep all time scales (box sizes), from= minboxto n = maxbox to character-
ize the relationship betweét{n), the arerage fluctuation, and, the box size.Typically, F(n) will increase
with box sizen. A linear relationship on a log-log plot indicates the presence of powd(frkctal) scal-
ing. Undersuch conditions, the fluctuations can be characterized by a scatiogest, i.e., the slope of
the line relatindog[F(n)] to log[n].

This program performs detrended fluctuation analysis on a sequence of data read from the standard input
(which should contain a single column of numbers in text format). The standard output contains tw
columns of numbers, which are the base 10 logarithnrmsaofd F(n). Note thatdfa doesnot compute a

scaling @ponent; tado so, fit the output to a line and measure its slope.

Optionsmay include:

-d k Detrend the data using a polynomial ofjceek (1: linear 2: quadratic, etc.).Default:k = 1 (lin-
ear detrending).

-h Print a usage summary and exit.

-i Do not intgrate the input series. Use this option if the input series is already integrated(for e
ple, if it represents times of occurrence rather than intervals).

-I minbox
Set the smallest box width. The default, and the minimum allowa&de for minbox is 2k + 2
(wherek is determined by thel option, see ab).

-S Perform a sliding winde DFA (measure the fluctuations using all possible boxes at each box
size). By default, fluctuations are measured using nweedapping boxes only Using the-s
option will male the calculation much slower.

-u maxbox
Set the largest box widthlhe default, and the maximum allowed valuerfaxbox is one-fourth
the length of the input series.

SEE ALSO
The DFA method vas first proposed in Peng C-K, Buldyr8V, Havin S, Simons M, StanjeHE, Gold-
berger AL. Mosaic @anization of DNA nucleotidesPhys Re E 199449:1685-1689.

A detailed description of the algorithm and its application tysjghogic signals can be found in Peng C-K,
Havlin S, Stanlg HE, Goldberger AL. Quantification of scalingpmnents and crosger phenomena in
nonstationary heartbeat time seri€thaos19955:82-87.

AVAILABILITY
dfa is available as part of PhysioToolkit under the GPL (S€8JRCE below).

AUTHORS
JE Mietus (joe@pysionet.og), C-K Peng, and GB Moodpased on C-K Peng’aiginal Fortran imple-
mentation.
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SOURCE
http://www.physionet.org/physiotools/dfa/dfa.c
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NAME
ecgea — generate and run ECG analyzgalaation script

SYNOPSIS
ecgeval

DESCRIPTION
This program generates a Bourne sh&i(1)) script under UNIX, or a batch file under MS-DOS, to com-
pare a set of test annotation files with a set of reference annotation files and a set of reference heart rate
measurement files using the programb(1), rxr (1), mxm(1), andepicmp(1), and then to produce sum-
mary reports by passing the outputs of these programsistatg1) andplotstm(1).

ecgeval asks interactiely for the annotator names, the name of the database to be used, and which optional

analyzer outputs are to bgakiated. Itthen creates thevauation script, and &érs the user a choice of

running the script immediatelgr exiting (in order to revier and perhaps edit the script before running it).
ENVIRONMENT

It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

FILES
dblist
This file, which should be located in one of the directories nam&dHiyB, contains a list of the
available databases. Each entry is a line containing three tab-separatedtfieldsort name for
the database, the name of a file (which must also be in one of the directories namieD By
containing a list of the record names for the database, and a longer name for the datapase.
lines and lines beginning with ‘# are ignored. The version of this file dig&tbwith the WFDB
software package contains:
MIT DB mitlist MIT-BIH Arrhythmia Database
MITx DB mitxlist ~ MIT-BIH Arrhythmia Database (excluding paced records)
AHA DB ahalist AHADatabase for Evaluation of Ventricular Arrhythmia Detectors
AHAx DB ahaxlist AHADatabase (excluding paced records)
ESC DB esclist EuropeaBT-T Database
NST DB nstlist NoiseStress Test Database
CuDB culist CreightorUniversity Sustained Ventricular Arrhythmia Database
SEE ALSO

bxb(1), epicmp(1), mxm(1), plotstm(1), rxr (1), setwfdb(1), sumstatg1)
Evaluating ECG Analyzers

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/ecge
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NAME

ecgpuvave— QRS detector and avdorm limit locator
SYNOPSIS

ecgpuwave + record -a annotator| options... ]
DESCRIPTION

ecgpuwave analyses an ECG signal from the specifiszbrd, detecting the QRS comples and locating
the beginning, peak, and end of th&@RS, and ST-T wvdorms. Theoutput ofecgpuwave is written as a
standard WFDB-format annotation file associated with the speaifiedtator This file can be corerted

into text format usingdann(1) or viewed usingvave(1).

The QRS detector is based on the algorithmasf 8nd Tompkins (reference 1) with some impnoents
that male use of slope information (reference Zpptionally QRS annotations can be provided as input
(see optioni), permitting the use ofxéernal QRS detectors suchsags(1) or manually-edited annotations
(which can be created usimgave(1)). Thewaveform limit locator is based on the algorithm described in
reference 3 andvaluated in references 3 and 4.

The output annotation file contains BME ("p") and TWAVE ("t") annotations that indicate the P- and
T-wave peaks, as well as QRS annotations (NORMAN"}"if generated by the built-in QRS detector
copies of the input QRS annotations if these were supplempuwave classifies each T aveas type 0
(normal), 1 (iverted), 2 (positie nonophasic), 3 (rggtive monophasic), 4 (biphasic gaive-positive), or

5 (biphasic positie-negative); this numeric classification is written into them field of each TWVE
annotation. The ,FQRS, and T wavdorm onsets and ends are marked in the output annotation file using
WFON ("(") and WFOFF ()") annotations.The num field of each WFON and WFOFF annotation desig-
nates the type of awvdorm with which it is associated: O for a Rwve 1 for a QRS complex, or 2 fora T
wave.

Optionsinclude:
-f time Begin at the specifietiime (default: the beginning of the record).

-i input-annotator
Read QRS locations from the specifiagut-annotator(and cop them to the output annotation
file). Default: run the built-in QRS detector.

-n beat-type
Specify which beats to process (must be used togetheriyvitieat_typemay be 0 (default: pro-
cess all beats) or 1 (process only beats labelled as NORMMY) i§Y the input annotator).

-sn Analyze signah (default: signal 0).
-t time Stop at the specifietime (default: the end of the record).

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

SEE ALSO
rdann(1), sqrs(1), wave(1), wars(1)

REFERENCES
1. Pan J anddmpkins WJ. A Real-Time QRS Detection AlgorithmlEEE Transactions on Biomedical
Engineering32(3):230-236, 1985.
2. Laguna PNew Hectrocardiogaphic Signal Processingedhniques: Application to Long-term Redsr
Ph. D. dissertation, Science Faculiyiversity of Zaragoza, 1990.
3. Laguna PJané R, Caminal.Automatic Detection of \WyeBoundaries in Multilead ECG Signalsai/
dation with the CSE Databaseomputes and Biomedical Reseeln 27(1):45-60, 1994.
4. Jané R, Blasi A, Garcia J, and Laguna&E®luation of an automatic threshold based detector of
waveform limits in Holter ECG with the QT databaseomputes in Cardiology 24:295-298 (1997; \ail-
able at http://www.physionet.org/physiobank/database/qtdbje
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AVAILABILITY
ecgpuwaveis available as part of PhysioToolkit under the GPL (S€8JRCE below).

AUTHORS
Pablo Laguna (laguna@posta.unizar.es), Raimon Jané, Eudald Bogatell, and David Vigo Anglada

SOURCE
http://www.physionet.org/physiotools/ecgpawgsrc/
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NAME

edf2mit, mit2edf — covert between EDF and WFDB-compatible formats

SYNOPSIS

edf2mit -i edffile[ options... ]
mit2edf -r record[ options... ]

DESCRIPTION

18

These programs ceert EDF (European Data Format) files into WFDB-compatible files (as usedy& Ph
ioBank) and vice ersa. EuropeaData Format was originally designed for storage of polysomnograms.

edf2mit reads the specifieddffile and creates WFDB-compatible signal and header files containing the
same data. Options fedf2mit include:

-b Input is in big-endian byte order (default: little-endian).
-h Print a brief usage summary.
-r record

Create the specifiegcord (default: use the patient ID field from the input file as the record name).

-ssignal-list
Copy only the signals named in ttsignal-list (one or more input signal numbers, separated by
spaces; defult: copy all signals). Signals are numbered conse@lytibeginning with zero.This
option may be used to re-order or duplicate signals.

-V Verbose mode (print debugging output).

mit2edf reads the specified WFDB-form@&cord (header and signal files) and creates an EDF file contain-
ing the same data. Output fromit2edf is alays in the standard little-endian format. Options for
mit2edf include:

-h Print a brief usage summary.
-ofile  Write output to the specifidie (default:record.edf).
-v Verbose mode (print debugging output).

Note that WFDB format does not include a standard way to specify the transducer type or the prefiltering
specification; these parameters are not preserved by thesestmm programs. Also note that use of the
standard signal and unit names specified for EDF is permitted but not enforoda dxyf.

Many EDF files contain signals at widely varying sampling frequencée2mit handles these properly

but the default behavior of most WFDB applications is to read such data-resmlution mode (in which

all signals are resampled at the lowest sampling frequesed for ag signal in the record).This is almost
certainly not what you want if, forxample, the record contains EEG signals sampled at 200 Hz and body
temperature sampled at 1 Hay default, applications such edsamp andwave will resample the EEGs
(and an other signals in the record) at 1 HZo avoid this behgior, you can use theH (high resolution)
option provided byrdsamp, wave, and a fev other WFDB applications, or you can set theiemment
variable WFDBGVMODE to 1 (or aly non-zero value) to specify that signals are to be read in high-reso-
lution mode (in which all signals are resampled at the highest fregiused for ag signal in the record).
SettingWFDBGVMODE works with all WFDB applications, not only those that support-theoption.

For further information, see the section titled "Multi-FrequeRecords" in chapter 5 of th&/FDB Po-
grammers Guide

Note that applications built using version 10.4.5 and later versions of the WFDB library can read EDF files
directly, so hat the cowersion performed bydf2mit is no longer necessaryThe natve WFDB files pro-

duced byedf2mit can be read morefefiently and with lower latencand memory requirements than the
EDF files; in most cases, hovee, the difference will not be noticeable.
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ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

AVAILABILITY
These programs are provided in ttenvertdirectory of the WFDB Softwareaekage. Rumake in that
directory to compile and install them if thbavenot been installed already.

The PhysioNet ATM (http://pfsionet.org/cgi-bin/AM) provides web access tit2edf (selectExport
signals as EDHrom the Toolbox).

SEE ALSO
a2m(1), rdedfann(1), snip(1), xform (1), wfdb(3), header(5)
Bob Kemp, Alpo Varri, Agostinho C. Rosa, Kim D. Nielsen and John GAd#mple format for &change

of digitized polygraphic recordingsElectroencephalogphy and Clinical Newphysiology
82:391-393 (1992).

Bob Kemps EDF web site (http://wwvedfplus.info/). Thedefinitive reference on the format; it includes
the full specification of EDF from the 1992 papsample EDF files, software for reading and
viewing them, BQs, and much more.

AUTHOR
George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/ognt/edf2mit.c
http://www.physionet.org/physiotools/wfdb/ognt/mit2edf.c
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NAME
edr — dewe a espiration signal from an ECG

SYNOPSIS
edr -r record -i annotator| options ...]

DESCRIPTION
edr derives a ample of a respiratory signal for each QRS comjrtethe input ECG, by measuring the
mean electrical axis (in two-channel mode) or the projection of that axis onto the lead axis (in single-chan-
nel mode). See the references befor details of the algorithm.

edr reads the signal and annotation files specifiedebgrd andannotator and writes another annotation
file, which is a cop of the input annotation file except that them field of each beat annotation is
replaced by an EDR sample.

If the beat annotations are not located at the QRS peaks, it will be necessary to set thdimitslthe
offsets relatre o the annotations between which the nameasurements for the EDR are taken), using the
-d option. By deault, edr behaes as if he option-d -0.04 0.04has been gen (in other words, measure-
ments are takerver an 80 ms vindow begnning 40 ms (.04 seconds) before the annotation, and ending 40
ms after the annotation); this default is reasonable if the QRS annotatienkeka placed on or near the
QRS peaks or centroiddf edr is supplied with annotations generateddoys, or another method that
places the annotations near the PQ junction (the beginning of the QRS complex), thedopt@08is
recommended.

For ECGs sampled at relatly low rates (e.g., 100-128 Hz, as is common for yrlang-term ECG record-

ings), it may be advantageous to base the EDR on-thev&rather than the QRS complex, by choosing a
window such as-d -0.08 0.28or -d -0.12 0.32(for annotations placed at the QRS peaks or PQ junctions
respectiely), since this permits an axis estimation based on a larger number of samples. Note that the use
of a ngdive wvalue fordtl, as in hese examples, allows thegbening of the EDR measurement windo

be placedfterthe QRS annotation.

Optionsinclude:

-d dt1 dt2
Set the EDR measurement wimdeelatve © QRS annotations (defilts: dt1 = 0.04 (seconds
before annotation}jt2 = 0.04 (seconds after annotation).

-f time Begin at the specifietiime (default: the beginning of the record).
-h Print a usage summary.
-oann Useannas the output annotator name (defaeitr).
-ssignal-list
Analyze only the signals named in thignal-list(one or more input signal numbers, separated by

spaces; deiult: analyze signals 0 and 1). If teignal-listcontains more than twsgnals, only
the first tw are analyzed.

-t time Stop at the specifieiine
-V Verbose mode: print individual measurements.

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

Example
edr -r 100 -i atr -f 0 -t 5:0
This command creates an annotation file nasdrd 0Q containing a cop of the referenceafr) annota-
tion file for the first fie minutes of recordl0Q, with EDR measurements for each annotated beat in the
num fields of the output annotation file.

AVAILABILITY
edr is available as part of PhysioToolkit under the GPL (S€#JRCE below).
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SEE ALSO
plt(1), rdann(1), setwfdb(1)
Moody GB, Mark RG, Zoccola A, Mantero Perivation of respiratory signals from multi-lead ECGs.
Computes in Cardiology12:113-116 (1985;ailable at http://www.physionet.org/physiotools/edr/cic85/ )
Moody GB, Mark RG, Bump MA, et alClinical validation of the ECG-derd respiration (EDR) tech-
nigue. Computes in Cardiology 13:507-510 (1986; \ailable at http://wwwphysionet.org/phys-
iotools/edr/cic86/ )

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/edr/edr.c
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NAME

epicmp — ANSI/AAMI-standard episode-by-episode annotation comparator

SYNOPSIS

epicmp -r record -a reference-annotator test-annotatpoptions ...]

DESCRIPTION

22

This program implements the VEF, and ST episode-by-episode comparison algorithms specified by the
current American National Standard for artdtory ECG analyzers (ANSI/AAMI EC38:2007¢picmp is

the reference implementation of these algorithms, and must be used to obtain the episode-by-episode per
formance statistics cited in EC38 in order to be in compliance with the standard (see EC38, section 5.2.14).

Input to this program consists ofdvennotation files associated with the sameeord. One of these is des-
ignated theeferenceannotation file, the other tliestannotation file.

Optionsinclude:

-A file  Append atrial fibrillation detection reports to the specifiked

-f time Begin the comparison at the specifiede (default: 5 minutes after the beginning of the record).
-h Print a usage summary.

-i time Exclude episodes shorter thtime (default: O seconds) from episode statistics.

-I time Exclude episodes shorter thame (default: 0 seconds) from episode and duration statis{i&s.
most one ofi and-l may be used.)

-l Write reports in line format (default: matrix format).
-L Same asl.

-Sfilel file2
Append ischemic ST episode detection reporfddt, and ST deviation measurementdite2.

-Sofilel file2
As for -S, but report on signal 0 only.

-S1filel file2
As for -S, but report on signal 1 only.

-t time Stop the comparison at the specifigde (default: the end of the record if it is defined, the end of
the reference annotation file otherwigé;itimeis 0, the comparison ends when the end of either
annotation file is reached).

-V Append ventricular flutter and fibrillation detection reports to the spefied

-X Exclude periods of atrial fibrillation from calculations of atrial fibrillation pusifredictivity, as
required by EC38:1998 (default: include these periods, as required by EC38:2007).

The episode and duration statistics gatheredgigmp are based on tallies of/&lapping episodes in the
reference and test annotation fild3uration statistics ge weight to each episode or detection in prepor
tion to its duration. Episode statistic¥ygigqual weight to each episode or detection, irresgedil ength;
each test-annotated episode that meets the criteriavéolap (see below) with a reference-annotated
episode is counted as a true pwositiEpisodes are defined as follows (saefdb/ecgcodes.hor defini-
tions of annotation types):

Atrial fibrillation episodes
beagin with aRHYTHM annotation, with theauxfield containing the ta ‘(AFIB’, and end with
ary otherRHYTHM annotation (or at the end of the recorBeference-mard episodes of atrial
flutter (begun b\RHYTHM annotations with the x¢‘(AFL’) are excluded from AF comparisons
(i.e., the test annotator is neither penalized naanmged for its treatment of atrial flutter in this
contet). Any amount of werlap is sufficient to qualify a test episode as a true pesiti
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Ventricular fibrillation or flutter episodes
begin with aVFON annotation, and end with\&OFF annotation (or at the end of the record).
RHYTHM annotations are ignored in this contextdpicmp. Any amount of werlap is sufi-
cient to qualify a test episode as a true pasiti

Ischemic ST episodes
beggin with a STCH annotation, with theaux field containing the text(STns, and end with
anotherSTCH annotation, with the textSTng)’ (or at the end of the recordBetween these
annotations, thex¢remum (the time at which the absolute value of the ST deviation is greatest) is
marked with anothe6TCH annotation, with the #& ‘ASTnsni; this annotation may be omitted
in the test annotation file. In these annotations,'0’ or ‘1’, and denotes the affected signais
‘+" for episodes of ST alation, or -’ for episodes of ST depression; ands the ST deviation in
microvolts, relatve © a reference leel established from the first 30 seconds of the recdrde
values ofsandm are not significant for the episode comparison madepiymp When using the
-S0or -S1 options,n must be 0 or 1 respeedly; other STCH annotations are ignoredVhen
using the-S option, the value of is ignored: each(STns annotation increments a countend
each SThg' annotation decrements the counter; in this context, ST episodes begin when the
counter becomes posié and end when the counter reaches zero (or at the end of the retord).
qualify a test episode as a true peositior purposes of determining ST episode saiiitiit must
ovelap at least 50% of the reference episode, or Wedap must include the reference-meak
extremum. D qualify a test episode as a true pesitior purposes of determining ST episode pos-
itive predictivity, the reference episode mustdap at least 50% of the test episode, or trezlap
must include the test-marked extremum, if present.

The second file generated when using 8g *-S0, or ‘-S1 options contains comparisons of STviddion
measurements whem such measurements areadable in the reference annotation files. In thxéstng
databases, these appear only at extrema within each annotated ischemic (or non-ischemic) ST episode, as
described abee. For purposes of comparison of ST deviation measurements, test ST measurements for
each signal are read from thaxfield of beat annotations, which should contait t& the format in n
(wheremandn are the measured ST deviations for signals 0 and 1 resghgctilf these measurements are

missing from ap test beat annotatioepicmp assumes that thidhavenot changed since théast appeared.
epicmpignores AST..! annotations in the test annotation file when making this comparison. In the output

file, ary test measurements that deviate from the reference measurements by more than ¢Ofisraiero

tagged with an asterisk*(). plotstm(1) can produce a scatter plot of these data using this file as input.

At least one of the optionsA’, *-S, *-S0, *-ST, and ~V’ must be used. If-'is given as afile argument,
reports are written on the standard output. The output generated by seledting includes column
headings only if dile other than-" is specified, and only if the specifidite does not alreadyxest. In this

way, epicmp can be used repeatedly to build up line-format tables for multiple records, for further process-
ing by sumstatg1).

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

DIAGNOSTICS
non-standad comparison selected
The -f, -i, -1, and -t options modify the comparison algorithms usedepicmp in ways not per

mitted by EC38. These options are provided for the usevaapers, who may find them useful
for obtaining a more detailed understanding of algorithm errors.

BUGS
Sinceepicmp performs multiple passes@ its input files, it cannot be used at the end of a pipe.

Between 1992 and 2002, this program was knowapas the name was changed teoml conflict with a
new but widely distributed IRC chat client also nanmegalc. By analogy tobxb, mxm, and rxr , this pro-
gram should hze been calledexg which would hae aeated interesting possibilities for confusion.

WFDB 10.3.8 10 July 2003 23



EPICMP(1) WFDBApplications Guide EPICMP(1)

SEE ALSO
bxb(1), ecgeal(1), mxm(1), plotstm(1), rxr(1), setwfdb(1), sumstats(1)
Evaluating ECG Analyzerén theWFDB Applications Guide
American National StanddrANSI/AAMI EC38:1998, Amitatory Electpcardiographs available from
AAMI, 1110 N Glebe Road, Suite 220, ArlingtorA22201 USA (http://www.aami.org/).

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/epicmp.c
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NAME

fft — fast Fourier transform
SYNOPSIS

fft [ options ..] input-file
DESCRIPTION

fft transforms a real-valued time series (from the spedifigat-file, or from the standard input iiput-file

is specified as-"; input-file must be in text form) into a frequengpectrum (on the standard output).
Using appropriate optionfff can produce polar or rectangular format amplitude spectrawarspectra,

or it can perform an irerse FFT to transform a polar or rectangular format amplitude spectrum into a time
series. Theénput series may be corrected if it has a non-zero mean amplitude or fivatiderby ‘zero-
meaning’ or ‘detrending’ the input series). Output spectra may be smoothegral séfferent ways.

By default, the standard output is the magnitude of the discoegeF transform of the input series, nor
malized such that the mean of the squares of the inputs is equal to the sum of the squares of the outputs
(i.e., the RMS power determined from the time series equals the total power determined from the spectrum;
this normalization is correct only if the input series has a mean value of zero).

Optionsare:

-C Output unnormalized compleFFT (real components in first column, imaginary components in
second column).

-f frequency
Shaw the center frequendor each bin in the first columnThe frequencyargument specifies the
input sampling frequen¢ thecenter frequencies arevgn in the same units.

-h Print a usage summary.

-i Perform iverse FFT in this case, the standard input should be in the form generaféiddyand
the standard output is a series of samples. No other options may be uséd with

-l Perform iverse FFT as abw, but using input generated lfifg -p. No other options may be used
with -I.

-In Perform up ton-point transforms.fft roundsn up to the next higher power of dwunlessn is
already a power of ta If the input series contains fewer thmsamples, it is padded with zeros
up to the next higher power of dw Any additional input samples beyond the finsare not read.
Default:n = 16384.

-nn Process the input inverlapping chunks oh samples and output amesaged spectrum. If used in
combination with-P, the output is thewerage of the individual squared magnitudetherwise,
the output is deved from the aerages of the real components and of the imaginary components
taken separatelyFor best results; should be a power of two.

-Nn  Process the input inverlapping chunks of samples and output a spectrum for each chuc-
cessve ectra are concatenated in the outgDhly one of-n and-N may be used at a timéd=or
best resultsn should be a power of two.

-p Shaw the phase in radians in the last column.
-P Generate a power spectrum (print squared magnitudes).

-sn Smooth the output by applying ampoint moving &erage to each bin. This option does not
change the number of bins.

-Sn Smooth the output by summing setsxa@onsecutie bins. Thisoption reduces the number of bins
by a factor oh.

-w window-type
Apply the specified winda to the input datawindow-typemay be one of: ‘Bartlett’, ‘Blackman’,
‘Blackman-Harris’, ‘Hamming’, ‘Hanning’, ‘Parzen’, ‘Square’, and éigh’. The'Square’ win-
dow type is equialent to using no winde at dl; this is also variously known as a rectangular or
Dirichlet window.

WFDB 10.2.7 8 August 2002 25



FFT(1) WFDBApplications Guide FFT(1)

-z Add a constant to each input sample, chosen such that the mean value of the entire series is zero.

-Z Set the meanalue of the inputs to zero as fer, and detrend the series (set its mean first
derivative 10 zero). Thisis equialent to subtracting a best-fit (by least squares) line from the input
data.

BUGS
Because of accumulated round-erfrors, the command
fft -p <filel| fft -1 >file2
may not produce an exact gogf filelin file2, even if the number of samples is an exact power df/2ing
rectangular form, as in the command
fft -c <filel| fft -i >file2
produces smaller errors, and is slightly faster than using polar form as in the first example.
SEE ALSO
coherencél), hrfft (1), lomb(1), memsg1)

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/psd/fft.c
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NAME

fir — general-purpose FIR filter for WFDB records
SYNOPSIS

fir [ options... ]-c[ coefficients.. ]
DESCRIPTION

fir can be used to apply ymesired finite impulse response filter toyafesired section of a avdorm
database recordOptionsare:

-c coefficien{ coefficient.. ]
Filter using the specifiecoefficient{must be the last optior¢ marks the beginning of the cdief
cient list).

-C file Read the filter coefficients from the specified file rather than from the argument list.
-f time Filter from the specifieimeon the input record (default: start at the beginning of the record).
-h Print a usage summary.

-H Read the signal files in high-resolution mode (default: standard méteye modes are identical
for ordinary recordsFor multifrequeny records, the standard decimation eérsampled signals
to the frame rate is suppressed in high-resolution mode (ralhether signals are resampled at
the highest sampling frequency).

-i record
Use the specifietecord for input (default: record 16).

-n record
Create a header file for the output signals, with the speo#ftedd name. Thesignal descriptions
are copied from those of the input signals.

-o record
Use the specifietecord for output (default: record 16).

-fi Rectify the input (i.e., takits absolute value) before filtering.
-ro Rectify the filtered output.

-sshift To compensate for phase shift, read ahead on the input record by the specified iefene start-
ing the filter Shiftis specified in standard time format (&e@to compensate for a phase shift of
nnsamples).

-t time Filter until the specifietimeon the input record (default: go to the end of the record).

Unless theC option is used, thec agument should appear at the end of the option f#ter coeficients
are real numbers separated by spaces; the last coefficient is applied to the most recent input sample.

In the present implementation, the same filter is applied to each input signal. If the output record header
file specifies fewer signals than are present in the inpyiexdra input signals are discarded.

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

Examples
A low-pass "boxcar" filter:
fir-c.2.2.2.2.2

The complementary high-pass filter:
fir-c-2-2.8-2-2

An attenuator:
fir-c .4

A differentiator:
fir-c-11

A 60-Hz notch filter with partial correction for phase shift, for the MIT-BIH database (360
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samples/second):
fir-ss2-c.500.5

A "triangle" filter for QRS detection (at 128 samples/second):

fir-ss8-c-1-2-3-4-125852-1-4-3-2-1

SEE ALSO
mfilt (1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/fir.c
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NAME
hrfft, hrlomb, hrmem - calculate and plot heart rate power spectra
hrplot — plot heart rate time series

SYNOPSIS
hrfft [ options ..]
hrlomb [ options ..]
hrmem [ options ..]
hrplot [ options ..]

DESCRIPTION
The first three of these UNIX shell scripts are intended to illustrate the uBg(19f lomb(1), and
memsé€1) by producing heart rate power spectra using the fast Fourier transform, the Lomb periodogram,
and the maximum entrggall poles) method (also known as autpessie, or AR, power spectral density
estimation). Allfour programs deve heart rate time series from beat annotation filedtt andhrmem
usetach(1) to obtain a uniformly resampled heart rate time series from the annotation file, which is then
used as input téft or memse and the spectrum thereby obtained is then plottetbmb andhrplot use
ihr (1) to obtain an irregularly sampled heart rate time setigglot plots this time series directland
hrlomb uses it as input tmmb, and then plots the spectrum.

All four programs accept the sarmptions

-a annotator
Read annotations from the specifiednotator (default: the value of the environmenanable
ANNOTATOR, if set).

-f time Begin at the specifietime within the annotation file (default: the value of the environmanit v
ableSTART, if set, or the beginning of the file otherwise).

-l axes Log-transform the specifieaxes(default: use linear a&s). Theaxescan be specified as y, or
Xy.

-p plot-utility
Use the specifieglot-utility to generate the output (default: the value of the environnzeiztble
PLOT, if set, orplt(1), if it exists, oplot2d(1) otherwise).

-r record
Produce a heart rate power spectrum for the spec#ioedd (default: the value of the @itonment
variableRECORD, if set).

-t time Stop at the specifieime within the annotation file (default: the value of the environmantile
END, if set, or the end of the file otherwise).

-T device
Produce output on the specifidevice(default: the screen)Thedevicemust be among those sup-
ported by theplot-utility (see abwe).

If annotatoror record are not specified using environment variables or command-line options, these pro-
grams obtain values from the user interastyi

Although hrfft , hrlomb, and hrmem all produce power spectra, the units of power differ among them.
Absolute comparisons can be made only between spectra produced using the same method, from time
series of the same length.

Note that these shell scripts can be run under MS-DOS using a suitable set of WNiKHi&s, such as
the MKS Toolkit or the GNUish MS-DOS utilities, and under M&tldws using the free Cygwin pack-
age.

ENVIRONMENT
In addition to the ariablesANNOTATOR, END, PLOT, RECORD, and START, it may be necessary to
setWFDB (seesetwfdb(1)).
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SEE ALSO
fft (1), ihr (1), lomb(1), memse€1), plot2d(1), plt (1), setwfdb(1), tach(1)

AUTHOR
George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/psd/hrfft
http://www.physionet.org/physiotools/wfdb/psd/hrlomb
http://www.physionet.org/physiotools/wfdb/psd/hrmem
http://www.physionet.org/physiotools/wfdb/psd/hrplot
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NAME

ihr — calculate instantaneous heart rate
SYNOPSIS

ihr -r record -a annotator| options... ]
DESCRIPTION

ihr reads an annotation file (specified by #motatorand record arguments) and produces an instanta-
neous heart rate signal (from the reciprocals of the interbeatdtggniJnlike tach(1), havever, ihr does
not resample its output in order to obtain uniform time intervals between output saftiptesre is ay
variation whatsoeer in heart rate, the intervals between output samples will be non-unifarims) prop-
erty makes the output dfir unsuitable for corentional power spectral density estimation, but ideal for
PSD estimation using the Lomb periodogram (se#(1)).

Optionsinclude:

-d tolerance
Reject beat-to-beat heart rate changegedingtolerance(in beats per minute; default: 10Any
intervals for which the calculated heart rate would differ by more than the specified tolerance are
simply excluded from the output seriefo dsable this behaor, use a large value fdolerance
(e.g., 10000).

-f time Begin at the specifietiimein record (default: the beginning a&cord).
-h Print a usage summary.

-i Include all intervals bounded by QRS annotations (default: include atgdsounded by consecu-
tive supraventricular beats only).

Include intervals bounded by annotations of the spedifieesonly. The typeamguments should
be annotation mnemonics (e.dl) as rormally printed byrdann(1) in the third column.More
than one-p option may be used in a single command, and gaoption may hae nore than one
typeamgument following it. If typebegins with ‘-’’, however, it must immediately follav -p (stan-
dard annotation mnemonics do not begin with, ‘but modification labels in an annotation file
may define such mnemonics).

-t time Process until the specifigichein record (default: the end of theecord).
-v Print the output sample number before each output sample value.

-V, -Vs, -vm, -vh, -V, -Vs, -Vm, -Vh
Print the elapsed times from the beginning of the record to the annotationggihatduh interal,
as sample number (using), or in seconds (usings), minutes (usingvm), or hours (usingvh)
before each heart rat@alue. Theoptions-V, -Vs, -Vm, and -Vh work in the same 1y, but the
printed times are those for the annotations that end theaiger@nlyone of these options can be
used at a time; if none is chosews mode is used by default.

-X Exclude the interval immediately follang each rejected inteml: (Rejectedntervals are those
bounded by xcluded beats on at least one end, and those that do not satisfjethacecrite-
rion). By default, intervals following rejected intervals are included (unlesg are rejected by
the tolerancecriterion), and a third column is used to flag these intervals (a zero in the third col-
umn means the interval is normal, a one means it follows an excluded interval).

Reference (‘atr’) annotation files can be used as inpilir tdout files that contain manually-inserted anno-
tations are less suitable, since annotation placement is likely to be less consistent than in annotation files
generated by programs suchsass(1).

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).
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SEE ALSO
lomb(1), setwfdb(1), sqrs(1), tach(1)

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/ihr.c

32 30July 2002 WFDB 10.2.7



IMAGEPLT(1) WFDB Applications Guide IMAGEPLT(1)

NAME

imageplt — plot a greyscale image
SYNOPSIS

imageplt -d nrows ncold options ..] [ file]
DESCRIPTION

imageplt provides a simple way to plot a greyscale image upltid). Therequired agumentsprowsand

ncols specify the numbers of rows and columns in the image. The filpbr the standard input, if no
input file is specified) contains only the gievds for each pigl (0 = white, 1 = black). Each entry is an
ASCIlI-coded decimal floating point numbeeparated from adjacent entries by whitespace (one or more
spaces, tabs, or wénes). Thefirst nrowsentries are the gydevds for column O of the image, botttom to

top, and each successiolumn from left to right of the image folles. If nrowsis small, it may be con-
venient to arrange the image file in columns and rows corresponding to those of the umalgis, ib not
necessaryln no @ase should the length of a line of input exceed 50000 bytes (defined as MAXLEN in the
source).

Optionsinclude:
-n Generate a mgtive image (1 = white, 0 = black).

-X Xmin xmax
Specify the range of the x-coordinates (defauttin=0, xmaxnrows1).

-y ymin ymax
Specify the range of the y-coordinates (defauttin=0, ymax=ncols1).
The output ofmageplt is text in three columns, to be plotted using-fheoption ofplt, as n:
imageplt -d 10 10 foo | plt 0 1 2 -pc
SEE ALSO
plt(1), pitf (1)

AVAILABILITY
imageplt is available as part of thplt package in PhysioToolkit (S&URCESbelow) under the GPL.

AUTHOR
George B. Moodydeorge@mit.edy

SOURCE
http://www.physionet.org/physiotools/plt/plt/misc/imageplt.c
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NAME

log10 - calculate common logarithms of two-column data
SYNOPSIS

log10
DESCRIPTION

log10reads its standard input, which should be in text form and should contepositive rumbers X and
y) on ech line, separated by spaces or tabs. The standard outpgil@tontains four columns of num-
bers, separated by spaces: the common (base 10) logarithnasaf, and thex andy values. D avoid
underflay, if any input is less thaMINDOUBLE (defined in<values.h>as the smallest posig value
that can be represented as a double-precision floating point quantity), it is replaced by that value.

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/psd/log10.c
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NAME

lomb - estimate power spectrum using the Lomb periodogram method
SYNOPSIS

lomb [ options ..] input-file
DESCRIPTION

lomb transforms a real-valued time series (from the spedifigat-file, or from the standard inputiifiput-

file is specified as "-'input-filemust be in text form) into a power spectrum (on the standard output), using
a technique known as the Lomb periodogram.

The input is a text file containing a sampled time series, presented asltwins of numbers (the sample
times and the samplalies). Thentervals between consecusi smples need not be uniform (in fact, this
is the most significant adutage of the Lomb periodogrameo other methods of power spectral density
estimation). lomb writes the Lomb periodogram (the power spectral density estimatedié&om the
input time series) on the standard output, io tMumns (frequencand paver). If the units of the sample
times in the input file are seconds, the units of the frequencies in the output are Hz.

Optionsare:

-h Print a usage summary.

-P Generate a power spectrum (print squared magnitudes).

-S Smooth the output.

-z Add a constant to each input sample, chosen such that the mean value of the entire series is zero.

Among may other applications, this program can be used to estimate heartwsegupectra, in combina-
tion with ihr (1). TheLomb method is ideal for analysis ofyatime series with missing or noisy data (the
noisy data may be remed from the time series and need not be replaced, as would be necessargnif con
tional PSD estimation algorithms were employed).

SEE ALSO
fft (1), hrfft (1), mems€1)
Lomb, N.R. Least-squares frequgrmalysis of unequally spaced datastophysics and Space Science
39:447-462 (1976).

Press, W.H, and Rybicki, G.Brast algorithm for spectral analysis of weely sampled dataAstrophysi-
cal J.338277-280 (1989).

Press, W.H. &ukolsk, SA., Vetterling, WT., and FlanneryB.P. Numerical Recipes in C: the Art of Scien-
tific Computing pp. 575-584 (Cambridge UniPress, 1992).

Moody, G.B. Spectralanalysis of heart rate without resamplinGomputes in Cardiology 1993 pp.
715-718 (IEEE Computer Society Press, 1993)http://www.physionet.org/phys-
iotools/lomb/lomb.html .

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/psd/lomb.c
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Iwcat — postprocess output of plt to redbostScript, EPS, PDF or PNG

SYNOPSIS

plt -T Iw ...| lwcat [ options ..]

DESCRIPTION
Iwcat collects the PostScript output pit (1) and adds a prolog and epilog to create a complete PostScript
document (or another format, if appropriate optiongeehaeen selected)lt is possible to concatenate the
outputs of tve or moreplt runs to be processed as a single joiwmat; see theplt Tutorial and Cookbook
for details.

Output format
By default, lwcat sends its output directly to the default printeripia These options may be used to mod-
ify this behavior:

-nNo

-ps
-psv
-gv

-eps

-pdf
-png

Send the output to the printdut dont gect the page (use this option if you wish tentay the
output with additional material to be produced by another program).

Write PostScript to the standard output (not to the printer).
Write PostScript to a temporary file andwig with gv (ghostscript).
Same aspsv.

Write EPSF (encapsulated PostScript format) to the standard output. Note that this is only a close
approximation to EPSF; it is acceptable to La®egsfig package, at least.

Write PDF (portable document format) to the standard output.
Write PNG (portable network graphics) format to the standard output.

Window options
By default, the output appears within a 6.75x6 inch (171x152 mm) wirttle lower left corner of which
is positioned 1 inch (25.4 mm) from the left edge and 3.5 inches (89 mm) from the bottom edge of the
page. Thdollowing options may be used to modify the size, location, and orientation of the output:

-landscape

-va4
-full

-slide

Use landscape mode (rotate plot 90 degrees counterclockwise).

Plot in a 6x6 inch (152x152 mm) square wingld.25 inches (32 mm) from the left edge and 3.5
inches (89 mm) from the bottom edge of the page.

Plot in a 6.25x6.25 inch (159x159 mm) square windmsitioned as forsq.
Plot in a 6.25x4 inch (159x102 mm) winggpositioned as forsq.
Plot in a 4.75x3.15 inch (121x80 mm) windgositioned as forsq.

Plot in a 4.5x5.5 inch (114x140 mm) windo2.5 inches (63 mm) from the left and bottom edges
of the page.

Plot in a 7x9.5 inch (178x241 mm) wingp0.75 inches (19 mm) from the left and bottom edges
of the page (centered on a US letter sheet).

Plot in a 7x8.5 inch (178x216 mm) winglppositioned as forv.
Plot in a 190x275 mm windg centered on an A4 sheet.
Plot in a 7.5x10 inch (191x254 mm) wingocentered on a US letter sheet.

Plot in a 7.5x5 inch (191x127 mm) windp0.5 inches (12.7 mm) from the left edge and 3 inches
(76 mm) from the bottom edge of the page (3:2 aspect ratio, as for 35 mm slides).

-screen Plot in a 7.5x5.625 inch (191x143 mm) wingd0.5 inches (12.7 mm) from the left edge and
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2.375 inches (60 mm) from the bottom edge of the page (4:3 screen aspect ratio).
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-golden
Plot in a 7.5x4.635 inch (191x118 mm) wingad0.5 inches (12.7 mm) from the left edge and
3.365 inches (85 mm) from the bottom edge of the page (the aspect ratio is approximately the
"golden ratio”, (1+sqrt(5))/2 = 1.61803 ...).

-strip  Plot in an 8x0.8 inch (203x20 mm) wingdo

-customwidth height left-margin bottom-margin font_scale

Plot in a custom winde. The-customoption reads up to 5 arguments that felio. If one of the
5 arguments immediately follsing -custom begins with ', it and ary remaining arguments are
treated as ordinary options, and default values are used yamiaeing options. The units of
width, height, and margins are inches, and the font scale is a dimensiactessnith a defult
value of 1 that can be used to eglaor shrink aptext in the plot. The defaults faridth andleft-
margin are 5 and O respeedy, and the defaults foheight and bottom-marginare the alues
assigned tovidth andleft-margin(whether explicitly or by default).

Other windav options can be easily added; see the sourclvirat for details.

Copies
By default, lwcat prints a single cop Multiple copies can be produced using the optie8s-c3, -c4, -c5,
and-c6;, when using a PostScript printehis will almost alvays be much faster than rerunnitvgcat,
since the document is downloaded and rasterized only once when using these ®ptmwims.more than 6
copies, repeat or combine these options as needed.

FILES
[usr/lib/ps/plt.pro
PostScript prolog
SEE ALSO
plt(1)
AVAILABILITY
lwcat is available as part of thplt package in PhysioToolkit (S&OURCE below) under the GPL.

AUTHORS
Paul Albrecht and George B. Moodg€orge@mit.edy

SOURCE
http://www.physionet.org/physiotools/plt/src/lwcat
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NAME

memse — estimate power spectrum using maximum gnfatipoles) method

SYNOPSIS

memse[ options ..] input-file

DESCRIPTION

38

memsetransforms a real-valued time series (from the specifipdt-file or from the standard input if
input-file is specified as-"; input-file must be in text form) into a power spectrum (on the standard out-
put). memseis designed to be used in much the same wdft @3; it accepts the same input, produces
output in the same format, and acceptsyradrthe same options used with.

Unlike fft, which bases its spectral estimates on the discrete Fourier transfemseuses the maximum
entropy (all poles) method, also known as augpessie (AR) spectral estimation. This method models the
spectrum by a serieg@ansion in which the free parameters are all in the denominators of its tesnmse

each term may represent a pole (corresponding to infinite power spectral density within an infinitely narro
frequeny band). Bycontrast, Fourier analysis models the spectrum by a se&passon in which the free
parameters are all in the numeratongnce each term in a Fourier series may represent a Zkooles
models are particularly useful for analysis of spectra whigk dacrete peaks (in the terminology of opti-

cal spectra, “lines”).

In order to usenemse you should hee ssme idea of the order of the model you wish to use (i.e., the num-
ber of poles). Although this may beyamumber up to the number of input points, the number of poles gen-
erally should not)eceed the square root of the number of input points, and usually should be considerably
less than that numbetamge numbers of poles lead to lengttomputations (much slower than the FFT) in
which accumulated roundoérror becomes a serious problerfihis problem may also occur if the length

of the input series becomescessie. The recommended way to usemseis to begin by usindft, in

order to estimate the model orddiypically this should be a small multiple of the number of peaks which
you believeare presentBeware! memsewill produce smooth spectral estimates for wheatenodel order

you choose -- and thienay be totally bogus if you choose incorrectifarying the model order can help to
weed out some spurious features, but use extreme care when intempegtisgoutput gizen noisy input.

Optionsare:

-b low high[ low high ..]
Print power in the specified bandgachlow andhigh pair specifies the ¥ and high frequeng
boundaries of the band of interest, in Hz. Multiple bands may be specified following a-bingle
option; only the lastb option has aneffect. Alsosee-sbelow.

-f frequency
Shaw the center frequendor each bin in the first columnThe frequencyargument specifies the
input sampling frequen¢ thecenter frequencies arevgn in the same units.

-h Print a usage summary.

-nn Produce eactly n power estimates,venly spaced in frequegdrom O up to half the input sam-
pling frequeng inclusive. The dehult depends on the length of the input series; it is designed to
matchfft's defaults, to mak it easy to compare output¥ou may wish to use alues ofn which
are higher than the default in order to im@gour estimates of the locations of sharp features in
the spectrum; since this is not possible udihgthis feature is one of the main adwages of
memse

-on Use amth order model (i.e., up topoles). Default: thequare root of the number of input sam-

ples.
-P Generate a power spectrum (print squared magnitudes).
-S Print power in a standard set of frequgbands of interest for HRanalysis.

-w window-type
Apply the specified winda to the input datawindow-typemay be one of: ‘Bartlett’, ‘Blackman’,
‘Blackman-Harris’, ‘Hamming’, ‘Hanning’, ‘Parzen’, ‘Square’, and eélgh’. The ‘Square’
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window type is equialent to using no winde at dl; this is also variously known as a rectangular
or Dirichlet windaw.

-z Add a constant to each input sample, chosen such that the mean value of the entire series is zero.
-Z Set the meanalue of the inputs to zero as fer, and detrend the series (set its mean first
derivative 10 zero). Thisis equialent to subtracting a best-fit (by least squares) line from the input
data.
NOTES

Versions ofmemsereleased prior to September 1999 did not supporRlaption, and did not normalize
amplitudes with respect to the number of output points.

SEE ALSO
fft (1), hrfft (1), lomb(1)

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/psd/memse.c

WFDB 10.4.0 26 February 2006 39



MFILT(1) WFDB Applications Guide MFILT(1)

NAME

mfilt — general-purpose median filter for WFDB records
SYNOPSIS

mfilt -I length[ options... ]
DESCRIPTION

mfilt can be used to apply a median filter of dasiredlengthto ary desired section of a database record.
The length is expressed in samples (i.e., each output sample is the medi@mgth input samples).
Median filters can be much mordesftive than ai type of linear filter for removing impulse noise from
signals; thg are not particularly useful for removing persistent noiseyever. Generally the shortest
effective median filter is the one that should be used, to minimize the aliasing effects resulting from the
non-linear characteristics of the filter.

Optionsare:
-f time Filter from the specifieimeon the input record (default: start at the beginning of the record).
-h Print a usage summary.

-H Read the signal files in high-resolution mode (default: standard mode). These modes are identical
for ordinary recordsFor multifrequeny records, the standard decimation eérsampled signals
to the frame rate is suppressed in high-resolution mode (ralhether signals are resampled at
the highest sampling frequency).

-i record
Use the specifietecord for input (default: record 16).

-In Use am-point median.

-n record
Write the output signals tecord.dat, using the same specifications as the input signals, and cre-
ate a header file for the specifiedord. This option @errides-o if both are used.

-o record
Use the specifiececord for output (deult: record 16). If the output record header file specifies
fewer signals than are present in the inpwy,extra input signals are discarded.

-t time Filter until the specifietimeon the input record (default: go to the end of the record).

In the present implementation, the same filter is applied to each input signadach output sample, an

array oflengthinput samples centered on the time of interest is sorted. (More efficient algorithms for find-
ing the median>ast, especially for large odd values lehgth see, for @ample,Numerical Recipey If

lengthis odd, the output is the middle value from the sorted array and there is no phase shift; otherwise, the
output is the werage of the tw middle values from the array and there is a phase shift of one-half of the
sampling interal. If necessarythe output is padded at the end to obtain equal numbers of input and output
samples.

ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

Example
A 3-point median filtergpplied to the first 5 minutes of record 100 to producewareeord 100m:
mfilt -1 3 -i 100 -n 100m

SEE ALSO
fir (1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/mfilt.c
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NAME

mrgann — merge annotation files
SYNOPSIS

mrgann -r record-i annl ann2o0 ann3[ options... ]
DESCRIPTION

mrgann reads a pair of annotation files (specifiedabynl, ann2? for the specifiedecord and writes a third
annotation file (specified lann3 for the sameecord. Typical applications ofnrgann include combining
annotation files that apply to different signals within a multi-signal record, and replacigghanseof an
annotation file with annotations from another file (see Kzenples bela). mrgann cannot concatenate
annotation files frondifferentrecords (e.g., sgnents of a multi-segment record)sewfdbcollate(1) for
this purpose. If you wish to merge annotation files in order to be able to study oe ribsotiiferences
between thembhxb(1) (which can also merge annotation files usingatsr -O options) is almost certainly
a better choice for such an application.

By default, the output annotation file contains copies of all annotations in each of the input files (if there are
annotations with the santisne andchan fields in each input file, weever, only the annotation fromannl
is copied). This behavior can be modified by commanddpt®ns which include:

-cn Map (reset) thehan fields of all annotations frorannlto n. chan fields may contain intgers
between 0 and 255 inclus the chan field often specifies the signal number of the signal with
which the annotation is associated. Spedifyl to disablechan mapping forann1(the default).

-Cn  Map (reset) thehanfields of all annotations fromnn2to n. Specify -C -1 to disablechan map-
ping forann2(the default).

-h Print a usage summary.

-mO0time
Discard all annotations from both input annotatorgjirb@ng attime, until the time specified in
the next-mx option, or the end of the data if no otherx option is gven.

-mltime
Copy al annotations fromannl, and discard all annotations froamn2 begnning attime, until the
time specified in the nexinx option, or the end of the data if no otherx option is gven.

-m2time
Copy al annotations fromann2 and discard all annotations froamn1, begnning attime, until the
time specified in the nexinx option, or the end of the data if no otherx option is gven.

-m3time
Copy dl annotations fromannlandann2 begnning attime, until the time specified in the xe
-mx option, or the end of the data if no otherx option is gven. Annotationsfrom ann2that
match others fromannlin both thetime and chan fields (after ay chan mapping has been
applied, see alve) are discarded. This mode is the default.

-V Verbose mode (warn about simultaneous annotations with matchamgields).

Note that options are interpreted in left-to-right ordior this reason, if you specify more than one
option, as in the second example lelbe wre to specify them in time ordelt is dso possible to use dif-
ferentchan mapping rules during different segments of the record; to do this, specify the approiate
-C option(s)beforethe-mx option that specifies the time when thevmeapping rules are to be applied.

EXAMPLES

To merge three sets of annotations (nara@gda2, and a3, one for each of signals 0, 2, and 3 of rece®d),
use the following commands:

mrgann -r 999 -aal a2 -otmp -c0-C 2

mrgann -r 999 -atmp a3 -o all -c-1-C 3
Note that tvo passes are needed to merge three annotation files,rsige&n reads only tw annotation
files at a time. The first pass yields an intermediate result (annotgdfir annotatomll is the desired out-
put. The-c -1option in the second command abalsableschan mapping for annotations imp, which
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have dready been mapped as a result of the first command; this option caeldden omitted, since
chanmapping is disabled by default.

To replace ay annotations in a set (namedt) during the interval between 5 minutes and 6 minutes from
the beginning of recomdyz, with annotations from another set (nanmedh), use the command:

mrgann -r Xyz -a old new -0 out -m1 0 -m2 5:0 -m1 6:0
In this command, the desired output is written to annotatbfor recordxyz. The-m1 Ooption o/errides
the default behavior and forcesyamew annotations that occur before the 5-minute mark to be discarded,
while existing old annotations are copied tmt. Begnning at the 5-minute mark, then2 5:0 option
changes the rules, and thiel annotations are discarded as tiggv ones are copied. The rules are changed
a third and final time at the 6-minute mark by #mel 6:0 option, which instructsnrgannto copy the
remainingold annotations t@ut, while once again discarding yanew annotations that occur during this
interval.

ENVIRONMENT

It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

SEE ALSO

bxb(1), setwfdb(1), wfdbcollat€1)

AUTHOR

George B. Moody (george@mit.edu)

SOURCE
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NAME

mxm — ANSI/AAMI-standard measurement-by-measurement annotation comparator
SYNOPSIS

mxm -r record -a reference-annotator test-annotatpoptions ...]
DESCRIPTION

This program implements the measurement-by-measurement comparison algorithm specified
ANSI/AAMI EC38:1998, the American National Standard for ambulatory ECGsvétwating heart rate
measurements. Itsse is not restricted to comparisons of these particular types of measuremeatss; ho

if other types of measurements (e.g.\HReasurements) ar@alable, they may be compared in the same
way by mxm.

Input to this program consists ofdvennotation files associated with the sameeord. One of these is des-
ignated theeferenceannotation file, the other thiestannotation file.

Optionsinclude:

-f time Begin the comparison at the specifiede (default: 5 minutes after the beginning of the record).
-h Print a usage summary.

-l file  Append a line-format report fde (see below).

-L file Same asl file.

-mn  Compare measurement typédefault:n = 0).

-sfile  Append a standard-format reporffile (see below).

-t time Stop the comparison at the specifigde (default: the end of the record if it is defined, the end of
the reference annotation file otherwigé;timeis 0, the comparison ends when the end of either
annotation file is reached).

-u Calculate unnormalized RMS measurement error (see below).

mxm reads the annotation files, ignoring all annotatiotept for those wittanntyp= MEASURE and
subtyp= n (wheren is the measurement type selected usingrtheption). Themeasurements to be com-
pared are extracted from thexfields of these annotations, which should contain strings with the measure-
ments inscan{3) %If format (e.g.,'85", ‘*-12.4", **1.2e3"). A measurement error is calculated for each
test measurement by comparing it with the reference measurement that is nearestBy tefault, mxm

reports the normalized RMS measurement error (i.e., the square root of the sum of the square$eof the dif

ences between the test and reference measurements, divided by the sum of the reference meadtirements).
the -u option is gven, mxm reports the unnormalized RMS measurement error (the square root of the sum

of the squares of the differences between the test and reference measurements, divided by the number of
test measurements); this may be useful if the measurement has a zero mean (or a mean value that is signifi-

cantly smaller than the mean absoluédue). Themean reference measurement tmxim reports is the

mean of the reference measurements that are actually used in the comparison; since there is not necessarily
a me-to-one correspondence between test and reference measurements, some reference measurements may

not be included in the mean, and others may be included more than once.

If *-"is given as afile amument, reports are written on the standard outffuto options are specified,
mxm writes standard reports on the standard output\deut to using the optiors -). Theoutput gener
ated by selecting or -L includes column headings only iffiie other than -’ is specified, and only if the
specifiedfile does not alreadyxest. Inthis way, mxm can be used repeatedly to build up a line-format ta-
ble for multiple records, for further processingdwynstatg1).

DIAGNOSTICS
non-standad comparison selected
The-f, -t, and -u options modify the comparison in ways not permitted by the draft standard.

reference measurements haveozeean
Normalized RMS measurement error cannot be determifigdusing the-u option.
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ENVIRONMENT
It may be necessary to set and export the shell vangbeB (seesetwfdb(1)).

SEE ALSO
bxb(1), ecgeval (1), epicmp(1), rxr (1), setwfdb(1), sumstatg1)
Evaluating ECG Analyzerén theWFDB Applications Guide
American National StanddrANSI/AAMI EC38:1998, Amitatory Electpcardiographs available from
AAMI, 1110 N Glebe Road, Suite 220, ArlingtorA¥22201 USA (http://www.aami.org/).

AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/mxm.c
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NAME

nguess — guess the times of missing normal beats in an annotation file
SYNOPSIS

nguess -rrecord -a input-annotatof options... ]
DESCRIPTION

This program copies its input (a WFDB annotation file containing beat annotationsyjngmonotations

of events other than sinus beats, and interpolating additional Q (wmkbeat) annotations at times when
sinus beats arexpected. Interals between sinus beats are predicted using a predictor array as described by
Paul Schluter ("The design and/auation of a bedside cardiac arrhythmia monitor”; Ph.D. thesis, MIT
Dept. of Electrical Engineering, 1981When the predictions are inconsistent with the known sinus beats,
as may occur in extreme noise or in highly irregular rhythms such as atrial fibrillation, no interpolations are
made.

Options fornguessinclude:
-f time Begin at the specifietiime By default,nguessstarts at the beginning of the record.
-h Print a usage summary.

-mM Insert Q annotations in the output at the inferred locations of sinus beats only when the input RR
interval exceedsM times the predicted RR interval (deft: M = 1.75). M must be greater than 1;
its useful range is roughly 1.5 to 2.

-0 output-annotator
Write output to the annotation file specifieddutput-annotatofdefault:nguess.

-t time Stop at the specifietine

It should be understood that, as the name of this program implies, the Q labels it generates represent, at
best, good guesses about the times at which sinus beats mayebeed. Ideallyone should @oid having

to male such guessesub some commonly-used techniques for study of heart rate variabilityxéiorpte,
cornventional methods for power spectral density estimation in the freguEmain) require a uniformly
sampled instantaneous heart rate signal, such as can be obtainethelgibgto process the output of
nguess Other techniques, such as the Lomb periodogram method implemenrtedtii), can obtain fre-

gueng spectra from time series with missing and irregularly spaeéges, such as can be produced from a

beat annotation file usinigr (1) without the need to useguess Usenguessonly when necessary and do

not expect it to perform miracles; as a rule of thumb, if the number of guesses (Q annotetEe®) ene

or two percent of the number of known sinus beats (N annotations), be exceedanglgfithe guesses and
consider using techniques suchlasb(1) that do not require the use mjuess Also as a general rule,
nguessworks best when it is guessing the locations of sinus beats obscured by noise, or those of sinus beats
that were inhibited by isolated prematuentricular beats; the underlying hypothesis of a quasi-continuous
sinus rhythm, the basis not only mjuessbut also of all other algorithms for reconstructing NN intdrv

time series, is most suspect in the context of sieeptdcular ectopic beats (which may reset the SA node,

thus interrupting the sinus rhythm) and conseewimtricular ectopic beats.

The predictor array method is based on the observation that most of the short-term variability in norma