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Introduction

Most of this guide consists of UNIX man pages that describe the applications included in the WFDB (Waveform
Database) Software Package (and related software from PhysioToolkit). This introduction contains important infor-
mation about how to interpret the material in the main sections of the guide, and about common conventions for
using all of the WFDB applications that are not described in the main sections. The FAQ that follows this introduc-
tion contains additional information that will be particularly 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 of the UNIX Reference Manual: section 1 contains programs,
section 3 contains libraries, and section 5 contains file formats. In the UNIX Reference Manual, sections 2 and 4
are reserved for system calls and device interfaces respectively; these sections do not exist in this guide. Following
convention, a citation such as rdann(1) refers to the page titled rdann in section 1 of this guide.

A man “page” may span more than one physical page, although most do not. Each man page in section 1 of this
guide documents one or more applications, as indicated in the NAME section at the top. The SYNOPSIS appears
next; it illustrates the form of the command line needed to run the application. In the synopsis, boldface indicates
text to be typed as is, and italics indicate replaceable arguments; brackets ([], which are not to be typed) surround
arguments that may be omitted, and ellipses (...) follow arguments that can be repeated. The DESCRIPTION
sections are intentionally terse; this is a reference manual and not a tutorial introduction to the software described
within. In those cases for which relevant tutorial material exists elsewhere, references appear in the SEE ALSO
sections of each man page. A unique feature of this guide is the SOURCE section at the end of each page, which
provides a URL where you may find the current version of the source(s) for each application.

On each page, the footer indicates the date when that page was last revised, and (in most cases) the version of
the WFDB Software Package that was current at that time. An old date and version number do not mean that the
page is out-of-date; rather they mean that the material described on that page remains current.

Under GNU/Linux, Mac OS X, or Unix, if the WFDB Software Package has been installed on your system, you
can also access the information contained in the main sections of this guide using man and related programs. For
example, to see the manual page for rdsamp, run the command

man rdsamp

(This also works under MS-Windows if you have installed the Cygwin package, which includes the man utility for
formatting and reading manual pages.) In some cases you may need to add /usr/local/man to your MANPATH
environment variable, in order to make these pages accessible to man.

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

Using WFDB Applications

If you have not used any of these programs before, you may need to set up your environment properly so that WFDB
applications can find their input files. See setwfdb(1) in this guide for information about doing this; a more detailed
discussion may be found in the first chapter of the WFDB Programmer’s Guide, in the section about the database
path. Most users will not need to do this, however.

WFDB 10.7.0 10 June 2022 v
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Certain types of command-line arguments are used by many of the applications described in this guide. These

include:

record

Where this appears, substitute the name of a WFDB record. A record name is not a file name! The first
part of the name of a .hea file is the name of the record to which the .hea file belongs; so the record name
corresponding to ‘100.hea’ is ‘100’. For example, MIT-BIH Arrhythmia Database record names are 3-digit
numbers, AHA Database record names are 4-digit numbers, and European ST-T Database record names begin
with lowercase ‘e’, followed by a 4-digit number. Record names may contain letters, digits, and underscores.
Case is significant in record names that contain letters, even in environments such as MS-Windows for which
case translation is normally performed by the operating system on file names; thus ‘€0104’ is the name of a
record found in the European ST-T Database, whereas ‘E0104’ is not. Once again: a record name is not a file
name; record names never include an extension (.hea, .dat, etc.).

Wherever a record name can be supplied to a WFDB application, you may include path information if nec-
essary. For example, if the WFDB path includes the current directory, and if the current directory includes
a subdirectory named ‘my_records’, and that directory contains a record named ‘record_23’, you can supply
‘my_records/record_23’ as a record argument. See the WFDB Programmer’s Guide for further details on
record names.

Each PhysioBank database directory includes a text file named RECORDS, which lists the record names for
all records in that directory.

annotator

time

Where this appears, substitute an annotator name. Annotator names are not file names! The suffix (ex-
tension) of the name of an annotation file is the annotator name for that file; so, for example, the annotator
name for ‘e0104.atr’ is ‘atr’. The special annotator name ‘atr’ is used to name the set of reference annotations
supplied by the database developers. Other annotation sets have annotator names that may contain letters,
digits, and underscores, as for record names.

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

Where this appears, substitute a string in standard time format. Time arguments generally specify elapsed
times from the beginning of the record (for exceptions to this rule, see the section on the strtim 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
$12345 12345 sample intervals
e time of the end of the record

signal

Where this appears, substitute a signal number or (in most cases) a signal name. Signal numbers are integers;
the first signal in each record is signal 0. In printed documentation for the databases, signals always appear
with signal O at the top, signal 1 beneath, etc. Signal names are the strings printed by signame(1).

signal-list

vi

Where this (or ‘signal ...”) appears, you may specify more than one signal in any desired order; separate
the signal numbers or names using spaces. Unless otherwise noted, a signal may appear more than once,
or not at all, in a signal list. In most cases, the end of the signal list is unambiguous (since signal numbers
are never negative, and signal names rarely if ever begin with ’-’, an option argument beginning with ’-’ is a
reliable indicator). In unusual cases, you may need to arrange options so that the signal list is at the end of the
command, or so that it is followed by an argument that cannot be interpreted as a signal number.

10 June 2022 WFDB 10.7.0
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Frequently Asked Questions
(and Frequently Exclaimed Exclamations)

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

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

By far the best way to use these programs under MS-Windows is to install a Unix-compatible terminal emulator
and shell in which to run them. The best of these is also free; if you have not already done so, download and install
the Cygwin software package from http://www.cygwin.com/. This package includes bash, the GNU Bourne Again
Shell and a terminal emulator in which to run it. After a standard installation of Cygwin, you can launch a terminal
emulator and bash by clicking on the Cygwin icon that will have been installed on your desktop.

If you do not wish to use Cygwin, it is possible to run these applications within a DOS box, but there are many
limitations of command.com that may prove frustrating. In particular, command.com supports a relatively small
space for environment variables that is not secure against buffer overruns, 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 to the WFDB library, including rdsamp(1) and rdann(1).
In order to read data files, these applications need to find a header (.hea) file for the input record you specify. The
message indicates that the header file was not found in any of the expected places, or that it was unreadable. There
are three common reasons why this can happen:

e The record name supplied to the application is not correct. Record names are not file names (if this doesn’t
sound familiar yet, go back and read the introduction again). If you wish to read, for example, a signal file
named slp60.dat using rdsamp, you must specify the name of the record to which this file belongs (slp60)
after the -r option, and not the name of the file itself. Whatever follows init: can’t open header for ...”” is what
the application thinks is the name of the record you wish to read. Also, be aware that case matters in record
names, even under operating systems that ignore case in file names. Thus "SLP60” is not a valid record name;
’slp60” is.

e The header file is missing. If you download signal (.dat) or annotation (.atr, .qrs, etc.) files, be sure to
download the corresponding .hea files from the same locations.

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

in the WFDB Programmer’s Guide.
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How can I 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 typing commands 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 have captured the output of a program by
redirecting it to a file, like this:

foo >bar

The > operator redirects foo’s standard output (which would normally appear on-screen) into a file named bar.
If bar exists already, its contents are replaced. If you wish to append foo’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 program’s standard input (which would normally be read from
whatever you type on the keyboard) to be read from a file instead:

baz <bar

Here, the < operator arranges for baz to read its input from a file named bar. If bar was created by foo, then
this command allows baz to read foo’s output.
You can combine input and output redirection in a single command using the pipe (|) operator:

foo | baz

This command runs foo and sends its standard output directly to baz, without requiring an intermediate file.
True multitasking operating systems such as Unix and GNU/Linux allow both programs to run (apparently) simul-
taneously; under MS-DOS or MS-Windows, the first program runs to completion before the second one begins
execution.

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

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

Where else can I find answers to my questions about this software?
If you haven’t read the introduction to this guide yet, do so now. It answers many frequently asked questions
by describing the common behavior of many of the WFDB applications. It also describes the typographic and
organizational conventions used in the remainder of this guide.

Many more questions are asked and answered in the PhysioNet FAQ (http://www.physionet.org/faq.shtml).

viii 10 June 2022 WFDB 10.7.0
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NAME

a2m, ad2m, ahaconvert, ahaecg2mit, m2a, md2a — converting between AHA DB and WFDB formats

SYNOPSIS

To read from an AHA DB DVD:
ahaecg2mit [ -s | ahafile.* ...

To read from an AHA DB CD:
ahaconvert ahafile.cmp ...

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

To convert a WFDB record to AHA tape format:
m2a -r record -a WFDB-annotator AHA-annotator | options ... ]
md2a -o ahafile -r record | options ... ]

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

single-file (.txt) format
Developed by ECRI for distributions of the AHA DB on DVDs (ca. 2012) as a successor to the
earlier .ecg format (below); this format can be read by ahaecg2mit.

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 floppy disks (ca. 1990) and
CDs (ca. 1995); this format can be read by ahaconvert (using a2m and ad2m).

tape format
Originally specified by the creators of the AHA DB at the Biomedical Computing Laboratory
(BCL) at Washington University in St. Louis. This format was also used for tape distributions of
the MIT-BIH Arrhythmia Database from 1980-1989; it can be read by a2m and ad2m, and written
by m2a and md2a.

The AHA DB consists of a development set of 80 records (which were created by the BCL between 1976
and 1983 and have been distributed by ECRI since then) and a test set of 75 records (also created by the
BCL between 1976 and 1983, but not distributed until about 20 years later). Each record contains two si-
multaneous ECG signals that have been digitized for three hours continuously, and beat annotations for the
final 30 minutes of the signals in each record. The records have been distributed in two versions: a long
version (records named nOnn and nlnn) containing the full three hours of signals, and a short version
(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 on DVDs, so the tape and compressed formats are primarily of
historical interest. The programs described below convert these formats into WFDB (also known as Phys-
ioBank or MIT) format. Long version input files can be converted in their entirety, or these programs can
create short version records from either long or short version inputs. The last two programs below convert
WEFDB records to AHA tape format (conversion to AHA DB DVD and CD/floppy disk distribution formats
is not supported). All of these programs print a brief usage summary if invoked with no command-line ar-
guments, or with a -h option.

Note that records in WFDB format can be excerpted and reformatted in more generally useful ways using
snip(1) or xform(1).

WFDB 10.5.14 2 August 2012 1
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DVD FORMAT
ahaecg2mit
Use ahaecg2mit to convert .txt or .ecg files from an AHA DB DVD into WFDB-compatible records. One
or more input filenames may be supplied as command-line arguments; each specified input file is converted
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 is -s, then ahaecg2mit produces short-form records with the correct
(n2nn or n3nn) record names.

If the .txt or .ecg files are not in the current directory, give their full pathnames. The output files are always
written to the current directory, so be sure 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
ahaconvert
Use ahaconvert to convert one or more records from an AHA DB CD-ROM into WFDB format. Run aha-
convert without any command-line arguments for instructions, or see the examples below. Note: ahacon-
vert is a shell script; to use it successfully, you will need to have a shell (standard with all versions of
Unix, and included in the free Cygwin package for MS-Windows) as well as ad2m and a2m, which per-
form the actual work of the conversion.

a2m
Use a2m to convert AHA-format annotation files from tapes, floppy disks, or CDs into WFDB format. Op-
tions for a2m include:

-s time Shift annotations forward by the specified fime (default: no shift for type O input files, 5 minutes
for type 1, 2 hours and 30 minutes for type 2; for type 3, the default is 5 minutes if record is of the
form n2nn or n3nn, or 2 hours and 30 minutes if record is of the form nOnn or nlnn).

-t rype  Convert an input file of the specified type (0: a file produced by a WFDB application using putann
and WFDB_AHA_WRITE mode; 1: an AHA DB ‘short format® tape file; 2: an AHA DB ‘long
format’ tape file; 3: an AHA DB compressed (.ano) CD-ROM or floppy disk file). Input files of
types 1, 2, and 3 are assumed to contain annotation times in milliseconds, which are converted to
sampling intervals based on an assumed sampling frequency of 250 Hz. Default: type 3 is as-
sumed if ahafile ends with .ANO or .ano; type 0 is assumed otherwise.

ad2m
Use ad2m to convert AHA-format signal files from tapes, floppy disks, or CDs into WFDB format. Op-
tions for ad2m include:

-c Convert an AHA DB compressed (.cmp) floppy disk file (this is the default if ahafile ends with
.CMP or .cmp, otherwise ad2m assumes that the input is a file in AHA DB tape format).

-f time Begin converting at the specified time relative to the beginning of the input file (default: 0, i.e., at
the beginning of the input file)

-t time  Stop converting at the specified time relative to the beginning of the input file (default: 35 minutes
after the starting time if record is of the form n2nn or n3nn, 3 hours if record is of the form nOnn
or nlnn, or the end of the input file, whichever comes first).

m2a
Use m2a to convert WFDB-format annotation files into AHA tape format. Options for m2a include:

-s time  Shift annotation times backward by the specified time, and convert them from sample intervals to
milliseconds.

2 2 August 2012 WFDB 10.5.14
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md2a
Use md2a to convert WFDB-format signal files into AHA tape format. Options for md2a include:

-n new-record
Create a new 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 variable WFDB (see setwfdb(1)).

EXAMPLES
AHA Database DVD
If the DVD is accessible as /media/dvd/, either
ahaecg2mit -s /media/dvd/*.txt
or (for DVDs written in the older format):
ahaecg2mit -s /media/dvd/*.ecg
makes a complete set of short-version records in the current directory. (Omit the -s to make a set of long-
version records instead.) Under Windows, within a Cygwin window, the DVD is accessible as /cygdrive/d/
(or /cygdrive/e/, etc., depending on the drive letter that Windows has assigned), so the same task can be
done under Windows by
ahaecg2mit -s /cygdrive/d/*.txt

AHA Database CD
AHA DB CDs contain both long and short versions of each record. In most cases, you will want to convert
only one version of each record. To convert the short-version records only, if the contents of the CD-ROM
are available at /mnt/cdrom, type:
ahaconvert /mnt/cdrom/?[23]??.cmp
(The pattern *?[23]??* matches the record names of the short-version records.)

To convert the long-version records only, type:
ahaconvert /mnt/cdrom/?[01]??.cmp

AHA DB floppy disk

To make a version of AHA DB record 1201 in WFDB format, given the distribution floppy disk, copy the
files 1201.ano and 1201.cmp to the current directory, then type:

ad2m -i 1201.cmp -r 1201 -c

a2m -i 1201.ano -r 1201 -a atr -t 3
These commands produce files 1201.dat (the signal file), 1201.hea (the header file), and 1201.atr (the ref-
erence annotation file), all in the current directory. Run ad2m first, so that the new header file is available
for the use of a2m. (In this example, note that the options ’-r 1201°, ’-c’, and ’-t 3’ are redundant unless
you have renamed the input files, since ad2m and a2m recognize the record name and file types from the
suffixes otherwise.)

AHA DB short version tape

To obtain the same files given a ‘short version’ 9-track distribution tape, copy the second and third files
from the tape into files 1201.tap and 1201.ann in the current directory, then 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 arbitrary, but do not use names of files to be generated by
ad2m or a2m (see the previous example). Note that the first and fourth files on the distribution tape con-
tain an ‘id’ block, which can be read by readid (a program included in the convert 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, always in the same order within each set.
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AHA DB long version tape
To make a version of the three-hour AHA DB record 1001 in WFDB format, given the ‘long version’ distri-
bution tape, copy the second and third files from the tape into files 1001.tap and 1001.ann in the current di-
rectory, 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 prevent ad2m from truncating the signal file after the first 35 minutes.

Converting AHA DB long version tapes to short version records

To make a version of AHA DB record 1201 in WFDB format, given a ‘long version’ 9-track distribution
tape containing the corresponding three-hour record 1001, copy the second and third files from the tape into
files 1001.tap and 1001.ann in the current directory, then type:

ad2m -i 1001.tap -r 1201 -f 2:25:0

a2m -i 1001.ann -r 1201 -a atr -t 1
In this case, the -f option instructs ad2m to skip the first two hours and 25 minutes of the ‘long-version’
AHA signal file, and to reformat the remainder (equivalent to the 35-minute ‘short-version’ record). The -t
1 option is used with a2m 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, make the long version first (see above), then type:

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

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

copy 1001.hea 1201.hea
and edit 1201.hea, replacing ‘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 ‘byte offset’ field in header(5)). Although
each version needs its own header and reference annotation files, the long-version signal file can be shared
with the short version, allowing a substantial savings in storage requirements. Note that WFDB application
programs that read the ‘short version’ record 1201 signal file may report signal checksum errors at the end
of the record, unless you also recalculate the signal checksums (easily done using snip(1) to copy the
record; delete the copy once the checksums have been obtained).

AVAILABILITY
These programs are provided in the convert directory of the WFDB Software Package. Run make in that
directory to compile and install them if they have not 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/convert/a2m.c
http://www.physionet.org/physiotools/wfdb/convert/ad2m.c
http://www.physionet.org/physiotools/wfdb/convert/ahaconvert
http://www.physionet.org/physiotools/wfdb/convert/ahaecg2mit.c
http://www.physionet.org/physiotools/wfdb/convert/m2a.c
http://www.physionet.org/physiotools/wfdb/convert/md2a.c
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NAME

ann2rr, rr2ann — convert 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, but they have a wider range of uses.

ann2rr
Use ann2rr to extract a list of intervals, in text format, from an annotation file. By default, the intervals are
listed in units of sample intervals (use sampfreq(1) to determine the sampling frequency of the input record
if necessary). Options for ann2rr include:

-A Print all intervals between annotations. By default, ann2rr prints only RR intervals (those be-
tween QRS (beat) annotations). This option overrides the -¢ and -p options.

-c Print intervals between consecutive valid annotations only. (See discussion below.)
-f time Begin at the specified time. By default, ann2rr starts at the beginning of the record.
-h Print a usage summary.

-i format
Print intervals in the specified format. By default, intervals are printed in units of sample intervals.
Other formats include s (seconds), m (minutes), h (hours), and t (time interval in hh:mm:ss for-
mat). Formats s, m, and h may be followed by an integer between 0 and 15 inclusive, specifying
the number of decimal places (default: 3). For example, use the option -is8 to obtain intervals in
seconds with 8 decimal places.

-p type [ type ... ]
Print intervals ended by annotations of the specified fypes only. The type arguments should be an-
notation mnemonics (e.g., N), as normally printed by rdann(1) in the third column. More than
one -p option may be used in a single command, and each -p option may have more than one type

argument following it. If type begins with ““-”’, however, it must immediately follow -p (standard
annotation mnemonics do not begin with “-”’, but modification labels in an annotation file may de-
fine such mnemonics).

-P type [ type ... ]

Print intervals begun by annotations of the specified rypes only.
-t time  Stop at the specified time.

-v format
Print final times (the times of occurrence of the annotations that end each interval). This option
accepts all of the formats defined for -i, as well as T (to print the date and time in [hh:mm:ss
dd/mm/yyyy] if the starting time and date have been recorded in the header file for record). 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 that begin each interval). Any of the
formats usable for the -v option may be used with -V. If this option is chosen, the times appear at
the beginning of each line of output.

-W Print final annotations (the types (N, V, etc., as for -p above) of the annotations that end each in-
terval), immediately following the intervals in each line of output.

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

The -c¢ option, used without the -p option, causes ann2rr to filter out intervals between beats that have
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intervening non-beat annotations, such as rhythm or signal quality change annotations. Used with the -P
and -p options, the -¢ option causes ann2rr to reject intervals between annotations of the type(s) specified
by -p if there are annotations of any other types intervening; thus, for example, ““-c -P N -p N’ yields only
intervals between consecutive normal beats, and intervals between pairs of normal beats surrounding an ec-
topic beat are discarded from the output. As another example, “-c -P N -p V"’ yields premature ventricular
coupling intervals only (a coupling interval is the interval between a normal beat and an immediately fol-
lowing premature ventricular contraction).

The default output contains a single column of intervals only; by using the -v, -V, -w, and -W options, up
to five columns, separated by tabs, may be output. The order of the columns is fixed (initial times, initial
annotations, intervals, final annotations, final times).

rr2ann

Use rr2ann to create an annotation file from the standard input, which should usually be a list of intervals
in the format produced by ann2rr. (For exceptions, see -T, -w, and -x below.) The first token on each line
is taken as an interval, and (if the -w option is present) the second token is taken as an annotation mne-
monic; anything else on the same line is ignored, as are empty lines, spaces and tabs at the beginning of a
line, non-numeric tokens and anything following them on the same line, negative intervals, and zero inter-
vals. The output consists of a binary annotation file (record.annotator), and (if it does not exist already) a
text header file (record.hea). Options for rr2ann include:

-F frequency
Assume the specified sampling frequency. This option has no effect unless it is necessary for
rr2ann to create a header file; in this case, a sampling frequency of 250 Hz is assumed if the -F
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 mnemonic (N, V, etc.) in the second column of the input (in the

format produced by ann2rr using its -w option).

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

Note that wrann(1) also provides a way to generate an annotation file from text. Unlike that of rr2ann,
wrann’s input format permits specifying annotation subtypes and other fields.

ENVIRONMENT

It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).
FILES

record.hea header file

record.annotator annotation file
AVAILABILITY

These programs are provided in the app directory of the WFDB Software Package. Run make in that di-
rectory to compile and install them if they have not been installed already.

The PhysioNet ATM (http://physionet.org/cgi-bin/ATM) provides web access to ann2rr (select Show RR
intervals as text from 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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bxb — ANSI/AAMI-standard beat-by-beat annotation comparator

SYNOPSIS

bxb -r record -a reference-annotator test-annotator | options ... |

DESCRIPTION

Using options -C, -L, or -S, bxb implements the beat-by-beat comparison algorithms described in
ANSI/AAMI EC38:1998, the American National Standard for Ambulatory ECGs, and in ANSI/AAMI
EC57:1998, the American National Standard for Testing and Reporting Performance Results of Cardiac
Rhythm and ST Segment Measurement Algorithms. bxb 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, section 4.2). The -C, -L,
and -S options also gather statistics on RR interval errors, which were considered for inclusion in EC38, but
were eventually dropped from it.

Input to this program consists of two annotation files associated with the same record. One of these is des-
ignated the reference annotation file, the other the test annotation file (called the ‘algorithm’ annotation file
in EC38 and in EC57).

Options include:
-c file  Append condensed reports (EC57 Table A.2.1 format) to file.
-Cfile As for -c, but report RMS RR interval error and SVEB statistics also.

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

-h Print a usage summary.

-1filel file2
Append line-format reports (EC57 Tables A.2 and A.3 format) to filel and file2 respectively (see
below).

-L filel file2
As for -1, 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).

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

-t time  Stop the comparison at the specified time (default: the end of the record if it is defined, the end of
the reference annotation file otherwise; if time is 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 the match window (default: 0.15 seconds; see below).

The statistics gathered by bxb are based on tallies of ‘matching’ annotations in the reference and test anno-
tation files. Matching annotations need not have exactly equal annotation times; the match window speci-
fies the maximum absolute difference in annotation times that is permitted for matching annotations. bxb
measures the total shutdown time in the test annotation file as the sum of all intervals that begin with a
‘shutdown’ annotation and that end with a ‘resume’ annotation. (If a period of shutdown does not end be-
fore the end of the record, the creator of the annotation file should nevertheless write a ‘resume’ annotation
at the end of the record, in order to permit correct shutdown accounting.) This program follows the conven-
tion for ‘shutdown’ and ‘resume’ annotations adopted for reference annotation files of the European ST-T
database, a convention compatible with that established for the MIT-BIH Arrhythmia Database: ‘shutdown’
annotations are NOISE annotations with bits 4 and 5 (i.e., the ‘16’ bit and the ‘32’ bit) of the subtype field
both set; ‘resume’ annotations are NOISE annotations with any other subtype. The convention used in
AHA Database reference files, in which unreadable intervals are marked by only one ‘shutdown’ annotation

24 November 2002 WFDB 10.3.0



BXB(1) WEFDB Applications Guide BXB(1)

placed near the middle of the interval, is also acceptable; in this case, shutdown is assumed to begin 150 ms
after the previous annotation, and it is assumed to end 150 ms before the following annotation.

b}

At most one of -c, -C, -1, -L, -O, -s, and -S can be given as an option. If ‘-’ is given as a file argument, re-
ports are written on the standard output. If no options are specified, bxb writes standard reports on the
standard output (equivalent to using the option -s -). The output generated by selecting -l or -L includes
column headings only if a file other than ‘-’ is specified, and only if the specified file does not already exist.
In this way, bxb can be used repeatedly to build up a line-format table for multiple records, for further pro-
cessing by sumstats(1).

The -0 option produces an output annotation file with annotator name bxb. The output annotation file con-
tains exact copies of all of the test annotator’s beat labels that match those of the reference annotator, as
well as NOTE annotations that describe all mismatches. Mismatched annotation types are mapped into the
AAMI ‘test label’ mnemonics (N, V, F, Q, O, and X if the -C, -L, or -S option is also specified, the mne-
monics also include S). The ‘aux’ field of each NOTE annotation indicates the element of the confusion
matrix in which the mismatch is tallied (e.g., Nv represents an eventcalled a normal beat by the reference
annotator and a ventricular ectopic beat by the test annotator). NOTE 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 labels but all
others as well. No summary report is produced if -O is specified. NOTE annotations produced using -O
contain unmapped annotation mnemonics from the input annotation files. This option, if used together with
-f 0 -w 0, identifies all discrepancies between a pair of annotation files. It can be especially useful for de-
veloping reference annotation files for new records.

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 la-
bels, and the numbers indicate the fime fields (sample numbers) of the reference and test annotations re-
spectively. Note that O and X mnemonics are generated by bxb 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 variable WFDB (see setwfdb(1)).

DIAGNOSTICS
non-standard comparison selected
The -f, -0, -t, and -w options modify the comparison algorithm used by bxb in ways not permitted
by EC38 or EC57. These options are provided for the use of developers, 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), sumstats(1)
Evaluating ECG Analyzers (in the WFDB Applications Guide)
American National Standard ANSI/AAMI EC38:1998, Ambulatory Electrocardiographs
American National Standard ANSI/AAMI EC57:1998, Testing and Reporting Performance Results of Car-
diac Rhythm and ST Segment Measurement Algorithms
The last two publications are available from AAMI, 1110 N Glebe Road, Suite 220, Arlington, VA 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 -r record [ options ... |

DESCRIPTION

calsig (formerly known as calibrate) 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 calibration file. Normally, calsig is used by specifying a time interval for the measurements; best results
will be achieved if the specified interval is restricted to one or more square-wave calibration pulses in each
signal to be calibrated, although sine-wave pulses may be usable if the sampling frequency and/or ADC res-
olution is high enough.

The program constructs a smoothed amplitude histogram for each signal and identifies its two principal
modes. Initially, each bin of the histogram counts the number of samples in the analysis interval for which
the amplitude has a specified value. The histogram is smoothed by applying a low-pass filter that replaces
the contents of each bin by a weighted sum of fifteen bins centered on the bin of interest. The two principal
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 mode. If this criterion is not satisfied for a given signal, calsig warns the user
and does not adjust the gain or baseline for the affected signal.

If a signal list is specified using the -s option (see below), only the specified signals are calibrated, and the
gain, baseline, and units fields for any other signals are left unchanged. Thus, if calibration pulses are not
simultaneously available in all signals to be calibrated, calsig may be run repeatedly with different time in-
tervals and signal lists.

Options include:

-c file  Obtain calibration pulse specifications from the specified file (see wfdbcal(5); default: obtain this
information from the file specified by the environment variable WFDBCAL, or interactively).

-f time Begin at the specified time in record (default: the beginning of record).
-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 specified by -f and -t) as representative of 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 amplitudes over the inter-
val specified by -f and -t. This method may be easier to use than -q for signals with significant
high-frequency content, since it does not require precise location of signal extrema. As noted
above, the standard method is more accurate if it can be used.

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

-t time  Process until the specified time in 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 variables WFDB and WFDBCAL (see setwfdb(1)).

Calibration files must be located in one of the directories named in WFDB, the database path. If the envi-
ronment variable WFDBCAL is set, it names a calibration file that will be read unless the -¢ option is used
to specify a different calibration file. At most one calibration file is read; if more than one -¢ option is
given, only the last one is effective. If the calibration file does not contain an entry for the type of signal to
be calibrated, calsig obtains the information from the user interactively. If the calibration file contains two
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-spectrum of two time series

SYNOPSIS

coherence -i file [ options ... |

DESCRIPTION

coherence estimates 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 time series. The file ar-
gument specifies the name of a text file containing the samples of the series in two columns. The standard
output contains five columns of numbers (optionally preceded by column headings), which are frequency
(Hz), coherence, cross-spectral power (dB), autospectral power (dB) of the first time series, and autospec-
tral power (dB) of the second time series.

This program is based on a Fortran program by C.R. Arnold, G.C. Carter, and J.F. Ferrie, as described in ‘A
coherence and cross-spectral estimation program’, by G.C. Carter and J.F. Ferrie, in Programs for Digital
Signal Processing, edited by the Digital Signal Processing Committee of the IEEE ASSP Society (New
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 M.T. Dolan, as described by them in ‘Fast Fourier
transform algorithms’, also included in Programs for Digital Signal Processing.

Options are:

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

-nn Process the input in overlapping chunks of n samples (default: 1024). For best results, n should be
a power of two.

-v Print column headings.

-x sx sy Specify multiplicative scale factors for the two time series (defaults: 1). A reasonable choice is to
use the reciprocals of the standard deviations of the respective time series if these differ signifi-
cantly.

Note that the scale factors generally have little or no visible effect on the coherence or on the shape of the
spectra. The choice of chunk size (using the -n option) will have a significant effect; some experimenta-
tion may be needed to determine an appropriate chunk size in each case.

SEE ALSO

£Fe(1)

AUTHOR

George B. Moody (george @mit.edu)

SOURCE

12

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

dfa — detrended fluctuation analysis

SYNOPSIS
dfa [ option ... ]

DESCRIPTION
The method of detrended fluctuation analysis (DFA) has proven useful in revealing the extent of long-range
correlations in seemingly irregular time series.

Briefly, the time series to be analyzed is first integrated. Next, the integrated time series is divided into
boxes of equal length, n. In each box of length n, a least squares line (or polynomial curve of order k) is fit
to the data (representing the trend in that box). Next, we detrend the integrated time series by subtracting
the local trend in each box. The root-mean-square fluctuation of this integrated and detrended time series is
calculated and denoted as F(n).

This computation is repeated over all time scales (box sizes), from n = minbox to n = maxbox, to character-
ize the relationship between F(n), the average fluctuation, and n, the box size. Typically, F(n) will increase
with box size n. A linear relationship on a log-log plot indicates the presence of power law (fractal) scal-
ing. Under such conditions, the fluctuations can be characterized by a scaling exponent, i.e., the slope of
the line relating log[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 two col-
umns of numbers, which are the base 10 logarithms of n and F(n). Note that dfa does not compute a scal-
ing exponent; to do so, fit the output to a line and measure its slope.

Options may include:

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

-h Print a usage summary and exit.

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

-1 minbox
Set the smallest box width. The default, and the minimum allowed value for minbox, is 2k + 2
(where k is determined by the -d option, see above).

-S Perform a sliding window DFA (measure the fluctuations using all possible boxes at each box
size). By default, fluctuations are measured using non-overlapping boxes only. Using the -s op-
tion will make the calculation much slower.

-u maxbox
Set the largest box width. The default, and the maximum allowed value for maxbox, is one-fourth
the length of the input series.

SEE ALSO
The DFA method was first proposed in Peng C-K, Buldyrev SV, Havlin S, Simons M, Stanley HE, Gold-
berger AL. Mosaic organization of DNA nucleotides. Phys Rev E 1994;49:1685-16809.

A detailed description of the algorithm and its application to physiologic signals can be found in Peng C-K,
Havlin S, Stanley HE, Goldberger AL. Quantification of scaling exponents and crossover phenomena in
nonstationary heartbeat time series. Chaos 1995;5:82-87.

AVAILABILITY
dfa is available as part of PhysioToolkit under the GPL (see SOURCE below).

AUTHORS
JE Mietus (joe@physionet.org), C-K Peng, and GB Moody, based on C-K Peng’s original Fortran imple-
mentation.
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SOURCE
http://www.physionet.org/physiotools/dfa/dfa.c
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NAME

ecgeval — generate and run ECG analyzer evaluation script

SYNOPSIS

ecgeval

DESCRIPTION
This program generates a Bourne shell (sh(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 programs bxb(1), rxr(1), mxm(1), and epicmp(1), and then to produce sum-
mary reports by passing the outputs of these programs to sumstats(1) and plotstm(1).

ecgeval asks interactively for the annotator names, the name of the database to be used, and which optional
analyzer outputs are to be evaluated. It then creates the evaluation script, and offers the user a choice of
running the script immediately, or exiting (in order to review and perhaps edit the script before running it).

ENVIRONMENT
It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).

FILES
dblist
This file, which should be located in one of the directories named by WFDB, contains a list of the
available databases. Each entry is a line containing three tab-separated fields: the short name for
the database, the name of a file (which must also be in one of the directories named by WFDB)
containing a list of the record names for the database, and a longer name for the database. Empty
lines and lines beginning with ‘#’ are ignored. The version of this file distributed with 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 AHA Database for Evaluation of Ventricular Arrhythmia Detectors
AHAx DB  ahaxlist ~AHA Database (excluding paced records)

ESC DB esclist European ST-T Database

NST DB nstlist Noise Stress Test Database

CU DB culist Creighton University Sustained Ventricular Arrhythmia Database

SEE ALSO
bxb(1), epicmp(1), mxm(1), plotstm(1), rxr(1), setwfdb(1), sumstats(1)
Evaluating ECG Analyzers

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

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

ecgpuwave — QRS detector and waveform limit locator

SYNOPSIS

ecgpuwave -r record -a annotator [ options ... |

DESCRIPTION

ecgpuwave analyses an ECG signal from the specified record, detecting the QRS complexes and locating
the beginning, peak, and end of the P, QRS, and ST-T waveforms. The output of ecgpuwave is written as a
standard WFDB-format annotation file associated with the specified annotator. This file can be converted
into text format using rdann(1) or viewed using wave(1).

The QRS detector is based on the algorithm of Pan and Tompkins (reference 1) with some improvements
that make use of slope information (reference 2). Optionally, QRS annotations can be provided as input
(see option -i), permitting the use of external QRS detectors such as sqrs(1) or manually-edited annotations
(which can be created using wave(1)). The waveform limit locator is based on the algorithm described in
reference 3 and evaluated in references 3 and 4.

The output annotation file contains PWAVE ("p") and TWAVE ("t") annotations that indicate the P- and
T-wave peaks, as well as QRS annotations (NORMAL ("N") if generated by the built-in QRS detector, or
copies of the input QRS annotations if these were supplied). ecgpuwave classifies each T wave as type 0
(normal), 1 (inverted), 2 (positive monophasic), 3 (negative monophasic), 4 (biphasic negative-positive), or
5 (biphasic positive-negative); this numeric classification is written into the num field of each TWAVE an-
notation. The P, QRS, and T waveform onsets and ends are marked in the output annotation file using
WEFON ("(") and WFOFF (")") annotations. The num field of each WFON and WFOFF annotation desig-
nates the type of waveform with which it is associated: O for a P wave, 1 for a QRS complex, or 2 for a T
wave.

Options include:
-f time Begin at the specified time (default: the beginning of the record).

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

-n beat-type
Specify which beats to process (must be used together with -i): beat_type may be O (default:
process all beats) or 1 (process only beats labelled as NORMAL ("N") by the input annotator).

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

ENVIRONMENT

It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).

SEE ALSO

rdann(1), sqrs(1), wave(1), wqrs(1)

REFERENCES
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1. Pan J and Tompkins WJ. A Real-Time QRS Detection Algorithm. IEEE Transactions on Biomedical En-
gineering 32(3):230-236, 1985.

2. Laguna P. New Electrocardiographic Signal Processing Techniques: Application to Long-term Records.
Ph. D. dissertation, Science Faculty, University of Zaragoza, 1990.

3. Laguna P, Jané R, Caminal P. Automatic Detection of Wave Boundaries in Multilead ECG Signals: Vali-
dation with the CSE Database. Computers and Biomedical Research 27(1):45-60, 1994.

4. Jané R, Blasi A, Garcia J, and Laguna P. Evaluation of an automatic threshold based detector of wave-
form limits in Holter ECG with the QT database. Computers in Cardiology 24:295-298 (1997; available at
http://www.physionet.org/physiobank/database/qtdb/eval/ )
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AVAILABILITY
ecgpuwave is available as part of PhysioToolkit under the GPL (see SOURCE below).

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

SOURCE
http://www.physionet.org/physiotools/ecgpuwave/src/
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NAME

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

SYNOPSIS

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

DESCRIPTION

18

These programs convert EDF (European Data Format) files into WFDB-compatible files (as used in Phys-
ioBank) and vice versa. European Data Format was originally designed for storage of polysomnograms.

edf2mit reads the specified edffile and creates WFDB-compatible signal and header files containing the
same data. Options for edf2mit include:

-b Input is in big-endian byte order (default: little-endian).
-h Print a brief usage summary.
-1 record

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

-s signal-list
Copy only the signals named in the signal-list (one or more input signal numbers, separated by
spaces; default: copy all signals). Signals are numbered consecutively beginning with zero. This
option may be used to re-order or duplicate signals.

-v Verbose mode (print debugging output).

mit2edf reads the specified WFDB-format record (header and signal files) and creates an EDF file contain-
ing the same data. Output from mit2edf is always in the standard little-endian format. Options for
mit2edf include:

-h Print a brief usage summary.
-0 file  Write output to the specified file (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 these conversion programs. Also note that use of the
standard signal and unit names specified for EDF is permitted but not enforced by mit2edf.

Many EDF files contain signals at widely varying sampling frequencies. edf2mit handles these properly,
but the default behavior of most WFDB applications is to read such data in low-resolution mode (in which
all signals are resampled at the lowest sampling frequency used for any signal in the record). This is almost
certainly not what you want if, for example, the record contains EEG signals sampled at 200 Hz and body
temperature sampled at 1 Hz; by default, applications such as rdsamp and wave will resample the EEGs
(and any other signals in the record) at 1 Hz. To avoid this behavior, you can use the -H (high resolution)
option provided by rdsamp, wave, and a few other WFDB applications, or you can set the environment
variable WFDBGVMODE to 1 (or any 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 frequency used for any signal in the record).
Setting WFDBGVMODE works with all WFDB applications, not only those that support the -H option.
For further information, see the section titled "Multi-Frequency Records" in chapter 5 of the WFDB Pro-
grammer’s Guide.

Note that applications built using version 10.4.5 and later versions of the WFDB library can read EDF files
directly, so that the conversion performed by edf2mit is no longer necessary. The native WFDB files pro-
duced by edf2mit can be read more efficiently and with lower latency and memory requirements than the
EDF files; in most cases, however, the difference will not be noticeable.
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ENVIRONMENT
It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).

AVAILABILITY
These programs are provided in the convert directory of the WFDB Software Package. Run make in that
directory to compile and install them if they have not been installed already.

The PhysioNet ATM (http://physionet.org/cgi-bin/ATM) provides web access to mit2edf (select Export
signals as EDF from the Toolbox).

SEE ALSO
a2m(1), rdedfann(1), snip(1), xform(1), wfdb(3), header(5)

Bob Kemp, Alpo Virri, Agostinho C. Rosa, Kim D. Nielsen and John Gade. A simple format for exchange
of digitized polygraphic recordings. Electroencephalography and Clinical Neurophysiology
82:391-393 (1992).

Bob Kemp’s EDF web site (http://www.edfplus.info/). The definitive reference on the format; it includes
the full specification of EDF from the 1992 paper, sample EDF files, software for reading and
viewing them, FAQs, and much more.

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

SOURCES
http://www.physionet.org/physiotools/wfdb/convert/edf2mit.c
http://www.physionet.org/physiotools/wfdb/convert/mit2edf.c
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NAME

edr — derive a respiration signal from an ECG
SYNOPSIS

edr -r record -i annotator [ options ... ]
DESCRIPTION

edr derives a sample of a respiratory signal for each QRS complex in the 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 below for details of the algorithm.

edr reads the signal and annotation files specified by record and annotator, and writes another annotation
file, which is a copy of the input annotation file except that the num field of each beat annotation is re-
placed by an EDR sample.

If the beat annotations are not located at the QRS peaks, it will be necessary to set the window limits (the
offsets relative to the annotations between which the raw measurements for the EDR are taken), using the
-d option. By default, edr behaves as if the option -d -0.04 0.04 has been given (in other words, measure-
ments are taken over an 80 ms window beginning 40 ms (.04 seconds) before the annotation, and ending 40
ms after the annotation); this default is reasonable if the QRS annotations have been placed on or near the
QRS peaks or centroids. If edr is supplied with annotations generated by sqrs, or another method that
places the annotations near the PQ junction (the beginning of the QRS complex), the option -d 0 0.08 is
recommended.

For ECGs sampled at relatively low rates (e.g., 100-128 Hz, as is common for many long-term ECG record-
ings), it may be advantageous to base the EDR on the T-wave rather than the QRS complex, by choosing a
window such as -d -0.08 0.28 or -d -0.12 0.32 (for annotations placed at the QRS peaks or PQ junctions re-
spectively), since this permits an axis estimation based on a larger number of samples. Note that the use of
a negative value for dt/, as in these examples, allows the beginning of the EDR measurement window to be
placed after the QRS annotation.

Options include:

-d dtl dr2
Set the EDR measurement window relative to QRS annotations (defaults: dt/ = 0.04 (seconds be-
fore annotation), dt2 = 0.04 (seconds after annotation).

-f time Begin at the specified time (default: the beginning of the record).
-h Print a usage summary.
-0 ann  Use ann as the output annotator name (default: edr).
-s signal-list
Analyze only the signals named in the signal-list (one or more input signal numbers, separated by

spaces; default: analyze signals O and 1). If the signal-list contains more than two signals, only
the first two are analyzed.

-t time  Stop at the specified time.
-v Verbose mode: print individual measurements.

ENVIRONMENT
It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).

Example
edr -r 100 -i atr -f 0 -t 5:0
This command creates an annotation file named edr.100, containing a copy of the reference (atr) annota-
tion file for the first five minutes of record 100, 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 (see SOURCE below).
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SEE ALSO
pit(1), rdann(1), setwfdb(1)
Moody GB, Mark RG, Zoccola A, Mantero S. Derivation of respiratory signals from multi-lead ECGs.
Computers in Cardiology 12:113-116 (1985; available at http://www.physionet.org/physiotools/edr/cic85/ )
Moody GB, Mark RG, Bump MA, et al. Clinical validation of the ECG-derived respiration (EDR) tech-
nique. Computers in Cardiology 13:507-510 (1986; available at http://www.physionet.org/phys-
iotools/edr/cic86/ )

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

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

EDR 1.0 28 October 2002 21



EPICMP(1) WEFDB Applications Guide EPICMP(1)

NAME

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

SYNOPSIS

epicmp -r record -a reference-annotator test-annotator [ options ... |

DESCRIPTION
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This program implements the VF, AF, and ST episode-by-episode comparison algorithms specified by the
current American National Standard for ambulatory ECG analyzers (ANSI/AAMI EC38:2007). epicmp 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 of two annotation files associated with the same record. One of these is des-
ignated the reference annotation file, the other the fest annotation file.

Options include:

-A file Append atrial fibrillation detection reports to the specified file.

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

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

-Itime Exclude episodes shorter than time (default: O seconds) from episode and duration statistics. (At
most one of -i and -I may be used.)

-1 Write reports in line format (default: matrix format).
-L Same as -l.
-S filel file2
Append ischemic ST episode detection reports to filel, and ST deviation measurements to file2.
-S0 filel file2
As for -S, but report on signal O only.
-S1 filel file2

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

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

-V Append ventricular flutter and fibrillation detection reports to the specified file.

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

The episode and duration statistics gathered by epicmp are based on tallies of overlapping episodes in the
reference and test annotation files. Duration statistics give weight to each episode or detection in propor-
tion to its duration. Episode statistics give equal weight to each episode or detection, irrespective of length;
each test-annotated episode that meets the criteria for overlap (see below) with a reference-annotated
episode is counted as a true positive. Episodes are defined as follows (see <wfdb/ecgcodes.h> for defini-
tions of annotation types):

Atrial fibrillation episodes
begin with a RHYTHM annotation, with the aux field containing the text ‘(AFIB’, and end with
any other RHYTHM annotation (or at the end of the record). Reference-marked episodes of atrial
flutter (begun by RHYTHM annotations with the text ‘(AFL’) are excluded from AF comparisons
(i.e., the test annotator is neither penalized nor rewarded for its treatment of atrial flutter in this
context). Any amount of overlap is sufficient to qualify a test episode as a true positive.
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Ventricular fibrillation or flutter episodes
begin with a VFON annotation, and end with a VFOFF annotation (or at the end of the record).
RHYTHM annotations are ignored in this context by epicmp. Any amount of overlap is suffi-
cient to qualify a test episode as a true positive.

Ischemic ST episodes

begin with a STCH annotation, with the aux field containing the text ‘(STrns’, and end with an-
other STCH annotation, with the text ‘STns)’ (or at the end of the record). Between these annota-
tions, the extremum (the time at which the absolute value of the ST deviation is greatest) is marked
with another STCH annotation, with the text ‘ASTnsm’; this annotation may be omitted in the
test annotation file. In these annotations, 7 is ‘0’ or ‘1’, and denotes the affected signal; s is ‘+’ for
episodes of ST elevation, or ‘-’ for episodes of ST depression; and m is the ST deviation in micro-
volts, relative to a reference level established from the first 30 seconds of the record. The values of
s and m are not significant for the episode comparison made by epicmp. When using the -S0 or
-S1 options, n must be 0 or 1 respectively; other STCH annotations are ignored. When using the
-S option, the value of n is ignored: each ‘(STns’ annotation increments a counter, and each
‘STns)’ annotation decrements the counter; in this context, ST episodes begin when the counter
becomes positive and end when the counter reaches zero (or at the end of the record). To qualify a
test episode as a true positive for purposes of determining ST episode sensitivity, it must overlap at
least 50% of the reference episode, or the overlap must include the reference-marked extremum.
To qualify a test episode as a true positive for purposes of determining ST episode positive predic-
tivity, the reference episode must overlap at least 50% of the test episode, or the overlap must in-
clude the test-marked extremum, if present.

The second file generated when using the ‘-S’, *-S0’, or ‘-S1’° options contains comparisons of ST deviation
measurements wherever such measurements are available in the reference annotation files. In the existing
databases, these appear only at extrema within each annotated ischemic (or non-ischemic) ST episode, as
described above. For purposes of comparison of ST deviation measurements, test ST measurements for
each signal are read from the aux field of beat annotations, which should contain text of the format ‘m n’
(where m and n are the measured ST deviations for signals O and 1 respectively). If these measurements are
missing from any test beat annotation, epicmp assumes that they have not changed since they last appeared.
epicmp ignores ‘AST... annotations in the test annotation file when making this comparison. In the output
file, any test measurements that deviate from the reference measurements by more than 100 microvolts are
tagged with an asterisk (‘*’). plotstm(1) can produce a scatter plot of these data using this file as input.

At least one of the options ‘-A’, -S’, *-S0°, *-S1°, and ‘-V’ must be used. If *-’ is given as a file argument,
reports are written on the standard output. The output generated by selecting -1 or -L includes column
headings only if a file other than ‘-’ is specified, and only if the specified file does not already exist. In this
way, epicmp can be used repeatedly to build up line-format tables for multiple records, for further process-
ing by sumstats(1).

ENVIRONMENT

It may be necessary to set and export the shell variable WFDB (see setwfdb(1)).

DIAGNOSTICS

BUGS

non-standard comparison selected
The -f, -i, -1, and -t options modify the comparison algorithms used by epicmp in ways not per-
mitted by EC38. These options are provided for the use of developers, who may find them useful
for obtaining a more detailed understanding of algorithm errors.

Since epicmp performs multiple passes over its input files, it cannot be used at the end of a pipe.

Between 1992 and 2002, this program was known as epic; the name was changed to avoid conflict with a
new but widely distributed IRC chat client also named epic. By analogy to bxb, mxm, and rxr, this pro-
gram should have been called exe, which would have created interesting possibilities for confusion.
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SEE ALSO
bxb(1), ecgeval(1), mxm(1), plotstm(1), rxr(1), setwfdb(1), sumstats(1)
Evaluating ECG Analyzers (in the WFDB Applications Guide)
American National Standard ANSI/AAMI EC38:1998, Ambulatory Electrocardiographs; available from
AAMLI, 1110 N Glebe Road, Suite 220, Arlington, VA 22201 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
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fft — fast Fourier transform

SYNOPSIS

fft [ options ... | input-file

DESCRIPTION

fft transforms a real-valued time series (from the specified input-file, or from the standard input if input-file
is specified as ““-”’; input-file must be in text form) into a frequency spectrum (on the standard output). Us-
ing appropriate options, fft can produce polar or rectangular format amplitude spectra, or power spectra, or
it can perform an inverse FFT to transform a polar or rectangular format amplitude spectrum into a time se-
ries. The input series may be corrected if it has a non-zero mean amplitude or first derivative (by ‘zero-

meaning’ or ‘detrending’ the input series). Output spectra may be smoothed in several different ways.

By default, the standard output is the magnitude of the discrete Fourier 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).

Options are:

-c Output unnormalized complex FFT (real components in first column, imaginary components in
second column).

-f frequency
Show the center frequency for each bin in the first column. The frequency argument specifies the
input sampling frequency; the center frequencies are given in the same units.

-h Print a usage summary.

-i Perform inverse FFT; in this case, the standard input should be in the form generated by fft -¢, and
the standard output is a series of samples. No other options may be used with -i.

-1 Perform inverse FFT as above, but using input generated by fft -p. No other options may be used
with -L.

-1n Perform up to n-point transforms. fft rounds n up to the next higher power of two unless # is al-

ready a power of two. If the input series contains fewer than n samples, it is padded with zeros up
to the next higher power of two. Any additional input samples beyond the first n are not read. De-
fault: n = 16384.

-nn Process the input in overlapping chunks of n samples and output an averaged spectrum. If used in
combination with -P, the output is the average of the individual squared magnitudes; otherwise,
the output is derived from the averages of the real components and of the imaginary components
taken separately. For best results, n should be a power of two.

-Nn Process the input in overlapping chunks of n samples and output a spectrum for each chunk. Suc-
cessive spectra are concatenated in the output. Only one of -n and -N may be used at a time. For
best results, n should be a power of two.

-p Show the phase in radians in the last column.
-P Generate a power spectrum (print squared magnitudes).
-sn Smooth the output by applying an n-point moving average to each bin. This option does not

change the number of bins.

-Sn Smooth the output by summing sets of n consecutive bins. This option reduces the number of bins
by a factor of n.

-w window-type
Apply the specified window to the input data. window-type may be one of: ‘Bartlett’, ‘Blackman’,
‘Blackman-Harris’, ‘Hamming’, ‘Hanning’, ‘Parzen’, ‘Square’, and ‘Welch’. The ‘Square’ win-
dow type is equivalent to using no window at all; this is also variously known as a rectangular or
Dirichlet window.
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BUGS
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-Z Add a constant to each input sample, chosen such that the mean value of the entire series is zero.
-Z Set the mean value of the inputs to zero as for -z, and detrend the series (set its mean first deriva-
tive to zero). This is equivalent to subtracting a best-fit (by least squares) line from the input data.

Because of accumulated round-off errors, the command
fft -p <filel | fft -1 >file2
may not produce an exact copy of file! in file2, even if the number of samples is an exact power of 2. Using
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

coherence(1), hrfft(1), lomb(1), memse(1)

AUTHOR

George B. Moody (george @mit.edu)

SOURCE
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NAME

fir — general-purpose FIR filter for WFDB records
SYNOPSIS

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

fir can be used to apply any desired finite impulse response filter to any desired section of a waveform data-
base record. Options are:

-c coefficient [ coefficient ... |
Filter using the specified coefficients (must be the last option; -¢ marks the beginning of the coeffi-
cient list).

-C file Read the filter coefficients from the specified file rather than from the argument list.
-f time Filter from the specified time on 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 records. For multifrequency records, the standard decimation of oversampled signals
to the frame rate is suppressed in high-resolution mode (rather, all other signals are resampled at
the highest sampling frequency).

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

-n record
Create a header file for the output signals, with the specified record name. The signal descriptions
are copied from those of the input signals.

-0 record
Use the specified record for output (default: record 16).

-ri Rectify the input (i.e., take its absolute value) before filtering.
-ro Rectify the filtered output.

-s shift 'To compensate for phase shift, read ahead on the input record by the specified interval before start-
ing the filter. Shift is specified in standard time format (use snn to compensate for a phase shift of
nn samples).

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

Unless the -C option is used, the -¢ argument should appear at the end of the option list. Filter coefficients
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 s