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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 fromdimgdkit). 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 larfats. 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 mosttd&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 ([], whichnate¢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 mlaamgnot 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 nd the current version of therse(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page is out-of-date; rather they mean that the materiakitbeston that page remains current.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 ey 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 maytoesd up your environment properly so that WFDB
applications can nd their input les. Sesetwfdb(1) in this guide for information about doing this; a moreaiketd
discussion may be found in the rst chapter of W&-DB Programmer's Guidan the section about the database
path.

WFDB 10.5.0 17 March 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 recArgcord name isnot a le name! The rst

part of the name of a .hea le is the name of the record to whiigh.hea le belongs; so the record name
corresponding to “100.hea' is “100'. For example, MIT-Blhridythmia Database record names are 3-digit
numbers, AHA Database record names are 4-digit number&arapean ST-T Database record names begin
with lowercase “e', followed by a 4-digit number. Record msmay contain letters, digits, and underscores.
Case is signi cant in record names that contain lettershéwenvironments such as MS-Windows for which
case translation is normally performed by the operatingesy®on le names; thus "e0104' is the name of a
record found in the European ST-T Database, whereas "E@LAdt. Once again: a record namaenist a le
name; record names never include an extension (.hea, tdat, 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 “nxecords', and that directory contains a record named “te28F, you can supply
‘my_records/recor@3' as arecord argument. See th&/FDB Programmer's Guiddor further details on
record names.

Each PhysioBank database directory includes a text le mBREECORDS, which lists the record names for
all records in that directory.

annotator

Where this appears, substitute an annotator nafmmotator names arenot le names! The sufx (ex-
tension) of the name of an annotation le is the annotator @&on that le; so, for example, the annotator
name for "e0104.atr' is “atr'. The special annotator nanréisaused to name the set afference annotations
supplied by the database developers. Other annotatiomae¢sannotator names that may contain letters,
digits, and underscores, as for record names.

Each PhysioBank database directory includes a text le mhbAMNOTATORS, which lists the annotator
names for all annotation les 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 thile, 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 atgwatve integers; the rst 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 disirder; 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 indicgtoln unusual cases, you may need to arrange
options so that the signal list is at the end of the commansh dinat it is followed by an argument that cannot
be interpreted as a signal number.

17 March 2010 WFDB 10.5.0
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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 withimrait@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 stardlinstallation 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@pgions 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 agairffgrioverruns, and has idiosyncratic lename globbing
behavior.

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

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

In order to read data les, these applications need to nd ades (heg le for the input record you specify. The
message indicates that the header le was not found in anlyeoéxpected places, or that it was unreadable. There
are three common reasons why this can happen:

Therecord name supplied to the application is not correct. Record saamenot le names (if this doesn't
sound familiar yet, go back and read the introduction agdfmnjyou wish to read, for example, a signal le
namedslp60.datusingrdsamp, you must specify the name of the record to which this le lbejs 6lp60)
after the-r option, and not the name of the le itself. Whatever followsit: can't open header for ..." is what
the application thinks is the name of the record you wish &lréAlso, be aware that case matters in record
names, even under operating systems that ignore case ianes. ThusSLP60' is not a valid record name;
"slp60’ is.

The header le is missing. If you download signatlt) or annotation .@tr, .qrs, etc.) les, be sure to
download the correspondinea les from the same locations.

The list of locations to be searched does not include thetitotaf the header le. WFDB applications
nd their input les by searching a list of locations specieby the WFDB path (the environment variable
WFDB, or a default list of locations if WFDB has not been set). TheDB path normally includes the
current directory, but this may not be true if the WFDB patk baen modi ed; the current directory must
appear explicitly (either as a ".” or as an empty componeni@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 ... ina le?
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 le, like this:

foo > bar

The> operator redirectio's standard output (which would normally appear on-scré@o)a le namedbar.
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 le indtea

baz < bar

Here, the< operator arranges fdraz to read its input from a le namedar. 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 pipg ) operator:

fooj baz

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

You can use these technigques whenever you run programs fcommand 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 operators(, >> , <, andj) are supported by all shells (command interpreters) undet, 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 | nd answers to my questions about this softwa?
If you haven't read the introduction to this guide yet, do sawn It answers many frequently asked questions
by describing the common behavior of many of the WFDB apfitice. 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 17 March 2010 WFDB 10.5.0
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NAME
a2m, ad2m, ahacwert, ahaecg2mit, m2a, md2a - camting between AHA DB and WFDB formats

SYNOPSIS

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

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

To read from an AHA DB «opp disk or 9-track tape:
a2m -iahaCEler record -a annotator| options... ]
ad2m -iahaCEler record[ options... ]

To corvert a WFDB record to AHA tape format:
m2a -r record -a WFDB-annotator AHA-annotatdgroptions... ]
md2a -oahaCEler 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-CEle (.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 eoppmlisks (ca. 1990) and
CDs (ca. 1995); this format can be readhbgcorvert (usinga2mandad2m).

tape format
Originally speciCEed by the creators of the AHA DB at the Biomedical Computing Laboratory
(BCL) at Washington Unersity 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 Ive 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 continuoysigd beat annotations for

the Enal 30 minutes of the signals in each reddrd.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 (Enal 35 minutes of signals (including all of the anno-
tated beats).

ECRI currently supplies the AHA DB only onvVDs, so the tape and compressed formats are primarily of
historical interest. The programs described Wweatorvert these formats into WFDB (also known ag/gth
ioBank or MIT) format. Long version input Eles can bevated in their entiretyor these programs can
create shortersion records from either long or short version inputs. The laspiwgrams bela corvert
WFDB records to AHA tape format (cearsion to AHA DB DVD and CD/«opp 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
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ahaecg2mit
Use ahaecg2mitto corvert .ecg Eles from the AHA DBVD into WFDB-compatible records. One or
more input Elenames may be supplied as commanddinmemts; eackpeciCEed input Ele isveted
into a WFDB record, including a .hea (header) (Ele, a .dat (signal) Ele, and a .atr (reference annotation) Ele.
If the Erst command-line argumentdgsthen ahaecg2mitproduces short-form records with the correct
(n2nn or n3nn) record names.

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

OLDER FORMATS
ahacorvert
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&ddws) as well aad2m anda2m, which per
form the actual work of the cueersion.

azm
Use a2m to corvert AHA-format annotation (Eles from tapes, +ppalisks, or CDs into WFDB format.
Options fora2minclude:

-stime Shift annotations forward by the speciGiee (default: no shift for type O input CEles, 5 minutes
for type 1, 2 hours and 30 minutes for typef@; type 3, the default is 5 minutesrécord is of the
form n2nnor n3nn, or 2 hours and 30 minutesiiécordis of the formnOnn or n1nn).

-t type Corvert an input (Ele of the speci@pe(0: a Ele produced by a WFDB application upitgnn
andWFDB_AHA WRITE mode; 1: an AHA DB “short format' tape Ele; 2: an AHA DB “long
format' tape Ele; 3: an AHA DB compressath@ CD-ROM or «oppy disk Ele).Input Eles of
types 1, 2, and 3 are assumed to contain annotation times in milliseconds, whichvertecton
sampling intervals based on an assumed sampling fregu#n250 Hz. Default: type 3 is
assumed ikhaElends with ANO or .ano; type 0 is assumed otherwise.

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

-C Corvert an AHA DB compresseddmp) ¢ oppy disk Ele (this is the defaultahaElends with
.CMP or .cmp, otherwisead2m assumes that the input is a Ele in AHA DB tape format).

-f time Begin corverting at the speciEéhe relative o the beginning of the input Ele (default: 0, i.e., at
the beginning of the input Ele)

-t time Stop cowerting at the speciCE&therelative © the beginning of the input Ele @df: 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 Ele, whielecomes (Erst).

m2a
Usem?2ato corvert WFDB-format annotation (Eles into AHA tape format. OptionmRainclude:

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

2 23 duly 2008 WFDB 10.4.8
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md2a

Usemd2ato corvert WFDB-format signal CEles into AHA tape format. OptionsridRainclude:

-n new-record

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

ENVIRONMENT

It may be necessary to set and export the shell vangbleB (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¢mnyit the-s to male a £t of long-
version records instead.) Underivlows, within a Cygwin windw, the DVD is accessible dsygdrive/d/
(or /cygdrivele/, etc., depending on the dg 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 redordhost cases, you will want to ogant
only one version of each recordo corvert the short-version records onlffthe 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 «oppy disk

To make a \ersion of AHA DB record 1201 in WFDB format,vgn the distribution opy disk, copy the
(Ele4201.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 HI2G1.dat(the signal Ele)201.heathe header Ele), ahd01.atr (the ref-
erence annotation Ele), all in the current directemn ad2m Erst, so that thewédieader Ele ivalable
for the use oB2m. (In this example, note that the options '-r 1201, '-¢', and '-t 3' are redundant unless
you hare renamed the input Eles, siac2m anda2m recognize the record name and Ele types from the
sufExes otherwise.)

AHA DB short version tape

To obtain the same Elevei a short version' 9-track distribution tape, gothe second and third Eles
from the tape into (EI&201.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 (Eles copied from the tape are ardiwado not use names of (Eles to be generated by
ad2m or a2m (see the previousxample). Notehat the Erst and fourth Eles on the disbibtape con-
tain an “id' block, which can be read adid (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 (Elesyays 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 formategihe “long version' distri-
bution tape, cop the second and third Eles from the tape into1@dstapand1001.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 (Ele after the (Erst 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 distriltion
tape containing the corresponding three-hour record 100¢ tkesecond and third CEles from the tape into
(Eled4001.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 Erst twhours and 25 minutes of the “longrgion’
AHA signal Ele, and to reformat the remainder (@tgrit to the 35-minute “short-version' recordjhe -t
1 option is used witla2m even though its input (Ele 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 Eles for long version and short version AHA DB records

To keep both versions (1001 and 1201) on-line, ertak long version (Erst (seea)pthen type:

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

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

copy 1001.hea 1201.hea
and editl201.heareplacing 1001 in the Erst line (only!) with “1201', and replacing 212" in the second
and third lines by "212+6525000' (see the description of the "bfgetofEeld irheader(5)). Although
each version needs its own header and reference annotation Eles, tkeslongsignal Ele can be shared
with the short version, allowing a substantialisgs in storage requirements. Note that WFDB application
programs that read the “shodrsion' record 1201 signal (Ele may report signal checksum errors at the end
of the record, unless you also recalculate the signal checksums (easily doneniihgto 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/ogant/a2m.c
http://www.physionet.org/physiotools/wfdb/ognt/ad2m.c
http://www.physionet.org/physiotools/wfdb/ogant/ahacowmert
http://www.physionet.org/physiotools/wfdb/ogant/ahaecg2mit.c
http://www.physionet.org/physiotools/wfdb/ognt/m2a.c
http://www.physionet.org/physiotools/wfdb/ognt/md2a.c
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NAME
ann2rr rr2ann - corvert annotation (Eles 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 Eles, or to create an
annotation Ele from such a series, byt tagea wider range of uses.

ann2rr
Useann2rr to extract a list of intervals, in text format, from an annotation Ele. 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 annotation8y default, ann2rr prints only RR intervals (those
between QRS (beat) annotations). This optiearrades the-c and-p options.

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

-i format
Print intervals in the speci®edmat 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 speci@gesonly. The type arguments 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 folla -p (standard
annotation mnemonics do not begin witH',” but modiEcation labels in an annotation (Ele may
de@Ene such mnemonics).

-P type] type... ]
Print intervals begun by annotations of the speci@edonly.

-t time Stop at the speciEaue

-v format
Print Enal times (the times of occurrence of the annotations that end eadlh).infédrg option
accepts all of théormats deCEned fofi, 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 Eledoord). 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 tlun 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 (Enal annotations (the typlk Y, 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 thgihbeach interval), immediately before
the interval in each line of output.

The -c option, used without thep option, causeann2rr to Elter out intervals between beats thaé ha
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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) speciCEed
by -p if there are annotations of yother types intemning; thusfor example, ™=c -P N -p N'y ields only
intervals between consecwi rormal beats, and intervals between pairs of normal beats surrounding an
ectopic beat are discarded from the output. As another exarmple? N -p V' y ields prematureentricu-

lar coupling intervals only (a coupling intais 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 (g mlumns, separated by tabs, may be output. The order of the columns is Exed (initial times, initial
annotations, intervals, (Enal annotations, (Enal times).

rr2ann
Userr2ann to create an annotation Ele from the standard input, which should usually be a listad$ interv
in the format produced bgnn2rr. (For exceptions, se€T, -w, and-x belon.) The Erst t@n 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 talfiratitigedie
a line, non-numeric tokens and anything following them on the same ligaiveeintenals, and zero inter
vals. Theoutput consists of a binary annotation (geofd.annotato), and (if it does not exist already) a
text header (Elee¢ord.hea). Option$or rr2ann include:

-F frequency
Assume the speciEed sampliregjuency This option has no effect unless it is necessary for
rr2ann to create a header Elg;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 ay to generate an annotation Ele froxh t&nlike that of rr2ann,
wrann's input format permits specifying annotation subtypes and other Eelds.

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

FILES
record.hea headeEle
record.annotator annotation Ele
AVAILABILITY

These programs are provided in tgp 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 Eles associated with the saw@d One of these is des-
ignated theeferenceannotation Ele, the other testannotation Ele (called the “algorithm' annotation Ele
in EC38 and in EC57).

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

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

-h Print a usage summary.

-l Elel Ele2
Append line-format reports (EC57&fles A.2 and A.3 format) t@&leland Ele2espectiely (see
below).

-L Elel Ele2
As for -l, but report RMS RR interval error and SVEB statistics also.

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

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

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

-t time Stop the comparison at the specidited (default: the end of the record if it is deEned, the end of
the reference annotation (Ele otherwitdimeis O, the comparison ends when the end of either
annotation Ele 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 gthered byoxb are based on tallies of ‘matching' annotations in the reference and test anno-
tation (ElesMatching annotations need notveaexactly equal annotation times; theatd window speci-

(Ees the maximum absolutdedénce in annotation times that is permitted for matching annotatis.
measures the total shutdo time in the test annotation (Ele as the sum of all intervals that begin with a
“shutdevn' 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 (Ele shaaldefess write a ‘resume' annota-

tion at the end of the record, in order to permit correct shutdown accounting.) This program follows the
corvention for “shutdown' and ‘resume' annotations adopted for reference annotation Eles of the European
ST-T database, a ceention 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 (Eeld both set; ‘resume' annotationdN@ESE annotations with another subtype. The ceention

used in AHA Database reference Eles, in which unreadable intervals aed adaly one “shutdm'
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annotation placed near the middle of the interval, is also acceptable; in this caseyrshsitaissumed 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, -, -L, -0, -s, and -S can be gien as an ption. If *-'is given as aCEleargument,
reports are written on the standard outpfino options are speciEdxkb writes standard reports on the
standard output (eqedlent to using the optiors 5. Theoutput generated by selectidgor -L includes
column headings only if &lether than - is speciEed, and only if the speci@#aoes not alreadyxest.

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

The-o option produces an output annotation Ele with annotatormdmehe output annotation Ele 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' mnemonicsN, V, F, Q, O, and X; if the-C, -L, or -S option is also speci(Eed, the
mnemonics also includg). The aux' (Eeld of eadNOTE 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@TFE 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 Ele, in this case containing not only beatitaikls b
others as well.No summary report is produced-{ is speciEedNOTE annotations produced usin@

contain unmapped annotation mnemonics from the input annotation (Eles. This option, if used together with

-f 0 -w O, identiCEes all discrepancies between a pair of annotation|€las. be especially useful for
developing reference annotation Eles faw necords.

The-v option speci(Ees 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 tirae (Eelds (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 End them in the input annotation Eles.

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 usedlzp in ways not permitted
by EC38 or EC57. These options are provided for the usevelogers, who may End 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 Ele for a WFDB record, setting the gain and base-

line (Eelds based on measurements it makes, and setting the units (Eelds based on input from the user or from
a alibration EleNormally, calsigis used by specifying a time intahfor the measurements; best results

will be achieved if the speciCEed interval is restricted to one or more sqa&eealibration pulses in each

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

olution is high enough.

The program constructs a smoothed amplitude histogram for each signal and identid@egriitsipal

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

the amplitude has a speciCEatlis. Thehistogram is smoothed by applying avipass (Elter that replaces

the contents of each bin by a weighted sum of (Efteen bins centered on the bin of interest prirfrepal

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 satisCEed for aegi 9gnal, calsigwarns the user

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

If a signal list is speciEed using theption (see below), only the speciCEed signals are calibrated, and the
gain, baseline, and units Eelds foy atiher signals are left unchange@hus, if calibration pulses are not
simultaneously \ailable in all signals to be calibratedalsig may be run repeatedly with different time
intervals and signal lists.

Optionsinclude:

-c (Ele Obtain calibration pulse speciCEcations from the spe@Esadewfdbcal(5); default: obtain this
information from the (Ele speciCEed by the environment VANSRMBCAL , or interactvely).

-f time Begin at the speciEgehein record (default: the beginning atcord).
-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 speci@ehtiyt) 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 ampliterdiae anter
val speciCEed byf and-t. This method may be easier to use tharor signals with signiEcant
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 speci@#mdein record (default: 1 second after the starting time).
-v Ask for calibration pulse limits (default: read limits from the calibration Ele).

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

Calibration (Eles must be located in one of the directories nadéeB, the database path. If theven
ronment ariableWFDBCAL is set, it names a calibration Ele that will be read unlessdpéon is used

to specify a different calibration (Ele. At most one calibration Ele is read; if more tharoptien is
given, only the last one isfekctive. If the calibration Ele does not contain an entry for the type of signal to
be calibratedgalsig obtains the information from the user intereai. If the calibration (Ele containsotw

or more entries for the same signal type, only the Erst 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

WFDB 10.4.12 7 January 2009 11



COHERENCE(1) WFDBApplications Guide COHERENCE(1)

NAME
coherence - estimate coherence and cross-spectrunodine series

SYNOPSIS
coherence -iEl4 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 timeTéeri@&de
argument speciEes the name of a text Ele containing the samples of the seriedumihs. Thestan-
dard output contains @&wlumns of numbers (optionally preceded by column headings), which are fre-
queny (Hz), coherence, cross-spectral power (dB), autospectvedrp@B) of the (Erst time series, and
autospectral power (dB) of the second time series.

This program is based on arfran program by C.R. Arnold, G.C. Cartard J.F Ferrie, as described i&"
coherence and cross-spectral estimation program’, by G.C. Carter afdrdd; 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 Blolan, as described by them inaSt Furier
transform algorithms', also included Rrograms 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 signiE-
cantly.

Note that the scale factors generallyéndttle or no visible dict on the coherence or on the shape of the
spectra. Thehoice of chunk size (using the option) will have a ggniEcant &ct; 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 - detrended euctuation analysis
SYNOPSIS

dfa [ option... ]
DESCRIPTION

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

Brieey, the time series to be analyzed is Ersgiated. Ngt, the integrated time series isvidied into
boxes of equal length. In each box of lengtim, a least squares line (or polynomial cemef aderk) is G

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 euctuation of thggateel 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 euctuation, and, the box size.Typically, F(n) will increase
with box sizen. A linear relationship on a log-log plot indicates the presence of powe(frictal) scal-
ing. Undersuch conditions, the suctuations can be characterized by a scajogent, i.e., the slope of
the line relatingog[F(n)] to log[n].

This program performs detrended euctuation 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, (Et 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 euctuations using all possible boxes at each box
size). Bydefault, euctuations are measured using naer@pping boxes only Using the-s
option will male the calculation much slower.

-u maxbox
Set the largest box widthlrhe default, and the maximum allowed valuerf@axbox is one-fourth
the length of the input series.

SEE ALSO
The DA method vas (Erst proposed in Peng C-K, Buldy®¢, Hain 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 tysjzhogic signals can be found in Peng C-K,
Havlin S, Stanlg HE, Goldberger AL. QuantiCEcation of scalixganents 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 - g enerate and run ECG analyzgalaation script

SYNOPSIS
ecgeval

DESCRIPTION
This program generates a Bourne sh&l{1)) script under UNIX, or a batch Ele under MS-DOS, to com-
pare a set of test annotation (Eles with a set of reference annotation Eles and a set of reference heart rate
measurement Eles using the prograxi$l), rxr (1), mxm(1), andepicmp(1), and then to produce sum-
mary reports by passing the outputs of these programsnstatg1) 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 reviev and perhaps edit the script before running it).
ENVIRONMENT

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

FILES
dblist
This Ele, which should be located in one of the directories nanWw&DR, contains a list of the
available databases. Each entry is a line containing three tab-separatedtiiEedtdsrt name for
the database, the name of a Ele (which must also be in one of the directories nafRBdBpy
containing a list of the record names for the database, and a longer name for the darapase.
lines and lines beginning with “#' are ignored. The version of this Ele uisttitvith 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

WFDB 10.3.0 22 Nwember 2002 15



ECGPUWVE(L) WFDBApplications Guide ECGPUAVE(1)

NAME

ecgpuvave- Q RS detector and avdorm limit locator
SYNOPSIS

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

ecgpuwave analyses an ECG signal from the specitBeatd, 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 (Ele associated with the speci@6ettor This Ele can be ogmted

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 (Ele containsAWW ("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 classiCEes each Taveas type 0
(normal), 1 (iverted), 2 (positie monophasic), 3 (rggtive monophasic), 4 (biphasic gdive-positive), or

5 (biphasic positie-negdive); this numeric classiEcation is written into tluen Eeld of each TAVE
annotation. The ,FQRS, and T wavdorm onsets and ends are marked in the output annotation Ele using
WFON ("(") and WFOFF ()") annotations.The num (Eeld of each WFON and WFOFF annotation desig-
nates the type of awvdorm with which it is associated: O for a Rve 1 for a QRS complex, or 2 fora T
wave.

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

-i input-annotator
Read QRS locations from the speci@epdt-annotator(and cop them to the output annotation
(Ele). Defult: 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 speciEaie (default: the end of the record).

ENVIRONMENT
It may be necessary to set and export the shell vangbleB (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 Processinge@hniques: 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 Databasgomputes and Biomedical Reseeln 27(1):45-60, 1994,
4. Jané R, Blasi A, Garcia J, and LagunaE®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/qgtdbje
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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/ecgpawegsrc/
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NAME

edf2mit, mit2edf - conert between EDF and WFDB-compatible formats

SYNOPSIS

edf2mit -i edfCEl§ options... ]
mit2edf -r record[ options... ]

DESCRIPTION

18

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

edf2mit reads the speciEedfEland creates WFDB-compatible signal and header (Eles 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 speciCEedord (default: use the patient ID (Eeld from the input (Ele 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@lyibeginning with zero.This
option may be used to re-order or duplicate signals.

-V Verbose mode (print debugging output).

mit2edf reads the speciCEed WFDB-formeabrd (header and signal (Eles) and creates an EDF (Ele 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.
-0 CEle Write output to the speci@E@&dddefault: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 preCEltering
speciCEcation; these parameters are not preserved by thessi@omprograms. Also note that use of the
standard signal and unit names speciEed for EDF is permitted but not enfenge dhfy

Many EDF (Eles contain signals at widely varying sampling frequene@2mit handles these properly

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

all signals are resampled at the lowest sampling frequesad 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 fregjused 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 Eles
directly, so hat the cowersion performed bydf2mit is no longer necessaryThe natve WFDB (Eles pro-

duced byedf2mit can be read more @&ciently and with lower latghend memory requirements than the

EDF (Eles; in most cases, heerethe 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 Kemp's EDF web site (http://wwvedfplus.info/). ThedeEnitie reference on the format; it includes
the full speciCEcation of EDF from the 1992 pagenple EDF Eles, 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 - derive 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 comjrethe 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 Eles speciecblyyandannotator and writes another annotation
(Ele, which is a cgpof the input annotation Ele except that ihen (Eeld 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 yrang-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 speciEthe (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 (Erst twvare analyzed.

-t time Stop at the speciEaue
-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 (Ele naarelD(Q containing a cop of the referenceafr) annota-
tion Ele for the Erstedawnutes of recordl00, with EDR measurements for each annotated beat in the
num (Eelds of the output annotation (Ele.

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 speciCEed by the
current American National Standard for ardtory ECG analyzers (ANSI/AAMI EC38:1998¢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 Eles associated with the saw@d. One of these is des-
ignated theeferenceannotation Ele, the other thstannotation Ele.

Optionsinclude:

-A Ele Append atrial CEbrillation detection reports to the speckked

-f time Begin the comparison at the speci@itad (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.

-SElel Ele2
Append ischemic ST episode detection report&leland ST deviation measurementSHie2

-S0CElel Ele2
As for -S, but report on signal 0 only.

-S1Elel Ele2
As for -S, but report on signal 1 only.

-t time Stop the comparison at the specidited (default: the end of the record if it is deCEned, the end of
the reference annotation (Ele otherwitdimeis 0, the comparison ends when the end of either
annotation Ele is reached).

-V Append ventricular eutter and Ebrillation detection reports to the spe&il@ed

The episode and duration statistics gatheredgigmp are based on tallies of/&lapping episodes in the
reference and test annotation (Eles. Duration statistEswgight 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 criteriavéoiap (see belw) with a reference-annotated
episode is counted as a true pwositiEpisodes are de(Ened as fedidsee<wfdb/ecgcodes.h*or deEni-
tions of annotation types):

Atrial GEbrillation episodes
begin with aRHYTHM annotation, with theux (Eeld containing the teXAFIB', and end with
ary otherRHYTHM annotation (or at the end of the recorBeference-mard episodes of atrial
sutter (begun byRHYTHM annotations with the x¢ (AFL") are excluded from AF comparisons
(i.e., the test annotator is neither penalized neenmged for its treatment of atrial eutter in this
contet). Any amount of werlap is sufCEcient to qualify a test episode as a truevpositi

Ventricular CEbrillation or sutter episodes
beggin with aVFON annotation, and end with\&OFF annotation (or at the end of the record).
RHYTHM annotations are ignored in this cottéy epicmp. Any amount of werlap is suE-
cient to qualify a test episode as a true pasiti

10July 2003 WFDB 10.3.8



EPICMP(1) WFDBApplications Guide EPICMP(1)

Ischemic ST episodes
begin with a STCH annotation, with theaux Eeld containing the textSTns, and end with
anotherSTCH annotation, with the i@ STns)' (or at the end of the record). Between these
annotations, the extremum (the time at which the absolute value of thevi§fiodeis greatest) is
marked with anothe6STCH annotation, with the i@ "ASTnsni; this annotation may be omitted
in the test annotation Ele. In these annotatioiss0' or “1', and denotes the affected sigrais
“+' for episodes of ST alation, or -' for episodes of ST depression; ands the ST deviation in
microvolts, relatve © a reference leel established from the Erst 30 seconds of the reddrd.
values ofsandm are not signiCEcant for the episode comparison maggidimp 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 STng)' annotation decrements the counter; in this context, ST episodgs Wwhen 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 Ele generated when using$he-S0, or *-S1 options contains comparisons of STvidéion
measurements whem such measurements areadable in the reference annotation Elesthe isting
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 thax (Eeld of beat annotations, which should contain text of the fommat °
(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.

epicmp ignores AST... annotations in the test annotation (Ele when making this comparison. In the output
Ele, antest measurements thatvide from the reference measurements by more than 100valisrare

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

At least one of the optionsA', *-S, *-S0, "-S1, and -V' must be used. If-"is given as alEleargument,
reports are written on the standard output. The output generated by seledting includes column
headings only if &Eleother than-' is speciEed, and only if the speci@deloes not alreadyxest. Inthis

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 usewefapers, who may (End them useful
for obtaining a more detailed understanding of algorithm errors.

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

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

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/).

WFDB 10.3.8 10 July 2003 23



EPICMP(1) WFDBApplications Guide EPICMP(1)

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

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

fft - f ast Fourier transform
SYNOPSIS

fft [ options ..] input-CEle
DESCRIPTION

fft transforms a real-valued time series (from the spedifRedEleor from the standard inputifiput-CEle

is speciEed as"; input-CElenust be in text form) into a frequgnepectrum (on the standard output).
Using appropriate optionfff can produce polar or rectangular format amplitude spectra, or power spectra,
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 Gzatitveldoy “zero-
meaning' or “detrending' the input series). Output spectra may be smootheeral déferent ways.

By default, the standard output is the magnitude of the discoetgeF 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 paer 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 (Erst column, imaginary components in
second column).

-f frequency
Shaw the center frequendor each bin in the Erst columihe frequencyargument speciCEes 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 generaféddyand
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 lffg -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 d&w Any additional input samples lpend the Erstare 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 ch$hc-
cessve Pectra are concatenated in the output. Only ona ahd-N may be used at a timé=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 setsxaonsecutie bins. Thisoption reduces the number of bins
by a factor oh.

-w window-type
Apply the speciCEed wingdo the input datawindow-typenay be one of: "Bartlett', "Blackman’,
‘Blackman-Harris', "Hamming', "Hanning', @zen', "Square’, and “#ch'. The Square' win-
dow type is equialent to using no winde at dl; this is also variously known as a rectangular or
Dirichlet window.
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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-Zprand detrend the series (set its mean (Erst
derivative 10 zero). Thisis equialent to subtracting a best-Et (by least squares) line from the input
data.

BUGS
Because of accumulated round-erfrors, the command
fft -p <Elelfft -1 > Ele2
may not produce an exact gogf (Eleln (Ele2even if the number of samples is an exact power df/2ing
rectangular form, as in the command
fft -c <Ele] fft -i >Ele2
produces smaller errors, and is slightly faster than using polar form as in the Erst 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

(Er - general-purpose FIR CElter for WFDB records
SYNOPSIS

EA options... ] -c [ coefCEcients ]
DESCRIPTION

(Ercan be used to apply yamesired Enite impulse response (Elterytalesired section of a avdorm
database recordOptionsare:

-c coef(EciefptcoefCEcient. |
Filter using the speciEedefEcien{snust be the last optior¢ marks the beginning of the cGef
cient list).

-C (Ele Read the CElter coefCEcients from the speciCEed Ele rather than from the argument list.
-f time Filter from the speciEé&deon the input record (default: start at the beginning of the record).
-h Print a usage summary.

-H Read the signal Eles 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 speciCEestord for input (default: record 16).

-n record
Create a header Ele for the output signals, with the spesiGtdthame. Thesignal descriptions
are copied from those of the input signals.

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

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

-sshift To compensate for phase shift, read ahead on the input record by the speci@th@fiveevstart-
ing the CElterShiftis speciCEed in standard time format @asgo compensate for a phase shift of
nnsamples).

-t time Filter until the speciCEdidhe on 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 list. FilteEoiehts
are real numbers separated by spaces; the last coef(Ecient is applied to the most recent input sample.

In the present implementation, the same (Elter is applied to each input signal. If the output record header
(Ele speciCEes fewer signals than are present in the ig@itraamput signals are discarded.

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

Examples
A low-pass "boxcar" (Elter:
Er-c.2.2.2.2.2

The complementary high-pass Elter:
&r-c-2-2.8-2-2

An attenuator:
Er-c .4

A differentiator:
Er-c-11

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

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

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

SEE ALSO
mCElf1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/CEr.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 Erst three of these UNIX shell scripts are intended to illustrate the titél)pflomb(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 . andhrmem
usetach(1) to obtain a uniformly resampled heart rate time series from the annotation Ele, 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 speciC@ndotator (default: the value of the eironment \ariable
ANNOTATOR, if set).

-f time Begin at the speciCEdidhe within the annotation Ele (default: ttedue of the environmentavi-
ableSTART, if set, or the beginning of the Ele otherwise).

-l axes Log-transform the speciCEaxkes(default: use linear a&s). Theaxescan be speciEed sy, or
Xy.

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

-r record
Produce a heart rateywer spectrum for the speciCecbrd (default: the value of the @itonment
variableRECORD, if set).

-t time Stop at the speci(Ethe within the annotation (Ele (default: the value of the environnaeiatle
END, if set, or the end of the (Ele otherwise).

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

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

Although hrfft , hrlomb, and hrmem all produce power spectra, the units ofvpo 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 WNI{Hi&s, such as
the MKS Toolkit or the GNUish MS-DOS utilities, and under MSAdbws 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€l), 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 Ele (speciCEed bgnt@atorand record arguments) and produces an instanta-
neous heart rate signal (from the reciprocals of the interbeatatggniJnlike tach(1), havever, ihr does

not resample its output in order to obtain uniform time intervals between output samples. (If thgre is an
variation whatsoeer in heart rate, the intervals between output samples will be non-uniform.) This 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; dadlt: 10). Any
intervals for which the calculated heart rate would differ by more than the speciCEed tolerance are
simply excluded from the output seriefo dsable this behaor, use a large value fdolerance
(e.g., 10000).

-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a usage summary.

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

Include interals bounded by annotations of the specitsssonly. The typeamguments should

be annotation mnemonics (e.hl) 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
typeargument following it. If typebegins with *-"', however, it must immediately follav -p (stan-
dard annotation mnemonics do not begin with, ‘but modiEcation labels in an annotation Ele
may deEne such mnemonics).

-t time Process until the speci@imein 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 annotations that begin eath interv
as sample number (using), or in seconds (usings), minutes (usingvm), or hours (usingvh)
before each heart ratalue. 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 following each rejected irstern(Rejectedntervals are those
bounded by excluded beats on at least one end, and those that do not satidéyaheecrite-
rion). By default, intervals follaving rejected intervals are included (unlessythee rejected by
the tolerancecriterion), and a third column is used to eag these irtisr¢a zero in the third col-
umn means the interval is normal, a one means it follows an excluded interval).

Reference ("atr') annotation Eles can be used as injput tut Eles that contain manually-inserted anno-
tations are less suitable, since annotation placemently li&k be less consistent than in annotation Eles
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
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NAME

imageplt - plot a greyscale image
SYNOPSIS

imageplt -d nrows ncold options ..] [ Elg

DESCRIPTION
imageplt provides a simple ay to plot a greyscale image usipl(1). Therequired agumentsprowsand
ncols specify the numbers of rows and columns in the image. The @eor the standard input, if no
input CEle is specitEed) contains only thelgves for each piel (0 = white, 1 = black). Each entry is an
ASCII-coded decimal «0ating point numbeseparated from adjacent entries by whitespace (one or more
spaces, tabs, orwénes). TheErshrowsentries 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 Ele in columns and corresponding to those of the image, but this is not
necessaryln no @ase should the length of a line of input exceed 50000 bytes (deEned 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
pit(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) logarithnas@f, and thex andy values. D avoid
undereaw, if any input is less thaMINDOUBLE (deCEned irvalues.h>as the smallest posig value
that can be represented as a double-precision soating 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-CEle

DESCRIPTION
lomb transforms a realalued time series (from the speci@gdit-CEleor from the standard inputiifiput-
(Eles speciCEed as "itjput-Elenust 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 (Ele containing a sampled time series, presentedcalsitans of numbers (the sample
times and the samplalies). Thentervals between consecusi amples need not be uniform (in fact, this
is the most signiCEcant advantage of the Lomb periodogranotber methods of power spectral density
estimation). lomb writes the Lomb periodogram (the power spectral density estimateedié&om the
input time series) on the standard output, io tlumns (frequencand paver). If the units of the sample
times in the input Ele 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 heart rate power spectra, 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 replacedpakivbe necessary if coen-

tional PSD estimation algorithms were employed).

SEE ALSO
fft (1), hrfft (1), memsg1)
Lomb, N.R. Least-squares frequgraalysis of unequally spaced datastrophysics 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-
tiEc Computingp. 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 nekostScript, 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 optiongehaen selected). It is possible to concatenate the
outputs of tve or moreplt runs to be processed as a single jolwmat; 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 tetay 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 (Ele andnievith 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®egds(Eg 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) winglgpositioned as fofsq.
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) windocentered 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 mgins are inches, and the font scale is a dimensionless factor withidt def
value of 1 that can be used to enlarge or shrinktext in the plot. The defults forwidth 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 sourckvimat for details.

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

FILES
[usr/lib/ps/plt.pro
PostScript prolog
SEE ALSO
plt(1)
AVAILABILITY
Iwcat 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 entfalppoles) method

SYNOPSIS

memse[ options ..] input-CEle

DESCRIPTION

38

memsetransforms a real-valued time series (from the speci@BattEleor from the standard input if
input-Elés speciCEed as"; input-CElenust 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 discmigdf transformmemseuses the maximum
entropy (all poles) method, also known as autpessie (AR) spectral estimationThis method models the
spectrum by a series expansion in which the free parameters are all in the denominators of iteterens;

each term may represent a pole (corresponding to inCEnite power spectral density within an inEnitely narro
frequeng band). Bycontrast, Burier analysis models the spectrum by a series expansion in which the free
parameters are all in the numerators; hence each termdarefFseries may represent a zeAil-poles

models are particularly useful for analysis of spectra whiwk 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 numbetarge numbers of poles lead to lengttomputations (much sheer 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 bgin by usingfft, 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 whetenodel 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 speciEed banBschlow andhigh pair speciCEes thenand high frequene
boundaries of the band of interest, in Hz. Multiple bands may be speciCEed following absingle
option; only the lastb option has apeffect. Alsosee-sbelow.

-f frequency
Shaw the center frequendor each bin in the Erst columhe frequencyargument speciCEes 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 frequeny inclusive. The default depends on the length of the input serids;designed to
matchfft's defaults, to mak it easy to compare output¥ou may wish to use values afwhich
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 usiffy, this feature is one of the main advantages of
memse

-on Use amth order model (i.e., up topoles). Dedult: thesquare 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 speciCEed wingdo the input datawindow-typenay be one of: "Bartlett', "Blackman’,
‘Blackman-Harris', ‘Hamming', "Hanning', "Parzen', ‘Square', andelth’. The “Square'
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window type is equialent to using no winde at dl; this is also variously knen 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 mean value of the inputs to zero as-Zprand detrend the series (set its mean (Erst
derivative 10 zero). Thisis equialent to subtracting a best-Et (by least squares) line from the input
data.
NOTES

Versions ofmemsereleased prior to September 1999 did not supporiRlaption, 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
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NAME

mCElt - general-purpose median Elter for WFDB records
SYNOPSIS

mCElt -llength[ options... ]
DESCRIPTION

mEltcan be used to apply a median CElter pidasiredlengthto ary desired section of a database record.
The length is expressed in samples (i.e., each output sample is the mediangtf input samples).
Median Elters can be much morfective than al type of linear Elter for removing impulse noise from
signals; thg are not particularly useful for removing persistent noiseyever. Generally the shortest
effectve median Elter is the one that should be used, to minimize the alideittg efsulting from the
non-linear characteristics of the Elter.

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

-H Read the signal CEles in high-resolution mode (default: standard ribdsg 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 speciCEestord for input (default: record 16).

-In Use am-point median.

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

-o record
Use the speciEeetord for output (default: record 16)If the output record header Ele speciCEes
fewer signals than are present in the inpwy,extra input signals are discarded.

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

In the present implementation, the same (Elter is applied to each input Bagreaich output sample, an

array oflengthinput samples centered on the time of interest is sofddre efCEcient algorithms for CEnd-

ing the median exist, especially for large odd valuelemdth see, for @ample,Numerical Recipe} 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 Eltespplied to the Erst 5 minutes of record 100 to produce geserd 100m:
mCElt -1 3 -i 100 -n 100m

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/mElt.c
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NAME
mrgann - merge annotation (Eles

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

DESCRIPTION
mrgann reads a pair of annotation Eles (speciCEadniyann? for the speciCEedcord and writes a third
annotation Ele (speciCEecby3 for the sameecord. Typical applications ofnrgann include combining
annotation Eles that apply tofetiént signals within a multi-signal record, and replacing a segment of an
annotation Ele with annotations from another Ele (serathples belaw). mrgann cannot concatenate
annotation Eles frodifferentrecords (e.g., ggnents of a multi-segment record)sewfdbcollate(1) for
this purpose. If you wish to nge annotation (Eles in order to be able to study or eekeldiferences
between thembhxb(1) (which can also merge annotation Eles using @s-O options) is almost certainly
a better choice for such an application.

By default, the output annotation (Ele contains copies of all annotations in each of the input Eles (if there are
annotations with the santisne andchan (Eelds in each input Eleyéer, only the annotation fromannl
is copied). This behavior can be modiCEed by commandgiiens which include:

-cn Map (reset) thehan (Eelds of all annotations fraannlto n. chan Eelds may contain igers
between 0 and 255 inclus] the chan (Eeld often speciEes the signal number of the signal with
which the annotation is associated. Spedifyl to disablechan mapping forann1(the default).

-Cn  Map (reset) thehan Eelds of all annotations frann2to n. Specify -C -1 to disablechan map-
ping forann2(the default).

-h Print a usage summary.

-mO0time
Discard all annotations from both input annotators, beginnirignat until the time speciCEed in
the next-mx option, or the end of the data if no otherx option is gven.

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

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

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

-v Verbose mode (warn about simultaneous annotations with matchamgEelds).

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 approprrate
-C option(s)beforethe-mx option that speciCEes the time when tiemapping 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 Elesngiaca reads only tw annotation
(Eles at a time. The (Erst pass yields an intermediate result (atmpjat@nnotatorll 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 Erst command; this option c®uletdra 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 recomyz, 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 tiegv ones are copied. The rules are changed
a third and Enal time at the 6-minute mark by-th& 6:0 option, which instructsnrgannto copy the
remainingold annotations t@mut, while once again discarding yanew annotations that occur during this
interval.

ENVIRONMENT

It may be necessary to set and export the shell vangbleB (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 speciEed
ANSI/AAMI EC38:1998, the American National Standard for ambulatory ECGsvétwmating 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 Eles associated with the saw@d One of these is des-
ignated theeferenceannotation Ele, the other thstannotation Ele.

Optionsinclude:

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

-l Ele Append a line-format report @&lésee below).

-L Ele Same asl Ele

-mn  Compare measurement typédefault:n = 0).

-s(Ele Append a standard-format report@&€see below).

-t time Stop the comparison at the specitited (default: the end of the record if it is deEned, the end of
the reference annotation (Ele otherwitdimeis 0, the comparison ends when the end of either
annotation Ele is reached).

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

mxm reads the annotation Eles, ignoring all annotations except for thosmmifh= MEASURE and
subtyp= n (wheren is the measurement type selected usingrtheption). Themeasurements to be com-

pared arexracted from the@ux Eelds of these annotations, which should contain strings with the measure-

ments inscani3) %lf 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 nearest in timaulBgngef

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 mead@irements).

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 (oraduenéaat Vs signiCE-
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 aCEleargument, reports are written on the standard output. If no options are speciCEed,

mxm writes standard reports on the standard output\{deut to using the optiors -). Theoutput gener
ated by selecting or -L includes column headings only if@leother than-' i s geciCEed, and only if the
speciEetElaloes 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.

WFDB 10.3.0 22 Nwember 2002 43



MXM(1) WFDB Applications Guide MXM(1)

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 Analyzer$n theWFDB Applications Guide
American National StanddrANSI/AAMI EC38:1998, Amtatory Electocardiographs 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 (Ele
SYNOPSIS

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

This program copies its input (a WFDB annotation (Ele containing beat annotations), removing annotations
of events other than sinus beats, and interpolating additional Q (unknown beat) 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/iauation of a bedside cardiac aythmia monitor"; Ph.D. thesis, MIT

Dept. of Electrical Engineering, 1981). When the predictions are inconsistent with the &imus beats,

as may occur inxtreme noise or in highly irregular rhythms such as atrial CEbrillation, no interpolations are
made.

Options fornguessinclude:
-ftime Begin at the speci(Etohe 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 (Ele speciEedtpyt-annotatofdefault:nguess.

-t time Stop at the speciEaue

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 auch guesses, but some commonly-used techniques for study of heastrietéity (for example,
corventional methods for peer spectral density estimation in the frequedomain) require a uniformly
sampled instantaneous heart rate signal, such as can be obtainethelgjhpto process the output of
nguess Other techniques, such as the Lomb periodogram method implemenrtedtifl), can obtain fre-

gueng spectra from time series with missing andguikarly spaced values, such as can be produced from a
beat annotation Ele usiihg(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 annotations) exceeds one
or two percent of the number of known sinus beats (N annotations), be exceedingly wary of the 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 premature ventricular beats; the underiypothlesis 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 sigptdcular 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 shoriability in normal

sinus inter-beat (NN) intervals is due to respiratory sinus arrhythmia (RSA, the quasi-periodic modulation
of heart rate by respiration, which is most notable in young, lyeglihjects and decreases with age).
Since respiration rate is (in humans and smaller mammals) substantially slower than heart rate, it is possible
to estimate the length of the respiratory cycle in terms of some number of NMlintelfyfor example,

heart rate is around 60 beats per minute and respiration rate is around 10 breaths per minute, one might
expect that 6 NN intervals euld correspond to one breath, and that the current interval might be particu-
larly well-approximated by the sixth previous int&v Sincewe dont know the ratio between heart and
respiration rate a priori, we can obsefow well each of the préous PBLEN (a constant de(Ened in
nguess.¢ see below) intervals predicts the current interval eerage. Thusve have PBLEN predictors

for each interval, some of which may be much betterverage than othersAt arny time, we knav which

predictor is (locally) the best, and we can use that predictor te mbdst guess of the location of thexhe

sinus beat.In subjects with signiCEcant RSA, the best predictor may be determined by the length of the
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respiratory gcle; in others, the previous beat may be a better predieborour purposes, it really doesn'

matter which predictor is best, only that the mean error of the best predictor is Krttedl.next knavn

sinus beat is at least 1.75 times as distant as the prediction, and if the predictions are reasonably good on
aveage, 'nguess' asserts that a gap exists and (Ells it in with a Q annotation (or more than orag i§ the g
sufCEciently long).

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

FILES
record.hea headeEle

record.input-annotator  input annotation Ele (may contaiy annotations)
record.output-annotator output annotation (Ele (contains N and Q annotations only)

SEE ALSO
ihr (1), lomb(1), setwfdb(1), tach(1)

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/nguess.c
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NAME
nst - noise stress test for ECG analysis programs

SYNOPSIS
nst[ options... ]

DESCRIPTION
nst adds calibrated amounts of noise fromase ecordto ECGs (or other signals) fromcéean ecord
generating aoutput ecordin WFDB format. Such output records neaik possible to assess the noise tol-
erance of analysis programs.

Optionsinclude:

-a annotator
Use annotatoras the reference annotator for the clean record. Ifatmption is omittedatr is
used as the reference annotatBeference annotations are used to determine the signal size as
part of the noise el calibration, unless thep option (see below) is used. Reference annotations
are also copied to the output record.

-F format
Write output signals in the speciauinat (default: 16; for a list of valid formats, sesignal(5)).

-h Print a usage summary.

-i clean-recod noise-record
Read ECG (or other) signals frootean-record and noise frornoise-record nst obtains these
record names interaeély if the -i option is omitted.

-0 output-record
Create a record namedtput-recordcontaining the input signals and added nois&t.obtains the
name of the output record interaety if the -o option is omitted. If a headegignal, or reference
annotation Ele fautput-recordalready exists in the current directoitywill be overwritten.

-p protocol
Useprotocol (the annotator name of an annotation (Ele associated with the noise record) to deCEne
how noise is to be added to the signals (seevbeldf the -p option is omittednst generates a
protocol annotation Ele.

-sSNR Set scaledctors for noise such that the signal-to-noise ratio during noisy segments of the output
record iSSNR(in dB, see belw). Thisoption is ignored if g@rotocolis speciCEed usiAg.

Output signal generation
If the sampling frequencies of the clean and noise records differ by 10% ornstoresamples the noise
record (usingxform (1)), producing a ne noise record in the current directorfhe name of the me
record is that of the original (lessyasufEx bginning with an underscore), with a suf(Ex consisting of an
underscore followed by the sampling frequeatthe nev record. Br example, ihstis asked to use AHA
DB record1001 sampled at 250 Hz, and noise recerd sampled at 360 Hz, it (Erst generatesnanuse
record nameeém_250 sampled at 250 Hz. If the noise record that would generate exists alreadyst
uses it without regenerating ihstprints a warning if it is necessary to resample the noise record, or to sub-
stitute a previously resampled noise record.

Each ECG (or other) signal is paired and combined with a noise si§rgdin (@, a multiplicative <ale
factor) to be applied to the noise samples is set independently for each cleanlEiheat are fewer noise
signals than ECG signals, noise signals are paired with more than one clean signal as.n€oessamn-
ple, if there are three clean signals and twise signals, theare paired and combined as follows:

output signal 0 = clean signal (af] * noise signal 0 +b[0]

output signal 1 = clean signal 1af1] * noise signal 1 +[1]

output signal 2 = clean signal 2af2] * noise signal 0 b[2]

The initial values of theains,a, and ofsets,b, are zero for all signals (i.e., no noise is added). In the pro-
tocol annotation (Ele, ttiene CEeld of each NOTE annotation speciCEes when gains are to be changed, and
the aux (Eeld speciCEesvnealues for the gains (incani3) %lf format, beginning withe[0]; values are
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separated by white space within tnex Eeld). Theffsets,b, are recalculated at these times to cancel out
step changes in signalvids when @ins are changed. During the intervals between NOTE annotations in
the protocol annotation Ele, gains and offsets are Exed.

If no protocol annotation Ele is speci@stjenerates one using a standard protocol éan@wte noise-

free “learning period", followed by two-minute periods of noisy and noise-free signals alternately until the
end of the clean record). Thaigs to be applied during the noisy periods are determined in this case by
measuring the signal and noise amplitudes $geal-to-noise ratios below).

Generation of the output signals ends at the time of the la$EN{DNnotation in the protocol annotation
(Ele, or at the end of the clean record, whlemmes Erst. If the noise record ends before thatnishe,
‘rewinds' the noise record to the beginning as necessary to obtain additional noise samples.

If a non-standard protocol is needed, it is probably easiest tostuvithout the-p option to obtain a stan-
dard protocol annotation (Ele. The standard Ele can Jgetembrio tet by rdann(1), edited as needed
using ai text editor, and cowerted back into annotation Ele formaiygnn(1).

Signal-to-noise ratios
It is useful to characterize the noisedein a noise stress test in terms of the signal-to-noise ratio (SNR)
during the noisy ggments. SNRs commonly expressed in decibels (dB):
SNR= 10 log (S/N
whereSis the paver of the signal, anl is the power of the noise. If thp option is omittednst measures
SandN, and determines gains for the noise signals suchSN&matches the lel speciCEed using the
option (or interactiely).

The major di€Eculty in applying such a deEnition to the noise stress test is that most measurements of signal
power are not particularly meaningful when applied to the E@Gneasurement based on mean squared
amplitude, for example, will be proportional to the square of the heartSath a measurement bears little
relationship to a detectar'ability to locate QRS compies, which is typically related to the size of the

QRS comple. A less signiCEcant problem is that unweighted measurements of neéeseape likely to
overestimate the importance of veryldrequeng noise, which is both common and (usually) not trouble-

some for detectors. In wieof these issueg)st deEneS as a function of the QRS amplitude, aMas a
frequeng-weighted noise power measurement. The deEnitioBsanfl N have been chosen such that

SNRs gven for noise stress tests will correspond roughly in terms of an wdyitle@Ened “signal quality’

with SNRs such as those that may be encountered in other contexts.

To determineS, nstinvokes sigamp(1) to read the reference annotation Ele for the ECG record and to mea-
sure the peak-to-peak amplitude of each of the Erst 300 normal QRSxesrfipleach case, by measur

ing the range of amplitudes during a windfrom 50 ms before to 50 ms after the QRS annotati®hg

largest 5% and the smallest 5% of the measurements are discardsigjaamglestimates the peak-to-peak

QRS amplitude as the mean of the remaining 90% of the measuremsnijuares this peak-to-peak
amplitude estimate and divides the result by 8 (correct for sinusoids, close enough for these purposes) to
obtain the QRS “poweestimate,S.

To determineN for the unscaled noise signassggampdivides the Erst 300 seconds of the noise record into
one-second chunkdg-or each chunksigamp determines the mean amplitude and the root mean squared
difference,n, between the signal and this mean amplituds.in the calculation of S, the largest 5% and
the smallest 5% of the 300 measurements afe discarded, anglgamp estimates the RMS noise ampli-
tude as the mean of the remaining 90% of the measureni¢igshe square of this estimate; if a noise sig-
nal is scaled by aain, a, thenN is scaled by the square af To obtain the desire@NRgiven SandN, nst
solves forain the equation:
SNR= 10 log §(N * a**2))

The calculations 0§, N, and a are performed separately for each pair of clean and noise signals.

Noise records
Three noise records suitable for use witlst are aailable from http://wwwphysionet.org/phys-
iobank/database/nstdb/ and are also provided imstgbdirectory of the MIT-BIH Arrhythmia Database

CD-ROM. Thesecontain noise of the types typically observed in ECG recordifipgy were obtained
using a Holter recorder and standard electrodes foukatoioy ECG monitoring, on an aot sibject. The
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electrodes were placed on the limbs in locations chosen such that the siH§é&tis not visible in the
recorded signalsTwo signals were recorded simultaneoudRecordbw contains primarily baseline am-

der, a low-frequeng signal usually caused by motion of the subject or the leR#sordemcontains elec-

trode motion artéict (usually the result of intermittent mechanical forces acting on the electrodes), with
signiCEcant amounts of baselingnder and muscle noise as wdRecordma contains primarily muscle
noise (EMG), with a spectrum thaveslaps that of the ECG, but which extends to higher frequencies.
Electrode motion artéfct is usually the most troublesome type of noise for ECG analyzers, since it can
closely mimic characteristics of the ECGor this reason, the remaining records in isedbdirectory con-

sist of noise from recordmmixed with clean ECGs byst.

Although an early version afst generated the records in thstdb/olddirectory the signal-to-noise ratios
of these records were not determined using the deEnitiores §0afortunately they were not calculated
as stated in theeadme.dodEle on the Erst edition CD-ROM, eitheisingthe deEnitions ab® the sig-
nal-to-noise ratios (in dB) for the noisy portions of these records are as follows:

Recod dgnalO0 Signall Recar SgnalO  Signal 1
118 02 19.79 14.38 119_02 20.31 13.79

118_04 13.77 8.36 119_04 1429 7.77
118_06 10.25 4.84 119_06 10.76  4.25
118_08 7.75 2.34 119 08 8.27 1.75
118_10 5.81 0.41 119 10 6.33 -0.19
118_12 4.23 -1.18 119 12 4.74 -1.77

Choosing “clean' records
If the goal is to assess noise ustness, “clean' records are best chosen from among those that can be ana-
lyzed without error (or with very @ error rates). Given such a choice, anerrors observed in analysis of
nst output records can be attributed to the effects of the added noise, and notriasic properties of
the signals.

Using nst output
The output records generatedrst may be analyzed in the same way as the clean records from which the
were obtainedFor ECG analyzers, programs suchbed(1), epicmp(1), mxm(1), andrxr (1) may be use-
ful for assessing the accuyacf analysis results A series ofnst output records with a range of signal-to-
noise ratios may be used to determine hpalyzer performance varies as a function of SNRe parame-
ter of greatest interest is usually the minimum value of SNR for which performance remains acceptable.

The standard protocol is designed to provide a fair yet difCEcult challenge to most an8kgraesits of
noise-free signals during the test period illustrates hapidly the analyzer rewers its ability to analyze
clean signals after having been presented with noisy signals.

Tests of multichannel analyzers should include records in which not all signals are equallySuaisy
records can be generatedrist with appropriately constructed protocol annotation Eles.

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

SEE ALSO
bxb(1), epicmp(1), mxm(1), rdann(1), rxr (1), setwfdb(1), sigamp(1), xform (1), wrann(1), signal(5)
Moody, G.B., Muldron, WK., and Mark, R.G.A noise stress test for agthmia detectorsComputes in
Cardiology11:381-384 (1984).

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

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

plot2d, plot3d - male 2D or 3-D plots from text (Eles of data, ugingplot

SYNOPSIS

plot2d [ input-CEI&[ [ xcol] ycol] [ options ..]
plot3d [ input-CEI&[ [ xcol ycol] zcol] [ options ..]

DESCRIPTION

These UNIX shell scripts can be used to produce simple 2-D and 3-D plotgnsjigt(1) in batch (non-
interactve) mode. plot2d was designed as a quick-and-dirty replacementpib(l) (see http://wwwphys-
ionet.org/plysiotools/plt/ ).plot2d accepts a f& of the most commonly-usqat options and produces sim-
ilar plots. plot3d uses the same syntax jlet2d, but it produces simple 3-D plots (a capability not yet
offered byplt).

Theinput-CElshould contain one or more space- or tab-separated columns of data per line, with each point
on a line. Omit thenput-Elamgument to read data from the standard ingote: sincegnuplot cannot
read data from a pipplot2d andplot3d save dped input in a temporary (Ele beforeoking gnuplot.)

xcol, ycol, and zcol specify the column numbers within the input CEle for the andyz coordinates of the
points to be plotted. The leftmost column is column O (thiweaion follows that used bplt, rather than
that used bynuplot). Omit the xcol amgument toplot2d to use rav numbers as abscissas;ycol is also
omitted, plot2d plots column 1 vs. column 0. When usipipt3d, omit both xcol andycol to generate x
and y coordinates sequentially based ammambers; @lank line in the input resets x and increments y in
this case.

Optionsinclude:

-h Print help and exit (no plot is made).
-ttitle  Usetitle as the title for the plot.

-x label Uselabelas the X-axis label.

-y label Uselabelas the Y-axis label.

-z label Uselabelas the Z-axis labep(ot3donly).

-X Xmin xmax
Plot x-coordinates betweeminandxmaxonly.

-Y ymin ymax
Plot y-coordinates betwegminandymaxonly.
-Z zmin zmax
Plot z-coordinates betweeminandzmaxonly (plot3donly).
-T printer
Produce output on the speciCEed PostSmiipter (default: plot on-screen)Use-T epsto gener
ate encapsulated PostScript on the standard output.

EXAMPLES

50

Create a text Ele with the following contents:

000

111

2438

3927

416 &4
and call the CEfmwers Plot the Erst column vs. the second by:

plot2d powers 0 1 -t "Squares of small integers" -x "Integer” -y "Square"
The same Ele can be used to generate a numbdedmdiplots, by choosing different columnEo plot
the third column vs. the Erst, try:

plot2d powers 2 0 -t "Marshmallows" -x "Mass (kg)" -y "Height (m)"
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SEE ALSO
gnuplot(1), plt(1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/psd/plot2d
http://www.physionet.org/physiotools/wfdb/psd/plot3d
gnuplot http://ww.gnuplot.info/
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NAME
plotstm - produce scatter plot of ST measurement errors on a PostScript device

SYNOPSIS
plotstm Ele

DESCRIPTION
plotstm reads a (Ele of ST measurement errors producepidiyip(1) using its-S, -S0, or -S1option, and
generates a PostScript page description for a scatter plot of these data, as speciCEed by ANSI/AAMI EC38
and ANSI/AAMI EC57. The standard output ibtstm may be printed directly on grPostScript deice.

SEE ALSO
ecgeval(1), epicmp(1)
Evaluating ECG Analyzers
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, Arlingtorfy 22201
USA (http://www.aami.org/).

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/plotstm.c
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NAME
plt - make 2-D plots

SYNOPSIS
plt [ data-sped [ data-EIl¢[ [ xcol] ycol] [ options ..] [ -T Ilw | lwcat [ lwcat-optiong] ]

DESCRIPTION
This man page is intended as a supplement to the command-line help provpledtssif (using the-h
option, see belw). If you hare ot previously useglt, please look at thelt Tutorial and Cookboqgk
which is included in thelt package (seBOURCESbelow).

plt is a non-interactie (command line-dxien) plotting utility. plt can produce publication-quality 2D plots
in PostScript from easily-producedkteor binary data Eles, and can also create screen plots under the X
Window System.

All data presented tplt must be aganized in rows and columns. Columns are numbergihbang with

zero, and each column contains values for a variable that can be used as an abscissa (x coordinate), ordinate
(y coordinate), or (with appropriate options describedvigebp gre levd, color, or aher plot attrilites.

Rows are numbered beginning with one, and eashcamtains a value for each columwithin adata-CEle

values are alays arranged in row-major order (all elements af iy followed by all elements of w2,

etc.).

Usually data must be in & form in order forplt to read them. Each non-empitpn-comment line (1)

in the input should contain @ahue for each column that will be plottedyaaniditional values or othexea

text at the end of a o will be ignored. Columns can be separated byrammber of spaces or tab€om-

mas and single or double quotation marks can also be used as column separators with current versions of
plt, though not with olderersions. liis not necessary to line up the values in eash fthere may also be

spaces or tabs at the beginning of a line, and these will also be ignored.

If no data-CElés speciEeqlt reads data from its standard input. The command-ligenaentsxcol and
ycol specify the column numbers for the abscissas and ordinates regpedfionly one column number
is speciCEed, it is takenya®l, and plt generates a series of abscissas automatidalije data-CEleontains
no more than ter columns, bothxcolandycol may be omitted.

By default, plt reads all rows of thdata-Eland scales the x and yesxso that all data can be plottekh
optional data-speg¢a gring beginning with a colon (), can be used to select a subset of the rows in the
data-EleFor details on using data-specand for information about reading binary data Eles ydingee
theplt Tutorial and Cookboak

plt recognizes a large number @ftionsfor controlling and customizing plotsTo e a summary of all
options, run plt -h" ; if this command is followed by one or more strings (which should rgh beith
hyphens) plt prints one-line summaries of all options beginning with those strings only.

plt can read its options from command-line arguments, fréonnaat (EléspeciCEed using tHeoption), or
from aformat string(supplied on the command line, folling the-F option). Wherusing format Eles or
format strings, omit the hyphen (-) before each option.

Options
Fdlowing is a brief summary gblt's options. Notethat many options require guments. plt chooses a
suitable default for most such arguments if the argument is supplied &gethe plt Tutorial and Cook-
bookfor further details.

-p plot-styles
Specify style(s) for data plotsivailable plot-stylesinclude ¢, “C', “e+c', e, “ec', "E+n’, "E-
n, “E:nn, Cf 1, Tm, ', TN o, "0 Tse, TSn', and v

-selements
Suppres®lementof output. Elements that can be suppressed incledeerasing the screen or
beginning a ne page before plotting),a (anything associated with axesk' {arything associ-
ated with the x axis)y’ (arything associated with the y axisjy {the grid), m' (x and y axis tick
marks), h' (x and y tick mark numbers)t"(x and y axis labels and plot title), {user-supplied
labels), p' (data plots), andf” (T(Egures™-- boxes, line segments, arrows, angdeds). In
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addition, theselementsnodify the effects of another elements that folm X' (restrict efects
to x axis), Y' (restrict effects to y axis), and" (apply effects to both &s); andhe elementC'
reenables all elements.

-X Xmin xmax
Set the x-axis range (see aiga).

-Y ymin ymax
Set the y-axis range (see alya).

-t title  Set the title for the plot (enclosile in quotes if it contains whitespace or begins w(tior " [').

-T type Specify the outputype which may bexw (X11 window, the default under Unix or Linux and not
awailable under MS-Windows), dw (PostScript, the default under MS-Windows).

-g grid-mode
Specify the grid style, which may lire, out (default),both, none sym (make symmetric axes at
top and right),grid (extend major ticks across the entire plotyrid, ygrid, or sub (extend all
ticks across the entire plot).

-h [ option-preEx .]
Shav help on options beginning witbption-preEfwhich should not begin with'). If option-
preEis omitted, shev help on all options.

Within the next group of options, those with upper-case nam&$ (-B', ...) usewindow coodinates
between (0,0) and (1,1); those with lower-case nam&s ¢b', ...) usedata coordinates

-ax0y0x1yl
Draw an arow to (x0,y0)from (x1,y1)

-A xw0 ywO xw1 ywl
Draw an arow to (xw0,ywO0)from (xw1,yw1)

-b x0y0 x1 y1
Draw a box with opposite corners &t0,y0) and (x1,y1)

-B xw0 yw0 xwl yw1l
Draw a box with opposite corners &tw0,yw0) and (xw1,yw1)

-cx0y0Oxlyl
Connect point$x0,y0)and(x1,y1)

-C xw0 ywO0 xw1 ywl
Connect pointgxw0,yw0)and(xw1,yw1)

-d x0y0 x1y1
Draw a dark (CElled) box with opposite corner$x@y0) and (x1,y1)

-D xw0 ywO0 xw1 ywl
Draw a dark (CElled) box with opposite cornergxat0,yw0) and (xw1,ywl)

-| x y tbc label-string
Print label-stringat (x,y). Thetbc argument is a two-character text box coordinate that speciEes
how the label is to be positioned relatio (x,y), the default CC) centers the string &x,y).

-L xw yw tbc label-string
As for -l, but using windav coordinategxw,yw)

-w conCEguration subwindow
Con(Ene the plot to a predeEned wingweciCEed by thegaments. conEguratiospeciCEes the
number of subwindows (panels), using onenof(1), b' (2), or q' (4), andsubwindowspeciEes
which panel is to be plotted (0 or 1 fon"; O, 1, or 2 for b"; or 0, 1, 2, 3, or 4 forg"). In each
case, subwinde O creates the frame of the entire plot, and the other subwmdefer to rgions
where data can be plotted. Use this option withor "-s & to create multi-panel plots in stages
without starting a ng page or erasing the winddbefore starting each nestage.
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-W xp0 yp0 xpl ypl
De(Ene the gon of the page in which to plot. The arguments @age ©ordinates the page
coordinates (0,0) and (1,1) correspond to the lower left and upper right corners of the page.

-f format-CEle
Read options from the speciCaunat-CEle

-fa format-Ele
Record the current axis parameters as options in the spdoi@at El¢for use with a lateplt
command). Therevious contents dormat-CEldf any, will be overwritten.

-F format-string
Read options from the speciC@unat-string

-0 Suppress all output except data plots.

-cz xfrom xincr
Generate abscissas,giring with xfrom (default: 0) and incrementing byincr (default: 1) at

each step.
-ex Don't exclude points outside axis limits.
-hl x y hc n Ele

Print the n&t n (default: 1000) lines of the speci&tkas a label, placing the reference point for
the Erst line of the label at data coordingtgg. The tbc argument is deEned as fbland is
applied to each line of the labelhe (Eleés opened when Erst used-blyor -vl, and remains
open, so that succesgsi-hl or -vl options referring to the santEleead and print successilines.

At most MAXLABELFILES (deCEned iplt.h, currently 6)Els of label strings can be open at
once.

-vl xy toc n CEle
As for -hl, but print the label in a vertical orientation (rotated 90 degrees counterclockwise).

-le linenumber plothumbdrtext]
De(Ene the specidednumberin the legend (see alstp). Line numbers in the legend gie
with O (the top line); plot numbers alsodie with O (these refer to the data plots, and are used
here to determine the line style for the ertrgmple plot sgment). Thetextis printed to the
right of the sample plot genent. D create an entry with more than one line ofteise additional
-le options with diferentlinenumbes as mcessaryomitting the plotnumber(use =) for all but
the Erstlf the same data are plotted more than once in a single (Egure to creatdag(for
example, using symbolsver line segments), anverlaid legend entry can be created using addi-
tional -le options with the samkénenumberand diferentplotnumbersomitting thetextfor all but
the Erst.

-lp xw0 yw(Q[ boxscalg seglengti opaque] ] ]
DeEne the windocoordinates(xw0, yw0)of the upper left corner of the plotgend text, and
other attributes for the plot legendefl. plt determines the size of the box it draws around the
legend, lot the calculated width of the box is multiplied ibyxscale The seglengttoption speci-
(Ees the length of the sample plgnsents, as a fraction of the x-axis length (default: 0.05).
opaques 'yes (default), the background of the legend is opaque white; otherwise, the background
is transparent (gnpreviously drawn material remains visible through the legend bbkjless a
-lp option is provided, no legend is printed.

-Ix [ base[ subtickg] ]
Draw a logarithmic x-axis; baseis the base of the logarithms (default: 10), anbticksis either
‘yes or 'no'. If the axis has a small number of major tigils,draws subticks by default; use the
subticksargument to changat's default behavior.

-ly [ base[ subtickg ]
Draw a logarithmic y-axis.
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-tf Eld thc]
Load the text string array from the speci@®@dd Each line of theEledeEnes an element of the
string array; using plot stylesor t, these strings can be plotted in the same manner as data points.
The optionaltbc speciCEes hothe positions of the strings are to be modiCEed whenatke
printed, in the same way as for by default, the strings are centered on the coordinates speciCEed
for them.

-ts "string0 stringl .”. [ tbc]
Load the text string array from the quotedlanent (whitespace separates strings in the array)
rather than from a (Ele; otherwise, this option is the sartfe as

-fs "string0 stringl .”.
Load the font string array from the quoteduanent. Usingppropriate plot style|f) options, the
strings can be used to change the font, line style (solid, dotted, dashed, etc.), or drawing color.

-X string
Set the x-axis title tstring (which must be quoted if this option is used on the command line or if
string begins with “(' or °[").
-xa xmin xmax tik fmt tskip ycross
Specify the x-axis range (aminto xmay); the interval between x-axis tick marks; the fornfrat,
in which to print the numbers (e.g%0.3f" , "%.2€" ; any format thaiprintf(3) can use for print-
ing e0ating-point numbers is acceptable); the number of ticks per labelleddkif, and ycross
the point on the y-axis that the x-axis should cross, in y-uditg. of these parameters may be
supplied as "-", which causedt to choose a reasonable value based on the input data.

-Xe Xmin-error xmax-error
Use this option to specify the amount by which the x-axis range is allowed to exceed the range of
x-values in the input data, whett determines the x-axis range automatically.

-xm tick-base
Make x-axis ticks be multiples of the speci@eki-base

-X0 x-axis-offset
Move the x-axis down bx-axis-offse{expressed as a fraction of the y-axis length).

-Xr Draw the x-axis at the top of the plot

-xt x labell tick-size]
Add an extra labelled tick at the speci@e@dsition, and label it with the speciCaokel (which
may be aw string). Theoptional tick-sizeargument speciEes the length of the added tick, as a
fraction of the dedult length for labelled ticks (e.g., a value of 1.5 makes the added tick 50 longer
than the standard size).

-xts x [ tick-size]
Force a labelled tick to appear on the x-axis at the spegi(Berlpositions of the other labelled x-
ticks are adjusted accordinglylick-sizeis deEned as fext.
-y string
Set the y-axis title tstring (see-x).
-ya ymin ymax tik fmt tskip xcross
Set up the y-axis (sega).
-ye ymin-error ymax-error
Set the allavable error in the y-axis range (se®).
-ym tick-base
Make y-axis ticks be multiples of the speci@Eeki-base
-yo y-axis-offset
Move the y-axis to the left by-axis-offse{expressed as a fraction of the x-axis length).
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-yr Draw the y-axis at the right edge of the plot.

-yt y labell tick-size]
Add an extra labelled tick at the speci@pdsition (seext).

-yts y [ tick-size]
Force a labelled tick to appear on the y-axis at the spegi(Beetxts).

-dev pterm option
Processption only if the value ofPTERM is pterm The -dev option may be useful in scripts
that produce screen or printed plots in different formats.

-sfname speciCEcation
Create a ne font group with the speciCEedmeand set its speciCEcations (font, point size,
color/grey levd, line width, and line style). See the chapter tilalors, Line Styles, andoitsin
theplt Tutorial and Cookboofor details.

-ch height-factor width-factor
Modify the height and width of all characters printed in the plot by the speciEed factors.

-sizefscl width height left-margin bottom-margin
Specify the size and position of the plot on the padee width, height left-margin and bottom-
margin are speciCEed inches(1 inch = 25.4 mm).fsclis a factor applied to the point size of all
printed characteréhdependentlyf the scaling applied to the rest of the plot. This optionfecef
tive for printed plots only.

Screen and printed plots
By default, plt makes an X11 screen ploflo make a pinted plot, use the optioT Iw, and pipe the output
of plt to lwcat(1). UnderUnix, GNU/Linux, or MacOS/XJwcat uses the standaidgr print spooler to
sendplt's output in PostScript format to the default print&hen running with a Cygwin/bash wingo
under MS-Wihdows, or when usindwecat's -gv option under Unix or Linux, the PostScript output is dis-
played on-screen using GhostScri@SView under MS-Whdows, or gv otherwise; these programs can
save the output in a Ele or send it to a printer).

EXAMPLES
Create a text Ele with the following contents:
000
111
2438
3927
416 &4
and call the CEfmowers Plot the Erst column vs. the second by:
plt powers 0 1 -t "Squares of small integers" -x "Integer” -y "Square"
The same Ele can be used to generate a numbdedrdiplots, by choosing different columnEo plot
the third column vs. the Erst, try:
plt powers 2 0 -t "Marshmallows" -x "Mass (kg)" -y "Height (m)"

SEE ALSO
imageplt(1), lwcat(1), pltf (1)

The plt Tutorial and CookbooKa book-length introduction tplt, included in theplt source package, and
also aailable athttp://www.physionet.org/physiotools/plt/plt/doc/book.pd) contains mayp more exam-
ples.

AVAILABILITY
plt is available as part of PhysioToolkit (S&OURCESbelow) under the GPL.

AUTHORS
plt was aiginally written by Rwl Albrecht, and is currently maintained by George B. Moody
(george@mit.ed.

plt 2.3 19 December 2002 57



PLT(1) WFDB Applications Guide PLT(1)

SOURCES
http://www.physionet.org/physiotools/plt/
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NAME
pltf - make function plots

SYNOPSIS
pltf [ expression xmin[ xmax[ xinc]]]]

DESCRIPTION
pltf provides a simple way to ude(1) andplt(1) to generate plots of mpigommon functions of a single
variable. Thecommand-line @yuments are interpreted according to their positpith;asks for values for
ary missing arguments.

The Erst gumentexpression can be ap expression valid as input tac(1), with the additional feature that
the \ariablex may appear anywhere in thgpeession where a number would be allowedbby Some
examples of valid expressions are:

XN3+3*XN2+3*x+1

(x+1)"3

s(sqrt(x~2))
The Erst twv of these are equélent; notethat whitespace and parentheses are allowedpressions,
although it is necessary to enclose suqgbressions in double quotes (e!ffx + 1)*e(x)" ) when entering
them as command-line arguments in order to protect them from the shell. The last expression is the sine of

the square root of x squaresgeebc(1) for a complete list ofvailable special functions, orwoke pltf with
no command-line arguments to obtain a list.

The second and third arguments specify the domain of the functionaftreswer which x should \ary),
and the fourth argument speciCEesitmerement (the difference between conseewalues ofx for which
the expression is to beatuated).

pltf is a shell script that uses a helper applicatiaile, to prepare input fobc -I. Invoke ftable directly
(using the same arguments as/tif) if you need to change the format of the plot or enalpinted \er-
sion of it. See the source fpltf to see hav to do tis.

SEE ALSO
imageplt(1), plt(1)
AVAILABILITY
pltf is available as part of thplt package in PhysioToolkit (S&OURCESbelow) under the GPL.

AUTHOR
George B. Moodydeorge@mit.edy

SOURCES
http://www.physionet.org/physiotools/plt/plt/misc/pltf

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

pnnlist, pNNx - derve pNNXx statistics from an annotation interval list or an annotation Ele
SYNOPSIS

pnnlist [ options... ] pNNXx -r record -a input-annotatorf options... ]
DESCRIPTION

These programs dedg pNNx time domain measures of heart rate variability de@Enedyfdinamintenal x
as the fraction of consecw#i rormal sinus (NN) interads that differ by more thax Cornventionally, such
measures h@ been applied to assess parasympathetic activity usingh0 milliseconds (yielding the
widely-citedpNN50statistic).

pnnlist
This program takes as standard input an annotation a&htkst; containing intervals in seconds and the
(beat and non-beat) annotations that terminate eachahtend outputs on standard output each unique
NN increment (x) in milliseconds, and the percentage of NN interval increments (pNNXx) greater than x.

Options forpnnlist may include:

-h Print this usage summary.

-iinc  Compute and output pNNx for x =idc, 2*inc, ... milliseconds.

-p Compute and output increments as percentage of initial intervals.

-S Compute and output separate distributions of pesdid negative intervals.

PNNx
This shell script imokes ann2rr(1) andpnnlist to obtain pNNx statistics using a beat annotation Ele as
input. Theinput (Ele must be speciEed using tleeord and-a annotatorarguments.

Options forpNNx may include ay of those usable witpnnlist, as well as:
-f time Begin at the speciEtohe By default,pNNXx starts at the beginning of the record.
-t time Stop at the speciEaue

EXAMPLES
These commands are functionally identical:
ann2rr -r nsrdb/16265 -a atr -A -i s8 -w | pnnlist
PNNXx -r nsrdb/16265 -a atr

Each of these commands reads Hie (reference) annotations for MIT-BIH Normal Sinus yRim
Databaser(srdb) record 16265 (downloading them directly from PhysioNet if the annotation Ele has not
previously been downloaded into a locerdb directory These commands will then print each unique NN
interval increment in milliseconds along with the percentage of intervals greater thaaltleat Bothof
the examples alve roduce the same output; the Erstliies are shown below:

0 89.2738

7.8125 69.4564

15.625 53.3662

23.4375 40.8539

31.25 31.4265

39.0625 24.1817

46.875 18.4763

54.6875 14.1261

62.5 10.7312

70.3125 8.06025

78.125 6.09401

85.9375 4.56975

93.75 3.47841

101.562 2.66896
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ENVIRONMENT

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

SEE ALSO
ann2rr (1), setwfdb(1)

AUTHOR
Joe E. Mietus (joe at physionet dot org)

SOURCE
http://www.physionet.org/physiotools/pNNx/pNNXx.src/pnnlist.c
http://www.physionet.org/physiotools/pNNx/pNNx.src/pNNx

WFDB 10.3.2 22 February 2003
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NAME

pschart - produce annotated “chart recordings' on a PostScript device
SYNOPSIS

pschart[ [ options... ] script... ]
DESCRIPTION

pschart produces high-quality annotated plots of WFDB records on PostScvipede Wherrendered on
a PostScript laser printer or phototypesettae plots closely resemble those that appear on pages 99-177
of theMIT-BIH Arrhythmia Database Directory

pschart reads one or morscript (Eles containing newline-terminated commands. Its standard output is a
PostScript Ele suitable for printing directly with no further processing. Bultjgischart dravs “zero-

width' lines; doing so typically reduces the printing time byetdr of three for a Erst-generation (300 dpi)
laser printer while producing visually pleasing resulfsthe output is destined for a high-resolution (600
dpi or more) printer or phototypesefthoweve, be aure to use thed option (see below), or the traces and
grid will be invisible (or nearly so).

Options:
-aann Print annotations from annotatann (default: “atr'). To suppress annotation printing, usa ™ '.

-A ann As for -a, but for a second annotatofhe second set of annotations is shownweéehe Erst set.

-bn Set the binding offset to millimeters (default: 0). The inside margin is increasedlogym, and
the outside margin is decreased by the same amount.

-c string
Print "Copyright ©string in the left page footerstring may include whitespace if it is quoted.
The characters "%d', if included Btring, are replaced by the current yeak default copyright

o

notice is printed if nec option is speciCEedo uppress printing the copyright notice, use™ '.
-C Produce charts in color (default: black and white).

-Cargb
Draw annotations (if enabled) in the speciEed cdloe color is speciCEed using three numerical
arguments (with values between 0 and 1 inelgsthat indicate the amounts of red, green, and
blue respectiely. Examples:-Ca 0.5 0.5 1.Qoroduces light blue (the default obtained usi@ig
only); -Ca 0 0.5 Qproduces a deep green color.

-Cgrgb
Draw the grid (if enabled) in the speciCEed cdefault: red (1 0 0).

-Clrgb
Draw labels and other non-annotation text in the speciEed Bafault: black (0 0 0).

-Csrghb
Draw signals in the speciEed col@efault: deep blue (0 0 0.5).

-dn Set up for using a printer with a resolutionnadots per inch (defult: n = 300, the typical resolu-
tion for laser printers)For a phototypesettem is typically 1200 or 2400. Note thatdoes not
have b be @rrect in order to get properly scaled outptite value determines the granularity of
the calculations made Ipschart and the line width used by the printhut not the scales.

-e Process wen-numbered pages in a manner appropriate for two-sided priniagn-numbered
pages are printed with versed page headers, and with the outside margin on the ledulidef
page headers are noveesed, and the inside margin isvals on the left).

-E Generate EPSF format (encapsulated PostScript (Ele format), suitable for inclusion in another
PostScript Ele.
-g Print a 0.5 mV x 0.2 sec grid with 0.1 mV x 0.04 sec subticks under each steapl{ded grid).

This grid is drawn using thgrid procedure in the prolog Ele (E8VIRONMENT below).

-G Print a 0.5 mV x 0.2 sec grid without subticks under each stripiefho grid). This grid is
drawn using th&rid procedure in the prolog Ele (8¢VIRONMENT below).
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-h Print a usage summary.

-H Read the signal CEles in high-resolution mode (default: standard ribdsg 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 Ele Print the (text) contents @Elenstead of the title in the title area of the Erst page of oufpet.
text is printed in a monospaced font; use spaces rather than tabs in the text to align columns.

-l Label the signals in the margins next to each strip (default: no signal labels).
-L Print in landscape orientation (default: portrait orientation).

-m inside outside top bottom
Specify page margins in millimeterdefaults: top and bottom 25 nm; inside and outside
25-37.5 mm (half of the difference between the page width and the default strip wikdiR).
default strip width is the Igrest multiple of 25 mm that is at least 50 mm less than the page width.
Note that page headers and footers, time stamps, and signal labels are printed igitise iso
note that hardware-enforced, printer-speciCEc margins are not included; the margins speciEed
using-m apply to the imageable area, and not necessarily to the physical page.

-M Print marker bars across the signals taastiee locations of beat annotations (eglént to-M1).

-Mbarstyle
Set marker bar and annotation format (note: no space betideandbarstylg. Legd values for
barstyle 0 (no bars); 1 (bars across all signals); 2 (bars across attached signal, annotations at cen-
ter); 3(bars across attached signal, annotationseabars). Deéult: barstyle= 0.

-nn Usen as the number of the Erst page (default: 1). 1dg8 (or ary negdive value forn) to sup-
press page numbering.

-p Pack sufCEciently short strips side-by-side ¢d#f print each strip centered between the inside and
outside margins in a wby itself).

-P pagesize
Specify the size of the output pages to be printeshjd values forpagesizeare: “letter' (8.5" x
11", 216 mm x 279 mm; imageable area 209 mm x 272 mm), “lwletter' (8.5" x 11", 216 mm x 279
mm; imageable area 203 mm x 277 mm)galg(8.5" x 14", 216 mm x 356 mm; imageable area
209 mm x 348 mm), ‘EEH13' (8.5" x 13", 216 x 330 mm; imageable area 209 mm x 322 mm),
‘A4’ (8.27" x 11.69", 210 mm x 297 mm; imageable area 202 mm x 289 mm), "A5' (5.84" x 8.27",
148 mm x 210 mm; imageable area 140 mm x 202 mm); 'B4' (9.84" x 13.9", 250 mm x 353 mm;
imageable area 249 mm x 356 mm), 'B5' (6.93" x 9.84", 176 mm x 250 mm; imageable area 173
mm x 249 mm), orwidthxheight (wherewidth andheightare the width and height of the image-
able area in millimeters).lwletter' is the standard letter size for the Apple LaserWrisdrpf the
other predeEned page sizes are those used by theAR@pBRter Note that some printers may
require non-standard PostScript code to select non-standard page sizes; in such cases, it may be
necessary to customize the prolog (EleRBdeS). Default: letter size.

-r Print "RecordxX' as the Erst part of the title of each strip, whxersas the record name.

-R Print a record name as part of the header on each page. If strips fooon tmore records are
printed on one page, the name of the last record is printed.

-s signal-list
Print only the signals named in thiginal-list(one or more signal numbers or names, separated by
spaces; dalult: print all signals).

-S scale-mode timestamp-mode
Print scales and timestamps in the speciCed mbdgd.values forscale-mode0 (no scales); 1
(mm/unit in footers); 2 (units/tick in footers); 3 (mm/unit ab&rips); 4 (units/tick abee grips);
5 (mm/unit within strips); 6 (units/tick within strips)Legd values fortimestamp-mode0 (no
timestamps); 1 (elapsed times only); 2 (absolute times if deEned, elapsed times otherwise).
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Defaults:scale-mode 1, timestamp-mode 2.

-tn Set the time scale tomillimeters per second (dailt: n = 12.5, half of the standard scale for chart
recorders).

-T title Set the page title totle (which may include whitespace if quoted). If Ab option is speciCEed,
the page title is constructed from the date of the last recording on the page, if de(Enedsor today’

nooa

date otherwiseTo suppress printing the page title, us .

-u Generate “unstructured' PostScript as a workaround for a bug in the Admif@cfipt softvare
(also seeENVIRONMENT below). Default: generate structured PostScript, suitable for process-
ing by page-selection or pageseesal post-processors.

-vn Set the voltage (ordinate) scalertamillimeters per millvolt. Signalsthat do not hee wits of
millivolts (as speciCEed in the recerdtader (Ele) are scaled proportionaesdypeciCEed by the
calibration Ele (seefdbcal(5)). Thedefault scale is 5 mm/m\half of the standard scale for
chart recorders.

-V Verbose mode (echo each command as it is read from the script Ele).

-wn  Set the line width for signals, grid lines, and marker barsrton. Defult: O (the narrowest pos-
sible width; note that some devices may not render zero-width lines correctly).

-1 Print only the (Erst character of each comment annotation.

Color output
If none of the-C options is used, output is in black and white. I§ aalor option is used, output is in the
default colors (light blue annotations, red grid, black labels, deep blue signals) wdegklen by one or
more of the-Ca, -Cg, -Cl, or -Cs options. Coloroutput can be rendered in gseale by monochrome
PostScript printers, although black-and-white output may look better in such cases.

Scripts:
Any argument that is not an option or an optiogwanent is taken as the name of a script oflime-termi-
nated commands to beeeuted bypschart. If the script name is “-pschart reads commands from the
standard input. Options that folloa <ript name are not applied to the processing of that script, so it is
possible to use twor more scripts with dferent sets of options in a single run. Standard commands are of
the following form:

record time title

in whichrecordis the name of the record for which a strip is to be prinibedindicates the time of the left
edge of the strip to be printed, ditte is a description to be printed algothe strip. Fields are separated by
spaces or tabs. If thene Eeld contains gphen (C-"), the portion that precedes the hyphen is taken as the
time of the left edge of the strip, and the portion that follows the hyphen indicates the end of the desired
segment; additionastrips continuous with the Erst are printed if necesthngss thep option is speci-
(Eed, strips that are less than the full width of the page are centered withingihs. nfdretitle Eeld may
include embedded spaces or tabs, or it may be omiiehtally empty command line speciCEes a page
break, i.e., it causgsschart to put the next strip at the top of annpage, &en if the current page is not
full.

ENVIRONMENT
The environmentariablePSCHARTPRO can be used to name an alternate prolog Ele (see below) for cus-
tom formats. The environmentariable TRANSCRIPTBUG may be set (to gnvalue) to generate
“unstructured' PostScript by default (see theoption abwe). It may be necessary to set and export the
shell variableAWFDB andWFDBCAL (seesetwfdb(1)).

FILES
/usr/local/lib/ps/pschart.pro
default PostScript prolog Ele.

/usr/local/lib/ps/12lead.pro
alternatve PostScript prolog Ele, suitable for printing standard 12-lead diagnostic ECGs (10 sec-
onds, 4 traces, with the top three traces divided into 2.5 secgmses by marker bars)his
(Ele redeEnes the grid drawn byGhaption (see th&rid procedure for details).
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BUGS

On older PostScript printers, output may be quitessla full page, with grids and datilt scales, typically
takes about 3 minutes to render on an Apple LaserWadtebout 6 minutes on a Linotronic 1200 dpi pho-
totypesetterMost modern printers can rengechart output at nearly full speed.

If the record you wish to plot is sampled atexyhigh rate relate t the printer resolution (i.e., if one
sample interval wuld appear on the page as much less than the distance between pixels), you may wish to
usexform (1) to decimate to a lower frequenior elEciencg sake. Inextreme cases, this may be neces-

sary to &oid running out of memory in your PostScript printer.

Specifying EPSF output using thE option does not puent pschart from producing multi-page output,
which is not permitted in EPSFYou should mad aure that your output (Ets entirely onto one page (most
easily veriEed using the option) before including it in another documeiote that the bounding box
calculated bypschart covers the entire width of the page and most of its height (excluding only about half
of the top and bottom margins, so that the header and footer material is included)paly a small por

tion of the page contains plotéf you wish to (Et such a plot into another document with a minimum of
empty space around it, you may either edit the bounding box commentpadimert output, or specify a
page size that closely matches the size of your plot. The document inpghltdrt output is included can
arbitrarily rescale the plot, so that scales expressed in mm/unit cannot be relied upon.

Under MS-DOS, a bug inommand.commalkes it impossible to pass an empty string in the argument list
of a command, so thaa ™ ,-c ™ ,and-T "™ do not work as described albbe. Type a space between the
guotation marks towaid this hug, or use one of the UNIX shells thavbdeen ported to MS-DOS instead
of command.com

There are too maroptions. lvoke pschart with no arguments for a brief summary of options.

AVAILABILITY

This program is provided in treppdirectory of the WFDB Softwareaekage. Rumnakein that directory
to compile and install it if it hae rot been installed already.

The PhysioNet ATM (http://pfsionet.org/cgi-bin/AM) provides web access tpschart (select Plot
waveforms from the Toolbox).

SEE ALSO

psfd(1), setwfdb(1), wave(1), xform (1)

AUTHOR

George B. Moody (george@mit.edu)

SOURCES

http://www.physionet.org/physiotools/wfdb/app/pschart.c
http://www.physionet.org/physiotools/wfdb/app/pschart.pro
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NAME

psfd - produce annotated “full-disclosure' plots on a PostScript device
SYNOPSIS

psfd [ [ options... ] script... ]
DESCRIPTION

psfd produces high-quality annotated “full-disclosure' plots of WFDB records on PostScvipesie
When rendered on a PostScript laser printer or phototypesle¢eiots closely resemble those that appear
on pages 2-97 of th#IT-BIH Arrhythmia Database Directory

psfd reads one or morscript (Eles containing newline-terminated commands. Its standard output is a
PostScript Ele suitable for printing directly with no further processing. Byltesfd dravs “zero-width'

lines; doingso typically reduces the printing time by a factor of three for a Erst-generation (300 dpi) laser
printer while producing visually pleasing result§the output is destined for a high-resolution (600 dpi or
more) printer or phototypesettdoweve, be aure to use thed option (see below), or the traces and grid

will be invisible (or nearly so).

Options:

LTI

-aann Print annotations from annotatann (default: “atr'). To suppress annotation printing, usa ™ '.
-A ann As for -a, but for a second annotatofhe second set of annotations is shownwele Erst set.

-bn Set the binding offset to millimeters (default: 0). The inside margin is increasedlogym, and
the outside margin is decreased by the same amount.

-c string
Print "Copyright ©string in the left page footerstring may include whitespace if it is quoted.
The characters "%d', if included Btring, are replaced by the current yeak default copyright
notice is printed if nec option is speciEedo uppress printing the copyright notice, use™ ".

-C Produce charts in color (default: black and white).

-Cargb
Draw annotations (if enabled) in the speciEed cdloe color is speciCEed using three numerical
arguments (with values between 0 and 1 inelgsthat indicate the amounts of red, green, and
blue respectiely. Examples:-Ca 0.5 0.5 1.Qoroduces light blue (the default obtained usi@ig
only); -Ca 0 0.5 Qproduces a deep green color.

-Cgrgb
Draw the grid (if enabled) in the speciCEed cdefault: red (1 0 0).

-Clrgb
Draw labels and other non-annotation text in the speciEed Bafault: black (0 0 0).

-Csrghb
Draw signals in the speciEed col@efault: deep blue (0 0 0.5).

-dn Set up for using a printer with a resolutionnadots per inch (defult: n = 300, the typical resolu-
tion for laser printers)For a phototypesettem is typically 1200 or 2400. Note thatdoes not
have b be @rrect in order to get properly scaled outptite value determines the granularity of
the calculations made Ipsfd and the line width used by the printent not the scales.

-e Process wen-numbered pages in a manner appropriate for two-sided prinfiagn-numbered
pages are printed with versed page headers, and with the outside margin on the ledulidef
page headers are noveesed, and the inside margin isvals on the left).

-E Generate EPSF format (encapsulated PostScript (Ele format), suitable for inclusion in another
PostScript Ele.
-g Print a grid with 1-second tick marks at the top of each page ana theldast strip on each page

(default: no grid).
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-h
-Hn
-l

-L
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Print a usage summary.
Allot approximatelyn millimeters of vertical space on the page for each trace (defalf:5).
Label the signals in the margins next to each strip (default: no signal labels).

Print in landscape orientation (default: portrait orientation).

-m inside outside top bottom

-M

Specify page margins in millimeterdefaults: top and bottom 25 mm; inside and outside

25-37.5 mm (half of the difference between the page width and the default strip wikiR).

default strip width is the lgrest multiple of 25 mm that is at least 50 mm less than the page width.
Note that page headers and footers, time stamps, and signal labels are printed igitise iso

note that hardware-enforced, printer-speciCEc margins are not included; the margins speciEed
using-m apply to the imageable area, and not necessarily to the physical page.

Print marker bars across the signals taastiee locations of beat annotations (eglént to-M1).

-Mbarstyle

-nn

-N

Set marker bar and annotation format (note: no space betiMeandbarstylg. Legd values for
barstyle 0 (no bars); 1 (bars across all signals); 2 (bars across attached signal, annotations at cen-
ter); 3(bars across attached signal, annotationseabars). Deéult: barstyle= 0.

Usen as the number of the Erst page (default: 1). 1dg8 (or ary negdive value forn) to sup-
press page numbering.

Print counter values after time stamps in the left margin.

-P pagesize

-R

Specify the size of the output pages to be printeshjd values forpagesizeare: “letter' (8.5" x

11", 216 mm x 279 mm; imageable area 209 mm x 272 mm), “lwletter' (8.5" x 11", 216 mm x 279
mm; imageable area 203 mm x 277 mm)galg(8.5" x 14", 216 mm x 356 mm; imageable area
209 mm x 348 mm), ‘EEH13' (8.5" x 13", 216 x 330 mm; imageable area 209 mm x 322 mm),
‘A4’ (8.27" x 11.69", 210 mm x 297 mm; imageable area 202 mm x 289 mm), "A5' (5.84" x 8.27",
148 mm x 210 mm; imageable area 140 mm x 202 mm); 'B4' (9.84" x 13.9", 250 mm x 353 mm;
imageable area 249 mm x 356 mm), 'B5' (6.93" x 9.84", 176 mm x 250 mm; imageable area 173
mm x 249 mm), orwidthxheight (wherewidth andheightare the width and height of the image-
able area in millimeters).lwletter' is the standard letter size for the Apple LaserWrisdrpf the

other predeEned page sizes are those used by theAR@pBRter Note that some printers may
require non-standard PostScript code to select non-standard page sizes; in such cases, it may be
necessary to customize the prolog (EleRBdeS). Default: letter size.

Print a record name as part of the header on each page. If strips fooon tmore records are
printed on one page, the name of the last record is printed.

Same asr.

-ssignal-list

Print only the signals named in thiginal-list(one or more signal numbers or names, separated by
spaces; dalult: print all signals).

-S scale-mode timestamp-mode

-tn

-T title

WFDB 10.4.12

Print scales and timestamps in the speciCed mbdgd.values forscale-mode0 (no scales); 1
(mm/unit in footers); 2 (units/tick in footers).egd values fortimestamp-mode0 (no times-
tamps); 1 (elapsed times only); 2 (absolute times if deEned, elapsed times othBeisd)s:
scale-modes 1, timestamp-mode 2.

Set the time scale tomillimeters per second (daflt: n = 2.5, one-tenth of the standard scale for
chart recorders).

Set the page title ttitle (which may include whitespace if quoted). If fib option is speciCEed,
the page title is constructed from the date of the last recording on the page, if de(Enedsor today’
date otherwiseTo suppress printing the page title, us€ ™ .
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-u Generate “unstructured' PostScript as a workaround for a bug in the Adobe TranScriptesoftw
(also seENVIRONMENT below). Default: generate structured PostScript, suitable for process-
ing by page-selection or pageseesal post-processors.

-vn Set the voltage (ordinate) scalertamillimeters per millvolt. Signalsthat do not hee wits of
millivolts (as speciCEed in the recerdtader (Ele) are scaled proportionaesdypeciEed by the
calibration Ele (segfdbcal(5)). Thedefault scale is 1 mm/m\bne-tenth of the standard scale
for chart recorders.

-V Verbose mode (echo each command as it is read from the script Ele).

-wn  Set the line width for signals, grid lines, and marker barsrton. De#fult: O (the narnwest pos-
sible width; note that some devices may not render zero-width lines correctly).

-X Extend the last strip of each record up to 10% if necessawpith @inting a short strip at the end.
(This option may be used to obtain plotslikose in theMIT-BIH Arrhythmia Database Déc-
tory.)

-1 Print only the (Erst character of each comment annotation.

Scripts:

Any argument that is not an option or an optioguanent is taken as the name of a script oflime-termi-
nated commands to beeeuted bypsfd. If the script name is “-psfd reads commands from the standard
input. Optionghat followv a <ript name are not applied to the processing of that script, so it is possible to
use tvwo or more scripts with different sets of options in a single run. Standard commands are of the follo
ing form:

record time
in which record is the name of the record for which a “full disclosure' plot is to be printediimedndi-
cates the starting time (and, optionathe stop time) of the plotAnything that follows theéime Eeld in a
command is ignored. Fields are separated by spaces orltdabs.time Eeld contains a hyphen (°-), the
portion that precedes the hyphen isetalas the starting time of the plot, and the portion that follows the
hyphen indicates the stop timé totally empty command line caugesfd to put the next plot at the top of
a rew page, &en if the current page is not fullpschart(1) command scripts are usable jsfd; note,
however, that the programs use different gentions for interpreting a missing stop time, and that strip
tittes are not printed bysfd.

ENVIRONMENT
The environment ariablePSFDPRO can be used to name an alternate prolog (Ele (see below) for custom
formats. Theervironment \ariable TRANSCRIPTBUG may be set (to gnvalue) to generate “unstruc-
tured' PostScript by default (see theoption abwe). It may be necessary to set and export the sheH v
ablesWFDB andWFDBCAL (seesetwfdb(1)).

FILES
/usr/local/lib/ps/psfd.pro
default PostScript prolog Ele.

BUGS
On older PostScript printers, output may be quitersla full page, with grids and default scales, typically
takes about 3 minutes to render on an Apple LaserWadtebout 6 minutes on a Linotronic 1200 dpi pho-
totypesetterMost modern printers can rengefd output at nearly full speed.

For a 300 dpi printera typical full page of output will be about 80 Kbytes. Expect this to increase approxi-
mately linearly with the printer resolution.

The signals are decimated to obtain samples that are spaced by intervals approximatingl.ori® pix
obtain this result, the signals are Erst digitallypass Eltered Ipsfd; in general, this has no signiCEcant
effect on the appearance of the plots other than a slight wapemt in legibility for signals contaminated
by high-frequeng noise. D get an idea of the high-frequancontent of the signals, ugschart(1).

Specifying EPSF output using thE option does not pwent psfd from producing multi-page output,
which is not permitted in EPSFYou should mad aure that your output (Ets entirely onto one page (most
easily veriCEed using theé option) before including it in another documeitote that the bounding box
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calculated bypsfd covers the entire width of the page and most of its heightlgeling only about half of

the top and bottom margins, so that the header and footer material is included)paly a small portion

of the page contains plot$f you wish to Et such a plot into another document with a minimum of empty
space around it, you may either edit the bounding box comment psfti@utput, or specify a page size
that closely matches the size of your pldhe document in whicpsfd output is included can arbitrarily
rescale the plot, so that scales expressed in mm/unit cannot be relied upon.

Under MS-DOS, a bug inommand.commalkes it impossible to pass an empty string in the argument list
of a command, so thaa ™ ,-c ™ ,and-T "™ do not work as described albe. Type a space between the
guotation marks towaid this hug, or use one of the UNIX shells thavbdeen ported to MS-DOS instead
of command.com

There are too mamoptions. lrvoke psfd with no arguments for a brief summary of options.

SEE ALSO

pschart(1), setwfdb(1), wave(1)
AUTHOR

George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/app/psfd.c
http://www.physionet.org/physiotools/wfdb/app/psfd.pro
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rdann - read a WFDB annotation Ele

SYNOPSIS

rdann -r record -a annotator[ options ...]

DESCRIPTION

rdann reads the annotation Ele speciEeecbyd andannotator and writes a text-format translation of it

on the standard output, one annotation per line. The output contains (from left to right) the time of the
annotation in hours, minutes, seconds, and milliseconds; the time of the annotation in samples; a mnemonic
for the annotation type; the annotatgubtyp, chan, and num (Eelds; and the auxiliary information string,

if any (assumed to be a null-terminated ASCII string).

Optionsinclude:
-c chan Print only those annotations withan Eelds that matcian.

-e Print annotation times as elapsed times from the beginning of the recaadli(defann prints
absolute times if the absolute time of the beginning of the record is de(Ened, and elapsed times oth-
erwise, unless the option has been ggn).

-f time Begin at the speciEdidhe By default,rdann starts at the beginning of the record; if modiEca-
tion labels are present, thare not printed unless 0 is given explicitly, howeve.

-h Print a usage summary.

-n num Print only those annotations wittum (Eelds that matcium

-p type[ type... ]
Print annotations of the speci@&gzbsonly. Thetypearguments should be annotation mnemonics
(e.g.,N) as rormally printed byrdann in the third column. More than onp option may be used
in a single command, and eaghoption may hae nore than ongypeargument following it. If

typebegins with “-"', however, it must immediately follev -p (standard annotation mnemonics do
not begin with ~-", but modiCEcation labels in an annotation (Ele may de(Ene such mnemonics).

-ssub Print only those annotations witlubtyp Eelds that matslub
-t time Stop at the speciEaue
-v Print column headings.

-X Use an alternate time format for output (the Erst three columns are the elapsed times in seconds, in
minutes, and in hours, replacing thiemm:ssand sample number columns in theaddf output).
Note that this format is incompatible witirann.

The-f and-t options may be used to select a portion of an annotation Ele for printing. Their arguments are
usually gien in gandardtime (hh:mm:s3 format; see the description stftimin the WFDB Pogrammer's
Guide as vell as the comments belpfor other formats.

Beat numbers beginning with 0 are implicitly assigneddann to each QRS annotation in an annotation
Ele. Ithe argument of thd option begins with “#', it is taken to be the beat number of the Erst QRS anno-
tation to be printed (amon-QRS annotations that immediately precede this annotation are also prihted).
the argument of the option begins with “#', it is tadn as the number of QRS annotations to be processed;
note that not all of those processed will necessarily be printed, - thigtion is used to select only a sub-

set of annotation types to be printed.

Note that thee and-x options are mutually exclug; if both are gien, only the last one is effect.

ENVIRONMENT

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

Example

rdann -a atr -r 200 -f0 -t 5:0 -p V
This command prints on the standard outputVal(premature gntricular contraction) annotations in the
(Erst Bwminutes of theatr (reference annotation) Ele for record 200.
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CD-ROM Versions
The Erst edition of the MBIH Arrhythmia Database CD-ROM, the Erst and second editions of the Euro-
pean ST-T Database CDGOR, and the Erst edition of the MIT-BIH Polysomnographic Database@ND-R
contain versions afdann that use an older command syntax (still supported by the cueesibn but not
described here). Refer bon.docin the CD-ROM directory that containdann for further information.

AVAILABILITY
This program is provided in treppdirectory of the WFDB Softwareaekage. Rumnakein that directory
to compile and install it if it hae rot been installed already.

The PhysioNet ATM (http://p¥sionet.org/cgi-bin/AM) provides web access talsamp (select Show
annotations as textfrom the Toolbox).

SEE ALSO
rdsamp(1), setwfdb(1), wrann(1)

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

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

rdedfann - extract annotations from an EDF+ (Ele
SYNOPSIS

rdedfann -r edfEl¢ options... ]
DESCRIPTION

This program prints the annotations from an EDF+ (Ele in the same fomtanmasloes for WFDB-com-
patible annotation Eles.

Options include:

-h Print a brief usage summary Verbose mode (print column headings).

Note that the annotation mnemonics in EDF+ (Eles do not in general match those used in WFDB-compati-
ble annotation Eles, so that it will usually be necessary to translate those that come from EDF+ (Ele before
the text can be coerted bywrann. For example, this command can be used to extract annotations from
foo.edf, change the EDF+ annotation type "QRS" to the WFDB type "N", and then produce a WFDB-com-
patible annotation Eieo.edf.qrs

rdedfann -r foo.edf | sed "s/QRS/ N" | wrann -r foo.edf -a grs

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

AVAILABILITY
This program is provided in thenvertdirectory of the WFDB Softare Rickage. Rumnake in that direc-
tory to compile and install it if it has not been installed already.

SEE ALSO
edftomit(1)

http://www.edfplus.info/spscs/edfplus.html Full speciCEcation of EDF+, by Bob Kemp and Jeaus Oli

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

SOURCES
http://www.physionet.org/physiotools/wfdb/ogant/rdedfann.c
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NAME

rdsamp - read WFDB signal Eles

SYNOPSIS

rdsamp -r record[ options... ]

DESCRIPTION

rdsamp reads signal Eles for the speci@amatd and writes the samples as decimal numbers on the stan-
dard output. If naptionsare praided,rdsamp starts at the beginning of the record and prints all samples.

By default, each line of output contains the sample number and samples from each signal, beginning with

channel 0, separated by tabs.

Optionsinclude:

-C Produce output in CSV (comma-separated value) format (default: write output in tab-separated

columns).
-f time Begin at the speci(Egehe By default,rdsamp starts at the beginning of the record.

-h Print a usage summary.

-H Read the signal Eles 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).

-l interval
Limit the amount of output to the speciCEed tinterval (in standard time formatgefault: no
limit). If both-l and-t are usedrdsamp stops at the earlier of the aviimits.

-p Print times in seconds and milliseconds, and values in physical units. &yltdefsamp prints
times in sample intervals and values in A/D units.

-P Same asp, but yields higher precision in the sample values (8 decimal places rather than 3).

A single character can be attached to eitipeor -P to choose the format for the printed times in
the Erst column of output. The choices are:

-pd (or -Pd)
Print time of day and date if knm, as [hh:mm:ss DD/MM/YYYY]. The base time and date must
appear in the header Ele for the record; otherwise, this formatvdesguio "e" format (belw).

-pe (or -Pe)
Print the elapsed time from the beginning of the record, as hh:mm:ss.

-ph (or -Ph)
Print the elapsed time in hours.

-pm (or -Pm)
Print the elapsed time in minutes.

-ps (or -P9)
Print the elapsed time in seconds. This is the default format when-psingP.

-pS(or-P9
Print the elapsed time in sample intervals.

-ssignal-list
Print only the signals named in thignal-list (one or more input signal numbers or names, sepa-
rated by spacesgefault: print all signals). This option may be used to re-order or duplicate sig-
nals.

-Ssignal
Search for the Erst valid sample of the spedi@eal (a signal name or number) at or feliog
the time speciEed with(or the beginning of the record if thioption is not present), anddia
printing at that time.
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-t time Stop at the speciCE@tie By default,rdsamp stops at the end of the record.

-V Print column headings (signal names on the (Erst line, units on the second). The names of some
signals are too wide to (Et in the columns; such names are shortened by omitting the initial charac-
ters (since names of related signals often differ only at the end, this helpsadhmadolumns
identiCEable). Nameg$ units are shortened when necessary by omitting the (Enal characters, since
the initial characters are usually most important for distinguishing different units.

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

AVAILABILITY
This program is provided in treppdirectory of the WFDB Softwareaekage. Rumnakein that directory
to compile and install it if it hae rot been installed already.

The PhysioNet ATM (http://p¥sionet.org/cgi-bin/AM) provides web access talsamp (select Show
samples as texfrom the Toolbox).

SEE ALSO

rdann(1), setwfdb(1), wrsamp(1)
AUTHOR

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

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

rxr - ANSI/AAMI-standard run-by-run annotation comparator
SYNOPSIS

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

Using options-C, -L, or -S, rxr implements the run-by-run comparison algorithms described in
ANSI/AAMI EC38:1998, the American National Standard for Anatory 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. is the reference implementation of these algo-
rithms, and must be used to obtain the run-by-run performance statistics cited in EC38 and EC57 in order to
be in compliance with the standards (see EC38, section 5.2.14, and EC57, section 4.2).

Input to this program consists ofdvennotation Eles associated with the saw@d. One of these is des-
ignated theeferenceannotation Ele, the other testannotation Ele (called the “algorithm' annotation Ele
in EC38 and in EC57).

Optionsinclude:

-c (Ele Append condensed reports@e

-C Ele As for-c, but report SVE run statistics also.

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

-| Ele Append line-format reports (EC57 Table A.7 formatjEt§see below).

-L CEle Ele2
As for -l, but report SVE run statistics (&le2

-s(Ele Append standard reports (EC38 section 5.2.14, EC57 Tables 7, 8 for@# to
-SEle As for-s, but report SVE run statistics also.

-t time Stop the comparison at the specidited (default: the end of the record if it is deCEned, the end of
the reference annotation (Ele otherwitdimeis 0, the comparison ends when the end of either
annotation Ele is reached).

Y Verbose mode (list all discrepancies; see below).

-w time Set thematd window (default: 0.15 seconds; see below).

At most one ofc, -C, -I, -L, -s, and -S can be gien as & option. If *-'is given as aEleargument, reports
are written on the standard output.no options are speciEexl; writes standard reports on the standard
output (equidlent to using the optiors ). Theoutput generated by selectidgor -L includes column
headings only if &Eleother than-' is speciEed, and only if the speci@de@loes not alreadyxest. Inthis
way, rxr can be used repeatedly taild up a line-format table for multiple records, for further processing
by sumstatg1).

The-v option speciEes that each mismatch is described on the standard output in a format similar to:
3/5(120188-121065)

where the Erst number is the reference run length, the second is the test run length (each of these is between

0 and 6), and the numbers in parentheses indicate the location of the matctv wisdmple intervals.

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

BUGS
Sincerxr performs multiple passes@ its input (Eles, it cannot be used at the end of a pipe.

SEE ALSO
bxb(1), ecgeval (1), epicmp(1), mxm(1), setwfdb(1), sumstatg1)

Evaluating ECG Analyzer$n theWFDB Applications Guide
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Ambulatory Electrocardiograph@NSI/AAMI EC38:1998)

Testing and Reporting é&formance Results of Cardiac Rhythm and ST Segment Measurement Algorithms
(ANSI/AAMI EC57:1998)

The last tw of these publications arevalable from AAMI, 1110 N Glebe Road, Suite 220, Arlingtod, V
22201 USA (http://www.aami.org/).

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/rxr.c
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NAME
sampfreq - shav sampling frequengfor a record

SYNOPSIS
sampfreq[ -H ] record

DESCRIPTION
This program shows the sampling frequefar the speciCEedcord. By default,sampfreqshows the base
sampling frequenc(frame rate) for multi-frequeyaecords; ifthe-H option is presensampfreq shows
the highest sampling frequgnased for ag signal in a multi-frequengcrecord.

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

FILES
record.hea headeEle

SEE ALSO
setwfdb(1)

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/sampfreq.c
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NAME
setwfdb, cshsetwfdb - set WFDB environment variables

SYNOPSIS
. setwfdb
source cshsetwfdb
call setwfdb

DESCRIPTION
WFDB applications search for input (Eles by looking for them in an ordered list of locations called the
WFDB path These locations can bevgn by drectory names or (if the WFDB library has been installed
with NETFILES support) URLs. If thaVFDB environment variable is set, itake speciEes the WFDB
path; otherwise, applications use the builtin default path speciEed at the time the WFDB library was com-
piled. Thedefault path DEFWFDB, deCEned in the WFDB library source Wttblib.h) includes the cur
rent directory ("), the system-wide database directory installed as part of the WFDBaof@ckage
(usually/usr/databasg, and the PhysioBank data anahihttp://www.physionet.org/physiobank/database).

WFDB applications that need access to the signal calibration database End it in a Ele located on the WFDB
path. Ifthe WFDBCAL ervironment variable has been set, its value speciCEes the name of the calibration
(Ele; otherwis@pplications look for the deftilt calibration Ele, the name of whiatidpcal) is compiled

into the WFDB library.

Many users will not need to change the defaults, but for those who do, the scripts described here may be
helpful. Important: these programs must be customized before using them for the (Erst timewon a ne
machine. Sincéhey are text Eles, useyatext editor to customize them.

sh, bash, andksh users:
setwfdb sets the environmentaxiablesWFDB and WFDBCAL . It must be gecuted using the'" as
shown abwge. It may be cowmenient to include an wocation ofsetwfdbin your.proEleEle.

cshandtcshusers:
cshsetwfdbsetsWFDB andWFDBCAL similarly for the C-shell. It must bexecuted using Source"as
shown abwe. It may be cowmenient to include this command in yoashrc CEle.

ENVIRONMENT

WFDB The database path: a list of directories that contain databaseA@brapty component is taken to
refer to the current directaryAll applications built with thewfdb(3) library search for their
database input Eles in the order speci@®ad-bB. If WFDB is not set, searches are limited to
the builtin WFDB path (see abg). UnderUnix, directory names are separated by colons (:), and
the format ofWFDB is that of the Bourne shedlPATH variable (seesh(1)). UnderMS-DOS,
directory names are separated by semicolons (;), and the form&t@B is that of the MS-DOS
PATH variable (colons may be used following i peciCEers withiWWFDB in this case).
MacOS does not support environment variables as such; under MacOB8ijttheN(FDB path is
deCEned ifdblib.h as described ale, and it contains a semicolon-delimited list of directories
(folders) as under MS-DOS, but with colons used as directory separators rather than backslashes
as under MS-DOS Alternatively, whitespace can be used (undey anvironment) to separate
components of the WFDB pattunder ay environment, if the value ofVFDB begins with "@",
the remainder of the string is &k as the name of an “indirect WFDB path'@lat deEnes the
database path in the format describedvabo
This feature was introduced in WFDB librargrgion 8.0, mainly to permit MacOS users to mod-
ify the WFDB path without recompiling the WFDB libratyt it is also useful under MS-DOS to
avad the 128-character limit on the length of environmeariables. IndirecWFDB path Eles
can be nested up to 1és deep.

WFDBCAL
The name of the WFDB calibration Ele (sédbcal(5)). Theusual rules for Ending WFDB Eles
by searching the WFDB path apply to the WFDB calibration Ele, so the vaMEOBCAL
need not be an absolute path name. The WFDB calibration CEle is used by WFDB applications that
need to plot signals at standard scales, as well @albig(1), which can determine the baseline
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and gain of signals if calibration pulses are present and if the parameters of the calibration pulses
are described in the calibration EfeWFDBCAL is not set by the usghe WFDB library uses a

default WFDB calibration Elevfdbcal, named inwfdblib.h). If the WFDB calibration Ele is not
readable, programs that rely on it may not choose appropriate scales for some types of signals.

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

SOURCES
Note that these atemplatesand will need to be customized before use:
http://www.physionet.org/physiotools/wfdb/app/setwfdb
http://www.physionet.org/physiotools/wfdb/app/cshsetwfdb
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NAME

sigamp - measure signal amplitudes of a WFDB record
SYNOPSIS

sigamp -rrecord [ options... ]
DESCRIPTION

sigamp measures either baseline-corrected RMS amplitudes or (for suitably annotated ECG sighals) nor
mal QRS peak-to-peak amplitudes for all signals of the specé@ed It makes up to 300 measurements

(but see-n below) for each signal and calculates trimmed means (by discarding the largest and smallest 5%
of the measurements and taking the mean of the remaining 90%).

Optionsinclude:

-a annotator
Measure QRS peak-to-peak amplitudes based on normal QRS annotations from the speciEed
annotator

-d dt1 dt2
Set the measurement windaoelative ©© QRS annotationsDefaults:dt1 = 0.05 (seconds before
the annotation)dt2 = 0.05 (seconds after the annotation).

-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a usage summary.

-H Read the signal CEles in high-resolution mode (default: standard ribdsg 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).

-n nmax
Make up b nmaxmeasurements on each signal (default: 300).

-p Print results in physical units (default: ADC unitg).may be followed by a single character to
speciCEfy a time format (used withand-v when printing individual measurements); choices are
-pd (time of day and date if kmm), -pe (elapsed time in hours, minutes, and secong),
(elapsed time in hours)ym (elapsed time in minutesps (elapsed time in seconds (datt)), -pS
(elapsed time in sample intervals).

-q Quick mode: print individual measurements only.

-t time Process until the speci@#maein record (default: the end of the recordRrocessing will be termi-
nated prematurely if 250 measurements are made before reaching the sjimeiEed

-V Verbose mode: print individual measurements as well as trimmed means.
-w dtw Set RMS amplitude measurement winddefault:dtw= 1 (second).

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

SEE ALSO
calsig1), setwfdb(1), sigavg1)

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

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

sigavg - calculate serages of annotatedavdorms
SYNOPSIS

sigavg -rrecord -a annotator| options... ]
DESCRIPTION

A common problem in signal processing is to determine the shape of a reclavidgrm in the presence

of noise. If the vavdorm recurs periodically (for example, once per second) the signal can be divided into
segments of an appropriate length (one second in this example), and the segments \eaged &
reduce the amplitude of mmoise that is uncorrelated with the sign@pically, noise is reduced by @ad-

tor of the square root of the number of segments included invinaga. ©r physiologic signals, the
waveforms of interest are usually not strictly periodicweeer. sigavgaveages such avdorms by deCEn-

ing segments (eraging windows) relatie o the locations of wvdorm annotations.

sigavgrequires a WFDBecord containing ag number of signals to beveraged, and an annotation Ele
containing markers (Educial points) that deEne a (Exed pointvenathi@gwindev for each vaveorm.

By default, all QRS (beat) annotations for the spec#dRieotatorare included in anvarage that begins 50
ms before the annotation and ends 50 ms after the annotdti@noutput is in text form, with times (in
seconds, relate © the annotations) of each sample in the Erst columnyamrd@s for each signal in the
remaining columns.

Optionsinclude:

-d dt1 dt2
Set the measurement windoelatve o QRS annotationsNegaive values correspond tofeéts
that precede the annotations. Defaudtd:=-0.05 secondsdt2 = 0.05 seconds.

-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a usage summary.

-H Read multifrequencrecords in high resolution mode (default: use tesolution mode).

-p type[ type... ]
Include annotations of the speci@gus anly (default: include all QRS annotations).

-t time Process until the speci@#maein record (default: the end of the record).
-V Verbose mode: print column headings ebdoeasurements.
-z Set the baseline to zero befoxeraging.

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

SEE ALSO

calsig1), setwfdb(1), sigamp(1)
AUTHOR

George B. Moody (george@mit.edu)

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

signame - print names of signals of a WFDB record
SYNOPSIS

signame -rrecord [ options... ]
DESCRIPTION

signameprints the names of the signals in the speci@edd (one per line).Using the-s option, only the
names of the signals speciCEed by signal number are printed.

Optionsinclude:
-h Print a usage summary.

-ssignal[ signal... ]
Print names for the speci@ighals) only Signals are numbered 0, 1, 2 .... If the speciCEed signal
does not exist imecord, signameoutputs "[INVALID]".

ENVIRONMENT

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

signum(1)
AUTHOR

George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/signame.c
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NAME
signum - print signal numbers of a WFDB record having speciEed names
SYNOPSIS
signum -r record [ options... ]
DESCRIPTION
signum prints the signal numbers in the speci@eard (one per line) corresponding to the speciCEed signal
names.

Optionsinclude:
-h Print a usage summary.

-sname[ name... |
Print signal numbers of signals thawvbahe speciCEathmes. Signals are numbered O, 1, 2 .... If
the speciEed signal does not exigédord, signameoutputs "X".

If two or more signals in a record match a speci@aak signum outputs the numbers of all the matching
signals on a single line.

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

SEE ALSO
signame1)

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

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

skewedit - edit skew Elds of header Ele(s)

SYNOPSIS

skeweditrecord skewO[ skewl ... slewN ]

DESCRIPTION

This program reads theeader(5) Ele for the speci®ecdord, changes the s Elds to match thekewo,
skewl, etc. arguments, and rewrites the header (Ekrasl.hea in the current directorgkew0 is the slew
in samples for signal Gkewl is the skew for signal 1, etc.Skews may not be ngaive; any omitted slews
are taken to be zero.

Skew refers to time differences between samples having the same sample numb&rémtdsignals.

Skew may arise while digitizing multitrack analog tape recordings, for example, as a resuléieriés in

the azimuth of the recording and playback heads of the recording equipment. It may be possible to measure
skew (for example, by applying test signals simultaneously or at known intervals to all input channels, and
then by measurement of the digitized test signals). When this is poss#sedit can then be used to

record the skw measurements in the header Ele.

For example, assume that a test signal applied simultaneously to all inputs of abcasddetermined to
appear on signal 0 at sample 30, on signal 1 at sample 28, on signal 2 at sample 28, and on signal 3 at sam-
ple 26. In this caseskewO is 4 (30 - 26)skewl andskew? are each 2, anslewB is 0. The command

skeweditabc 4220
would apply the proper correction to the header Ele for the record. (The Enal "0' may be omitted from the
command.)

Applications built using the WFDB library ¢vsion 9.2 or later) are able to correct foevgkthe slew @r-
rection is performed by the WFDB library and is not visible to the application progtdate that skw
correction does not require rewriting the signal Ele(s).

If you wish to create sw-corrected signal Eles (for example, to use with applications built using earlier
versions of the WFDB library), usdorm (1) to do so, using the header (Ele generatskidweditas input

to xform. Note, havever, that older applications can generally be updated without source changes simply
by recompiling them and linking them with the current WFDB library.

ENVIRONMENT

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

SEE ALSO

setwfdb(1), xform (1), header(5)

AUTHOR

George B. Moody (george@mit.edu)

SOURCE
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NAME
ship - copy an cerpt of a WFDB record

SYNOPSIS
ship -i input-record-n new-record options]

DESCRIPTION
ship copies the signal Eles (and, optionaltnotation (Eles) of the speci@edt-record and generates a
header (Ele, thereby creating the speci@edecord snip is usually used to extract an excerpt ofnfsut-
record, using the-f and-t options (see below) to specify the segment to be copied.

The programxform (1) can also perform this task, but offers additional «exibility (it can scale the signals,
resample them at a tifent frequeny rearrange them, select subsets of them, or reformat thampis
faster tharxform, howevae.

Optionsare:

-a annotator
Copy the speciEahnotatoras well as the signal (EleBvo or moreannotatorarguments, sepa-
rated by spaces, can foalo-a. An annotator supplied via the standard input may be speciCEed
using ', but only immediately aftera; in this case onlyannotations are copied to the standard
output.

-f time Begin at the speciEgohein the input record (default: the beginning of the record).

-h Print a usage summary.
- duration
Snip a segment of the speci@®eration (hh:mm:ss orsnnn overrides-t if given).
-m Presere ssgments of multi-segment input, if possible.
-S Suppress output of info strings in the output header Ele.

-t time Process until the speci@ikein the input record (default: continue to the end of the record).

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

FILES
new-record.annotator  output annotation (Ele

new-recorddat outpusignal Ele
new-recorchea outpuheader Ele

SEE ALSO
setwfdb(1), xform (1)

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

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

sortann - rearrange annotations in canonical order
SYNOPSIS

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

Applications that use the WFDB library (version 9.7 and later versions) may write annotatiop®idean
Most applications that read annotationswbeer, expect to End them time order (with simultaneous
annotations ordered by theiumandchan attributes).

sortann rewrites the annotation (Ele speciCEerbdiyrd and annotator arranging its contents in canonical
(time, num and chan) order By default, WFDB applications rusortann as needed (from withiwfdbquit

or oannclosg If the environmentariableWFDBNOSORT has been set (to ywalue),sortann will not

be run automaticallyand a warning message will be printed insteadmost such cases, you should run
sortann as instructed by the warning message before reading the annotation Eley witreahVFDB
application.

If the input contains tev or more annotations with the sartime, num and chan (Eelds, only the last one is
copied. Asa ecial case of this policif the last such annotation hasntyp= 0 (NOTQRS), no annota-
tion is written at that location. Thus a program that generates inpstrfiann can efectively delete a pre-
viously written annotation by writing FOTQRS annotation at the same location.

The sorted (output) annotation Ele vgagb written to the current directoryf the input annotation Ele is

in the current directorysortann replaces it unless you specify aféient output annotator name (using the

-0 option). Notethat the output annotation (Ele is likely to be slightly shorter than the input CEle, since more
compact storage is usually possible when all annotations are sorted.

If the input annotations are already in the correct omierutput is written unless you ta used the-o
option.

If you attempt to sort a very large annotation €lgann may run out of memorylf this happens, use the
-f and-t options to work on the (Ele in sections gf @rvenient size, one at a time, then usegann(1) to
concatenate the sectionsote that you must specify an output annotator name fajttvhen using thef
or -t options (to ®oid replacing the entire input (Ele with a sorted subset of its contents).

The working memory required tsortann is approximately 10 times the size of the annotation Sitee
annotation Eles are rarely as large asgebyte and wailable memory is rarely less than 10 gaeytes, it
is unlikely thatsortann will exhaust &ailable memoryhoweve.

Optionsinclude:
-ftime Begin at the speci(Egehe By default,sortann starts at the beginning of the record.
-h Print a usage summary.

-0 output-annotator
Write output to the annotation (Ele speciCEedtpyt-annotatoand (as speciCEed usingrecord.
By default,sortann replaces the input annotation Ele.

-t time Stop at the speciEaue
The-f and-t options may be used to select a portion of an annotation (Ele for processing.

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

SEE ALSO
mrgann(1), setwfdb(1)

AUTHOR
George B. Moody (george@mit.edu)
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SOURCE
http://www.physionet.org/physiotools/wfdb/app/sortann.c
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NAME
sgrs, sqrs125 - single-channel QRS detector

SYNOPSIS
sqrs -r record [ options... |
sqrs125 -rrecord [ options... ]

DESCRIPTION
sqgrs attempts to locate QRS comyds in an ECG signal in the speciEedord. The detector algorithm is
based on example 10 in tiéFDB Pogrammers Guide, which in turn is based on a Pascal program writ-
ten by W.A.H. Engelse and C. ZeelerthelA single scan algorithm for QRS-detection and featuiteae-
tion", Computes in Cardiology 6:37-42 (1979).sqrs does not include the feature extraction capability of
the Pascal program. The output sxfrs is an annotation Ele (with annotator naps in which all
detected beats are labelled normal; the annotation (Ele may also contagt ‘amtibtations at locations
thatsqrs believes ae noise-corrupted.

sqrs can process records containing amumber of signals, W it uses only one signal for QRS detection
(signal 0 by default; this can be changed using-staption, see bels). sgrsis optimized for use with
adult human ECGsFor other ECGs, it may be necessary to experiment with the sampling frggasenc
recorded in the input recosdheader Ele (séeader(5)) and the time constants indicated in the source Ele.

sgrs uses the WFDB librarg'setifreqfunction to resample the input signal at 250 Hz if a signiCEcantly dif-
ferent sampling frequegds indicated in the header (Ekxrs125is identical tosqrsexcept that its Elter
and time constants @ been designed for 125 Hz input, so that its speed is roughly twice thqisoflf

the input signal has been sampled at a frequeear 125 Hz, the quality of the outputs sifrs and
sqrs125will be nearly identical.(Note that older versions of these programs did not resample their inputs;
rather they warned if the sampling frequenaas signiCEcantly different than the ideal frequeand sug-
gested usingform (1) to resample the input.)

This program is provided as an example patyg is not intended for gclinical application. At the time

the algorithm vas originally published, its performance was typical of state-of-the-art QRS detectors.
Recent designs, particularly those that can analyaetwrore input signals, may exhibit signiEcantly bet-
ter performance.

Optionsinclude:
-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a usage summary.

-H Read the signal Eles 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).

-m threshold
Specify the detectiothreshold(default: 500 units);use higher values to reduce false detections,
or lower values to reduce the number of missed beats.

-ssignal
Specify thesignal(number or name) to be used for QRS detection (default: 0).

-t time Process until the speci@imein record (default: the end of theecord).

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

EXAMPLES
To mark QRS compbees in record 100 beginning 5 minutes from the start, ending 10 minutes and 35 sec-
onds from the start, and using signal 1, use the command:
sqrs -r 100 -f5:0 -t 10:35-s 1
The output annotations may be read using (for example):
rdann -a qrs -r 100
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To evaluate the performance of this program, run it on the entire record, by:
sqrs -r 100

and then compare its output with the reference annotations by:
bxb -r 100 -a atr qrs

SEE ALSO
bxb(1), rdann(1), setwfdb(1), wgrs(1), xform (1)

AUTHORS
Geoge B. Moody (ge@e@mit.edu). Thiprogram is a fairly literal translation with minor corrections of
the Pascal original by WAH Engelse and Cees Zeelenberg.

SOURCE
http://www.physionet.org/physiotools/wfdb/app/sqrs.c
http://www.physionet.org/physiotools/wfdb/app/sqrs125.c
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NAME

sumann - summarize the contents of a WFDB annotation (Ele
SYNOPSIS

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

sumannreads the annotation Ele speciCEeecbyd andannotatorand produces a tabular summary of its
contents, including the number of annotations of each type as well the duration and number of episodes of
each rhythm and signal quality.

Optionsinclude:

-f time Begin at the speci(Etihe

-h Print a usage summary.

-q Summarize QRS annotations only.
-t time Stop at the speciEaue

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

SEE ALSO

rdann(1), setwfdb(1)
AUTHOR

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

http://www.physionet.org/physiotools/wfdb/app/sumann.c
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NAME
sumstats - detie ggregde statistics from bxb, rxetc., line-format output

SYNOPSIS
sumstatsEle

DESCRIPTION
This program devies the aggrgate statistics described in sections 3.5.2 and 3.5.3 of the American National
StandardTesting and reporting performance results ofdiac rhythm and ST segment measurement algo-
rithms (ANSI/AAMI EC57:1998, based on the earlier AAMI ECAR:1987), and in sections 4.2.14.4.1 and
4.2.14.4.2 of the American National Standahulatory electocardiographgANSI/AAMI EC38:1998).

To use this program, (Erst generate a line-format r@plausing the-l or -L options ofbxb(1), epicmp(1),
mxm(1), orrxr (1). ThisCEle must include column headings so sbhatstatscan recognize the (Ele type.
Output is written to the standard outptit;includes a cop of the input (Ele, with aggae statistics
appended at the end.

SEE ALSO
bxb(1), ecgeval (1), epicmp(1), mxm(1), plotstm(1), rxr (1)

Evaluating ECG Analyzer$n theWFDB Applications Guide
American National StanddrANSI/AAMI EC38:1998, Ambulatory Electrocardiographs

Testing and Reporting é&formance Results of Cardiac Rhythm and ST Segment Measurement Algorithms
(publication AAMI EC57:1998)

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/sumstats.c
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NAME

tach - heart rate tachometer

SYNOPSIS

tach -r record -a annotator[ options... ]

DESCRIPTION
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tach reads an annotation (Ele (speciCEed nti@atorandrecord aguments) and produces a uniformly
sampled and smoothed instantaneous heart rate si§madothing is accomplished by Ending the number

of fractional R-R intervals within a windo (with a width of X output sample intervals, whekeis a
smoothing constant) centered on the current output sample. 8yitiétie output is in text form, and con-

sists of a column of numbers, which are samples of the instantaneous heart rate signal (in units of beats per
minute). Optionallythe output sample number can be printed before each output satyge Rlterna-

tively, tach can create a WFDB record containing the heart rate signal.

Studies of heart rate variability generally require special treatment of ectopic bgaitsally, ventricular

ectopic beat annotations are remabfrom the input annotation (Ele and replaced by “phantom' beat annota-
tions at the expected locations of sinus beats. The same procedure can be used apsFésnlting from

other causes, such as momentary signal Ittsi& often necessary to post-process the outpuadi to

remove impulse noise in the heart rate signal introduced by the presence of non-compensated ectopic beats,
especially suprentricular ectopic beats. Note thaich performs none of these manipulations, although it
usually attempts limited outlier rejectiota¢h maintains an estimate of the mean absolute deviation of its
output, and replaces youtput that is more than three times this amount from thaéque value with the
previous value).

Optionsinclude:
-f time Begin at the speciEgehein record (default: the beginning atcord).

-F frequency
Produce output at the speciCEed sampling fregydatault: 2 Hz).

-h Print a usage summary.
-i rate  For outlier detection, assume an initial raterate bpm (default: 80).

- duration
Process the record for the speci@adtion begnning at the time speciEed by avjmes -f
option, or at the beginning of the record.

-nn Produce eactly n output samples, adjusting the output freqyese hat the are evenly spaced
throughout the interval speciCEed byjmes-f and-t or -| options. Thisoption is particularly use-
ful if the output oftach is to be used as input for a fast Fourier transform, sirmaa be chosen to
be a comenient power of two.

-o record
Write output to signal and header (Eles for the spesi@ed (which should not be the same as
the input record). This option suppresses the standard text outpahof

-0 Disable outlier rejection.

-sk Set the smoothing constantkédefault: 1;k must be positie).

-t time Process until the speci@imein record (default: the end of theecord).
-V Print the output sample number before each output sample value.

-V, -Vs, -Vm, -Vh
Print the output sample time in seconds (usMgr -Vs), minutes (usingVm), or hours (using
-Vh) before each output samplalue. Onlyone of these options can be used at a time.

Reference (‘atr') annotation (Eles can be used as inpehfdut Eles that contain manually-inserted anno-
tations are less suitable, since annotation placemently li& be less consistent than in annotation Eles
generated by programs suchsass(1).
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ENVIRONMENT
It may be necessary to set and export the shell vangbleB (seesetwfdb(1)).

DIAGNOSTICS
annotation buffer overeow

Use a smaller smoothing constant, a higher output freguen@compiletachwith a larger alue
for ABL.

SEE ALSO
setwfdb(1), sqrs(1)
AUTHOR
George B. Moody (george@mit.edu)

SOURCE
http://www.physionet.org/physiotools/wfdb/app/tach.c
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NAME
time2sec - conert WFDB standard time format into seconds

SYNOPSIS
time2sed| -r record] time

DESCRIPTION
This program coverts the speciEed time int&ivtime (in WFDB standard time format), into seconds.
Enclose TIME in square braets (e.g., [9:0:0]) to cmert a time of day to the elapsed time in seconds from
the beginning of the (optionally) speciCEed RECORD.

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

FILES
record.hea headeEle

SEE ALSO
setwfdb(1)

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/time2sec.c
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NAME

wabp - arterial blood pressure (ABP) pulse detector
SYNOPSIS

wabp -r record [ options... ]
DESCRIPTION

wabp attempts to locate arterial blood pressure (ABP) puksedarms in a continuous ABP signal in the
speciCEerkcord. The detector algorithm is based on analysis of the (Enstiderid the ABP vavdorm.
The output ofwabp is an annotation Ele (with annotator namadp) in which all detected beats are
labelled normal.

wabp can process records containingy ammber of signals, but it uses only one signal for ABP pulse
detection (by default, the lowest-numbered ABIRT, or BP sgnal; this can be changed using tise
option, see belw). wabp is optimized for use with adult human ABPs. It has been designed and tested to
work best on signals sampled at 125 Heor other ABPs, it may be necessary to experiment with the sam-
pling frequenyg as ecorded in the input recosdheader Ele (sbeader(5)).

wabp optionally uses the WFDB librarysetifreqfunction to resample the input signal at 125 Hz.
Optionsinclude:

-d Dump the rav and pre-processed input samples in text format on the standard ouipdt bot
detect or annotate ABP pulses.

-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a brief usage summary.

-H Read the signal Eles 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).

-R Resample the input at 125 Hz (default: do not resample).

-ssignal
Specify thesignal (number or name) to be used for ABP pulse detection (default:vilestomum-
bered ABPART, or BP ggnal).

-t time Process until the speci@imkein record (default: the end of theecord).

-v Verbose mode: print information about the detector parameters.

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

EXAMPLES
To mark ABP pulses in record slp60 of the slpdb databaggntiag 5 minutes from the start, ending 10
minutes and 35 seconds from the start, and using signal 1, use the command:
wabp -r slpdb/slp60 -f 5:0 -t 10:35-s 1
The output annotations may be read using (for example):
rdann -a slpdb/slp60 -r 100

SEE ALSO
bxb(1), ecgpuware(1), rdann(1), setwfdb(1), sqrs(1), wgrs(1)

AUTHORS
Wei Zong (wzong@mit.edu) and George B. Moody (george@mit.edu).

SOURCE
http://www.physionet.org/physiotools/wfdb/app/wabp.c
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NAME
wav2mit, mit2wav - corvert between .\av and WFDB-compatible formats

SYNOPSIS
wav2mit -i Elavav [ options... ]
mit2wav -o Elavav -r record [ options... ]

DESCRIPTION
These programs cuert Eles in the widely-usedav audio Ele format into WFDB format (Eles (as used in
PhysioBank) and viceersa. Mostwav (Eles are already written in a WFDB-compatible format, although
the reverse is not true. (An embedded header is requiredvhy format, and is allwed but is not usually
present in WFDB-format signal (Eles.)

wav2mit creates a WFDB record fro@&levav. If the input Ele is written in an MIT-compatible signal Ele
format, all that is required in this case is to create a suitable WFDB-fdneelheader (Ele that describes
the .wav (Eles format. Somewav (Eles are written using variants of the format that are not readable by the
WFDB library; the current version afav2mit does not attempt to ceert such Elesubwarns that the

are not compatible. Options farav2mit include:

-h Print a brief usage summary.

-r record
Create the speciCEedord (default: use the base name of the input (Ele as the record name).

mit2wav reads the speci®ed WFDB-formeabrd (header and signal Eles) and createsaEle contain-
ing the same data. Note that much of the data description contained in the WFDB-format header Ele cannot
be preserved in thevav (Ele. Optionfor mit2wav include:

-h Print a brief usage summary.

-n record
Create a header Ele for the outpudy) signal Ele, so that it can be read by WFDB applications
as the speciEeztord.

It may be possible to create analog signals by playing tie G& through a sound card, but you should be
awae of the following potential pitfalls:

Your sound card, and the soéve that comes with it, may not be able to plagv (Eles containing
three or more signals. If this is a problem, you will needktmaet one or tw sgnals to include in
the.wav (Ele from your original recording (for example, usifagm (1)).

Your sound card and its software may be unable to.play CEles at other than certain Exed sam-
pling frequencies (typically 11025, 22050, and 44100 Hiz}his is a problem, you will need to
resample the input at one of the frequencies supported by your sound card (for example, using
xform (1)) before cowerting it to .wav format using this program.

Your sound card may not be able to reproduce the frequencies present in th& impus.very

likely if you are trying to recreate physiologic signals such as ECGs (with most of the useful infor
mation in the 0.1 to 30 Hz band) using a consumer sound card (which probably does not reproduce
frequencies bels the lower limit of human hearing (around 30 Hz). One possible solution to this
problem is to create a digital signal containing a highegjueny carrier signal, amplitude-modu-

lated by the signal of interest, and to wahthis AM signal into awav Ele; omlayback, an ana-

log AM demodulator would then reeer the original lav-frequeng signal of interest.If you suc-
cessfully implement this solution, please send details to the author.

ENVIRONMENT
It may be necessary to set and export the shell vangbleB (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.
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SEE ALSO

a2m(1), edf2mit, snip(1), xform (1), wfdb(3), header(5)
AUTHOR

George B. Moody (george@mit.edu)

SOURCES
http://www.physionet.org/physiotools/wfdb/ogant/wav2mit.c
http://www.physionet.org/physiotools/wfdb/ogant/mit2wav.c
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NAME

wave - wavdorm analyzerviewer, and editor

SYNOPSIS

wave + record +record...] [ options... ]

DESCRIPTION
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wave can be used to wethe speciCed WFDicord or records on andisplay controlled by an X11
server It includes facilities for interaste annotation editing. Thedyboard and mouse are used to control
the display interactely. First-time users should read tNeA/E Users Guide available athttp://phys-
ionet.org/physiotools/wug/or, while wave is running, choos®ser's Guidefrom theHelp panel).

If you specify more than oneecord, a $paratewave process is started for each record. Note that all
records to be opened must be listed in a single command-line argumesiinipHo, with + characters (not
spaces) between the record names. See "Runningrtwore WAV E processes' bele.

Use the left mouseultton to mak slections, and the right mouse button to open menus (indicated by trian-
gular glyphs at the right end of somettons). Se¢he Guideor chooseAnnotation Editingrom theHelp
panel).

Optionsare:

-a annotator
Open the speciEed annotation Ele for the previously speciiEbal records.

-dpi xx{xy¥y]
Calibratewave for use with a display having a resolutiornxaf(by yy) dots per inch.

-f time Open the record(s) beginning at the speciifed

-g Use shades of gyenly, even on a ©lor monitor.

-H Read the signal Eles 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).

-m Use monochrome (usually black and white) pelien on a olor or greyscale monitorThe line
styles selected by then option may be easier to distinguish on some greyscale monitors than the
default shades of gye

-0 Use wverlay graphics for maximum speed and display quality if possibles is the usual defilt
if the X server supports a PseudoColor or GrayScale visual. This option exists only to force use of
overlay graphics if a different mode has been chosen as the default.

-ssignal-list
Initialize the signal list. By default, the signal list includes af#iilable signals, in numerical
order.

-S Use the standard (shared) color palettendf it is possible to modify the palette. Using this

option consergs color resources if youVveadher applications that use non-standard colors, at the
expense of some speed in redrawing the displde -S option may be used in combination with
the-g option if desired.

-Vx Set display optiox. See "Display Options' bele for details.

Note thatwave queries the X sear to determine the display capabilities and resolution; it is not necessary
to use theg, -m, or -S options unless you wish to restrigave's use of the aailable capabilities. Use the

-dpi option to werride the serer's default resolution if it is incorrect and cannot be changed otherwise (see
comments belw under "Resources').

The system on whickvave runs (the "host' system) need not be the same as the system to which your
keyboard, mouse and display are connected {tbeal" system), provided only that the host and local sys-
tems are on the same nerk. If you wish to rurwave remotely smply log in to the host usingsh which
normally handles display redirection automaticalfyyou use some other method to log in remotglgh
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asrlogin (not recommended) delnet (not recommended), it is usually necessary to grant permission for
the host system to open windows on the local systeisplay (generallythis is accomplished usindhost

on the local systemsee the documentation for your X server for details), and to sBISfLAY environ-
ment variable on the host system appropriately (if the local system runs UNIXaltlee of DISPLAY
should bdocal-hostnam#).0 in most cases; again, consult your X server documentation).

ENVIRONMENT
wave uses may environment \ariables; the are listed in this section roughly in order of importance.
Many of them need not be set at all, sineave uses reasonable default values in most cases. Those that
are set must be set on the host system.

DISPLAY
The name of the X server and display you are using (see)albyou are usingvave locally, or
if you are logged in viash DISPLAY should be set automatically and should not need to be
changed.

WFDB The database path (seetwfdb(1)). If not set,wave can (End database Eles only in uiignb
WFDB path. If you edit annotation Eles and wish to reopen themblatere that the current
directory (in whichwave writes alty edited annotation Eles) is the (Erst directory in your database
path.

WFDBCAL
The WFDB calibration Ele (seetwfdb(1) andwfdbcal(5)). If not set,wave reads the tiltin
default calibration Ele; if this is not accessiblaye may not scale signals other than ECGs cor
rectly.

WAVEMENU
The name of the analysis menu Ele (sesavleib not setwave useswavemenu if it exists in the
current directoryor SMENUDIR/wavemenu.defotherwise.

SHELL
The command interpreter used within the Analysis Commands wijndonot set,wave uses
/bin/sh (the Bourne shell)Other shell-related variables, suchP#IH, are also signiEcant when
wave is running commands within the Analysis Commands windo

EDITOR
The name of the text editor to be used for modifying the analysis menu Ele and the log GEle. If not
set,wave usegextedit (a simple editor included with the XVietoolkit).

PRINTER
The name of a printer to be used for paper output; if notvset uses the default printer.

PSPRINT
The command used to print PostScript data from the standard input; if na@setuses lpr
-P$PRINTER'.

TEXTPRINT
The command used to printxtefrom the standard input; if not setyave uses [pr
-P$PRINTER'.

ANNTAB
The name of a Ele that contains custom annotation deEnitions (see "Resowdst, tetails).
If not set,wave uses standard annotation deCEnitions only.

The environment variables belare not needed unless thave binary distribution, or Xéw, has been
installed in non-standard directories:

HELPPATH
The path for X\ew spot help; if not setwave initializes it to/usr/lib/help. wave's own spot help
is in $HELPDIR/wave, which is appended to the enddELPPATH by wave.
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HELPDIR
The directory in whiclwave's help directory is located; if not setiave uses'usr/local/help.

MENUDIR
The name of the directory that contains the default analysis menuif (Btg; set, wave uses
{usr/local/lib.

RESDIR
The name of the directory in which system-wide default X11 resource Ele=pgréf kot set,
wave uses /ust/lib/X11/app-defaults. XUSERFILESEARCHPATH, XAPPLRESDIR, and
XENVIRONMENT are also used, together wHHOME andUSER, to locate resource (Eles (see
X(1)).

RESOURCES
You can control may aspects ofwave's appearance and behavior by setting its resourtfegou are not
familiar with this concept, refer to an introductory book on using theiXdd# System, such as Darwin,
Quercia, and O'Reillys X User's Guide: Open Look Editio(see the link bele). Sincewaveis built using
the XView toolkit, all of the resources listed xview(7) can be used witvave. In addition, the follaving
wave-speciCEc resources may also be set:

Wave.AllowDottedLines
This resource speciCEesvdve is alloved to render dotted linesvave normally draws annotation
marker bars as dotted lines, and may use dotted lines for other display elements on black-and-
white displays for clarity Some X serers do not properly render dotted linesywkeer; if you
obsenre irregular or missing annotation marker bars, change ahee\of this resource froffr ue
to False

Wave.Anntab
This resource speciCEes the name of a Ele that contains a table of annotation dé@enémias.
ronment \ariable ANNTAB can also be used to specify this (Elenatine;resource@rides the
environment variable if both are set. The Ele contains one-line entries of the form

15 % Funy looking beat

in which the Erst (Eeld speciEes the (numeric) annotation code in the range between 1 and
ACMAX inclusive (see/usr/include/wfdb/ecgcodes.Hor a list of predeEned codes and for the
deCEnition cACMAX); thesecond Eeld (%' in th&ample) is a mnemonic (used in annotation
display and entry), and the remainder of the entry is a description of the intended use of the anno-
tation code (which appears next to the mnemonic in the "Type' (Eeld and mémnaihtion
Template' windavs). Linesin the annotation table thatdie with “#' are treated as comments and
ignored. lItis not necessary to specify an annotation table when editingistimg annotation (Ele
unless previously undeEned annotation types are to be added to it during the editing process,
although it is generally harmless to do so.

Wave.Dpi
This resource speciEes the display resolution in dots per inch in thiglibchiN, whereMM is
the horizontal resolution amdN is the \ertical resolution.Normally, the resolution is known to
the X serer, and it is unnecessary to specify this resource. If your Xeseiw misinformed,
wave's calibrated display scales will be incorredhe best solution is to specify the resolution
using a server option such as thpi option supported by MIE X11 servers, since this will sav
problems common to gmother applications that require calibrated scales as well. Not all X11
seners support such an option, so this resourceatahle as a wrk-around. Theommand-line
option -dpi overrides the resource if both are speciCEed. (If yout #ooiv the resolution, use
xdpyinfo(1) to determine what your X server thinks it is. Thenwawe, enable the grid display
and measure the grid squares with a ruléthey are larger than 5 mm, the number of dots per
inch returned bydpyinfo is too lage; adjusthe Wave.Dpi resource proportionallyand repeat
the process until the grid squares measure 5 mm in each direction.)

Wave.GraphicsMode
This resource speciCEes the graphics mode usedvey it can be @erridden using theg, -m,
-0, or -S options. Thelegd values arel (monochrome mode} (overlay greyscale mode}
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(shared color moded, (shared grg mode), and (overlay color mode).

Wave.SignalWindown.{ Grey|Color}.Element
These resources specify the colors to be used on greyscale or color displays. Th& “Color
resources are used only if the display is color-capable and neithyscaee nor monochrome
mode has been speciCEed. The defaults are:

Element Grey Color
Background  white white

Grid grey75  gre/90
Cursor grey50  orangeed
Annotation grey25  yellow green
Signal black blue

Wave.SignalWindon.Mono.Background
In monochrome mode, the background is normally white, and all other display elements are nor
mally black. The reerse can be obtained by setting this resourddaok. (There is at least one
server for which this fails.)

Wave.Scopd.Grey|Color} { Foreground|Background}
These resources specify the colors to be used in the Scopemyndpeyscale or color displays.
The Foreground color is used for theawdorm and the time display; by default, it matches the
color used for signals in the signal wind¢see the previous item). Some X ss/do not alle
the background color of the Scope windim be ®t, because of the color map animation and stip-
pled erasing techniques used.

Wave.Scope.Mono.Background
This resource can be used twdn the foreground and background of the Scope windien
WAVE is running in monochrome mode. This does not work for all X servers.

Wave.SignalWindown.{Height_mm|Width_mm}
These resources specify the preferred dimensions (in millimeters) for the signalwwiiide
defaults are 120 and 250 respesi.

Wave.SignalWindaw.Font
This resource speciCEes the font used to display annotations and time marks in the sigmal windo
The default i<Exed

Wave.TextEditor
This resource speciCEes the name of #iesthtor irvoked by wave to permit you to editvave's
log and analysis menu (Eles. The defatbiedit (the OpenLook visual editor)You may over-
ride this resource by using the environmeatiableEDITOR , which is also used by mgrother
UNIX applications that imoke elitors.

Display options
Initial values for the settings controlled fromave's View window can be speciCEed using either X
resources or command-line option€nce suitable settings V& keen selected, use the vBas rew
defaults' button inwave's View window to record them in yourXdefaults Ele. Inthis section, the X
resource name is speciCEed Erst, and the command-line option follows.

By default, all of the display options in the Erst group &rg-alse); set ay of these X resources Iy ue
to enable these options, or use the command-line options to do so.

Wave.View.Subtype(-Vs)
Display annotatiosubtyp (Eelds.

Wave.View.Chan(-Vc)
Display annotatiochan Eelds.
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Wave.View.Num (-Vn)
Display annotatiomum Eelds.

Wave.View.Aux (-Va)
Display annotatiomux (Eelds.

Wave.View.Markers (-Vm)
Display annotation marker bars.

Wave.View.SignalNameg-VN)
Display signal names along the left edge of the signal windo

Wave.View.Baselineg-Vb)
Display baselines for gnDC-coupled signals, and label the zereele and the units along the
right edge of the signal windo

Wave.View.Level (-VI)
While the pointer is in the signal windcand ary mouse button is depressed, track the intersec-
tions of the mar&r bar with the signals and @rdnorizontal marker bars across the signal wimdo
at the l@els of these intersections.

The remaining resources and command-line display options correspond to theutte@msiibwave's View

window. The value of each resource, or the numegaiarent that immediately follows the command-line
option, should match the position of the desired menu choice, where the top item on each menu is in posi-
tion O, the one belwit is in position 1, etc.For example, to set the initial amplitude scale to 5 mm/mV (the

item at position 2 in theAmplitude scale' menu), add/v 2 to the command line, dVave.View.Ampli-
tudeScale:2to the X11 resource database.

Wave.View.TimeScalg-Vt)
Set the time scale (0: 50 mm/min; 1: 125 mm/min; 2: 250 mm/min; 3: 500 mm/min; 4: 12.5
mm/sec; 5: 25 mm/sec (default); 6: 50 mm/sec; 7: 125 mm/sec; 8: 250 mm/sec).

Wave.View.AmplitudeScale(-Vv)
Set the amplitude scale (0: 1 mm/mY 2.5 mm/mV, 2: 5 nm/mV, 3: 10 nm/mV (default); 4: 20
mm/mV, 5: 40 mrm/mV, 6: 100 mm/mV).

Wave.View.SignalMode(-VS)
Set the choice on the "Draw' menu (0: all signals (default); 1: listed signals only).

Wave.View.AnnotationMode (-VA)
Set the choice on the "Ska@nnotations' menu (0: centered (default); 1: attached to signals; 2: as a
signal).

Wave.View.TimeMode(-VT)
Set the choice on theiifie display' menu (0: elapsed (default); 1: absolute; 2: in sample inter
vals).

Wave.View.GridMode (-VG)
Set the choice on the “Grid' menu (0: none; 1: 0.2 s; 2: 0.531¥/2s x 0.5 mV (default)).

In addition to the usual ways of setting X resources, it is possible toyseft tlwose listed abe, as vell as
ary of the generic Xéw resources, by using th&rm or -default options on the command line when
startingwave. For example, you can set the background color of the signal winging a command such
as

wave + 100s -xrm Wave SignalWindow.Color.Background:lightblue

RUNNING TW O OR MORE WAV E PROCESSES
By specifying tvo or more record names, separated bycharacters, in the command-line argument that
follows “r' (see abee), you may open separate®E sgnal windavs (processes) for each recoithese
processes are almost completely independent: frgnsigimal windav, you may naigate within the record,
change display settings, edit annotations, naeraal analysis programs, quit the process, etc., without
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affecting awy other signal windows.

For example, you may open twdgnal windows for the same record by:
wave + 100+100 -a atr
You can nav move dout the record freely in either windo This facility makes it easy to comparefeif
ent segments of the record. Note that wirentvo or more windows are displaying the same set of anno-
tations, as in this case, only one should be editing the annotatiorysgatemtime.

The windav associated with théast record named on the command line has a special status: it is desig-
nated the master signal windoand an extra button (labelled “Sync') appears at the top of this windo
Clicking on this button causes all of the other signal wivlto be redrawn so that the times shown in their
lower left corners match that in the master signal wind(Note, havever, that if you hae quit a signal
window from the middle of the list, gnsignal windows from earlier in the list will no longer respond to
sync requests.)

By default, all command-line arguments apply to all signal wirsdoYou may specify an argument that is

to apply to only one signal windp howeve, by preExing the argument withn', where n is the signal
window number (The Erst signal windpcorresponding to the Erst record named on the command line, is
signal windev number 0O; the next is number 1, etc.)

This facility has may applications. Br example, you may wish to openawopies of the same record,
with two different annotators:

wave + 100+100 -a +0/atr +1/grs
In this case, record 100 is opened i twindows, with annotator “atr' in winde 0 and annotator “qrs' in
window 1. (The -a' option applies to both windows since it does nateha +n/' preEx.)

As another example, you may wish to discuss a record with colleagues at other locations:

wave + 200+200+200 -a grs +0/-display +0/atlantic.bigu.edu:0 \

+1/-display +1/paciCEc.widget.com:0

Here, record 200 is opened in three windo Window O is gpened on display O of atlantic.bigu.edu, win-
dow 1 on dsplay O of paciCEc.widget.com, and windd (the master window) on the local displafFor
this to work, your colleagues must Erstvaljour computer to open winda on their displays, typically
usingxhost Seexview(7) for information about thedisplay option. Noticethat the +n/' preEx must be
attached to both thedisplay' option and to its argument in order to apply both of these arguments to the
same signal winde) Your colleagues can freely m® éout the record, but you can direct the discussion
at ary time by using the Sync button in your signal winwddn a @ase such as this one yane can enable
editing; you should do so only after making sure that no one else has. Once/gaavieg your work (by
selecting "See' from the File menu), your changes become visible to your colleaguey ifefibad the
annotations (by clicking on "Reload' from the Load window).

As a Enalxample, the MIMIC Database includes both high-resolutiamd®rm records and medium-res-
olution (roughly 1 sample per second) computed measurement redoudsiay vienv both of these at the
same time using a command such as:
wave 1 237+237n -a all
Typically, you will wish to viev the high-resolution and low-resolution data at different time scales.
Althoughwave attempts to choose reasonable defaults, you can adjust the scales independently if you wish:
wave 1 237+237n -a all +1/-Vt +1/2

If you usewavescript or wave-remote to control the master signal wingddthis happens by default unless
you use thepid option of these programs to control a different signal window), the other signalwgindo
are kept synchronized with the master windo

Note that you cannadhcreasethe number of signal windows in a group once yotehgarted awave pro-
cess group, although you can run more than one process group at a time if you wish.

MENU FILE
wave uses a simple menu (Ele towalimu to set up analysis options. Each line in the (Ele corresponds to a
button in the Analyze winde (except for empty lines and lines that begin with “#, which are ignored).
Within each line, the syntax igbektab>action, where <tab> is one or more tab charactditse label CEeld
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is used to identify a command button in the Analyze widind theaction (Eeld is gncommand accept-
able to your shellbutton-labelandaction may include spaces if needed; if necessary may be used at
the end of a line to indicate that it is continued on the next line. Before the commaeduiee,wave
replaces certain tokens with appropriate strings; these include:

$RECORD
The name of the current record.

$ANNOTATOR
The name of the current input annotator.

$START
The currently selected “start analysis' time.

$END The currently selected “end analysis' time.

$DURATION
The time interval betweebEND and$START.

SLEFT
The time corresponding to the left edge of the signal windo

$RIGHT
The time corresponding to the right edge of the signal windo

$WIDTH
The time interval betweedRIGHT andLEFT.

$SIGNAL
The currently selected signal number (as shown in the Analyze window).

$SIGNALS
The current signal list (as shown in the Analyze window).

$LOG The name of the current log Ele (as shown in the Log window).

$WFDB
The WFDB path (from the Load window).
$WFDBCAL
The name of the WFDB calibration Ele (from the Load window).
$TSCALE
The time scale, in mm/sec.
$VSCALE
The amplitude scale, in mm/mV.
$DISPMODE

The annotation display mode (0: annotations displayed in cemtararker bars; 1: annotations
displayed in centeiong marker bars; 2: annotations attached to signals, no bars; 3: annotations
attached to signals, short bars; 4: annotations displayed as a signal, no bars; 5: annotations dis-
played as a signal, long bars)

$PSPRINT
The command for printing PostScript data from the standard input, as speciEed in the Print Setup
window.

$TEXTPRINT
The command for printing text from the standard input, as speciEed in the Print Setup windo

$URL The URL speciCEed by the most recently selected link.

Other tokens that begin with “$' are passed to the shell unchanged.
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Example
The default menu Ele includes the following lines (among others):

Mark QRS complexes sqrs -r SRECORD -f $STAR-t $END -s $SIGNAL

Calibrate calsig -r SRECORD -f $STAR-t $END -s $SIGNALS

Extract segment snip -i SRECORD -f $STAR -t $END -n n $SRECORD \
-a SANNOTATOR

List annotations rdann -r SRECORD -a $ANNTATOR -f $START -t $END

List samples rdsamp -r SRECORD -f $STAR-t $END -s $SIGNALS

Print chart echo $SRECORD $STARS$SEND |\

pschart -a SANNTATOR -g -1 -R -s $SIGNALS - | $PSPRINT
Print full disclosure  echo $SRECORD $STARS$END |\
psfd -a SANNTATOR -g -| -R -s $5IGNALS - | $PSPRINT

KEYBOARD COMMANDS
Whenever the pointer is in the signal windpthe normal arre pointer is replaced by a crosshair pointer
At these times, the numerieypad and seeral of the function kys may be used for mgraennotation edit-
ing and display operations, and the normal alphanumeric and punctuaiotak be used to select single-
character annotation mnemonics (displayed in the Annotation Templatewyindéum Lock' must be of
if you wish to use thedypad for editing operations. Some of the function and numesisadd commands
work on Sun kyboards only; in these cases, alternadgbkard commands for use with PC and other
keyboards are shown in parentheses. Most of these alternate commands also workeybd&udsk

<Help> (<F1>)
Open XMew spot help for the item under the pointdlnlike nost of the other éyboard com-
mands, this command isallable at ag time, not only when the pointer is in the signal wiwgo

<left arrow>
Select the annotation to the left of the pointéClick left to do this using the mousé&.hese
actions also work when the pointer is in the scope wirjJdo

<right arrow>
Select the annotation to the right of the point@lick right to do this using the mous&hese
actions also work when the pointer is in the scope wirjJdo

<up arrow> Move the selected annotation up one signal (i.e.,
decrement itghan Eeld). Thisommand works in multi-edit mode only (enter multi-edit mode
by choosing “attached to signals' from the Blaonotations' menu invave's View window).

<down arrow>
Move the selected annotation down one signal (i.e., incremerh#és (Eeld). Thixommand
works in multi-edit mode only.

keypad <5>(<F2>)
Insert an annotation at the current position of the poirf@ick the middle button to do this using
the mouse. Annotation editing must be enabled for this action to be successful.)
keypad <=> (<F3>)
Move the pointer tward the left.
keypad <*> (<F4>)
Move the pointer taard the right.
<Copy> (<F6>)
Copy the selected annotation to the Annotation Template.
<Find> (<F9>)
Search forward.
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<ctrl><Find> (<ctrl><F9> )
Search backward.

<End> (<shift><F9>)
Advance to the end of the record.

<Home> (<ctrl><shift><F9> )
Move 1 the beginning of the record.

<PgDn> (<F10>)
Advance half a screen.

<ctrl><PgDn> (<ctrl><F10>)
Advance a full screen.

<PgUp> (<shift><F10>)
Move back half a screen.

<ctrl><PgUp> (<ctrl><shift><F10> )
Move back a full screen.

<Enter> (<Return>)
(Only if a link annotation has been selecte8hav the external data speciEed by the link using a
Web browser; starthe Web browser (Erst if necessary.

BUGS
Under SunOS, once youVe@ened the Analyze windoor haveselected Print from the File menu, do
not attempt to suspemndave (for example, by typing control-Z in the controlling terminal winjlo Under
these circumstancesave may exit immediately (without quit conCErmation) anguwsared edits may be
lost. Thisproblem is the result of aug in the X\few termswpackage used for the Analysis Commands
window. To avoid this bug, alvays runwave in the background under SunOS. The Linux, Mac OS X, MS
Windows, and Solaris 2.x versions of the XVikbrary do not hee this bug.

If wave opens with an empty signal wingdpthis may mean that the X sers backing store is disabled.

wave versions 6.8 and later incorporate a workaround thaitla this problem.If you must use an earlier
version of wave, enable backing store and restart the X serfUsing the X servers from the xgor
XFree86 projects, backing store can be enabled by inserting the line “Option "backingstore™ in the
"Device' section(s) of thexorg.conf or XF86Con(Eg-4Ele. lfyour X server is normally started by a dis-
play manager such aslm, close all windows and restart the server vdttiri><alt><backspace>. Oth-

erwise, log out, log in, and restart the X server manually if necessary.)

If this doesnt solve the problem, use gnof wave's navigation controls, or resize the signal wimgdo

male the signals visibleOn some 24-bit displays, this problem may be the result of an X server bug, and
these methods will work around the problem. On some of these displays, text in the signal méydioe
invisible using werlay graphics mode; if this happens, use-theption.

No more than one piped record (see\iEDB Pogrammers Guide) can be viewed in a singleviocation

of wave. If the signal (Ele is a pipe, it is possible only to search forward through it (althaxebaches
several of the most recently displayed windows, which can bewed in aly case). Usinghe >' kutton

to move by half a frame does notavk properly with piped input, nor does changing the display scales,
since these actions require rereading the signals.

There appears to be a subtle incompatibility betweer@d¥ased applications such wsave and at least
some X sergrs. Thesymptom of this problem is thatave's View panel may be blank, and mawarning
messages from the notiCEer may appear in the controlling terminalwvifilis problem appears to occur
only when all of the follwing are true: the X server is running on a multi-head display with Xinerama
enabled, the user does nové&aoot priileges, aXdefaults Ele exists, antlave or another X\ew appli-
cation has run at least once since the X server was started.

A more serious incompatibility (which may be related to the subtle incompatibility noted) @ppeared
with the release in 2009 of the Xgoversion 1.6.3 X seer, which freezes when grepplication that uses
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the XMew library (such asvave) 'grabs' the mouse pointeBy default, XView applications do so in
response to a left button click onyaXView control. optionavailable inwave and in other X\éw applica-
tions. Inwave version 6.10 and later versions, thealdf behavior of X\éw has been changed to disable
‘grabs’, and this problem does not occur.

SEE ALSO
pschart(1), xview(7)
WAVE Users Guide (http://www.physionet.org/physiotools/wug/)
X Window System Usex'Guide: Open Look Editiothttp://www.oreilly.com/openbook/openlook/)

AVAILABILITY

wave currently runs under FreeBSD, GNU/Linux, Mac OS X, M8ldws with Cygwin/X, Solaris, and
SunOS. lItshould be easily portable toyaROSIX-compliant OS that can support X11 andiéM If you
would like to tsewave on a system other than those listedvabgou will need to port Xiéw to your sys-
tem (Erst (or purchase a commercial port if oneaitable). Sourcedor XView are available from Plys-
ioNet (vww.physionet.org where the sources favave itself are also \ailable), www.ibiblio.org, and
their mirrors. We @nnot offer assistance in porting ¥¥; if you wish to try this, you aron your own.If
you successfully port themdtool terminal emulator application included in the i¥W sources, we will
assist you in portingrave (this is much simpler than the XVieport).

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

SOURCES
http://www.physionet.org/physiotools/wfdbzwe
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NAME

wfdb2mat - corvert WFDB-compatible signal Ele to Matlab .mat Ele
SYNOPSIS

wfdb2mat -i record [ options... ]
DESCRIPTION

This program coverts the signals of anPhysioBank record (or one in yrcompatible format) into a
record.mat (Ele that can be read directly using eersion of Matlab, and a shadcord.heatext Ele con-
taining information about the signals (namesjng, baselines, units, sampling frequenand start
time/date if knavn). Inaddition,wfdb2mat writes a brief summary of this information to the standard out-
put.

The.mat and.heaoutput Eles can also be read hy\&@irDB application as recol@ECm
This program does not cegrt annotation Eles; for that tagkann(1) is recommended.

The outputmat Ele contains a single matrix nameal containing rav (unshifted, unscaled) samples from
the selectedecord. Using various options (below), one can selegttame interval within a record, or gn
subset of the signals, which can be rearranged as desired withimvthefrine matrix.Since.mat Eles are
written in column-major order (i.e., all of columrprecedes all of column+1), each vector of samples is
written as a column rather than as w,re that the column number in thmat Ele equals the sample num-
ber in the input record. If this seems odd, transpose your matrix after reading it!

This program writes version 4 MAEIle format output Eles (see
http://www.mathverks.com/access/helpdesk/help/pdf_doc/matlab/matEle_format.pdf for detahis).
samples are written as 32-bit signed integers in little-endian format if the record conyafiosvaat 24 or
format 32 signals, as 8-bit unsigned gees if the record contains only 8-bit unsigned samples, or as 16-bit
signed integers in little-endian format otherwise. Although version 5 andrneersions of Matlab ner
mally use a different (less compact and more comygemat, thg can read these Eles withoutEliiulty.

The advantage of version 4 MiAEle format, apart from compactness and portahditiiat (Eles in these
formats are still WFDB-compatible \gin the .heaEle constructed by this program.

Options forwfdb2mat include:
-f time Begin at the speci(Eghe By default,wfdb2mat starts at the beginning of the record.
-h Print a brief usage summary.

-H Read the signal CEles in high-resolution mode (default: standard ribdsg 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).

-l interval
Limit the amount of output to the speciCEed tinterval (in standard time formatgefault: no
limit). If both-l and-t are usedwfdb2mat stops at the earlier of the avimits.

-ssignal-list
Corvert only the signals named in tegnal-list(one or more input signal numbers or names, sep-
arated by spaces; a@efit: print all signals). This option may be used to re-order or duplicate sig-
nals.

-Ssignal
Search for the Erst valid sample of the spedi@eal (a signal name or number) at or feliog
the time speciEed with(or the beginning of the record if thioption is not present), anddia
converting at that time.

-t time Stop at the speciCE@ue By default,wfdb2mat stops at the end of the record.

Example
To corvert recordmitdb/200, use this command:
wfdb2mat -r mitdb/200

108 16March 2010 WFDB 10.5.0



WFDB2MAT(1) WFDB Applications Guide WFDB2MAT (1)

This works &en if the input Eles @ ot been danloaded; inthis casewfdb2mat reads them directly
from the PhysioNet server.

The output Eles amitdb/200m.mat and mitdb/200m.hea Note that if a subdirectory of the current

directory namednitdb did not exist alreadyt would be created bywfdb2mat. In addition, if the standard

output ofwfdb2mat has been s&d in a d& namedmnitdb/200m.info, then the cowverted data can be read

and plotted in Matlab or Octa from within themitdb directory by running the command:
plotATM('200m.mat’, '200m.info")

(Download http://physionet.org/physiotools/matlab/plotATM.m and install it in your Matlab or Oacta

environment (Erst.)

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

AVAILABILITY
This program is provided in thenvertdirectory of the WFDB Softwareaekage. Rumnakein that direc-
tory to compile and install it if it hee rot been installed already.

The PhysioNet ATM (http://pfsionet.org/cgi-bin/AM) provides web access wfdb2mat (selectExport
signals as .mafrom the Toolbox).

SEE ALSO
a2m(1), edf2mit, snip(1), wav2mit(1), xform (1), wfdb(3), header(5)
http://physionet.org/physiotools/matlab/plotATM.m

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

SOURCES
http://www.physionet.org/physiotools/wfdb/ogant/wfdb2mat.c
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NAME
wfdbcat - copy WFDB (Eles to standard output

SYNOPSIS
wfdbcat Ele[ Ele.. ]

DESCRIPTION
This program locates Eles anywhere in the WFDB path and copies them to the standard outmd. If link
with a version of the WFDB library that has been compiled WHTFILES supportwfdbcat can be par
ticularly useful for retrieving CEles from remote web (HTTP) and FTP servers.

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

SEE ALSO
setwfdb(1)

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/wfdbcat.c
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NAME
wfdbcollate - collate WFDB records into a multi-segment record

SYNOPSIS
wfdbcollate -iirec[ irec ... ] -0 orec[ -a annotator]
wfdbcollate orec (Erst lagt-a annotator]
wfdbcollate -sirec -0 orec|[ - segment-length

DESCRIPTION
A multi-segment record is the concatenation of one or more ordinary recardgsilti-segment record is a
“virtual" record, in the sense that it has no signal Eles oivits tis header (Ele contains a list of the
records that comprise the multigseent record.A multi-segment record may ke asociated annotation
(Eles, but these are independent pfaanotation Eles that may exist for its constituegrnsats. lis per
missible (though not particularly useful) to create a multi-segment record with only one segment; it is not
permissible to use a multi-segment record as a segment within a multi-segment recoret, howe

wfdbcollate simply constructs an array of segment names, passing it to the WFDB library function
setmsheadefseewfdb(3)) to create a multi-genent header Ele. In the Erst form of the commiads

the name of the multi-segment (output) record to be created, aivédlzguments are the names of the
(single-sgment) input records that are to be included in the output record. At least one input record name
must be speciCEed.

In the second form of the commarmdecis again the name of the multi-segment (output) record to be cre-
ated, andErsandlast are numbers between 1 and 99999 this caseprecmust be 3 characters omfer
(longer names are truncated), and the names of the input records e logdpendingErstErstl, ...,
lastto orec(representingErst..., as 5-digit zero-padded decimal numbers). Thus the command
wfdbcollate xyz 9 12
is equiaent to
wfdbcollate -0 xyz -i xyz00009 xyz00010 xyz00011 xyz00012

Each segment must contain the same number of signals, and the sampling yremustrize the same for

each sgment. Eachnput record header must specify its record length ifdbdesql) to determine the

input record length if necessatiien edit the input record header to include this information before using
wfdbcollate). In most cases you will want to be sure that corresponding signals match in each segment, and
that the gains, ADC zerowuds, and numbers of samples per frame (seder(5)) also match. It is not
necessary that the signal Ele formats match veowe

In the Erst wvforms,-a annotatoris optional; if included, it speciCEes the annotator name of annotation
(Eles associated with the input records, Eles to be concatenated to form a similarly-named annotation Ele for
orec. Note that all of the (Eles to be concatenated musttia same annotator name. It is not necessary

that this annotator exist for each input record, hawe

The third form of the command, which includes teeption, can be used to split an existing recanet)

into multiple sgments. Inthis mode wfdbcollate Erst creates a set of segments irem then collates
them into a multi-segment recorth this mode, thel option may be used to specify a non-standagd se
ment length, which must be no less than 15 secoBgidefault, segments are 10 minutes long, although
the last segment in the record may be shoffe names of the segments created in this way are formed
from the Erst three charactersomfc and from a 5-digit zero-padded segment numaerin he second
form of the command.

In most cases, multi-segment records are indistinguishable from single-segment records, from the point of
view of applications built using the WFDB library (version 9.1 or latégsexform (1) to generate a single-
segment record from a multi-genent record if necessary (for example, to enslkeadable by an applica-

tion built using an earlier version of the WFDB library). Notewleoer, that older applications can gener

ally be updated without source changes simply by recompiling them and linking them with the current
WFDB library.

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

WFDB 10.2.7 1 August 2002 111



WFDBCOLLATE(1) WFDBApplications Guide

FILES

orechea outpuheader Ele

irec.hea inpuheader Ele(s)
BUGS

Under MS-DOS, this program is knownwflbcoll8
SEE ALSO

wfdbdesq1), xform (1), wfdb(3), header(5)
AUTHOR

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

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

wfdb-conEg - print WFDB library version and conEguration info
SYNOPSIS

wfdb-conCE(d --ceags] [ --libs ] [ --version]
DESCRIPTION

This program prints information about the WFDB library installation. Use it with one of these options:
--ceags Print options needed me(1) orgeql) to End the WFDB libras/include’ (*.h) Eles.
--libs  Print options needed byc(1), gcq1), orld(1) to CEnd and link a program with the WFDB library
(and, ifNETFILES support is compiled into the WFDB libramyith thelibwww libraries).
--version
Print the version number of the most recent version of the WFDB library that has been installed.

Example
To compile prog.c with the WFDB library use:
gcc “wfdb-conEg --ceags” prog.c “wfdb-conEg --libs’
Additional options may be added to the command if needed (for example, to link to other libraries).

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

SOURCE
http://www.physionet.org/physiotools/wfdb/lib/wfdb-conEg.c
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NAME
wfdbdesc - read signal speciEcations

SYNOPSIS
wfdbdescrecord|[ -readable]

DESCRIPTION
This program reads speciCEcations for the signals describedhieatierEle forecord. If the -readable
option is presentyfdbdescattempts to open the signal Eles, and it reports only on those that are readable.

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

FILES

record.hea headetEle

signal CEles namedricord.hea
AVAILABILITY

This program is pndgded in theappdirectory of the WFDB Softwareaekage. Rumnakein that directory
to compile and install it if it hae ot been installed already.

The PhysioNet ATM (http://pfsionet.org/cgi-bin/AM) provides web access wafdbdesc(selectDescribe
record from the Toolbox).

SEE ALSO
setwfdb(1)

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

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

wfdbtime - corvert time to sample numbedapsed, and absolute time
SYNOPSIS

wfdbtime -r record time[ time... ]
DESCRIPTION

Using the speciCEeecord as a reference for determining the length of a sample aitend the absolute

time represented by sample number 0, this program accepts one dimemeyuments (in WFDB stan-

dard time format) and produces one line on the standard output for each qumlerar Ineach output

line, the correspondingmeis written as a sample number (in the fomny, as an elapsed time interval in
hours, minutes, and seconds from the beginning ofetead (in the formhh:mm:ss.sgsand as an abso-

lute time and date (in the forrhif:mm:ss.sss DD/MM/YYYY If the base time for the record is undeEned,
the absolute time cannot be calculated, and in this case the elapsed time appears (a second time) instead.

Additional -r record aguments may be gén in the same command, to reset the sample interval length and
base time for ansubsequentime arguments.

EXAMPLES
The command

wfdbtime -r mimicdb/237/237 0 10:0 s20 "[14:0:0 20/7/1995]" e

produces the output

sO 0:00.000 [12:40:38.000 20/07/1995]
s75000 10:00.000 [12:50:38.000 20/07/1995]
s20 0:00.160 [12:40:38.160 20/07/1995]
s$595250 1:19:22.000 [14:00:00.000 20/07/1995]

$19199992 42:39:59.936[07:20:37.936 22/07/1995]

Note that the input arguments need not be zero-padded, that an gqwypueat in absolute time format must
be quoted to protect the bratk from the shell, and that the inpujanente is evaluated as the time of the
last sample in the input record.

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

FILES
record.hea headeEle

SEE ALSO
time2se¢l)
http://www.physionet.org/psiotools/wpg/strtim.htm (for further details about standard time format and
additional examples)

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

SOURCE
http://www.physionet.org/physiotools/wfdb/app/wfdbtime.c
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NAME
wfdbwhich - End a WFDB (Ele and print its pathname

SYNOPSIS
wfdbwhich [ -r record] CElename
wfdbwhich [ -r record] CEle-type record

DESCRIPTION
This program searches the WFDB path (as speciCEed by the enviroarizmeWFDB, seesetwfdb(1))
for a speciEetlenamer for a Ele of a speci@®Ete-typée.g., "hea' or "atr') that belongs to a speciCEed
record. If the CEle can be found, its full pathname is written to the standard outpufdbmdhich exts
with an exit status of zero (indicating succedg}he (Ele cannot be found, a diagnostic message, including
the current alue of the WFDB path, is written to the standard error outputwédtavhichexits with a non-
zero exit status.

If the WFDB path includes "%r", use the record option to specify the record name to be substituted for
“%r'.

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

SEE ALSO
setwfdb(1)

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

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

wqrs - single-channel QRS detector based on length transform
SYNOPSIS

wqrs -r record[ options... ]
DESCRIPTION

wqrs attempts to locate QRS comypéds in an ECG signal in the speci&edord. The detector algorithm is

based on the length transform. The outputvgfs is an annotation (Ele (with annotator names) in

which all detected beats are labelled normal; the annotation Ele will also contain optional J-point annota-
tions if the-j option (see below) is used.

w(qrs can process records containing ammber of signals, but it uses only one signal for QRS detection
(signal 0 by default; this can be changed using-staption, see bels). wqrs is optimized for use with
adult human ECGsFor other ECGs, it may be necessary to experiment with the sampling frggasenc
recorded in the input recoedheader Ele (séeader(5)), the detector threshold (which can be set using the
-m option), and the time constants indicated in the source Ele.

wqrs optionally uses the WFDB libraiy'setifreqfunction to resample the input signal at 120 or 150 Hz
(depending on the mains frequgnwhich can be speciCEed using-fheption). wars performs well using
input sampled at a range of rates up to 360 Hz and possibly higher vaiéfids been designed and tested
to work best on signals sampled at 120 or 150 Hz.

Optionsinclude:

-d Dump the rav and length-transformed input samples in text format on the standard output, but do
not detect or annotate QRS conmxgle

-f time Begin at the speciEgehein record (default: the beginning atcord).
-h Print a brief usage summary.

-H Read the signal Eles 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).

5 Find and annotate J-points (QRS ends) as well as QRS onsets.

-m threshold
Specify the detectiothreshold(default: 100 micreolts); usehigher values to reduce false detec-
tions, or lower values to reduce the number of missed beats.

-p frequency
Specify the power line (mains) frequgnased at the time of the recording, in Hz @ldf: 60).
wqrs will apply a notch CElter of the specitEed frequenthe input signal before length-trans-
forming it.

-R Resample the input at 120 Hz if the power line frequenc60 Hz, or at 150 Hz otherwise
(default: do not resample).

-ssignal
Specify thesignal(number or name) to be used for QRS detection (default: 0).

-t time Process until the speci@imein record (default: the end of theecord).
-V Verbose mode: print information about the detector parameters.

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

EXAMPLES
To mark QRS compbees in record 100 beginning 5 minutes from the start, ending 10 minutes and 35 sec-
onds from the start, and using signal 1, use the command:
wqrs -r 100 -f5:0 -t 10:35-s 1
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The output annotations may be read using (for example):
rdann -a wgrs -r 100

To evaluate the performance of this program, run it on the entire record, by:
waqrs -r 100

and then compare its output with the reference annotations by:
bxb -r 100 -a atr wqrs

SEE ALSO
bxb(1), ecgpuware(1), rdann(1), setwfdb(1), sqrs(1)
AUTHORS
Wei Zong (wzong@mit.edu) and George B. Moody (george@mit.edu).

SOURCE
http://www.physionet.org/physiotools/wfdb/app/wqrs.c
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NAME
wrann - write a WFDB annotation Ele

SYNOPSIS
wrann -r record -a annotator

DESCRIPTION
wrann translates its standard input into an annotation Te.format ofwrann input should be that pro-
duced byrdann(1) using its default settings. SpeciEc#tly pipeline
rdann -r record -aiann-f O | wrann -r record-a oann
is guaranteed to produce an identicalycopthe annotation Ele readrgnn, provided that theaux Eelds
of the annotations do not contain embedded nulls.

The usual application fawrann is as an aid to annotation (Ele editing: an annotation (Ele may be translated
into ASCII format usingdann, edited using a text editpand then translated back into annotation Ele for
mat usingwnrann.

Note the alternate format selectedrignn's -x option is incompatible witkvrann.

Versions ofwrann included in version 10.4.20 (and later versions) of the WFDB Software Package set the
time Eelds of output annotations to match the times in the (Erst column of input if those times appear to be
absolute times (beginning with )Otherwise, as in previouseksions,wrann matches the sample num-

bers gven in the second column of inpufThis capability can be used in a pipeline widlann to copy a

set of annotations betweendwecords thateerlap in time, gen if their starting times or sampling frequen-

cies are different.

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

SEE ALSO

rdann(1), setwfdb(1)
AUTHOR

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

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

wrsamp - write WFDB signal Eles

SYNOPSIS

wrsamp [ options... ] [ column... ]

DESCRIPTION

120

wrsamp reads text-format input and writes the speci@é&tnnsin WFDB signal (Ele format 16 (s&g-
nal(5)), either to the standard output or to a disk Ele (see dption belav). If no columnsare speciCEed,
all columns are written (but see tiroption below).

Normally, wrsamp's input is line- and column-oriented, witlme separator baracters(usually ASCII
linefeeds) separating input lines, afiteld separatoharacters(usually tabs, spaces, or commas) separat-

ing columns within each line. Columns need not be of constant width; the only requirement is that one or
more (Eeld separator characters appear between adjacent columns. The aigpoipgt) is an &ample

of an acceptable input format, as is CSV (comma-separated value) format.

If the CErst input line containsyagiphabetic characteit is assumed to contain signal names (column head-
ings), and these are copied to the output header Ele (seefit®n belav). In this case, if the second
input line also contains gralphabetic characteit is assumed to contain unit names (i.e., the names of the
physical units of each signal), and these are also copied to the output headgpa&ds. embedded within
unit names are written as underscores in the header Ele.

Lines are identiCEed by line numb&he (Erst line of input not containingy @phabetic character is line 0.
Similarly, columns are identiCEed by column numbed the leftmost column is column @olumns may
be selected in gnorder, and ary given column may be selected more than once, or omitigte order of
columnarguments determines the order of the signals in the output (data from thel@raspeciEed are
written as signal 0, etc.lf an entry in a speciEed column is "-" (i.e., *agged as missingatidjn or if an
entry in a speciEed column iy ather non-numeric alue,wrsamp records it as an ualid sample in its
output.

If line O appears to lggn with a timestamp (a Eeld of the fdimh:mm:ss.sss dd/mm/yyyywrsamp
records it as the base time (starting time) in the output header Ele.

Optionsinclude:

-C Check that each input line contains the same number of (Eelds. (This test is normally disabled, to
allow for input (Eles containing preambles, trailers, or occasional extra (Eelds not intended to be
read as samples.)

-d Dither the input before ceerting it to integer output, by adding a randoaiue to each sample.
The random values are selected from a triangular probability density function between -1 and +1.
Dithering is appropriate whewer the output has a lower resolution than the input. Note that the
RNG used to generate the pseudo-random values is started with a (Exed seedjrsantpat
output is strictly reproducibleChange the seed in the source and recompile to obtaifesedif
realization of dither if desired.

-fn Start coing with linen. By default,wrsamp starts at the beginning of its standard input (line 0).

-Fn Specify the sampling frequen¢in samples per second per signal) for the output signalau(ttef
250). Thisoption is useful only in conjunction witlo, since it affects the output header Ele .only
This option has no &fct on the output signal Ele, which contains one sample per signal for each
line of input. If you wish to change the sampling freqyeindhe signal Ele, sgrm(1).

-Gn  Specify the gin (in A/D units per millvolt) for the output signals (default: 200Yo ecify dif-
ferent @ins for each output signal, provide a quoted list of values in platések the xxamples
belowv). This option is useful only in conjunction witto, since it affects the output header Ele
only. This option has no effect on the output signal (Ele. If you wish to rescale samples in the sig-
nal Ele, use.

-h Print a usage summary.
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-i Ele Read input from the speci®&tdefault: standard input).

-In Read up ta characters in each line (default: 1024). Longer lines are truncated (wisnnangy
message identifying the line number of the offending line).

-0 record Write the signal CEle in the current directory
asrecord.dat, and create a header Ele in the current directory for the spesmi@Gtdd By default,
wrsampwrites the signal CEle to its standard output, and does not create a header (Ele.

-O format
Write the signal CEle in the speci@Bedat (default: 16). Seesignal(5) for descriptions and names
of available formats.

-rc Interpretc as the input line separator (default: \n, the ASCII linefeed charadtbi3.option may
be useful, for gample, to read Macintosh Eles containing carriage-return delimited Noés.
that no special treatment is required for Eles containing both carriage returns and linefeeds.

-sC Interpretc as the input (Eeld separator (default: both spaces and tabs are treated as input (Eeld sepa-
rators). Ifthis option is used; is theonly character treated as a (Eeld separator.

-tn Stop copying at lin@ (line n is not processed)By default, wrsamp stops when it reaches the end
of Ele on its standard input.

-Xn Multiply all input samples by (default: 1) before writing them to the output signal &te Pec-
ify different scaling factors for each signal, pide a quoted list of values in place rofsee the
examples below).

-z Don't copy column O unless explicitly speciCEed.

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

Examples
rdsamp -r 100s | wrsamp -0 100w -F 360 1 2

This command creates a record named 100w’ that is ywafocord "100s' (although the signal Ele for
mat is diferent). If the -F 360 option were omitted, the output signal Ele (‘100w.dat’) would be
unchanged, but the header Ele for record "100w' would indicate that the sampling yrevaerithe
default) 250 Hz, rather than 360 Hz as in record 100s; this is beessamp has no other way of deter
mining the sampling frequeypof its input. Note that columns 1 and 2wifsamfs input correspond to
signals 0 and 1 respegatly; columnO is the sample numbgnot useful tonrsamp.

wrsamp -i in.txt -o out -G "100 100 50" -x "1 .5-102"4103
This command creates a record named “out' that contains signaleddeoim four columns of its input
(Cin.txt'). Notice that the argument of the -G (gain) option is the quoted string "100 100 50"; the effect is
that the gains of the (Ersbtautput signals are set to 100, and that of the third is 50. Since no exaiitit g
is speciCEed for the fourth signal, it is assigned the same gain as the previous (third) signal 8imj-50).
larly, the quoted argument of the -x option speciCEes scaling factors applied to the samples pefere the
written to the output signal Eleutput signal O will be unscaled (scale factor 1), signal 1 will bestalv
(.5), signal 2 will be scaled by 10 andérted (-10), and signal 3 will be doubled (Finally, note that the
four columns selected from the input Elel®en rearranged, so that the leftmost column (0) will become
output signal 2, etc.

SEE ALSO
rdsamp(1), setwfdb(1), xform (1), signal(5)

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

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

xform - sampling frequeny, amplitude, and format cwersion for WFDB records

SYNOPSIS

xform -i input-record[ options... ]

DESCRIPTION

122

xform copies the signal CEles (and, optionatipotation Eles) of the speci@gdt-record By default, all
signals are copied in their entirety; using appropriate optidaen can be used to cgmnly a portion of
the record, or only a subset of the signals, or bGtionsare:

-a annotator
Copy the speciEahnotatoras well as the signal (EleBvo or moreannotatorarguments, sepa-
rated by spaces, can folo-a. An annotator supplied via the standard input may be speciCEed
using “-', but only immediately aftem; in this case onlyannotations are copied to the standard
output.

-C Clip the output (set ansample values that would fall outside of the range supported by the
selected format to the maximum or minimum supportaldies). Bydefault, the output is not
clipped; ratherthe values are wrapped around modulo the supported range (i.ceiss high-
order bits are simply discardedlise of wrap-around can result in bizarre artifacts, but has the
adwantage that the affected portions of the output signals can (usually) be interpreted .properly
Clipping mode is appropriate for testing algorithms or devices that must operate using a more
restricted amplitude range than was used when digitizing the original record.

-d Dither the input by adding a pseudo-random value to each sample. The pseudo-ralnésmare
selected from a triangular probability density function between -1 an®itfiering is appropriate
wheneer the output has a lower resolution than the input, as may occur when changing the sam-
pling frequeng or gain. The-d option has no effect unless the sampling frequenmcgain are
changed in the output record. Note that the RNG used to generate the pseudo-r@odsisv
started with a B" seed, so thaform's output is strictly reproducible. Change the seed in the
source and recompile to obtain a different realization of dither if desired.

-f time Begin at the speciEgohein the input record (default: the beginning of the record).
-h Print a usage summary.

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

-M Read the signals in multifrequgnmode. Eactsignal (in a multifrequencrecord) is copied to
the output record without changing its sampling frequerie an adinary record, this option has
no effect other than to force the input and output sampling frequencies to be equal.

-n new-record
Create anew-recordfor the output signal CEles.

-N new-record
As abwe, but copy the signal descriptions from the header CEle for the record speciCEed using the
option (see below) rather than from the input record.

-0 output-record
The header Ele foutput-record(which must exist before runnindorm) determines the names,
sampling frequeng formats (sesignal(5)), gains, and ADC zero Vels of the output signalsilf
the-o option is absenkform prompts the user for the output speciCEcations.

-ssignal-list
Write only the signals named in tegnal-list(one or more input signal numbers or names, sepa-

rated by spacesefault: write all signals). This option may be used to re-order or duplicate sig-
nals.
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-Sscript
Take answers to prompts from the speciGeript (a text Ele).

-t time Process until the speci@#mein the input record (default: continue to the end of the record).

-u Adjust annotation times as needed so that #he unique.If the output sampling frequewnds less
than that of the input, the times of closely-spaced annotations may coincide in the output, which
may cause problems for some older WFDB applications.-Tlogtion a/oids this.

If a new-records speciCEed, awmdeader Ele is created after the signal (Ele transformation is coifiptete.
new header (Ele, if created, contains the correct sample counts and checksums ¥ositireh€lesAny
output annotation Eles that are created as a result ofaising associated withew-recordif it has been
speciCEed, or withutput-recordotherwise. © process only a segment of timput-record specify the start-
ing and ending times using tHeand-t options.

Sampling frequencchanges are performed by linear interpolatiory esmbination of input and output
sampling frequencies is permissible. This interpolation method has thetage of being reasonabBst,
an important consideration since it is often necessary to operate on a million or more sRegpdespling
noise is not a signiEcant problem for the typical applicatiok®mwh (changing the sampling frequanc
by factors of Gvor less). Aliasingcan be a problem, h@ver, when the input sampling frequencs
greater than the output sampling frequen such cases, if the input signals contain freqyerampo-
nents at or ah@ half of the output sampling frequencdhe input signals should be low-pass CEltered (using,
for example (Ef1)) to rem@e these components before processing them sfithm. Conversely, if the
output sampling frequemcis substantially greater than the input sampling frequenesampling noise
introduced at frequencies imaess of half of the input sampling frequgan be remeed by low-pass El-
tering the output signals.

Normally, the ADC resolution (Eelds in the header (Eles are ignored, and scaling is determined by the ratios
of the aqain (Eelds. An undeCEned (0) gain is consideredilequito a gain of 200 ADC units per ydical

unit. An exception to this rule occurs if both input and output gains are undeEned; in this case, scaling is
determined by the difference in the ADC resolution (Eeldsy.if an

Also note thatxform writes over any exsting data Eles named in the header Etufiput-record thus
output-recordshould not be the name of an ordinary database re¢twdnally, the database signal Eles
are read-onlyand attempts toerwrite them are futile.For mary applications the "piped record8'and

16 and the "local records8l and 16l will be found useful as output records.

If signal selection, scaling, and sampling freqyecarversion are not needednip(1) is recommended as
a faster alternate o xform.

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

DIAGNOSTICS
As xform runs, it prints a "on the standard error output for each minute processed.ylbfathe output
samplesdll outside the range of values that can be properly represented using the speciCEed output format,
xform issues warnings but continues to process the record.

SEE ALSO

E(1), setwfdb(1), snip(1), signal(5)
AUTHOR

George B. Moody (george@mit.edu)

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

wfdb - Wavdorm Database library

SYNOPSIS

124

#include <wfdb/wfdb.h>

int adumuv(WFDB_Signad, WFDB_Sampleadc_unit3

double aduphys(WFDB_SignslWFDB_Sampleadc_unit$

char *anndesc(irhnnotation_code

int annopen(charrécord, WFDB_ Anninfo *aiarray, unsigned inthann)
char *annstr(inennotation_codge

int calopen(char ¢alibration_Elenare

char *datstr(WFDB_Date)

char *ecgstr(inennotation_code

int Endsig(charsignal_namg

void eushcal(void)

int getann(WFDB_ Annotataa, WFDB_Annotation ‘annotatior)
double getbasecount(void)

int getcal(char description char *units WFDB_ Calinfo *cal)
WFDB_Frequeng getafreq(void)

WFDB_Frequeng getcfreq(void)

WFDB_Frequeng getifreq(void)

char *getwfdb(void)

int getframe(WFDB_Samplev&cton

char *getinfo(char fecord)

int getspf(void)

int getvec(WFDB_Samplevectol)

void iannclose(WFDB_Annotator a)

int iannsettime(WFDB_Tim#§

int isgsettime(WFDB_Groupignal_group WFDB_Timet)

int isigopen(char fecord, WFDB_Siginfo *siarray, int nsig)

int isigsettime(WFDB_Tim¢)

char *mstimstr(WFDB_Timd)

WFDB_Sample muvadu(WFDB_Signglint microvolts)

int newcal(char &alibration_Elenare

int newheader(charmé&cord)

void oannclose(WFDB_Annotator a)

int osigfopen(WFDB_Siginfo giarray, unsigned ininsig)

int osigopen(charrecord, WFDB_Siginfo *siarray, unsigned ininsig)
WFDB_Sample physadu(WFDB_Sigrsgadoublev)

int putann(WFDB_Annotataa, WFDB_ Annotation ‘annotatior)
int putcal(WFDB_Calinfo tal)

int putinfo(char tnfo)

int putvec(WFDB_Samplevectoi)

WFDB_Frequeng sampfreq(char fecord)

WFDB_Sample sample(WFDB_Sigr&aWFDB_Timet)

void setafreq(WFDB_Frequen@nnotation_clock_frequengy
int setanndesc(irgnnotation_codgechar *annotation_description
int setannstr(inannotation_codgechar *annotation_mnemonic_strijg
void setbasecount(doublse_count

int setbasetime(chatime_string

void setcfreq(WFDB_Frequenapunter_frequengy

int setifreq(WFDB_Frequenayetvec_frequengy

void setwfdb(char #atabase path_string

int setecgstr(innnotation_codechar *annotation_mnemonic_strijg
void setgvmode(ininode
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int setheader(charécord, WFDB_Siginfo *siarray, unsigned ininsig)

int setibsize(insizg

int setmsheader(charetord, char **seg_namesainsigned innhsegmen)s

int setobsize(insizg

int setsampfreq(WFDB_Frequensgmpling_frequengy

int strann(char &nnotation_mnemonic_strijg

WFDB_Date strdat(chardate_string

int strecg(char &nnotation_mnemonic_strihg

WFDB_Time strtim(char time_string

char *timstr(WFDB_Time)

WFDB_Time tnextvec(WFDB_Signal WFDB_Timet)

int ungetann(WFDB_Annotat@, WFDB_ Annotation ‘annotation

char *wfdberror(void)

char *wfdbEle(chatype char *record)

void wfdbeush(void)

int wfdbgetslew(WFDB_Signals)

long wfdbgetstart(WFDB_Signa)

int wfdbinit(char *ecord, WFDB_Anninfo *aiarray, unsigned inthann
WFDB_Siginfo *siarray, unsigned ininsig)

int wfdbputprolog(char prolog, longbytes WFDB_Signals)

void wfdbquiet(void)

void wfdbquit(void)

void wfdbsetskw(WFDB_Signals, int skew)

void wfdbsetstart(WFDB_Signal longbyte_offsét

void wfdbverbose(void)

DESCRIPTION

FILES

Waweform databases (including the MIT-BIH Arrhythmia Database, the AHA Database dhraon of

Ventricular Arrhythmia Detectors, and the European ST-T Database) are accessible to applications written

in C and C++ via the functions deEned in the WFDB libridnder UNIX, programs may be linked with

the WFDB library by using thdwfdb option at the end of the C or C++ compiler command. The functions

are described in detail in the reference Welo

UNIX systems:

{usr/lib/libwfdb.a standard (statically bound) library
{usr/lib/libwfdb.so

{usr/lib/libwfdb.so.M.N  shareable library (bound at run-time, netilble on all systems). On some
systems, one of these pathnames is a link to the, @tittboth are neededn
others, only one of the pathnames is needed.

{usr/lib/libwfdb.sa stubs for linking with applications that ubwfdb.so (not needed on all sys-
tems).

The location of these (Eles may vary on some systems.

MS-DOS/MS Windows systems:

wfdb.lib

standard (small memory model) library
wfdbl.lib

large memory model library
wfdb.dll

dynamic link library for MS Windows
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wfdbdll.lib
stubs for linking with applications that usédb.dll

SEE ALSO
WFDB Pogrammers Guide
On systems that support GNU emacs,Gwedemay be gailable on-line using emadsfo; from
within emacs type control-H followed by to End out. An HTMLearsion may be installed on
your system (in/usr/help/html/wpyy the most recent version can be wmed on-line at
http://www.physionet.org/physiotools/wpg/

The WFDB library can also be used with Fortran programswédie{3) and theGuidefor detalils.

DIAGNOSTICS
All functions that return amt indicate errors with rggtive values. Dependingn context, zero returns
may indicate success ailure. Positie values indicate success. Most errors other than EOF are accompa-
nied by diagnostics on the standard error output.

AUTHORS
Geoge B. Moody (ge@e@mit.edu), with contributions from marsources. Thepredecessor of the
WEFDB library was originally implemented in C by George Moody and TedeBdkased on earlier designs
by Paul Schluter and Larry @jd. Other contributors of code and ideas includaup Albrecht, Mile
Dakin, Phil Devlin, Scott Greerald, David Israel, Roger Mark, Joe Mietus, and Warren MuldrBat
Hamilton and Bob Farrell contributed ports, to MacOS and Win32 regggcti

SOURCES
http://www.physionet.org/physiotools/wfdb/lib/
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NAME
wfdbf - Wavdorm Database library wrappers for Fortran

SYNOPSIS
implicit integer(a-z)
real aduphys, getbasecount, getcfreq, getifreq, sampfreq
character aux(256), desc(80), Eletype(32), fname(40), name(20), pathname(80), record(16), string(32),
units(20)
integer a, adcres, adczero, ampl, anntyp, baseline, bsize, caltype, chan, cksum, date frtingroup,
initval, microvolts, mode, nann, nsamp, nsig, num, s, spf, stat, subtyp, time, v(32), value
real gain, frequeng high, low, scale

setanninfo(a, name, stat)

getsiginfo(s, fname, desc, units, gain, initval, group, fmt, spf, bsize, adcres, adczero, baseline, nsamp,
cksum)

setsiginfo(s, fname, desc, units, gain, initval, group, fmt, spf, bsize, adcres, adczero, baseline, nsamp,
cksum)

annopen(record, nann)

isigopen(record, nsig)

osigopen(record, nsig)

osigfopen(nsig)

wfdbinit(record, nann, nsig)

setgvmode(mode)

getspf(dummy)

getvec(v)

getframe(v)

putvec(v)

getann(a, time, anntyp, subtyp, chan, num, aux)
ungetann(a, time, anntyp, subtyp, chan, num, aux)
putann(a, time, anntyp, subtyp, chan, num, aux)
isigsettime(time)

isgsettime(group, time)

iannsettime(time)

ecgstr(code, string)

strecg(string)

setecgstr(code, string)

annstr(code, string)

strann(string)

setannstr(code, string)

anndesc(code, string)

setanndesc(code, string)

iannclose(a)

oannclose(a)

timstr(time, string)

mstimstr(time, string)

strtim(string)

datstr(date, string)

strdat(string)

adumuv(s, ampl)

muvadu(s, micreolts)

aduphys(s, ampl)

physadu(s, value)

calopen(fname)

getcal(desc, units, g high, scale, caltype)
putcal(desc, units, Wg high, scale, caltype)
newcal(fname)
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sushcal(dummy)
getinfo(record, string)
putinfo(string)
newheader(record)
setheader(record, nsig)
wfdbgetslew(s)
wfdbsetslew(s, value)
wfdbgetstart(s)
wfdbsetstart(s, value)
wfdbquit(dummy)
sampfreq(record)
setsampfreq(frequency)
getcfreq(dummy)
setcfreq(frequency)
getifreq(dummy)
setifreq(frequency)
getbasecount(dummy)
setbasecount(frequency)
setbasetime(string)
wfdbquiet(dummy)
wfdbverbose(dummy)
wfdberror(string)
setwfdb(string)
getwfdb(string)
setibsize(value)
setobsize(value)
wfdbEle(Eletype, record, pathname)
wfdbeush(dummy)
isann(anntyp)
isqrs(anntyp)
setisgrs(anntyp, value)
mapl(anntyp)
setmapl(anntyp, value)
map2(anntyp)
setmap?2(anntyp, value)
ammap(anntyp)
mamap(anntyp, subtyp)
annpos(anntyp)
setannpos(anntyp, value)

DESCRIPTION
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Fortran programs can use the WFDB library to read and wratedarm database EleBifferences in
argument-passing cesntions between értran and C (the language of the WFDB library) require the use
of a set of wrappers as an interface between the library and Fortran codedket its functions. These
wrappers are contained within ‘wfdbf.c', pided in the ‘fortran’ directory of the WFDB software pack-
age. Wherthe WFDB Software Package is installed, aycop' wfdbf.c' is placed in the same directory as
‘wfdb.h' (normally, /usr/include/wfdb).

Most of these wrapper subroutines behdike their similarly-named counterparts in the WFDB library
The functions setanninfo, setsiginfo, and getsiginfo do ne¢ llrect equvalents in the WFDB library;

they are provided in order to permitRran programs to read and write data structures passed to and from
several of the WFDB library functionsSince the contents of these structures are directly accessible by C
programs, these functions are not needed in the C library.
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Before using annopen, set up the annotation information structures using setaAftgrfaising isigopen

or osigopen, use getsiginfo to obtain the contents of the signal information structures if ne@&xfeaey

using osigfopen or setheadase setsiginfo to set the contents of the signal information structBefere

using wfdbinit, use setanninfo and setsiginfo to set the contents of the annotation and signal information
structures.

To use these wrappers, call them as showvgtiben compile your code together with wfdbf.c and link to
the WFDB library If you are using the GNU g77 compiler (recommended), do so using a command such
as:

g77 -o foo foo.f -DFIXSTRINGS /ust/include/wfdb/wfdbf.c -lwfdb
The wrappers include optionally compiled code thaweds traditional space-terminatedrran strings to
null-terminated C strings and vicerga. Thisode is compiled if the symbol FIXSTRINGS is de(Ened, as
in the g77 command abe If you use a different Fortran compil¢his code may not be necessaBee
‘fortran/README' for further information about using the WFDB Fortran wrappers.

SEE ALSO
WFDB Pogrammers Guide
On systems that support GNU emacs,Gwedemay be gailable on-line using emadsfo; from
within emacs type control-H followed by to (End outAn HTML version may be installed on
your system (in/usr/help/html/wpyy the most recent version can be viewed on-line at
http://www.physionet.org/physiotools/wpg/

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

SOURCES
http://www.physionet.org/physiotools/wfdb/fortran/wfdbf.c
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NAME
annot - WFDB annotation (Ele formats

SYNOPSIS
#include <wfdb/ecgcodes.h>

DESCRIPTION
Programs compiled with the WFDB librarnivwfdb) can read annotation Eles irotfermats. Thepre-
ferred format (MIT format) is compactv@&aging slightly eer two bytes per annotation) anctensible,
and is normally used for on-line annotation Eles. The altexrfatimat (AHA DB distribution format)
uses 16 bytes per annotation, and is normally used only for exchange of (Eles between institutions on
9-track tape. Both formats are binabyt readable on gnmachine without reformatting. WFDB library
applications can distinguish between the formats automatically when opening a Ele for input.

MIT format:
Each annotation occupies avee number of bytes. The (Erst byte in each pair is the least signiCEcant byte.
The six most signiCEcant bify) f each byte pair are the annotation type code, and the ten remaining bits
() specify the time of the annotation, measured in sample aitefirom the previous annotation (or from
the beginning of the record for the Erst annotation). IAG=ACMAX, thenAis de(Ened iwfdb/ecg-
codes.h> Sevaal other possibilities exist:

A=SKIP [59.]
| = 0; the next four bytes are the intahin PDP-11 long integer format (the high 16 bits Erst, then
the lov 16 hits, with the lav byte Erst in each pair).

A=NUM [60.]
| = annotationnum (Eeld for current and subsequent annotations; otherwise, asswinaspre
annotatiomum (initially 0).

A=SUB[61.]
| = annotationsubtyp Eeld for current annotation only; otherwise, assuwhbyp = 0.

A=CHN [62.]
| = annotationchan Eeld for current and subsequent annotations; otherwise, assvimgsjglean
(initially 0).

A=AUX [63.]
| = number of bytes of auxiliary information (which is contained in th& hbytes); arextra null,
not included in the byte count, is appendddsfodd.

A=1=0: End of Ele.

AHA format:
All annotations occupexactly 16 bytes.Within each block, the Erst byte is unused, the second byte con-
tains the AHA annotation code (an ASCII character;<sgfelb/ecgmap.h>, the third through sixth bytes
contain the time (see below) in PDP-11 long integer format asahw the seenth and eighth bytes con-
tain an annotation serial number.

In annotation Eles taken directly from the AHA database distribtapes, the last eight bytes in each
annotation are unused, and the time \&mwin milliseconds measured from the beginning of the annotated
segment of the recordln AHA-format annotation (Eles generated by WFDB library applications, annota-
tion times are gien in sample intervals from the beginning of the record, and the last eight bytes of each
annotation contain the MIT annotation subtype (in the ninth byte), the MIT annotation code (in the tenth
byte), and up to six ASCII characters (in the remaining bytes) used to deRetWSEHM and NOTE
annotations.

SEE ALSO
header(5), signal(5), wfdbcal(5)
WFDB Pogrammers Guide
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AUTHOR
Geoge B. Moody (geare@mit.edu). Theriginal MIT annotation format was designed by Paul Schluter
and the AHA annotation format was designed by Russ Hermes.
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NAME

header - WFDB header (Ele format

DESCRIPTION

For each database record, a header Ele speciEes the names of the associated signal Eles atektheir attrib
Programs compiled with the WFDB librarylvfdb) can read header (Eles creatednbyheader(see
wfdb(3)). HeaderEles contain line- and (Eeld-oriented AS@tl tASCII linefeed characters separate

lines (which may not contain more than 255 characters each, including the linefeed), and spaces or tabs
separate (Eelds (except as notedmel®@eginning with WFDB library version 6.1, an ASCII carriage

return character may precede each linefeed. Fields not speciCEcally designatex lpefional must be

present.

Header (Eles contain at a minimuracard line, which speciCEes the record hame, the numbegofeses,

and the number of signals. Header Eles for ordinary records (those that contain one segment) also contain a
signal speciCEcation lirfer each signal. Header (Eles for mulgjrsent records (supported by WFDB

library version 9.1 and later versions) contasegment speciCEcation liftg each sgment; se¢he section

on multi-segment records beldor details.

Comment linesnay appear anywhere in a header GEhee (Erst printing character in a comment line must
be "#. Comment lines that follo the last signal speciCEcation line are treated speciallynfeestrings
belov). All other comment lines are ignored by WFDB library functions that read header Eles.

Record line
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The Erst non-emptyon-comment line is theecord line. It contains information applicable to all signals
in the record. Its (Eelds are, from left to right:

record name
A string of characters that identify the recorélhe record name may include letters, digits and
underscores ("_") only.

number of segmenisptional]
This Eeld, if present, ot separated by whitespace from the record name @by it follows
a /', which serves as a (Eeld separdtdhe Eeld is present, it indicates that the record is a multi-
segment record containing the speciCEed number of segments, and that the header (Elegsontains se
ment speciCEcation lines rather than signal speciCEcationTlireesiumber of segments must be
greater than zercA value of 1 in this (Eeld igl, though unlikely to be useful.

number of signals
Note that this is not necessarily equal to the number of signal Eles, sirmrentwre signals can
share a signal (Ele. This number must not fgine avalue of zero is lgd, however.

sampling frequency (in samples per second per sigoatijonal]
This number can be expressed ity &ormat lggd for scan{3) input of eoating point humbers
(thus “360', "360.,, “360.0', and "3.6e2' are algi and equvalent). Thesampling frequenc
must be greater than zerd;it is missing, a value of 25(DEFREQ, deEned irwfdb/wfdb.h>
is assumed.

counter frequency (in ticks per secofoptional]
This (Eeld (a *oating-point numbar the same format as the sampling frequency) can be present
only if the sampling frequerds dso present. It imotseparated by whitespace from the sampling
frequeng C&ld; ratherit follows a /', which seres as a (Eeld separafbine sampling and counter
frequencies are used Isyrtim to corvert strings beginning with “c' into sample intals. Typi-
cally, the counter frequeganay be dewned from an analog tape counter from page numbers in
a dhart recording. If the counter frequenis absent or not posite, it is assumed to be equal to
the sampling frequeyc WFDB library versions 5.1 and earlier ignore the counter frequégicl.

base counter valupptional]
This (Eeld can be present only if the counter frequsndso present. It imot separated by
whitespace from the counter frequgi@®ld; ratherit is surrounded by parentheses, which delimit
it. The base counter value is a eoating-point number that speciCEes the coahier v

5August 2005 WFDB software 10.3.18



HEADER(5) WFDBApplications Guide HEADER(5)

corresponding to sample 0. If absent, the base counter valueisttabe zero. WFDB library
versions 5.1 and earlier ignore the base counter value Eeld.

number of samples per sigrjaptional]
This Eeld can be present only if the sampling fregusmso present. If it is zero or missing, the
number of samples is unspeciCEed and checksum veriCEcation of the signals is disabled.

base timdoptional]
This Eeld can be present only if the number of samples is also pleggres the time of day
that corresponds to the beginning of the record, in HH:MM:SS format (using a 24-hour clock; thus
13:05:00, or 13:5:0, represent 1:05 pnti.this Eeld is absent, the time-easion functions
assume a value of 0:0:0, corresponding to midnight.

base datgoptional]
This Eeld can be present only if the base time is also préseoritains the date that corresponds
to the beginning of the record, in DD/MM/YYYY format (e.g., 25/4/1989 is 25 April 1989).

Signal speciCEcation lines
Each non-emptynon-comment line following the record line in a singlgfeent record contains speciEca-
tions for one signal, beginning with signal Beader (Eles must contain valid signal speciCEcation lines for
at least as mansignals as were indicated in the record line (the Erst non;emptgomment line in the
(Ele). Aw extra signal speciCEcation lines are not read by WFDB library functions. From left to right in
each line, the Eelds are:

CEle name
The name of the Ele in which samples of the signalepte Kheervironment \ariable WFDB
(the database path) lists the directories in which signal (Eles (as well as WFDB header and annota-
tion Eles) are foundjormally WFDB should include an initial empty component, so that signal
(Eles can be kept inyadirectory if they are designated by absolute path names in the header Ele.
If the (Ele name speciCEes that the signal (Ele is to be found in a directory that is not already in
WFDB, that directory is appended to the endVdFDB (by functions that read header Eles in
WFDB library version 6.2 and lateessions). Althoughhe record name is usually part of the sig-
nal Ele name, this a@ntion is not a requirement (see, e.g., examples 3, 4, and \b)be\mte
that seeral signals can share the same (Ele (i.e/, e belong to the same signal group); all
entries for signals that share aegi @e must be consecus, howevea. The Ele name -’ refers to
the standard input or output. The sum of the lengths of the (Ele name and description (Eelds (see
below) is limited to 80 characters.

format This Eeld is an irger that speciEes the storage format of the signal. All signalsvienaggiup
are stored in the same formdthe most common formats are format 8 (eight-bit Efstelifces)
and format 16 (sixteen-bit amplitudesgeesignal(5) (or <wfdb/wfdb.h> for a list of other sup-
ported formats. The follsing three optional Eelds, if present, are bound to the format Eeld (i.e.,
not separated from it by whitespacéfey may be considered as format modiCEers, singdhne
ther describe the encoding of samples within the signal Ele.

samples per framgptional]
If present, this Eeld follows an “x' that serves as a (Eeld sepdoatoally, dl signals in a gien
record are sampled at the (base) sampling frequasi@eciEed in the record line; in this case,
the number of samples per frame is 1 for all signals, and this Eeldestioorally omitted. If the
signal was sampled at some integer multipte of the base sampling frequendoweve, each
frame (set of samples returned dptframé containsn samples of the signal, and thalwe speci-
(Eed in this (Eeld is atso(Note that non-integer multiples of the base sampling frequanecnot
supported.) WFDBibrary versions 8.3 and earlier ignore this (Eeld if it is present, and cannot
properly read signal (Eles that contain more than one sample per signal per frame.

skew[optional]
If present, this Eeld folls a *:' that serves as a (Eeld separdtigally, within a gven record,

samples of dferent signals with the same sample humber are simultaneous (within one sampling
interval). If this is not the case (as, for example, when a multitrack analog tape recording is
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digitized and the azimuth of the playback head does not match that of the recording head), the
skew ketween signals can sometimes determined (for example, by locating recadéolrw
features with knen time relationships, such as calibration signals). If this has been done, the
skew (Eld may be inserted into the header Ele to indicate they@asitmber of samples of the

signal that are considered peecedesample 0.These samples, if gnare included in the check-

sum, but cannot be returned gstvecor getframe (thus the checksum need not be changed if the
skew (EId is inserted or modiEed). WFDB libragrsions 9.1 and earlier ignore this Eeld if it is
present; lateversions correctly deslv dgnals in accordance with the contents of this (Eeld.

byte offsefoptional]

If present, this (Eeld follows a “+' that serves as a (Eeld sepbi@torlly, sgnal Eles include

only sample datalf a signal Ele includes a preambleyée@r, this Eeld speciCEes the offset in
bytes from the beginning of the signal (Ele to sample 0O (i.e., the length of the pre&atde).
within the preamble is not included in the signal checksum. Note that the byte offset must be the
same for all signals within agn group (use the sl EId to correct for intersignal si). This

feature is provided only to simplify the task of reading signal Eles not generated using the WFDB
library; theWFDB library does not support wmeans of writing such (Eles, and byte offsets must

be inserted into header (Eles manud\§#DB library \ersions 4.4 and earlier ignore bytésets;

these versions returnyapreamble data as samples.

ADC gain (ADC units per physical unjgptional]

This Eeld is a soating-point number that speciCEes feeedde in sample values that would be
obsened if a step of one physical unit occurred in the original analog sigioaECGs, the gin

is usually roughly equal to the Rameamplitude in a lead that is roughly parallel to the mean car
diac electrical axisIf the gain is zero or missing, this indicates that the signal amplitude is uncali-
brated; in such cases, alwe of 200 DEFGAIN, deEned irwfdb/wfdb.h> ADC units per pis-

ical unit may be assumed.

baseline (ADC unitgpptional]

This Eeld can be present only if the ADC gain is also presentmadtseparated by whitespace

from the ADC gain (Eeld; rathéris surrounded by parentheses, which delimitThe baseline is

an integer that speciCEes the sample value correspondingysidabpbnits. If absent, the baseline

is taken to be equal to the ADC zero. Note that the baseline need not be a value within the ADC
range; forexample, if the ADC input range corresponds to 200-300 degrees Kelvin, the baseline
is the (extended precision) value thatuld map to O degreeselk/in. WFDB Iibrary versions 5.0

and earlier ignore baseline Eelds.

units[optional]

This Eeld can be present only if the ADC gain is also preisdaliows the baseline Eeld if that

(Eeld is present, or the gain Eeld if the baseline (Eeld is absent. It is not separated by whitespace
from the previous Eeldather it follows a /', which sergs as a Eeld separafbine units Eeld is

a character string without embedded whitespace that speciEes the typysicdl pmit. If the

units Eeld is absent, the physical unit may be assumed to be ordt.mMWiFDB library versions

4.7 and earlier ignore units (Eelds.

ADC resolution (bitsjoptional]

This Eeld can be present only if the ADC gain is also preesgeciCEes the resolution of the
analog-to-digital coverter used to digitize the signalypical ADCs hae resolutions between 8

and 16 bits. If this Eeld is missing or zero, the default value is 12 bits for amplitude-format sig-
nals, or 10 bits for difference-format signals (unlessagetovalue is speciCEed by themat Eeld).

ADC zerdoptional]
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This Eeld can be present only if the ADC resolution is also present. It isgen thid represents

the amplitude (sample value) that would be observed if the analog signal present at the ADC
inputs had a leel that fell exactly in the middle of the input range of the ADRx a hipolar

ADC, this value is usually zero, but a unipolar (offset binary) ADC usually produces a non-zero
vaue in the middle of its rangeTogether with the ADC resolution, the contents of this (Eeld can
be used to determine the range of possible samajpiles. Ifthis Eeld is missing, a value of zero is
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assumed.

initial value [optional]
This Eeld can be present only if the ADC zero is also prdsspeciCEes the value of sample O in
the signal, but is used only if the signal is stored in difference format. If this Eeld is missing, a
value equal to the ADC zero is assumed.

checksunjoptional]
This Eeld can be present only if the initial value is also presésnta 16-bit signed checksum of
all samplesn the signal. (Thus the checksum is independent of the storage format.) If the entire
record is read without skipping samples, and the heagord line speciCEes the correct number
of samples per signal, this (Eeld is comparathstga computed checksum to verify that the signal
(Ele has not been corruptédvalue of zero may be used as a Eeld placeholder if the humber of
samples is unspeciCEed.

block sze[optional]
This Eeld can be present only if the checksum is present. This (Eeld is an integer and is usually
zero. Ifthe signal is stored in a Ele that must be read in blocks of a speciCEaveize, this
(Eeld speciCEes the block size in bytes. (On UNIX systems, this is the case only for character spe-
cial CEles, corresponding to certain tape andlisk (Eles. If necessatlye block size may be\gn
as a ngative rumber to indicate that the associated Ele lacks V& dupport forfseek3) opera-
tions.) All signals belonging to the same signal groweHhae same block size.

description[optional]
This Eeld can be present only if the block size is presagttext between the block size Eeld
and the end of the line is taken to be a description of the sigvia&n creating ne records, fol-
low the style used to document the signals in existing header @eldee the other Eelds in the
header (Ele, the description may include embedded spaces; note that whitespace between the block
size and description (Eelds is not considered to be part of the descriptiengy.htf the descrip-
tion is missing, the WFDB library functions that read header Eles supply a description of the

Info grings
Comment lines that folle the last signal speciCEcation line in a header (Ele can be read and written by the
WFDB library functionsggetinfo andputinfg, the contents of these lines (excluding the initial “#' comment
character) are referred to as “info strings'. There must be no whitespace preceding the initialy #him an
that is to be recognized Igginfo. form “recordkxx sgnaln” .

Multi-segment records
Each non-emptynon-comment line following the record line in the topdeheader Ele of a multiggaent
record contains speciCEcations for omggnsat, beginning with segment 0. (Info strings cannot be used in
the top-leel header Ele of a multiggeent record.)Top-level header Eles must contain valigreent
speciEcation lines for at least as yraagments as were indicated in the record lidey extra sgment
speciCEcation lines are not read by WFDB library functions.

A segments simply an ordinary (single-segment) record, with & dieader and signal (Eles. By includ-

ing s@gments in a multi-segment record, the signals within them can be read by WFDB applications as if
they were continuous signals, dgianing with those in segment 0 and continuing with those in segment 1,

with no need for the applications to do anything special teenffrom one segment to anotheérhe only
restrictions are that segments cannot themselves contain ogreergs (thg mustbe single-sgment

records), the sampling frequencies must not change from segment to segment, and the number of samples
per signal must be deEned for each segment in the record line of the semyndrdader Ele.

Two types of multi-segment records are deEhed.(Exed-layouecord, the arrangement of signals is con-

stant across all segments, and the signal gain, baseline, units, ADC resolution and zero, and description
match for corresponding signals in alpseents (these recommendations are not enforced by the WFDB
library, but existing applications are likely to befeawunpredictably if thg are not follaved). Notehow-

eva, that it is not necessary to use the same signal storage format in all segments, and signiCEcant space sa
ings may be possible in some cases by selecting an optimal format for gaenseEactsegment of a
(Exed-layout record is an ordinary record containing one or more samples.
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In avariable-layoutrecord, the arrangement of signals mayyvsgnals may be absent in som@sents,

and the gains and baselines may change betwgemesés. Avariable-layout record can be identiCEed by

the presence of layout sgment which must be segment 0 and mustéha ength of 0 samples. The lay-

out segment has no associated signal (tebpader (Ele speciCEes the desired arrangement of signals and
their gains and baselines. Signal Ele names in a layout segment header are recorded as "~'. When read
using WFDB library version 10.3.17 or lat#re signals of a variable layout record are rearranged, shifted,

and rescaled as needed in order to present the signals in the arrangement and with the gains and baselines
speciEed in the layout segment header.

Segment speciCEcation lines
Each segment speciCEcation line contains the following (Eelds, separated by whitespace:

record name
A string of characters identifying the singlegsgent record that comprises thgsent. Asin the
record line, the record name may include letters, digits, and underscores ("_") only.

number of samples per signal
This number must match the number speciCEed in the header Ele for thegsiegierseord that
comprises the segment.

Variable-layout records may contaiull sggmentswhich can be identiCEed if the record namengin the
segment speciCEcation line is “Fhe number of samples per signal indicates the length of the goiese;
when read, these samplevé&dhe value WFDB_INYLID_DATA (deCEned in <wfdb/wfdip>). Null seg-
ments do not hee sssociated header or signal Eles.

Examples:
Example 1 (MIT DB recakr100):
100 2 360 650000 0:0:0 0/0/0
100.dat 212 200 11 1024 995 -22131 0 MLII
100.dat 212 200 11 1024 1011 20052 0 V5

# 69 M 1085 1629 x1
# Aldomet, Inderal

This header speciCEes 2 signals each sampled at 360 Hz, each 650000 samplesvsligbtlyirutes)

long. Thestarting time and date were not recorded; in the example, the defaults are showry, inigtthe

be omitted without changing the meaning of the headerERth signal is stored in 12-bit bit-packed-for

mat (2 samples per 3 bytes; ségnal(5) for details), and one Ele contains both sigrgitece the (Elename

given (100.daj does not include path information, WFDB library-based programs will End the signal Ele
only if it is located in one of the directories specied byWRBB ervironment \ariable. Thegan for

each signal was the (default) 200 ADC units per woili (the default physical unit), and the ADC had
11-bit resolution and an offset such that its outpag w024 ADC units géen an nput exactly in the middle

of its range. The baseline is novei explicitly, but may be assumed to be equal to the ADC zero value of
1024. TheErst samples acquired had values of 995 and 1011 (i.e., both sigaalsligbtly belonv 0

VDC). Thechecksums of the 650000 samples are -22131 and 20052, and I/O may be performed in blocks
of ary desired size (since the block size (Eelds are zero). The signal descriptions specify which leads were
used (MLII: modiEed lead lIFinally, the last tw lines contain “info strings'. (In this example, the Erst

info string speciCEes thexsand age of the subject and data about the recording, and the second lists the
subjects medications. Theontents and format of info stringary between databases; it is not wise to rely

on the presence of speciCEc data in info strings, since their use in header Eles is optional.)

Example 2 (AHA DB recdr7001):
7001 2 250 525000
/dbl/data0/d0.7001 8 100 10 0 -53 -1279 0 ECG signal 0
/dbl/datal/d1.7001 8 100 10 0 -69 15626 0 ECG signal 1

This header illustrates twon-line AHA DB records were formerlydpt at MIT Note that the sampling
frequeny and ADC speciCEcations differ from the previoxangple. Inthis example, each signal isfit in
its own signal Ele, speciEed by its absolute pathname. As shown here, AHA DB recordseyptai be k
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8-bit Erst diérence format, but the sampling rate requires that the signals be scaled down (from 12-bit to
10-bit ADC resolution) to stay within the sleate limits imposed by the format. Note that sighal check-
sums (-1279 and 15626 in this example) arevdéfrom the reconstructed samplawes, and not from the

(Erst dierences; thuthey should not change if the signals are reformatted.

Example 3 (Local recar8l):
8l 16
data0 8
datal 8

datal5 8

This example illustrates horelative pathnames can be used for user-created recdirdiata* (Eles in the
proper format are created inyaof the directories named by tN€FDB ervironment variable, thebecome
the signal Eles for record 8I.

Example 4 (Piped recdrl6x4):
# Piped record 16x4. Use this record to read or write 4 signals
# using the standard 1/O.
16x4 4
-16
-16
-16
-16

This example illustrates seral features not seen in the earligamples. Thespecial Ele name *-' means

that samples will be read from the standard input or written to the standard output when using this record.
All four signals are associated with the same (He signals are kept in 16-bit amplitude formahe

example includes tav comment lines, which are ignored by the WFDB library functions that read header
Eles.

Example 5 ("ahatape" header Ele):
# Use this record on a UNIX system to read directly
# from a 9-track AHA DB distribution tape with
# 4096-byte blocks. The tape must be positioned
# to the beginning of the ECG data (Ele before
# using this record.

ahatape 2 250
/dev/nrmt0 16 0 12 0 0 0 4096
/dev/nrmt0 16 0 12 0 0 0 4096

As in the previous xample, both signals are associated with the same (Ele; in this case, the Ele is
/dev/nrmtQ the non-rewinding r& 9-track tape dxie (on some systems, the name of this device may dif-

fer). Theblock size must be speciCEed in this case, since I/O to or fremdaviee (character special Ele)

is not luffered by the operating system and must be performed in the units appropriate to the device (in this
case, the tape block size)HA DB tapes written at 1600 bpi contain 4096 bytes per block (i.e., 1024 tw

byte samples from each of theawgnals).

Example 6 ("multi* header Ele):
multi/3 2 360 45000
100s 21600
null 1800
100s 21600

This header Ele is a sample of a multi-segment re@tie (Erst line contains the record name ("multi"),

the number of segments (there are 3), the number of signals (2; this must be the same in each segment), the
sampling frequenc(360), and the total length of the record in sample iater(#5000; this must be the

sum of the segment lengths).
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The second line contains the record name ("100s") of the @rstrdeof the record, and its length in sam-
ple intervals (21600). The third and fourth lines contain the record names and lengths of the rengaining se
ments. Theemaining lines are comments.

Note that a segment may appear more than once in a multi-segment record, as in this sample, and that stor
age formats mayary between segments (the second segment is a "null" record, containing format 0 "sig-
nals", and the others are written in format 8).

This record may be read byyalVFDB application built using WFDB library version 9.1 or latehe
application need not bevare that this is a multi-segment record. Earliersions of the WFDB library do
not support multi-segment records (or format 0 signals).

Old format
Versions 2.3 through 4.6 of the WFDB library included support for reading header Eles written in an obso-
lete format. This support has been remtbfrom WFDB library version 5.0. Obsolete-format header Eles
can be brought up-to-date usirayise (in theconvertdirectory of the WFDB software distribution).

SEE ALSO
annot(5), signal(5), wfdbcal(5)
WFDB Pogrammers Guide

AUTHOR
George B. Moody (george@mit.edu)
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NAME
signal - WFDB signal Ele formats

DESCRIPTION
WFDB signal Eleist in several formats. Any of these formats can be used for multiet Sgnal Eles,
in which samples from taor nore signals are stored alternate§eeheader(5) for information on ha to
identify which of the formats belois used for a particular signal Ele.

Format 8
Each sample is represented as an 8-bit (Efstedife; i.e.fo get the value of sampte sum the Erst
bytes of the sample data (Ele together with the initial value from the header Ele. When format 8 Eles are
created, Erst differences which cannot be represented in 8 bits are represented insteaddsy thietar
ence of the appropriate sign (-128 or +127), and subsequent differences are adjusted such that the correct
amplitude is obtained as quickly as possibléus there may be loss of information if signals in another of
the formats listed belo are cowerted to format 8. Note that the Ersted#nces stored in multipted for-
mat 8 Eles arenadys determined by subtraction of successamples from the same signal (otherwise sig-
nals with baselines which differ by 128 units or more could not be represented this way).

Format 16
Each sample is represented by a 16-bit $veomplement amplitude stored least signiEcant byte AByst.
unused high-order bits are sign-extended from the most signiEcaHisharically, the format used for
MIT-BIH and AHA database distribution 9-track tapes was format 16, with the addition of a logical EOF
(octal 0100000) and null-padding after the logical EOF.

Format 24
Each sample is represented by a 24-bit$veomplement amplitude stored least signiEcant byte Erst.

Format 32
Each sample is represented by a 32-bit$veomplement amplitude stored least signiEcant byte Erst.

Format 61
Each sample is represented by a 16-bitsveomplement amplitude stored most signiCEcant byte Erst.

Format 80
Each sample is represented by an 8-bit amplitudefgetobinary form (i.e., 128 must be subtracted from
each unsigned byte to obtain a signed 8-bit amplitude).

Format 160
Each sample is represented by a 16-bit amplitude in offset binary form (i.e., 32,768 must be subtracted
from each unsigned byte pair to obtain a signed 16-bit amplitude). As for format 16, the least signiEcant
byte of each pair is CErst.

Format 212
Each sample is represented by a 12-bit $veomplement amplitude. The Erst sample is obtained from the
12 least signiCEcant bits of the Erst byte pair (stored least signiCEcant byte Erst). The second sample is
formed from the 4 remaining bits of the (Erst byte pair (which are the 4 high bits of the 12-bit sample) and
the next byte (which contains the remaining 8 bits of the second sarfipkeprocess is repeated for each
successie pir of samples. Most of the signal Eles in PhysioBank are written in format 212.

Format 310
Each sample is represented by a 10-bit ¢vcomplement amplitude. The Erst sample is obtained from the
11 least signiCEcant bits of the Erst byte pair (stored least signiCEcant byte Erst) vwiiih discdoded.
The second sample comes from the 11 least signiEcant bits of the second, liyth@aiame way as the
Erst. Théhird sample is formed from the 5 most signiCEcant bits of each of the dHxgetwairs (those
from the (Erst byte pair are the least signiCEcant bits of the third sample). Note that the unused bit in each
byte pair is set to zero when using the WFDB library to write a format 310 signalliElentire process is
then repeated for each successet of three samples.

Format 311
Each sample is represented by a 10-bd'swcomplement amplitudeThree samples are bit-packed into a
32-bit integer as for format 310, but the layout iedént. Eachset of four bytes is stored in little-endian
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order (least signiEcant byte Erst, most signiCEcant byte last). The Erst sample is obtained from the 10 least
signiCEcant bits of the 32-bit igex the second is obtained from the next 10 bits, the third from the next 10

bits, and the te most signiEcant bits are unused (note that these bits are set to zero when using the WFDB
library to write a format 311 signal Ele). This process is repeated for each saseessithree samples.

If the format speciEes a number of bits per sample that exceeds the number of \WEDIR_Sample

the ecess high bits are not read on input, ang tre replaced by zeroes on outp@urrently this can

happen only when using formats 24 or 32 on a 16-bit platform (unusteptefor embedded processors);

in this case, th®VFDB_Sampledata type may be redeEnetbag (in wfdb/wfdb.h before compiling the

WFDB library and applications, to enable full-precision processing of signals in all forifiaitsis not

done by default since it would increase memory and computational requirements unnecessarily in embed-
ded applications that do not require 24- or 32-bit precision.

SEE ALSO

annot(5), header(5), wfdbcal(5)
WFDB Pogrammers Guide

AUTHOR
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NAME
wfdbcal - WFDB calibration (Ele format

DESCRIPTION
Programs compiled using the WFDB library (seflb(3)) require calibration data in order to wert
between sample values (expressed in analog-to-digitabitenunits, or adus) and physical uniGalibra-
tion Eles specify the y#ical characteristics of calibration pulses that may be present in various types of
signals, and specify customary scales for plotting these signalsig(1) reads the signal Ele(s) for a
record, measures the size of the calibration pulses it Ends in adus, and uses speciEcations from a calibration
(Ele to determine adu-to-physical unitveosion parameters, the "gain' and “baseline' (Eelds that it writes
back into the header Ele for the record. Other programs, spshhast(1), male wse of the “gain' and
“baseline' Eelds from the header Ele to determin®lwonvert adus into physical units, and use custom-
ary scale speciCEcations from a calibration Ele to determmni® lworvert physical units into units of
length on a printed page or on-scredfost users will End that a single calibration Ele, perhaps a system-
wide default, can be used with all of their WFDB records.

Calibration (Eles are line-orientedttéEles. Lines are separated by a carriage-return/line-feedauzir
type of signal to be calibrated is described by a one-line.ehkry format of each entry is:

DESC<tab>LOW HIGH TYPE SCALE UNITS
whereDESC is a string, possibly containing embedded spaces but not tabs, taken from the signal descrip-
tion Eeld of the header Ele entry for signals of the desired@WeandHIGH are the physical measure-
ments that correspond to the low- and high-amplitude phases of the calibrationTyHEespeciCEes the
shape of the calibration pulse (‘sine', “square’, or ‘undeE&IB€ALE speciCEes the customary scale in
physical units per centimeter; andNITS is a string (without embedded whitespace) that speciEes the
physical units of the signal (e.g., ' mV', ‘'mmHg', glees_Celsius'). IEOW is *-', the signal is £-cou-
pled, andHIGH is taken as the peak-to-peak amplitude of the calibration pulS®/ mustbe deEned
(i.e., must not be *-") for DC-coupled signal$.HIGH is *-', the size of the calibration pulse is unde@Ened.

Lines that begin with “#', empty lines, and improperly formatted lines are treated as comments and ignored.

The WFDB library functiorgetcal, used by programs such ealsig(1), psfd(1), andwave(1) to obtain cal-
ibration data from a calibration Ele, returns the Erst entry that matches sadsiggrgbtion and unitsA
calibration Ele entry is considered to match a signal DESC Eeld is either axact match or a preEx of
the signal description asvgn in the header Ele, and if tH&IITS Eeld in the calibration Ele is gace
match of the units (Eeld in the header (Ele. By making use of theskeswit is possible to write a calibra-
tion Ele that contains entries fovesal speciEc cases followed by a “catch-all' case for whichESC
(Eeld contains only the common preEXx.

Note thatSCALE speciEcations are advisamgt mandatory The intended use GCALE is to specify the
customary size for signals, and the refatizes of signals of varying types. When determinirf§GALE

for a signal type for which there is no customary scale, a good rule of thumb is that the typical short-term
range of variation of the plotted signal should be on the order of one centineeterinkmind that it may

be useful to mak measurements on plots,wever, and choose a scale that nesksuch measurements easy

to perform. Programs that dvasignals at non-standard scales should generally adjust the scales for all sig-
nals by the same factamless the user speciCEes otherwise.

Examples

# A simple example of a WFDB calibration Ele

ECG -1dnelmV

NBP 0100 square 100 mmHg

IBP 0- square 100 mmHg

Resp -undeCEned 11
In this example, the Erst line is a comment. The second line speciEes that signals whose deggniptions be
with "ECG' are AC-coupled, k& wnits of millivolts (mV), have 1 nV (peak-to-peak) sine-awecalibration
signals, and are customarily dnaat a scale of 1 mV/cm. The third line speciEes that signals of the "NBP'
type are DC-coupled, ka wnits of millimeters of mercury (mmHg), squarevecalibration signals that go
from 0 to 100 mmHg, and are customarily drawn at a scale of 100 mmHg/cm. The fourth line speciCEes that
signals of the "IBP' type are DC-coupled (sind®W is speciCEed), alsoveawnits of mmHg, and are
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customarily drawn at a scale of 100 mmHg/cnit, that calibration pulses may vary in amplitude. The last
line speciCEes that "Resp’ signals are AC-coupled (kiD¥¢ is not speciEed), Jealibration pulses of
variable size and shape, andskanits of liters [l].

An entry of the form:
ECG lead | -1snelmVv
matches "ECG lead II' as well as "ECG lead I', because of the preEx rule (s8e HH&CG lead I' and
"ECG lead II' were to require different calibrations for some reason, an entry of the form:
ECG lead Il -2d9ne1lmv
should be inserteldeforethe entry for "ECG lead I'.

Programs that display time seriedracted from annotation Eles (ewgave(1l), which can display the
sequence of “num' Eelds in an annotation Ele as a signal) can use calibration records to choose an ordinate
scale. Thesescords can be included in the calibration CEle, with annotator names used in place of the signal
type, and "units' as the units typAn entry with signal type "ann" can be used as a default for calibrating
data from Eles whose annotator names do metéhtries. For example, the detilt calibration Ele con-
tains these entries:

edr --undeCEned 200 units

ann -- undeCEned 100 units The Erst speciCEes that data from 'edr' annotation (Eles are to be dis-
played at a nominal 200 units per centimeflre second speciEes that (Eles from other types of annotation
(Eles are to be displayed at 100 units per centimeter.

ENVIRONMENT
Programs compiled with the WFDB library use the environmengkle WFDBCAL to determine the
name of the calibration El€alibration (Eles must be located in one of the directories named by the WFDB
path (seesetwfdlfl)).

SEE ALSO
calsig1), setwfdb(1), annot(5), header(5). signal(5)
WFDB Pogrammers Guide

AUTHOR
George B. Moody (george@mit.edu)
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Installing the WFDB Software Package

George B. Moody
Harvard-MIT Division of Health Sciences and Technologyn®aidge, MA, USA

This appendix brie y describes how to install the WFDB Sddtw Package on a new system. The package
includes C-language sources for the WFDB library and fortrabhe applications described in this manual, sources
for this manual, thaVFDB Programmer's Guideand theWAVE User's Guideand a one-minute sample record

(100s).
The latest version of the package can always be downloadedince form fronhttp://physionet.org/-
physiotools/wfdb.shtml , the WFDB home page on PhysioNet. Binaries for popular dppgyaystems and

development snapshots are also usually available there.
The process for installing the package is the same on afbphas, and is documented in detail in the quick-start
guides for the popular platforms that can be found on the WEDBe page. In brief:

1. Install any prerequisites needed for your platforrithese includegcc (the GNU Compiler Collection),
related software development tools suchnaake, a supported HTTP client library (eithdibcurl or
libwww ; this can be omitted if NETFILES support is not desired), X\dew libraries (needed for WAVE
only), and X11 (needed by XView). All of these componentsfeze (open-source) software available for all
popular platforms, including GNU/Linux, Mac OS X, MS Windsyand Unix. The quick start guides list
recommended packages and where to nd them.

2. Download and unpack the WFDB Software Packaggsions for all platforms are built from a single package
of portable sources; the most recent package is alwaysablathttp://physionet.org/physio-
tools/wfdb.tar.gz

3. Con gure the package for your systeffiheconfigure  script creates a customized building procedure for
your system and allows you a few choices about where to Inkapackage.

4. Make and verify a test buildThe package includes a set of test scripts that are run tty\esic operations
of the WFDB library and many of the applications, permittthgm to be tested before installation.

5. Make, install, and test a nal build.

See the quick start guide for your platform for detailed gtgpstep instructions.
Important: Although you may be able to compile the WFDB Software Packeieg a proprietary compiler,
this isnot supported
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Evaluating ECG Analyzers

George B. Moody
Harvard-MIT Division of Health Sciences and Technologyn®aidge, MA, USA

Summary

This paper describes how to evaluate an automated ECG analging available annotated ECG databases and
software, in compliance with standard evaluation protecdrhese protocols have been adopted as parts of the
American National Standard for Ambulatory Electrocardimghs (ANSI/AAMI EC38:1998, and its predecessor,
ANSI/AAMI EC38:1994), and théAmerican National Standard for Testing and Reporting Renfance Results

of Cardiac Rhythm and ST Segment Measurement AlgorifdhNSI/AAMI EC57:1998). They include earlier
evaluation protocols developed for an AAMI Recommendedtiia, Testing and Reporting Performance Results of
Ventricular Arrhythmia Detection Algorithn{& AMI ECAR, 1987). It will be most useful to readers who planuse

the suite of evaluation software included in the WFDB Sofen@ackageHttp://www.physionet.org/-
physiotools/wfdb.shtml ); this suite of software includes the reference implemtona of the evaluation
protocols speci ed in EC38 and EC57.

1 Introduction

Continuous monitoring of the electrocardiogram in bothaitgnts and ambulatory subjects has become a very com-
mon procedure during the past thirty years, with diversdiegjions ranging from screening for cardiac arrhythmias
or transient ischemia, to evaluation of the ef cacy of amtigthmic drug therapy, to surgical and critical care mon-
itoring. Since the rst intensive care units were estaldidlin the 1960s, the need for automated data reduction
and analysis of the ECG has been apparent, motivated by thdarge amount of data that must be analyzed (on
the order ofl(° cardiac cycles per patient per day). As clinical experiemae led to the identi cation of more
and more prognostic indicators in the ECG, clinicians hamanded and received increasingly sophisticated auto-
mated ECG analyzers. The early heart rate monitors rapidiijved into devices that were designed rst to detect
ventricular brillation, then other “premonitory” ventular arrhythmias. Many newer devices attempt to detect
supraventricular arrhythmias and transient ischemic Shghs.

Visual analysis of the ECG is far from simple. Accurate diagis of ECG abnormalities requires attention to
subtle features of the signals, features that may appewrardly, and which are often obscured by or mimicked
by noise. Diagnostic criteria are complicated by inter- artch-patient variability of both normal and abnormal
ECG features. Given these considerations, it is not sungridiat developers are faced with a dif cult task in the
design of algorithms for automated ECG analysis, and tteatehults of their efforts are imperfect. Certain parts of
the problem — QRS detection in the absence of noise, for eleampare well-solved by most current algorithms;
others — detection of supraventricular arrhythmias, faregle — remain exceedingly dif cult. Just as we may
nd it easiest to analyze “textbook” examples, automatedzE&halyzers may perform better while analyzing the
recordings used during their development than when apiéeal-world” signals.

Since automated ECG analyzers vary in performance, and #ieir performance is dependent on the charac-
teristics of their input, quantitative evaluations of thekgvices are essential in order to assess the usefulnéssrof t
outputs. At one extreme, a device's outputs in the contest pérticular type of signal may be so unreliable as to
be worthless; unfortunately, the other extreme — an outputkable it can be accepted uncritically — is not a
characteristic of any existing monitor, nor can it be expddn the future.
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1.1 ECG Databases

Several databases of ECG recordings are generally awaifablevaluating ECG analyzers. They serve several
important needs:

They containrepresentativesignals. Wide variations in ECG characteristics amongeqibjseverely limit the
value of synthesized waveforms for testing purposes. Réatests of ECG analyzers require large sets of
“real-world” signals.

They containrarely observed but clinically signi cansignals. Although it is not particularly dif cult to
obtain recordings of common ECG abnormalities, often tlibaeare most signi cant are rarely recorded.
Both developers and evaluators of ECG analyzers need egarmfsuch recordings.

They containstandardsignals. System comparisons are meaningless unless parioe is measured using
the same test data in each case, since performance is sglgtata-dependent.

They contairannotatedsignals. Typically, each QRS complex has been manuallytatethby two or more
cardiologists working independently. Theferenceannotations produced as a result serve as a “gold standard”
against which a device's analysis can be compared quawditat

They containdigitized, computer-readablsignals. It is therefore possible to perform a fully autosciat
strictly reproducible test in the digital domain if desiretlowing one to establish with certainty the effects
of algorithm modi cations on performance.

Standards EC38 and EC57 require the use of the following E@@badses:

AHA DB: The American Heart Association Database for Evaluatioviesitricular Arrhythmia Detectors (80
records, 35 minutes each)

MIT DB : The Massachusetts Institute of Technology—Beth Israspial Arrhythmia Database (48 records,
30 minutes each)

ESC DB: The European Society of Cardiology ST-T Database (90 d=cdwo hours each)
NST DB: The Noise Stress Test Database (12 records, 30 minutey each
CU DB: The Creighton University Sustained Ventricular Arrhyiarbatabase (35 records, 8 minutes each)

Each of these databases represents a very substantiabgffoany workers; in particular, the AHA, MIT, and ESC
databases each required more than ve years of sustained bjf large teams of researchers and clinicians from
many institutions. Nevertheless, it should be recognibati¢ven these databases do not fully represent the variety
of “real-world” ECGs observed in clinical practice. Althglu these databases permit standardized, quantitative,
automated, and fully reproducible evaluations of analymsformance, it is risky to extrapolate from the results of
such evaluations to expectations of real-world perforrear8uch extrapolations can be particularly error-prone if
the evaluation data were also used for development of thigsasalgorithm, since the algorithm may have been
(perhaps unintentionally) “tuned” to its training set. hosild also be noted that the rst four of the databases
listed above were obtained from Holter ECG recordings;aitih the frequency response of the Holter recording
technique is not usually a limiting factor in the performan¢an ECG analyzer, it may tend to favor devices that are
designed to analyze Holter recordings over devices that haen designed to analyze higher- delity input signals.

1.2 Evaluation Protocols

Between 1984 and 1987, the Association for the Advancenfaviedical Instrumentation (AAMI) sponsored the
development of a protocol for the use of the rst two of thesg¢atbases, which was published as an AAMI Rec-
ommended Practice Between 1990 and 1998, the ambulatory ECG subcommitteeeofMI ECG committee

1Sources: ECRI, 5200 Butler Pike, Plymouth Meeting, PA 194&A (AHA DBY); PhysioNet (http://physionet.org/) (MIT, NSTU DB;
and ESC DB for non-commercial use); Alessandro Taddei, Ch&tute of Clinical Physiology, G. Pasquinucci Heart Htapvia Aurelia
Sud, 54100 Massa, Italy (ESC DB for commercial use).

2Testing and Reporting Performance Results of Ventricutahyshmia Detection AlgorithmsPublication AAMI ECAR (1987); succeeded
by ANSI/AAMI EC57:1998, available from AAMI, 1110 N Glebe Rd, Suite 220, Arlington, VA 22201 USA.
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developed and revised a standard for ambulatory ECG mandigni cant portions of which address the issue of the
accuracy of automated analysis performed by some of thaseedé The ambulatory ECG standard EC38:1998,
and the “testing and reporting performance results” stah8&57:1998, build on the evaluation protocol adopted
for the earlier Recommended Practice (ECAR), incorpogatiovisions for the use of all ve of the databases listed
above, with extensions for assessing detection of suptaeelar arrhythmias and transient ischemic ST changes.
The standard breaks new ground in establishing speci cntaygprequirements for the performance of automated
ECG analyzers on standard tests using the databases lixiee. a

A signi cant constraint imposed on evaluators by the EC3hdard is that they must obtain annotation les
containing the analysis results of the device under testholigh the device itself need not produce these les,
EC38 speci cally requires that they be produced by an autechprocedure, which must be fully disclosed. The
intent of this requirement is to permit reproducible indegent evaluations in which neither the proprietary data of
the developers (the analysis algorithms) nor that of théuewars (the test signals and reference annotations) need
necessarily to be disclosed. By de ning the interface betwthe developer and the evaluator to be the annotation
le, the responsibilities of each party are clearly de ndtle developer must make certain that the device's outputs
are recorded in the annotation le in the manner intendedheydeveloper, but in the language of the standard;
the evaluator must make certain that the algorithms usedrtgpare the device's annotation les with the reference
annotation les conform to the speci cation of the standafthe format and content of these annotation les is
speci ed in detail below. For many existing devices, it maydif cult or impossible to obtain such annotation les
without the cooperation of the developers. Newly-desigiedces should incorporate the necessary “hooks” for
producing annotation les.

1.3 Software to Support Evaluations

This paper describes a suite of programs that support di@isaf automated ECG analyzers in accordance with the
methods described in the EC38 and EC57 standards (as whbss in the earlier ECAR Recommended Practice).
These methods are suf ciently complex that the developroéstich a suite of programs is not an afternoon's work.
By making generally available reference implementatiditfie evaluation algorithms, much needless duplication
of effort may be avoided. By circulating them in source fomnother users, we may hope to nd and correct
any bugs, with the eventual result that evaluators of devét®muld not have to bear the burden of evaluating the
evaluation technique itself. By using them for evaluatjomsy ambiguities in the English speci cation of the
evaluation algorithms are resolved in a consistent marorezdch device tested. These programs are written in C
and run under MS-DOS or UNIX. They have been made availabpmeof the WFDB Software Package. In this
paper, the names of these programs are prilitedthis

2 Evaluating an ECG Analyzer

The major task facing an evaluator is that of presentingeference signals to the device under test, and collecting
annotation les from the device. The details of this taskiwdry for each device, but a few general hints are given
below. A second task, that of obtaining reference heartmaasurements, should be a much simpler job. Once
all of this information has been gathered, the remainingiwequired — that of comparing the device's analysis
against the “gold standard” — can be performed automagicall

2.1 Presenting Signals to the Analyzer

Two distinctly different types of tests are possible. If thevice can accept digital inputs, the reference signals
can be supplied in that form (perhaps after resampling wiithm to convert the digitized samples to the expected
sampling frequency and numerical range, and possibly wilitlitimnal digital signal processing to simulate the signal
conditioning normally performed by the device's front-atteta acquisition hardware). The primary advantage of
testing in the digital domain is that the test is (or shoul)l steictly reproducible, since no noise or additional
guantization error can be introduced in this way. This métisually avoids the issue of synchronization of the test
annotations with the reference signals discussed below.

3American National Standard for Ambulatory Electrocardimphs Publication ANSI/AAMI EC38:1998; available from AAMI (aliless
above).
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Testing in the analog domain requires that analog signaisdreated from the digital signals. (It should be noted
that even the analog versions of the MIT and AHA databaséstwe been available in the past were recreated from
the digitized signals by the database developers.) Thendalya of this approach is that it exercises the entire system
including the front-end data acquisition hardware. It teofdif cult, however, to establish synchronization beeme
the signal source and the analyzer, needed in order to peomiparisons of annotations. One way of dealing with
this problem is to arrange for the analyzer's sampling ckodkigger the digital-to-analog converter used to re@eat
the analog signals, or to arrange for an external clock ggéi both D/A conversion in the playback system and
A/D conversion in the analyzer. Another method is to begid and the signal generation process by delivering
signals from the analyzer to the playback device, and réegttie analyzer's clock time at the times of the signals;
assuming that both the analyzer and the playback device $tabée clocks, event times in the analyzer's frame
of reference can be converted to database sample numbereehy interpolation. The WFDB software package
includes a programs@mple ) that uses a Microstar DAP 2400-series analog interfacedb@ad an MS-DOS PC
to recreate analog signals from digital database recor@@»ROMs or magnetic disk les.

2.2 Obtaining Test Annotation Files

For any ambulatory ECG monitor that incorporates automaredlysis functions, the EC-38 standard requires the
manufacturer to implement and disclose a method for prodyteist annotation les. Independent evaluators should
seek assistance from the manufacturer in any case, sinogathgfacturer's interpretation of the device's outputs in
the language of EC-38 is de nitive (in effect, the annotatite generation technique becomes part of the system
under test). Note that generation of annotation les needbeasynchronous with data acquisition; a device might
conceivably store all of the necessary data until the enti@tést, and only then write the le. Neither does the
standard require that an annotation be determined withinxaad amount of time, as would be expected of devices
designed to trigger pacing, for example. Furthermore, BGi&ci cally allows for the possibility that the device
under test might not produce the annotation le directly.aify external hardware or software is required to do
so, however, it must be made generally available or spedneslf cient detail by the manufacturer to permit an
independent evaluator to obtain test annotation les.

Annotation les contain a label (an annotation) for eachtlaal for certain other features of the signals, such as
rhythm and ST changes. Annotations are stored in time ondammotation les. The “time” of an annotation is that
of the sample in the signal le with which the annotation isasiatec?. The WFDB library (included in the WFDB
software package) includes C-callable functiogsténn andputann ) for reading and writing annotations. In a
C program, annotations appear as data structures corgair8a-bittime eld together with a pair of 8-bit elds
that encode the annotation type and sub-tgmafyp andsubtyp [sic], respectively), and a variable-lengthx
eld usually used to store text. In annotation les, thesaatation structures are usually stored in a variable-lengt
bit-packed format averaging slightly more than 16 bits peraation®

Test annotation les may include the following:

Beat annotationsThese need not coincide precisely with the reference lmgttations, since the evaluation
protocol allows a time difference of up to 150 ms between gaah of matching beat annotations. All
beat annotations are mapped during the evaluation proctsthie sef N, V, F, S, Qg (corresponding to
normal, ventricular ectopic, ventricular fusion, supravieular ectopic, and unclassi able or paced beats
respectively); devices need not be capable of producirgf #ilese annotations, but any beat annotations that
they do produce will be translated into one of these types Standard speci es the mapping used for the
anntyp values de ned irckwfdb/ecgcodes.h> . (This le is included in the WFDB Software Package.)
Any beat annotations that appear in the rst ve minutes o€aard (the “learning period”) are ignored in the
evaluation process. The remainder of the record (the “&$b@") must be fully annotated. Note in particular
that the last beat of some records may be very close to thedagble; since the analyzer may reach the end

4Source: Microstar Laboratoriesttp://www.mstarlabs.com/ . External analog anti-aliasing lters (to reduce “stast®y”) and
attenuators (to obtain patient-level signals) may alsoeeired, depending on the system to be evaluated. DAP boardalso be used with
sample to create new database records.

5Times in annotation and signal les are usually expressedamsple numberéthe number of samples in the signal le that precede the
sample in question).

6Test annotations that include heart rate or ST measuremenpiire substantially more storaggetann andputann can also use the
original AHA DB format (containing xed-length annotatisn16 bytes each), but this format should not be used for atiahs of devices that
incorporate ST analysis functions, since the space alaifabtheaux data is too small to store ST measurements.
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of the input signals before producing an annotation for #s¢ beat, it may be necessary to “pad” the input
data for a few seconds at the end of the record to permit tHgzerdo emit its nal beat annotation.

Shutdown annotationslif the device suspends its analysis because of poor sigradity or for any other
reason, it should mark the periods during which analysisspended. The evaluation software tallies beats
missed during such periods separately from beats missethet times. The beginning of each period of
shutdown may be marked usingNDISE annotation withsubtyp = 1, and the end of each period of
shutdown may be marked using\®ISE annotation withsubtyp = 0 (see the source fdoxb for notes on
other acceptable methods of marking shutdown).

Ventricular brillation annotations The beginning and end of each detected episode of verdridulllation
should be marked usingFONandVFOFFannotations.

Other rhythm annotationg hese should includ@HYTHNMnNnotations marking the beginning and end of each
detected episode of atrial brillation. The beginning ofckaepisode should be marked with aA\FIB
rhythm annotation, i.e., an annotation waghntyp = RHYTHMndaux = "\05(AFIB" , where 105 " is

C notation for a byte with the value 5 (ASCII control-E). Nemptyaux elds always begin with a byte that
speci es the number of data bytes that follow; in this cabke, te characters(( A F | B ) of the string.
The end of each episode should be marked with any other rhathmotation (for examplé\02(N" ).

Heart rate measurementgach type of heart rate measurement (including any hetarbreRR interval vari-
ability measurements) made by the device under test shewdsigned a measurement numbgrpetween
0 and 127. AMEASURRnNnNotation should be recorded for each heart rate measatawith subtyp = m
and with the measurement in thex eld, as an ASCII-coded decimal number.

ST deviation measurements$ available, these should be provided in #ex elds of beat annotations, as
ASCII-coded decimal numbers indicating the deviations inrovolts from reference levels established for
each signal from the rst 30 seconds of each record. For examp5 -104 " indicates a 25 V elevation

in signal 0 and a 104V depression in signal 1. If ST measurements are omitted fioynbeat annotation,
the evaluation software assumes they are unchanged franptbeious values.

Ischemic ST change annotatioriBheseSTCHannotations should mark the beginning and end of each de-
tected episode of ischemic ST change. ST change annothtwesadditional information in theux eld as

for rhythm annotations: the beginning of each episode ikathby an {ST ns’ annotation, and the end of
each episode by &8Tns) ” annotation, where indicates the signal affectedq” or “1"), andsindicates ST
elevation (+”) or depression (*”). n may be omitted if the episode detection criteria depend atufes of
both signals. The extremum of each episode may optionalipdred with an ASTnsn{ annotation, where
nandsare de ned as above, amdis the ST deviation in microvolts, relative to a referenaelesstablished

as above.

Comment annotationsAnnotations withanntyp = NOTE and any desired string data aux may be
included anywhere in an annotation I&lOTEannotations are ignored by the standard evaluation saftwar
they may be used, for example, to record the values of intafgarithm variables for debugging purposes.

Note that only beat annotations are absolutely requiredshannotation les. ST deviation measurements within
beat annotations, and the other types of annotations lasbede, only need to be recorded for devices that are
claimed by their manufacturers to provide optional feagufte detection of ventricular or atrial brillation, mea-
surement of ST deviations, or detection of ischemic ST chang

If the time units in the test annotation les are not the samithase in the reference annotation les (for example,
becauseform was used to change the sampling frequency of the signal fes digital-domain test), the time
units must be rescaled before proceeding with the comparihis may be done by usindorm to rewrite the
test annotation les with the original sampling frequericy.

"The obvious alternative, usindorm to rewrite the reference annotation les at the time the algles are resampled, should not be used
in a formal evaluation. Because of the possibility that mgsiing the reference annotation les might result in movireference annotations
into or out of the test period, or changing the lengths ofages, doing so might produce results that could not be tlireotmpared with those
obtained in a standard evaluation.
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Details of the ST deviation measurement and episode detettiteria used in producing the reference annota-
tion les for the ESC database may be found in several soutddste, however, that many techniques for measuring
ST deviation and for detecting transient ischemic ST chaage possible, and that to date the best evaluation results
have been obtained for analyzers using criteria that do tterh@t to mimic those used by the human experts who
annotated the database.

2.3 Obtaining Reference Heart Rate Data

The nal step of preparation for the evaluation is to procisesreference annotation les to obtain reference heart
rate annotation les. These les must contain heart rate sneament annotations with the same measurement
numbers assigned as for the test heart rate annotatiolysnéleel not necessarily contain beat or other annotations
from the reference annotation les. Quoting from EC38,

To evaluate the accuracy of heart rate measurement, theadoeshall implement and disclose a method
for obtaining heart rate measurements using the referanu&tation les (the ‘reference heart rate").
This method need not be identical to the method used by thealander test, but in general it will be
advantageous if it matches that method as closely as pessibl

It will generally be in the manufacturer's interest to pr&ia program for generating reference heart rate annotation
les, to avoid the need for an independent evaluator to dongth a likely result of less than optimal agreement
with the test heart rate measurements. The WFDB softwareagadncludes a sample implementation of such a
program éxamples/refhr.c ); note that it will need to be customized for each device ttelseed.

Note that measurement errors are normalized by the meaa géthe reference measurements in each record.
Be certain that this mean value cannot be Zero!

3 Comparing Annotation Files

Once the test annotation les and the reference heart ratetation les have been obtained, the remainder of the
evaluation procedure is straightforward. All of the infation needed to characterize the analysis performed by the
device under test is encoded in the test annotation lesilaity, all of the information needed to characterize the
actual contents of the test signals is encoded in the referannotation and reference heart rate annotation les.
The evaluation procedure thus entails comparison of thatesreference annotation les for each record.

Four programs are provided in the WFDB Software Packagéfsmpturpose:

bxb compares annotation les beat by beat; its output includeSQ/EB, and (optionally) SVEB sensitivity
and positive predictivity, as well as RR interval error ahdtslown statistics.

rxr compares annotation les run by run; its output includestsienlar (and, optionally, supraventricular)
ectopic couplet, short run (3-5 beats), and long run (6 orerbeats) sensitivity and positive predictivity.

epicmp compares annotation les episode by episode; its outputides ventricular brillation, atrial b-
rillation, and ischemic ST detection statistics as well@®parisons of ST deviation measurements.

mxmcompares measurements from a test annotation le and aereferheart rate annotation le; its output
indicates measurement errér.

The WFDB Software Package also includes three related pnaogyr

8See, for example, thEuropean ST-T Database Directonyp. vi-vii, supplied with the ESC DB; or Taddei, A., et allHe European ST-T
database: development, distribution, and u€smputers in Cardiology7:177-180 (1990).

9For certain types of HRV or RRV measurements (though notéartrate measurements), this is a potential problem. Ongavis to add
a small positive offset to any measurement with an expecteal rmean. It is within the letter, though not the spirit, o 8tandard protocol, to
add a very large number in such a case, so as to make the ertenfage arbitrarily small. The mean value of the refereneasurements must
be reported; this should serve as a disincentive to thisos$areative abuse of the standard. An honest approach mégtat &dd an offset on the
order of the expected standard deviation of the individuehsurements.

1%mxmis not restricted to comparison of heart rate measuremiémer types of measurements are available, they may beared in the
same manner as heart ratesrbym
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sumstats reads certain output les generated byb, rxr , epicmp , andmxm and calculates aggregate
statistics for a set of records.

plotstm generates scatter plots of ST deviation measurementstllbyepicmp .

ecgeval automates the entire comparison procedure by runbitg, rxr , epicmp , andmxmfor each
record, collecting their output, then runnisgmstats (and optionallyplotstm ), and nally printing the
results.

To obtain a concise summary of how to use any of these prograohsding a list of any command-line options,
simply run the program without any command-line argumeiiRefer to theWFDB Applications Guidewhich
accompanies the WFDB Software Package, for details.

In most cases, it will be easiest to collect all of the annotaeles before beginning the comparison, and then to
perform the comparison by typing:

ecgeval

The program asks for the test annotator name, the namesadthigases used for testing, and what optional detector
outputs should be evaluated.
Only the statistics required by EC38 and EC57 are reporteztbgval . If more detailed evaluation data are
needed, it will be necessary to rbrb , rxr |, etc., separately. If le space is extremely limited, it nizg/necessary
to delete each test annotation le after it has been compagathst the reference le, before the next test annotation
le can be created; in such cases, it may also be necessarpmagb the user to change media containing signal or
reference annotation les, or to reset the device undettefsire beginning each record. Optionadiggeval can
generate a script (batch) le of commands, which can be ddaeccommodate special requirements such as these.
For example, suppose we have obtained a set of test anmofagowith the annotator nameyow”, which we
wish to compare against the reference annotation les (&iooname atr ") and reference heart rate annotation
les (annotator namelitr ). The portion of the evaluation script generateddmgeval for MIT DB record 100
is:

bxb -r 100 -a atr yow -L bxb.out sd.out
rxr -r 100 -a atr yow -L vruns.out sruns.out
mxm -r 100 -a htr yow -L hrO.out -m 0O
epicmp -r 100 -a atr yow -L -A af.out

-V vf.out -S st.out stm.out

(The last two lines shown above form a single command. mlkexcommand gathers statistics on measurement
number O; if other heart rate measurements are de mexinshould be run once for each such measurement,
substituting the appropriate measurement numbef@ fiothe output le namehr0.out , andthe nal argument.)
Statistics for the remainder of the MIT DB are obtained byeaing these commands, substituting in each the
appropriate record names f@b0. Once these commands have been run for all of the recordsetioed-by-
record statistics will be found in nine lebkb.out ,sd.out ,vruns.out ,sruns.out ,hrO.out ,afout ,
vf.out ,stout ,andstm.out ). The rst eight of these les contain one line for each reddf sumstats

can read any of these les, and calculates aggregate peafurenstatistics; to use it, typsimstats le”, where

le is the name of one of these les. The outpusnoinstats contains a copy of its input, with aggregate statistics
appended to the end. Typically this output might be savedlmta be printed later, e.qg.,

sumstats bxb.out >>report.out

A scatter plot of the ST measurement comparisons performegplemp can be produced usirgotstm
the output of which can be printed directly on any PostSqmijiter. For example, to make a plot le fetm.out

type:

plotstm stm.out >stm.ps

HAnnotation les for any given record are distinguished bynatator names, which correspond to the “extension” of theename. The
reference annotation les supplied with the databases fla@eannotator nameatr ” (originally “atruth " because &” was intended to
indicate the le type, andttuth " because ...well, because the annotations are supposedhioebTruth).

L2stm.out  contains one line for each ST deviation measurement thatwmpared; in this examplstm.out would be empty since the
reference annotation les of the MIT DB do not contain ST dé\in measurements.
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4 Studying Discrepancies

Having conducted an evaluation as described above, a comuestion is “what were the errors®kb andrxr
can help answer such questions.

bxb can generate an output annotation le (with annotator nalox®*) in which all matching beat annotations
are copied from the test annotation le, and each mismataéhdigated by aNOTEannotation, with theaux eld
indicating the element of the confusion matrix in which thismmatch is tallied (e.g.,Vn” represents a beat called
a VEB by the reference annotator and a normal beat by thenestator). Programs such asve®® can be used
to search for and display the waveforms associated with femaiches. To generate an output annotation le, add
the-o option to thebxb command line, as in:

bxb -r 100 -a atr yow -L bxb.out sd.out -0

A particularly useful way to document an evaluation is tanpai full disclosure report withxb output annotations,
using the programpsfd (also included in the WFDB Software Package). This may beragtished by preparing
a le containing a list of the names of the records to be pdr(all itlist ), and then using the command:

psfd -a bxb list >output.ps

The le output.ps  can be printed on any PostScript printer. Rugfid without any arguments for a summary of
its (humerous) options; try a short test before making aelagg of printouts, which can take a long time.

Bothbxb andrxr acceptav option to run in “verbose” mode, in which each discrepanagorted in the
standard error output. When running , this feature is useful for nding missed and falsely deggcectopic
couplets and runs.
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A Using the AHA Database

Since the AHA DB is not available in the standard PhysioBamhkiat used by all of the other databases, the WFDB
Software Package includes a pair of programs that convestréad from AHA DB distribution tapes or oppy disks
into les in PhysioBank formata2m converts AHA annotation les, andd2m converts AHA signal les and also
generates header .fea ) les. (Run these programs without command-line argumémtsbtain instructions on
their use.) Using2mandad2m, all 80 AHA DB records can be stored in roughly 130 Mb of disksp (assuming
use of the standard 35-minute records). These programdsmredormat old (pre-1989) MIT DB tapes written in
the AHA DB distribution format.

It is also possible to read and write AHA tape-format lesaditly using the WFDB library; refer to th&/FDB
Programmer's Guidéor details.

B Noise stress testing

With respect to many tasks performed by an ECG analyzeriydpalth noise is the major problem faced by system
designers. Although measurements such as ST deviation enalgthined reliably in clean signals, the presence of
noise may render them inaccurate. In some instances, it @esu to recognize the presence of noise and either to
mark measurements as unreliable or to avoid making measuatsraltogether. In other cases, excluding noisy data

Bwave (for FreeBSD, Linux, Mac OS X, Solaris, SunOS, and Windows)iacluded in the WFDB Software Package.
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is inappropriate (for example, given the multiple cornelas among physical activity, noise, and transient isclagmi
excluding noisy signals is likely to introduce samplingsia an ischemia detector).

It is dif cult to measure the effects of noise on an ECG analyasing ordinary recordings. Even if existing
databases include an adequate variety of both ECG signdlsai@ise, the sample size is certainly too small to
include all combinations of noise and ECG signals that magrim®untered in clinical use. In ordinary recordings,
it is dif cult or impossible to separate the effects of nofsem the intrinsic problems of analyzing clean signals of
the same type.

The noise stress test circumvents these problems. By addisg in calibrated amounts to clean signals, any
combination of noise and signal types is possible. Sinchk tha noise-corrupted signal and the clean signal can be
analyzed (in separate experiments) by the same analyeegffécts of noise on the analysis are readily separable
from any other problems that may arise while analyzing tleamlsignals. Finally, since the test can be repeated
using different amounts of noise, it is possible to charémteanalyzer performance as a function of signal-to-noise
ratio.

The major criticisms of the noise stress test are that nata@de is additive, and that the characteristics of the
added noise may not perfectly match those of noise obsenvelihical practice. These points, though formally
irrefutable, do not negate the value of the test. In practivest of the troublesome noise is additive; thus (given
appropriate inputs) the noise stress test can simulate ofidise noisy signals of interest. The NST DB includes
noise recordings made using standard ambulatory ECG etisgrand recorders, but with electrodes placed on the
limbs of active volunteers in con gurations in which the gdi's ECG is not apparentin the recorded signals. Given
the recording technique used, it is not surprising that tieracteristics of the recorded noise closely match those
of noise in standard ambulatory ECG recordings. Althoughay be argued that the particular muscles responsible
for the recorded noise might produce different signals thase that generate the EMG present in noisy ECGs, no
such differences are apparent from comparisons of eitleesitnals or their power spectra.

The NST DB includes a small set of ECG records with calibratedunts of added noise. EC38 speci es that
performance on these records must be reported, althougbecosperformance levels are required. Prograst
can be used to generate additional records for noise sé®tssg. To do so, choose an ECG record and a noise record
(the latter may béw, em or mafrom the NST DB, or any other available noise recording). Rah and answer
its questions to generate a noisy ECG record that may thersdgt in the same way as any other WFDB record.
By default,nst adds no noise during the rst ve minutes of the record, theidsinoise for the next two minutes,
none for the following two minutes, and repeats this pattédrtwo minutes of noise followed by two minutes of
clean signals for the remainder of the record. The scalefadbr the noise, if determined byst , are adjusted
such that the signal-to-noise ratios are equal for eaclakidime durations of the noisy periods, and the scale factors
for each signal, are recorded impaotocol annotation le which is generated bgst unless an existing protocol
annotation le is supplied as input. To change these pararagsimply edit the protocol annotation le (using, for
examplerdann to convertit to text form, any text editor to make the modticas, andvrann to convert it back
to annotation le format), then rerunst using the protocol le to generate a new record.
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