PhysioNet: A Research Resource for Studies of
Complex Physiologic and Biomedical Signals

GB Moody, RG Mark, AL Goldbeger

Harvard-M.I.T. Division of HealthScienceandTechnologyCambridge MA, USA
BethlsraelDeaconesMedical Centey Boston,MA, USA

Abstract

PhysioNet (http://www.physionet.org/) is a web-based
resource supplying well-characterized physiologic signals
and related open-source software to the biomedical re-
search community. Inaugurated in September 1999 under
the auspices of the NIH's National Center for Research
Resources (NCRR), PhysioNet provides an on-line forum
for free dissemination and exchange of research data and
software, with facilities for cooperative analysis of data
and evaluation of new analytic methods. As of Septem-
ber 2000, PhysioBank, the data archive made available via
PhysioNet, contained roughly 35 gigabytes of recorded sig-
nals and annotations. PhysioNet is a public service of the
Research Resource for Complex Physiologic Sgnals, a co-
operative project initiated by researchers at Boston's Beth
Israel Deaconess Medical Center/Harvard Medical School,
Boston University, McGill University, and MIT.

1. I ntroduction

The recently-establishedResearchResourcefor Com-
plex PhysiologicSignalsis intendedto stimulatecurrent
researchand new investigationsin the study of complex
biomedicalsignals.PhysioNets the major public outreach
componenbf this NIH NCRR-sponsoredesource.Phys-
ioNetis aweb-basedorumfor disseminatioandexchange
of recordedbiomedicalsignalsand open-sourcesoftware
for analyzingthem,by providing facilitiesto supportwide-
rangingcollaborationamongresearchersncludingdevel-

opmentof new analytic methodsand referencedatabases.

PhysioNefprovideson-linetutorialsto orientnew usersand
to introducenew algorithmsand datasetsto experienced
users.

2. Origins and obj ectives of PhysioNet

Ourinterestin automatedurrhythmiadetectiormotivated
us to createthe MIT-BIH Arrhythmia Databasebetween
1975 and 1980, and as we have continuedto pursuere-
lated topics, we have collected mary more database®f

physiologicsignals. More than simple collectionsof sig-
nals, mary of thesedatabasebave beenmeticulouslyan-
notated(for example,the MIT-BIH Arrhythmia Database
containsabout110,000beat rhythm,andsignalquality an-
notationscreateddy atleasttwo expertannotatorsvorking
independentlywith review by a third to resolwe discrepan-
cies). Recognizingtheir valueandimportanceto otherre-
searcherswe have madethesedatabasesvailable to the
researcltcommunitysincel1980[1, 2]. Sharingdatain this
way is desirablefor severalimportantreasons:

« Carefulreview by mary users,eachmotivatedto correct
ary errorsthatmay remain,permitsrapid discovery of ary
sucherrors,andeventuallyhigh confidencen theaccuray
andcompletenessf theannotations.

« The availability of well-chosenand well-characterized
datalowersthebarrierto researchpermittinginvestigators
to conductmary typesof exploratory studiesat very low
cost. Limited fundscanbe investedin pursuingnew ideas
ratherthanin redundantatacollectionefforts.

« Using a datasetthatis alreadywell-known reduceshe
burdenontheresearcheto demonstrat¢hathis or hercon-
clusionsarebasedn gooddata.

« Publishingthe datathat supporta paperinvites the most
rigorouspeerreview, andconclusionghataresupportedy
suchareview acquireanextra measuref credibility.

« When several publicationsrefer to the samedata set,
the relative meritsof differing analyticmethodscanbe as-
sessed.Within the narraver field of medicaldevice eval-
uation, referencedatabasegprovide the essentiakools for
obtainingreproducibleperformanceneasurementhatcan
be compared. Such comparisonanotivate developersto
improve their devices’ performanceandthus stimulatead-
vancedn thestateof theart.

Sincesuccessfuliseof thesedatabasesequiresspecial-
ized software, we alsodistributed portablesoftware toolk-
its thatcontainedhe componentsieededor researcherto
readandmanipulatethe sighalsandannotationsThe prin-
cipal benefitof sharingsoftwarein this way is becoming
widely appreciated:particularly when dealingwith com-
plex algorithms,the open-sourcenodel(i.e., peerreview)
is the only way to acquireconfidencehatanimplementa-
tion of suchanalgorithmis correct(or usable).



PhysioNetwasestablishedvith NIH supportto provide
freeacceswviathewebto thesedatabase@hysioBankand
software (PhysioDolkit). Thesematerialsrequirerigorous
review sothatresearchersanuseof themwith confidence.
We assigneachdatabaseandeachsoftwarecomponentto
oneof threeclasseso indicateto whatextentfurtherreview
may be necessaryAs statedon the PhysioNetwebssite:

Class 1 databaseandsoftwarearefully supportedClass
1 databasebave beencarefully scrutinizedand have been
thoroughly annotated. Class1 software has beenexten-
sively andrigorouslytested.We will correctanddocument
ary remainingerrors,andencourageisersto bring theseto
our attention.

Class 2 databaseandsoftwarearearchial copiesof ma-
terials that supportpublishedresearchcontrituted by au-
thorsor journals. We will maintaincopiesof the original
dataand software togetherwith correctionssubmittedby
the authors.We encourageisersto reporterrorsdirectly to
theauthors.

Class 3 database#clude collectionsof datathat may
have beenlessthoroughlystudiedthanthosein classl, but
that may be of interestto the researcicommunity These
databaseBcludeworksin progressto which usersarein-
vited to contribute. In somecasesthesedatabasemay be
archived on their creators'web sites. Class3 softwarein-
cludescodethat may needfurther testingor development;
again, usersare invited to dig in and help their creators
transformtheseworks in progressinto robust and useful
toolsfor research.

3. PhysioBank

As of September2000, about 35 gigabytesof freely
available digitized physiologic signals, most with anno-
tations, have been organizedinto 21 major collections
(databasesyithin PhysioBank.Our collectionshave been
supplementedy generouscontritutions from colleagues
(seetablel), andwe welcomefurthercontritutions.

4, PhysioToolkit

PhysioNetsopen-sourcsoftwarearchive, PhysioDolkit,
is basedon the WFDB (WaveForm DataBase)software
packagewritten in C and portablebetweenLinux, Unix,
and MS-Windows. The packagencludesapplicationsfor
samplingfrequeng corversion,digital filtering, signalav-
eraging,power spectraldensityestimation QRS detection,
graphicalannotatiorediting(currentlyunderLinux andSo-
laris only), printing high-quality “chart recordings”, and
muchmore.PhysioDolkit alsoincludespeerreviewedim-
plementationof new techniquedor time seriesanalysis,
simulation, modeling, and digital signal processingsuch
assoftwarefor deriving a respirationsignalfrom the ECG

[22,23], andfor detrendedluctuationanalysig24,25].

Most of this softwareis built on a commonfoundation
(the WFDB library), which suppliesmethodsfor reading
andwriting signalsandannotationsn mary formats,and
canbelinkedto userwrittenapplicationsn C, C++, or For-
tran. Thelibrary canreadinput directly from remoteweb
senersaswell aslocalfiles.

5. PhysioNet infrastructure

All of the software usedto supportPhysioNetis freely
available and open-sourcejust as are the PhysioDolkit
componentsPhysioNetis indexed and searchableisinga
customizedrersionof ht://Dig (http://www.htdig.og/). Ap-
plication servicesare provided using PhysioDolkit soft-
wareandadditionalcustomCGl scripts.

PhysioNetseners run the Apache web sener under
Linux, on 200 MHz or fasterx86-compatiblePCs, typi-
cally connectedo the Internetwith T1 (10 Mbps)or faster
connections.During PhysioNets first year, the PhysioNet
senersatMIT providedover160Gb of datato visitorsfrom
over 15,000locationsin 90 countries.

PhysioNets masterweb seners are locatedat MIT in
Cambridge Massachusettsviirrors arelocatedin Italy, Is-
rael, Spain,Slovenia, Taiwan, China,andelsavherein the
US (seehttp://www.physionet.og/mirrors/ for a complete
list). To avoid overloadingthe mastersener, mirroring is
performedusingrsync (http://rsync.samba.gf). The mir-
ror sitesareoperatedy volunteersthey provide improved
acces®speciallyin areasvhereconnectiongo the US are
oftenslow. Additional mirror sitesarewelcome. Thetotal
costof amirror canbe underuS$1000sincethe hardware
consistsof standardcommoditycomponentsand the soft-
wareis free.

o. Futuredirections

We invite the researctcommunityto contributeto Phys-
ioNet, by participatingin the ongoingreview processand
by sharingcommondatasetsand softwarein sourceform
for peerreview andpossibleinclusionin PhysioBankand
PhysioDolkit. PhysioNethasreceveda numberof contri-
butions of physiologicsignals,time seriesdata, and soft-
warefrom publishedstudies.

As demonstrateddy the Computersn CardiologyChal-
lenge2000,the the uniqueaspect®f collaborationamong
widely-distributedresearcherssingthe samedataor soft-
warecanenablerapid progreson well-definedproblems.
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Database Class | Duration | Contents

MIT-BIH PolysomnographicDB 3 80 | Sleepstudies(EEG,ECG,BP, respirationgtc.)

3]

MIMIC DB * [4] 3 4658 | Intensive caremonitor recordings(72 of 121 recordscom-
plete;remaindemwill be completedduring2001)

Apnea-ECCDB [5] 3 560 | ECG(somewith respirationSaG); contributedby T Penzel,
initially for the CinC Challenge2000[6]

MIT-BIH ArrhythmiaDB * [1, 2] 1 14 | ECGs with beat, rhythm, and signal quality annotations
(available selectionsinclude 25 completerecords,first 10
minutesof all others,completeannotatiorfiles) hours)

MIT-BIH NoiseStressTestDB [7] 1 7 | ECGsfrom the MIT-BIH Arrhythmia DB with calibrated
amountsof noise,for assessingoisetoleranceof arrhyth-
miadetectors

EuropearST-T DB * [8] 1 96 | ECGswith beatrhythm,signalquality, andSTandT change
annotationsA8 completerecords,andreferenceannotation
files for all 90 records contributedby the EuropearSociety
of Cardiologyandthe creatorsf the database

QT DB [9] 2 26 | ECGswith manualandalgorithm-dervedwaveformbound-
ary (P, QRS,T, U) annotationsgontributedby P Laguna

Post-ictalheartrate oscillationsin 2 16 | ECGsprior to andduringseizures

partialepilepsy[10]

Exaggeratecheartrate oscillations| 2 220 | RRinterval seriesonly (no ECGs);includesadditionaldata

during two meditation techniques from spontaneousland metronomicallybreathingcontrols,

[11] andfrom highly trainedathletes

BIDMC Congestre Heart Failure 2 300 | ECGsfrom patientswith severe(NYHA class3-4) heartfail-

DB [12] ure

FantasiaDB [13] 2 20 | RR interval seriesonly; rigorously-screenetiealthyyoung
andelderlyvolunteersn normalsinusrhythm

MIT-BIH Malignant Ventricular| 3 11 | ECGscontainingsustainedventriculartachycardia flutter,

ArrhythmiaDB [14] andfibrillation

Creighton University Ventricular| 3 5 | Digitally recordedeCGsshawing onsetof ventricularfibril-

TachyarrhythmidDB lation, collectedby FM Nolle

MIT-BIH  Supraentricular Ar- 3 39 | Supplemento theMIT-BIH ArrhythmiaDB

rhythmiaDB [15]

MIT-BIH Atrial Fibrillation DB 3 250 | RRintervalsonly (oneten-hourrecordalsoincludeseCGs)

(250hours)[16]

MIT-BIH ST ChangeDB [17] 3 25 | ECGsduringexercisestresgests

MIT-BIH Normal Sinus Rhythm 3 380 | 20-24hourrecordingfrom subjectgages?0to 50) without

DB diagnosedeartdisease

MIT-BIH ECG CompressionTest| 3 1 | 168shortrecordingdor testingcompressiorlgorithms

DB [18]

MIT-BIH Long-TermDB 3 150 | Seren14-to 24-hourECGs

GaitMaturationDB [19] 2 5 | Strideintervalsin healthychildrenages3-14

Gaitin Aging andDiseaseDB [20, 2 3 | Strideintenalsin healthyyoungandelderly subjectsandin

21] subjectswith Parkinsons disease.

Tablel. Summaryof the contentsof PhysioBankasof SeptembeR000(DB: Database)The databaselassesredescribed
in the text; durationsaretotalsfor all availablerecordsin eachdatabasein hours. Asterisksindicateincompletedatabases;
all othersarecomplete.
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