WaveForm DataBase Toolbox for MATLAB and Octave

Ikaro Silval

ILaboratory for Computational Physiology
Massachusetts Institute of Technology

February 25, 2014

lkaro Silva (MIT)

WaveForm DataBase Toolbox for MATLAB a February 25, 2014 1/37



o MATLAB, Octave, and the WFDB Toolbox
@ Origins of MATLAB and Octave
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o MATLAB, Octave, and the WFDB Toolbox
@ Origins of MATLAB and Octave
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Origins of MATLAB and Octave

MATLAB

e MATrix LABoratory ( MATLAB ).
@ Developed by Cleve Moler in the 1970s.

° Purpose teach matrlx theory at University of New Mexico.
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Origins of MATLAB and Octave

Octave

@ Octave is an open source (GPL) project that is similar to MATLAB
@ Developed by John W. Eaton in 1988 for chemical reactor design
course

@ Named after his professor, Octave Levenspiel
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What is MATLAB/Octave ?

Characteristics of the language

@ Scripting language (not strongly typed), biased towards high precision
numerical computations:

x=1 (defaults to 64 bit double)

@ Integrated development environment with debugger & compiler
@ Heavy use of linear algebra libraries
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o MATLAB, Octave, and the WFDB Toolbox

@ What are the advantages of using MATLAB/Octave ?
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What are the advantages of using MATLAB/Octave ?

Outline

Language syntax and libraries suitable for applying signal processing
and linear algebra techniques

Graphics

Highly portable and very well documented

Strong user community
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What are the advantages of using MATLAB/Octave ?

Language syntax and libraries

@ Very concise and intuitive syntax for developing linear algebra and
signal processing algorithms:
y= Ax
x= Aly
o Libraries for filter design, wavelets, control systems, neural networks,
image processing, statistics ... etc

@ ldeal for quickly developing, testing, and cross validating
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What are the advantages of using MATLAB/Octave ?

Graphics

@ Easy to use and well documented graphics library
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utline

o MATLAB, Octave, and the WFDB Toolbox

@ User community
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MATLAB/Octave User Community

@ Used by students, researchers, government, and industry
o Academic textbooks (Over 5k books in Amazon)

@ Active forum, magazine, developer blogs, and code repository
(MATLAB Central)
o Ranked 14th most popular programming language ( tiobe.com )
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MATLAB/Octave User Community

TIOBE Index : Ranked 14th

@ Increasing trend in user base
@ Ahead of: PL/SQL, Scala, Lisp, and R

Some information about MATLAB:

A Highest Position (since 1993): #14in Feb 2014

¥ Lowest Position (since 1993): #29 in Aug 2011

TIOBE Index for MATLAB

Source: www.tiobe com
12

Ratings (%)

2006 2008 014
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o MATLAB, Octave, and the WFDB Toolbox

e What is the WFDB Toolbox for MATLAB/Octave?
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WFDB Toolbox for MATLAB/Octave Described

Description

e MATLAB/Octave/Java functions for accessing and processing
physiologic signals in the formats used by PhysioBank databases

PuysioNET ¥ > PhysioToolkit >

WEFDB TooLBox FOR MATLAB AND OCTAVE

Search

Current release: version 0.9.6.1

Last updated February 10, 2014 (see the change log) Quuck Start

Toolbox functions
Acknowledgments
Community Forum

The WFDB Toolbox for MATLAB and Octave is a collection of functions for reading, writing, and processing
physiologic signals and time series in the formats used by PhysioBank databases (among others). The Toolbox
is compatible with 64-bit MATLAB and GNU Octave on GNU/Linux, Mac OS X, and MS-Windows.

When using any of these functions in your work, please look at the help for that function to see
how to cite the original publication and authors.

In addition, please cite the following paper in any publications that make use of this toolbox:
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WFDB Toolbox for MATLAB/Octave Described

Contributors

Contributors:

Sahar Alkhairy, Fernando Andreotti, Joachim Behar, Thomas Brennan,
Eudald Bogatell, Gari D. Clifford, Michael Craig, Mohammad Ghassemi,
Li-wei Lehman, Erina Katsumata, Sara Mariani, Louis Mayaud, Bla

Merela, Benjamin Moody, George Moody, Shamin Nemati, Bryann Tripp,
Daniel J. Scott, lkaro Silva, Gabriel Squillace

RIS

www.against-the-grain.com
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WFDB Toolbox for MATLAB/Octave Described

General Information

Beta release 0.9.6.1 (February 10, 2014)

31 M-functions

Provides access to over 3 TB of physiological signals
Interface to LightWave (annotation visualization tool)
Multicore processing at JVM level (alpha)

Unit tested on 64-bit Windows, Mac, and Linux
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How is the WFDB Toolbox is built?

Let's take a look inside

SEMINOLE WITH HEAD IN ALLIGATOR!S MOUTH

www.vintageprintable.com
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How is the WFDB Toolbox is built?

Structure of the WFDB Toolbox

App Wrappers D ion Annaotati .
(Parsing and e Srystent\_ & i Phg:‘slgNet
Casting) ontiguraton Unit Testing (LightWave) Scarch s qiery

Java RE
(APIs)

JVM Layer - Java Classes

Redirection and

Output/Input
Library Loading

Path Multicore PhysioNet
Configuration

P Processing Query
system calls http I
(pipes) |
PhysioNet

WFDB Apps PhysioNet Apps

PhysioBank:
e Signals (>3TB)
e Annotations
e Medical Info
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How is the WFDB Toolbox is built?

Example

-

MATLAB/Octave Layer- rdsamp.m

>>[tm,x]=rdsamp(‘mitdb/100’); — | rdsamp = org.physionet.wfdb.Wfdbexec(‘rdsamp',"-r',' mitdb/100')
data= rdsamp.ExecToDouble();

Java API

( JVM Layer - Wfdbexec.java

Create and launch system process
Parse, cast, read, and write /O streams (stdin, stdout, stderr)

\Return List<Double>
http://physionet.org/ \

If found, retum:
physiobank/database/mitdb/100.hea
physiobank/database/mitdb/100.dat

stdin, stdout, stderr

http
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Outline

© Getting Started
@ Installation
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Installation

Web install

www.physionet.org/physiotools/matlab/wfdb-app-matlab/

WFDB Toolbox for MATLAB and Octave - Chromium
A WFDB Toolbox for MATL.

€ @ [D wwwophysionet.rg

Purvs:

QuICK START

Prerequisites:

« 64-bit GNU/Linux, Mac OS X, or MS-Windows
An unsupported previous version o tis toolbox can be used on 32:bit platforms, and is available here.

« MATLAB R2013a or later, with a working Java Virtual Machine (VM) that supports Java 1.6 o later; or GNU Octave 3.6.4 or later with the Java package @.

The WFDB Toolbox for MATLAB includes and uses its own copies of the compiled WFDB library and many of the WFDB applications. This means that separate shared libraries and

executable applications are components of the toolbox for each supported platiorm (operating system and CPU). Installing the WFDB Toolbox for MATLAB does not interfere with any

separate installation of the WFDB Software Package.

To install or update a previous installation of this Toolbox:

1. Open MATLAB or Octave.
2. Go into the directory where you wish o install the Toolbox:

i Girectorynane

3. Type (or copy and paste) the following commands into the MATLAB or Octave window:

010 potnIunich( rdsamp:) ;41 Lsenpty (ol patn)) rapath(otd path(iiend-5)); end
.

uriurica(uddh urt wtds. - tontbox.-3-6-1.73p Nbctave.wsers nay have <o dovnlond manuatly
1

Tiastr statuet o
inzio{"ufdb app-toot5ox 5-3-6.
ca

Sadpath(pua) ;savepath

(MIT ase Toolbox for MATLAB ruary 25, 2014
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Outline

© Getting Started

@ Exploring the toolbox

lkaro Silva (MIT) WaveForm DataBase Toolbox for MATLAB a February 25, 2014 23 /37



Exploring the toolbox

Demo

>> wfdbdemo Fle Edt View Insert Tools Desktop Window Help z
Reading samples ECG signal from MIT-BIH Arrhythmia Database S T e :

Reading and plotting annotations (human labels) of QRS complexes performend on the signals DEEL|K[A0DELA-[G|0E =D
Ploting 30 version of signal and Llabels

Demoing finished !!

For more informstion about the toolbox, type 'wdb' at the command prompt.

View Insert Tools Desktop Window Help -

Slr|aau9RL-|a0E|en

File Edit View Insert Tools Desktop Window He

o i NEHLRRAUDEL- (2|0
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Exploring the toolbox

Table of Contents

Command Window
> wfdb

WaveForm DataBase (WFDB) Toolbox
Version 0.9.6.1

Last Updated February 10, 2014

This is a set of MATLAB functions and wrappers for reading, writing, and processing
files in the formats used by PhysioBank databases (among others).

The WFDB Toolbox has support for reading public PhysioNet databases directly from
web. This feature allows your code to analyze a wide range of physiological
signals available from PhysioBank without the need to download entire

records and to store them locally. This toolbox is distributed under the LGPL
License (see LICENSE.txt file in this directory). For more informationa about the
toolbox please go to: http://www.physionet.org

Table of Contents (ToC)

ann2rr - Extract a list of intervals from an annotation file

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

edr - Derives a respiration signal from an ECG signal

ecgpuwave - Estimation of QRS and P waves from ECG signals

gars - Estimation of QRS from ECG signals

Lorb - Estimates power spectrum using the Lomb periodogram method

mat2ufdb - Writes a MATLAB variable into a WDFB record fil

maprecord - Performs multithreaded concurent annotation or processing of WFDB records
mrgann - Merge annotation files

msentroy - Multi scale entropy estimation

physionetdb - Get information about all of PhysioNet's available databases and signals
rdamn - Read annotation files for WFDB records

rdmmiczvave - Searches MIMIC II matched waveform records within a clinical time range
rdsamp. - Read signal files of WFDB records

scorezo13 - Scores entries to the PhysioNet 2013 Fetal ECG challenge

sortann - Rearrange annotations in canonical order

sars

- Finds the QRS complexes of a WFDB ECG record signal
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Exploring the toolbox

Table of Contents

Command Window

To credit this toolbox, please cite the following paper at your work:

Goldberger AL, Amaral LAN, Glass L, Hausdorff IM, Ivanov PCh, Mark RG, Mietus JE, Moody GB, Peng CK, Stanley HE.
"PhysioBank, PhysioToolkit, and PhysioNet: Components of a New Research Resource for Complex

Physiologic Signals."

Circulation 101(23):e215-2220

[http://circ.ahajournals.org/cqi/content/full/101/23/e215] ;

2000 (June 13).
PMID: 10851218; doi: 10.1161/61.CIR.101.23.e215

In addition, some of these functions use binary executables compiled
From open-source third-party code contributed to PhysioNet. When using
these functions on your work, please Lok at the help for that function
in order find out how to credit the original paper and authors.

For questions, contributions, and feedback please contact us at:
wfdb-matlab-supportphysionet.org

or join our community at:
http://qr Le. com/Fforum/#! forum/wfdb- app- toolbox

The source code for the native libraries used in this toolbox can be obtained from PhysioNet under
the GNU GPL aggreement.

Original contributors of open source native code that is available at PhysioNet
are credited in their respective MATLAB wrappers. In addition, the

following people contributed to the development or testing of

the MATLAB wrappers and the JUM interface: I

Sahar Alkhairy
Joachim Behar
Eudald Bogatell
Jonas Carlson

Gari D. Clifford
Michael Craig =l

o

ase Toolbox for MATLAB bruary 25, 2014
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Outline

© Getting Started

@ Getting help
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MATLAB Doc

General Toolbox Info

>>doc

%Browse to -> Supplemental Software

Supplemental Software

Eile Edit View Go Favorites Window Help

-]

»

4 % ©@- L/ » WFDB Toolbox Toolbox b Release Notes

Contents | Search Results 'y

=& WFDB Toolbox Toobox
e Functions

@@ WFDB Toolbox Web Site

~@FaQ

@ rorum

@ Database List

] Release Notes

L License

‘- DEMOS

lkaro Silva (MIT

For a detailed list of changes see the repository Log at
http:// code.google. con/p/ufdb-app-toolbox/source/list

0.9.7 (TBA)

Fixed issues when reading data stream with warning nessages
integrity check in RDSI

Added data

0.9.6.1 (February 10, 2013):
tinor bug fixes with JAR files loading libraries

0.9.6 (February 6, 2013)
Added support to GNU Octave version 3.6.4 (requires Octave Java package)

Added single, and fixed point, and higher precision options to RDSAWP.

Added a systen wide WFDB path configuration to WFDBLOADLIB. The default

SeHTEN e Eiran ifectory L E0R and ht

So databases can be stored in a single centralized location on the user's machine
(LoD HOVE}/database) - Added the Tanction NOODY faverage with aligmnent) , and HTAL

help files

0.9.5 (December 6, 2013)

Updated native Libs to WFDB 10.5.22. Added WFDBEXEC
(runs WFDB native comnands in their native API and by a system call through the JvM),

EDR, GORS, MSENTROPY. Added framework for users who want to run their own custon version

of the WFDB native binaries. Any user who can successfully compile and run WFDB executables

o el system slofld efgble tojieefmnst finetionalttyjor ahisf oolliox provided ot

ey iRl e bifariB: ARiCie. acode/ist AL 1S/t diFEctory (Sec AEAORE, For daTa)

Nt WoFS and WEDBCAL emyiranmert varieblas. and ability to set and change them. Added

systen wide debugging information and variable to allow configuration of maximun netuark

vaiting tine (default = 1 second)

9.4.3 (06 November 2013)
Fixed libcurl and path issue

9.4.2 (05 November 2013)
Added nore diagnostic information and fixed some issues with using spaces in Windows directories

9.4.1 (04 Noverber 2013)
Fixed library path issues with Windows systens.

0.9.4 (01 Novenber 2013):

ase Toolbox for MATLAB
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MATLAB Doc

Function list help

Supplemental Software

File

Edt View Go Favorites

Window Help

4 % - f » WFDB Toolbox Toolbox » Functions » ann2rr

Contents | Search Results |

EX.

WFDB Toolbox Toolbox
e Functions

ecgpuwave

edr
getWidbClass
9qrs

lomb
maprecord
matzwfdb
mrgann
msentropy
mxm
physionetdb
rdann
rdmimic2wave
rdsamp
score2013
sortann

wabp
widbdesc
widbexec
widbloadib

MATLAB File Help: ann2rr View code for ann2rr

ann2rr

function varargout=ann2rr(varargin)
[RR, tns]=ann2rr (recordname, annotator N, N0, consecutiveonly)

Wrapper to WFDB ANN2RR:
http://www.physionet.org/physiotools/wag/ann2rr-1. htn

Reads a WFDB record and Annotation file to return:

Nx1 vector of integers representing the duration of the RR
interval in samples.

Nx1 vector of integers representing the begining of the RR
interval in samples.

Required Parameters:
recorName

String specifying the name of the record in the WFDB path or

in the current directory.
annotator

string specifying the name of the annotation file in the WFDB path or

in the current directory.

WEDB Contents

lkaro Silva

(MIT
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© Getting Started

@ PhysioNet Tools (Alpha)
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Exploring data bases
Printing database list

Command Window

>> physionetdb
adfecgdb
Description: Abdominal and Direct Fetal ECG Database
URL: http://physionet.org/physiobank /database/pbi/adfecgdb
aftdb
Description: AF Termination Challenge Database
URL: http: //physionet.org/physiobank /database/pbi/aftdb
aami-ecl3
Description: ANSI/AAMI ECL3 Test Waveforms
URL: http: //physionet.org/physiobank/database/pbi/aami-ec13
ahadb
Description: AHA Database [sample excluded record]
URL: http: //physionet.org/physiobank/database/pbi/ahadb
apnea-ecg
Description: Apnea-ECG Database
URL: http: //physionet.org/physiobank /database/pbi/apnea-ecq
bpssrat
Description: Blood Pressure in Salt-Sensitive Dahl Rats
URL: http://physionet.org/physiobank/database/pbi /bpssrat
capslpdb
Description: CAP Sleep Database
RL: http://physionet.org/physiobank/database/pbi/capslpdb
challenge/2009/ test-set-a
Description: Challenge 2009 Test Set A
RL: http://physionet.org/physiobank/database/pbi/challenge_2009_test-set-a
challenge/2009/test-set-b
Description: Challenge 2009 Test Set B
RL: http://physionet.org/physiobank/database/pbi/challenge_2009_test-set-b
challenge/2010/set-a
Description: Challenge 2010 Training Set A
URL: http://physionet.org/physiobank /database/pbi/challenge_2010_set-a
challenge/2010/set-b
Description: Challenge 2010 Test Set B
URL: http: //physionet.org/physiobank /database/pbi/challenge_2010_set-b
challenge/2010/set-c
cription: Challenge 2010 Test Set C
URL: http: //physionet.org/physiobank /database/pbi/challenge_2010_set-c

challenge/2011/sim
- Description: challenge 2011 Pilot Set
4 U e B 1 fmbeind s e b bl snb sl kel 1ol 1T AT £
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Exploring data bases

Database list webview

h « Web Browser - http://physionet.org/physiobank /database/DBS
== physionetdb([], (1,1
J oes x [+ ]

@ @ 2| & | 8| Location: [http://physionet. orgiphysiobank/database/DBS
[ adtecatn Abdoninal and Direct Fetal ECG Database
aftdb AF Ternination Challenge Database
aami-ec13 ANSI/AMVI ECI3 Test Waveforns
ahadb A Database [sanple excluded record]
apea-ecq Apnea-ECG Database
bpssrat Blood Pressure in Salt-Sensitive Dahl Rats
capslpdb CaP Sleep Database
challenge/2009/test-set-a Challenge 2009 Test Set A
challenge/2009/ test-set-b Challenge 2009 Test Set B

challenge/2010/set-a  Challenge 2016 Training Set A
challenge/2010/set-b  Challenge 2010 Test Set B
challenge/2010/set-c  Challenge 2010 Test Set C
challenge/2011/sim Challenge 2011 Pilot Set
challenge/2011/set-a  Challenge 2011 Training Set A
challenge/2011/set-b  Challenge 2011 Test Set B
challenge/2013/set-a  Challenge 2013 Training Set A
challenge/2013/set-b  Challenge 2013 Test Set B

chbmit CHB-NIT Scalp EEG Database

chfdb BIDNC Congestive Heart Failure Database

chfadb Congestive Heart Failure R Interval Database
risdb CAST RR Interval Sub-Study Database

ctu-uhb-ctgdb CTU-CHB Intrapartun Cardiotocography Database
db U ventricular Tachyarrhythnia Database

earndb Evoked Auditory Responses in Normals

edb European ST-T Database

eegmmidb EEG Motor Movenent/Inagery Dataset

ngdb Exanples of Electromyograms

erpbci ERP-based Brain-Computer Interface recordings

fantasia Fantasia Database

garths St I AGINF N DI Dl

gaitnd T Neuradgenerstive Disease batabase

gait- mawrauon db/data Goit Maturation Database

meditation/dat Rate Oscillations during Meditation

iafdb Intracardiac Atrial Fibrillation Database

Ltafdd Long Term AF Database

tstdb Long Term ST Database

nghdb GH/MF Waveform Database

mimicdd MIMIC Database

minicdb/numerics MIMIC Database Numerics

minic2cdd MIMIC 1T Clinical Database Public Subset '

bruary 25, 2014 32 /37
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Exploring data bases

Printing & Downloading signals

Command Window
»> record_List=physionetdb('mitdb');record_list(1:10)! %Get record list from database 'mitdb’
ans =

‘mitdbs101"
*mitdb/101"
*mi tdb/102"
' mitdb/102"
'mitdb/103"
*mi tdb/103"
*mi tdby104"
'mitdbs104"
*mi tdbs105"
*mitdb/105"

== [tm,signall=rdsamp(record_list{1}); signal(1:10,1)%Read first record from the database
ans =

-0.3450
-0.3450
-0.3450
-0.3450
-0.3450
-0.3450
-0.3450
-0.3450
-0.3300
-6.3200

fc >> physionetdb(*mitdb',1);%Download entire databasel
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Calling LightWave

Displaying data in LightWave (Alpha!)

>>wfdbtool(’challenge/2013/set-a/a01’,[]1,[]1,1);

]
@ [ physionetorg lightwave/ds-challnge/2013/set-sérecord—201 % =
View/edit | Tables = Settings | Help Light WAVE
o to: oo [ 0] &) (5] [+ [ [0 .../set-a/a01
o torpoionion_| 1 < Search | [Fnd... [ Search 00:00:04.484
R PO S I S eI Rt RS (B0 SO A
A M A A A A

B i s A

(BTN W AU W T
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Future Work

Near Horizon

@ Adding unit testing, documentation, tutorial

@ Improving JVM performance and memory efficiency

@ Testing on MATLAB 2014a, Octave 3.8, WFDB 10.5.23, and Java 1.8
@ Dropping support to MATLAB 2013a and Java 1.6
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Future Work

Long term development

Read/write user annotation from LightWave
Upload & download data from PhysioNetWorks
Have a parallel and distributed computing framework using Hadoop

Document and release Java API

Suggestions ?
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In conclusion

Ways to get involved

@ Use the toolbox and submit open-source code to PhysioNet

@ Join the community:
www.physionet.org/physiotools/matlab/wfdb-app-matlab/

@ Report any bugs, fixes, and enhancement requests:
wfdb-matlab-support@physionet.org

37 /37
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