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Chapter 1. Introduction

RASCHlIabis a programbasedn libRASCH (http://www.librasch.og), which allows the userto access
time-serieglata.Additionally the usercanprocesghesignals(e.g. performabeatdetectionin ECG's)
andperformcalculationdasedn the signals(e.g.calculateheartratevariability parameterfrom an
ECQG).

The programprovidesaccesgo different le formats(e.g.EDF(+), MIT/AHA) anddisplaysthe
informationswhich areincludedin a signal.For examplecomments/annotatioris anEDF+ le is
shavn andthe usercaneditacommentor addanew one.Or whenECG's containinformationsaboutthe
positionandtypesof the heartbeats RASCHIabwill shav the positionsandtheusercan
edit/delete/inserthe beatpositions.

Thistutorial will shav youthefundamentatisageof RASCHIab All examplesareshavn on ECG's but
generallyit canbeusedfor everykind of signal.

At themomentlibRASCH (thebasisof RASCHIab)supportshestsignalsusedin cardiology(e.g.ECG,
continuoushloodpressurepy specialpluginsfor displayingandprocessinghesesignals.If you have
experiencewith signalprocessingn other elds andsomeideaswhatwould beniceto have in
libRASCH/RASCHIab pleasesendmeanemail (rasch@medl1.med.tum.deijth yourideasand/or
sourcecode.



Chapter 2. Terminology

This sectiongivesa shortdescritpionof the terminologyusedin this tutorial.

Measurement

A measuremeris thetopmostobjectin lIbRASCH. Measurementsonsistf oneor more
sessionsinformationaboutthe measurementbject(e.g.name forenameandbirthdayif the
measuremerdbjectis a person)andzeroor moreevaluations.

Session

A Sessions arecordingfor aspeci ¢ time interval without ary interruptionsduringthis time
interval. In ameasuremerntanbe morethanonesessionput thelayoutof therecording(seebelow)
mustnotbe changed.

Recording

A recordingcontainghe measurediata(e.g.ECGleadsV1-V6). A recordinghasoneor more
channelsr two or moresub-recordingsSub-recordingareusedif morethanonerecordingdevice
is used.For examplewhenoneAnalog/Digital corvertersystenrecords3 ECGleadsandone
bloodpressurehannelandanothersystenrecordsl? EEG leads the measurementonsistof one
top recordingwith two sub-recordingsThe rst sub-recordingontains4 channel§3 ECGand1
bloodpressurehannelandthe secondsub-recordingontainsl2 channelg12 EEG channels).

Evaluation

Theresultsof ananalysig(e.g.positionsof heartbeatsin anECG)arestoredin anevaluation.An
evaluationcontainszeroor morediscreteavents(e.g.'occurenceof a heartbeat’) and/orzeroor
morecontinousevents(e.g.'recordingperiodwith noise').In measurementsandledby libRASCH,
morethanoneevaluationcanbe available.

Whenanevaluationis addedto the measuremerity the original recordingsystem(e.g.the
evaluationperformedoy commercialong-termECG systems)thenthis evaluationis calledthe
original evaluation.

If only oneevaluationis available,it is no problemto choosean evaluationwhenthe userwantsto
procesgheevaluation.Whenmorethanoneevaluationis storedin ameasurementgneof these
evaluationshasto bethe defaultevaluation,whichis usedwhenno speci ¢ evaluationis selected.
In mostcaseghelastaddedevaluationis setto the default evaluation.

Event

An eventdescribeshe occurenceof somethingn arecording(e.g.aheartbeain anECG).An
eventhasoneor moreevent-properties.



Chapter2. Terminolay

Event-Property

An event-propertyis aspeci ¢ propertyof the event(e.g.the positionof the event, thetype of the
event).A speci c event-propertyis allowedonly oncein anevaluation,for exampletherecanbe not
morethanone'qgrs-position’ property

Event-Set

An event-setdescribes groupof event-propertiesi-or examplethe event-setheartbeat'contains
all propertiesvhich belongsto aheartbeat(e.g.positionof thehheartbeat,the RR interval, thetype
of theheartbeat,systolicbloodpressure).

Plugins
lIbRASCH malkesheary useof plugins.Pluginsaresmall"programs'which areloadedwhen
lIbRASCHiis initialized. In the pluginstherealwork is done thelibrary-code'only" coordinates
thatthe correctplugin is usedanddoessomeotheradministratve tasks.In libRASCH three
principaltypesof pluginsexist:
- acces®plugins
« view plugins

« proceslugins

Access-Plugin

Accesspluginshandletheaccesso measurementes. They hidethe differencef thevarious
typesof formatsandoffer anconsistentnterfaceto the measurements

Process-Plugin
Procespluginsperforma specifctaskon themeasuremer(e.g.the HRV-plugin calculateghe
Heart-Ratevariability parametergor an ECG or thedetectplugin performsa simplebeatdetection
in ECG's).

View-Plugin
View pluginsallow to displaythe measurementsn the screen At the momentthefollowing GUI's
aresupported:

« Qtfrom Trolltech (for Linux)
« MFC from Microsoft (for Windows)

Notes

1. Thesignalpluginscanbecomparedvith device driversin operatingsystems.



Chapter 3. Installation

Pleasdollow theinstructionscommingwith thelibRASCH distribution you downloaded.



Chapter 4. Open a Signal

After startingRASCHlIab,anemptyworkspaceds shawn. In this workspacehe signalandother
informationaboutthe signalwill beshavn. Now the rst stepwill beto openasignal.To dothis, select
themenuentry'File/Open... or pressthe openbuttononthetoolbar(anopeningfolder;the rst button
from left). Thiswill openthesignalselectiondialogbox. Figure4-1 shavsthe screershotwith the
dialogbox. Thesignalselectiondialogboxis similar to the le browserin Windows, ontheleft sideyou
canselectthefolder. Ontheright side,the signalsin theselectedolderwill be shavn. (Only thesignals
which aresupportedy libRASCH areshown.)

Figure 4-1. Signal selectiondialog box.
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Now selectthefolder'LIBRASCH_ROOT/examples/databaseh Linux systemsand
'LIBRASCH_INSTALL_ROOT\examples\databaseh Windows systemson theleft side'. After
selectinghefolder, theavailablesignalswill beshavn. Pleaseselectthe signalnamed100s'. Thisis a
shortECG (oneminute)from the PhysioNetdatabaselo openthe signal,you candoubleclick onthe
signal-nameor selectthe signalby clicking onceon the signal-namendthenclick on the OK button.
Thenthesignalwill beshavn in the signalwindow. Figure4-2 shavs RASCHlIabwith thesignal
window shaving the ECG. Thesignalwindow is alibRASCH view-plugin.



Chapter4. Opena Signal

Figure 4-2. Screenshot of RASCHIlab shawing the ECG 100s.
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In thesignalwindow, all channelf a measuremerdreshavn. Whenthe measuremertontainsmore
thanonetypeof signal(e.g.ECGandarterialblood pressurejheneachtype of signalwill beshovnin
their own signalwindow (for anexampleseeFigure6-1). To dothis, libRASCH hasto "detect"which
signalsarestoredin ameasurementn generapurposele formats(e.g. le formatsusedby ADC
systems)|libRASCH triesto estimatethe signal-typeby thechannehameln le formatswhich havea
x edchannel/signal-typeelation,the signaltypeis setby the plugin supportinghe le format.

Notes

1. LIBRASCH_ROOQT is thedirectoryof thelibRASCH distribution on your systemand
LIBRASCH_INSTALL_ROQOT is thedirectoryselectedvhile installinglibRASCH



Chapter 5. Process a Signal

After openingthe ecgin the previouschapteywe wantnow to nd thepostionsof thebeatsn theECG.
libRASCH supportghis by providing a procesglugin (' detect-simplewhich performsa beatdetection.
Additionally we wantto groupthe foundheartbeatsn similarlooking groups(templatespndwe want
to calculatesomeECG speci c values(e.g.theintervalsbetweereachheartbeat,calledRR intervals).
Thelatertwo stepswill bedonein the procesplugins'template’and'ecg’ respectiely.

In RASCHlab,all theabove mentionedstepswill be performedwhenselectingthe menuentry
'Detect->Detect' After selectinghe menuentry, the channekelectiondialogbox will be opened
(Figure5-1) andthe userhasto selectthechannelsn which the heartbeatsshouldbe searched(At the
momentall availablechannelswill be selectablebut thiswill bechangedn thefuture,shaving only the
channelsvhichmakessense.)JJo selectthe channelsglick onthe channel-namentheleft sideandthen
click onthe'->" button.Thiswill move the channel-naméo theright side.Figure5-2 shavsthedialog
box afterselectingoothchannels.

Figure 5-1. Channel selectiondialog box.
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Figure 5-2. Channel selectiondialog box after selectingthe channels.
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After selectinghe channelspressthe'OK' button.Now the beatdetectiontemplategroupingandthe

calculationof the ECG speci ¢ valueswill bedone.For eachprocessingtep,a progresgialogwill be
shavn. Whenall the processinds done,awindow with ecgandthe foundbeatsandawindow with the
templateswill be shavn (Figure5-3).

Notethatthe detectionof heartbeatsarenotlimited to le formatswhich areusedto storeonly ECG's.



Chapter5. Processa Signal

RASCHIabdo notcarewhich le formatwasusedto storea signal.For examplewhenyou have anEDF

le with ECGandEEGsignals,you canperformthebeatdetectionthe sameway asdescribechbore. As
written above, atthe momentthe userhasto be sureto selectthe correctchannekontainingan ECG
recording.

Figure5-3.ECG after beatdetectionperformed.
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RASCHIaballows you to correctthe automaticevaluationof the ECG. A descriptionhow you can
changeanevaluationof anECGis givenin Section9.1

Evaluationscreatedvith RASCHlIabarestoredon disk at the samepositionwherethe signaldatais
stored.Thedatais storedin a le namedusingthe nameof therecordingandfor the le extension.mte'
is used.For examplethe evaluationcreatedabove is storedin the le '100s.mte'. Theevaluationis stored
usingXML. Theusercancontrolwith themenuentry'General->Sae ASCII eval-values'if arraydata
(e.g.thepositionsof the heartbeats)is storedasASCII text (menuentrywith checkmark)or asbinary
(menuentrywithout checkmark). Whenstoringthe dataasASCI| text, it canbeusedeasilywith other
programsOntheotherside,whenalot of eventsarein anevaluation(e.g.heartbeatsn a24 hourECG),
loadingandsaving took alot of time. For this type of signals the binaryformatis recommended.



Chapter 6. Navigation

6.1. Navigation in the signal windo w

If thereis morethanonewindow in the signalwindow, thenyou have to selectthe signalwindow which
shouldbe used.To dothis, click in the sub-windav. Thenablackframein the sub-windav will be shavn
andthis sub-windav hastheinputfocus.Figure6-1 shavs anexampleof a measuremertontaining
threeECG channelspnearterialblood pressureehannelandonerespirationchannelln theexamplethe
ecg-sub-windw hastheinput focus(shavn by the blackframearoundthe ecg-sub-windw).

Figure 6-1. Screenshot of a measurementwith differ entkind of signal types.
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To browsethroughthe signal,you canusethe horizontalslideron the bottomof the signalwindow or
you canusethefollowing keys:

« ‘'cursorleft' (<-): 1/10thbackin thesignal
« ‘cursorright' (->): 1/10thforwardin thesignal
- 'shift + cursorleft' or'pageup’: onepagebackin thesignal

- 'shift + cursorright' or '‘pagedown’: onepageforwardin thesignal



Chapter6. Navigation

6.2. Selections

In the signal-viev-plugins,libRASCH supportghe concepiof selectionsSelectionsarea subsebf
eventswhich have onecommonproperty For exampleyou canselectall heartbeatswhich belongsto the
sametemplate(i.e. all heartbeatswith similar morphology)or you canselectall ventricularbeats.

In theseselctionsyou canstepbackandforth with thefollowing keys:

- 'spacebar': goto thenext itemin theselection
« 'b": gotothepreviousitemin theselection

Whena selectionis "active”, thenthe numberof selectedeventsandthe currentpositionin the selection
is shavn in the signalview in thelower right corner The gure "12/456"meanghatyou arecurrentlyat
the 12theventfrom 456 selectedvents.For examplethe numberdnsidetheredcircle in Figure6-5.

Selectionsareimplementedn the signal-speci cview plugins.Thereforethetype of selectionwill
differ from signalto signalbut the conceptwill bealwaysthe sameindependenof the signaltype.
(Becauseatthe momenttherearenot somuchsignalspeci c view plugins,the examplesshovn hereare
all for ECG's.)

Figure6-2 shavs the context menuwhich popsup whenpressingheright mousebuttoninsideanecg
view. Themaincontext menuhasthreeentries:(1) GeneralOptions,(2) ChannelOptionsand(3) ecg.
The rst two entriesareavailablein all view-pluginsandwill bedescribedn Chapte8. Thethird entry
(ecqg)is only availablein ecgviews. Theecgentryhastwo subentries:(1) sortand(2) templates.
Figure6-2 shavsthe submenuof thesortentryandFigure6-3 shavs the submenuof thetemplateentry.

Figure 6-2. Context menufor the selectionof beattypes(e.g normal beats,ventricular beats).
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Chapter6. Navigation

Figure 6-3. Context menufor the selectionof beatsbelongingto a speci ¢ template.
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Whenyou areinterestedn speci ¢ beattypes(e.g.all ventricularbeatsor all artifacts)thenyou have to
choosahewantedbeattypefrom the sortmenu.lf you areinterestedn a speci ¢ templatethenyou
have to choosehetemplatefrom thetemplatemenu.After the selectionof the selectiorcriteria, the rst
beatin the selections shavn in the signalwindow. The selectionis sortedchronological.

6.3. Inter Plugin Comm unication

All pluginsin libRASCH cancommunicatevith eachother This communicatiorallows the selectionof
asignalpositionor theselectionof speci ¢ eventsthroughview-pluginswhich arenotin the signal
window. For example,you canselecta postionin thetachogranby clicking on it andthesignalin the
signalwindow will positionedo this position.Figure6-4 shavs anexample.In thetachogranthe short
RR Interval (whichis followedby alongerRR interval) wasselectedmarkedwith averticalbar).In the
ecg-viav, the beatwith theshortRR interval is shavn in the middle of the window andis markedalso
with averticalbar (thecursor).

11



Chapter6. Navigation

Figure 6-4. Selectposition in tachogram.
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If you areinterestedn a speci c templateyou canselectthe beatsbelongingto this templateas
describedabove. Anotherway is to doubleclick onthewantedtemplatein thetemplatewindow
(Figure6-5). This hasthe sameeffect asselectingthetemplatefrom the pop-upmenu.

Figure 6-5. Selectbeatsbelongingto a speci c template in the template window.
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Chapter 7. Signal Comments

In RASCHIabcomments/annotatiorie speci ¢ time-pointsor time-periodsn asignalaresupported.
Whena le formatsupportannotationge.g.EDF+or MIT/AHA), RASCHIabcanhandle(editand/or
delete)theseannotationsAdditionally, RASCHIlabcanaddnen commentsThe"RASCHIab"comment
canbespeci c for onechannebr canhold for all channels.

To insertacommentselectthe position(click on thewantedpositionin the signalwindow) or markan
area(click andmove the mousewhile holdingtheleft mousebuttondown) andthenpressthe'." (period)
key. Thenthe commentdialogbox openg(seeFigure7-1) wherethecommentcanbegiven.If the
commentshouldbefor onespeci ¢ channelthe channekanbe selectedn thedrop-davn menuatthe
top of thedialogbox.

Figure 7-1.Add a comment.

Annotation for Channel I all channels j

Indicators

™ Noise

[~ ignore data

pre-defined Annotations

| &

Annotation

This will be the comment,

I Cancel| oK |

Additionally to thecommentext, you cansetindicators. At themomenttherearetwo possible
indicators,"'Noise" and"ignoredata". Theseindicatorscanbe usedin programswhich uselibRASCH
whenthe evaluationof the measuremens analyzed.

If you have to marka largerarea,scrollingthroughthe signalwhile holdingtheleft mousebutton
pressedis sometimesumbersomeThereforeanothemway to markanareais available:(1) selectthe
startpositionby clicking on thewantedpositionin the signalwindow, (2) presshe’," key, (3) navigate
to theendpostion,(4) pressthe'-' key. After thelaststep,thecommentdialogbox shovs up anda
commentcanbesetasdescribedabore.

Figure7-2 shavsthe ecgwith 4 commentslf acommentdescribes periodof time, this periodis
markedby a horizontalline with little verticallinesatthe beginningandattheend.If thecommenis for

13



Chapter7. SignalComments
onespecifcpointin time, the positionis markedby a smallcross.

Figure 7-2. Screenshot of the signal shaving four comments.
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If youwantto edit or deletea commentyou only needto doubleclick onthecommentext. Thenthe
commentialogbox (Figure7-1) appearsHereyou canchangehetext of thecommentr deletethe
comment('Delete’ buttonis onthelower left sidein the dialogbox).
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Chapter 8. Change Settings

In RASCHlabyou cansetdifferentoptionshow the datais shavn. The optionsarefor all recording
channelqFigure8-1) or for asinglechannelFigure8-2). To openoneof the bothdialogboxes,you
have to click with theright mousebuttoninsidethe view window. Thena popupmenuappearandthe
rst entryopenghegenerabptionsdialogbox andthe secondnenuentryopenshe channebptions
dialogbox (seeFigure6-2).

Thegeneralbptionsare:

« 'shaw statusline':shaw or hidethe statudine; the statudine is theline at the bottomof the signal
view(s), shaving informationsaboutthe currentpositionsandthe currentselection

«+ 'shav channeinfo': shav or hidethe nameandthe unit of the channelon theleft sideof thesignal
view

« 'shaw grid: shaw or hidethegrid in the signalview

« 'use x edchannel-height'With this optionyou canselectif for eachchannelk x edheight(in pixel)
shouldbe used.The defaultbehaiour is to give eachchannethe samespacedependingpn the
availablespaceThereforethe spacechangesvhenthe sizeof thewindow is changedWhenthis

optionis enabledthe spaceor eachchannels alwaysthe sameindependenof the currentwindow
size.

- 'speedunit]: Hereyoucansetthe"writing speed'usedto draw therecordeddata.At themomentthe
unitis x edto 'mm/second'.

Figure 8-1. Dialog box to setgeneraloptions.
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Whendrawing arecordingchannelfwo modesareavailable:(1) draw thedatacenteredarounda speci ¢
niveauandusethe givenresolutionto scalethe amplitudeor (2) scalethe datain thatway, thatthe
min-valuecorrespondso thelower channeborderandthe max-valuecorrespondso the upperchannel
border Whenusingthe secondnodeyou have the optionto setonly the min-valueandlet the max-value
be"controlled"by theresolution.

15



Chapter8. Change Settings

Theniveauusedfor modeoneis a percentagef the channeheight. Typically you use50%,this means
thedatais centerecaroundthe middle of thechannel.

The rst modeis usedfor datawhichis centeredarounda speci ¢ niveau.Thisis typical for ECG's. The
secondnodeis usedfor datawhich arenormallyin aspeci ¢ range.This modeis usedfor examplefor
continuesblood pressuregecordings.

In thechannebptionsdialogbox you have to selectrst the channefor whichthe optionsshouldbe set.
Thechannekanbeselectedn thecombo-boxat thetop of the dialogbox (' selectchannel’).

Thechannebptionsare:

- 'Position’ - 'centered".draw the datacenteredarounda speci ¢ niveau(seetext above)

« 'Position’ - 'min/max’: scalethevaluesto givenmin andmaxvalues(seetext above)

- 'shav channel':showv or hideachannel

- 'invertchannel"if selectedthechanneis drawvn inverted

- 'Resolution': Hereyou setthe amplituderesolutionusedfor drawing thechannel.

Figure 8-2. Dialog box to setchannelspeci c options.
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Chapter 9. View-Plugin specic contr ols

This chaptemill give abrief descriptionof eachavailableview-plugin andthe key-strokesprovidedby
theplugin.

9.1. ECG View-Plugin

The ecgview-plugin displaysECGandECGrelatedinformation(e.g.type of theheartbeat,RR
interval). Theusercaneditthe evaluationof the ECG, he caninsertor deletea beator he canchangehe
type of the beat.Additionally he can"create"ECG speci ¢ selectionswvhich canbe helpful while
inspecting/correctingnautomaticevaluation.

If theuserwantsto editabeat the beathasto beselectedrst by clicking in theareaaroundthe position
of thebeat(markedby the beatannoation)The currentselectedeatis highlightedby abold beat
annotatiorandthe cursor(verticalline) is on the postionof the beat.After selectinga beatthe following
actionscanbedone:

. 'd" deletecurrentselectedbeat
- 'n": markcurrentselectedbeatasnormal
- 'v': markcurrentselecteeatasventricular

- X' markcurrentselectedbeatasartifact

If theuserwantsto inserta beat,the positionhasto be markedby the cursorby clicking atthe wanted
position.Thenuseoneof thefollowing keysto insertabeat:

- 'n": insertanormalbeat
- 'V insertaventricularbeat
. X' insertanartifact

Thefollowing ECGspeci ¢ selectionsareavailable(pressthe key while theecgview hastheinput
focus):

« 'k': selectall beatssortedwith theshortesRR interval rst

« 'I" selectall beatssortedwith thelongestRR interval rst

17



Chapter9. View-Pluginspeci c contmols

9.2. Blood Pressure View-Plugin

Theblood pressureview-plugin displayscontinuousblood pressuresignalsandblood pressureelated
informations(e.g.systolicanddiastolicblood pressure).

Whenthe positionof a blood pressuraneasuremergoint hasto be correctedthe userhave to click on
thenew positionin thebloodpressureview (the cursormarksthe position)andthenpressoneof the
following keys:

« '1" thecurrentpositionis chooserfor the diastolicmeasuremerpoint

« '2": thecurrentpositionis chooserfor the systolicmeasuremergoint

Theusercanchangehe positionwherethe systolicanddiastolicblood pressureés measureéndcan
marktheblood pressurevaluesasinvalid whenthe pulsewave is distorted.To do this, rst selectthe
currentpulsewave andthenpressthe'x' key. If youwantto deletethe mark,just pressx’' again.

18



Chapter 10. Information Dialog Boxes

RASCHIabprovidesthe possibilityto getinformationsabouttheloadedlibRASCH plugins.To getthe
plugininfo dialogbox, selectthe menuentry'General->Plugirinfos..: andadialoglik e theoneshavn
in Figure10-1opensin theupperhalf of thedialog,theloadedpluginsareshavn. The name type and
licenseof eachpluginis listed.In thebottomhalf of thedialog,informationsaboutthe currentselect
pluginis shavn: the nameandthe versionof the plugin, a shortdescriptionthelocationof the plugin on
the systemjf the plugin shouldbe usedandthetime stampwhenthe plugin wasbuild.

Figure 10-1.Dialog box for libRASCH plugin management.

Whenyou areinterestedhboutthe evaluationsn ameasurementjou cangetinformationsaboutthem

by selectinghemenuentry'General->Ealuationinfos.... An evaluationdialogbox like theoneshovn
in Figure10-2is openedIn theupperhalf, alist of the evaluationsin the currentopenendneasurement
is shavn. You candeletethe currentselectedevaluationby pressinghe'delete'buttonright to thelist. In
thebottomhalf, informationsaboutthe currentselectedevaluationis shavn: a shortdescriptionjf thisis
the defaultevaluation(seeEvaluationin Chapter?), if thisis theoriginal evalution(again,seeEvaluation
in Chapter2), whentheevaluationwascreatedjn which program by which userandon which computer
it wascreatedand nally whenwasthelastmodi cation. The eventpropertiesof the currentevaluation
areshown in theevent-propertydialog box, which opensvhenthe'event-props' buttonis pressed.
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Chapter10. InformationDialog Boxes

Figure 10-2.Dialog box for evaluation management.

Theevent-propertieslialogbox (Figure 10-3) lists the eventpropertiesof anevaluation.In the upperhalf
theavailableeventpropertiesarelisted. If you (really) wantto deleteaneventproperty youcandoit by
pressinghe'delete'button. In the bottomhalf of thedialog box, informationsaboutthe currentselected
eventpropertyis shovn: thenameandhow mary eventsarestoredin the property a shortdescription,
thetypeof thevalue(e.g.longinteger, double,string) andwhattype of eventpropertyit is (discretelike
heartbeatsor continuoudik e periodsof noise).

Figure 10-3.Dialog box showing the event-propertiesstoredin an evaluation.
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