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Chapter 1. Intr oduction

RASCHlabis a programbasedon libRASCH(http://www.librasch.org),whichallows theuserto access
time-seriesdata.Additionally theusercanprocessthesignals(e.g.performabeatdetectionin ECG's)
andperformcalculationsbasedon thesignals(e.g.calculateheartratevariability parametersfrom an
ECG).

Theprogramprovidesaccessto different�le formats(e.g.EDF(+),MIT/AHA) anddisplaysthe
informationswhichareincludedin a signal.For examplecomments/annotationsin anEDF+�le is
shown andtheusercaneditacommentor addanew one.Or whenECG'scontaininformationsaboutthe
positionandtypesof theheartbeats,RASCHlabwill show thepositionsandtheusercan
edit/delete/insertthebeatpositions.

This tutorialwill show you thefundamentalusageof RASCHlab. All examplesareshown onECG'sbut
generallyit canbeusedfor everykind of signal.

At themomentlibRASCH(thebasisof RASCHlab)supportsbestsignalsusedin cardiology(e.g.ECG,
continuousbloodpressure)by specialpluginsfor displayingandprocessingthesesignals.If youhave
experiencewith signalprocessingin other�elds andsomeideaswhatwould beniceto have in
libRASCH/RASCHlab,pleasesendmeanemail(rasch@med1.med.tum.de)with your ideasand/or
sourcecode.
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Chapter 2. Terminology

This sectiongivesa shortdescritpionof theterminologyusedin this tutorial.

Measurement

A measurementis thetopmostobjectin libRASCH.Measurementsconsistsof oneor more
sessions,informationaboutthemeasurementobject(e.g.name,forenameandbirthdayif the
measurementobjectis aperson)andzeroor moreevaluations.

Session

A Sessionis a recordingfor aspeci�c time interval without any interruptionsduringthis time
interval. In ameasurementcanbemorethanonesession,but thelayoutof therecording(seebelow)
mustnotbechanged.

Recording

A recordingcontainsthemeasureddata(e.g.ECGleadsV1-V6). A recordinghasoneor more
channelsor two or moresub-recordings.Sub-recordingsareusedif morethanonerecordingdevice
is used.For examplewhenoneAnalog/Digitalconverter-systemrecords3 ECGleadsandone
bloodpressurechannelandanothersystemrecords12EEGleads,themeasurementconsistsof one
top recordingwith two sub-recordings.The�rst sub-recordingcontains4 channels(3 ECGand1
bloodpressurechannel)andthesecondsub-recordingcontains12channels(12EEGchannels).

Evaluation

Theresultsof ananalysis(e.g.positionsof heartbeatsin anECG)arestoredin anevaluation.An
evaluationcontainszeroor morediscreteevents(e.g.'occurenceof aheartbeat')and/orzeroor
morecontinousevents(e.g.' recordingperiodwith noise').In measurementshandledby libRASCH,
morethanoneevaluationcanbeavailable.

Whenanevaluationis addedto themeasurementby theoriginal recordingsystem(e.g.the
evaluationperformedby commerciallong-termECGsystems),thenthisevaluationis calledthe
original evaluation.

If only oneevaluationis available,it is noproblemto chooseanevaluationwhentheuserwantsto
processtheevaluation.Whenmorethanoneevaluationis storedin ameasurement,oneof these
evaluationshasto bethedefaultevaluation,which is usedwhennospeci�c evaluationis selected.
In mostcasesthelastaddedevaluationis setto thedefaultevaluation.

Event

An eventdescribestheoccurenceof somethingin a recording(e.g.aheartbeatin anECG).An
eventhasoneor moreevent-properties.
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Chapter2. Terminology

Event-Property

An event-propertyis aspeci�c propertyof theevent(e.g.thepositionof theevent,thetypeof the
event).A speci�c event-propertyis allowedonly oncein anevaluation,for exampletherecanbenot
morethanone'qrs-position' property.

Event-Set

An event-setdescribesa groupof event-properties.For exampletheevent-set'heartbeat'contains
all propertieswhichbelongsto aheartbeat(e.g.positionof theheartbeat,theRRinterval, thetype
of theheartbeat,systolicbloodpressure).

Plugins

libRASCH makesheavy useof plugins.Pluginsaresmall"programs"whichareloadedwhen
libRASCH is initialized.In thepluginstherealwork is done,thelibrary-code"only" coordinates
thatthecorrectplugin is usedanddoessomeotheradministrativetasks.In libRASCHthree
principaltypesof pluginsexist:

• accessplugins

• view plugins

• processplugins

Access-Plugin

Accesspluginshandletheaccessto measurement�les. They hidethedifferencesof thevarious
typesof formatsandoffer anconsistentinterfaceto themeasurements1.

Process-Plugin

Processpluginsperforma specifctaskon themeasurement(e.g.theHRV-plugincalculatesthe
Heart-RateVariability parametersfor anECGor thedetectpluginperformsasimplebeatdetection
in ECG's).

View-Plugin

View pluginsallow to displaythemeasurementson thescreen.At themomentthefollowing GUI's
aresupported:

• Qt from Trolltech(for Linux)

• MFC from Microsoft (for Windows)

Notes
1. Thesignalpluginscanbecomparedwith devicedriversin operatingsystems.
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Chapter 3. Installation

Pleasefollow theinstructionscommingwith thelibRASCHdistributionyoudownloaded.

4



Chapter 4. Open a Signal

After startingRASCHlab,anemptyworkspaceis shown. In this workspacethesignalandother
informationaboutthesignalwill beshown. Now the�rst stepwill beto opena signal.To do this,select
themenuentry'File/Open...' or presstheopenbuttonon thetoolbar(anopeningfolder; the�rst button
from left). This will openthesignalselectiondialogbox.Figure4-1showsthescreenshotwith the
dialogbox.Thesignalselectiondialogbox is similar to the�le browserin Windows,on theleft sideyou
canselectthefolder. On theright side,thesignalsin theselectedfolderwill beshown. (Only thesignals
whicharesupportedby libRASCHareshown.)

Figure4-1.Signal selectiondialog box.

Now selectthefolder 'LIBRASCH_ROOT/examples/database'onLinux systemsand
'LIBRASCH_INSTALL_ROOT\examples\database'onWindowssystemson theleft side1. After
selectingthefolder, theavailablesignalswill beshown. Pleaseselectthesignalnamed'100s'. This is a
shortECG(oneminute)from thePhysioNetdatabase.To openthesignal,youcandoubleclick on the
signal-nameor selectthesignalby clicking onceon thesignal-nameandthenclick on theOK button.
Thenthesignalwill beshown in thesignalwindow. Figure4-2 showsRASCHlabwith thesignal
window showing theECG.Thesignalwindow is a libRASCHview-plugin.
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Chapter4. Opena Signal

Figure4-2.Screenshotof RASCHlab showing the ECG 100s.

In thesignalwindow, all channelsof a measurementareshown. Whenthemeasurementcontainsmore
thanonetypeof signal(e.g.ECGandarterialbloodpressure)theneachtypeof signalwill beshown in
their own signalwindow (for anexampleseeFigure6-1). To do this, libRASCHhasto "detect"which
signalsarestoredin ameasurement.In generalpurpose�le formats(e.g.�le formatsusedby ADC
systems),libRASCH triesto estimatethesignal-typeby thechannelname.In �le formatswhichhavea
�x edchannel/signal-typerelation,thesignaltypeis setby thepluginsupportingthe�le format.

Notes
1. LIBRASCH_ROOT is thedirectoryof thelibRASCHdistributiononyoursystemand

LIBRASCH_INSTALL_ROOT is thedirectoryselectedwhile installinglibRASCH
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Chapter 5. Process a Signal

After openingtheecgin thepreviouschapter, we wantnow to �nd thepostionsof thebeatsin theECG.
libRASCHsupportsthisby providing aprocessplugin ('detect-simple')whichperformsabeatdetection.
Additionally wewantto groupthefoundheartbeatsin similar lookinggroups(templates)andwe want
to calculatesomeECGspeci�c values(e.g.theintervalsbetweeneachheartbeat,calledRR intervals).
Thelatertwo stepswill bedonein theprocessplugins' template'and'ecg' respectively.

In RASCHlab,all theabovementionedstepswill beperformedwhenselectingthemenuentry
'Detect->Detect'.After selectingthemenuentry, thechannelselectiondialogbox will beopened
(Figure5-1) andtheuserhasto selectthechannelsin which theheartbeatsshouldbesearched.(At the
momentall availablechannelswill beselectable,but this will bechangedin thefuture,showing only the
channelswhichmakessense.)To selectthechannels,click on thechannel-nameon theleft sideandthen
click on the'->' button.Thiswill movethechannel-nameto theright side.Figure5-2showsthedialog
box afterselectingbothchannels.

Figure5-1.Channel selectiondialog box.

Figure5-2.Channel selectiondialog box after selectingthe channels.

After selectingthechannels,pressthe'OK' button.Now thebeatdetection,templategroupingandthe
calculationof theECGspeci�c valueswill bedone.For eachprocessingstep,a progressdialogwill be
shown. Whenall theprocessingis done,a window with ecgandthefoundbeatsandawindow with the
templateswill beshown (Figure5-3).

Notethatthedetectionof heartbeatsarenot limited to �le formatswhichareusedto storeonly ECG's.
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Chapter5. Processa Signal

RASCHlabdonot carewhich �le formatwasusedto storea signal.For examplewhenyouhaveanEDF
�le with ECGandEEGsignals,you canperformthebeatdetectionthesamewayasdescribedabove.As
writtenabove,at themomenttheuserhasto besureto selectthecorrectchannelcontaininganECG
recording.

Figure5-3.ECG after beatdetectionperformed.

RASCHlaballowsyou to correcttheautomaticevaluationof theECG.A descriptionhow youcan
changeanevaluationof anECGis givenin Section9.1.

Evaluationscreatedwith RASCHlabarestoredondiskat thesamepositionwherethesignaldatais
stored.Thedatais storedin a �le namedusingthenameof therecordingandfor the�le extension'.mte'
is used.For exampletheevaluationcreatedaboveis storedin the�le '100s.mte'.Theevaluationis stored
usingXML. Theusercancontrolwith themenuentry'General->SaveASCII eval-values'if arraydata
(e.g.thepositionsof theheartbeats)is storedasASCII text (menuentrywith checkmark)or asbinary
(menuentrywithoutcheckmark).WhenstoringthedataasASCII text, it canbeusedeasilywith other
programs.Ontheotherside,whena lot of eventsarein anevaluation(e.g.heartbeatsin a24hourECG),
loadingandsaving tooka lot of time.For this typeof signals,thebinaryformatis recommended.
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Chapter 6. Navigation

6.1. Navigation in the signal windo w

If thereis morethanonewindow in thesignalwindow, thenyouhave to selectthesignalwindow which
shouldbeused.To do this,click in thesub-window. Thenablackframein thesub-window will beshown
andthis sub-window hastheinput focus.Figure6-1showsanexampleof a measurementcontaining
threeECGchannels,onearterialbloodpressurechannelandonerespirationchannel.In theexamplethe
ecg-sub-window hastheinput focus(shown by theblackframearoundtheecg-sub-window).

Figure6-1.Screenshotof a measurementwith differ ent kind of signal types.

To browsethroughthesignal,youcanusethehorizontalslideron thebottomof thesignalwindow or
you canusethefollowing keys:

• 'cursor left' (<-): 1/10thbackin thesignal

• 'cursorright' (->): 1/10thforwardin thesignal

• 'shift + cursorleft' or 'pageup': onepagebackin thesignal

• 'shift + cursorright' or 'pagedown': onepageforwardin thesignal
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Chapter6. Navigation

6.2. Selections

In thesignal-view-plugins,libRASCH supportstheconceptof selections.Selectionsareasubsetof
eventswhichhaveonecommonproperty. For exampleyoucanselectall heartbeatswhichbelongsto the
sametemplate(i.e. all heartbeatswith similar morphology)or youcanselectall ventricularbeats.

In theseselctions,youcanstepbackandforth with thefollowing keys:

• 'spacebar': go to thenext item in theselection

• 'b': go to thepreviousitem in theselection

Whena selectionis "active", thenthenumberof selectedeventsandthecurrentpositionin theselection
is shown in thesignalview in thelower right corner. The�gure "12/456"meansthatyouarecurrentlyat
the12theventfrom 456selectedevents.For examplethenumbersinsidetheredcircle in Figure6-5.

Selectionsareimplementedin thesignal-speci�cview plugins.Thereforethetypeof selectionswill
differ from signalto signalbut theconceptwill bealwaysthesameindependentof thesignaltype.
(Becauseat themomenttherearenot somuchsignalspeci�c view plugins,theexamplesshown hereare
all for ECG's.)

Figure6-2showsthecontext menuwhichpopsupwhenpressingtheright mousebuttoninsideanecg
view. Themaincontext menuhasthreeentries:(1) GeneralOptions,(2) ChannelOptionsand(3) ecg.
The�rst two entriesareavailablein all view-pluginsandwill bedescribedin Chapter8. Thethird entry
(ecg)is only availablein ecgviews.Theecgentryhastwo subentries:(1) sortand(2) templates.
Figure6-2showsthesubmenuof thesortentryandFigure6-3showsthesubmenuof thetemplateentry.

Figure6-2.Context menu for the selectionof beat types(e.g. normal beats,ventricular beats).
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Chapter6. Navigation

Figure6-3.Context menu for the selectionof beatsbelongingto a speci�c template.

Whenyou areinterestedin speci�c beattypes(e.g.all ventricularbeatsor all artifacts)thenyouhave to
choosethewantedbeattypefrom thesortmenu.If youareinterestedin a speci�c template,thenyou
have to choosethetemplatefrom thetemplatemenu.After theselectionof theselectioncriteria,the�rst
beatin theselectionis shown in thesignalwindow. Theselectionis sortedchronological.

6.3. Inter Plugin Comm unication

All pluginsin libRASCHcancommunicatewith eachother. Thiscommunicationallows theselectionof
a signalpositionor theselectionof speci�c eventsthroughview-pluginswhicharenot in thesignal
window. For example,youcanselecta postionin thetachogramby clicking on it andthesignalin the
signalwindow will positionedto thisposition.Figure6-4showsanexample.In thetachogramtheshort
RR Interval (which is followedby a longerRR interval) wasselected(markedwith averticalbar).In the
ecg-view, thebeatwith theshortRR interval is shown in themiddleof thewindow andis markedalso
with averticalbar(thecursor).
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Chapter6. Navigation

Figure6-4.Selectposition in tachogram.

If you areinterestedin aspeci�c template,youcanselectthebeatsbelongingto this templateas
describedabove.Anotherway is to doubleclick on thewantedtemplatein thetemplatewindow
(Figure6-5). This hasthesameeffectasselectingthetemplatefrom thepop-upmenu.

Figure6-5.Selectbeatsbelongingto a speci�c template in the templatewindow.
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Chapter 7. Signal Comments

In RASCHlabcomments/annotationsto speci�c time-pointsor time-periodsin asignalaresupported.
Whena �le formatsupportannotations(e.g.EDF+or MIT/AHA), RASCHlabcanhandle(edit and/or
delete)theseannotations.Additionally, RASCHlabcanaddnew comments.The"RASCHlab"comment
canbespeci�c for onechannelor canhold for all channels.

To insertacomment,selecttheposition(click on thewantedpositionin thesignalwindow) or markan
area(click andmovethemousewhile holdingtheleft mousebuttondown) andthenpressthe'.' (period)
key. Thenthecommentdialogboxopens(seeFigure7-1) wherethecommentcanbegiven.If the
commentshouldbefor onespeci�c channel,thechannelcanbeselectedin thedrop-down menuat the
topof thedialogbox.

Figure7-1.Add a comment.

Additionally to thecommenttext, youcansetindicators.At themomenttherearetwo possible
indicators,"Noise"and"ignoredata".Theseindicatorscanbeusedin programswhichuselibRASCH
whentheevaluationof themeasurementis analyzed.

If you haveto marka largerarea,scrollingthroughthesignalwhile holdingtheleft mousebutton
pressed,is sometimescumbersome.Thereforeanotherway to markanareais available:(1) selectthe
startpositionby clicking on thewantedpositionin thesignalwindow, (2) pressthe',' key, (3) navigate
to theendpostion,(4) pressthe'-' key. After thelaststep,thecommentdialogboxshowsupanda
commentcanbesetasdescribedabove.

Figure7-2showstheecgwith 4 comments.If a commentdescribesa periodof time, thisperiodis
markedby a horizontalline with little verticallinesat thebeginningandat theend.If thecommentis for
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Chapter7. SignalComments

onespecifcpoint in time, thepositionis markedby a smallcross.

Figure7-2.Screenshotof the signal showing four comments.

If you wantto edit or deletea comment,youonly needto doubleclick on thecommenttext. Thenthe
commentdialogbox (Figure7-1) appears.Hereyoucanchangethetext of thecommentor deletethe
comment('Delete' buttonis on thelower left sidein thedialogbox).
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Chapter 8. Chang e Settings

In RASCHlabyoucansetdifferentoptionshow thedatais shown. Theoptionsarefor all recording
channels(Figure8-1) or for a singlechannel(Figure8-2). To openoneof thebothdialogboxes,you
have to click with theright mousebuttoninsidetheview window. Thenapopupmenuappearsandthe
�rst entryopensthegeneraloptionsdialogboxandthesecondmenuentryopensthechanneloptions
dialogbox (seeFigure6-2).

Thegeneraloptionsare:

• 'show statusline':show or hidethestatusline; thestatusline is theline at thebottomof thesignal
view(s),showing informationsaboutthecurrentpositionsandthecurrentselection

• 'show channelinfo': show or hidethenameandtheunit of thechannelson theleft sideof thesignal
view

• 'show grid': show or hidethegrid in thesignalview

• 'use�x edchannel-height':With this optionyoucanselectif for eachchannela �x edheight(in pixel)
shouldbeused.Thedefault behaviour is to giveeachchannelthesamespacedependingon the
availablespace.Thereforethespacechangeswhenthesizeof thewindow is changed.Whenthis
optionis enabled,thespacefor eachchannelis alwaysthesameindependentof thecurrentwindow
size.

• 'speed[unit]': Hereyoucansetthe"writing speed"usedto draw therecordeddata.At themomentthe
unit is �x edto 'mm/second'.

Figure8-1.Dialog box to setgeneraloptions.

Whendrawing arecordingchannel,two modesareavailable:(1) draw thedatacenteredaroundaspeci�c
niveauandusethegivenresolutionto scaletheamplitudeor (2) scalethedatain thatway, thatthe
min-valuecorrespondsto thelowerchannelborderandthemax-valuecorrespondsto theupperchannel
border. Whenusingthesecondmodeyou havetheoptionto setonly themin-valueandlet themax-value
be"controlled"by theresolution.
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Chapter8. ChangeSettings

Theniveauusedfor modeoneis a percentageof thechannelheight.Typically youuse50%,this means
thedatais centeredaroundthemiddleof thechannel.

The�rst modeis usedfor datawhich is centeredarounda speci�c niveau.This is typical for ECG's.The
secondmodeis usedfor datawhicharenormallyin a speci�c range.Thismodeis usedfor examplefor
continuesbloodpressurerecordings.

In thechanneloptionsdialogboxyouhave to select�rst thechannelfor which theoptionsshouldbeset.
Thechannelcanbeselectedin thecombo-boxat thetopof thedialogbox ('selectchannel').

Thechanneloptionsare:

• 'Position' - 'centered':draw thedatacenteredarounda speci�c niveau(seetext above)

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

• 'show channel':show or hideachannel

• 'invertchannel':if selected,thechannelis drawn inverted

• 'Resolution':Hereyou settheamplituderesolutionusedfor drawing thechannel.

Figure8-2.Dialog box to setchannelspeci�c options.
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Chapter 9. View-Plugin speci�c contr ols

This chapterwill givea brief descriptionof eachavailableview-pluginandthekey-strokesprovidedby
theplugin.

9.1. ECG View-Plugin

Theecgview-plugindisplaysECGandECGrelatedinformation(e.g.typeof theheartbeat,RR
interval). Theusercanedit theevaluationof theECG,hecaninsertor deleteabeator hecanchangethe
typeof thebeat.Additionally hecan"create"ECGspeci�c selectionswhichcanbehelpfulwhile
inspecting/correctinganautomaticevaluation.

If theuserwantsto edit abeat,thebeathasto beselected�rst by clicking in theareaaroundtheposition
of thebeat(markedby thebeatannoation).Thecurrentselectedbeatis highlightedby aboldbeat
annotationandthecursor(verticalline) is on thepostionof thebeat.After selectingabeatthefollowing
actionscanbedone:

• 'd': deletecurrentselectedbeat

• 'n': markcurrentselectedbeatasnormal

• 'v': markcurrentselectedbeatasventricular

• 'x': markcurrentselectedbeatasartifact

If theuserwantsto insertabeat,thepositionhasto bemarkedby thecursorby clicking at thewanted
position.Thenuseoneof thefollowing keys to insertabeat:

• 'n': inserta normalbeat

• 'v': inserta ventricularbeat

• 'x': insertanartifact

Thefollowing ECGspeci�c selectionsareavailable(pressthekey while theecgview hastheinput
focus):

• 'k': selectall beatssortedwith theshortestRR interval �rst

• ' l': selectall beatssortedwith thelongestRR interval �rst
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Chapter9. View-Pluginspeci�c controls

9.2. Blood Pressure View-Plugin

Thebloodpressureview-plugindisplayscontinuousbloodpressuresignalsandbloodpressurerelated
informations(e.g.systolicanddiastolicbloodpressure).

Whenthepositionof abloodpressuremeasurementpointhasto becorrected,theuserhave to click on
thenew positionin thebloodpressureview (thecursormarkstheposition)andthenpressoneof the
following keys:

• '1': thecurrentpositionis choosenfor thediastolicmeasurementpoint

• '2': thecurrentpositionis choosenfor thesystolicmeasurementpoint

Theusercanchangethepositionwherethesystolicanddiastolicbloodpressureis measuredandcan
markthebloodpressurevaluesasinvalid whenthepulsewave is distorted.To do this, �rst selectthe
currentpulsewaveandthenpressthe'x' key. If youwantto deletethemark,just press'x' again.
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Chapter 10. Information Dialog Boxes

RASCHlabprovidesthepossibilityto getinformationsabouttheloadedlibRASCHplugins.To getthe
plugin info dialogbox,selectthemenuentry'General->Plugininfos...' andadialoglike theoneshown
in Figure10-1opens.In theupperhalf of thedialog,theloadedpluginsareshown. Thename,typeand
licenseof eachplugin is listed.In thebottomhalf of thedialog,informationsaboutthecurrentselect
plugin is shown: thenameandtheversionof theplugin,a shortdescription,thelocationof thepluginon
thesystem,if thepluginshouldbeusedandthetime stampwhenthepluginwasbuild.

Figure10-1.Dialog box for libRASCH plugin management.

Whenyou areinterestedabouttheevaluationsin ameasurement,youcangetinformationsaboutthem
by selectingthemenuentry'General->Evaluationinfos...'. An evaluationdialogbox like theoneshown
in Figure10-2is opened.In theupperhalf, a list of theevaluationsin thecurrentopenendmeasurement
is shown. Youcandeletethecurrentselectedevaluationby pressingthe'delete'buttonright to thelist. In
thebottomhalf, informationsaboutthecurrentselectedevaluationis shown: ashortdescription,if this is
thedefaultevaluation(seeEvaluationin Chapter2), if this is theoriginalevalution(again,seeEvaluation
in Chapter2), whentheevaluationwascreated,in whichprogram,by whichuserandonwhichcomputer
it wascreatedand�nally whenwasthelastmodi�cation. Theeventpropertiesof thecurrentevaluation
areshown in theevent-propertydialogbox,whichopenswhenthe'event-prop's' buttonis pressed.
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Chapter10. InformationDialog Boxes

Figure10-2.Dialog box for evaluation management.

Theevent-propertiesdialogbox (Figure10-3) lists theeventpropertiesof anevaluation.In theupperhalf
theavailableeventpropertiesarelisted.If you (really)wantto deleteaneventproperty, youcando it by
pressingthe'delete'button.In thebottomhalf of thedialogbox, informationsaboutthecurrentselected
eventpropertyis shown: thenameandhow many eventsarestoredin theproperty, ashortdescription,
thetypeof thevalue(e.g.long integer, double,string)andwhattypeof eventpropertyit is (discretelike
heartbeatsor continuouslike periodsof noise).

Figure10-3.Dialog box showing the event-propertiesstored in an evaluation.
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