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ABSTRACT

Mustajuuriis a freewareapplicationandtoolkit for audiosig-
nal processing.It is designedfor quick prototyping,testingand
combinationof audioor MIDI processingmodules. Its main fo-
cusis on efficient andlow-latency real-timeoperation.Mustaju-
uri offers an extremely flexible plugin architecture.By creating
new pluginsprogrammmerscan extendMustajuuri to meetnew
needs.TheC++ API takesinto accountthenecessaryfeaturesof
audiosignalprocessingandapplicationdevelopment:low-latency
real-timeaudiosignalprocessing,easydebugging,graphicaland
text-modeuserinterfaces,internationalizationandportability(cur-
rently supportedon IRIX and Linux, but Windows port is pos-
sible). Mustajuuri also offers developersa rich set of support
libraries that containaudio-relatedsignal processingand graph-
ics tools. Mustajuuri is licensedunder the Library GNU Pub-
lic Licenseandit is availablefor downloadfrom the home-page:
http://www.tml.hut.fi/ tilmonen/mustajuuri/.

1. INTR ODUCTION

ThispaperpresentsamodularaudioapplicationMustajuuri.Mus-
tajuuri hasbeencreatedto actbothasanaudiosignalprocessing
test-benchandasanenduserapplication.Thedemandsfor modu-
larity, flexibility , interactiveuse,high-performancesignalprocess-
ing, low latency andplatformindependencehave beentaken into
accountin the coreof the design. Mustajuuri is an opensource
effort aimedprimarily at theUNIX/Linux operatingenvironment.
It is portableto Windows aswell.

Mustajuuricanbe usedin many ways. Onecanuseit asan
interactiveaudioDSPengine.This is doneby startingtheapplica-
tion with graphicaluserinterfaceandusingit asa normaldesktop
application,asin figure 1. A moreinvolved usercancreatenew
pluginsfor thesystemandsimply useMustajuuriasa hostto run
theplugins.Thissavestheuserthetroubleof creatingfrom scratch
all thenecessaryinfrastructurethat is neededin interactive audio
applications– audioI/O, real-timeconsiderationsanduserinter-
face.Mustajuurihasalsobeenusedasa stand-aloneDSPengine
without theGUI. In this caseit wasusedto run a 15-channelvir-
tualacousticssoundsystem[1]. Ratherthanhaving localcontrolit
wascontrolledover theinternet.To achieve this therewasnoneed
to modify the basecode. Insteadthe userswrote the necessary
DSPandcontrolfunctionalityin a few plugins.

Figure1: A an example of a simple mixer.

2. BACKGROUND AND RELATED WORK

Therearealreadyseveral audioprocessinglibrariesandapplica-
tionsavailable.Theaimof Mustajuuriisnotto competewith them,
but provide functionality that otherapplicationsandAPIs do not
offer. At thesametime it offerstwo-way compatibilitywith other
toolkits – othertoolkits canbe usedwithin Mustajuuriandother
projectscanusecodeavailablein Mustajuuri. It is even possible
to loadMustajuuripluginsto otherapplications.

The venerableCSoundsystemis the academia-standardfor
soundprocessing[2]. While it offersa collectionof tools it lacks
interactiveelementsandagraphicaluserinterface(therehavebeen
attempsat both, but the CSoundarchitecturehasmadetheseat-
tempsdifficult). More modernsystemsaretheSynthesisToolKit
[3] andSoundProcessingKit [4]. ThesearepureDSPengines–
neitherof thesesystemshave beendesignedfor interactive use.

TheMustajuuripluginAPI isnottheonlyavailablepluginAPI
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for UNIX/Linux environment.A newer andmuchmorerestricted
plugin API is theLADSPA (Linux Audio DevelopersSimplePlu-
gin API) [5]. Mustajuuri is two-way compatiblewith LADSPA.
Thus,MustajuuricanuseLADSPA pluginsandmany Mustajuuri
pluginscanbeexportedasLADSPA plugins.

3. OVERALL DESIGN

Mustajuuri is composedof several libraries. An optimizedlow-
level digital signalprocessing(DSP)library – libmjdsp – is sup-
pliedsothatit wouldbeeasierto write new plugins.Often-needed
extra widgetsfor the graphicaluserinterface(GUI) aresupplied
in libmjwidgets library. More exotic extensionshave their own
library – libmjutils. The primary library – libmj – containsthe
plugin API andseveral supportclasses.The plugin architecture
is very flexible. It supportsaudiostreams(constantstreamof au-
dio signal at fixed samplingrate) and control messages(named
andtimestampedmessagescontainingarbitrarydata,for example
MIDI).

Mustajuurihasbeenwritten with the C++ programminglan-
guage.Thestrongtypesafetychecksof C++ compilerseliminate
many bugsthatmightcreepin with someotherlanguages.It relies
on the Qt classlibrary that provides platform-independentbase
functionality (file input/output,XML parsing,graphicaluserin-
terface,C++ templateclasses)[6]. Mustajuurialsousesotherli-
brariesdependingon theplatform; it usesthenative audiodevice
interfacesof eachoperatingsystem(IRIX audio,Linux/OSSand
Linux/ALSA) andtheSGI audiofile library (IRIX andLinux).

Theplugin programminginterfacehasbeendesignedto help
createpluginswith ease. To createa new plugin type one only
needsto inherit the plugin baseclassandextend it to matchthe
needs.Theplugin API supportsboth very simpleandvery com-
plex plugins. An exampleof a simpleplugin might be a mono-
phonic low-passfilter. Another extreme would be a hard-disk
recorderwith any numberof input andoutputchannels.

Theuserinterfacesupportsmultiple optionsaswell. A plugin
mayhaveasmallgraphicaluserinterfacewith justaslideror two.
Alternatively theusercanuseaseparateinterfacethatallowsmore
detailedmodificationof the plugin. Custompluginscanalsobe
createdfor caseswhereit givesbetterusability(examplein figure
2). To make users’life easiertheseinterfacescanbeopensimul-
taneously.

Figure2: The custom GUI of a graphical equalizer.

Theplugin API allows recursive plugins– a plugin mayhost
otherplugins.A practicalexampleis themostcommonlyusedtop-
level plugin: themixer (illustratedin figure1). Themixeractsasa
framework for work thatfits well into theclassicalmixer-oriented

audioprocessing.It is possibleto createothertop-level pluginsas
well. An interestingvariantwould bean interfacethatmimicsan
analoguesynthesizerwith thewires-and-boxesapproach.

The needfor low latency drove us to usea threadeddesign.
Thiswayahigh-priorityDSPthreadcanoperatewithoutany drop-
outswhile theuserinterfacethreadrunstheuserinterface.

4. APPLICATIONS

Mustajuurihasbeendesignedto bea general-purposesystemthat
canbecustomizedfor particularporposes.Sofar it hasbeenused
1) asaneffectprocessorfor musicalwork, 2) asasoftwaremixing
tool, 3) as a supportlibary for a software synthesizerand 4) as
an engineto processthe soundin our virtual reality installation
“EVE” [1] [7].

5. EXPERIENCE

Thelargestobstaclewastheimmaturityof Linux multimediasub-
systems.Fortunatelymany of theseproblemsarebecomingprob-
lems of the pastwith the rapid developmentrate of Linux mul-
timedia subsystems.Mustajuuriweb site hasinformationabout
suitablesoundcards,Linux tweaksand installation instructions
[8].

On the positive side the applicationstructurehasproved to
work. Mustajuuricanoperatewith very low latency (lessthanten
milliseconds)on tunedsystems. While this is alreadypractical
we areworking to further lower this limit to the1-3 milliseconds
range.

The graphicaluserinterfacehasbeena major benefit– even
for userswho did notanticipatethey wouldneedit.
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