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Abstract

The MusicalAudio Research StatioMARS is aprogrammable specialized digital machfoereal
time audio applications whichasbeen entirely developedbhe ItalianBontempi-Farfisa research
institute IRIS. MARS hasbeen conceivedsaan integrated environmenniwhich agraphical user
interface, a embeddedeal-time operatingystemandtwo IRIS digital audioprocessorsre linked
togethetrto createa flexible and an interactive workstation for audio research, musical productidn a
computer music pedagogy.

MARS has been used ia widerange 6 research, musicaind teachingontexts such as universities,
music conservatoriescomputermusicresearch centers, music studios, interactive museanasin
the musical instruments and audio industry.

The first version B MARS, which has been presentedt ahe ICMC92 was running o Atari
computers.t this papedRIS will presenthe new version bthe MARS workstatiorwhich hasbeen
entirely redesigned for the PC warl

build more complexobjectssuch as algorithms, tones,

1 MARS overview orchgq;ras andviiDI perfor.mance setups. Followingea
] ) . definitions of the main objects manadedthe system.

MARS derives fromthe MUSICn philosophy, & it The MARS basic audimbjectsare user patchablego-
mairtains thebasic approachleveloped M. Mathews jthms which correspond to specifisignal processing
[5]. SytheS|s algorlthmare_spe_uﬁed a comblnatlons operations (microcode fothe X20s). Algorithms are
of building blocks; the activation @ instruments is it graphicallyand areimmediately implemented on
controlled ly note events. Itsistoricalbackgroundcan - the sound generation board avoiding compilation time.
also ke found n the mainfeatures bthe 4X system4] For each algorithm, the usean configure anumber 6
(high performance real-time sound processingd aiones A tone defines foall algorithm parameters the
interactivity) and n GROOVE general conceptsof jes for calculatingheir valuesand theirrelationship
controlling note parameters through functiodstime \yith MIDI controls and events.
during performance [6]. _ _ An orchestrais a collection & polyphonic algorithms
It emphasizesymbolicrepresentationsfalata n order (cloned and amap 6 their connection with audidous-

to offer a user interface which is independent Qo5 DACsandADCs. For each orchestra, the user can
hardware architectureand which makes musicaloreate a number 6 tone maps which define he

applications portable. collection d tones to be played and the overall
. orchestral MIDI envionment, alsacalled performance
1.1 Architecture environment

MARS is a traditional thretevel based DSP,controller The creatiorand editingphases btheseobjects involve
and hostsystem[1]. The IRIS X20 Digital SignalProc- different contexts whiclaremanaged jodlfferer_]tproc-
essor $ dedicated to real-time sourgrocessingThe €ssors. For exampléie ouput data ban algorithm or
Motorola MC68302 microcontro"esupportsreaj_time an orchestra edltlng session involves the DSP level (XZO
operatingsystemRT20M developed for soundenera- Microprograms, datanemory values, sample memory,
tion board NERGAL The host computer supports-). While the ouput dataf@ tone or aonemapediting
graphical development environmentARES This Session |_nvolvehe cc_JntroIIeveI (i.e. thg operatingys-
architecture guaranteéigh performanceandgives he temrunning a themicrocontroller) which managebe
opportunity to distinguishbetween soundprocessing MIDI messagesand theperformance environment inter-
and rformance controls, also allowing musiciatess actions (se&igure 1).

use MARS as a MIDI instrument.

. 2. The new hardwae
1.2 Objects The minimum MARS hardware requires a sound

MARS has apredefinedset ¢ primitive objectswhich generation boarlERGAL with 8 megabytes fosample
can ke edited usingARES graphical environmentot RAM and a low-cost audio unit.



Hardware expansion allows to plug to 8 sound gen- The professional audiounit is a 2U standard rack
eration boards together intbe ISA bus extensionsf module. It is modular and may pilot tp8 input/output
the host PC. @ each board, sampRAM may te ex- analog channels and ®put/output digital channels.

panded upd 64 megabyteskurthermoreRIS provides
a configurable professional audimit which allows up
to 8 analog inputs andutputs,and 8 AES-EBU inputs
and 8 outputs or another digital audio interface.
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Figure 1: MARS objects hierarchy

2.1 NERGAL, the new MARS sound board

Each unit can & shared between two different
NERGAL boards.

3. ARES

The MARS music workstationsi an opensystemthat
needs to & programmed and configured. Such
operations areall managed ¥ the proprietary
development systenthe IRIS Audio Resourcdediting
System (ARESunning o1 Windows 3.x andWindows
95. ARES hidesall the low-level feature bthe system,
so users don't havéo know anything aboutthe X20
architecture, paboutthe RT20M details. Furthermore,
ARES providesa set ¢ default behavioursvhich help
users to quicklyprogram thesystem. Finally, ARES
provides any editing in a real-time interactive context.

3.1 Use and programming

The work on MARS usually develops in thrteps.The
steps order described ihe following paragraphs isat

a strict necessity, on the contrananyediting stepscan

be done in parallel thus increasing the system flexibility.
The first step isd createanddebugalgorithms with the
algorithm editor [2] for the processing fo signals:

NERGAL derives fromthe SM1000 sound generatiofynthesis, analysandeffects.This system provideshe

board [1]. t is a full size standardIBM ISA card

running at asamplingrate of 44.1 kHz. NERGAL is
divided into threemain sections: DSP, controlnd

mixer sections.

The DSP section contairtsvo IRIS X20 DSPsandsam-
ple memories.

The controlsectioninclude aMOTOROLA MC68302
microcontroller with thdRIS RT20M operatingystem.
RT20M managesll the MARS objects describeprevi-

ously, and all their interactions with thBSP section,
and any communication through MIIRS232,and BA

ports.

user with arich and expandible library b patchable
modules forsignal processingand with aseries ©
debuggingtools (oscilloscope, VU-meters, etc.) which
simplifies the creatiorand debugging 6 algorithms.
Furthermore,the gstem implements themodules n
real-time, asoon 3@ theyare installed pthe user. This
operation requires no pre-processing or compilatibn
the algorithms, thusllowing one to instantiyhear the
resulting sound.

The cond step is 6 createanddebug timbres [7] with
the tone editordefine their valuesand therules br
calcdating parametersf previously definedilgorithms.

The mixer section controls aset ¢ predefined audioAny algorithm can b configured with anumber of

mixing operations among boards and audio units.

tones(defining its parameters values, iwelopes rd

Each boarchas one connector to/fronthe audio-unit, its waveforms, andssigningand definingMIDI control
andfour connectorgtwo inputs andwo outputs) which parameters, etc.)yimeans ba series ésecondary edi-
allow multi-board links. This lastfeature allows a torsandgraphically interactiveoolsthat are all partfo
create aMARS boards networkvith a parallel,a serial the ARES package.

or a mixed configuration using one or more audio unitéhe thirdstep & to createand debugthe orchestra with
the orchestrand thetone map editors: listinthe algo-

rithms andtimbres which will ke usedand defining the
MIDI performance environmerdssociatedvith the a-
’ chestra. While developing nealgorithms andimbres,
NERGAL board: low-cost and professional. _ the usercreates asort d database fosoundresources
The low-costunit is a small externabox (1/3U)with 4t can b laterused inside one or more orchestfas
two monophonic input linesfour monophonic outputihe execution ®musical pieces. These orchestras e
lines, and one stereophonic headphone output. considered true perfomane@avironmentsoncethe user
specifiesthe polyphony & variousalgorithms used, the

2.2 MARS Audio units
Two types 6 IRIS audio units are availabléor the



list of timbres to k played,the assignmentfoMIDI device or some MAX application [9y playinga MIDI
channels, and finally the configuration of the audio buscore executedyba sequencer, roby combining these
Oncethese three phasese completed, MARScan e techniques.

used for live musicyconnectingit to a gestureMIDI

Audio Resource Editing System - c\marsia_synth
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Figure 2 : ARES windows examples

3.2 Friendly high-level user interface

ARES hides fronthe userll low-level implementation
and communicationaspects related t&MARS sound

generationboard. Multi document metaphor forl a

MARS objectseditors,and realmulti-window manage-
ment makes editingreeasytask(seesome windows ex-
amples orFigure 2.

Design, enhanced graphics, intensivee & short-cut
keys, toolbar buttonsand informationdisplayed i the
active document status bar helpersto interact with
ARES. In generalyou can act orany kind o object ly
following these two steps: selecting theobject ly
clicking on it, and carryingout an edit operation Y
using, the mouse, a short-cut or a menu command.
ARES On-line Help allows user toeach anyind o in-
formation m patchable modules, glossdagrms, editors
layoutsand commands, proceduresd ® on. Further-
more acomplete tutoriabnd adocumented setf @emo
are availabled enable beginner® easily start b work
with the MARS workstation.

3.3 A browser and other tools

While developingMARS objectsthe user createssiort
of database, theatalogof sound resources.

In ARES, objectsan ke accessedybusing theCatalog
Browser The CatalogBrowser hidesall ARES subsidi-
ary files focusing only on ARES object names.

ARES also providesa set d software tools whichni-
proves MARS overall performance.

The Oscilloscopeallows usersto display audio signals
on four independent tracks, pickirtguip & any point of
patch data flow.

TheMIDI Keyboardallows users to send standard chan-
nel MIDI messageshroughone ¢ the availablecom-
munication ports.

The Wave Table Managegllows users tomanage
MARS sample memory. ARES suppoi major file
formats including binary Intel, and binary Motorola.
The Juke Boxallows users to send t& board one or
more performance environmenta & batch session
without running ARES. Furthermorethe juke hox
allows playing MIDI files which makes it verysefulfor
stage use of MARS.

3.3 Arrich set of proprietary modules

MARS is a developmensystemfor interactive design,
implementation antest ¢ digital audio algorithms par-
ticularly oriented to musical applicationany kind o
real-time digital signal processing techniques sash
analysis, synthesis, akynd o filters, and soundeffects
may be realized.

ARES provides about 200 modules ®usedin the al-
gorithm editor environment. This librappvers low ad
high level needs for DSP applicatiosischasarithmetic
and logical operations, manytypes & oscillators,
complex soundgenerators(random, 1/f noisenoise



exciter, pulse, additive, FMAM, ring modulation,..),
physical modeling buildingplocks(strings, reedgubes,
masses, spring,..)and audio effects (delay lines,
harmonizerpitch shifter, doppleeffect, echoflanger,
chorus, everb, exciter,mixer, panpoteffect, enviope
follower,..).

ARES modulesare logically grouped i families. They
may fe easily picked-up from d&amilies Paletteand
patched m the ARES algorithm editor. th the future,
while this modules list will constantly éupdatedand
powered B IRIS, users willhavethe means foeasily
organizing theirown lists, building theirown modules
set and editing their families palette.

On the left, Figure 3 showsan algorithm whichuses
physicalmodeling modules to simulate darinet. The

5. Conclusions

The new release fothe MARS workstationpresents a
completelynew design bthe sound boardNERGAL
and of development environment ARES.

The MARS hardware isnow directly pluggablénto the
ISA bus extensionfa PC, andallows multi-board con-
figuration to improvethe computingpower ¢ the work-
station. Furthermore, mewfamily of audiounitsallows
a more flexible configuration of the audio 1/O.

ARES has a improved user interface, mew design o
all editorsandtools,and itallowsreal multi-taskopera-
tions. It containg browser which makeBIARS objects
database navigation easier. A richer proprietary modules
library and thepossibility d expanding this libraryn

clarinet model uses the classic excitation/resonatof€ase the DSP functionalities of the system.

model: astatic reedollowed ky apipe. The pipe isim-

ple, it is composed Y a piece é tube, aholeand abell.

The output is givenybmixing thesignalsproduced ¥

the four elements.

On the right,Figure 3 showsan orchestra with 4algo-
rithm families. The communicatiobetweenalgorithms
andbetween audid/O is achieved pthe orchestrdus-
ses. These busses alltlae accumulationfoaudio sig-
nals,but also feedback effects. Fexample, deedback
effect s obtained B sending the ouputfahe string

algorithm family to thenput d a distortioneffect. Then
the output 6the distortion issentback tothe string n

order b be added @ the plucked excitation fothe string
model.

BT [*

Figure 3 : Algorithm and orchestra examples

4. Extending MARS

MARS remains a opensystem. 1 is possible, afor the
Atari version, 6 expandMARS possibilities, oto spe-
cialize it for particular needs, yb programming
dedicated new applications [3, 8].

A new development toolkit consisting €/C++ func-
tionsandclass libraries allowgrogrammersd develop
their own MARS applications without usingARES.
However,these applications will éable to exchange
catalogs 6 sound resources with AREShd b sharea
common NERGAL network.

ARES replaceshe old EDIT20 packageinning o the
Atari. It is an improvedenvironment with multi-board
and multi-taskfacilities, but the originafphilosophy”,
and most of the EDIT20 features have remainech-u
changed d@ maintain the compatibility and the
continuity with old applications.

A development toolkit offers programmehe chanceo
createtheir own MARS applicationsand b extend he
functionalities of the workstation.

MARS is a flexible musical workstation whicls used
in a wide range 6 research, musicahnd teaching
contexts such as universities, music conservatories,
computer music research centers, music studios,
interactive museumsand n the musical instruments
and audio industry.
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