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DIRAC LE
License Agreement

PLEASE READ THIS LICENSE CAREFULLY BEFORE USING THE SOFTWARE. BY USING THE SOFTWARE,
YOU ARE AGREEING TO BE BOUND BY THE TERMS OF THIS LICENSE. This software is supplied to you by
Stephan M. Bernsee in consideration of your agreement to the following terms, and your use or installation of this
software constitutes acceptance of these terms. If you do not agree with these terms, please do not use, install or
redistribute this software.

1. License.

a) The DIRAC LE object code, demonstration source code and other software accompanying this License, whether
on disk, in read only memory, or on any other media (the 'Software"), the related documentation and example audio
files are licensed to you by Stephan M. Bernsee.

b) Under the purpose of this agreement, Stephan M. Bernsee grants you a nonbtransferable, nonBexclusive
worldwide license (the OLicenseO) to

i use the Software for the purpose of changing length and pitch of audio signals in your own computer
software product.

ii. link and/or combine the Software with your own software project to produce an executable application (the
Olntegrated ProductO) that can be used by an end user.

iii. copy and distribute, and have copied and distributed, to your customers portions of the Software embedded
into or accompanying the Integrated Product, subject to the terms and conditions of this agreement.

iv. grant end users non-exclusive licenses to use the Integrated Product, subject to the restrictions contained in
this agreement.

c) Legal title to the Software, documentation and example files provided under this agreement shall remain in
Stephan M. Bernsee as its sole property. Except as expressly stated in this notice, no other rights or licenses,
express or implied, are granted by Stephan M. Bernsee herein, including but not limited to any patent rights that
may be infringed by your derivative works or by other works in which the Software may be incorporated.

2. Restrictions.

a) The Software contains copyrighted material, trade secrets, and other proprietary material. In order to protect
them, and except as permitted by applicable legislation, you may not decompile, reverse engineer, disassemble or
otherwise reduce the Software to a human-perceivable form. You may not modify, rent, lease, loan or re-distribute
the Software in whole or in part other than for the purpose detailed in o1b.

b) You agree to include the following copyright notice in all printed or electronic documentation accompanying the
Integrated Product, as well as in all places within the Integrated ProductOs user interface where you are placing your
own copyright notices and mentions the author(s) of the Integrated Product:

ODIRAC Time Stretch/Pitch Shift technology (c) 2005 Stephan M. BernseeO

In addition, you may indicate in the packaging, advertisements, and documentation for the Integrated Products that
the Integrated Products contain the DIRAC technology.

3. Termination.

This License is effective until terminated. You may terminate this License at any time by destroying the Software,
related documentation and example files and all copies thereof. This License will terminate immediately without
notice from Stephan M. Bernsee if you fail to comply with any provision of this License. Upon termination you must
destroy the Software, related documentation and example files and all copies thereof.

4. Disclaimer of Warranty on the Software.

You expressly acknowledge and agree that use of the Software and example files is at your sole risk. The Software,
related documentation and example files are provided 'AS IS' and without warranty of any kind and Stephan M.
Bernsee EXPRESSLY DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE
AND NONINFRINGEMENT. STEPHAN M. BERNSEE DOES NOT WARRANT THAT THE FUNCTIONS
CONTAINED IN THE SOFTWARE WILL MEET YOUR REQUIREMENTS, OR THAT THE OPERATION OF THE
SOFTWARE WILL BE UNINTERRUPTED OR ERROR-FREE, OR THAT DEFECTS IN THE SOFTWARE AND
THE EXAMPLE FILES WILL BE CORRECTED. FURTHERMORE, STEPHAN M. BERNSEE DOES NOT
WARRANT OR MAKE ANY REPRESENTATIONS REGARDING THE USE OR THE RESULTS OF THE USE OF
THE SOFTWARE AND EXAMPLE FILES OR RELATED DOCUMENTATION IN TERMS OF THEIR
CORRECTNESS, ACCURACY, RELIABILITY, OR OTHERWISE. NO ORAL OR WRITTEN INFORMATION OR
ADVICE GIVEN BY STEPHAN M. BERNSEE OR A STEPHAN M. BERNSEE AUTHORIZED REPRESENTATIVE
SHALL CREATE A WARRANTY OR IN ANY WAY INCREASE THE SCOPE OF THIS WARRANTY. WITHOUT
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LIMITING THE FOREGOING, STEPHAN M. BERNSEE DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED
WARRANTIES OF ANY KIND, AND YOU EXPRESSLY ASSUME ALL LIABILITIES AND RISKS, FOR USE OR
OPERATION OF THE SOFTWARE, INCLUDING WITHOUT LIMITATION. SHOULD THE SOFTWARE PROVE
DEFECTIVE, YOU (AND NOT STEPHAN M. BERNSEE OR A STEPHAN M. BERNSEE AUTHORIZED
REPRESENTATIVE) ASSUME THE ENTIRE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO
THE ABOVE EXCLUSION MAY NOT APPLY TO YOU.

5. Limitation of Liability.

UNDER NO CIRCUMSTANCES INCLUDING NEGLIGENCE, SHALL STEPHAN M. BERNSEE BE LIABLE FOR
ANY INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES THAT RESULT FROM THE USE OR INABILITY
TO USE THE SOFTWARE OR RELATED DOCUMENTATION, EVEN IF STEPHAN M. BERNSEE OR A STEPHAN
M. BERNSEE AUTHORIZED REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. SOME JURISDICTIONS DO NOT ALLOW THE LIMITATION OR EXCLUSION OF LIABILITY FOR
INCIDENTAL OR CONSEQUENTIAL DAMAGES SO THE ABOVE LIMITATION OR EXCLUSION MAY NOT
APPLY TO YOU. In no event shall Stephan M. Bernsee's total liability to you for all damages, losses, and causes of
action (whether in contract, tort (including negligence) or otherwise) exceed that portion of the amount paid by you
which is fairly attributable to the Software and example files.

6. Controlling Law and Severability.

This License shall be governed by and construed in accordance with the laws of the Federal Republic of Germany.
If for any reason a court of competent jurisdiction finds any provision of this License, or portion thereof, to be
unenforceable, that provision of the License shall be enforced to the maximum extent permissible so as to effect the
intent of the parties, and the remainder of this License shall continue in full force and effect.

7. Complete Agreement.

This License constitutes the entire agreement between the parties with respect to the use of the Software, the
related documentation and fonts, and supersedes all prior or contemporaneous understandings or agreements,
written or oral, regarding such subject matter. No amendment to or modification of this License will be binding
unless in writing and signed by Stephan M. Bernsee or a duly authorized representative of Stephan M. Bernsee.

Should you have any questions or comments concerning this license, please contact Stephan M. Bernsee at
http://www.dspdimension.com

Copyright © 2005-2006 Stephan M. Bernsee, All Rights Reserved
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Introduction

In todayOswudio processingapplications,independentime and pitch manipulationhas becomean
importantfeaturefor the creation,compositionandmanipulationof digital audio.Applicationsrangefrom fitting a
drumloop to a predefinedempoto creatingbackingvocalsor dynamicallytweakingthetiming of a songto give it
a different feel.

Ideally, suchatime compression/expansi@ndpitch shifting processhouldbe scalableto providehigh quality or
fast processingspeed;t shouldpreservethe relative timing of eventswithin the audio streamand shouldwork
equallywell with musicallymonophonicand polyphonicmaterialwithin a stretchratio of 0.5to 2.0 (doubleand
half speed).

In the past,therehavebeentwo major algorithmtypesin use.Pitch Synchronize®verlap-Addorovidedthe best
time localization(the leastsmearingof transientshut workedonly with materialthathada prominentfundamental
frequencysuchasmusicallymonophonicsignalslike voice.On the otherhand,frequencydomainmethodssuchas

theimprovedPhaseVocoder while providing relatively high quality for musically polyphonicmaterial,still suffer

from transient smearing when used with voice or very percussive signals.

WeOrdappyto introduceDIRAC, theworldOdirst high endtime andpitch manipulationframeworkthataddresses
all theseissuesBasedon a novel time-frequencyapproachDIRAC canbe seamlesslscaledbetweenthe high
coherenceof time domain methodsand the excellentfrequencylocalization propertiesof the phasevocoder.
WhatOsnore, the basicDIRAC LE library comescompletelyfree of chargeso you canstartusingthis intriguing
functionality in all your audio related projects today B cross-platform, on both MacOS and Windows!

DIRAC canbeincludedin your projectin the matterof minutes,is easyto setup andleavesyou without worries
aboutprocessindatencyandlong term accuracylt hasbeenextensivelytestedwith a wealth of differentaudio
signals and offers flexible control over its quality and localization properties.It is multichannel and
multithreading-savvyand hasbeenfound to be extremelyaccurate preservingboth the relative timing of events
and the stereo localization.

On top of this, DIRAC supportsboth RAM- and disk-basedapplicationsandis very easyto includeinto any
projectsincethe actualprocessings performedusingonly 4 callsto the DIRAC coreroutines.You will find an
exampleof howto includeDIRAC into your projectalongwith a detaileddescriptionof its parameterdelow. The
algorithm doesnot alter the timing structureof the audio materialin any way thus providing an accuratetime
compression/expansidool for applicationswherethe relativetiming of instrumentsor acousticcuesis critical
(such as in drum loops).

Also, high quality pitch conversiorfor changingpitch without affectingsamplelengthincluding full anti-aliasing
hasalreadybeenincludedand can be selectedby simply settingthe correspondingparameteto an appropriate
value (s.b.).

1.1 Formant Preservation

Oneimportantfeatureof the DIRAC library is its capabilityto preservehe harmonicstructureof a sound,
making transpositionartifacts such as the munchkinizationeffect a thing of the past. DIRAC is capableof
transposinga soundover a wide rangeof semitonesithout alteringits timbre, makingit anidealtool for doubling
vocal passages in a song, or altering the timbre or gender of a voice.

" Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
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1.2 Dynamic Time Stretch/Pitch Shift

With DIRAC, you candynamicallyalter the speedand pitch of your signal. As DIRAC processegyour
file, simply changethe parametersaccordingto the userinput. You can dynamically alter timing, pitch and
formants of your audio signal, either together or completely independent from each other.

1.3 How to include DIRAC functionality into an existing C++ project

On the Windows platform, DIRAC is suppied as Dynamic Link Library (DLL), which providesthe
easiesway of updatingthe DIRAC componentmakingit independenbf the actualhostapplicationthat usesit.
To usethe DIRAC functionality in your projectaddthe Dirac.lib stublibrary to your projectand makesureyour
compilercanfind the associatedirac.h headerfile. To usethe DIRAC routines,the Dirac.dll library mustbe
locatedin the samedirectoryasyour application,or in anyof the standardLL directoriessoyour hostapplication
can find the file.

On the Mac, DIRAC is providedasa staticlibrary, mainly becausehereare still issueswith dynamic
libraries and compatibility betweenCodeWarrior8, 9 and Xcode. To usethe DIRAC routinesin your project,
simply addthe DIRAC staticlibrary file to your project,eitherby usingthe "Project-> Add to Project" menu(or
similar) entry or by draggingthe Library icon into the projectworkspacewindow. In caseyour compiler cannot
find the Dirac.h header file make sure you add this to your project workspace as well.

Note on AltiVec suppori: DIRAC STUDIO and PRO utilize the full potential of the Mac G4 and G5 AltiVec
(Velocity) engine.For this featureto work, you mustincludethe vecLib.FrameworKXcode)and vecLibLibrary
(CodeWarrior)in your project (a.k.avDSPLibrary). If youdonOincludetheselibraries youwill getlink errors
due to the missing vector functions

Now openyour C++ sourcefile in which you plan to include the calls to the DIRAC routinesandinclude the
"Dirac.h" headerfile at the beginningof your sourcetext. Make surethe "Settingsk" include directoriesare
properly set so the IDE can find the files.

1.4 Definition of terms

We will usetheterms'sample'and'frame’in the contextof this documentationA sampleis the basicunit
of storeddigital audio data.A frameis definedas consistingof 1 samplefor eachchannel.Onestereoframe
thereforeconsistof two samplespnefor the left andonefor theright channel A selectionis a segmenbf frames
selectedby anuserin the editor. We will avoidtheterm'samplein conjunctionwith sampledsoundsandadopt
theterm datasetinstead A datasetis a collectionof framesuniformly sampledat an arbitrarysamplerate,passed
to the algorithm in the channel array.

1.5 DIRAC Versions

Thereare 3 differentincarnationsof DIRAC availableat this time. DIRAC LE is the free versionof the
library that providesthe exactsamequality asthe STUDIO andPROVversionsbut hassomeminor restrictions For
example DIRAC LE canonly processoneaudiochannelper DIRAC instance This doesnGneanthatyou cannot
processsteredfiles with the LE versionDyou simply needto createone separatddIRAC LE objectper channel.
DIRAC STUDIO offers phaselocked stereoprocessingwhile the PRO versionallows processingan arbitrary
number of channels (5.1 surround and more) in a phase locked, mono-compatible manner.

" Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
' Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
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Below is a comparison chart of the 3 different DIRAC versions:

Feature Free DIRAC LE | DIRAC STUDIO DIRAC PRO

Time Stretch and Pitch Shift v

Dynamic Time and Pitch - -

Changes

Phase locked stereo processing - vV

Phase-locked surround procesg - -

Formant Correction - Preservation only Preservation & free
adjustment

Surround compatible - -

Supported Sample Rates 44.1 and 48kHz 8 b 96kHz Unlimited

Time Frequency Localization v

High Quality vV

High stretch ratio accuracy vV

Pitch Shift Anti-Aliasing vV

Pitch Shift Interpolation Band-Limited Band-Limited Band-Limited

PowerPC Altivec Optimization - vV

1.6 About the DIRAC Algorithm

Pastresearchhas shown time domain [pitch] synchronizedoverlap-add([P]SOLA) algorithmsfor
independentime and pitch manipulationof audio ("time stretching"and "pitch shifting") to be the methodof
choicefor single-pitchedsoundssuch as voice and musically monophonicinstrumentrecordingsdue to the
prominentperiodicity at the fundamentalperiod. On the other hand, frequencydomainmethodshaverecently
evolvedaroundthe conceptof the phasevocoderthat haveprovento be vastly superiorfor multi-pitchedsounds
and entire musical pieces.

DIRAC is a cross-platformC/C++ objectlibrary that exploitsthe goodlocalizationof waveletsin bothtime and
frequencyto build an algorithm for time and pitch manipulationthat usesan arbitrary time-frequencytiling
dependingon the underlyingsignal.Additionally, the time andfrequencylocalizationparametepf the basiscanbe
user-definedmakingthe algorithmsmoothlyscalableto provide eitherthe phasecoherencegropertiesof a time
domain process or the good frequency resolution of the phase vocoder.

DIRAC wasdevelopedoy StephanM. Bernseewho haspioneerechigh quality time and pitch manipulationof
polyphonicaudio.In the 1990s,he developedhe first algorithmon the marketthat allowedhigh quality time and
pitch manipulationof musically polyphonicsignalswhich is still the standardin today'shigh-endcommercial
audio processing applications.

The basicDIRAC LE library comesasa free downloadoff the DSPdimensiomweb site andis currentlyavailable

for Microsoft Visual C6+, CodeWarrior 8.x on Windows and MacOS, an&émde 2.x on MacOS X.
!

1.7 Can | license source code?

) IGvemadethe experiencghat many companiesionOwantto licenseobjectcode.Objectcodeis a Oblack
boxCQthatcanonly be maintainedby the original author,who might not be willing or availableto providesupport
for an unlimited period of time, so this is considered risk. On the otherhand,objectcodelike DIRAC doesnOt
interfacemuch(or atall) with systemspecificcalls, which makesit very long-lived comparedo the usuallife span
of an actual end user application.

DevelopersdonOusually hand out sourcecode, becausethey would give away control over their work and
inventions.Oncereleasedsourcecodecanbe modified, re-sold,sub-licensectc. soitOsusuallynotin the authorOs
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interestto discloseit. For DIRAC, you havethe option of purchasingsourcecodefrom me if you wantto. Of
course, this is a more expensive option than licensing object code, but the option is there.

Should you be interested in licensing source code please contact me via my web site at
http://www.dspdimension.conPleasenotethatsourcecodeis only availablecommercially,| do notlicensesource
code for educational or research purposes b please use the object code option in this case.
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Terms and Definitions

The DIRAC routinesare entirelyindependentf any operatingsystemspecificcalls in thatthey do not
containany userinterfacecode.However,DIRAC needsto employits own memorymanagemento be free from
anyrestrictionswith regardto numberof channelsandsamplerate. It usesthe standardibrary malloc/calloc()and
free() callsto dothis. Notethatno STL callsarebeingusedsoyou donObhaveto worry aboutquirks of a particular
versionof STL. You needto makesurethe projectcontainsthe standardibraries(stdlib andmathlib) providingthe
abovementioned functions.

On MacOS,DIRAC STUDIO and PRO checkfor the availability of an Altivec-enabledprocessor(OVelocity
EngineOjo benefitfrom the additionalvectorprocessinginit on thesesystemsOn theseplatformsyou might need
to addadditionalvectorlibrariesto your project.Pleaseseeyour compilerOmanualfor moreinformationon using
Altivec support in your project.

2.1 Processing delay (latency) considerations

The delayintroducedbetweenthe startof the original dataandthe sameblock of datain the outputfile
whenprocessedn 1:1 (bypass)modeis usuallyreferredto astheprocessing delay, or latency.With DIRAC, we
havecreateda processingrameworkthatis entirely free from any delaybyou donOhaveto worry aboutlatency
issues.

2.2 Quality, speed and localization properties
2.2.1 Time/frequency localization and the Olambda® parameter

DIRAC usesa novel algorithm that can be scaledto provide good time domainlocalizationor good
frequencylocalization,or both. High time localizationmeansthat DIRAC producesresultssimilar to the time
domainpitch-synchronizeaverlap-add PSOLA) methods high frequencylocalizationproducesesultsthat are
closer to what you get from an improved phase vocoder.

This ability is controlledby one of two parametersalled @ambdaOwhich is setwhenyou createthe DIRAC
object. As a rule of thumb, a low Lambdavalue providesgood time localization (good for voice and single
instrumentrecordings)while a high lambdavalueis goodfor entiremixes.High lambdavaluestakeslightly more
time to process but are not considerably slower.

The following lambda settings are available:

Value Description

kDiracLambdaPreview This automatically selects the best time/frequency tradeoff for
realtime/preview performance. It is the fastest setting but might not
provide the best results in all cases.

kDiracLambdal Selects full time localization. Good setting for single instruments anc
voice

kDiracLambda?2 Time/frequency localization with emphasis on time localization. If a
setting ofkDiracLambdal produces echoes this might be a better
choice

kDiracLambda3 This sets the time/frequency localization halfway between time and
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frequency domains. It is the best setting for all general purpose sign
and should be set as default for non-realtime (non-preview) process

kDiracLambda4 Higher frequency localization and less time localization. Might be a |
choice for classical music than the lower-lambda settings
kDiracLambda5 Highest frequency localization. This might not be an ideal choice if

youOre dealing with signals that have very sharp attack transients b
might be useful for sensitive material such as classics

2.2.2 Processing resolution and the Oquality® parameter

The secondparametelis usedto settheprocessingguality. A low quality settingprovidesexcellent
performanceat a slightly lower algorithm quality, while highervaluesrenderthe resultsin moretime but at a
significantly higher resolution.

The following four quality settings are available:

Value Description

kDiracQualityPreview This quality mode offers preview quality, which is usually good eng
for a preview to see the effects of the parameter settings or for real
processing.

kDiracQualityGood A better quality mode thakDiracQualityPreview Ctis

recommended as the default quality setting for non-realtime (non-
preview) processing

kDiracQualitBetter Very good quality mode but takes more CPU.

kDiracQualityBest The highest quality mode. Note that this setting cavelpgslow.

2.3 Phase locked multi-channel processing vs. multiple channel processing i

The STUDIO versionof DIRAC supportsstereowhile DIRAC PRO supportsan infinite numberof
channel{memorypermitting)thatit canprocessn a phase-lockegsynced)mannerat the sametime. All of these
simultaneoughannelsaarebeingprocessedisinga phase-lockegrocessinglgorithmthat ensureghatthe stereo
(or surround/multi-channel) phase relationship is preserved.

It is important to understand how this works and what this means exactly.

In a stereorecording,importantlocalizationcuesareprovidedto the listenerthroughthe relativetiming of a sound
sourcebetweerthe left andtheright ear(channel).If atime stretchingprocesschangeghe relativetiming of the
two channelsby evena minimal amount,the stereoimage will be perceivedas OdistortedQAlso, mono
compatibilitywill nolongerbe guaranteedwhich meanghatif you mix downthetwo stereochannels¢o a mono
channel(asis the casein someTV andradio equipmentlyou will endup with very audible artifactsperceivedas
phasing or even cancellations.

If you havethe situationthatthe relativephasebetweenchannelanattersit is imperativeto usethe multi-channel
processingnodeof DIRAC STUDIO andPRO (all channelsare beingprocesseat the sametime). As a rule of
thumb, phaseis alwaysimportantwith stereorecordingsor recordingsof the samesoundsourcethatweremade
simultaneouslyhroughdifferentmicrophonesilt is almostalwaysthe casewith the channelsn a surroundmix. In
thesecasesyou shoulduse DIRAC in multi-channelmode,by settingup a single DIRAC objectfor multiple
channels.

Therelative phaseis usuallynot importantin a multi-track environmentwhereyou havedifferentinstrumentson
differenttracks.In suchcasesphase-lockegrocessinganevenbe detrimentalwith regardto the sonicquality of

" Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
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thetime or pitch changeoperationandshouldin generalbe avoided.You shouldcreatea separatdDIRAC object
for each channel and process each channel separately via its own DIRAC calls to obtain the best results.

With DIRAC LE, you can only process your material as separate channels with separate DIRAC objects.

2.4 Interleaved channel vs. individual channel format i

Many of todayOsligital audio workstations(DAWs) managetheir audio datain interleavedchannel
format. This meansone chunkof datacontainsall channeldn sequentiabrderinsteadof usinga separaterray
dimensionfor eachchannel.Usually, this is alsothe formatin which audiodevicesexpecttheir dataso this is a
OnaturalChannelayout.On the otherhand theinterleavedchannefformatmakesit difficult to shift, cutandpaste
individual channeldecausehey haveto be de-interleavedndre-interleavedlin this casejt makessensdo store
all channels separately and use a separate array dimension to pass the channels to DIRAC for processing.

DIRAC supportshoth channelformats,you canevenusebothin combinationbfor exampleyou could passthe
datato DIRAC asindividual channelsandrequesthemin interleavedformat b thatway you could immediately
write them to a multi channel file or device.

The choiceof formatis madewhenyou createyour DIRAC instanceg(DiracCreate() bPrelevantfor input data
format) and when you requestprocessediatafrom DIRAC (DiracProcess() Drelevantfor output data
format). Please see the next chapter for calling convention and function prototypes.

time=0 time=1 time=2 time=3

channel=0 | data[0][0] data[0][1] data[0][2] datal0][3]
channel=1 | data[1][0] data[1][1] data[1][2] datal1][3]
channel=2 | data[2][0] data[2][1] data[2][2] data[2][3]

2.4.1 Individual channels in data[][] array.

time=0 time=1 time=2 time=3
channel=0 | data[0] data[3] data[6] datal9]
channel=1 | data[l] dataf4] data[7] data[10]
channel=2 | data[2] data[5] data[8] data[11]

2.4.2 Interleaved channels in data[] array.

2.5 Multi-threading safety

On modernsystemarchitecturest is sometimedlesirableto usedifferentthreadsfor differenttasks.For
example you might wantto run your userinterfacecodein a differentthreadthanthe DSP processingDIRAC is
completelymulti-threadingsafe,meaningthat postingparametechangedrom a differentthreadwhile processing
is runningis handledproperly.Any of the DIRAC callscanbe usedin anasynchronousnannerwith regardto the
other calls. Of course, care should be taken that the DIRAC object already exists before any other calls are mac

2.6 Long term precision

Contraryto many othertime and pitch changealgorithmson the markettoday, DIRAC hasbeenfully
testedfor long-termstability andprecision.This is importantwhentime stretchingextremelylong musicalpieces,

" Note that this is only relevant for DIRAC STUDIO and PRO. DIRAC LE supports only one channel per instance.

10
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for exampleanentirefilm score Also, sincethetime andpitch changeparametersreprovidedaslong double,it is
guaranteedhat the conversionby a factor closeto 1.0 (suchasthe 30/29fps PAL/NTSC conversion)doesnot
cause the audio track to lose sync after some time.

Note that DIRAC might provide an outputfile lengththatis slightly different from the expectedvalue when
processing extremely short audio files.

11
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API Description

The following section describes the DIRAC setup procedure and function calls.

3.1 DiracCreate

void *DiracCreate( long lambda, long quality, long numChannels, float sampleRate, long
(*readFromChannelsCallback)( float  *data, long numFrames, void *userData));

void *DiracCreate( long lambda, long quality, long numChannels, float sampleRate, long
(*readFromChannelsCallback)( float *data, long numFrames, void *userData));

This call allocatesa new DIRAC objectandreturnsa referenceo this objectasa void pointerto the host
program.All subsequentalls needto refer to this objectby passingthis void pointeraslast argumentin the
functioncall. If the objectcould not be createdDiracCreate() returnsa NULL pointer.Obviously,no further
DIRAC calls shouldbe madein this case.After processinchascompletedwhich the hostcandetectwhenthe
desiredamountof outputdatahasbeenproducedor a desiredinput positionhasbeenreachedthe objectcanbe
discarded using thBiracDestroy() call.

Note: the required amount of RAM varies with sample rate and number of channels.
Note: Please see chapter 2.4 and the below paragraph on the callback functions for details on channel data fon

lambda

Sets the time and frequency localization tradeoff of the time-frequency basis. Please see chapter 2.2.1 for a det
description of possible values for this parameter.

quality
Sets the speed/quality tradeoff of the process. Please see chapter 2.2.2 for a detailed description of possible va
for this parameter.

numChannels j

Defines the number of channels DIRAC PRO should process. There is no upper limit to this number (memory
permitting). Note that DIRAC LE will fail to create a DIRAC object if you pass anything other than a value of 1.
DIRAC STUDIO supports only 1 and 2 channels.

sampleRate |

The processing sample rate in Hertz. There is no upper limit to this number (memory permitting), the lowest
possible sample rate is 8000 Hz. Note that DIRAC LE will fail to create a DIRAC object if you pass anything oth
than a value of 44100 and 48000. Please see the table in chapter 1.5 for more details on sample rates supporte
the different DIRAC versions.

readFromChannelsCallback

A function pointerto your buffer fill function.Writing this functionis up to you, sincethereis noway DIRAC can
know how your audio dataand channelsare organized.This function is calledby DIRAC wheneverthe library
needs new input data.

" Note that this is only relevant for DIRAC STUDIO and PRO. DIRAC LE supports only one channel per instance.

" DIRAC LE supports 44100 and 48000 Hz. DIRAC STUDIO supports all sample rates from 8000-96000 Hz, DIRAC PRO supports
sample rates starting at 8000 Hz with no upper limit.

12
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It assumeshatyour bufferfill function readFromChannelsCallback() suppliesconsecutivdramesof data,
for example,if thefirst call requestslO framesandthe secondcall request20 frames, it assumeshat theseare
frames OE9 and 10E29 in your audio channel.

The DIRAC buffer fill callback procedure

long readFromChannelsCallback( float **data, long numFrames, void *userData);
long readFromChannelsCallback( float *data, long numFrames, void *userData);

Note that if you specify a function witlvat *data , DIRAC will assume interleaved channel
ordering. In that case, data[] must be appropriately sized toimaktames*numChannels float
values.

A function pointer with dloat **data  parameter specifies individual channel ordering. See
chapter 2.4 for more details on channel data ordering.

Your callback function should accept and handle the following arguments:

**data

pointer to the input channel array. Your callback routine should fill the audio data of the first chir
(i.e. left stereo) iata[0][0...numFrames-1]. The second channel should be in
data[1][0...numFrames-1], asf. Note that the value range for the audio data is expected t
be in [-1.0, 1.0[

numFrames

Defines the number of frames that your function should providats][]

*userData
A void* to a data structure or object that will be passed on to your callback procedure when it i$
called byDiracProcess(). It can be used to pass on an audio file object for that particular

DIRAC instance or any other data that you require inside that callback procedure to manage ypL
audio channels.

If you don't need this option it is recommended that you pA&gLd pointer.

3.1.1 Important notes on callback function operation

Thereis noway to actuallypredicthow manyframesDIRAC needspercall andthereis no guaranteehat
DIRAC requests an equal amount of frames at each consecutive call.

Pleasenote alsothat the numberof framesrequestedhroughyour callbackfunction candependon a variety of
factors,suchassamplerate, DIRAC library versionandselectedDIRAC quality mode.You shouldthereforenot
makeany assumptionaboutthesefigures,andtakecarethatyour callbackfunctionwill handleall non-serviceable
requests gracefully.

In particular,sinceDIRAC hasno ideaof how your audiochannelsarelaid out andhow muchdatathey contain,
make sure you catch any end-of-file condition that may arise from requesting data through your callback functio

Should DIRAC request nonexistent data, make sure you pass zero frames instead.

The callbackfunctiontakesan optionalvoid pointerthatyou canuseto passon anyinformationyou need(suchas
a reference to an object or file) to the code inside that function.
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3.2 DiracSetProperty and DiracGetProperty

long DiracSetProperty( long selector, long double  value, void *Dirac);
long double DiracGetProperty( long selector, void *Dirac);
DiracSetProperty() is usedto actually configurethe DIRAC algorithm before (or during;)

processinglt hasa variety of selectorghatyou canuseto seta specificpropertyat any giventime. Pleasaeferto
the below table for a detailed list of selectors and a description of their effect.

The correspondindunction DiracGetProperty() canbe usedto determinethe valueof a selectecharameter
at any given time. Following are the mostimportantand frequentlyusedselectorsalongwith an explanationof
their effect:

Selector Range | Description
kDiracPropertyPitchFactor 0.5 b | Set/get desired/current pitch shift factor

2.0 | (1.0=original, 0.5=octave down, 2.0=octave up
kDiracProperty TimeFactor 0.5 b | Set/get desired/current time stretch factor

2.0 | (1.0=normal, 0.5=double speed, 2.0=half spee
kDiracPropertyFormantFactor i 0.5 b | Set/get desired/current formant scale factor.

2.0/ | DIRAC PRO: Typically 1./pitch for natural pitch
0.0, 1.0f shifting, 1.0=normal pitch shifting
DIRAC STUDIO: 0.0 for no formant correction,
1.0 to enable formant correction
DIRAC LE: Not available
kDiracPropertyCompactSupport 0.0, 1.0| Set/get compact support for the time-frequency
decomposition. 1.0 enables compact support (3
is the default and need not be set explicitly), 0.
disables compact support. Compact support re
to the basic time frequency decomposition and
only minor bearing on the acoustic outcome of
process. If the result sounds too coarse for all
lambda settings you can try setting this paramq
to 0.0 for a slightly smoother result.
kDiracPropertyCacheGranularity 0 b | Set/get desired/current read chunk size of the
4096 | cache. Smaller values will result in more read ¢
with less frames per read request, larger value
will need the callback fewer times per second §
will request more frames during each call.
kDiracPropertyDoPitchCorrection 0.0, 1.0[ Set/get desired/current status for the pitch
correction option. If set to 1, pitch correction is
enabled and will cause the pitch of the input si
to be quantized to discrete notes.

kDiracPropertyPitchCorrectionBasicTuning 400.0 B| Set/get desired/current reference tuning (in Hz
500.0 | the pitch correction. Default is 440 Hz.
kDiracPropertyPitchCorrectionTolerance 0.0 b | Set/get the tolerance for the pitch correction (ir]

100.0 | cent, 100 cent = 1 semi tone). If the pitch of thé
input signal deviates more than the specified
amount from the nearest semi tone (key on thg
piano keyboard) it is shifted toward that tone b
the specified amount. For example, if a singer
sings 25 cent flat and this value is set to 10, th
correction will shift the note so it is only 15 cen}
flat after the correction.

kDiracPropertyPitchCorrectionSlur 0.0 b | Set/get the time it takes for the correction to re
20.0 | the full correction amount. Typically, notes are
bit unstable at the beginning, because the atta

" Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
' Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
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phase of a sound has a higher amount of noisg
and because singers gradually adjust their tuni
after the onset of the note. The slur time make
pitch correction sound natural because it mods
this effect. Higher values will yield a slower
adaptation time and it will take longer for the
correction to produce the corrected pitch.
However, longer slur times will also preserve
vibrato better.

selector
Defines the property to be examined/set. The available properties are defined as enum cobstaais.in

*value
Pointer to a variable of type long double that contains/should contain the actual value of the parameter to be
passed/retrieved

*dirac
void pointer to the allocated Dirac object

Notethatfor DIRAC LE settingparametersvith DiracSetProperty () doeshaveno effectonceprocessingas
been started.

DiracSetProperty() returnskDiracErrorNoErr when the parameter change has been accepted and
kDiracErrorParamErr if an error occurred.
DiracGetProperty() returns the value for the selected parameter or O if an error occurred.

3.2.1 Detailed description of time, pitch and formant change operation

kDiracPropertyTimeFactor

Determineghe amountof time scalingapplied.Valuescanrangefrom 0.5to 2.0, wherea valueof 1.0 meansno
speedchange.5will shrinkthedurationof the datasetto be half the original length(makingit play backtwice as
fastwithout changingits pitch), 2.0 will doublethe playbacklength,makingit twice asslow without changingits
pitch.

Hint: If you wish to apply a speedchangethat also affects pitch (a Pitch TransposeEffec), you shouldset
pitchScale and timeScale as follows:

pitchScale = pow( 2. ,semitone/  12. +cent/  1200. ),
timeScale = pow( 2. , -semitone/ 12. -cent/ 1200. );

kDiracPropertyPitchFactor

This selectordetermineshe amountof pitch shifting that should be applied. Valuesrangefrom 0.5 to 2.0,
correspondingo a total pitch shifting rangeof 2 octaveswherea value of 1.0 meansno pitch change 0.5 will
transposehe datasetdown by one octavewithout changingits speed2.0 will doublethe pitch, makingit one
octavehigher- againwithout affectingits playbackspeed.The pitch shifting value may be easily calculatedrom
the semitone and cent values set by the user by

pitchShift = pow( 2. ,semitone/  12. +cent/  1200. ),

15
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kDiracPropertyFormantFactor i

Defines the amountof formant scaling that is applied. DIRAC STUDIO supportsvalues0.0 (no formant
correction)and 1.0 (formant correctedpitch shifting), respectively. DIRAC PRO allows an arbitrary formant
factor, allowing for gendertransformatiorandvoice post-processin@ additionto achievinga naturalpitch shift.
In DIRAC PRO,the valuecanrangefrom 0.5 to 2.0 with 0.5 scalingthe formantsdown by one octaveand 2.0
scalingthe formantsup oneoctave.1.0 hasno effectanddisableghis feature.To maintainnaturaltranspositioror
pitch shifting in DIRAC PRO,the formantScale  value shouldbe calculatedfrom the pitch shifting valuesas
follows:

formantScale = pow( 2. , -semitone/ 12. -cent/  1200. ),

Notethatyou canscalethe formantswithout changingthe pitch, therebyachievinginterestingvoice transformation
effects.

3.2.2 Using DIRAC for pitch correction

Automatic detectionand correctionof pitch (intonation)hasbecomemore and more importantover the recent
years.lt hasbeenusedasa specialeffectto producesyntheticsoundingvoice andit hasbeenusedto correctthe
intonationof a singeror instrumentalisto be more precise.Both canbe achievedwith all versionsof DIRAC,

however,we tried to implementthis featurein a more naturalsoundingway, preservingthe original toneand
quality of the recording.

Pitch Correction is enabled by callibgacSetProperty with the selectorkDiracPropertyDoPitchCorrection
and the value 1 before (or duringrocessing.

NOTE that if pitch correction is enabled, the pitch and formant shift parameters are ignored.

NOTE thatyou mustcreateyour DIRAC instancewith alambdasettingof 1 (kDiracLambdal ) in orderfor the
pitch correctionto work. If you donOto this the pitch correctionwill be disabledor is likely to producestrange
results.

NOTE that pitch correctionworks bestfor recordingsthat havea single fundamentafrequency,suchasvoice or
single instruments. If you apply pitch correction to entire mixes you might get strange results.

Thereareseveralparametershatcanbe setthroughcallsto DiracSetProperty with the below selectorsefore
(or during) processing. See section 3.2 for a complete list and allowed value ranges.

kDiracPropertyDoPitchCorrection
Specifiesthe statusfor the pitch correctionoption. If setto 1, pitch correctionis enabledandwill causethe pitch of
the input signal to be quantized to discrete notes.

kDiracPropertyPitchCorrectionBasicTuning
Defines the reference tuning (in Hz) for the pitch correction. Default is 440 Hz.

kDiracPropertyPitchCorrectionTolerance

Definesthe tolerancefor the pitch correction(in cent,100 cent= 1 semitone).If the pitch of the input signal
deviatesmorethanthe specifiedamountfrom the nearessemitone (key on the pianokeyboardjt is shiftedtoward
that tone by the specifiedamount.For example,if a singersings 25 centflat andthis valueis setto 10, the
correction will shift the note so it is only 15 cent flat after the correction.

kDiracPropertyPitchCorrectionSlur

Definesthetime it takesfor the correctionto reachthe full correctionamount.Typically, notesarea bit unstableat
the beginning,becausehe attackphaseof a soundhasa higheramountof noise,andbecausesingersgradually
adjusttheir tuning after the onsetof the note. The slur time makesthe pitch correctionsoundnaturalbecauset

" Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
' Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
' Note that the commercial DIRAC STUDIO or PRO retail version is required in order to use this feature.
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modelsthis effect. Higher valueswill yield a sloweradaptatiortime andit will takelongerfor the correctionto
produce the corrected pitch. However, longer slur times will also preserve vibrato better.
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3.3 DiracProcess

long DiracProcess(  float **data, long numFrames, void *userData, void *dirac);
long DiracProcess(  float *data, long numFrames, void *userData, void *dirac);

WhenyouOrelonesettingup your DIRAC objectyou shouldenterthe main processindoop. This is done
by simply calling the DIRAC library function DiracProcess() periodically, checkingits return value to
determine whether all data have been processed.

DiracProcess() returnsthe numberof framesin thedata array (ie. the returnedvalue should be
numFrames during processing), or 0 when no further processed data are available.

** data
* data
pointer to the output channel array.

If multi-dimensional, the first channel (i.e. left stereo) is expected to det&f0][0...numFrames-1] ,
wherenumFrames is your value for thelata[n][...] array size passed to this function. The second channel
will be in data[1][0...numFrames-1] , asf.

If one-dimensional, the output channels are returned in an interleaved manner. See chapter 2.4 for details on
channel data ordering.

Note that DIRAC LE supports only one audio channel per instance.
Note that the value range for the audio data is expected to be in the range [-1.0, 1.0[

Upon returndata[][] contains the output channel data. Note that the input data is not provided via this
function, it is requested from your application via the callback function defirigidaoCreate()

numFrames

The number of output frames you want to have upon return. There are no restrictions to this number, but make
you allocate a large enougdhata(][] array to hold the output signal. Also, since the call to this function is
synchronous, your program (thread) will be unresponsive if you use a large valueterames while DIRAC

is producing the requested amount of data frames.

*userData

A void* to a data structure or object that is passed on to your callback procedure. It can be used to pass on an ¢
file object for that particular DIRAC instance or any other data that you require inside that callback procedure to
manage your audio channels.

Note: If you don't need this option it is recommended that you pEsd Apointer.

* dirac
void pointer to the allocated DIRAC object.

Please see the accompanying example project for more information

3.4 DiracDestroy
void DiracDestroy(  void *dirac);
WhenyouQOreloneprocessingour audiodatawith DIRAC, you shouldfree the memoryusedby DIRAC.

This is doneusingasinglecall to DiracDestroy . DiracDestroy  anDirac objectandfreesall its associated
memory.
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*dirac
void pointer to the allocated DIRAC object.

Feedback

Contact me!

1Od be happy to receive your feedback on this product through the contact form on my web site at
http://www.dspdimension.coiin the CONTACT area. Thank you for your interest in DIRAC and enjoy the many

features it offers!

Stephan M. Bernsee
May 2005
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