System and Method for Forming and Rendering 3D MIDI Messages RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 60/632,360 filed 5on December
1, 2004, the ®ktiz80ai@Ieure of which is incorporated herein by reference. PUis/EpplSA#3s3is related
to application No. 10/907,989 entitled "Method and Apparatus for Enabling a User to Amend an Audio
File", filed on April 22, 2005, and to Patent No. 5, 763,800, issued on June 9, 1998 and entitled
"Method and Apparatus for Formatting Digital Audio Data", the disclosures of which are incorporated
herein by reference. 10BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relatgs to three-di ional, (victualized) sou (j] Mote parti resent invention
relates to con%@%ﬁ&r@iﬁ%ﬂgﬁm‘wﬂféﬂ%%a ﬁigﬁﬁg%jg;&éw iui%e@%%%ﬁ%% capable of
playback on a variety of instruments 15and synthesizers. 2. Description of the Related Art  The
Musical Instrument Digital Interface (MIR 1S heen accepted throughout the professional
music community as a standard set oFHeESagESRItHe 2 MO e control of musical instrument
performances. MIDI has become a standard in the PC multimedia industry as well.  The General
MIDI standafthivapplivaitenchiites diefibentfit afbil8blednisionaioie fivaidi Dlocaorgsjien fileguch a way
o B PR Ahd AR AP ORRIS, PRS R hL g usie ouid be
This application is related to application No. 10/907,989 entitled “Method and Apparatus

for Enabling a User to Amend an Audio File”, filed on April 22, 2005, and to Patent No.
5, 763,800, issued on June 9, 1998 and entitled “Method and Apparatus for Formatting

Digital Audio Data”, the disclosures of which are incorporated herein by reference.
J L BACKGROUND OF THE INVENTION
1.  Field of the Invention

The present invention relates to three-dimensional (virtualized) sound. More
particularly, the present invention relates to controllers for generating and rendering
three-dimensional (3D) sound messages capable of playback on a variety of instruments

15  and synthesizers.

2. Description of the Related Art

The Musical Instrument Digital Interface (MIDI) standard has been accepted
throughout the professional music community as a standard set of messages for the real-
20 time control of musical instrument performances. MIDI has become a standard in the PC

multimedia industry as well.

The General MIDI standard was an attempt to define the available instruments in
a MIDI composition in such a way that cdmposers could produce songs and have a
reasonable expectation that the music would be acceptably reproduced on a variety of -

25  synthesis platforms.

Pa_ge 1



25 synthesis platforms. When a musician presses a key on a MIDI musical instrument keyboard
containing or communicating to a rendering music synthesizer, the following process is initiated. The
key depressw 0 as a key number and "velocity" occurring at a partitaiseonseasin time on
one of 16 MIDI channels. The MIDI channel associates the 5 key depression with a specific MIDI
musical instrument keyboard. A MIDI channel is separate and distinct from an audio channel and the
two should not be confused. In addition, there are a variety of other parameters which determine the
nature of the sound produced. For example, each MIDI channel may have assigned a variety of
parameters in the form of MIDI "continuous, controllers” that alter,the sound in somge manner. The final

10 result of this pr 3 IS IRERERS AP it opsial IstumeRL<Er 8t o sound.

Legacy MIRbstAAEVSaaaRRisIIROH|aYhRtabanus SwReRiRY, SReriingm pastearameter to
designate the balance or mixing between the ri?ht and left streams of the, stereo signal to help position

the sound dBilisiethdihrdesy dppreprandss ASekSy MmbSF s celoeibe arFEREIS AhRcontrol for
the placemgni o, iBeisauRc S ANESntbR: 8OMIDIRRREERPRRIST ShalReNadhs sauag Source in a

three-dimensional field. . Three-dimensional sound is defined as audio that the listener perceives as

emanating h@fﬁ@@ﬂ%ﬁﬁh}@pgﬁﬁgmmﬁm&mﬂ&n@e@ﬁk@mmwsm Rbanbelis widely used
in prOd”C'”Qeaﬂl%qt@eﬁﬁﬁ&i%ﬁ?ﬁ&ﬁ'ﬁﬂ%ﬂg' %‘T%H’{h@&?c%ﬂ&[ﬂf&%%‘i%\éec@iﬂﬂk%& fems, particularly

video game 10 on personal computers. Modem 20 economical audio processors have the
processingasiditieniiiberware arcaipte ooty patgraeziiabibioh detgrsingdlsysabams ofithespamde, it now
has become more feasible to render, content in,small embedded. systems, such as
Piodys it orea ol witpge i b ety sl S s e v S
‘home-cineithe, fuitie of el < condinosic coheroibee ithmnaltadirgstamtin Sechanmeinpro MietiBnaby stems to
addr 25 these new playback configurations. Since modem Interactive Audio rendering systems
nave Rlore STARLSTH BISNRER 5 A0 26 5o, RGBT REOTS AOHR TS RIS e yrate the
functionality of music synthesis and interactive 3D positional audio. WO

20061060607P C o204 by, BESOHBINGTG BRI SPAD SR ARV P lmespyal sound

the advancement o sic messaging formats from a‘simple stereo rendition ee-dimensional
sound renditiopisaaisttiesicsitaateshekalaupte ot wiing betdeeir thsi eightcmdAsfi atwamp ofition

expressed 1 SN (EARR MPHE IR ARABI AT pIARIR o R 16,5l of e

three-dimensional sound rendering.
provides a one-dimensional control for the placement of the sound source, the legacy

15  format is incapable of placing the sound source in a three-dimensional field.

Three-dimensional sound is defined as audio that the listener perceives as
emanating from lo.cations in their surrounding space. Three-dimensional sound has been
widely used in producing and rendering compelling audio content for modern Interactive
Audio systems, particularly video game audio on personal computers. Modern -

20  economical audio processors have the processing power that was once previously only
available in very large systems. In response, it now has become more feasible to render
- such 3D content in small embedded systems, such as stand-alone synthesizers or mobile
telephones. With the proliferation of multi-channel systems for home-cinema, video
games and music, the need is increasing for multi-channel production systems to address
25 these new playback configurations. Since modern Interactive Audio rendering systems
~ have more processing power than ever before, it has become more feasible to tightly

integrate the functionality of music synthesis and interactive 3D positional audio.
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SUMMARY OF THE INVENTION  The present invention enables MIDI-generated audio streams to
be perceptually associated with specific locations in 3D space with respect to the listener. A
conventionaM@BbgaéveErameter is redefined so that it no longer specifies frervokivs/daance 5
between the audio being fed to two fixed speaker locations. Instead, the new 3D MIDI parameter
extensions specify a virtual position of an audio stream in 3D space. Preferably, the relative position of
a single audio stream is set along a predefined arc in 3D space. The format specified in accordance
with the invention also specifies the manner in which the arc itself is defined and controlled. Further,
the distance of the arc 10 from the listener for rendering purposes is defined. Provided is a method for

specifying the peResosizing Biedatsniormphsris ondhireimansionalsonnd, the adsetepratafisting MIDI
control infgimationisINARYHRMEMERGUY RIS e dievhsResiicatinRRysiaMséiagiextended

message system). ThiS enables the automated upmix of legacy MIIDI content to full 3D MIDI content
through a EBdikioplés plsadesitablenEyysramplpdinvoridr dosirehledeniyes megmpafitiimudio
streams tQ e ' ' j it stream into the
left and rig% g%)se% ersgcsg%%ﬁ%%mﬁaﬁé %%%e@%ﬁg%@g%a%g{dg%%?ﬁ%% uprnix to a 3D
spatidizatiapablpafiitedwsthdinciscadismtidegaleingrmation in the original legacy 20 MIDI
messages or causing aberrations in perceived location of the single composite stream implied by the
original pan information when positions of virtual speakers are changed. For example, the present
invention avoids the possibility of a center-panned stream flipping from being heard in front of the
listener to being heard behind the listener as the two virtual speaker locations are continuously
fepositioned from first positions at 25 60 degrees right and left to second positions at 120 degrees
right and left of the listener. A system is created and designed in part to playback legacy MIDI
content on a 3D instrument, synthesizer, or system. The messaging system allows the addition of new
controllers to take existing content, placing it in 3D space, and manipulating it Our 3D WO
2006/060607PCT/US2005/043531
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messaging system (3D MIDI) also allows the creation of new original content that is backwards
compatible with existing MIDI playback systems.  An implementation specification is generally
defmed herévOvehbsli@snTains the formulas for the combination of the new J0IVIRioosnussders and the
legacy MIDI Pan 5 controller. That is, the implementation preferably uses Pan Spread as a way to
upmix 2-ch MIDI content. In order to createa virtual position for the sound source, a Pan value is
received and multiplied by Pan Spread. Then, we use azimuth and elevation values, followed by a
rotation of the roll value in order to specify a position in space. In this embodiment, one assumption
made is that the Pan signal from MIDI relates to a note 10 along an arc from left to right. By using Pan
Spread, we make the arc wider or SHVMIMAR WOV IHEANVEREICread as the arc between the 2
virtual speakers, i.e., between the left reference position and the right reference position. While no pan
spread parameterThapitatiénveitgacsnbbled NTBDpeasegeadcamientfcamsticherpstirgiegpey MIDI
system in one embqdiment is.assumed to,_be placed in, 15 three dimensional space by using a default
value for Ao CBRUE BHsERICI o LSAT R ShAsSR F GRS O ERhERe 30
degrees fragmpIg,ae Faiaince HoRRARASIIARONRY BaskNpdseis il vRldasdBelaiadly include

azimuth (0 degrees) and elevation (0 degrees). Further, other methods are provided to promote

2-chanhel BEEY tdisbring Kl 4o iva dived gpediianipentions- iptsah the By B AR s according
to the valugghinadeaaeyhttalsteRif? vl fosmi frrReiRiib wHban $iibhg scope of the invention

includes variants where the same, i.e., the conversion from 2D to 3D, is done from other legacy MIDI

p;_;lrameteré? refesably, ihamdntiie Rosition of vsingleadiaraeanpisrssheiensarrsdalinedwserx 2-ch
Sources, prfegahly eMRIsIoNs aiecRieYfed iBrdaino.adaiio Rl erMiRhearvgiers for more

flexible upmix éffects. For example, useful upmixing is accomplished by reniapping other parameters

as a functisrrohsinoybichcteren ilseld inlefinsdrend cwrsqlied., Burdististhagistraketioftbisiprpetween the
key-viaéocitﬁgﬂﬁ@ﬁ@éﬁg%ﬁﬁ%ﬁa r&@ﬁtﬁaﬂé e scope is intended to extend to manual or

automated upmixing o messages wWherein relationships are established between

conventional MIDRiameies b, NS AR ATIRIES NP RUE RBIMBIRE B RIgatons that

we have defined and discussed above in
audio streams such that the pre-existing MIDI control information is inobtrusively

incorporated into the new specification system (the extended message system). This
enables the automated upmix of legacy MIDI content to full 3D MIDI content through a

15  simple parameter-remapping scheme.

Legacy MIDI messages may control audio streams to be rendered on left and right
speakers, with the relative amplitude of each stream into the left and right sp:eakers
controlled by the MIDI pan parameter. In one embodiment, the upmix to a 3D
spatialization is provided without discarding the pan information in the original legacy
20  MIDI messages or causing aberrations in perceived location of the single composite
stream implied by the original pan information when positions of virtual speakers are
 changed. For example, the present invention avoids the possibility of a center-panned
| stream flipping from being heard in front of the listener to being heard behind the listener
| as the two virtual speaker locations are continuously repositioned from first positions at

25 60 degrees right and left to second positions at 120 degrees right and left of the listener.

A system is created and designed in part to playback legacy MIDI content on a
3D instrument, synthesizer, or system. The messaging system allows the addition of new

controllers to take existing content, placing it in 3D space, and manipulating it. Our 3D
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According to one aspect of this embodiment, a distance model with a fixed-point distance parameter is
used to accommodate a limited number of bits available in the 5 MIDI message format. The
conventionaegasydgiidlz specification allows for 7 bits of precision or 14 biscafysemisenssithe
message content or values. In 3D MIDI we determine distance as a ratio of an absolute distance to
best utilize the limitations of the data format. This distance, called the maximum distance, is expressed
in absolute units. It is used to define the range of distances where changing the distance between the
10 listener and the sound has an impact on the sound intensity. Because of the limited number of
steps that can be used to represent such changes, encoding the distance as a ratio of the maximum

distance pressaginghey sievnABM S risorallons the sreatien el semeriginal rennt aahds within its
effective range; W&e also igttirbcig% 3, ‘3{:& mﬁi pReGadp millibels (rB), as an absolute way to
Vorimes or e ?Jto}%elgs e '

control the Volurmes of the conten patialized. ccording to another embodiment, a user

interface is providhje smnia NS RAIAMAIETS bakeany GLIFR BRI VANl ey MIBk g hesizer

Our output is the presentation usic message or notation system that can be received by 3D

engines afichoniashite thtocdMisoaiich Slthhaencid, WEremnttellercirddbsdegaeysyBlahYenat can be
read Ry the morg primitive legacy (i.e., "standard. or 2D) M| uging features
of th mescgggé’ ﬁ%?mﬁé%% ﬁv%tﬁ%ﬁiéa e%nf%yoﬁ}l FB?%)%@H}.S% %ﬁ%ﬁ%@%&%%%ﬁnﬁé %B%%%@MIDI
content toNIHB CoMént. chndediri toatkitye diktuahpositibo dimtet sinrodi ghuecsjm Bl patasrieter remapping
scheme. A collection, of MEDI 25 nqtes,, each with its own Pan parameter value, can be repositioned
so that thd {618 ‘?;1Hﬁqglﬁ%?%?’é?gwgﬁ?agﬁ\ﬁ‘%g?@eug?%@on g&ﬁ}%‘rﬁg %%g%ﬁ%from a full 360-
degree cirglgsueibindingatien st aneroIWA200 6HIEOGOFRETY W $RANGAIA3PAde. Iithibodiments of the
present invention allow MIDI-generated augdio streams to_be perceptually associated with specific
locations FESERSEL RAK ASTHRID ﬁéﬁ&%ﬁ&@%@%ﬁﬁ%@éﬁ@b&éﬁﬁ? Bféga%arameters, the
utility @f tha RricinakE st fermetipni ey asap/eaa BpRad, ieieie Ronidiaronakemnietisefully

augmented to produce a more 5 compelling listening experience.  As known to those of skill in the

relevant aM& YAl the s Srasan s the RO TIurtR e W SRRRKSSal S PEPIRFR & Etreams,
intended tR.£opRAMRRGHRilRTh a0 Hiahigheakesacyiibsiierelative amplitude of these two streams

controlled by the MIDI Pan parameter. Embodiments of the present invention provide methods for 3D
spatialization 10 Wﬁﬁ@ﬁl?ﬁ%ﬁ%&%@%ﬁ%&e@iﬁ@hﬁ@ﬂﬁlﬂeﬂﬁlh@d@ﬁ@ﬁ&@iﬁm@mm reduced or
decimated down to a single monaural stream. Subsequently, the single composjte stream is
spatialize&%é@?ﬁﬁ@%@ﬁ%ﬁ@%@%ﬁ@d&%ﬁ'&?ﬂ@ﬁbﬁ E‘ﬁé’@?ﬁ}%ﬁ esﬁ’#g%%la&ation in 3D

spaqe; theyRRIGH IS MMAVPES BithdNg Aorations iud RS PaseprAg soBedelretinmive, virtual
speakers implied by the two streams. . o o .,
deipmed to spread in both left and right directions 30 degrees from the normal, “on center

position. Other assigned default values preferably include azimuth (0 degrees) and
elevation (0 degrees).

Further, other methods are provided to promote 2-channel MIDI content to 3D by
20  automatically setting one or more 3D MIDI parameters according to the value of the
legacy MIDI (i.e., 2D MIDI) Pan parameter. Further still, the scope of the invention
 includes variants where the same, i.e., the conversion from 2D to 3D, is done from other
legacy MIDI parameters. That is, in addition to the use of the pan spread parameter as a
way to upmix 2-ch sources, preferably extensions are prox}ided for using additional 3D
25  MIDI parameters for more flexible upmix effects. For example, useful upmixing is
accomplished by remapping other patameters as a function of yet other conventional
M[DI parameters (e.g., establishing a relationship between the key-velocity parameter and
the distance parameter). The scope is intended to extend to manual or automated

upmixing of conventional MIDI messages wherein relationships are established between
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15The 3D MIDI specifications may also be incorporated within other patented MIDI synthesis schemes
such as that described in US Patent 5,763,800, the entire specification of which is incorporated by
reference aswidaiyegEotomh herein. According to the 3D parameters descrildsciivigszins/tasssiherently
speaker-centric  specification of conventional MIDI is improved by the development of a
listener-centric 20 specification that retains all of the information and meaning embedded in the
conventional MIDI specification while also enabling it to be usefully extended and augmented  Just
as the legacy MIDI Pan controller is MIDI channel-specific, i.e. each MJDI channel can have a different
value for the Pan, alﬁmxtensmns de bed | e 25 |n ntlon re MIDI channel -specific. For
example, eﬁ%ﬂvﬂ}ﬁ B%‘“ﬁ%%fx%s en’f‘% o PP gurther each

note or eveiitdfpRetRiins ﬂﬂ%@&@’e&i&ﬂi@d@i@&%ﬁﬁ)ﬁcﬂd&ﬁ&hﬂ@[ﬁh@lﬁ' can be manipulated by the
pan, pan spread, and other extensions described herein. While the preferred use of the embodiments

described herein jsces:apitiesldige Mipaobigitals eHbodtaratos tsrnve pitaili withts0iMReatT he scope
is intended tp extend to any input stream of events describing a position in a,sterep field. An event can

be as simpfUSiRGe RABIRIFASIUSSHIR Arffermed & omied nrmabier b i Ry Mledaibsiso include
respective FINGHAREIOFINRRaHRadh fintioretiasdipviite spddiS-aeRaIRDWNFBP Biia sxtend to

events as broad as in c uded in instruction streams specifying positions for lighting effects or to the
positioning BeitRAb Mabie afanesisicarn thaeereaseeomant ofwluss iAndliMEdixstireams.  In

 accordancqyith e AmbRd b BIEaBAl RO BNORINS Y ainA P h Rl spaaton space

is provided. An input stream of events with at least one event having 10 a Pan parameter that

describes éméﬁm%@émwﬁlﬁdébmm@mwmss&d isurpsalpssmdia.in the
présentatiog RRRE] {5 Ha&%@%%% TS STPINR 8@(51%%{2%%%&%5&‘5@ HGHR.SPread

parameter controlling the angular ize o‘#‘the stereo fiel utput position is aSS|gned to at least

one elent listenensnddhonaidhisre mbodinse nt thesmput stewityiSedonB oidaalimitadhe at least one
eventis a %Qllb@f) § Jt@ﬁéef&lat can be used to represent such changes, encoding the distance as a

ratio of the maximum distance presents the advantage of maximizing the precision of the

distance encoding within its effective range. We also introduce a gain parameter,

specified in millibels (mB), as an absolute way to control the volumes of the content to be

15  spatialized.

According to another embodiment, a user interface is provided to compute the

parameters that control the 3D portion of a MIDI synthesizer.

Qur output is the presentation of a music message or notation system that can be
received by 3D engines and converted to 3D sound. Furthermore, we provide a
20  messaging system that can be read by the more primitive legacy (i.e., “standard” or 2D)
MIDI systems and played back using features of the message compatible with the legaéy
~ MIDI system. '

An automated upmix of legacy MIDI content to full 3D MIDI content is achieved
in one embodiment through a simple parameter remapping scheme. A collection of MIDI
25  notes, each with its own Pan parameter value, can be repositioned so that the notes
emanate not merely from a 60-degree arc in front of the listener but from a full 360-

degree circle surrounding the listener.
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15 another variation of this embodiment, the at least one event is an audio event and the method
further comprises reproducing the event so that its location is perceived as the output position in the
listening spa#& 2006/6@dFordance with another embodiment, a method of pBeitimsagenas3ass in a
presentation space is provided. An input stream of events with at least one event having a 20 Pan
parameter that describes a position in a stereo field is received. At least one subdivision is defined in
the stereo field. Each of the defined subdivisions is associated with a Pan interval of the range
provided in the Pan parameter. An output region in the presentation space is determined from the

combination of thegPan i I e at least one.stereo fiel bdivision with a spread parameter -
controlling the ang u@g@g% ﬁgé% g?ee%l%? ﬁ%ﬁﬁf’%neacf{?t%’u ; @g’lngﬁg ﬁ‘r‘&é?ﬁ'gﬁ% hee is
assigned toR¢recpiueliynsvoeisteddwittispedifionecutivadinn3nl spicemith iRt tdhad MR is a
MIDI signal gﬁhe at least ane gventis a MIDI note. In yet another variation of this embodiment, the
at least onesgé}e téaslépgﬂa ?(? S{}(SHI SHHRTETSLT o (A HHLY & fhesiginal harindreatiorient so that
its location jgrgsercedvddeases thanaigigalPm Hﬁﬁﬂﬂ@h@@%ﬂﬂf%ﬁ%ﬁ%ﬁgi&?&%cevé(%m@
2006/0?06007510 US§005/043531 Jn yet another aspect of this embodiment, the spread parameter is
used to cre&te B PEINRESFRENSRERe events in the presentation space.  In accordance with yet

another embodim%nt a methoﬁof pasitigning events in a presentation space is provided. An input
audio stream compriamy 4t i Eﬁﬂiﬁﬁg’lﬁf@%@& 1 AEN spessesn permaitbat tleam defining

sounds posititpiediitha siedesricisla pag @f@ﬂmﬁéﬁxﬁ&%&%@e&ft&\égf?e%%r{bc%ﬁ%?dtﬁ% rive a
secondary augg) streaiq gomé)%’sélfng three or more secondary channels of audio. At least©ne

secondary AT & & griditdroefitbesp franstraimp souaclebby thobBBbRin the stereo
field, An ousprepaciiBmibokiepiemerVRlipR spRSH i IsiEFBIARY HomL e sempinglion. of e 10
positigﬂ parameter with a spread parameter controlling the angular size of the stereo tie " The output

positidh is SELEHETES HHeaR-e Ascoringkiomrnenbadimet, hoservanttan of thisedbodiment, the
input streayissiRely 88T AR AleRANYELANBLIRIIAHINA! tisigmbodiment, reproduction of
the at least one secondary audioEZhannel comprises genggﬂ%%%r:tﬁéég}glg@%nagp oh 55& dphones or
loudspeakdfSPitialitedn AReerdinmta ot alicmuiverisobidiormnt rethpr dach ppeaifidtersiughd to create a
wrap-aroungLeHasPENe U R %ﬁﬁ&gggﬁg%ﬂ o 1ndnaccordgoce with angther
embodiment still, a methggpl of upmixing an ihput sglgna %%ﬂ%%]e%%d%sc%n ror gt f)sflf) Vided. An input
signal havifR§tadirdiedatasvisamd srerkersdemiinstbirdhe the stistros.data is received. A second set of
parameters is ‘20 derived from the input signal audio control data. An output signal having the second
set o]rﬁarametersTQEs%@&@Rﬁﬂﬁcﬁﬂlga@én%m@é@lwbeés@@BQIMWkﬁmmtﬂa@amwamBEers in the
output signghisegosifiemassadvaciion afalieasion 155 38h6! parameters provided by the
input signal. In one variation of this embodilment, th§ ﬁ%o%]ﬁs%?%i?sbg’ l{%ﬁﬁn?%ens eah%%ﬁjilé’lﬁrst set of
parameter&fcthifirisdacarnezated by sifosnvoduibfioly Bricfiith Yakime, Balance, Pan, Expression, and
Pitch Bend (MIDI parameters). The output signal is a 3D MIDI signal and the second set of parameters
comprises at leadtSSAEIBIE ke the SR PRyBEEnDcseriberbhersina timinlerEidy apenkBaimtiistance Ratio,

‘Maximum fiieRege5 RV MBI VB ARE: SERNS Bes d%i/sétf%?):rcneent of a listener-centric

20  specification that retains all of the information and meaning embedded in the

conventional MIDI specification while also enabling it to be usefully extended and
augmented

Just as the legacy MIDI Pan controller is MIDI channel-specific, i.e. each MIDI
channel can have a different value for the Pan, all of the extensions described in the
_25 invention are MIDI channel-specific. For example, each MIDI channel can have different
values for position and Pan Spread. Further, each note or event in a series of notes or
'_events provided by a particular channel can be manipulated by the pan, pan spread, and

other extensions described herein. While the preferred use of the embodiments described.
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Pan Spread, and Roll. In accordance with yet another embodiment a method of positioning audio
events in a presentation space is provided. The method includes receiving an input stream of events
with at least \W2e86#t0nel/ing a Pan parameter that describes a position in BGt8is20é#E33e Pan
parameter combines with rendering parameters of the presentation space 5 to assign a secondary
position in the presentation space to the event. The secondary position is combined with a spread
parameter controlling a wrap-around effect in the presentation space. As a result, an output position in
the presentation space is assigned to the event. In one variation of this embodiment, the spread

parameter is cantrolled by.the u n.a userinterface device, sych as by turpin bal spread
control. 10Y& %‘ﬂé%haéragﬁiﬁgm%?%fﬁ?&%ﬁﬂﬁeg ﬁb 1%?8{#5’ ‘%ﬁﬁeﬁﬂﬁé‘lﬁo ting an input
signal havingapediviarntal deéainid pruopippiisioeaheliveniirdsst3bing HyRlsatuH 68 dagation
information, input signal having an assogiated pan parameter for defining or describing a position in
a stereo fieﬁ?@‘r@@ewggt. %‘bgﬁ @W@%&feﬁgﬁéf@ i&ﬁ?@ﬂl@?ﬁ%ﬁ’é oy feitly by its default
value to defingitie AbINRLREANE BicARISHEspRAPRIhARSIIONS fof tho[aaFiiRabRitorf laRgLONe

location parameter is specified for defining the location of the predefined arc. Accordingly, the output

g
signal i cofilRfurthascsrissataned DA e GurEks shirad a8 inckided dn bsliprtiag: the pan
parameter, {he.RAN SRR PSS TR gAY QEANA P RS ARSIGIRIMAS [pMARAXRiFity stated
parameter value or from implicit default values. 20In a further aspect, the location parameters
comprise aflaBRARASH MBS SoPssifgRdieRbinanvtinedie steAmBredefined arc relative to the
orientation of the listener; an elevation parameter for specifying the center point of the predefined arc

relative to a horizdRtGEHEcEUNAGH ABRRIPRAIRHeR gt ingsiiening eTsntontroliRbord tilt of the
predefined B gt IP 10 e BRIAIRIRNE, T RAG DI VaiRrstupRdAdiBRGRAT AR eter for

specifying thé distance of the center point of the predefined arc from the listener. In"accordance

with &%tha%@aﬁm@ﬁr,@aﬁm@wﬁét@m@ astitcelfieldig e frshinnthe prasessidMIDI control
signal is praieee b IRLERR eINRLia ENRARERL Wi WAl P FRIRRINIIRNAR AN the
alc an suc

location of a predefin pan information tocorrespond to an input signa as including a
pair of audibhstReamsranrtemeitioa spreeil psramsseminipitiegpbsitogahirdomoedionsterah Eqldedefined
arc; using nformation for the streams tqQ define a.virtual source position al n%Ihe redefined
arc; and gé?%r%’%gg%%ﬁ %?g %%iﬁg s%i (E:g%?gelgr%é%n?}}ﬁge ¥8nt1i'1(ie§l Virtaal sé;fljcr’cﬁeosg%g’s? ion. eel{é’redefined
arc is definte npat shwsvinatioM B gnak tawdolef $héchotlondryqmaiambfEnE noitheln grefault values:
maxiqum distanc [0 at maximum distance, distance ratig, reference distance ratio, azimuth angle,
elevation agr%q&eﬁgfﬁ%%%%g?%f glr?dﬂllé, an qggl?ﬁ . r%ézf 3%%5%’3?%@%%%‘%1&%‘,’? I@Sntrol signal is
processedtweiay/iikether comprises reproducing the event so that its location is perceived as the

output position in the listening space.

In accordance with another embodiment, a method of positioning events in a
presentation space is provided. An input siream of events with at least one event having a
20  Pan parameter that describes a position in a sterco field is received. At least one
subdivision is defined in the stereo field. Each of the defined subdivisions is associated
with a Pan interval of the range provided in the Pan parameter. An output region in the
presentation space is determined from the combination of the Pan interval of the at least
one stereo field subdivision with a spread parameter controlling the angular size of the
25  stereo field. The ouiput region in the presentation space is assigned to the at least one
subdivision. In one variation of this embodiment, the input stream is a MIDI signal, and
the at least one event is a MIDI note. In yet another variation of this embodiment, the at
least one event is an audio event and the method further comprises reproducing the event

~ so that its Jocation is perceived as emanating from the output region in the listening space.
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10 spatialization cues to perceive a sound source corresponding to the MIDI control signal at a virtual
location in three dimensional space. The position of a panning arc in the three dimensional space is
initially defm®@ 0860406041 source position is defined by reinterpreting the pRETEGIRIOS 04333 heter
associated with the MIDI control signal as a relative position along the panning arc. In one aspect of
this embodiment, the audio data 15 streams are a binaural pair filtered such that the sound is
perceived as emanating from the virtual source position. In another embodiment, the audio data
steams are multichannel streams configured such that when the streams are rendered on a suitable

multichann i the listener.perceives the sound as emanatjng form the virtual source
position. 20T qé%%lgon e%&%ﬁé%gﬁﬁgg ane g%{l/%%?taﬁdeeg%ﬁao@%’é@q’f IRV Gh Erateaskbed below
with referenaoundiefietbofitigseva R FRpRERIBTIONAE 1111, DRAWINGS . FIG. 1is a diagram

illustrating conversion of conventional or 3D MIDI signals to augmented 3D MIDI signals in accordance

with one embodimBracsbiidenoeewithiyietsamntier. embddicheRt| ainairsn phumicaing dRMiAg and
rendering o a ' Iment of the present invention. FIGS. 3A-3C

sgplall in accor.dance.é{vah ne embo%
are diagrame Musitatngreonversbnds td%ﬂ/@ﬁ?%ﬁ‘é 0 TPerg carwRe sine sisars neskwrarlnde with one
embodimerdudidtie peebesd, thednporafiic steitpdanRRabIEIIRGLSLARS IURNE SR AR

extensions to a le acr}[/J g‘o MIS“I sjgnd| in accordance with one embodiment of the present invention.

FIG. 5 is a dHgraff fioirussacessss iniflsrive msmesndaty audietsabawsition in 3D space
in accordaneenpiifignhembogifne Bt AnhSyURARRIICIIRS- At lé:a@pﬁei§e@o(§§ﬂ?{:ﬂ%§f@fmg the
ance Wi

attenuation d&gmce relationship using the extended .3D parameters in accor with one

ermbodimerit! ﬁ%ﬂﬁ?&?ﬁtqmmm%m@r g degraiheme peritionitrytheuseremftdcarin accordance
with one ershipdirpesitioh e $PERhaNER UBRe is determined from the combination of the

10 position parameter with a spread parameter controlling the angular size of the stereo field.

The output position is assigned to the at least one secondary channel. In one variation of

this embodiment, the input stream is derived from a MIDI signal. In yet another variation

of this embodiment, reproduction of the at least one secondary audio channel comprises

generating an audio signal to feed headphones or loudspeakers. In yet another aspect of
15  this embodiment, the spread parameter is used to create a wrap-around effect of the

events in the presentation space.

In accordance with another embodiment still, a method of upmixing an input
signal having audio control data is provided. An input signal having a first set of
parameters identified from the control data is received. A second set of parameters is

20 derived from the input signal audio control data, An output signal having the second set
of parameters associated with it is generated. At least one of the second set of
parameters in the output signal is modified as a function of at least one of the first sef of .

- parameters provided by the input signal. In one variation of this embodiment, the input
signal is a MIDI signal and the first set of parameters comprises at Ieast one of

25 Modulation, Breath, Volume, Balance, Pan, Expression, and Piich Bend MIDI
parameters). The output signal is a 3D MIDI signal and the second set of paramefers
comprises at least one of the following 3D MIDI parameters: Azimuth, Elevation, Gain,
Distance Ratio, Maximum Distance, Gain At Maximum Distance, Reference Distance,
Pan Spread, and Roll. | | ' |
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FIG. 8 is a flow diagram illustrating the steps in using a user interface to position events in a listening
space in accordance with one embodiment of the present invention. FIG. 9 is an exemplary user
interface displ@2@d®osdance with one embodiment 20 of the present invartius10é504355D
DESCRIPTION OF PREFERRED-EMBODIMENTS Reference will now be made in detail to
preferred embodiments of the invention. Examples of the preferred embodiments are illustrated in the
accompanying drawings. While the invention will be described in conjunction with these preferred
embodiments, it 5 will be understood that it is not intended to limit the invention to such preferred
embodiments. On the contrary, it is intended to cover alternatives, modifications, and equivalents as

may be included iRiesoR&ashvh It copther ?H@ﬂ%ﬁi%ﬁlﬁ@th%‘iiﬁgawmr&ﬁ%@éa%ims. In the
following degcriplioniHERSIRYS RREEHALE PS AesatiHIing ﬁr&?&iﬂ%%% gggﬁft’#g h

understanding of the present invention. The present 10 invention may ticed ut some or all
of these spe¥mtsHuithirs. Inasons cheihdas wEnknawmsirs dhabrieraabesveprsttisadn aetseabed in detail

in order no ' ﬁ]ﬂi‘ﬁ ﬁﬁﬁﬂltg; 3l E%:]&l”g L in.that
throughout t eyvgg%gu?gi%v%ﬁ%ggﬁ%; numé%rra Sre gr%%{%%gﬁg. e vari ?J%Qéd%%%%%@#éstrated and
descrided Hemsisigre seseddarylpatition irbthapmssiitatinnepaot toghawantic Thestbendatgnt that a
particular feature is illustrated in.gne drawjng and.not another, except wher erwisge indicated or
Ihere the SLELNa PR B e B BB S I R SHRETIB t thove
features maycbentatiaptgehte. hésnalesidi dn thépenposidiondnttheguressatatesh isptice Btheidigdras, as if they
were fully illjustrated in those figures..Unless, otherwise, indicated, the drawings ar not necessarily
{6 soale, ARATHBRALARSOUATED RO RO R AP BERITLIEE U8 T scope of
the inventiaizdawnmereh/iittedtiaitevice, sveliiaysenbhgimehibabtpheagesenilinvention enable
MIDI-generated audio streams to be perceptually associated with specific locations in 3D space with
respett to the listénarandthenymbtidiabhd b3 kipapraaiaisietion petefdedasaditatiibhedangang5 specifies
the relative balance,between the gudio beiTegé‘ed to two fixed speé er locatjons é?éstead, Ln one
embodimeAR TRHEGARN RSV 2HAIR FRRTER St 0 SuEHE Sima! e deai o gle audio

stream alopguécplegainethRieiiidl. sRaceykhRa-falmalispeeiissiaaccpit pacaiwith the invention also
specifies th anner in which the arc, itself is defined gnd cor_ltrcaled. Further, the distance of the arc
from the li<JEHBIHE PR FER BB PSRRI ELAS Bl 5 recetved. A pan spread parameer i

specified either explicitly or implicitly by its default value to define the distance between |

15  the endpoint positions of a predefined arc. At least one location parameter is specified for
defining the locétion of the predefined arc. Accordingly, the output signal is configured
to represent the 3D virtual source location as a function of at least the pan parameter, the
pan spread parameter, and the location parameter, either form an explicitly stated

parameter value or from implicit default values.

20 In a further aspect, the location parameters comprise an azimuth parameter for
specifying the center point of the predefined arc relative to the orientation of the listener;
an elevation parameter for specifying the center point of the predefined arc relative to a
horizontal plane surrounding the listener; a pan roll parameter for controlling the tilt of
the predefined arc relative to a horizontal plane surrounding the listener; and a distance

25  parameter for specifying the distance of the center point of the predefined arc from the

listener.

In accordance with another embodiment, a method of generating audio data
.signals from an enhanced MIDI control signal is provided. The MIDI control signal is
enhanced with virtual location information defining the location of a predefined arc and
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In particular, the invention in its various embodiments provides a method for specifying the perceived
3D location of MIDI-generated audio streams such that the preexisting MIDI control information is
unobtrusivewimeorgroscaset into the new specification system. This enables iherausewsitagsspmix of
legacy MIDI content to full 5 3D MIDI content through a simple parameter-remapping scheme. Legacy
MIDI messages may control audio streams to be rendered on left and right speakers, with the relative
amplitude of each stream into the left and right speakers controlled by the MIDI pan parameter. The
upmix to a 3D spatialization is provided without discarding the pan information in the original legacy
MIDI messages, or causing aberrations in perceived 10 location of the single composite stream implied

by the origifdidBPRRaHeRAtR FofREPMb thinpt sienal sprlaciechidingapals of padiexample, the
bresent inveiiiemavailsilaae il o aRiiIaRAC o AR Mrinbiny Toruking:baaLd n front of

the listener to being heard behind the listener as the two virtual speaker locations ‘are continuously

repositioned@r% dEiethpraniouralionden b esapamidr defios e ishrlrawee hetition el @ pasitions 30
degrees rigB{.@{ggﬁgg Qca&ggg‘igﬁgﬁﬁh f Haﬁt&@asﬁﬁ%ﬁ%ﬁﬁﬁ%{i%%g {g Cgg)%rlistener. That

is, according to the first émbodiment of the present invention, nerated audio sﬁ%ams are
percepluallpesiiosialee medefirod fied dedabnedihBDeoprhivatiith ofspleastttrih efibte fidioBingpecifying
separate pjﬂ-?g[ tility_of 20 the priginal pan information is preserved. Hence, the
original pan'in orr%%%o%@%%é?ﬁ?@ﬁ%ﬂrﬁgh%%%%g%%%l%ehgomr% acté?nab{g}ﬁ% flfﬁ cf?g experience.
Without intehistmgeadtioirferegcadisttivel satip plidatitinanf i e jeresentsinylensanspra:d) il messaging
system is desgjribeddbelow. Typical standard MIDI content provides designations for only two

€hannels. Vich %\ﬁ'@vé?%l'variety of multi-channel speaker systems are available for playback of audio.

For example, 5.1 and 7.1 systems are widel in home theater systems. The present invention
in accordance Witlih gzﬁ%?%%ggl}%d:ne&o%@ﬁacﬂ%ﬁb iﬁ@f&g%%ﬁff% A'OFHE sound scene
surrodfdingthigalimiitinualcPreferabiye thiowgh shadseatibondaiamaleyMIpDeaifigebDeignul arspherical

polar coord&n\g}}gﬁftgql enables t positiorLof the yirtual source to be specified for rendering by 3D
audio systéma FRET LGS SHIaiAMn PRSI G RANEP M AdrBraRE R B R dhtrSIlers is

provided. disessitdisigiyacieiiiatiodishesifichlioniisupr oviges favitising atfeadtiane of the following
nine parameét%s. These arametersﬂ'\nclude azimuth, elevation, pan spread 5 angle, pan roll angle,

maximum &FEEATEES RABSORER BrLemeier ?@?%‘f‘@ﬁ%‘ﬁi@(éﬁﬁ% Sonihieddhdnaand gain.

relative position along the panning arc. In one aspect of this embodiment, the audio data

15  streams are a binaural pair filtered such that the sound is perceivéd as emanating from the
- virtual source position. In another embodiment, the audio data steams are multichannel
streams configured such that when the streams are rendered on a suitable multichannel

playback system, the listener perceives the sound as emanating form the virtual source

position.

20 These and other features and advantages of the present invention are described

below with reference to the drawings.
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Each parameter is set by a corresponding controller, the corresponding controller designated in the
extended MIDI message system by a specified message format. Further, the system preferably
enables harmengasinspegtween existing 2D pan parameters and 3D 10 soupehspasiplizatian by
providing a scalable parameter, or preferably a set of scalable parameters. That is, the extended
specification may be read on both conventional 2D (i.e., legacy) rendering systems as well as 3D
rendering systems, without affecting the playback. Preferably, the audio streams are set in 3D space
using a spherical polar 15 coordinate system. That is, the distance of the sound source from the
listener as well as the angular positions of the source from two reference axes are determined. More
preferably, a combination of RERRRE @w m@@ﬁﬁ)ﬁ;ﬁgﬁ;ﬁq@and angular position. For
example, in order to designamu%?mmeparate controller is
specified for eachEiGhk iazidiaghasmijlestating ecstestationodiegierctidhatibes DivBildksignappdy the Pan
controller from a sta ¢y MIDI to a multichannel playback configuration, an assumption is
made that t%%%%*%%%ﬁ%é?%ﬁéﬂ 5%08?1%}3?%?8 r‘lg%gr? %grc?'ﬁ%ﬁglg}%n?s%%{é?t%‘ﬁ%%% 3D space. To
implement thessitentures, controllers are designated for Pan Spread angle and Pan Roll angle.
Finally, to determi %.dis nce to.ﬁﬂe sound source aﬁr@to commpdate distance-hased
wttenudiion, sepaldd Z5ES CASTERS LPS RS NRTRE-TOR PR FSHAGTHRG Foch DRSS i
distance, gﬁﬂﬂﬁiﬁﬁ&ﬁhﬁﬂﬂﬁﬂiﬁt&ftﬂ@,ﬂﬁgﬁﬁﬁﬁ&eﬁmnce ratio, distance ratio, and gain. By integrating
the above-mentio ontrollers into the M]DI extended specificgtion in embodiments of the present
invention, a messgﬁiﬁﬁﬁﬁgﬁﬂﬁ?ﬁdgﬁgﬂw &%ﬁﬁﬂ%&ﬁ@qﬁqﬁfmm%@ace may
be,realized Huibharls ihiac30-nARsS HEM Aeiembonahias sraupHatanRidhgaRosition of the sound source

using a minimal Page 15 number of controllers. For example, onl% one controller, the azimuth angle

controller, is requidd-th i fewehmbillysbatingsiensianelved ip peEpbbiRAdesREProvided to
movesgoungsiT adailian abairastianwithond BIAGVAIH SEd BresLhess aifollie elevation angle and

distance ratio controllers. Finally, 6 additional controllers are provided to 5 refine the behavior of the

MIDI channel in tA8@3 éndingrentinvetagbrarpiicaienrEcHd HEP] parmyiesnty andrihal various
distance/atigoyian spripalie s Lastigs dsiaiis R B ibsdnierinaaheach alhgiparameters are set

forth below. More particularly, according to a preferred embodimeént, azimuth angle, elevation

angle, and distan.Eé(éré iﬁ@é&ﬂﬂ_ﬁééﬂﬂﬁiféﬁh@@ﬁé@@m@ﬁﬂ@ﬁm S@GFiﬁ_@,ShiIBlDi@Eéb@ 10 much like
positioning.lachaigues Wiset il G AIRhCFRRE AR RIR, JBYIRY E-AfQHAd s head of the

listener can be as €asy as transmitting a single 7 bit controller, giving the application full 360 degree
positibhing controfi@ithive diagtmyillusicatios anscdistenfeeeiaragpendanca wishapiproach, characterized

as "egocenigi o fGIPHE IR 1N Ention.

FIG. 8 is a flow diagram illustrating the steps in using a vser interface to position

events in a listening space in accordance with one embodiment of the present invention.
FIG. 9 is an exemplary user interface display in accordance with one embodiment

20  of'the present invention.

Page 12



for describing elements evolving relative to the spectator (here the listener), which 15 corresponds well
to music authoring techniques that are often employed. This approach enables questions as to the
locations of e Hmiwsasnts and their relative loudness at the listener's locagef-tesbadeiessed. It
will be appreciated by those skilled in the art, however, that it is a trivial exercise to transform the
preferred coordinate system described herein into any other 20 arbitrary coordinate system, for
example, an absolute Cartesian coordinate system or a relative cylindrical coordinate system. It is also
trivial to relocate the origin to anywhere in a virtual or physical space, and not necessarily located at
the listener position. It therefore foIIows that itis tr|V|aI to transform from any other arbitrary coordinate
system into the pre@E¢d Bobid b b B A Y
coordinate systery (s pgy(cs 1%5 %%?aﬁ %&%? kgl ga%wﬁmmpoa&rt ipjended to be
restrictive as to other possib diments e specific parameters controlling position must
correspon@bmﬂz;dasad’rﬂiaamfemtbmbndﬂaemha& ﬂﬁmﬁp@dlimthﬂmmnmm dhasticgsrespond to the
coordinate as well. For. ple artesian S¥ stem uld s Y a oordlnates for
position ins %&e o?‘ém%‘hlﬂﬁwﬁiie) r(% nh%aer%d%ls(tahce %heset rg%%% h angrfhmellectvahon angle
and diStaneﬁlldjélﬁﬂdﬁrﬂtooﬂa;t&tamsmiboﬂileﬁikﬁl@mﬂidﬂlédﬂmmﬁdomh@mmnolIer in the 3D
space while sfill providin ckwards compatibility jn 2D space. The detailg.provided as follows will
describe tHéR? &Be&%g’m% RS Inig d/%%?vé%)?igﬁ%th‘éeforﬂ?ggﬁaggﬁﬁé‘@ControIIlng
functions. equivelats niayheiRiRigstoniAsnekE Shitadiisicophstiimentcheosiefiard 6grresponding

to the above described parameters are specified in MIDI data bytes in a. manner such that suitably

configuredthe eBerRged iRt dig fodprdngdescHpip R periihsrseite deirdtcnestidonits, including
thé 3D posiieptepieiasigeundssussandtARIiaEMiRceniialersiane TasignAdontroller

numbers that can be interpreted by the decodlng egﬁlpment in an approprlate manner to specify the

correbpondivgiotamatibremiiceivifestisnmeraal ekibasmirssifinhdatis. In ofhgsic message data
format sysigmns, GHCHAREOMERRCAAANOhRUGR I BSET R QMRS P hbik i Giadalg: hytes for

standardized functions. For example, in the
unnecessarily obscure the present invention.

It should be noted herein that throughout the various drawings like numerals refer
to like parts. The various drawings illustrated and described herein are used to illustrate
15  various features of the invention. To the extent that a particular feature is illustrated in
one drawing and not another, except where otherwise indicated or where the structure
inherently prohibits incorporation of the feature, it is to be understood that those features
may be adapted to be included in the embodiments represented in the other figures, as if
they were fully illustrated in those figures. Unless otherwise indicated, the drawings are
20 not necessarily to scale. Any dimensions provided on the drawings are not intended to be
limiting as to the scope of the invention but merely illustrative.
Various embodiments of the present invention enable MIDI-generated audio
streams to be perceptually associated with specific locations in 3D space with respect o
the listener. A conventional MIDI pan parameter is redefined so that it no longer
25 ‘speciﬁes the relative balance between the audio being fed to two fixed speaker locations.
Instead, in one embodiment, the new MIDI pan parameter extension specifies the relative
position of a single audio stream along a predefined arc in 3D space. The format
specified in accordance with the invention also specifies the manner in which the arc
 itselfis defined and controlled. Further, the distance of the arc from the listener for
30  rendering purposes is defined. -
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15 conventional MIDI system, reserved controller bytes are referred to as either standard continuous
controllers or registered parameter numbers (RPN's). Alternatively, designers may opt to provide
controllers cav@2pasimiig o non-reserved functions. For example, controlle®srevkmvsrigassa distance
and/or positioning functions described herein may be given Non-registered parameter numbers
(NRPN's) that are available from a pool of 20 numbers that are freely available for designers to assign
custom functions. NRPN's enable a limited number of controller numbers specifiable by the limitations
of the data byte to thereby be reused in different applications (by different equipment) to perform
different functions. z%lthout intending to be limiting, the present invention prefera @{ assigns the nine

parameters for 3D PJORRIHA @réha‘ﬁ‘é‘?lﬂéfﬁk‘ﬂét&‘f%’é’ﬁw prayides asetiohfameter
numbers.  spoafpHRMRIQeREAMASDIS AN BIIAEINARIIR S AIB AN BRIR iiehds;ef Selected

non-registered parameters in the MIDImusic message formatting system. It is to be understood,
however, thaeisEngMIB L somfsolindormast iends ueshimmiglp incemprpttddnttheeRtend to any and all

messaging syigMmaen WalkAS PHSIRRC M aaisiRIRA ﬁsmemséﬁeywmﬁf@ﬁ&m?é stems. By

appropriate use of the controllers, the corresponding parameters involved In allowing synthesizers to

render 3D mudiMideomiey m%%@mm@mmmmmﬂ@syMMam authors
can create %ﬂﬂ%ﬁ'ﬁ%‘% fif 3 end eﬁ%{%‘i oﬁelt%:ﬂﬂg kg/é EO&H a&%mg ¥wth the legacy

music messaging systems suc ﬁ03| [oNINg parameters are
preferably cenfiijiivdd o6 canhisteeprevite ﬂlhabé’madtrrﬁﬂa&peakmtmmrellnﬂw theahdlg plaa precision

limitations ok’%l_'\]‘?lpl{ for. at used fﬁ)rt ?)conﬁgﬁzz%al&%e%gg%re‘fch Fo xam le, g%one 3D MIDI

émbodlmen e contro Srs use precision, an 0 W |s 8fr 10 high level
control u3|nWbmaﬂbﬂ@imddbgmwmi&na%ka\gmgﬂhw@ﬁg\dﬂahﬁﬂeﬂ%dﬁlpefceiﬂmfacw rer the

freedom to fferscal ity of their re derln e_controllers defined herein are designed to
comple%%en QRO andar qré% c%%ﬁ%ﬂ%‘?g L&Péﬁ?&@'t%ﬂ”ﬁ@%fﬂﬁwgﬂ’é@ diment, the
3D MIDI confosittrasediviptesh epiakxisting &aa@edwale@@ﬂimw@menm\le@@@ﬂ MbRIsHRO 15

controller. This ermits g 3D MID] synth sizer rendering engine, such.as a 3D audio
sound card H8® aéftfl?{%ﬁ? R REARGE SR ARPoARe 8?(9:9%8?9{/3%8 fERptp TR dISteRAb iR this, the

3D Sound Cbéﬁigﬂ@w@be}ﬂﬁﬁtgemtﬁhw@mtb@%@ép@ﬁ&@&@ﬁ&ﬁ%&@&iﬂﬁ{ﬁuﬁﬁ*ameters That
. is, the 3D controllers rmine 3D posmonlngtl pan, and distance values relative to parameters
established rﬁycés}(’i I\fmlemp , Hepos oning may involve movement from a first set of

15 posmons 30 degrees right and left to a second set of positions at 120 degrees right and
left of the listener.

That is, according to the first embodiment of the present invention, MIDI-
generated audio streams are perceptually associated with specific locations in 3D space
with respect to the listener. By specifying separate pan-spread parameters, the utility of

20  the original pan information is preserved. Hence, the original pan information is usefully

augmented to produce a more eompeHing listening experience. Without intending to be

limiting, a particular application of the present invention in a MIDI messaging system is
described below.

Typical standard MIDI content provides designations for only two channels.

25  However, a variety of multi-channel speaker systems are available for playbaek of audio.
For example, 5.1 and 7.1 systems are widely used in home theater systems.

The present invention in accordance with the first embodiment provides a listener

centric description of the sound scene surrounding the individual. Preferably, through the

use of the parameters specified below, a spherical polar coordinate system enables the
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20 or from that configured in the sound preset data. For example, parameters in the 3D extended set
defined herein that contribute to "gain” should combine with gain values as set by standard controllers.
As a further 3@ 290t€06/49&n used to augment conventional MIDI messages, Paramziess433sh as
Master Volume and MIDI Controller #7, as well as gain parameters set in the sound preset data 25 (if
applicable), are all used to produce a final gain value. Preferably, the apparatus and techniques
disclosed are designed such that they may be made to work with any synthesis model of the
manufacturer's choosing. That is, it does not rely on specific synthesizer technology, such as
Wavetable synthesis, or on ani/ specific §ound set 'sucg?ﬁ%(seneral MIDI, or any specific sound set

data format PSS ekihe SORERP 3 6 Sherd el 40 e oo R Pacig Y as RRIESERin US
5,763,800. Rafid 3£ WQR:20R5/E0688R ST IE20RRA4ARA1 bit TR RS RIBR TRURIC-Messaging

format in embodiments of the present invention preferably makes no assumptions regarding any

aspect of the audid\seRplingbrmanesiendedymeribeation iipraddgddaxusing atkeartpre odihst signal
format. By pnMwing HiftBrasndingnsinng! RosndernHalas Rl A AOnRRiic pimysiadetails, the

same standard and’5 content can be used'in any conceivable rendp’ring systém. Preferably, the
renderifg sfhghedizereltaegls mexBmusSHlistiecsm gaino masinuerisaeaerefnancsshstingeaudio in the

most compggmg &]},@Q{&EE&%”JHJF 2Hﬁing any speaker layout or output CODEC available or selected by
the synthesizer! FIG.1 s a i’agral% ilustrating the conversion to a 3D signal and the 10

implementation of #rsiBpasimetdniseet iby2Dramesondingthetivdlerj thaamurdspradingthameisnbodiment

of the presept.jinvention,;In partigu results of up-mixing a | or a 30 signal.are,shown. A
Tagacy or S0 NN S SRR Sl T e Fre e Ren iy e
extended fehturgstent thefSEbM Kdhblesthapidbikdtidhetaewetexsstrg PO paiachéteisanddining MIDI

signal,ip converter 104. This may be.15 perfor automatically in opriately copfigured modules
or maglwbe c?Pe‘%ieﬁp\%Hﬁfﬁ%eOH%?Eﬁﬁ{‘%ﬂg’é’}g%sﬁ%@ %%rﬁlﬂﬁ:zeﬁsoé' % eﬁﬁl@@é’kﬂéﬁé’gﬁﬁ#& ce such as
including thesmemesnyiihdt iBiehdekindabsificifienonans)xeapid, ehiseh tayenteiil t1e (egacy MIDI
signal in the conversipn,process to depatrt from the default values ysed in the autgmatic conversion
process. NZ‘?&,&?ﬁi’f ?é%?%%@ﬁﬁf%@ mﬁ?WF%%%EEfég%H‘%ﬂé‘?ther a 3D sound
rendering sykigback06 or a 2D sound rendering system 108. The format of the 3D messaging system is

such that the 3D sound (i)rg’d rer 106 will configure the received 3D MIDI sjgnal to utilize the full :
capabilities of thes%rﬁ%ﬁé’ %@% 9 TECANPIE SR PIsRRSS Bleg ahnherisal Rolater system 112, the

3D signal willotilizactbatrt. CoRdidy alionitealowr sRaialirationaf thensiBo akistrasirsipkposition
determined in the 25 conversion process to 3D MIDI. When the 3D sound renderer is used with a

conventione RERARBPSHGRY o FeresAUTSS Trpim BFp Leisrenre dies arp AstermingdisMote virtual position
informationpater s taée BT MRAsITpaRYaHEIE Z0NRAME SpbsifbaRPIaRAIRe Jiltesing ke 0. head

related transfer functions) to spatially locate for the listener the virtual position of the sound source.
The 3D sodQ8itaRd g@%@péecgbg{ggra@ designate angular positioning of the sound source, a

separate controller is specified for each of the azimuth angle and the elevation angle.

20  Further, in order to apply the Pan controller from a standard legacy MIDI to a multi-
channel playback configuration, an assﬁmption is made that the Pan controller positions
sounds along an arc. This arc is positioned in 3D space. To implement these features,
controllers are designated for Pan Spread angle and Pan Roll angle. Finally, to determine
the distance to the sound source and to accommodate distance-based attenuation, separate

25  controllers are designated for the following four parameters: maximum distance, gain at

. maximum distance, reference distance ratio, distance ratio, and gain.
By integrating the above-mentioned controllers into the MIDI extended
specification in embodiments of the present invention, 2 message system capable of
positioning a sound source in three-dimensional space may be realized. Further, this

30  message system enables manipulation of the position of the sound source using a minimal
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30 rendering the content for all current or future playback systems. For example, the content Page 19
may be played back on 4.0/4.1 systems 120, 6.1 sYstems 122, 7.1 systems 124, headphone systems
126 and futuveseniecd28.  Alternatively, when the converted 3D signalpeTresmwsioassiom the
converter module 104 to the 2D sound renderer 108, the scalable nature of the 3D signal allows the 5
2D sound renderer to appropriately use the pan information to adjust the balance in the two channels
of the stereo system 116.  FIG. 2 is a diagram illustrating upmixing and rendering of a MIDI signal in
accordance with embodiments of the present invention. An input stream of events 232 (such as a
legacy MIDI or 3D enhanced MIDI signal) is provided to a processing device 10 234 configured to

perform upriisgelsr Phegneeitessinfaevrapleonlkpiecaniaiatatie anierabraeglssontprgrdmmable

T AT

configured to e operations erein. The input stream _
audio infornmadehsanadsinrdditefeahdiigotiamictac il Ovsignhhemiing Phesindorihatédevatian3D MIDI

signal havin PAN.informatjon as well as at least some of the additjonal spatializing parameters
(extensions%lél%éml ?e\éslc%%lgﬁ rﬁé?e?r??ﬂﬂii%%?ﬂﬁ%’ht‘?&%ﬁa 5 &rauve ﬁ%n%%{oﬂqézeél%’pe of the
inventian is refinsdHinbithavidhef ihe MEcipaneliniche 61 teneixtaincbin. Ity dointiatsbatgiieam, not
necessarily limited to those describing audijo informatign, Hence, the input stream can include less well
conn form STEHALET A BRSO AL FE A it HEQEAAH SR PR o % QOBHE A
presentationosthadbrafattiag predeieds bl pacedeniyacs s ahihdselGFeams in the presentation space.
The input stream 1\3{[2 can include a plurality of events with one_or more of the pIuraI&y having a Pan

pagameter that de ﬂﬁe@aﬁlﬁﬁgﬂ&?ﬁ?%@@é‘b apigtosthaebadim iz angle elawalsPameter is
typically integieteddgisiainingaRa 3 aeLiiBeAhd B8aRI e Of tthessalpiveunmBpifades,atdhe stereo

signals. The processor 234 preferably is adapted to redefine the angular size of the stereo field. For

exampit, a2 8eB s ARG teshinigecs Hepddr drise rrillctye o sanmpleymymganahied as a
function of e pRNIEREAHATRa RIS AIRAEIMSN hihisdsAthiR S d M Or R adingRdzan spread

parameter and combining it with the Pan parameter. Additionally, metadata is preferably provided 30

to position S BgERRRlrAieRdHISESagsa rpstienmgsonitsl withpussgonhing elsvaismmndage 20
| distance parameters. This approach, characterized as “egocentric” is therefore appropriate
for describing elements evolving relative to the spectator (here the listener), which
15 correspoﬁds well to music authoring techniques that are often employed. This approach
enables questions as to the locations of the instruments and their relative loudness at the
listener’s location to be addressed.
It will be appreciated by those skilled in the art, however, that it is a trivial
i exercise to transform the preferred coordinate system described herein into any other
” 20  arbitrary coordinate system, for example, an absoluie Cartesian coordinate system or a
relative cylindrical coordinate system. It is also trivial to relocate the origin to anywhere
in a virtval or physical space, and not necessarily located at the listener position. It
 therefore follows that it is trivial to transform from any other arbitrary coordinate system
into the preferred coordinate system. Thus, the preferred egocentric spherical polar
25  coordinate system is provided as one possible embodiment of the invention, and is not
intended to be restrictive as to other possible embodiments. Clearly, the specific
parameters conitrolling position must correspond to the coordinate system in use. Thus,
the specific MIDI controllers must correspond to the coordinate system as well. For
example, a Cartesian system would specify X, Y, and Z coordinates for position instead
30 of azimuth,_elevation, and distance. |
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source in the presentation space, the stereo field is represented by an arc. Metadata is provided,
either automatically (by using predetermined default values)or through user input 239, to defme the
are position Wae@BDepEice. Through the combination of these parameterspeati@astasanassif which are
derived from the MIDI signal metadata, the output 5 3D MIDI signal 236 has associated with it
metadata sufficient to describe fully an output position in the 3 dimensional presentation space to
associate with that event. This positional information can then be used in the reproduction of the audio
event. Preferably, the output signal 236 is a transitional signal that is agnostic to the format of the
rendering device. That is, the output position assigned to the event can be derived 10 from the

metadata for the slgraddiism ip aawassaaieislavetnaeeis andcisongte siwacangaliersgreduction
device 260;a0 oo pYEiErt SGRK0AYSIAR BN ALGIRANAD IPRRIEE YAfbY e lstener 265 as

emanating fro e virtual source position 266. For example, in rendering device 260, the 3D position
of the virtugrevidiog tedoverdsineupattniiteinBotipasat hherdetatly previtied pufellesterdlla MIDI signal

as an azimyth along a 15 defj dltgﬁﬂ i I il i arts, filtering
to simulateb:ﬁﬁ?%s%ﬁgg%gfze?g;{ega ran!é%ﬁbr%?%ns r%% gwagﬁg%%ﬁ#%%e}ﬁ'g ggt at the sound
appears to@manHiagfociorsiual source position corresponding to the output position assigned to the
event. Of course, the oytput position information in sigpal 236 cquld alsg be 20 interpreted by a
multichannel sou F%%ﬁﬁﬁ‘?@ﬁ# %‘ﬁag%eg@?l&égs 5’%16% rae & t(;ﬁ%g?geggﬂgﬁsofthe sound
“coming frogothepanidiabso uheabositiuacZibed prongbithesapgorfistbin AN détthsytisdnate channels of
the multichannel system. These details are known, to those of skill in the rejevant arts and hence
Somplets dORRELAIRS AU ORI b L JEE AT FRL ke PR ot be
described g%@m&%@ﬁ&e@ﬁdﬁﬂaﬂ@mmﬁgﬂ@ a3t amalsbishemnddiice. Rendering

system 270 serves to define the 3D positions of virtyal speakers from the qutput position assigned to

the e¥dnt, Braferakli threcontrelisssanmissgnro comePerarmbrretast £an bdpmREsted aRter. The
panning argds,dffnashipaag ﬁﬁﬂ?ﬁf)ﬁ?@ﬁrﬁfﬂé‘&%ﬁ@ﬁt@@a{?&[@ S cRiesidindnpit T Fenstidity of the
ake

defined stereo field. The virtual speaker locations then 30 are set to coincide with the extremities of the
panning ariiohilingoprsiionias Aushatispation dgecionspeakers may be simulated by amplitude controls

on the streams fegQ;le LEaRE e ik P RERKCERHOLRRARI R dRAMEDo Ak QUi the relevant

art. Rendering system 280 shows yet another alternative rendering embodiment. In this embodiment,

at least on&reupyIRf ishiaseesiankuiss forstandnlized dinstions o Forciampiy ilBe stereo field. As
showjsin the, SereoAe RSy e AR3Ea6IRLIRHESE {9 desRIRG el Wlineanplihe stereo field.

For each of the 4 subdivisions 284 of the stereo field 283, a Pan interval of the Pan parameter range is
associatedcaptinasussorirotiers prisgisterscparansiernsabers (B )P A iomateclyy dpsiEeisa legacy

MIDI systegg), e aspripiedaRaivisionupulding BReiviRion RE4an AR diRglk fariat event, the
controllers performing the distance and/or positioning functions described herein may be
given Non-registered parameter numbers (NRPN’s) that are available from a pool of

20 numbers that are freely available for designers to assign custom functions. NRPN’s
enable a limited number of controller numbets specifiable by the limitations of the data
byte to thereby be reused in different applications (by different equipment) to perform
different functions. Without intending to be limiting, the present invention preferably
assigns the nine parameters for 3D positioning and playback described herein to non-

25  registered parameter numbers.
| The examples provided below will designate the controller numbers in terms of
selected non-registered parameters in the MIDI'music message formatting system. It is to
~ be understood, however, that the scope of the invention is not so limited but ratber
intended to extend to any and all messaging systems, as well as to reserved or regisfered.

30 parameter numbers in those systems.
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10 output region in the presentation space would be assigned to that subdivision of the stereo field
283. Hence, virtual speakers 287, 288 would be designated to simulate the position of the event.
Methods of cxamtvg/eetem speakers for positioning in a 3D sound field are lrastoctiogsaf skill in
the relevant arts and hence further details will not be provided here. In a further refinement, the Pan
parameter can be used to define a relative position 15 in the stereo field subdivision using panning
techniques between the 2 virtual speakers bracketing that stereo field subdivision. The spread
parameter can in particular be used to affect a wrap around effect of the events in the presentation
space. For example, automatic upmixing may be performed to assign a predetermined value to the

angular width of thBYsiEREeprislg use e idhrentrolisavthreereaponding nacrasiers involvedyithe
wrap-arounhff aIHER SERRFSY G BIEISIR P NG ASTER T This wiaparounc

effect may be controlled from a user input 239, such as by using a user in e ated and

described viRftetivesyiem dscBhedoaothne dapotesigrran2sdling D & IPhkqueactomiaiically 237a (by
using default25 i B&Eﬁ&%ﬁ%ﬁ; rﬂgg )é%? roviding values for pan spread and the positioning
of the panning arc%(;r stereo iglg, uéﬁ% t %ﬁjtgl%%%ag rlﬁ]gtselr EE% ?Péyégg}f;r%lg 3 urther, the

output $igni¢g28p Mi}Lbe modified to include a second set of parameters associated with it, the

second set derived.from or as a function of a first set associated with the input signal 232. Further, the
second set of parg%%g?ga%%%%%ﬁ{a?g {\}\ﬂﬂ%%g%ﬁ%e TERAT ?ﬂ%&%ﬁ%‘g@rmu lfom parameters

included in premdsoplidepatisifasiowd koasca sadeneriyih Blessieaioplimitatibhe duiRUiBignal 236

may also be subjected.to an additional sformation. For example, the rendering system 260 may be
adapted to %’g&‘é‘é? %ei?goﬁéia‘%§%né'gﬁg?3?g§%f%pfﬂé°§ro€%5m1ﬁt @:ﬂ‘%ﬁ?&ﬁ%ﬁy source. This-signal

236, having:absditiateicihestiorolidar mationbmaedadicatrrehuh Bonien e indSRvIe 8 Lixstem 260 to
assig# 0to the event a "secindary " position in the presentation space. This secondary position may be
modifled th b%%ﬁ‘?‘fﬁle"%tﬁ‘ﬁ US1B8 LAl AnapRing e Rl pedd renits llartiaedhe 30 MR dify the

assigned pegitiesizEhakifutiefeiahe el AR THIads LAmPKIgH: Ry cAmining dbg, L0 secondary
position (i.e., a transitional position) with a spread parameter, for @&xample by a user turning a knob or

moving a slider ol 2 G9BFRHersAetined herqin srefesignsdd o emnipment feselanslezdizedhe MIDI
specificatian ieigesyBRaLAL AN AL RIPURL AL AANUER| FRuishafisps for the MID

signal. More sgecifically, these controllers can be used to modify sounds or other parameters of music

15 perfor Hereenmnlensaticisingolsresnd DT ernieols auelbanibedegasyvilitdtito, Modulation,
Sreay Volume BalateenRancRBIsEsiat 230 Rioh Sanrl Aay r il esp el may be

used to determine additional parameters in a 3D MIDI signal, 1.e., 3D Ml ollers useful for the

positioning®St 2 diLrd ered (a Beahal corfrelirdsdapsndantlyace Ryasamsendndpidaneters in the
output MIDtsigRSHpRCARPIASS B Yound controllers are designed to work as being relative to

other existing similar parameters. That is, the 3D controllers determine 3D positioning,
pan, and distance values relative to parameters established by existing MIDI control data
20 or from that configured in the sound preset data.
For example, parameters in the 3D extended set defined herein that contribute to
“gain” should combine with gain values as set by standard controllers. As a further
example, when used to augment conventional MIDI messages, parameters such as Master
Volume and MIDI Controller #7, as well as gain parameters set in the sound preset data
25 (if applicable), are all used to produce a final gain value. Preferably, the apparatus and
techniques disclosed are designed such that they may be made to work with any synthesis
model of the manufacturer’s choosing. That is, it does not rely on specific synthesizer
.technology, such as Wavetable synthesis, or on any specific sound set, such as General
MID], or any specific sound set data format, such as the Method and apparatus for
30 formatting digital andio data disclosed in US 5,763 800. o
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20 or all of the 3D or legacy MIDI parameters described elsewhere in the specification including but
not limited to Azimuth, Elevation, Gain, Distance Ratio, Maximum Distance, Gain At Maximum
Distance, Repeie@istince, Pan Spread, and Roll. 3D SOUND CONTRGUIEFESDEFMISBION AND
PARAMETER FORMAT 25 The following description provides examples of parameter formats used to
define a 3D sound controller compatible with existing legacy MIDI music message formats. These are
intended to be illustrative and not limiting to the scope of potential applications of embodiments of the
present invention. MIDI messages or commands consist typically of a status byte and several
8-bit data bytes. There are many different MIDI messages, each corresponding tq a specific musical

action. The first byfhedPitcaded smimemeing fEmotda SFBMWB@F&%%’ BYEHOHAVGWERR 5 as the
only byte hg%éf&a%i axeh J&%ﬁiﬁﬁ%ﬂ%ﬁﬂﬁ@%ﬁ&m ; Hsecmfmemﬁé\/ﬂabm%ﬁag@o@faﬂbthe low
r channe

nibble n corresponds to one of 16 available s. A message whereby the high nibble

contains theyntiesizescusbaisrcakenieyent o shaoutsetsipnabiosmed (B prevsins the Bsemdard MIDI
CortruousContles A NIRRTV CORRIGTS AP kot i mlements o

function other than the 10 starting or stopping ot notes. In the event that the message is a
ContinGouscieitcherbmesshieueswcorabloytndiing siissondecsmaldyiitbe sgendwig data byte, which
designates the type of controller is_bein T t . value
9910 (0x6§)’f’%ﬁ%§%lzaﬁ{earc 86(-.9;{ %%gtﬁﬁfﬁﬁeggaﬁ?zﬁéﬁbﬁt %%gécﬁlﬁ%%%#gﬁ Eggﬁr?%%gﬁ%%%ﬁeecimal value
for the 15 nhesbesjripettiny entimealydifiantmg angpgeiaitddiayaficommiisrCalEanglablegistered
Parameter NugjberélNRPN). In the event that the message is a NR_PN, the third byte of the
fessage ifGit ESLeth BN DGR HAnt Byte (MSB) of the type of Non Registered Parameter
Controller that is igBg usedioMnNRENiMSBfosalbainirnlle tddsaalbad Herein is assigned, for

example, the ] . . .
0’ implementation of the 3D signal used in 2D and 3D synthesizers in accordance with one

embodiment of the -present invention. In particular, the results of up-mixing a legacy ora
3D signal are shown. A legacy or 3D MIDI signal 102 is initially provided. In order to
pro‘vide signals that fully utilize the extended features 'of the 3D MIDI system, 3D MIDI
parameters are incorporated in the incoming MIDI signal in converter 104. This may be
15 performe& automatically in appropriately configured modules or may be created with user
input, for example through the use of a suitable user interface such as including those
described later in this specification. For example, a user may modify the legacy MIDI
signal in the conversion process to depart from the default values used in the automatic
conversion process. Next, the augmented or converted 3D MIDI signal may be directed
20 to either a 3D sound rendering system 106 or a 2D sound rendering system 108, The
format of the 3D messaging system is such that the 3D sound renderer 106 will configure
the received 3D MIDI signal to utilize the full capabilities of the playback system 110.
That is, when played backona 5.1 speakef system 112, the 3D signal will utilize the 5.1
configuration to allow spatialization of the signal to the virtual position determined in the
25 conversion process to 3D MIDL. When the 3D sound renderer is used with a
conventional 2 channel stereo system 114, the 3D sound renderer preferably uses the
virtual position information and simulates that position over the 2 channels using
appropriate filtering (e.g. head related transfer functions) to spatially locate for the
listener the virtual position of the sound source. The 3D sound renderer 106 is capable of

30  rendering the content for ail current or future playback systems. For example, the content
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value 6110 (0x3D). (The latter designation as used throughout this specification refers to a
hexadecimal value for the number.) Conversely, a "3D Sound Controller” is hereby defined as a
Non-Registeq Rgsddeter Number controller whose MSB is the value 61 (BVS2B59¢3i5¢, for a
non-limiting example, a 3-byte preamble defining a 3D Sound Controller in a MIDI message may take
the following format B<n> 63 3D Where B designates the byte as a status byte for a Continuous
Controller, <n> corresponds to the MIDI Channel, "63" designates that the controllers that follow are
non-registered parameters, and "3D" designates that the NRPNs are 3D sound controllers. Following
the preamble defining a 3D Sound Controller, the specific types of 3D 5 sound control% parameters

are defined BXibe Riatrkbasken 0Bl sytemsilafhibel BS8E HAn dotystemsrigNisadRbopstered

Parameter Ngbar 1o BE paiiieuieRis 998t in a similar manner as described above for the MSB
Contribution, except that the first data byte for the LSB contribution is designated by the value 9810
(0x62), rather then/dtemaetiyeés whenrithe epavetied dPdignab isdransioiied fimythmersyeisd Sound

Controller iyiBaf 4940 the A1995End%ABRR TN SXABR SRt BYBOSEPIAIR dRbRE YPe of

3D Sound Controller in alVILDI message may take the following format: B<n> 62 <Param> 15
Where B deZi}yseied wnsltiprdesparoiatelyecthepavidamiioa tnadivst thabalimge sptheds to the

MIDI Channel, " %m? i es that the co Slr llers that follow are non-registered parameters, and
<Param> d%%ﬁé%a 3‘/%% 0 g&?ns 528%1,[:110 fge)'r. Thus, using the data byte format available for the

exis_ting music me‘ﬁ@g@ sﬁtﬁagrmiﬂxg;umepﬁdnhjgwﬁlrmm&]mmp@dﬁﬁD controllers are
auelble el s IoR PRI P ARG
additional 3{hihusd lepiir diEDS thaDeanbrctRIE] siptd) ixpreaided td\dque @asfiggitanycdhe coarse
gt e o ol acics 9022 soundcopueles and e foe adhgmentove
bytes. microprocessor, programmable logic circuit, general purpose computer, or any
combination of hardware or sofiware or the like configured to perform the operations
described herein. The input stream 232 preferably describes audio information and, more
preferably, is a legacy MIDI signal having pan information or a 3D MIDI signal having
15 PAN information as well as at least some of the additional spatializing parameters
(extensions) to be described herein. While MIDI control signals are well known, the
scope of the invention is not so limited. That is, the scope is intended to extend to any
form of input stream, not necessarily limited to those describing audio information.
Hence, the input stream can include less well known formats that in any way include
20  metadata for describing or positioning an event in a presentation space or ‘ghat provide a
| balance between 2 or more streams in the presentation space.
| The input siream 232 can include a plurality of events with one or more of the
plurality having a Pan parameter that describes a position in a stereo field. With legacy
MID1 signals, the Pan parameter is typically interpreted as defining a balance or a
25  measure of the relative amplitudes of the stereo signals. The processor 234 preferably is
adapted to redefine the angular size of the stereo field. For example, as later shown in
FIG. 3B, the angular size of the stereo field may be determined as a function of the pan
- spread angle. In one embodiment this is achieved by generating a Pan spread parameter
| and combining it with the Pan parameter. Additionally, metadata is preferably provided

-30.  to position the stereo field in the presentation space. Preferably, for positioning the sound
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Following the preamble defining a type of 3D Sound Controller, the data value of that type of 3D
Sound Controller parameters are set by the Data Entry MSB and LSB Contributions. WO
2006/06060WEMEABOID43531  The Data Entry MSB Contribution for tHCH{ié 200 3@ Baund
Controller is a Continuous Controller message, sent in a similar manner as described above for the
NRPN MSB and LSB Contributions, except that the first data byte for the Continuous Controller LSB
contribution is designated by the value 0610 (0x06), and thO second data 5 byte indicates the MSB
contribution of the data value of the given type of 3D Sound Controller. Hence, for a non-limiting

example, a 3-byte preamble setting the MSB data gonfribution assqciated with a type of 3D Sound
Controller iSO} theBEgaiFHay faﬁ%ezﬁ'éefaﬁ?se\ﬂr%%}ﬁr&erwﬁ%bywaﬁa%\é #3is Where B

designates ghevhide arRSittmREaEP (Y GaRBHeNs At R ARSSPARISRe MIDI

Channel, "06" designates that the controllers that follow are 15 non-registered parameters, and <Data

MSB> defiri@BlE%? eteﬁsﬁﬁédbﬁar@@ﬁﬁi@iminr% aa@mrgmgmmm@pw 58 of 3D
Sound Cogyaeﬁﬁ{e@@, SHODAPLAHS SN i@ﬂ%&%ﬁ%&%ﬁﬁ%&&fﬁm@ BRRLAS g BGHRRd above
for the NRPN MSB and LSB Contributions, except that the first data Byte for the Continudus Controller
LSB cohtriiid oAl simighaiédas asecietkievadl § mstadytandiiniendosiedaitaialbytontpitates the
LSB contriluyti f. t VP& oLIN niralley. Hencefor a non-limiting
example, a?%bi%%eﬂ &ﬁﬁ%@%@%ﬁﬁg %%tﬁ% 3%%;2 E%%r%t%ffggr% g{sesqglceﬁ%%atv?/fng t,)I/%leS of 3D Sound
Controller ipceibitimil imfosagiomean tthke tearfetiowithg foproducHemn{2be<idia ¢38RE

Preferably, the output signal 236 is a transitional signal that is agnostic to the format of

‘ the rendering device. That is, the output position assigned to the event can be derived

10 from the metadata for the signal 236 and processéd in a suitable manner by the rendering
or reproduction device 260 so that the event (e.g., reproduction of the audio event) is
perceived by the listener 265 as emanating from the virtual source position 266. For
example, in rendering device 260, the 3D position of the virtual source is determined in

- one embodiment by treating the Pan parameter of a MIDI signal as an azimuth -along a

15 defined p%mning arc.

As known to those of skill in the relevant arts, filtering to simulate ﬁRTF ’s (head
related transfer functions) may be applied to the signal so that the sound appears to
emanate from a virtual source position corresponding to the output position assigned to
the event. Of course, the output position information in signal 236 could also be

20  interpreted by a multichannel sound reproduction unit such as a 5.1 system to create the
perception of the sound coming from the virtval source position 266 through the
appropriate mixing of the discrete channels of the multichannel system. These details are

- known to those of skill in the relevant arts and hence complete details as to simulating a
virtual source position in multichannel systems will not be described here.

25 Alternative rendering systems 270 and 280 are also shown in FIG. 2. Rendering -
system 270 serves to define the 3D positions of virtual speakers from the output position
assigned to the event, the virtual speakers determined from the pan parameter and the
spread parameter. The panning arc is defined in one aspect, the ends of the panning arc
coinciding with the width of the defined stereo field. The virtual speaker locations then

30  are set to coincide with the extremities of the panning arc. Positions between the virtual
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25Where B designates the byte as a status byte for a Continuous Controller, <n> corresponds to the
"MIDI Channel, "26" designates that the controllers that follow are non-registered parameters, and
<Data LSB>Wefaeg e of 3D sound controller. Thus, using the data byt@¢avispes/ediBle for the
existing music message system,  e.g., conventional MEDI messages, each of the 128 types of 3D
controllers are available 30 for definition in the least significant byte "LSB") may be set to one of
16,384 data values. Page 26 WO 2006/060607PCT1US20051043531 It will be shown that for each
controller,-these values will map to units that are logical for the given controller. The sections following
describe the details of that mapping, Thus, a complete 3D Sound Controller Message may take the
following fotRSaketHeRRbs st ek by asaplibide-sAatiels Ao fae sgams {oSaQ hsIRshesH@Data MSB> In
each contrelighalN@daREaTTSSIRRapID 8 eReaRMs tiisha s fRyrdRaiaages of [B<n>] are optional, but

must be expected by the rendering synthesizer in accordance  with existin%legacy MDT message

formats. Since theyeaAsERgisYRemSsbotrashingtberadieraiive rendenngerbosdimsatubht sections.
GENERAL 1) SOLNR N TR L ERPARAMETER EQRNA T, more 6380553, Barameter

Format for all of the potential 128 3D Sound Controllers 15and their associated data values is as
followss  defined for the stereo field. As shown in the stereo field 283, the Pan parameter is used to

describe the full span of the stereo field. For each of the 4 subdivisions 284 of the stereo
field 283, a Pan interval of the Pan paiametcr range is associated. For example, for a Pan
value of 10 (on a scale of 0-127 Pan values, such as in a legacy MIDI system), the

associated subdivision would be subdivision 284a. Accordingly, for that event, the

ones”

10  output region in the presentation space would be assigned to that subdivision of the stereo
field 283. Hence, virtual speakers 287, 288 would be designated to simulate the position
of the event. Methods of creating virtual speakers for positioning in a 3D sound field are
known to those of skill in the relevant arts and hence further details will not be provided
here. In a further refinement, the Pan parameter can be used to define a relative position

15 in the stereo field subdivision using panning techniques between the 2 virtual speakers
bracketing that stereo field subdivision.

The spread parameter can in particular be used to affect a wrap around effect of
the events in the presentation space. For example, automatic upmixing may be performed
to assigna prédetemlined value to the angular width of the stereo field, The spread

20  parameter can be further used to modify the wrap-around effect, i.e., o widen or natrow
the angular width of the stereo field. This wrap around effect may be controlied from a
user input 239, such as by using a user interface as illustrated and described with respect

. 1o FIGS. 8 and 9.
The input signal 232 may be upmixed automatically 237a (by using defaunlt
- 25  parameters) or manually 237b by providing values for pan spread and the positioning of
the panning arc or stereo field, such as through a user interface as later described.
Further, the output signal 236 may be modified to include a second set of parameters
associated with it, the second set derived from or as a function of a first set associated

with the input signal 232. Further, the second set of parameters associated with the output
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B<n> 62 <Param> [26 <Data LSBA 06 <Data MSB> where <n> defines the MIDI Channel, <Param>
defines the 3D Sound Parameter, 20 "26" designates that the data byte that follows is the optional 3D
Sound ParatY&@pOgaree%7SB contribution, <Data LSB> refers to the option R GDUSNIW438Fhmeter
Value LSB Contribution, "06" designates that the data byte that follows is the 3D Sound Parameter
Value MSB contribution, and <Data MSB> refers to the 3D Sound Parameter Value MSB Contribution.
25In each controller, the Data LSB contribution is optional. However, if the LSB is to be offered in
accordance with this embodiment its data must be sent before the MSB contribution. Preferably, the
3D MIDI Synthesi r#l 3D s %_ren erer ) takes M’ét% SB contrihution as th controller
that has a ré4 é ﬁ%kg %e iBSEETIREE tﬁg%ﬂ%thesizer
combines th@éd&ﬂa@lym@hmmprewously stored LSB contribution for the given parameter, and

applies that to the synthesis model. WO 2006/060607PCT/US2005/043531 Parameter
Descriptions are o ?éﬂlﬁﬂuﬁ%%ﬁﬁl%m e sihissiedisrmaddidonal transrmagion-\ligt value RW

Value Min <aq/a0tefhd valaekifis ihkalAgs A aishiealyabiuid iRl 399/dietalciyajue) {unif

Default <VV/vv>{s} {value} {unit} Except <XX/xx>{s} {value} {unit} 15<MSB/LSB> represents the Data
Entry MSB BPIoSesfidgitetigen or from any source. This signal 236, baving associated position

information, may be treated by the rendering device or system 260 to assign to the event a

“secondary “ position in the presentation space. This secondary position may be modified

- through the application, for example, of a global spread parameter 292 to modify the

N
e

assigned position. That is, the final output position is computed by combining the
10 secondary position (i.e., a fransitional position) with a spread parameter, for example by a
user turning a knob or movling a slider on a user interface.

As known to those of skill in the relevant arts, the MIDI specification includes a
number of parameters or controllers that control sound effects for the MIDI signal. More
specifically, these controllers can be used to modify sounds or other parameters of music

15 performaﬁce in real fime via MIDI connections These include, but are not limited to,
Modulation, Breath, Volume, Balance, Pan, Expression, and Pitch Bend. Any or all of
these parameters may be used to determine additional parameters in a 3D MIDI signal,
ie., 3D MlIDl controllers useful for the positioning of a sound source in 3-dimensional
presentation space. These second parameters in the output MIDI signal can comprise any

20 ._or all of the 3D or legacy MIDI parameters described elsewhere in the specification
including but not limited to Azimuth, Elevation, Gain,'Distahce Ratio, Maximum

Distance, Gain At Maximum Distance, Réference Distance, Pan Spread, and Roll.

3D SOUND CONTROLLER DEFINITION AND PARAMETER FORMAT
25
The following description provides examples of parameter formats used to define

- a 3D sound controller compatible with existing legacy MIDI music message formats.
- These are intended to be illustrative and not Iimiting to the scope of potential applications

of embodiments of the present invention.
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{value} will represent a real world value {unit} will represent the real world unit to which that value
applies. {s} is one of the following: PositiveValue is positive 20NegativeValue is negative Approximate
Value listed W@ paraaetsate Preferably, the parameter description data vE{I'pIRAcEs péasaneter
descriptions that have the designated resolution and units for the non-registered parameter number 25
(NRPN). In particular, 'Min" will represent the value of the minimum NRPN value, which is typically
<00/00>. 'Max' will represent the value of the maximum NRPN value, which is typically <7F/7F>. Step
will represent the value of each individual NRPN value step, which is typically <00/01>. Hence, any of
16,384 values may be represented in the two bytes. In order to allow backwards comgatibility with

existing messaginyBykteessnges ertammaaiiceoasisHypisaln ebanttye kit prdbiererab Sridkample,
Defaull Wi engae RAl G MbLRIG RIS NOIMPUERARIRLIR BSpRRied 10 the

synthesizerint ontroller or Power On conditions. Preferably, different 3D controllers will _
be assignethditfmlewtitiDI values in these conditions, and hence they are shown here as <VV/vv>.

It e vabea gl oan il BRI aalg SRRl e

embodiment, 'Excep?' Wil resent a par ang Ibit

"excepfionak'the lalydiyia hairing ibie e 73D Thahigtenibhid deragsigde th diftdypetdNMDIalues in these
conditions, and hence, they are e 28 shown here as x>..That.i e,values Qf 3CX and xx, as
well as the%@ﬁ%?o?@f%ﬁeg%&’c% ﬁ%ﬁ&%ﬁ?ﬁ%ﬂ?ﬁ%@ﬁé‘&ﬁgﬁ%&&% I\c@éltarg %Irlpeﬁs' %s described
generally alpeyegbvohpasBythédiighnitshlersoarsimaticudiuly ienpdctimb] Bilibtp¢sitbamigictthe sound

source in 3D space. These two controllers, 5 pan spread angle and.roll ahle mapping of a
fwo dimené‘%ﬂ&?ﬁﬁﬁ%ﬁ%ﬂ@%%@@ﬂﬂ%@ 3&‘5‘?11‘}‘1‘% AR Ff‘tﬁiergﬁ)&?é{’él@%’éﬁng pan

controller iingameMilh e SRIshaesbRasning impladentontuatieieiidiatesntey of the arc is

defined by the azimuth angle and elevation angle controllers. The angle subtended by this arc is twice
the phf sphting o SiawingRf 80t88. 3C below). Since this latter is in the following 10 range[-1 80,

180], the panningigrh&airmgs {RMasSBEIR RUIBhimsRRcEdRR MY fiEsiasE UHOIcdhe By can be
rotated through control of the roll_angle controller. That is, the rotation is made around the vector

having the tistermgspranishefagrgrialiadathyin ek dssignaigsdhe fopael epptsoldithitams
illustrating 45606632 thaNg/R IRNAIBRA288 by the value 99,9 (0x63) (The latter

designation as used throughout this specification refers to a hexadecimal value for the

15 number) is conventionally defined as a special kind of controller called a Non Registered

Parameter Number (NRPN).
In the event that the message is a NRPN, the third byte of the message indicates

the Most Significant Byte (MSB) of the type of Non Registeréd Parameter Controller that
is being used. .

20 An NRPN MSB for all conirollers described herein is assigned, for example, the
value 6119 (0x3D). (The latter designation as used throughout this specification refers to
a hexadecimal value for the number.) Conversely, a “3D Sound Controller” is hereby
defined as a Non-Registered Parameter Number controller whose MSB is the value 61
(0x3D).

._25 : Hence, for a non-limiting example, a 3-byte preamble defining a 3D Sound

Coniroller in 2 MIDI message may take the following format:

B<n> 63 3D
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15 pan spread angle, and roll angle parameters to map the MIDI pan controller values into 3D space,
in accordance with one embodiment of the present invention. As illustrated in FIG. 5A, the azimuth
angle paran¥@reralsiseositioning of the vector 503 from an initial front pP€iarsH06/ea383mew
rotated position 508, the rotation occurring about a horizontal plane 502. Further, as illustrated in FIG.
5B, the elevation angle parameter is 20 used to move the vector 503 from position 508 in the
horizontal plane 502 to a new rotated position 514 in a direction orthogonal to plane 502. In each case
the origin of the vector 503 is the listening point 504. As discussed above, panning is made along an
arc with the center 530 defined by  the azimuth angle and elevation angle controllers. The panning

arc 520 subtends 3hes Bndesignatersthribrierns patetesiode fang CoginupsiGostods TROLLERS
This sectior&%@éﬁ% {350 EaLaRntrabes %ﬁﬁé%?% RLYsa ey mal ey 30 values, and

allowable ran step values.” AZIMUTH ANGLE PARAMETER CONTROLLER Registered
Parameter NumbgisteBH pasmvtase0d 30N desigsaigadhebihedV B IRYsranetAIA eadRantsc2180 [26

Contrbution 10<DSM AR s SRS TR Sems N e BB e
MIDI vélue seWdd4ainedEiparactiH0ard 8efne deythe ddtcdRegiitidPdaramendsgnaes L.SB
Contributjon,
The Non Registered Parameter Number LSB Contribution is sent in a similar
manner as described above for the MSB Contribution, except that the first data byte for
the LSB contribution is designated by the value 9819 {(0x62), rather then 99, (0x63), and
10  the second data byte indicates what kind of a 3D Sound Controller is to be used.
Hence, for a non-limiting example, a 3-byte preamble defining a type of 3D

Sound Controller in 2 MIDI message may take the following format:

B<n> 62 <Param>
15 '

Where B designates the byte as a status byte for a Continuous Controller, <n>
corresponds to the MIDI Channel, “62” designates that the controllers that follow are
non-registered parameters, and <Param> defines a type of 3D sound controller.

Thus, using the data byte format available for the existing music message system,

20  e.g., conventional MIDI messages, 128 types of 3D controllers are available for definition
in the least significant byte “LSB™). Thus, 128 3D Sound Controllers are available and are
either predefined, such as for the nine coniroliers described herein, or reserved for

- additional 3D Sound Controllers that may be defined in the future.

More particularly, the coarse adjustment byte for the controller designates 3D

25  sound controllers and the fine adjustment byte determines which of the 3D sound

controller parameters will be called into play to respond to the data bytes.

Following the prearable defining a type of 3D Sound Controller, the data value of
that type of 3D Sound Coniroller parameters are set by the Data Entry MSB and LSB

 Contributions.
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Step <00/01>- 0.02 degrees Default<40/00>0.00 degrees 20 The azimuth is given in_the horizontal
plane The default value of O is in front of the listening position, 90 degrees is on the right, -90 degrees
on the left, ar¥dD-286/0kgoEes behind the listening position. 25ELEVATION ANGILE00sR4AISHE TER
CONTROLLER Registered Parameter Number LSB Data Value 1 would be used to control
Elevation Angle. 30B<n> 62 01 [26 <Data LSB>]. 06 <Data MSB> <n>MIDI Channel <Data LSB>
Elevation Value LSB Contribution <Data MSB> Elevation Value MSB Contribution 35<MSB/LSB>
Data Significance: Type MIDI value RW Value Min <00/00>-180.00 degrees 40Max <7F/7F>-179.98

degrees Step <00/9}1igb%fg%degrees WO 2006/060607PCT/US2005/043531

10

15

20

25

30

ntry MSB Contribution for the type of 3D Sound Controller is a
Continuous Controller message, sent in a similar manner as described above for the

NRPN MSB and LSB Contributions, except that the first data byte for the Continuous

- Controller LSB contribution is designated by the value 0610 (0x06), and the second data

byte indicates the MSB contribution of the data value of the given type of 3D Sound
Controller.

Hence, for a non-limiting example, a 3-byte preamble setting the MSB data
contribution associated with a type of 3D Sound Controller in a MIDI message may take

the following format:
B<n> 06 <Data MSB>

Where B designates the byte as a status byte for a Continuous Controller, <n>
corresponds to the MIDI Channel, “06” designates that the controllers that follow are
non-regisiered parameters, and <Data MSB> defines a type of 3D sound controler,

The Data Entry LSB Contribution for the type of 3D Sound Controller isa
Continuous Controller message, sent in a similar manner as described above for the
NRPN MSB and LSB Contributions, except that the first data byte for the Continuous
Controller LSB contribution is designated by the value 38;0 (0x26), and the second data
byte indicates the LSB contribution of the data value of that type of 3D Sound Controller.

Hence, for a non-limiting example, a 3-byte preamble setting the MSB data

contribution associated with a type of 3D Sound Controller in a MID] message may take

. the following format:

B<n> 26 <Data LSB>
Where B designates the byte as a status byte for a Continuous Controller, <>
corresponds to the MIDI Channel, “26” designates that the controllers that follow are
non-registered parameters, and <Data LSB§ defines a type of 3D sound controller.
| Thus, using the data byte format available for the existing music message system,
e.g., conve_ntional MIDI messages, each of the 128 types of 3D controllers are available

for definition in the least significant byte “LSB”) may be set to one of 16,384 data values.
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Default<40/00>0.00 degrees The elevation is given in the vertical plane containing the apparent
position of the source (see discussion above, figure 3). The default value of O places the sound in the
5 horizontal ¥anosipsesevation of 90 degrees is above the listening positiorCBUsiogs@essa under it.
Elevation values are preferably coded in [-180, 180[ (as opposed to [-90, 90]) in order to facilitate
fly-by type trajectories, such as front-to-back and back-to-front movements don't require an azimuth
change. Also this choice allows handling the MIDI bytes for elevation angle in the same manner as the
azimuth angle. 10 GAIN PARAMETER CONTROLLER Registered Parameter Number LSB Data
Value 2 would be used to control Gain. 15B<n> 62 02 [26 <Data LSB>] 06 <Data MSB> <n>MIDI
Channel <Bh¥ll besheyamtha fos sack copplistiibese pangswa b map-ho wakle, thah ans legisal fotion

20<MSB/L S ReP SIARIERE YREAMB ol YA Nele MO b2 B 25Max

<7F/7F>0.00 p <00/01>0.01 dB (I mB) Default<7F/7F>0.00 dB Except <00/00>- co dB 30The
gain parameter cohbw, efforsnleteADb euridrenitaieon Mescageonsoriedks tadollowing format:

5 B<n> 63 3D [B<n>] 62 <Param> [B<n>] 26 <Data LSB> [B<n>] 06 <Data MSB>

In each controller, the transmission of the second, third and fourth instances of

[B<n>] are optional, but must be expected by the rendering synthesizer in accordance

e

with existing legacy MIDI message formats. Since they are optional, these entries may or

10  may not be shown in subsequent sections.

GENERAL 3D SOUND CONTROLLER PARAMETER FORMAT

The General Parameter Format for all of the potential 128 3D Sound Controllers

15  and their associated data values is as follows.

B<n> 62 <Param> [26 <Data LSB>} 06 <Data MSB>

where <n> defines the MIDI Channel, <Param> defines the 3D Sound Parameter,
20 “26” designates that the data byte that follows is the optional 3D Sound Parameter Value
LSB contribution, <Data L.SB> refers to the optional 3D Sound Parameter Value 1.SB
Contribution, “06” designates that the data byte that follows is the 3D Sound Parameter
Value MSB contribution, and <Data MSB> refers to the 3D Sound Parameter Value
MSB Contribution.
25 . In each controller, the Data L.SB coniribution is optional. However, if the LSB is
| {o be offered in accordance with this embodiment, its data must be sent before the MSB
confribution. Preferably, the 3D MIDI Synthésizer (i.e., the 3D sound renderer) takes the
MSB contribution as the only controller that has a real-time influence on tﬁe sound. Once
the MSB contribution is received, the Synthesizer comibines the MSB value with the
| 30 . previously stored LSB contribution for the given parameter, and applies that to the

synthesis model.
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using mB, as an alternative to the standard MIDI CC#7/11, which offers gain through a mapping curve.
This parameter proves to be convenient for computational engines that are biased toward values in
real world unv& MeeaiEdpreferred that Maximum be exactly 0 dB. 35 DISTRINGESIRESAHIS31
PARAMETER CONTROLLER Registered Parameter Number LSB Data Value 3 would be used to
control Distance Ratio. 5 B<n> 62 03 [26 <Data LSB>1 06 <Data MSB> <n>MIDI Channel <Data
LSB> Distance Ratio Value LSB Contribution <Data MSB> Distance Ratio Value MSB Contribution 10
<MSB/LSB> Data Significance: Type MIDI value RW Value 15Min <00/00>0.00 Max <7F17F>1.00
Step <00/01>- 0.000061 Default<00/10>0.001

Parameter Descriptions are offered in the following format:
5 <MSB/LSB> Data Significance:

Type MIDIvalue RW Value

Min  <00/00> {s} {value} {unit}

10 Max <7F/7F> {s} {value} {unit}

I Step  <00/01> {s} {value} {unit}
Default <VV/vv>  {s} {value} {unit}
Except <XX/xx> {s} {value} {unit}

15 <MSB/LSB> represents the Data Entry MSB and LSB respectively.
{value} will represent a real world value
{unit} will represent the real world unit to which that value applies.
{s} is one of the following:

Positive Value is positive
20 - Negative Value is negative
~ Approximate Value listed is approximate

Preferably, the parameter description data Wiﬂ provide parameter descriptions that
have the designated resolution and units for the non-registered parameter number

25 (NRPN). In particular, ‘Min’ will represent the value of the minimum NRPN value,
which is typically <00/00>, ‘Max’ will represent the value of the maximum NRPN value,
which is typically <7F/7F>, Step will represent the value of each individual NRPN value
step, which is typically <00/01>. Hence, any of 16,384 values may be represented in the
two bytes. In order to allow backwards compatibility with existing messaging systems,

30  default valtues are assigned to the new controllers. For example, ‘Default’ will represent
both the MIDI value and the real world value that should be applied to the synthesizer in
the Reset All Controller or Power On conditions. Preferably, different 3D controllers will
be assigned different MIDI values in these conditions, and hence they are shown here as
<VV/vv>. That is, the values of VV and vv will be specified with each controller.

35 According to a preferred embodiment, ‘Except’ will represent a particular MIDI
o value or range of values that exhibit “exceptional” behavior. Again, different 3D

controllers wili be assigned different MIDI values in these conditions, and hence they are
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20 This parameter controls the ratio of the current distance that an object is away from the listener to
the maximum distance (see next controller description) that an object may be away from the listener.
Note this pamsiongges/@siedlso be interpreted as a distance of up to one kilonrtemmespiessed in steps
of 6.1 centimeters, if all other distance based attenuation parameters are kept at their default
(reset-all-controller) value. See Technical Note 2 later in the Specification for more details on this
controller. MAXIMUM DISTANCE PARAMETER CONTROLLER 30 Registered Parameter
Number LSB Data Value 4 would be used to control Maximum Distance. B<n> 62 04 [26 <Data LSB]
06 <Data MSB> 35<n>MIDI Channel <Data LSB> Maximum Distance Value LSB Contribution <Data
MSB> Maxsfia heseascs X svBtds dhenaivs of A58 andms. papeclighthe bebaviprgtthe Type

MIDI value B¥Uialia M SRk ARIRN S H M troller.
As described generally above, two parameter controllers are particularly important .
in the positioning of the sound source in 3D space. These two controllers,
5 pan_spread_angle and roll_angle , enable mapping of a two dimensional pan controller
into 3 dimensional space. In particular, they map the existing pan controller in legacy
MIDI (#10) to 3D space. Panning is made along an arc. The center of the arc is defined
. by the azimuth _angle and elevation_angle controllers. The angle subtended by this arc is
twice the pan_spread_angle (see FIGS. 3B-3C below). Since this latter is in the following
10  range[-180, 180], the panning arc can range from a single point in space to a full circle.
Further; the arc can be rotated through control of the roll_angle controller. That is, the
rotation is made around the vector having the listening point as the origin and ending in

A3

center of the arc.
FIG. 5A-5D are diagrams illustrating use of the azimuth angle, elevation angle,
15 pan sprea& angle, and roll angle parameters to map the MIDI pan controller values into
3D space, in accordance with one embodiment of the present invention. As illustrated in
FIG. 5A, the azimuth angle parameter enables positioning of the vector 503 from an-
initial front position 506 to a new rotated position 508, the rotation occurring about a
horizontal plane 502. Further, as illustrated in FIG. 5B, the elevation angle parameter is
20  used to move the vector 503 from position 508 in the horizontal plane 502 to a new
- rotated position 514 in a direction orthogonal to plane 502. In each case the origin of the
vector 503 is the listening point 504.
As discussed above, panning is made along an arc with the center 530 defined by

the azimuth_angle and elevation_angle controllers. The panning arc 520 subtends an

25  angle that is twice the pan spread angle 522.

3D MIDI CONTROLLERS

- This section describes each 3D MIDI controller in terms of its MIDI byte format, default -

30 values, and allowable ranges and step values.
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5Max <7F/7F>1000.00 distance units Step <00/01>- 0.06 distance units Default<7F/7F>1000.00
distance units This parameter controls the maximum distance that an object may be away from
10 the listengroSesshesfanical Note 2 at the end of this document for more dgiqigsamobingsggntroller,
and on the distance model in general.  GAIN AT MAXIMUM DISTANCE PARAMETER
CONTROLLER Registered Parameter Number LSB Data Value 5 would be used to control Gain at 15
Maximum Distance. B<n> 62 05 [26 <Data LSB>] 06 <Data MSB> <n>MIDI Channel <Data
LSB> Gain at Max Distance Value LSB Contribution 20<Data MSB> Gain at Max Distance Value MSB
Contribution <MSB/LSB> Data Significance: Type MIDI value RW Value 25 Min <00/00>- 163.83 dB
Max <7F/7F>0.00 dB Step <00/01>0.01 dB Default<51/0E>- 60.00 dB 30 This parameter controls

the gain at the maﬁmﬁﬁﬁa@p@ntmm@tﬂmﬁammslmme listener. See Technical Note 2
at the end of this document for more details on this controller, and on the distance model in general.

Note it is preferredRigasivtad iPavsthoR:aNagiheOI$B Data Value 0 would be used to control
5 Azimuth Angle. -

B<n> 62 00 [26 <Data LSB>] 06 <Data MSB>

<p> MIDI Channel
<Data LSB> Azimuth Value LSB Contribution
PO 1! <Data MSB> Azimuth Value MSB Contribution
) <MSB/LSB> Data Significance:
Type MIDIvalue RW Value
135 -
Min  <00/00> -180.00 degrees
Max <7F/7F> ~179.98 degrees
Step  <00/01> ~ 0.02 degrees
Default<40/00> 0.00 degrees
20

The azimuth is given in the horizontal plane. The default value of 0 is in front of
the listening position, 90 degrees is on the right, -90 degrees on the left, and -180 degrees
behind the listening position.

25 ELEVATION ANGLE PARAMETER CONTROLLER

Registered Parameter Number LSB Data Value 1 would be used to control

Elevation Angle.
30 | ~ B<o> 62 01 [26 <Data LSB>] 06 <Data MSB>
<> MIDI Channel

<PData LSB> Elevation Value LSB Contribution
<PData MSB> FHievation Value MSB Contribution

35 <MSB/LSB> Data Significance:

Type MIDIvalue RW Value

g

: : ' Min  <00/00> -180.00 deprees
40 3 Max <TF/7F> ~179.98 degrees
' : Step <00/01> ~ 0.02 degrees
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35 WO 2006/060607PCT1US20051043531 REFERENCE DISTANCE RATIO PARAMETER
CONTROLLER  Registered Parameter Number LSB Data Value 6 would be used to control
Reference Digtpane/ftat. 5 B<n> 62 06 [26 <Data LSB>-] 06 <Data MSB>p¢rgridtab£aassniel <Data
LSB> Reference Distance Ratio LSB Contribution <Data MSB> Reference Distance Ratio LSB
Contribution | 10 <MSB/LSB> Data Significance: Type MIDI value RW Value 15Min <00/00>-0.000061
Max <7F/7F>1.0 Step <00/01>- 0.000061 Default<00/10>0.001 20This parameter controls the ratio of
the distance below which no distance-based

Default<40/00> 0.00 degrees

The elevation is given in the vertical plane containing the apparent position of the
source (sec discussion above, figure 3). The default value of 0 places the sound in the
5 horizontal plane. An elevation of 90 degrees is above the listening position, -90 degrees is
under it. Elevation values are preferably coded in [-180, 180 (as opposed to [-90, 90]) in
order to facilitate fly-by type trajectories, such as front-to-back and back-to-front
movements don’t require an azimuth change. Also this choice allows handling the MIDI
‘ bytes for elevation angle in the same manner as the azimuth angle.

10 :
GAIN PARAMETER CONTROLLER .

Registered Parameter Number LSB Data Value 2 would be used to control Gain.

15 B<n> 62 02 [26 <Data LSB>] 06 <Data MSB>
<p> MIDI Channel
<Data LSB> Gain Value LSB Contribution
<Data MSB> Gain Value MSB Contribution

20 ' <MSB/LSB> Data Significance:

Type MIDIvalue RW Value

Min <00/01> -163.82 dB

25 Max <7F/7F> 0.00 dB

: Step  <00/01> 0.01 dB (1 mB)
Default<7F/7F> 0.00 dB
Except <00/00> - «odB

30 The gain parameter control offers the MIDI content author a way to control gain
using mB, as an alternative to the standard MIDI CC#7/11, which offers gain through a
mapping curve. This parameter proves to be convenient for computational engines that
are biased toward values in real world units. '

Note it is preferred that Maximum be exactly 0 dB.

35
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attenuation is applied to the maximum possible distance that an object may be away from the listener
(as set by the maximum _distance controller).. See Technical Note 2 later in this Specification for more
details on thisvoeestersi25PAN SPREAD ANGLE PARAMETER CONTRORCERS2005Ras8831ered
Parameter Number LSB Data Value 7 would be used to control Pan Spread Angle. 3013<n> 62 07 [26
<Data LSB>] 06 <Data MSB> <n>MIDI Channel <Data LSB> Pan Spread Value LSB Contribution
<Data MSB> Pan Spread Value MSB Contribution 35<MSB/LSB> Data Significance: Type MIDI value
RW Value WO 2006/060607PCT/US2005/043531 Min <00/00>-180.00 degrees Max
<7F/7F>-179.98 degrees Step <00/01>- 0.02 degrees Default<4A155>30.00 degrees

15

20

25

30

35

STANCE RATIO P ER CONTROLLER

Registered Parameter Number LSB Data Value 3 would be used to control

Distance Ratio.

B<n> 62 03 [26 <Data LSB>] 06 <Data MSB>
<n> MIDI Charmnel
<Pata LSB> Distance Ratio Value LSB Contribution
<Data MSB> Distance Ratio Value MSB Contribution

<MSB/LSB> Data Significance:

Type MIDIvalue RW Value

Fresr et et s e ek o e e o e o e v

Min  <00/00> 0.00

Max <TF/7TF> 1.00

Step  <00/01> ~.000061
Default<00/10> 0.001

This parameter controls the ratio of the current distance that an object is away
from the listener to the maximum distance (see next controller description) that an.object

may be away from the listener.
Note this parameter can also be interpreted as a distance of up to one kilometer,

expressed in steps of 6.1 centimeters, if all other distance based attenuation parameters

are kept at their default (reset-all-controller) value.

See Technical Note 2 later in the Specification for more details on this controller.,

MAXIMUM DISTANCE PARAMETER CONTROLLER

- Registered Parameter Number LSB Data Value 4 would be used to control

Maximum Distance.

B<o> 62 04 [26 <Data LSB>] 06 <Data MSB>
<> MIDI Channel
<Data LSB> Maximum Distance Value LSB Contribution
<Data MSB> Maxirum Distance Value MSB Contribution

<MSB/LSB> Data Significance:
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5The pan spread angle is half the angle of the arc along which the pan MIDI controller is mapped to
3D space. See Technical Note 1 at the end of this document for more details on this controller. ROLL
ANGLE PARWMY 10862030662 NTROLLER to Registered Parameter Number LS Detaodsaassdwould be
used to control Roll Angle. B<n> 62 08 [26 <Data LSB>] 06 <Data MSB> 15<n>MIDI Channel
<Data LSB> Roll Value LSB Contribution <Data MSB> Roll Value MSB Contribution <MSB/LSB> Data
Significance: 20 Type MIDI value RW Value Min <00/00>-180.00 degrees Max <7F/7F>-179.98
degrees 25Step <00/01>- 0.02 degrees Default<40/00>0.00 degrees The roll angle is the rotation
angle of the arc along which the pan MIDI controller is mapped to 3D space. See Technical Note 1 at

the end of this document for more details 300n this controller.
Type MiIDIvalue RW Value

———— e e o e B e e e o

Min  <00/00> 0.00 distance units
5 Max <7F/7F> 1000.00 distance unifs
Step <00/01> ~ .06 distance units
Default<7F/7F> . 1000.00 distance units
This parameter controls the maximum distance that an object may be away from
10  the listener. See Technical Note 2 at the end of this document for more details on this

¢ controller, and on the distance model in general.

GAIN AT MAXIMUM DISTANCE PARAMETER CONTROLLER
‘Registered Parameter Number LSB Data Value 5 would be used to control Gain at
15  Maximum Distance. '

B<n> 62 05 [26 <Data LSB>] 06 <Data MSB>

<n> MIDI Channel

<Data LSB> Gain at Max Distance Value LSB Contribution
20 <PData MSB> Gain at Max Distance Value MSB Contribution ,

<MSB/LSB> Data Significance:

Type MIDIvalue RW Value
25 S

~ Min  <00/00> -163.83 dB

Max <7F/7TF> 0.00 dB

Step <00/01> 0.01 dB

Default<51/0E> - 60.00 dB
30

This parameter controls the gain at the maximum distance that an object may be
away from the listener. See Technical Note 2 at the end of this document for more details
on this coniroller, anci on the distance model in general,

Note it is preferred that Maximum be exactly 0 db.

35
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Technical Notes: The technical notes section will elaborate on proper usage of some of the 3D
Sound Controllers defined above. 35 Mapping the MIDI Pan controller (#10) to 3D space:  The two
controllers psyospusadoaryle and roll_angle are introduced in this specificatippriospeys/dagssxisting pan
controller (#10) to 3D space. Panning is made along an arc defined by the following properties: 5the
center of the arc is defined byte azimuth angle and elevation angle controllers (see FIG. 3C and FIG.
5D below) the angle subtended by this arc is twice the pan spread angle (see FIGS. 3B-3C and FIGS.
5C and 5D.). Since this latter is within [-180, 180], the panning arc can range from a single point in
space to a full circle. 10The arc can be rotated through the roll_angle controller. The rotation is made
around the vector QEFBRENCE DISEEANGBARATH BARANFRERLONTROLEERsee lower diagram
below, showing the panning arc as seen from the listening point, looking at an azimuth of azimuth
angle). With these parameters, the pan value is then used to compute a gosition for the 15 sound
along the arc by aRsigigtécin@animteniNiatiber LS B Datadialve erealdybthesed ¢o Torindfault values of 30
and 0 resp c%lvel far.the pan, spread angle and roll_angle, when azimuth and elevation are at their
default val e('ﬁ?%c éségsf,é'a\%ﬁgl?hulate in 3D the normal MIDI mode of operation of the pan controller:
the pamning is applied between two positions (azimuth -30 and 30) that correspond to the
recommended fropkgpekes [ageidaAs COB¥O6IxDaadMi$Bre industry.

<p> MIDI Channel

<Data LSB> Reference Distance Ratio LSB Contribution

<Data MSB> Reference Distance Ratio LSB Contribution

' <MSB/LSB> Data Significance:

Type MIDIvalue RW Value

15 Min <00/00> ~-0.000061
Max <TF/7F> 1.0
Step  <00/01> ~ 0.000061
Defauli<00/10> 0.001
20 This parameter controls the ratio of the distance below which no distance-based

attenuation is applied to the maximum possible distance that an object may be away from -
the listener (as set by the maximum_distance controlier)..

See Technical Note 2 later in this Specification for more details on this controller.

25 PAN SPREAD ANGLE PARAMETER CONTROLLER

Registered Parameter Number LSB Data Value 7 would be used to control Pan

- Spread Angle.
30  Ben> 62 07 [26 <Data LSB>] 06 <Data MSB>
<p> MIDI Channel
<Data LSB> Pan Spread Value LSB Contribution
<Data MSB> Pan Spread Value MSB Contribution
35 .+ <MSB/LSB> Data Significance:

Type MIDIvalue RW Vajue

e
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Here are a few examples showing some combinations of pan spread and roll angles: a)pan
spread_angle = 30, roll_angle = 0 : default situation, panning in the horizontal plane along an are of 60
degrees, fromoefogpasnsd) to right (pan=127). 25b)pan spread angle = 30, re-@osieos/63831 panning
in the horizontal plane along an arc of 60 degrees, from right (pan=0) to left (pan=127). c)pan
spread_angle = -180, roll_angle = -180 : panning in the horizontal plane all around the listener, starting
in the rear (pan=0), going clockwise to the front (pan= 64) and ending in the rear (pan=127). WO
20061060607PCT1US20051043531 d)pan spread angle = 0 : the legacy MIDI pan control has no
effect and sounds are spatialized at the point defined by (azimuth_angle, elevation angle, distance) In
order to implement suchMifeats®)/6%=z can cdf8if@gseensiiowing strategies for the cases where the
pan controller is used aldfagwith & 7GR-zero pardsprdagressgle: 51.each individual note is positioned in
3D along the arc, as spedifed bBP#lzombinatidfblesesD MEDI controllers and its pan controller
value. 2. the MIDI cdneémilis4difisred as 3@0hdegnedsaudio signal, each channel of which is
virtualiZed at the &kiseanitipseat thegleas hirlfj thecangle of the arc along which the pan MIDI

controller is mapped to 3D space. See Technical Note 1 at the end of this document for

more details on this controller.
ROLL ANGLE PARAMETER CONTROLLER

Registered Parameter Number LSB Data Value 8 would be used to control Roll
Angle,

B<n> 62 08 [26 <Data LSB>] 06 <Data MSB>
15 <p> MIDI Channel
<Data LSB> Roll Value LSB Contribution
<Pata MSB> Roll Value MSB Contribution

<MSB/LSB> Data Significance:
20
Type MIDIvalue RW Value
Min <00/00> -180.00 degrees
Max <T7F/7F> ~179.98 degrees
25 Step  <00/01> ~ 0.02 degrees
Default<40/00> 0.00 degrees

The roll angle is the rotation angle of the arc along which the pan MIDI controller
is mapped to 3D space. See Technical Note 1 at the end of this document for more details

30  onthis controller.

Technical Notes:
The technical notes section will elaborate on proper usage of some of the 3D

Sound Controllers defined above._ :

35
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The first strategy above is a preferred embodiment. The first strategy will do a 10 better job at
delivering a continuous panning along the arc, which is not the case in the second strategy for large
values of thewpanoeprsaghangle. In example c), strategy 2) would spatialize @csmg2desruagirear, while
the first solution would create .a wrap-around effect. The scope of the invention is not so limited but is
intended to extend, without 15 limitation, to other methods of implementing and rendering the notes or
events included in the input signal, including at least the following methods: 3. the MEDI content is
rendered as an m-channel audio signal, where m>2, each channel of which is virtualized along the
panning arc. This is an extrapolation of the second strategy, where the increase in the number of
channels the MIDMapping ke YIENGBaaccan trollen (A st AP spaged fidelity of final rendering,

meaning it is easiexfor the listener to localize ih 0 im j [ng:space. An
example of this tei]%ﬁi{qvﬂ%%%%u?gl ‘E}'S gia!g*cgé%r?#eﬁ] \/g%%ﬂs\t/v%iere %I@#@gggrﬁﬂi{sq%%dered as a left
(L), a centespé)fantion tightfRhebristiog Factonttdler (@) FadDssrathelpong iswads langd be

reproduced by contgibution ofgﬁe L.and C channels, and by the C and R channels for 25 Pan values
between (6 FHELRM AP AT

en positioned in 3D at the extremities of the arc, and
the C channel is positionge ieritee ofidielerofishiafied by e thtrvil laaghtentlislcemimieshgle a 2-channel

audio signal, and js upmixed to 3 or mor apnels, each channel of which is virtualized along the
panning ar&%@%ﬁa&?ﬁfi&ﬁg §H§ﬁ§ E%ogae}@ases the spatial fidelity over the second one, but
here the WO 2006/0606{¢ Ripld\ R/ b98ik arrikialficetily will BereapengdtnsenRI@IIpmix

technology beig&used to derive the additional channels tq be spatialized along the arc.

pistance-b 38 ﬂ@lﬁgﬁ%rﬁ(@éé %SS%;&ggQ}sgaﬁer 1s within [-180, 1801, %w panning arc can

range from a single point in space to a full circle. _
10 . The arc can be rotated through the roll_angle controller. The rotation is
made around the vector going from the listening point (the origin) to the center of the arc
(see lower diagram below, showing the panning arc as seen from the listening point,
looking at an azimuth of azimuth _angle).
With these parameters, the pan value is then used to compute a position for the
15 sound aldng the arc by a simple linear interpolation on the angle covered by the arc. The
default values of 30 and 0 respectively for the pan_spread_angle and roll_angle, when
azimuth and elevation are at their default values (0 degrees), will sitnulate in 3D the
normal MIDI mode of operation of the pan controller: the panning is applied between two
positions (azimuth -30 and 30) that correspond to the recommended front speaker layout
20  commonly used in the industry.
' Here are a few examples showing some combinations of pan spread and roll
angles:
a) pan_spread_angle = 30, roll_angle = 0 : default situation, panning in the
horizontal plane along an arc of 60 degrees, from left (pan=0) to right (pan=127).
25 b) pan_spread_angle = 30, roll_angle = -180 : panning in the horizontal plane
along an arc of 60 degrees, from right (pan=0) to left {pan=127).
c) pan_spread_angle = -180, roll_angle = -180 : panning in the horizontal
plane all around the listener, starting in the rear (pan=0), going clockwise to the front
(pan= 64) and ending in the rear (pan=127). | '
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‘This section describes an attenuation model based on the distance between the origin of the spherical
coordinate system (the listening position), and the point in space associated with the MIDI channel. As
shown in theWigunedamigg7representing the attenuation according to the distaoagushissnaesiahrelies on
the following 3 parameters: 101.max distance: the distance at which no additional distance based
attenuation is applied when the sound moves further away 2. reference distance: the distance
beyond which distance based attenuation is applied, and below which no distance based attenuation
is applied 3. max attenuation: the maximum distance based attenuation applied to the 15 sound.
It is applied when the sound is at max_distance.  The attenuation curve applied when the distance

is between referendp distperespreddrrngldisti@ncbadegady TN pas propokbavyothbasicad chosen by
the IA-SIG for the 3D Audig.Re ing a | idali e I ' an
attenuation %Pﬁ% d@eg?ggﬁ%y% i?g %Fo%ﬁlr{}éj?gﬁ%@gp%%ﬁgm%EF, %%@ﬁ'%#@%c%gﬁ%%jscaling

factor that is used In erkietthenglstaadestiey deatutee aeéarencendidea ticefoloiwinpsisitgmisforised in

OpenAL an Microsofi‘rs DirectSoun 3052}, and is therefore. 'Hinglemented b SPC Sé)_ltmdfeard
manufactur&t€ ftHelf ﬁ% HSGBHBIE E?pen POERSEERE RBRHh-H1& Sttenuation

curve, g value of 110 for tegctothd@fvitheibidivhiqhoistitesd tndiifealbryatbie dre Diseptiifisddstehels for
instance to an attenyation of g& B thf%% @%und’ WO 2006/06&?07PCT/U82005/043531 whose

reference dRVINERRROR Aidhs L5, HRa Roprodieh i em

2, the MIDI content is rendered as a 2-channel andio signal, each channel of

£y which is virtualized at the extremities of the panning arc.
h.\‘ 3

- The first strategy above is a preferred embodiment. The first strategy will do a
10 better job at delivering a continuous panning along the arc, which is not the case in the
second strategy for large vahues of the pan_spread_angle. In example c), strategy 2) would
spatialize all sounds in the rear, while the first solution would create a wrap-around
effect. |
The scope of the invention is not so limited but is intended to extend, without
- 15 Iimitatioﬁ, to other methods of implementing and rendering the notes or events included
in the input signal, including at least the following methods:
3. the MIDI content is rendered as an m-channel audio signal, where m>2,
' cach channel of which is virtualized along the panning arc. This is an extrapolation of the
second strategy, where the increase in the number of channeis the MIDI content is
20  rendered as will increase the spatial fidelity of final rendering, meaning it is easier for the
| listener to localize the sounds around him in the listening space. An example of this
technique would be a 3-channel version where the MIDI content is rendered as a left (L),
a center (C) and a right (R) channel. Each note whose Pan is in the [0, 64) interval would
be reproduced by contributions of the L and C channels, and by the C and R channels for
25 Pan values between (64, 127]. The L and R channels are then positioned in 3D at the
. extremities of the arc, and the C channel is positioned in the middle of the arc.
4. the MIDI confent is rendered as a 2-channel audio sigpal, and is upmixed

~ to 3 or more channels, each channel of which is virtualized along the panning arc. Like

strategy 3, this strategy also increases the spatial fidelity over the second one, but here the
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attenuation of 6 dB for each doubling of the distance. In order to use this attenuation model given the
parameters of the proposed model, one would simply need to use a roll off factor given by: 5
max_allenuatiam2dsédsoamference distance. 1020- reference distance - max gistazeeos/043531
-reference_distance  Note that the computation of a roll off factor is only valid when max_distance
and reference distance are not equal. When they are, there is no attenuation in the [0, 10 reference
distance] range (= [0, max_distance]), and the attenuation jumps to max_attenuation in the Jreference
distance, +04 range (= Jmax distance, +cop  Based on this distance attenuation model, 3D MIDI
uses a set of four parameters to encode the description of the attenuation characteristics of a MIDI

channel, alepatinlitidglisiztt healtpenteisonshd spuintethnolngabsing eseddaiderizndbgng:

151.maximum,. distance 2. gain, at maxis Y i%éatﬂg%%. distance_ratio 4. reference distance ratio The
first parameat%hr?h%%a}(?r%l?rlﬁn ﬁ?gﬁb&%@éﬂ%rgggﬂé in"units of distance (can be 20 meters) and defines

the p.o.int where an attenua';ion of g_ain at_ ma>§imum distance is appligd. _In ordgr to provide guaranteed
Cource ' expross DU et RUPRIBET BT O St Iootweon O and 1) of the maximum
_distange parameter. Therefore the actual distance value (as used in the preceding example 25
formulas) s deflne’Idh?sys:.ection describes an attenuation model based on the distance between the

origin of the spherical coordinate system (the listening position), and the point in space

associated with the MIDI channel. As shown in the figure below representing the

attenuation according to the distance, this model relies on the following 3 parameters:
10 1. max_distance: the distance at which no additional distance based

attenpation is appliéd when the sound moves further away .

2. reference_distance: the distance beyond which distance based attenuation
is applied, and below which no distance based attenuation is applied

3. max_attenuation: the maximum distance based attenuation applied to the

15  sound. Itis applied when the sound is at max_distance.

The attenuation curve applied when the distance is between reference_distance
and max_distance is defined in this proposal by the model chosen by the IA-SIG for the
3D Audio Rendering and Evaluation guidelines Level 2 (I3DL2). It defines an attenuation

20  in dB given by the following formula:

reference_distance J

attenvation = 201o
E1o [re_]%rence__dz‘srance + ROF - (distance - reﬁzrence_distance)

25 where ROF, the roll off Factor, is a scaling factor that is used to scale the
distances beyond the reference distance. This model is also used in OpenAlL and
- Microsoft’s DirectSound3D, and is therefore implemented by PC soundcard
manufacturers in their implementation of the OpenAL or DirectSound APIs.
With this attenuation curve, a value of 1.0 for the roll off factor (which is the

30  default value in DirectSound) leads for instance to an attenuation of 60 dB when a sound,
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distance = distance ratio * maximum distance = The same principle applies to reference_distance
ratio, where the actual reference distance is defined by: reference distance = eference_distance_ratio
maximum distangsasdstere are examples for values of those parameters: prerhisédogioas8y;would
typically not be heard beyond 10 meters away ( maximum distance = 10, gain at mwdmum_distance =
-163.83) but would sound significantly louder a few centimeters away from your ear (reference
distance ratio =5 0.01, which means that between 0 and 10 cm, the fly sound is not attenuated). Here,
given the maximum distance, each step to express the distance of the fly with the distance ratio
parameter is about 0.6 millimeters. The engine of a car will be barely heard a kilometer away
(maximum dlistaacefercloddistraiceds Mmdien, nis diidnueters adppribhivalikd mesuiisanded 10 about one

meter away referenc%ﬁ' e ratjo = 0.001). Here, the distance ratio offers a step.of 6 centimeters.
As a referefCETAHAR: gé%&%@?@%s%h%%‘&fﬁ%%ﬁ o %é%’eorlﬁe f%oulrllS fi{rglﬂw% fgﬁsélr%?ure: attenuation
= 20 logm [redqe abren tistparesliddsfithtprapisddithddel alpiravonid sisrthly sexdtd taseleopplby 6 dB per-
doubling of 2Q the distance, which is what is to expect for the simulation of a punctual sound source.
With an alpPH Betar @en®Enuation is 3 dB per doubling of the distance, which fits the model of a lineic

sound gource (such as a river or the waves on the beach). One can deduct the value of alpha given

the parameters of the proposed model with: _mex_atenuarion
ROF = reference_distance.10 2 - reference_distance

max_distance —reference_distance

Note that the computation of a roll off factor is only valid when max_distance and
reference_distance are not equal. When they are, there is no attenuation in the [0,
10 reference distance] range (= [0, max_distance]), and the attenuation jumps to
max_attenuation in the Jreference_distance, +oof range (= Jmax_distance, +co)

Based on this distance attenuation model, 3D MIDI uses a set of four parameters
to encode the description of the attenuation characteristics of a MIDI channel, along with
the distance it is to be rendered at. The parameters are the following:

15 1. maximum_distance

2. gain at maximum_distance

3. distance_ratio

4 reference distance_ratio

The first parameter, maximum_distance, is expressed in units of distance (can be

| 20  meters) and defines the point where an attenuation of gain_at maximum_distance is
applied. In order to provide guaranteed precision for the range of distance in which
distance based attenuation is applied, the distance of the source is expressed by the
distance_ratio parameter as a ratio (between 0 and 1} of the maximum_distance
_ parameter. Therefore the actual distance value (as used in the preceding example
25  formulas) is defined by:

distance = distance_ratio * maximum _distance
The same principle applies to reference_distance _ratio, where the actual reference

distance is defined by:
reference distance = reference distance ratio * maximum _distance
30 ' : _
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25If the need arises, it can be envisioned that future extensions of 3D MIDI could support multiple
distance based attenuation models, whose selection would be triggered by the MIDI content, but the
default behawior20mebber the one defined herein.  The description accurgiglyidesesipgsappropriate
mathematical equations used for computing properties of the controllers result on lower level
parameters such as "gain". WO 2006/060607PCT/US2005/043531 The description also contains
some suggested minimum-quality results of synthesizers rendering content in 3D based on control
data in the format defined herein.  FIG. 4 is a flowchart illustrating steps involved in adding
extensions to a legacy MIDI signal in accordance with one embodiment of the present invention. The
method 5 starts atiespaoexmeniesifer yaliconddhesetharamsigimessage is examined in step 402. This
is used in conjunction wi Ji‘l?{bﬂﬂ? fg Qvéﬁfc? ﬂf)‘t%tgﬂ g}%%qme}g%éﬁzad of the
stereo streams and an initial location o the sou e wi |n that sprea no pan sprea lue is
provided, theackdsfautt \thﬂﬂm@ﬁﬂé gRiead i |masenummmmequd|66€§3rlinatlmldﬂ toandll value 406,
rotation by the aH gv%cgn rot%g%%gg he 100a2|m ei%!He 4 %t?é:cur s a result, the
position of fhe"eotreein V|rtu al'space i getermin AEL'QS lﬁe?({ & mote-or tife 1stendered in step 414
and the prog€ds whith atestepktl Getwedind kbbb ing, des fypivandizacbésmeveaip I giverents of an
extended Ayx specification. That is, an extended format,for provi usi es is described.
15The scoﬁl‘é o?%ﬁ‘é‘%ﬁfgﬁ% %ﬁ‘&ﬁ&%&%&%&éﬂ%@ﬁg@?ﬁfgﬁ?ﬁ?&ﬁ%@é C%}Pconvertlng
from a con@mmeﬂmwmsmﬁmmm such as legacy MIDI to an extended system such as 3D
MIDI. By configuring a user mterface in accoy, e with the embodlments described, a simplified
fiavigation experiénce m HEngiag pft Wb’lﬂ%@% H%?W@'preservmg the capabilities
of p|aybaC|<(191fa§Bﬁn%Q dABNRRSAT000 Badt QR ﬁ%ﬂﬁiﬁﬁﬁ%&%@c@'ﬁybﬂﬂﬁwﬁlﬂﬂﬁﬁ&&‘db@' User

Interface Console
¢  about one meter away (reference _distance ratio = 0.001). Here the distance_ratio offers a

step of 6 centimeters.

As areference for the reader, here is another attenuation scheme found in the

15 Iiteraturc:-

reference_distance \*
attenuation = 20 logw( = )

distance

A default value of 1 for alpha caunses the sound to drop by 6 dB per doubling of

20 the distance, which is what is to expect for the simulation of a punctual sound source.
With an alpha of %, the attenuation is 3 dB per doubling of the distance, which fits the
model of a lineic sound source (such as a river or the waves on the beach).

One can deduct the value of alpha given the parameters of the proposed model
with: _

25 If the need arises, it can be envisioned that future extensions of 3D MIDI could
support multiple distance based atienuation models, whose selection would be triggered
by the MIDI content, but the défault behavior would be the one defined herein.

 The description accurately describes appropriate mathematical equations used for

computing properties of the controllers result on lower level paramétcrs such as “gain”.
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The Musical Instrument Digital Interface (IVIEDI) is a protocol and set of 25 commands for storing and
transmitting information about music. MIDI output devices interpret this information and use it to

synthesize nwigigoos/0dddth the proliferation of multi-channel systems for honpg-¢iaerigsviden games
and music, the need for multi-channel production systems is growing. With these modem advances,

the advancement of the MIDI standard from simple stereo rendering to-true 3D 30 sound rendering
becomes the next logical step in MIDI evolution. WO 2006/060607PCT/US2005/043531 The
following guidelines are provided to describe a non-limiting example of a user interface for use in
providing control over all sound from an audio rendering device, or sound card. In accordance with
one embodifherksiniptan BIED coataine splistsugpasted hinivetesofualityoesidte gl yigsizephthesizers.

For example, in ane empogli there 5 will b stri ach.siri ing.one channel. The first
16 strips wiﬁéﬁg?gﬁl& fg%ﬁégg%g?@ﬁ Seesé’a‘r’f&%%‘r’gd}i%ﬁés‘{/ﬁ e%?z&éar &éyn%% , followed by 16 strips
that will belong to H16.skonflesfdharisibiwsttatangl Sebl Riveywit ésizddtnSyxttndinT i s degagory is
preferably yser. interface for the embadiment of the 3D M]DI converter, as depicted in FIG.1 104.
10The exa ﬂ%%@?%ffé?fﬁ’@édeﬁﬂfﬁv@lﬂiﬁgr ‘é 8& SBES bﬁ g?ﬁlﬁt%rg Eiﬁetﬁ%er cr’%ering music
synthesgizersthas ig sepIRINONAHS ARG forakei v th&dtbsigBrhnitbdiit sajsld0ger needing to
change or manipulate the M]DI signal, Thus, a user who is not sufficientl;gé chnjcally adept to

understand kB ks igrronignsigm i anaRnlied pr SeERee e dnatr R S0A e intuitive

controls proyjdad biikBetbies LA Haten Inktik! RBRIDIROTIhA SouheyRiiRif teat Efscti HitHe Name
label (702) Displays the midi synth and channel number. 201.1.2 Strip Positioning Right-clicking on

gny part of B#8 &F@Wﬂ@éﬁi’@m,ﬁ%éﬁfﬁﬁgﬁ@l@é@ﬂ@ spysadeigedy DlwtdBIBRaue iéw source to
place at the SRR B H¥ Yoll value 406, rotation by the elevation value 408, and rotation by the

10  azimuth value 410 occur. As a result, the position of the source in virtual space is
determined (412). Next, the note or file is rendered in step 414 and the process ends at
step 416. _

The foregoing description describes several embodiments of an extended MIDI
specification. That is, an extended format for providing music messages is described.

15 The scope of the invention is also intended to extend to user interface devices
capable of converting from a conventional music message system such as legacy MIDI to
an extended system, such as 3D MIDI. By configuring a user interface in accordance
with the embodiments described, a simplified navigation experience may be provided to
upmix conventional content while preserving the capabilities of playback of the 3D

- 20  message format on conventional 2D playback systems.

3D MIDI User Interface Console

The Musical Instrument Digital Interface (MIDI) is a protocol and set of
| 25  commands for storing and transmitting information about music. MIDI output devices
interpret this information and use it to synthesize music.
With the proliferation of multi-channel systems for home cinema, video games
and music, the need for multi-channel production systems is growing. With these modetn
advances, the advancement of the MIDI standard from simple stereo rendering to true 3D

30  sound rendering becomes the next logical step in MIDI evolution.

Page 41



A successful selection will swap the 2 strips. 1.1.3 Auxiliary Effects 1-4 25 This displays a set of four
auxiliary effects applied across all strips shown. 1.1.4 3D Pan Supports a control to shift the sound
position arouno thesisigsner in two planes When the user clicks on the 3D Pagaigaoi8fqsshigoer
window will pop up (See FIG. 7C), showing a top and side views with a control for sound positioning. 5
A user can drag the midi source within the area. The following controls are provided on the interface to
manipulate the corresponding Ul 3D MIDI parameters. Preferred ranges are shown, but are not
intended to be limiting.  Azimuth is the angle of the midi source from the center on the horizontal
plane. 10Ranging from -180 to 180 with O degrees in front Distance is the displacement of the midi
source from the cé&fitefadothiahguidehitespiamrorded inglésonibe Fonenddniingisapeploob s the distance

of the speakers.| r? ener. . Elev tion is, th of t %ﬂ f é}ﬁ[ lane.
Ranging froﬁcrf% 8cf§[ W nPeOS% ?8%%350&?1?8% oc%ut]hﬁ ?6 er‘fig:é f[;ll%r% ;gga e%%% elow the
listener. Pas ﬁmmbaﬂbsmﬁah&mﬁﬁnﬁmmmapﬂmémmmmdﬂzmmal plane if it
spans the fujl range he sta fgé&% ramet Ranging from 0 to 0 %Wlt 100% as the
default. ThlgLﬁ'&Pg%l Wﬁ"ﬂﬂ W Séheﬁsr'c ocﬁ %3%}?%’? uPceervl\} B pan ’spread is
changing agditbeamads, afieh @tﬁfﬁﬂﬁiﬁﬁy 2 mamlaprzermmemﬁpye&ﬂ bﬂc&gmdtﬂqe Reset will
center the midi source at the Ilstener osition. 1.1, te/S The ute controéq ute the selected

MIDI chanri@isteddheserad ﬂ?éhﬂﬁggle( 8?”5& Pl fiStiRg of the inputs
that are nOtb!élo?@@Jﬂﬁ%cbﬂatm%&ﬁﬂ@z&ammlhyﬁ%ﬁe&&&ﬂﬂﬁdﬂﬁm%ﬁaﬁ@wﬁwted will also

unmute all other sources.
Y preferably user interface for the embodiment of the 3D MIDI converter, as depicted in

FiG.1104.

10 The example user interface allows a user to enhance the 3D sound emitted by the

rendering music synthesizer that is rendering music according to a standard MIDI signal,
without said user needing to change or manipulate the MIDI signal. Thus, a user who is
not sufficiently technically adept to understand the MIDI signal format and semantics
may still produce 3D sound using the more intuitive controls provided by the User

15 Interface..

1.1.1  Strip Name

e Asshown in FIG. 7A, the Strip Name label (702) Displays the midi synth and channel

number.

20 1.1.2 Strip Positioning
e Right-clicking on any part of the strip will pop a 2 level popup menu. See FIG. 7B.

The user can select a new source to place at the strip position.

e - A suceessful selection will swap the 2 strips.

1.1.3 _Auxiliary Effects 1-4

25 e This displays a set of four auxiliary effects applied across all strips shown.

Page 42



WO 2006/060607PCT/US2005/043531 1.1.6 Level/Volume The volume control individually scales the
dry-path volume according to the selected channel. The level will be displayed in dB. 5Combining IlI

3D MIDI parsrocters oy 83D MIDI parameters While the user interface as dgggyihedi@hanyssgnables
the user to manipulate the sound source along spherical polar coordinates, most 3D sound renderers
in current use require the position to be expressed in Cartesian (i.e., X-y-z).coordinates. The following
section 10 describes how the 3D MIDI parameters are combined with the user interface 3D MIDI
parameters, and with the legacy MIDI Pan controller, to compute a note position in space expressed in
Cartesian coordinates. In a specific embodiment, a particular user interface, i.e., the Audio Creation
Console UTLik4lesdallad but not intended to limit the invention. 15Input parameters include Global
Parameters, User Interface parameters, 3D MIDI parameters, and legacy Midi parameters. Input
ParametersA. Rlipbattpareoniztd to: ifiGhsaupd nSyiteadEaetdrthe Yisi¢a@Gn600] phafauWiet00 Note:

this system widg value is preferabl justed e yser by a physical rotar 0 dona
oreakout box. 11 L SOH VB ST Ead DRast e e L SRR e o
involuntarily tustiogiaf thematd pidaviess2bifB . aldeatrbdttrfaoandptitiiriagtion Console Ul) parameters

5 e« A usercan drag the midi source within the area.

o The following controls are provided on the interface to manipulate the corresponding Ul

3D MIDI parameters. Preferred ranges are shown, but are not intended to be limiting,

¢ Azimuth is the angle of the midi source from the center on the horizontal plane.

10 Ranging from -180 to 180 with 0 degrees in front.

o Distance is the displacement of the midi source from the center on the horizontal

plane. Ranging from 0% to 400% where 100% is the distance of the speakers to the

listener.

o Elevation is the angle of the midi source from horizontal plane. Ranging from -180 to
15 180 where 90 degrees is on top of the listener and -90 degrees is below the listener.

+ Pan Spread designates the width that the midi source will sound on the horizontal
- plane if it spans the full range of the standard MIDI Pan parameter. Ranging from 0 to
600% with 100% as the default. This parameter will preferably appear as an arc on the
midi source when pan spread is changing and disappears after a predetermined time

20 period when there is no activity.

* Reset will center thie midi source at the listener position.

1.1.5 Mute/Solo

The mute control will mute the selected MIDI channel. The solo control will unmute the
“selected channel and mutes all the rest of the inputs that are not in solo mode. Muting a
25  solo control will unsolo it. The last solo that is unmuted will also unmute all other

_sources.
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Ul_Azimuth in degrees, [-180, 180], default = 0 30 Ul_Distance WO
2006/060607PCTTUS2005/043531  in %, [0, 400], default = 100 Ill Elevation  in degrees, [-180,

1801, defauliznCrddbiegusipreadFactor In %, [0, 600], default = 100 C. 3D MigghpatamisisasiD
Azimuth 10in degrees, [-180, 180[, default = 0 3D_Elevation in degrees, [-180, 180][, default =0
3D_PanSpread in degrees, [-180, 180[, default = 30 15 3D PanRoll  in degrees, [-180, 180],
default = 0 3D_MaximumbDistance 3D _GainAtMaxDistance 3D_RefDistance

1.1.6 Level/Volume

The volume control individually scales the dry-path volume according to the selected

channel. The level will be displayed in dB.

3 Combining UI 3D MIDI parameters with 3D MIDI parameters

While the user interface as described above enables the user to manipulate the sound
source along spherical polar coordinates, most 3D sound renderers in cutrent use require
the position to be expressed in Cartesian (i.e., Xx-y-z) coordinates. The following section
10  describes how the 3D MIDI parameters are combined with the user interface 3D MIDI
parameters, and with the legacy MIDI Pan controller, to compute a note position in space
expressed in Cartesian coordinates. In a specific embodiment, a particular user interface,

i.e., the Audio Creation Console UI, is described but not intended to limit the invention.

15 Input parameters inchide Global Parameters, User Interface parameters, 3D MIDI
- parameters, and legacy Midi parameters.

Iﬁpuf Parameters

A. Global parameters:

20 = Global_PanSpreadFactor
In %, [100, 600], default = 100
Note: this system wide value is preferably adjusted by the user by a physical rotary
knob exposed on a breakout box. The minimum value of 100% (instead of 0%)

is intended to prevent the user from involuntarily turning off the note panning.

25

B. User Interfuce (Audio Creation Console Ul) parameters

Ul _Azimuth
: in degrees, [-180, 180], default =0
30 - UI_Distance ' :
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20 3D DistanceRatio 3D Gain D. Legacy MIDI parameters 25 MIDI Pan Output values 30 We list
below the parameters needed for the 3D rendering of the 3D channel. They are the following:
Attenuation ang dwiaswRrelated parameters: i. Final_MaximumDistance Fipgrfagnssidiaadiistance
35iii. Final_RefDistance iv. Final_Distance v. Final_Gain Position parameters (expressed in
right-handed coordinate system, i.e. user facing -z): 40i. Final _X Final_Y Final Z

in %, [0, 400], default = 100
Ul _Elevation
in degrees, [-180, 180], default=0
UI_PanSpreadFactor
5 In %, [0, 6060], default =100

C. 3D MIDI pammetersr

3D Azimuth
£ 10 in degrees, [-180, 180], default =0
o 3D_Elevation
in degrees, [-180, 180[, defanlt=0
3D PanSpread
in degrees, [-180, 180[, default = 30
15 3D _PanRoll
in degrees, [-180, 180, default =0
3D_MaximumDistance
3D GainAtMaxDistance
3D_RefDistance
20 3D DistanceRatio
3D_Gain

D. Legacy MIDI parameters

25 MIDI Pan

Qutput values

30 We list below the parameters needed for the 3D rendering of the 3D chanmel. They are the

following:

¢ Attenuation and Distance related parameters:
i. Final MaximumDistance
ii. Final GainAtMaxDistaoce
35 iii. Final RefDistance
' iv. Final Distance
v. Final Gain
. Position parameters (expressed in rlght—handed coordinate system, i.e. user
Tfacing —z):
40 : i. Final X
'  Paged5



These attenuation and distance output values are computed in the following way: 5
Final_MaximumDistance = 3D MaximumbDistance Final GainAtMaxDistance = 3D_GainAtMaxDistance

10Final RefChatatmoergs@; RefDistance Ul Distance)* 3D DistanceRatio Fingpigtaa6€sassiial
MaximumbDistance * 100 Final_Gain = 3D Gain 15 The note position in Cartesian coordinates is
obtained by a series of rotations applied on an original starting position (0, 0, -1). The notation
R(alpha, A) corresponds to a rotation of alpha degrees around the axis A. 20 - compute the angle of
the note on the horizontal plane: note_angle =1VBDI Pan * 3D_PanSpread * (Ul
PanSpreadFactor/100) * (Global PariSpreadFactor/100) if( note angle <-180) then note_angle = -180
if( note_angle > 180) then ndte Eagle¥: 180

iii. Final Z

These attenuation and distance output values are computed in the following way:
Final MaximumDistance == 3D_MaximumDistance
Final GainAtMaxDistance = 3D_GainAtMaxDistance
1¢ Final RefDistance = 3D RefDistance

Ul Distane
100

g

Final Distance = Final MaximumDistance * ( ] * 3D DistaneRatio

Final_Gain = 3D_Gain
15

The note position in Cartesian coordinates is obtained by a series of rotations applied on
an original starting position (0, 0, -1). The notation R(alpha, A) corresponds fo a rotation
of alpha degrees around the axis A. -

20 - compute the angle of the note on the horizontal plane:

note_angle = MIDI_Pan * 3D_PanSpread * (UI_PanSpreadFactor/100) *
(Global_PanSpreadFactor/100)
if{ note_angle < -180) then note_angle =-180
if( note_angle > 180) then note_angle = 180
25 - use this apgle to compute the (x, y, z) posttion (Py) along the panning arc:
Py =R(note_angle, Y). (0,0, -1)
- - apply the roll on the panning arc:
P, =R(3D PanRoll, -Z) . P,
- apply the elevation:
30 - P3=R(3D_Elevation, X) . P,
-~ apply the azimuth:
P4=R(3D_Azimuth, Y).P;
- apply the channel elevation based on the Audio Creation Console Ul elevation value:
Ps = R(-UI Elevation, X). Py
35 - apply the channel azimuth based on the Audio Creation Console UI azimuth value:
Ps=R(-UL_Azimuth, X) . Ps

The final position Pg is a normalized vector. The position of the note is Pg multiplied by

the distance: . o
- 40  FinalPosition = Final Distance. Ps
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25 - use this angle to compute the (X, y, z) position (Pi) along the panning arc: Pl = R(note angle,
Y) . (0,0, -1) - apply the roll on the panning arc: P2 = R(3D_PanRaoll, -Z) . P1 - apply the elevation:
30P3 = R(3Dnalevsdizsnsds) . P2 - apply the azimuth: P4= R(3D Azimuth, Y) R3rrappég/tassshannel
elevation based on the Audio.Creation Console lll elevation value: P5 = R(-M Elevation, X) P4 35 -
apply the channel azimuth based on the Audio Creation Console UT azimuth value: P6 = R(-UlI
Azimuth, X) . P5 The final position P6 is a normalized vector. The position of the note is P6 multiplied
by the distance: 41)FinaLPosition = Final Distance. P6 Method and Apparatus for Enabling a User to
Amend an Audio File Further embodiments relate to a method and apparatus for enabling a user to 5
amend an audio f|Ie V|a a user mterface for controlling a drlver for re-authoring the audio file.
Particularlyithehan AR, Enahlinga User focAmend am AndioFileraratus for enabling a
user to amend a MEDI flle via a user mterface for controlling a driver for applying three-dimensional

audio data to the Mwemb@ﬁapeaw@@wm@ewmﬂrwmmm elpllagasusentoD| files already
mcludngg SHRArRelRS ARMARY indMoa usess dawoinad 2a8dsies glﬂﬁb(hﬂﬁ fne JQufg of MIDI

files, o

23l

file. Particularly, but not exclusively, this embodiment relates to a method and apparatus
for enabling a user to amend a MIDI file, via a user interface for controlling a driver for
applying three-dimensional andio data to the MIDI file. It may apply to legacy (standard)

MIDI files as well as MIDI files already including 3D parameters.

10 Many individual users download and listen to music, in the form of MID! files, on
their own PC. However, users are becorming more sophisticated and are requiring
improved soundscapes for MIDI files. In addition, users want to be able to personalise
MID] files for improved listening, for example by amending the MIDI file soundscape
and saving their own changes.

15 In general terms, this embodiment proposes that a user interface be provided for
controﬂiﬁg a driver for re-authoring an audio file. In that user interface, an icon is
assigned to each instrument or set of instruments in the audio file. For each icon, a.
particular position (relative to the user) may be selected and/or a particular trajectory
(relative to the user) may be selected. The particular trajectory may be selected from a

20  selection of trajectories. The user interface shows the icons and the position of each icon
relative to the user and may also show the trajectory assigned to each icon. Thus, the user
is able to select a new position and/or a trajectory for an icon and, once he has "done $0, he
can see the changes he has made on the user interface.

In particular, according to this embodiment, there is provided a method for enabling a

25 user to amend an audio file, via a user interface for controlling a driver for re-authoring

e audio file, the method comprising the steps of:
a) associating an icon on said user interface with one or more instruments or sets
of instruments in said audio file;
b) providing a selection of possible trajectories for each said icon, each trajectory

30  defining the virtual path, relative to said user, of the associated instrument or set of

| instruments; '
| Page 47



their own PC. However, users are becoming more sophisticated and are requiring improved
soundscapes for MIDI files. In addition, users want to be able to personalise MIDI files for improved
listening, for @xazoqEedegEmending the MIDI file soundscape and saving tharceywsmosnass115In
general terms, this embodiment proposes that a user interface be provided for controlling a driver for
re-authoring an audio file. In that user interface, an icon is assigned to each instrument or set of
instruments in the audio file. For each icon, a particular position (relative to the user) may be selected
and/or a particular trajectory (relative to the user) may be selected. The particular trajectory may be
selected from a 20 selection of trajectories. The user interface shows the icons and the position of

each icon relative %RF@’EE_Q@ &ﬁéﬁh‘?&w&@é@%‘w %@%@%%%WMR@MWM the user
is able to sqiagt g0 WoRARIHICRARNIHE HAIA A R RSANAB SRS S AlGhG8aNe can see

the changes he has made on the user interface. In particular, according to this embodiment, there is
provided a gttt oeseiisifrigstn@sentsr to amend an audio file, via a user interface for controlling a

drlyer for re'aUthO&Wqﬁe%%gigcﬁlfg 55181 cr;g}gthod comprising the steps of: .a) asgocllatlng an icon on
said user interface ‘Wwith one or morgé instruments or sets of instruments in said audio file; b)

providifig a selecti)ritef wos siisie tingec g ioaretchadaijemtory, Farhirajeletdiyn3odkéining the virtual
path, relati\g%]’(tﬂotggilcti: user (Pf the associated instrument or set of instruments; C) providing a
display on SR TSer w'ﬁ‘ear?ace for showing the position of each said icon, each position defining the
virtual position, rejgtivditatbaidoiseiidafispashegatiiibinsiihnssibaed ticafandtwlmdetsi  d) the user
selecting an icon; 5@ the user assignin%ga§gqsiti n and/or a trajectory from the selection, to the
selected icOEHAY "G SRUASAGL SR g gﬁ%%‘lﬂe position of the selected icon and whether a
trajectory has been assigned to the selected icon. 10As illustrated in FIG. 8, the logic moves from a
start step to step 101 where the user selects the particular MIDI file which is to be re-authored by the

appliddion of 3D &idibtatadrind Hetdbedogicannsss B plpdstantastenddl wheredhe with 2D audio
only. Oncethg sestbaeoRentAineAIRhd RnatsieR Holehakard by e afpicagsfof 3D

audio rendering metadata. The file is typically an un-amended MIDI file with 2D audio
only. ‘ '

Once the user has opened the MIDI file, at step 101, he can immediately see a

15 selection of icons representing the instruments within that file. Each icon may represent a
single instrument (e.g. a keyboard/piano) or may represent more than one instrument (e.g.
a keyboard plus a guitar) or may represent a set of instruments (e.g. the strings section of
an orchestra). The number of icons will depend on the number of instruments which will,
in turp, depend on the particular file selected.

20 - The icons are displayed on the user interface in such a way as to show the position
of each icon with respect to the user. The position of a particular icon on the display
represents the virtual position relative to the user of the instrument or instruments
associated with that icon i.e. the position relative to the user, from which the sound of the
particul_ar instrument or instruments associated with that icon will emanate, when the

25 MIDI file is played.

It will be noted that “icon position” and “instrument position” will be used
interchangeably in the specification but it should be understood that “icon position” refers
to the position of the icon relative to the user on the user interface, whereas “instrument
position” refers to the virtual position of the instrument relative to the user. The position

30 = ofthe icons/instruments may be restricted to a two dimensional horizontal plane around
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15 selection of icons representing the instruments within that file. Each icon may represent a single
instrument (e.g. a keyboard/piano) or may represent more than one instrument (e.g. a keyboard plus a
guitar) or mayeepragerobar set of instruments (e.g. the strings section of an arcirasisa)s/d4ss3iumber of
icons will depend on the number of instruments which will, in turn, depend on the particular file
selected. 20The icons are displayed on the user interface in such a way as to show the ponition of
each icon with respect to the user. The position of a particular icon on the display represents the
virtual position relative to the user of the instrument or instruments associated with that icon i.e. the
position relative to the user, from which the sound of the particular instrument or instruments
associated thithserapisemativebimtedeenstinstuments maDhairositiongbin the theeoidmensiaagltnat "icon
position” argﬂj‘ég%&r&@&ﬂ{@&g ion" will be used interchangeably in the specification but it should be
at

a " : :
understood "icon position™ refers to the position of the icon relative to the user on the user

interface, wheread\tisistriffrihpusitiseieetsiematticilenigonal gbsitckattdheomistanatmmidihtive to the

user. The pgsition 30 of the icons/instruments may be restricted tq a t i iopal horizontal plane
around Pagt%ed’é%%”%%{?&ﬁ%%%&?ﬁ‘&?ﬂ?%%éﬁ%fs%@E‘"‘tﬁ%’é’a}sﬁ’e‘r&‘ %Hé\é%‘%{gégﬁ?h%%gﬂosﬁnstruments
may bé posiitcineshitad¢heoihiretroimansicoalisphedthitha sdlthiedisem to edistepitdBathenuser selects a
particular igon. The selected | js one to which the user wants ssign a new position and/or
trajectory i. .°ﬁ‘i‘é’%§’im§}‘?tmp§§%ﬁ&lﬁy %%%ﬁ‘{ ﬁPBP?h%{%% %%tc? ted with the selected
icon to em3paiaiam b Rewdaeatien Whien dhadibl leatfoplaiea the MaDISiledssplapetiof that
instrument or instruments to emanate from a non-stationary location Wheﬁgthe M\ﬁql file is played.

At step 105, the St ISR drtRe SIS ST ASFIAB T AP SRR TRe RelepiRAC b 1B BB PThe selected icon
to a differegiRosition Ncheusss iote daradispiaitioh QAkBIaRAA IR I INPASHIONS a trajectory to the

sellected. icon. The trajector%/ is selected from a list of possible trajectories for that icon. The possible
trajedtBries may At step 107, the user assigns a trajectory to the selected icon. The trajectory is
selected from a list of possible trajectories for that icon. The possible trajectories may
include trajectories within a two dimensional horizontal plane around the user (2D
~ trajectories) and trajectories within the three dimensional space around the user (3D
trajectories).

15 Once a trajectory has been assigned to a particular icon, the user interface shows -
which trajectory has been assigned to the icon. In addition, the appearance of the icon
itself on the user interface changes. In this way, the user can irhmedia‘tely see which
icons have been assigned trajectories and which have not i.e. which will move when the
MIDI file is played and which will remain stationary.

20 It will be noted that “icon trajectory” and “instrument trajectory” will be used
interchangeably in the specification but it should be understood that “icon trajéctory”
refers to the'path of the icon relative to the user on the user interface, whereas “instrument
trajectory” refers to the virtual path of the instrument relative to the user.

At step 109, the user has the option to play back the MIDI file to preview the

25  soundscape with the new changes made at steps 103, 105 and 107.

| . Next, the logic moves to a decision block 111 where the user has the option to
work with further icons. Thus, the user may assign new positions and trajectories to
~ several or all the instruments within the file, previewing the effect each time by playing
back the MIDI file. Once the user is satisfied that sufficient icons have been assigned a
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include trajectories within a two dimensional horizontal plane around the user (2D trajectories) and
trajectories within the three dimensional space around the user (3D trajectories). 1 50nce a trajectory
“has been assymeshémepgaarticular icon, the user interface shows which trajegtotyivasobeesssssigned to
the icon. In addition, the appearance of the icon itself on the user interface changes. In this way, the
user.can immediately see which icons have been assigned trajectories and which have not i.e. which
will move when the MIDI file is played and which will remain stationary. 20It will be noted that “icon
trajectory” and "instrument trajectory” will be used interchangeably in the specification but it should be
understood that "icqn trajectary" refers to the path of the icon relative to the user on the user interface,

whereas "inSGUReHNAR RGBS tREYe Addha MR is hapaiaththe s BRctRE R8T AR to the user.
At step 109,%@;%%@%@q@%@@%§% MHIDI file to preview the 25 soundscape with the

new changes made at Stef/f 103, 105 and 107. Next, the logic moves to a decision block 111 where

the user has the op¥oticR Mdx kheuper i dhaitiontngavertba Sl inceynesating tesrhangeohs and
trajectories t, sevaral pf, ltgqugﬁ,’tm%?@ %@g@og@g& previewing the effect each time by playing
i . i

back the MIDI file. Once the useF is satisfied that stifficient icons have been assigned a new position
or trajedtory, and tifiguee? howppy exitmpiarye fiswtiofatfasedisplap B6iti GosMBEM dibr &3¢ dtme logic moves
to step 113.4 . Al step.113. 1 er has th Rg’ﬁ_ﬂ' save the file .incorparating the,changes he has
made. Thenstﬁ(eenlé)d;elc%r%i%ﬁggf?%ﬁgagtgg%}oﬁég. |g§1§;18 gﬁgl\}\‘/gé Sr)%egxgér[ri\p Zfﬁg%f |1 terface display
201 for MIDtHiéefCtemdrsiBe rdithel elardritarfightdipiea? fihen thervifitfdatmiop0dd BiepstO1 in Figure

11). On the left-hand sid the user interface dis 201 is a user representation 203. The user
foiresentatt ST RRE A4S AR PR BF B LT e S IOSTh Er RO SR R8s
sufrounding2ttesusenzdngiheseeDoTrai3hy esriepN S ARY4den2 009:0ie i @mirounding the user

(althoygh it will, of course, be erstoad that any number of icons may be shown and this will depend
on the HartEHTEP AR uior Lol el 1500t GP e P BRRSBHRReLHEE A BSHEGHOtdFMBhich the

sound of thaiid $isshee aidnBISUAE A il 6AhS petiviRR MEDVHR)filehs played. pbaRisadial position
of each icon (i.e, the distance from the user 207) represents the volume of that instrument or

instrumentsC# (B AGRIESEHS thiHeesiiam froan dighths foud s that jashiutsgt or instruments

will emanate when the MIDI file is played. The radial position of each icon (i.e. the
distance from the user 207) represents the volume of that instrament or instruments
15  (relative to the other instruments} when the MIDI file is played.
On the right-hand side of the user interface display 201 is an instruments pane
211.
Five columns are shown on the instruments pane 211. The first column 213
shows the icon number. The second column 215 shows the visibility checkboxes. The

20  third column 217 shows the icons themselves. The fourth column 219 shows the
Instrument(s) that each icon represents and the fifth column 221 shows whether a
trajectory has been assigned to that instiument.

_ The first column 213 simply shows the icon number. A number is assigned to
each icon to simplify identification of the icon for the user.

25 The second column 215 shows the visibility check boxes. If the checkbox next to
a particular icon is checked, an eye image appears in the checkbox. The eye indicates
that the icon is clearly visible in the user representation 203, If the eye is unchecked, that
icon becomes faint in the user representation 203. This is useful if there are many
instruments in the MIDI file and, consequently, many icons in the user representation

30  203. The user may only be interested in some of those icons and can de-select the eye
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On the right-hand side of the user interface display 201 is an instruments pane 211. Five columns are
.shown on the instruments pane 211. The first column 213  shows the icon number. The second
column 215 showméheosisibility checkboxes. The 20 third column 217 showstheussmnstasspselves.
The fourth column 219 shows the instrument(s) that each icon represents and the fifth column 221
shows whether a trajectory has been assigned to that instrument.  The first column 213 simply
shows the icon number. A number is assigned to each icon to simplify identification of the icon for the
user. 25The second column 215 shows the visibility check boxes. If the checkbox next to a particular
icon is checked, an eye image appears in the checkbox. The eye indicates that the icon is clearly

visible in théheskbes sretheemeiningicons e prdnsendors qladerehyien oh emsenininians (Ha user
representaligpuod, wbiiwniabint e B OIRY ARy RIR (b e RIS ANE scRaRagLenty.

many icons in the user representation 30 203. The user may only be interested in some ot those icons

and can de@lé@ﬁﬂﬁ@%ﬁé@éﬁé@@ exsheluibbriois deesedaetsibling icons to produce a less cluttered view
o e o st RO e SRR AIarR Gl g ere chector
shows the ?um&p&m&@ﬁe& as the_y appear in the 5 user represgntation. The fourth column 219
arand piano, 2095 [EpTEBON S L ERA L TG SOOE TR b S P oDRh JHESnts an
orchestra sthsigseetiiznepQ3emspnesenistiz paind piend 090tepinsenis a Brewchast Q99gepresents an
O, P TeAGnis & ASUBIE B, 208 Fepresents an orcHesira Shinps Sectiom, S096 represemiaa
pan flute, 209f represents a drum and 209g represents an accordion.
10 The fifth column 221 shows whether a trajectory has been assigned to that icon.
In Figuré 12, we see that all the icons 209a to 209g are “stationary” i.e. no trajectories
have been assigned.
Other features on the user interface include a toolbar 223 including Open, Save,
Save As and View Instruments buttons, a Progress Bar 225, a Global Stereo Spread
15 Indicator 227 and a Volume Indicator 229.
Toolbar 223 allows a user to open a MIDI file (Open button), to save the opened
MIDI file (Save button) or to save the opened MIDI file as a new file (Save As button).
The View Instruments button on toolbar 223 opens and closes the instruments pane 211.
The Progress Bar 225 shows progress when the MIDI file is being played back.
20  The Progress Bar also includes play, stop, forward and rewind buttons.
The Global Stereo Spread Indicator 227 controls the stereo spread of the MIDI file
playback and the Volume Indicator 229 controls the master volume.
_ Once the user is happy with the MIDI file, he may use the “Save” or “Save As”
option in the tool bar 223 to save the MIDI file. Once the MIDI file has been saved, using
- 25 the Save or Save As button, the new trajectories/positions assigned to various icons are
associated with that MIDI file. Therefore, when the MIDI file is next played back, the
various changes that have been made, will be incorporated. The MIDI file may be next
played back by the same user or may be next played back by another use who may be

remote from the first user. For example, the first user may electronically send the new
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In Figure 12, we see that all the icons 209a to 209g are "stationary" i.e. no trajectories have been
assigned. Other features on the user interface include a toolbar 223 including Open, Save,  Save As
and View Instwamesd®doattons, a Progress Bar 225, a Global Stereo Spread dérindmainis3d23t and a
Volume Indicator 229." Toolbar 223 allows a user to open a MIDI file (Open button), to save the
opened MIDI file (Save button) or to save the opened MIDI file as a new file (Save As button). The
View Instruments button on toolbar 223 opens and closes the instruments pane 211. The Progress
Bar 225 shows progress when the MIDI file is being played back. 20 The Progress Bar also includes
play, stop, forward and rewind buttons.  The Global Stereo Spread Indicator 227 controls the stereo
spread of thMIbitin ok trserdneeth By ofie gicel keallsioeipesiencrithenepldi®l  Once
the user is hgpRyL A MIDl file, he may use the "Save" or "Save As" option in the tool bar 223 to
save the MIDI file. Once the MIDI file has been saved, using 25 the Save or Save As button, the new
trajectories/positiodt vaidblmanlesstenddbat ibsratepseof Sipuia foomayitraty an Mipt Gabddimeitie, when the
MIDI file is t b the vari h that have bge will.be incorporated. The
MIDI file m%ﬁ%gqgl%g %rﬁ‘%@%%&%ﬁ%@ﬁh@%@%?%ﬂ 633%@%& plfl)l/%asbléec %ﬁ%ﬂ%#feorruse who
may be remiterfayrwisietditstuiey thoscemdsoppe, (lieching space oy ratee ranikally;, sehe s new MEDI

file to the seco d Lllfﬁ%r' Tlgugl{l cg:ﬂger users will be able to experience the new MIDI file sotuadscape. It
will be undef&ood that the St& eSf‘Eﬂj@.‘% %}%% VaiSPhBtRer embodiments.  For example, the user

may wish to save tAéilehaiiome fordgeihd Rivlaian hes beskdeiibed i benv dytailishripuipisaw the
soundscape (listening_space) or more regylarly, or he may make changes to the files or input signals
inreal time.opci%fﬁ&%ﬂ;ﬁaﬁg iﬁd‘ﬂﬂ/ i é@@ﬁ‘:’&‘@é‘&ﬁ]&@@?ﬁ yhRitisAtisny Mdbses of

clarity of ungegsamdinpwithulthe seppaceilidhppestiainishanoas @ainpadficatieasninay be practiced
within the scope of the appended claims. Accordingly, the Fresent 10 embodiments are to be
| [

considbred SRBRMMEBTAEHY hecrasidrides Hpstrat BRt EeHEEty HeamdRednvemiondtails given
herein, but @aydeemadifigdonbinihe sprRaRseouivalsNs fliEAPRANIEH. SIS -and

equivalents of the appended claims.
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CLAIMS What is claimed is: 1. A method of positioning events in a presentation space, the method
comprising: receiving an input stream of events with at least one event having a pan parameter that
describes a position within a subset of the presentation space; receiving a separate second
parameter controlling the spread between boundaries of the subset relative to the presentation space;
and deriging (M utput position in the presentation space for the at least one event based on a
combination of the pan parameter and the separate second parameter. 2. The method as recited in
claim 1 wherein the input stream describes audio information, and the presentation space is a listening
space. What s HatMsd 58 recited in claim 1 wherein the input stream is a MIDI signal. 4. The
method as recited in claim 1 wherein the subset of the presentation space is a stereo field. 5. The

method as recited in, clajn ayhgre shepatigasihgne eyentiis an pedia@rsent.space, 6 tlthenmatiwpd as
recited in claim 5 including the reproduction of the audio event at the output position in the listening

space. 7OHRESHEthod as recited in claim 6 where reproduction of the audio event comprises

generating an audigesigimldtadessubeaeinhonesents with AtRNashodasregied inpliparddigarein the
separate second parameter is used to modify a Writp-around effect of the events in the presentation

space. thatreachigh A HRtaEIA RIS AHEFRECH5BIBIRBIPAGSItion in the presentation space is
further determined ky @agty of apiruthslev@iparamaeTednpRIAMERE ¥BIRS betweekObdunagthed of

positioning events in a presentation space, the method comprising: receiving an input stream of

events with &f IBSSUBFR ERRYhIQARG ISR HAATREST 9%t describes a position within a subset of the

presentation spacederiving an output position in the presentation space for the at least one event

based on a combination of the pan parameter and the separate second parameter.

2. The method as recited in claim 1 wherein the input stream describes audio

information, and the presentation space is a listening space.
3. The method as recited in claim 1 wherein the input stream is a MIDI signal.

4. The method as recited in claim 1 wherein the subset of the presentation space

1s a stereo field.
5. The method as recited in claim 2 where the at least one event is an audio event.

6. The method as recited in claim 5 including the reproduction of the audio event

at the output position in the listening space.

7. The method as recited in claim 6 where reproduction of the audio event

comprises generating an audio signal to feed headphones.

8. The method as recited in claim 1 wherein the separate second parameter is

used to modify a wrap-around effect of the events in the presentation space.
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providing a separate second parameter controlling the spread between boundaries of the subset relative
to the presentation space; and assigning an output position in the presentation space for the at least
one event based on a multiplication of the pan parameter with the separate second parameter.

9. The method as recited in claim 1 wherein the output position in the
presentation space is further determined by each of azimuth, elevation, and roll parameter

values.

10. A method of positioning events in a presentation space, the method
comprising:

receiving an input stream of events with at least one event having a pan parameter
that describes a position within a subset of the presentation space;

providing a separate second parameter controlling the spread between boundaries
of the subset relative to the presentation space; and

assigning an output position in the presentation space for the at least one event

based on a multiplication of the pan parameter with the separate second parameter.
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