SPATIAL REFORMATTING OF MULTI-CHANNEL AUDIO CONTENT
CLAIM OF PRIORITY [0001]This PCT application claims the benefit of
the filing date of U.S. Patent Application Serial No. 11/584,125 filed
WewbgrA@®22006 , entitled, "METHOD AND APPARATUS POR/GRATHRILI36
REFORMATTING OF MULTI-CHANNEL AUDIO CONETENT," which
prigripisAle reby cRIneT TN 03oNIUS. C1- ARA NNBSAYTITG EQUNTENT
content being incorporated herein by reference. TECHNICAL FIELD
‘[0002]The present invention relates generally to processing an event on
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DRAWIMES to incorporate voice communication and multiple simultaneous media

streams, along with more conventional playback applications, a problem arises in that
new audio streams (e.g., ring tones, voice, a “picture-in-picture” audio stream, etc.)
need to be dynamically integrated into the rendered audio. The simplest solution is
just to replace one set of audio signals with another, either manually or automatically,
but listeners may prefer the option of attending to both the old and new audio streams
simultaneously. This can be easily engineered by mixing the audio signals together,
but listeners may then find it difficult to differentiate between the overlapping audio
streams.

[0004] There is a need for an audio rendering system that actively facilitates
“auditory multitasking” by automatically managing the simultaneous presentation of
multiple audio streams so as to promote preferential attention to one of these streams.
There is a further need for this facilitation to be applicable to stereo and multi-channel
audio streams, and for it to be effective both for audio rendered via speakers and for

audio rendered via headphones. Existing systems do not allow this to be achieved.



[0005]The invention is illustrated by way of example, and not limitation, in
the figures of the accompanying drawings, in which like reference
numerals indicate the same or similar features unless otherwise indicated.
WOoQ0@Insitze drawings, 10007]Figure 1 shows a block diagr®@@Td§$2007/081036
multi-channel loudspeaker system according to an example embodiment;
BRAOSHHgoE PAI610 OF ERPRAWINGS between two audio channels;
10 igure 2B shows example functional.modules to perform the .
paﬁog)ﬁl%(fof |gﬁr13v (%;lilbﬁllgiﬁa%(r%? é”&-%?fs Xo%r/vn%%arﬁ% eofig1 g#]?nlgn’ "
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wedEmadaneerainglo Al Sxamalsiembadiment; L00111Figures 4A-4L
show example listening scenarios in which multi- channel spatial
reftiGkting TotBedfiéESar channel is performed according to an
examope emPndiredrihdoQ A fogudas ai-6fasholt-examg plidieniag
S¢ er&lagi%%rigmw l)cgnreef%mﬁcttirr}% oth% esnttereo soundtrack to a single rear
channel g peﬁormedxac@or&ng 10 an éxample embodiment;
[0008] Figure 2A shows example panning between two audio channels;

[0009]  Figure 2B shows example functional modules to perform the panning
of Figure 2A;

[0010] Figures 3A-31 show example listening scenarios in which multi-
channel spatial reformatting to rear channels is performed according to an example
embodiment;

[0011] Figures 4A-4L show example listening scenarios in which multi-
channel spatial reformatting to a single rear channel is performed according to an
example embodiment;

[0012] Figures 5A-5F show example listening scenarios in which
reformatting of a stereo soundtrack to a single rear channel is performed according to
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an example embodiment;

[0013]  Figures 6A-6D show example listening scenarios in which ambience-
based spatial reformatting of a stereo soundtrack to pair of rear channels is performed
according to an example embodiment;

[0014]  Figure 7 shows example functional modules of an audio rendering
device according to an example embodiment;

[0015] Figure 8 shows example flow diagram of a method, according to an
example embodiment, of processing an event on an audio rendering device; and

[0016]  Figure 9 shows a diagrammatic representation of machine in the
example form of the computer system within which a set of instructions, for causing

the machine to perform any one of the methodologies discussed herein, may be

executed.



[0013]Figures 6A-6D show example listening scenarios in which
ambience- based spatial reformatting of a stereo soundtrack to pair of rear
channels is performed according to an example embodiment;
V@odbd4dpiguee 7 shows example functional modules of an auBErfEsrdeTiongo36
device according to an example embodiment; [0015]Figure 8 shows
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the Tirst audio playback channel.

channel. The second audio stream is then rendered via the first audio playback

channel.

[0019] In an example embodiment, it is assumed that the user is listening to a
stereo or multi-channel soundtrack (e.g., a first audio stream comprising a plurality of
audio signals) over a multi-channel loudspeaker system. This soundtrack might, for
example, be a movie soundtrack or a multi-channel audio recording. In an example
embodiment, it may also be assumed that a higher-priority audio stream (e.g., a
second audio stream comprising one or more audio signals) is received and that a user
elects to receive that audio stream in the foreground while maintaining the current

audio or soundtrack in the background.



[0019]In an example embodiment, it is assumed that the user is listening
to a stereo or multi-channel soundtrack (e.g., a first audio stream
comprising a plurality of audio signals) over a multi-channel loudspeaker
wystersiosihis soundtrack might, for example, be a movie souritrasio 081036
multi-channel audio recording. In an example embodiment, it may also be
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[0023]  When the listener/user accepts (or selects) a higher priority audio
stream (e.g., the second audio stream), spatial reformatting of the current audio
content (e.g., the first audio stream) may take place such that the higher priority audio

stream is given perceptual precedence over the current audio streams while the audio
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event (e.g., a voice call) is taking place. When the higher priority audio

stream terminates, all other audio streams may be returned to their

original state. In an example embodiment, the audio device 28 may thus
Wifchook0ai Digital Signal Processor (DSP) to perform spatial RESHa2EHEp1036

and to return to the state of the original audio stream. [0024]In some
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speakers,.or the like. [00281In an example embodiment, the audio device
28 is configured to perform multi-channel spatial reformatting to rear
playback channels, for example, channéls driving the loudspeakers 16, 18
in Figure 1. The multi-channel spatial reformatting may comprise
sequentially panning adjacent playback channels (virtual or otherwise)
from an initial playback channel (e.g., a front channel) to a destination
playback channel (e.g., rear channel) upon occurrence of an event. Audio
associated with the event may be inserted into the initial playback channel

and, upon termination of the event, the adjacent playback channels may
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100291In Figure 3A-3l a sequence of events is shown during which an
audio device processes an incoming audio stream. The processing may

be performed by the audio device 28 and, accordingly, is described by
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20@8@5&@22&@&%@6&7@8@0@6RTF The listening scenario 50 may occur
before an incoming audio stream (e.g., an incoming high priority stream) is processed.

The incoming audio stream may make a playback request to a controller controlling
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[0034]As mentioned above, the volume of the current audio may be
reduced to a background level. Accordingly, the volume of the audio
signals submixi+2 r 3+4 and submix1+5+6+7 may be lower than the initial
Wolz0sf e audio signal prior to panning. In an example ePhBAEAIRTHs1036
prior to introduction of the new audio stream (e.g., event audio), and after
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the.audig;signals submix1+2+3 and submixi +5+6, respectively and
panned back to their original playback channels (see arrows 142 and 144)
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speakér3dhannéksshown in 11stemng scenario 100 (see Figure 3E), the audio signals

submixy+z+3 and submixi+s+s may then be panned (see arrows 102 and 104) into new
audio signals in the channels 58 and 60, respectively. The audio signals in the
playback channels 58 and 60 may be represented as new audio signals submixj+o+3+4
and submix;+s++7, respectively. Thus, in an example embodiment, audio signals may
be sequentially panned between adjacent channels along a first and second panning

paths 112 and 114 (see Figure 3F).



[0039]1t should also be noted that a system involving seven locations
(virtualized or provided by a corresponding loudspeaker) has been
illustrated merely by way of example. In some embodiments more
Yoeaess(é2channels) may be provided and, other embodirBERtES206E081036
locations (or channels) may be provided. [0040]in an example
emhoeitdient, Azeneaconidghoew tiediolstreafiiliéZunrayt beditavey Esreduced

Q&Q@a%%&%ﬂﬁ&ﬁe@&)’& PAGLERA 188 v 4 &Q%@dﬁ@@&%ﬁ%ﬁﬁﬁ%&%‘%ﬁ

new audio stream may be réndered through any of the loudspeakers

spbsux WiHenAL Trdovsu iy she il yromaed hrastie vert BiAEiCaudio

GhannglSPdedaafiothhaihasnelsinay heseietinasioddnasimilarstashion
escribed abgve. When reformatting.the audig, streams after th di
GRS AT AT A1 ST T R Sl AT 1 2

theddrgimsl wositent in the two channels most distant from the higher

prio'@ﬁﬁgeaMﬁgmUﬁDEWsm?%@ch pPE BRMAINEL LSl Gudio

combined audio s%g;nals sequentially up-mixed along the first and second

PISATA J plathr vided i tha ternsl Berpbvir-frimaelantenfetrd i dhection
AenBIa&RRNNG hAtbat Lkaianchdike) 00 AlIAlNRME hulie SiesriNeasNRgthe

audio stream is represented by a single channel in the example,.
B THE FTEPOE DR T B TAIER B N e
Foreftamptecitmated sncoahinip avdicistribzrmgntiy eatiyppisebamid i lezalolfs,

SN HSHAD T AL 01 S B U RN EXB80 B P B I RY I ieA UdID
channels 54 and 64. 0042}]In Flgure 4A-41 a sequence of events is shown

oemits hRIrEAUad TR ek fessh edAuRRSAKRTE e Shyddemew
prayideteaniit-chamnalwnaibal defonnaiied e tsiag b e pRayb@ekndered

channel. [0043]]n, an example default listening scenario 150 shown i
R R L o LA B R 254, RS S
strea[ﬂﬂ&ﬁbeing‘v'tep@daced U@Mﬁg&lﬁlbﬂd@i@dﬁ@hﬁlmd@pr@m&miﬁh
SYSIEMalEs Je. SCLEIOHLE HNRINE » 056X AIBPIG AR Ve %&%ﬁf&ﬁ[}é the audio

associated incoming high priority audio stream makes a playback request.
AHFRSTRY A2 FeRa By ehiBe dimardin eyt G4mey Reeriiewisdioe
systaTputel havisg Gayes keadspealess providing real playback channels, it

shou noted that the methodology. is equally applicable in a system.
havirjrgo\/glﬁualizeoé %ﬁ%{% SR na(l%r? ne %Bfgﬁfﬁp%’ﬁ rgt%g% BRce st eguenml
pIaybaclcmdeéts(gggs,drmyésg{mmmm@nt@mqwmﬁu@bmgmudio
Oy esCA{ Ry QUIING.A. NEWSINGOTHAY SR SHRAR, £ 2 SAIRFRALRASH may

individual audio s;gﬁpal In channels 52-64 may be reduced to a lower or
'pBERYHSGIE Teveibssutieo WS iRt g2sve AR S PBms miguTesRstively and
panned back to their original playback channels (see arrows 122 and 124). The audio

signals submix+; and submiXj+g rhay be extracted from the audio signals submixi+z+3
and submix;s+, respectively and panned back to their original playback channels
(see arrows 142 and 144). Finally, in the illustrated example embodiment, the audio
signal originally provided via channel 52 may be extracted from the audio signals
submix;+, and submix;+s and panned to its original playback channel (see arrows 142
and 144). In an example embodiment, per-channel gains of each of the audio signals
may be returned to their original state or level. Accordingly, the audio rendered may

once again be in the foreground and not in the background.



[00451The audio signal in the channel to be occupied by the new
communication (audio channel 54 in the example embodiment) may be
panned and added to the audio signal in adjacent channel (channel 52 in
Wie2e9841513%@ embodiment) providing a combined audio sign&CIBHIKZ431036
An example listening scenario 170 illustrating this panning (see arrow
172)piE38hown smfeigimesd €holve gih ie xapptenetn lnotzhmelrmethhamhlmésﬁér

% h&{aér:rgg d&? §&E&§‘§%§¢?&?&%&H&Q§ gﬂ?ﬁﬂ SRR E RN s, the

shown in example listening scenario 1 0 (see

F@gueetmﬂmér@ighabgnm@ﬂ@af%w@qfalmwla%@é& faeied by
aHdipighak %r@gam@fﬁe@sg%ﬂ%m Efﬁ&ﬁﬁéaﬂefgif‘éldlli”&ﬁa%ﬁ@l@
Sig m| + ereaitter snown yarrow In fistenin
g1 1904&%05% b poted Bt psiea A A SRR SR i ed to
therauumcbmg pahiladlioe @hanmkﬁm@ed@maﬂ:er)@)s pmmdlngxatcﬂbmWEd
Wﬁﬁe Bl W%@m@dm&mm@'ﬁ e Ahhe,

signal in channel 56 may be panned (see arrow 194) and

zm@véé@fb&(fﬁ’e%h@é%@ﬁ%%%ﬁ?ﬁﬂé%@ﬁ%ﬁdﬁ*@%?@%ﬂﬁ& e&mﬁ}ed
aud[mﬁmpal SHlm %ﬁﬂ;ﬁ%&?ﬁ@f@ﬁf&h@ﬂﬁgw&dﬁmmﬁl@ﬂ@\tse

2+1+5+6 d submix3+4 m d d t
RO MAUEE 13 BRAS G e 09 SrouT R B 2dn I
thevexatiopiestistemyrig smhsadd&@@g(swlé@hndmﬁ)p&dkeraﬁﬂﬁ%@ﬁah the
BG5S geeaﬁm%%@w% BRI 2 dingl Ak Bin0R4AA S

listening scenario 210 (see Figure 4G), the new incoming audio stream
(ehennsinHehaTETR atisthim asialhshiay dresvibetehouse Bhepralematting

chnroel o%emhe Ariginslaudiewianakmeayvine &l iaseausly arovideatina
the audl%pa channel 60 ataIO\g%? orb ck roundv lume level.

(6671, O EBPH O EERHR thE R ﬁ% g Blidio
stighen [{gogitytermamdtiqn tikaewistecamyi a)amzqaw reridrthedhigiver theority

COMIBYRICAIEN Aas CDRIGIeH AS,Shaws A[bﬂﬁetﬁ@ B SERNALGA20ASRE

Figure 411), the audio signals submix2+1+54.6 and submix3,4may be
eREABS fsh) thaae X6 iPiaae ByedieRer pragsasihemanABEahs

anthpaaned back to their original locations or channels (see arrows 222

and 224). Thereafter, as shown by way of example in Ilstenm cenari

230 HEAGhire 41 RS GSRET CUTR ABES S P B S R CTEe

tk@mﬂloﬂ“@mmﬁimﬂeﬁmﬁe@m\m@ddmmmm B @) ianat paritsdddasiagle
gk%%lel}? '@ntﬁé t?&?%%krgg §Q WQaQYIﬁ%H' Iﬂx@ﬂple audio

examp?e emb ent, at the same Fai(‘a the audio S|gna in channel 56
mugIBk @a@thaét@@me@rﬁmm@eﬁofgrm@%mrm%ﬁédrp%%ahgaeﬂ%éﬁs
origingd location or channel 56 (see arrow 234).  [0050] Thereatfter, for

| bmix2+1 b fracted f th di
ol 1 H S R e e
asishommqmmmm&zﬂzﬂmnhétemggaktxepmvmaém(é‘e@wmesm)aﬁhe
orlgtmﬁ%l1 qgéglg‘sj CQ% gga% I]&pan be extracted from the audio
signal's ( to

m|x2 pann its original location or channel 54

as sh\i#by ai[rbw Ewnl¢|§f€ﬁ#fd1§f€éﬁ’@r§@e%00(§é% shpvdnRigure 44, it is
[0Q2tifinallyiReEhRwWRIRbISe HiRth seeRraliRdR0HERNe hehanasbaaias &f a

seven loudspeaker-based reproduction system (e.g., see Figure 1) before, for
example, an event with an associated incoming high priority audio stream makes a
playback request. Although the example embodiment is described with reference to

the system 10 having seven loudspeakers providing real playback channels, it should

9



the original audio signals (e.g., feeding the loudspeakers 12-24) may be
returned to their original state or level. Accordingly, the original audio
signals are no longer reformatted audio signals provided in the
vhackgrotinzk but once again primary audio signals. Thus, in tHET85&a8pHKrE1036
embodiment shown in Figures 4A-4L, audio rendering returns to its

beiginal tanfiguration sifigy theqindlyrimlicbiiorstresatendavimaiedy@igedthe

ﬁée{;né ggvhngugle%e to the new incoming audio stream has terminated) as

Wi i’ istening scenario 150 (see Figure 4A) and listening scenario

260844 FiglaoalascegpsAbaP iR e BiSbIsan i tRETE iR gV ot
%&Q%J%ﬁi&%ﬁ% Jﬁ&Y@b%H&%@W fgc@ffmo_audi@ sigitals)earny he
provi IN other.example em iIments Istenjn enarios

D OB LT B RNCR TATTHE g e e L loywersy
Coadkigherpidlddd chintarmndiythseplagbackachditfeis B2ued4Br on any one or
morg channels). with Al aiher shARnia ARSI RmAREsRioN (o

create a mono down-mix of the original content in any other playback
srammeneiem@udn bl ind Feamingakritrera By 2s prped and
eXaBaRIeHISIRRIRG SRR 15 b0 vRehnis (eRiesa et deassingle audio

et S e S Yl
avendticHaAnBhstemmtie: ganaisgres steaiij20itikolkein Wgpre 4C. In an
%9(91%{6&5 LiAPRGAEAY 92008103 @J%%@Eé@g‘%mai&os@gwﬁﬂﬁé\cﬁ&ne1s

reference numerals 300, 310, 320, 330, 340, and 350 generally indicate
SRl SEEMG8ERMEs in which reformatting of a stereo soundtrack

to a ginglp reak chasnelisperftsmanidotbibhe esamplFidateuDljskeding
scenario 300 shown in Figure 5 sumes, for.the, purpose of illustration,
SO HER et MR RPN, (A OSH AR T B e Ghed o
amtbe S8 podisiiiningrexpenienato wigeabhpaixaudiolderpabtraek sgown by
PIRYIGe8 Dk (LT ABLH0 A6 NAR UG 02 A ARA NDRIOL A H&YAna

incoming high priority stream 762 makes a playback request on. The high
phisied treaaatie %ﬂ@%ﬁw%%wlé%@%@tﬁlﬁ@ﬁ%@@ﬁlm%&?g?ﬁmbmd
ca%dlg@@ﬁﬂsugﬁm%@nmé@% Hg&xgﬂa‘@ﬁk' gﬁﬁﬁbriitmdir:ﬂ'ﬁwahﬁtaﬁf hﬂ&hB@ﬁdio
an 4 ma ucedtoa' round’ level. ter, the original .
et s S e
listening SR eravidirB0yeavid retnterbucthendioditgsiy metinmxehannel 302
resulfipg ) 2 corablagd ayiasignalaubmp spIvidedvia N ahanelx, .

302. Thereafter, as shown by arrow 322 in the listening scenario 320, the
Al agnbs BeeHand B saveip é}ﬂmgmﬁ?%vmehawb%ﬁa own
pravigeskvisishannek3Neh et Bsaind rRmely H0TRTALIEIaF). The
stream 72 may then be pélovidgg by the au%{]o \(,:\;]a ne 304 as shown in
R EHY BERHSHL S b5 RS RRA K At

atidio Stréam or
comrdightionAis sespninatécleting seegigio 210 (see Figure 4G), the new incoming

audio stream (e.g., a higher priority communication) may provided in the playback
channel 54. The original audio signal may be simultaneously provided in the audio
playback channel 60 at a lower or background volume level.

[0049] Upon termination of the event giving rise to the new incoming audio
stream (e.g., termination of a voice or video call), and the higher priority
communication has completed, as shown in listening scenario 220 (see Figure 4H),

the audio signals submixy.1+5+6 and submixs+s may be extracted from the final sub-mix

10



signal submixi+2 is panned back to the audio signal provided via channel
302 as shown by arrow 342 in listening scenario 340 (see Figure 5E). The
audio signal provided in channel 304 may be extracted from the audio

By petsausbraixi+2and panned back to its original location or dHEMB&IBDASEE6
shown in listening scenario 352 (see Figure 5F), Then, the audio

eanfigedation dayl b ref chnaitb60backptonits] drigiraltstaterjgimn fo cations or

receiving an exter. ve . ' i i : ]
R S e MR R T e

thecisrgrrrrpasie A insFspued] dhe asie signalsibmiste sMBEEMERRSSE the
RRRNIRG Rdhasdistaningscenarios$a:350 (RMaEITIMPEeRaReASK to its

(carrying audio signals) may be provided in gther. exam};le Emb%%i nents.

REHEE IRFAPR A TR B AR ER: B SRR AP oG SIS SHE S BE "
hicplane ding, aryachiarsigiahiitthatnei i mhpheelsractio gromatsimitsip signal
'99110 eﬁ?g&ﬁg‘%ﬂ%ﬂg vae;hegyfsﬂ%m&{@ @QA&%PS%"EE&@ ARy

il re

f

channel. the incoming stream is represented merely by way of
exafffOhs a Bheeralfendpnetamnie, Kbt Ardie sisnchssimgitaiaingt SHER
G IROIR GhaRNeis Al Rs NIOvide ddhreteicR 8 mde @D RAMEN . dRafiik]

| bodiment post pr: ing of th d mi dio.
IS S B BEOIRAA DGO PRGRTHRY 2 LB D, IR AeRe

reterence
raudiersisndl0n, chifthdlDt angt #i80 generadtygdichoatec exdimpilgnlisehingg.1 and

SR WA s s g o

pegerited’ (desdigwertih scenarios, generating a multi-channel
surrqugsh sounpiEack HoMowSiane@catiginatmay 15 regyweedhdiel gains of

multi-channel sound track m e generated hy e ing reverb and
AR B GO G CoPnaPe ATar e dr BTN GahL ATRS e St
chaimeisitnl thiseexaenplerscenimply ohlythgiranibidiocegndsyabenol dyegtin
thegear ch s.Whi ioher. prari is bej 3
B A e
aﬁ@?&%ﬁl@%ﬁ@ﬁb@ﬁﬁ%ﬁ@@@ﬂlﬁﬂbﬁﬁ@%@%ﬁﬁﬁe%%ﬂi%%‘?ﬁﬁ@g
seanatiadti0 AasHiNes Additbe hasne@listening: sysle stréinc hanfelis thig.,
example embodiment) and stereo sourc _materia&é Trt1e Iistetni gisssenarig)ns
2 ARG FOEID e L BN B Gt By A & S
shiswening kigheoll 40 cheamgld&w,dsrh@mﬂbgdcbmmyt?@f (eg@ﬁ’iglﬂwﬂal)-
refergiee nerelg A Arpl SRR HINRaL e BRSO BYHGE o

may be capable of extracting ambience in a stereo recording an

rediRsgiBhamglHiraEmsende sk Brehanmdsbisathrhexamitifence
URMHHS dREhRIINAY Rathe-anablesshsmog@ new incoming audio stream
72 (e.q.,.a new _incoming high priority audio stream) makes a playba
oGS e s e PRI AR R A SO Bt
e_rphﬂ@l:ﬂmmaﬁyl offrmb_ipl_lagbad«mts é@@ﬂitﬁmmaw lbecamabiee dhiir_mg),
dIsAR A BQL RAGREMDAING D C NG BEAR A8 nlR of the
response to an external event such as an incoming call (VoIP or .
otheeiiseypnioe2] v etiso netecirhaewlifesiing dinngh sheapi 7gcoming

audig: signals Wntmmgrgh@ﬁa@ﬁnéﬂs@%ﬁé {s@strantephaspels)imayngle
be faded or attenuated and audio. %% als jn the cg%nngls streams 56362
(B #Baly BRI e TR R B o HB S BRI g

scesnatintéd Ovith Rigiupt: 6{gni0 063}/ the sethedaeywinido shicrgnaualycos tneawiti7 2
(e &aﬁﬁ% rsyc%%x%r @r}go.,rg%tereo stream) or the like.
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audio stream) terminates, the levels of the audio signals in the audio
channels 54 and 64 (e.g., front channels) and audio channels 56-62 (e.g.,
the surround channels) may be restored to their previous state as shown
Niothdisiening scenario 430 in Figure 6D. In an example enf§adity?ehT/081036
up-mix algorithm is disabled if it was not enabled before the higher priority
strefi0sH)adeRisfeeingastFiinits fdeSRcmitivgstresreral? 18GeshiesSehftedo,
eclt DYy o oL ANANRIE 25 AR A0 SIaRAL LIS AR TR RiA, of
sindle signaland two or more sighals may be provided in other example
@ﬁ@m@iﬁ?@ﬂwa@ﬁ@iﬁéﬁﬁwﬁt%&?ﬁ%mrm%ed on any channel, with

all ofheys¢hanmeleratipe A simikhiaskhionin GERRRM aNHigRt SA

representation of the lower-priority soundtrack. 641Figure 7 shows an .
AT CMpo Tt 8\?/%’%@ ic e{/r}‘é]él?fgﬁr%é%%ggéuggs Sgelgn4'scuc As
qiﬁirmmﬁhgga}mdﬁmmmﬂ@m@nbedisfaﬂintmmﬁi@de\ﬁw%m@%e

'Esggaara%ﬁ WIERIQ:HG BYAISIRHGE P3ARCRATIGN S ) aBY BB BXANSew

the audio device 450 is shown to include a Digital Signal Processor (DSP)

| A59omipRRishBTINERE RSt tlenees ARANHT FEALRNIAY hisif? 256T5hd a

nagyuiter ingnaesl blewts S fititidle epprreectiiod thatighe dneselesdor 52, 454,

and nctional modules and that.any gne or mor, th dules may
r{é@géﬁt kn%agleﬁggel gaums af, Fac% mr@](zexr}xgl] cfla eIeSC?E an% [ﬂg ma S)t;e

bei ed Into module. " Fu € audio dévice 450 m

hevde ity Gk gumotibeaknBouke§ @otheroiginasuwitetietahitie ddetlo/ia
deVIGeS SHEt A5 AMA (GAIRLRYSIS MY HAHKE sddae-R6i6) dayigsidetd

may perform the functionality described above with reference to Figures
2tk Jodieignatigshagnel ABuremAina SR GRR R AadiosisRTERRBY 260 to

PIRGASSIENAHE IhaURNBOn. AR idie: d8\dEew Be Method24aGhaayddtng
performe? 32 the audio devic$ 450 and

ccordingly,.is described by way
oFESRAR TR IS PLFLPETERR VYA Bk B R b A S B 06 0
meEgniipiaibyded vendering a0kliGEe Kjgurd3@)y Thsdioy viaanphgraliiip gfream 72
audio si ) . v <8 er.:as
sr%g‘\il‘grtlﬁ z%lgl b o?lﬂ 464, the %S%ﬁ@g%%%ﬁréloﬁ?gssg%%z occursft-egr??g%(%‘ an
evéft. For example, the event may be an incoming telephone call, video

call, pgoany andithe eventhaving assachiedreventaluios faahtened€se audio

rendering through the aydio device 450. Upon occurrence of th (o]

o R S A PR BT A B L
adjacenbghannel4d iadjscenteciemelp 40doa gt ¢ AE) dlbetnsiio efeaatio
f(')g@ﬁéﬁ Adingens spannelsdsfadadde aARRInRHoR ShasRshi T NEIEaSmed

example, the event audio is rendered via the first audio channel (see
bibeskAe g AEien! theationitr shumeténfirtTadie i LSk iRasprsre daf (see
enelshaBtpudio Signalgio @ MRee AoainSeaeeiTtiatxRanacetial éfiginal
reverse direction from the destipation channel to the firsé.gagned gggig
cHiHREFXER BN B} X ETE6RL % R OWE R BB AT
re Hieskntationdéacactureda ddd.exemplary form of a computer system
500 w&nggwh'C&%@g&%&%&%@@img@g&m NEMRRRISE 1R0RRI{arD-

any ohe or more of the methodologi€s discussed herein, may be

exeQitetrola raRndinensnb BdiRteniag hdmbsRiieespenaties 3070 fewer or
Staﬂﬁela%Tmyh (@@rﬁéﬁ@%ﬁcﬁ@ %gmgﬁiﬁg @mﬂe@m@@r@%ﬂm
machines. The machine may be a client computer, a personal co ter
(PET AR PO Sty p GER P BSOS Dl ROS S (B60),
a cefidaretelapidancsry viehmehplisned odreanyamethikengaipaidtiendfr fashion to
executing a set of cti jalqr. ise) e
e e

is iihestranadmmatisrrArseisthaeshalyatsy BE q&a@alwﬁomge&hymel» itis
collection of machines that individually or jointly execute a set (or multiple
sets) of instructions to perform any onelér more of the methodologies
discussed herein. [0067]The exemplary computer system 500 includes a
processor 502 (e.g., a central processing unit (CPU), a graphics

processing unit (GPU) and/or Digital Signal Processing (DSP) unit), a

main memory 504 and a static memory 506, which communicate with

each other via a bus 508. The computer system 500 may further include a
video display unit 510 (e.qg., a liquid crystal display (LCD) or a cathode ray

t1rihe (CRTY The comniiter evetem BENON alen inchiidece an alnhaniimerie




100681The disk drive unit 516 includes a machine-readable medium 522
on which is stored one or more sets of instructions (e.g., software 524)
embodying any one or more of the methodologies or functions described
wemis/oFtve2software 524 may also reside, completely or at REGEUPTAIREO36
within the main memory 504 and/or within the processor 502 during
melﬁuﬁezntmem@bymmdmnmmmbsyﬁimnlﬁﬁﬁdﬂmmhirpmeidﬂdrgnﬁ\ﬂmand
the r 502 0.copn:

zl%e 553{ may F?th er be t nsmlttegjﬂor r cgg\%ggég?/%%?ag%v{%ﬁ%ﬁz%g
Wﬁd@ﬁ%@\ﬁ@ﬂ@]ht@%@@ﬁéﬁ%@e@o. [00701While the machine-readable
meg{wg@ 1p22 I't&ﬁé}gyi@tmmgh' k eefsesmd % yrst@ﬁd égm@zﬂbfgma $ing20 and
medium erm "machine-readable medium” should be take de
T SR A BFF FRETTFIE Bt B ios LA e I
dﬁtﬁimsmgaﬁdtereasam eaclyescanduwseitvars ) dipatrsthrenthednekor

§§§ ﬁg&gtlons The term "machine-readable medium" shall also

ta ent include any medium that is capable of storing, encoding or

carrw@}a selF FHiA RIFHAE o EEIEERDA 1Y rshench MEand TR
thenmasBiasolopaIl el BoyeneerMmorual-brdmethada egiesal e

present jnvention, The ter ac dabl di h | a

PRI 18 RO L TTISEF e S SR e S
nagaeticroeatiagsandtl chanelw/isigrratp] §G0Fatialthdydghe trebpreseney be
'91/%% ionhas hean descrnad W e IRl 6P ARSCHIG XRBRIAY one or

diments, it will be evident that various modlflcatlons and changes
rryetss ialieniorhaae e ORRIRAES SORRORR ARG Fisier Fisthib sdample
Skitbanskscope of the invention. Accordingly, the specification and
drawm s are o be re rded in an illys e rather than .a r trlctive
SondUOBHY Gl RREPA Sh RIS GBI LR A AUG DDA &S o

on an au
rendibxihgnaeisenthe systhof-cbanpeisingis example embodiment) and stereo

source material. The listening scenarios 400-430 shown in Figures 6A-6D may be

generated by the system 10 shown in Figure 1 and, accordingly, is described by way
of example with reference thereto. In an example embodiment, the reproduction
system may be capable of extracting ambience in a stereo recording and redistributing
this ambience around all channels 52-64. The ambience up-mix may or may not be
enabled before a new incoming audio stream 72 (e.g., a new incoming high priority
audjo stream) makes a playback request, for example on audio channel 54 (see Figure
6B). In an example embodiment, an ambience extraction algorithm may be enabled if
it was disabled prior to receiving the new incoming audio stream 72 (e.g., in response
to an external event such as an incoming call (VoIP or otherwise)).

[0062] In response to the new incoming audio stream 72, audio signals in the
audio channels 54 and 64 (e.g., front channels) may be faded or attenuated and audio
signals in the channels streams 56-62 (e.g., the rear ambience channels) may be faded
up as shown in listening scenario 420 in Figure 6C.

[0063] When the new incoming audio stream 72 (e.g., the higher priority
audio stream) terminates, the levels of the audio signals in the audio channels 54 and

64 (e.g., front channels) and audio channels 56-62 (e.g., the surround channels) may
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5rendering a first audio stream via at least a first audio signal in a first
audio playback channel and a second audio signal in a second audio
playback channel; monitoring occurrence of the event with an associated
wsecorhsreto streams, wherein the event is an incoming cakCarig0on81036
occurrence of the event, 10panning the first audio signal to the second
Budinopda b dclirghrarioed sthre fisshewdim shgnmtdnengcraneed 49itHtAécoeec 6
gudio siongl &%é%%i%%%? g audig g%'%&i@&ﬁ&%%ﬁ‘éﬁfﬂ? FR04S! ot
and Second audio S|gnélspon thesecond audio playback channel; and

ferd ghigrptiveisetsan amedivitstreauesti Ve theitroménpriyasatkichannel

lonbenthadiest 8od seeonchandiasianalralRieageEsd anthiaseconsa
audio playback channel. 2, The method onga'm 1, which comprises
SagkiFgHE S8 MBS P S 0 thErs eédBiS%%%aé% Thannel
&abﬂmmtgammmthﬁxgmnmum H&@amtgtbodxqf dlaimel] withetbibtire
Spcond audio AeAD ANDIE SADMUDIGRIRR fopTEmetaoR akelpim L
in whic the anning comprises: 25progressively decreasing an amplitude
ofigniéyfeusitraik signal in the first audio playback channel; and

[0064]  Figure 7 shows an example embodiment of an audio device 450 to
process in event such as an incoming telephone call or video call. The audio device
450 may be integrated within the audio device 28 (see Figure 1). By way of example,
the audio device 450 is shown to include a Digital Signal Processor (DSP) 452, a
panning/mixing module 454, an audio rendering module 456, and a monitoring
module 458. It will be appreciated that the modules for 52, 454, and 456 functional
modules and that any one or more of the modules may be integfated into a single
module. Further, the audio device 450 may have many other functional modules
commonly associated with audio devices such as home theater systems or the like.
The audio device 450 may perform the functionality described above with reference

Wil

to Figures 2-6.

[0065] In Figure 8, a flow chart is shown of an example method 460 to
process an audio event on an audio device. The method 460 may be performed on the
audio device 450 and, accordingly, is described by way of example with reference
thereto. As shown a block 462, the method 460 may initially be rendering audio (e.g.,
primary audio) via a plurality of audio signals in associated channels (virtual or
otherwise). Thereafter, as shown a block 464, the method 460 monitors for the
occurrence of an event. For example, the event may be an incoming telephone call,
video call, or any and the event having associated event aundio that requires rendering
through the audio device 450. Upon occurrence of the audio event, as shown a block
466, audio signals (e.g. sequentially from adjacent channel to adjacent channel) are
panned until 2 submix of audio signals in adjacent channels is faded to a destination
channel. Thereafter, for ekample, the event audio is rendered via the first audio

channel (see block 468). When the audio event terminates (e.g., the telephone call
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progressively increasing an amplitude of the first audio signal in the

second audio playback channel 305.The method of claim 1, wherein the
first and second audio playback channels are loudspeaker channels.
wolesmettrod of claim 1, wherein the first and second audioprglagtsaak/081036
channels are virtualized loudspeaker channels and wherein the first and

seR)NhEUGD pligyiaaledirangimar wirtdliz pehadtehtienparning dirdctha
|X|r{gé.§7.Th method ?[oclﬁlc (rfl|%p vzaalnceia comprses gzegggggﬁgk%?wrahty of

o1an estination annT .
audlo signals In a plura |ty or au anneis in a 1rst panning pat and a

secHfififpannkiguathsihematietoormiiisiprgsentatigspiantelipparthing
andimine avdio, dgnplsdnsadiacens aualia RiaxhackiTanaRlsimfirst

pannlnghgath towards a first destination playback channel; 10sequentially

FARHIR SRS RETRIRFHG BEFRETLAINAIRS PRI SR EsasheiRIBEER Unshngts in
theeie candop arneitg ) akh dbowedticcaneodmnesie stiv ativhiptayjsaetechannel;
upon termination of the event equential ' racti

L o ety SO RO R

vadnsraaeealien plamikasernsherbasen . crighe Rorfigtiration
BHRY ST PRAMAIARABTNNBREGNt (PDA), a cellular telephone, a web appliance,

or any machine capable of executing a set of instructions (sequential or otherwise)
that specify actions to be taken by that machine. Further, while only a single machine
is illustrated, the term “machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed herein.

[0067]  The exemplary computer system 500 includes a processor 502 (e.g., a
central processing unit (CPU), a graphics processing unit (GPU) and/or Digital Signal
Processing (DSP) unit), a main memory 504 and a static memory 506, which
communicate with each other via a bus 508. The computer system 500 may further
include a video display unit 510 (e.g., a liquid crystal display (LCD) or a cathode ray
tube (CRT)). The computer system 500 also includes an alphanumeric input device
512 (e.g., a keyboard), a cursor control device 514 (e.g., a mouse), a disk drive unit
516, a signal generation device 518 (e.g., a loudspeaker) and a network interface
device 520.

[0068]  The disk drive unit 516 includes a machine-readable medium 522 on
which is stored one or more sets of instructions (e.g., software 524) embodying any
one or more of the methodologies or functions described herein. The software 524
may also reside, completely or at least partially, within the main memory 504 and/or
within the processor 502 during execution thereof by the computer system 500, the
main memory 504 and the processor 502 also constituting machine-readable media.

[0069] The software 524 may further be transmitted or received over a
network 526 via the network interface device 520.
[0070] While the machine-readable medium 522 is shown in an exemplary

embodiment to be a single medium, the term "machine-readable medium" should be
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sequentially panning and extracting audio signals between adjacent audio
playback channels in the second panning path to restore each audio
playback channel back to its original configuration prior to panning and
Wihaeng/02082The method of claim 7, wherein the first and se@§3@$2007/081036
destination playback channels coincide. 9. The method of claim 1, which
tdmptisedude a singkduedigrive moltiplensidiad digstaavetionbnehen dstbbviedo

the.yalumesef the.epsecordaudinsiveamnseadrring she Jiralaudio siream

as background audio; and rendering the second audio stream as
ferEyFEaRY Ehsdmm Gnaghinaieadslomedinm 1 skl s odemiprge; include any
anCeHNgsthe dirk auaivisig saddnithe fiest-gndio platiaskciannttto a
first loud ker and the second audio signal in the.second playback
CREFNEND &SRB o HUSp Akl MESELE™ © PSCOMG o by
Mm&hdglwiﬂﬁeﬁm mmtéignaﬁmorffhhéémsflg&@i@méﬁdk ehaiiEl to
hrsecnd AR pleybactkghiaonet iR Previdad starmbinadausies,

signal; and . . . .
optical and magnetic media, and carrier wave signals.

[0071]  Although the present invention has been described with reference to
specific exemplary embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader spirit
and scope of the invention. Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.

16



10

15

20

25

30

panning and mixing the first combined audio signal from the second audio
5playback channel to a third audio playback channel to provide a second VCSLLP
combined audio signal rendered by a third loudspeaker. 11. The method

of claim 10, wherein the first audio playback channel is a front-right
loudspeaker channel, the second audio playback channel is a front-left
loudspeaker 10channel, and the third audio playback channel is a rear-left
lotdigdddker channel. 12. The method of claim 10, wherein the second

audio stream is provided via the first audio playback channel after the first
audio signal has been sequentially panned to the third audio playback
cHannel.A Beth®] Thereneshiog o clednt 4n epmiplisiragderingeletatirtge method
multis h@ﬁ%_el surround sound audio comprising two front playback

channels and at least two ambience playback channels; upon
occurreriéadsiipg alestaydiing o te aidestidinsthiadiosteoat gyt kudio
201698 B anne 1 BREEASROINGNRY S QTS QudiR RIGSIRL ¥R hannel;
ambience playback channels; and rendering the second audio stream via

a center PRIVEHERASEHIENSS Of tip e vienithidid 8k ersippidied RrshrbAwdiissgeams,
viualizing,a Rlureltv i iesssneakersiping Head-Related Transfer

Functions (HRTFs).
upon occurrence of the event,

panning the first audio signal to the second audio playback channel, the
first audio signal being mixed with the second audio signal in the second audio
playback channel to render both the first and second audio signals on the second
audio playback channel; and

rendering the second audio stream via the first audio playback channel
when the first and second audio signals are rendered on the second audio

playback channel.

2. The method of claim 1, which comprises panning the first audio signal back to

the first audio playback channel upon termination of the event.

3. The method of claim 1, wherein the second audio stream is a voice
communication.
4. The method of claim 1, in which the panning comprises:

progressively decreasing an amplitude of the first audio signal in the first audio
playback channel; and
progressively increasing an amplitude of the first audio signal in the second

audio playback channel.

5. The method of claim 1, wherein the first and second audio playback channels are

loudspeaker channels.
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15.An audio rendering device to process an event, the device comprising:
an audio rendering module to render a first audio stream via at least a first
audio 30signal in a first audio playback channel and a second audio S|gnal
in a second audio playback channel; MOSLLP a monitoring module to
monitor occurrence of the event with an associated second audio stream,
wherein the event is an incoming call; and a panning module to pan the

firdt audidhsigeethesl wieckdao hd@mmpﬂwﬁmm@%mﬂmﬂwh@k@annels are
Ofxﬁ%aﬁ}é%'atl&l}&sﬂéﬁkéu&ﬂ%ﬁi&@ %ﬁe\maa%a% Wi 108 secaha@iddifayback

signal in the second audio playback channel to render both the first and
sébaneck v Eigiscdrafive dsammaiagdiedghs maxiaghannel, wherein the
second audio stream is rendered via the first audio playback channel

when the first and second audio signals are rendered on the second audio
playbackl®saneidpbof claim 1, which comprises rendering a plurality of audio signals in

MCSLLP

a plurality of audio channels in a first panning path and a second panning path, the
method comprising:
sequentially panning and mixing audio signals in adjacent audio playback
channels in the first panning path towards a first destination playback channel;
sequentially panning and mixing audio signals in adjacent audio playback
channels in the second panning path towards a second destination playback channel;
upon termination of the event,
sequentially panning and extracting audio signals in adjacent audio
playback channels in the first panning path to restore each audio playback
channel back to its original configuration prior to panning and mixing; and
sequentially panning and extracting audio signals between adjacent audio
playback channels in the second panning path to restore each audio playback

channel back to its original configuration prior to panning and mixing.

8. The method of claim 7, wherein the first and second destination playback

channels coincide.

9. The method of claim 1, which comprises:

reducing the volume of the first audio stream relative to the volume of the
second audio stream;

rendering the first audio stream as background audio; and

rendering the second audio stream as foreground audio.

10.  The method of claim 1, which comprises:
rendering the first audio signal in the first audio playback channel to a first
loudspeaker and the second audio signal in the second playback channel to a second

loudspeaker;
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16. The device of claim 15, wherein the first audio signal is panned back

to the first audio playback channel upon termination of the event.  17.

The device of claim 15, wherein the second audio stream is a voice 15 MCSLLP
communication. 18. The device of claim 15, in which the pan module is

configured to: progressively decrease an amplitude of the first audio signal

in the first audio playback channel; and 20progressively increase an
amplitudeeofothafigshapdimisignatiimiking et tndfascioditayigaekfoharthelfirst audio

12)13;?830(11%{1 af FAQ}E@ ge%&h gﬂh@%&%@fgﬁgﬁ?%e[]% 9\'/? %la¥bapcomblned

els are loudspeaker channels VIC alm
wh@ﬂimﬁlmlﬂmctmd second audio playback channels are thuahzed

|0Ud3pe (%t %Wcmﬁb@ﬁéh%giﬁ% n‘%)r%q ﬁ"g%gkﬁ §%poahci(audlo

channels are V|rtuaI|zed after the panning an

d@h&b&@k@bﬂwstq@ vhind mudisluanbaok ah@imeélwwdaqﬁacan@/@ﬁnbmed audio
Qa?Pé}{Hé?éa@ rgﬁgﬁ&m%‘%ﬁ@t panning path and a second panning

pat the panning module being configured to: MOB sequentially pan
and mix audio signals in adjacent audio playback channels in the first

Pamning prthiomauds afist destnatianmlaykack£8 ack cIREMHAE N 2Mont-right

pan and mix audio signals in adjacent audio playback channels in the

séeutirsRish g st svares hasdio ntpdaskneliram el i Sorchdhlqaidspeaker

channel, and the third audio playback channel is a rear-left loudspeaker channel.

12. The method of claim 10, wherein the second audio stream is provided via the
first audio playback channel after the first audio signal has been sequentially panned to

the third audio playback channel.

13, The method of claim 1, comprising:

generating multi-channel surround sound audio comprising two front playback
channels and at least two ambience playback channels;

upon occurrence of the event, fading out the audio from the two front playback
channels;

increasing the volume of the audio rendered via the ambience playback
channels; and

rendering the second audio stream via a center playback channel.

14.  The method of claim 1, which comprises virtualizing a plurality of loudspeakers

using Head-Related Transfer Functions (HRTFs).

15.  Anaudio rendering device to process an event, the device comprising:
an audio rendering module to render a first audio stream via at least a first audio
signal in a first audio playback channel and a second audio signal in a second audio

playback channel;
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Supon termination of the event, sequentially pan and extract audio

signals in adjacent audio playback channels in the first panning path to

restore each audio playback channel back to its original configuration priorMCSLLP
to panning and mixing; and sequentially pan and extract audio signals

between adjacent audio 10playback channels in the second panning path

to restore each audio playback channel back to its original configuration

prior to parititpand madnly. temonerdwgivzeotelefrih ¢ysuhariginathessiostated

a@%ﬁ&%ﬂﬁig%ﬁ%ﬂ%&hel@fﬁ@l%ke%m@eaﬁ SeinGids AR, 43 The device of

claim 15, wherein: the volume of the first audio stream Is reduced

relative RARNRAEMRSSFtEPsadbadistandionsanl hemrsicaudiousientryiack
rEMERIRE GHRICKAFRMRE Sfio- A 201G FecAN AUAICRHRAM R4 with the second

rendered as foreground audio. 24. The device of claim 15, wherein.

R siEidlo silRarroRerrdie Py hnskicbeanelicopridsadiothdarfistaed second

firgidRystsnenker @eddbsnasrensamdiasignahisirendered in the second
playback channel to a 25second loudspeaker;
wherein the second audio stream is rendered via the first audio playback channel

when the first and second audio signals are rendered on the second audio playback

channel.

16. The device of claim 15, wherein the first audio signal is panned back to the first

audio playback channel upon termination of the event.

17. The device of claim 15, wherein the second audio stream is a voice

communication.

18.  The device of claim 15, in which the pan module is configured to:
progressively decrease an amplitude of the first audio signal in the first audio
playback channel; and
progressively increase an amplitude of the first audio signal in the second audio

playback channel.

19.  The device of claim 15, wherein the first and second audio playback channels

are loudspeaker channels.

20.  The device of claim 15, wherein the first and second audio playback channels
are virtualized loudspeaker channels and wherein the first and second audio playback

channels are virtualized after the panning and the mixing.

21.  The device of claim 15, in which a plurality of audio signals in a plurality of
audio channels are rendered in a first panning path and a second panning path, the

panning module being configured to:
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the first audio signal from the first audio playback channel is panned and
mixed into the second audio playback channel to provide a first combined
audio signal ; and  the first combined audio signal from the second
audio playback channel is panned and mixed into a third audio playback
channel to provide a second combined 30audio signal rendered by a third

loudspeaker. loudspeaker channel, the second audio playback channel is
a front-lekduerispbakran ehdnmisiaadid stenshirth adiieeplayidacklefbankethermels in

(AL el BHATRG R Chae s H TR ARMGE SLARID dhufffieren the

second audio stream is provided via the first 5audio playbac ‘channel

after theskesteatiglty ah anAasibevdicstpmeliallgdimsneaud amdatirgkachtionels in
PiaRREkRNGIEh A arl REANCERE GlAIT AN BIF P SRR SE A gital

signal processor to: generate multi-channel surround Sound audio
comprisiFRPEVSTRERMAVAER Q¢ @hannels and at least two ambience

playback channglgienti IBPPACH ERGR QLU S¥RALs [AAR QMM BNy back
from the two front playback channels; increase the volume of the audio

renderedWAANFIS EhibidiHeERINEARENRAREI A EhaHdi bl Badosipnnel back to
audio streasn ¥ifad GRTShRIRPDBRK GBI ANdEn KigdaNice of claim

15, which comprises a digital signal processor to virtualize a )
sequentially pan and extract audio signals between adjacent audio

MCSLLP

playback channels in the second panning path to restore each audio playback

channel back to its original configuration prior to panning and mixing.

22.  The device of claim 21, wherein the first and second destination playback

channels coincide.

23. The device of claim 15, wherein:

the volume of the first audio stream is reduced relative to the volume of the
second audio stream;

the first audio stream is rendered as background audio; and

the second audio stream is rendered as foreground audio.

24. The device of claim 15, wherein:

the first audio signal is rendered in the first audio playback channel to a first
loudspeaker and the second audio signal is rendered in the second playback channel to a
second loudspeaker;

the first audio signal from the first audio playback channel is panned and mixed
into the second audio playback channel to provide a first combined audio signal ; and

the first combined audio signal from the second audio playback channel is
panned and mixed into a third audio playback channel to provide a second combined

audio signal rendered by a third loudspeaker.

25.  The device of claim 24, wherein the first audio playback channel is a front-right
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plurality of loudspeakers using Head-Related Transfer Functions (HRTFs).
29. The device of claim 15, wherein the at least part of the functionality of
the audio 20rendering module, the monitoring module and the cross-fade
module is performed by one or more processors. 30. An audio rendering
device to process an event, the device comprising: means for rendering a
first audio stream via at least a first audio signal in a first 25audio playback

chewisgrairt ehsaoehdhaudiosimalinpéesbedndhanuid iplayivacKahmmsheaker
maaRsdOLAORLRNNG Qe AR Af thgSuent é{vllé'aTa@@f&?&gﬁésﬂe%%ﬁgﬂ&L
audio stream, wherein the event Is an incoming call; means for panning

the first audio signal to the second audio playback channel  upon

0ogurrenprR. AftNe.ayedh: the firghakgicusianal e ek ixed, Wit IBP&?@%E%Q the first

audio 30signal in the second audio playback channel to render both the

firdtdip flaxperachanns laiisatbofrgausbe signalue bsiey segventakn ermmed to the
Md-bftlio playback channel.

MCSLLP

27.  The device of claim 15, which comprises a digital signal processor to:
generate multi-channel surround sound audio comprising two front playback
channels and at least two ambience playback channels;
upon occurrence of the event, fade out the audio from the two front playback
channels; increase the volume of the audio rendered via the ambience playback
channels; and

render the second audio stream via a center playback channel.

28.  The device of claim 15, which comprises a digital signal processor to virtualize a

plurality of loudspeakers using Head-Related Transfer Functions (HRTFs).

29.  The device of claim 15, wherein the at least part of the functionality of the audio
rendering module, the monitoring module and the cross-fade module is performed by

one or more processors.,

30.  An audio rendering device to process an event, the device comprising:

means for rendering a first audio stream via at least a first audio signal in a first
audio playback channel and a second audio signal in a second audio playback channel;

means for monitoring occurrence of the event with an associated second audio
stream, wherein the event is an incoming call;

means for panning the first audio signal to the second audio playback channel
upon occurrence of the event, the first audio signal being mixed with the second audio
signal in the second audio playback channel to render both the first and second audio

signals on the second audio playback channel; and
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means for rendering the second audio stream via the first audio playback

channel when the first and second audio signals are rendered on the

second audio playback channel. 5 31.A machine-readable storage MCSLLP
medium embodying instructions which, when executed by a machine,

cause the machine to: render a first audio stream via at least a first audio

signal in a first audio playback channel and a second audio signal in a

second axgtissglaytsadkohathraicsandaitdioctmamenicetinf Arseaaho witdylsack channel

a%?l‘?éﬂ%%dﬁﬁcﬁ{lfjs%ﬁ éHﬁérﬁgM?E‘?é%ﬁ%}%c%ﬁ ?ﬁésséaz{bt%&fé%éﬁige%oﬁ%lack

upon occurrence of event, pan the first audio sign

agdrpghyback channel, the first audio signal being mixed with the second
audio signal in the second audio playback channel to render both the first
and second audio signals on the second 15audio playback channel; and

S5 rehder tHe Beebimg-seadiebierearass agseumarabeiy prisik éormnbichhehen

theBeatand secopgigudiausiong macgirgndered on the second audio
playback channel.
render a first audio stream via at least a first audio signal in a first audio

playback channel and a second audio signal in a second audio playback channel; \
monitor occurrence of an event with an associated second audio stream, wherein
10 the event is an incoming call;
upon occurrence of the event,
pan the first audio signal to the second audio playback channel, the first
audio signal being mixed with the second audio signal in the second audio
playback channel to render both the first and second audio signals on the second
15 audio playback channel; and
render the second audio stream via the first audio playback channel when
the first and second audio signals are rendered on the second audio playback

channel.
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