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WD 2008/ 002277 PCT/ S&007/ 000190 Audi o Enhancenent
Modul e for Portable Media Player CROSS- REFERENCES TO
WORRI0ADEDR7TAPPLI CATI ONS 5 Thi s application cl ai mBCT/SG2007/000190
priority fromprovisional U S. Patent Application
Serial No. 60/806, 454, filed June 30, 2006, titled
"Audi o Enhancenent Modul e for Portable Media Player”
the di sclosure of which is incorporated by reference
inits entirety. This application is related to and
I ncorporates by reference for all purposes U S. Patent
Addio’PRhiasRebhich SIddhleNor Pdrtable Medid Plegeay 4,
2007, titled "METHOD FOR ENHANCI NG AUDI O "SI GNALS"
which clains priority fromprovisional U S. Patent

JN i rial 7 b May 5, 2006.
C@ﬁ&ﬁ%ﬂmﬁq]@b%ﬁ%yi%gﬁilﬁﬁ the I nvention
15 The present invention relates to audi o products.
Mor &hiseapplieatioardlaims phierifyrfeare provisiensd Bk 3. dlatane Agpkeation Serial
nmet hods for enhancing audio transmtted froma
Nap60/8ebue4, med aune@0agens, tiled Desdio iBphimemeht ModulBebet@tible
Art Wth the advancenents in audi o technol ogy,

MEREPRIGHE thd TREBEHrS LA RE is iﬁEkﬂ-g%QEége T ?e%‘éed EPRPH ey, This

processi ng power, attention pl aced on

tovidin vanced audio.effects an ut er ugh
soBlisAina il 1 A8 bire OB St e TR PRNEh Ut Paler?
boards. Concurrentl the field of portable audio has
Apaliggiosgesatiie. Hr &Hed 6% SladMaxch3007: itleds MEBHOLIIR ces
are capable of storing and rendering thousands of
ENHANCTHGA GDHe SIGNALS” whidh2]1 A0B§rdaR2ffdm provisional U.S. Patent
PCT/ SG2007/ 000190

Application Serial No. 60/746,625, filed May 5, 2006.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to audio products. More particularly, the present
invention relates to methods for enhancing audio transmitted from a portable media

player.
2. Description of the Related Art

With the advancements in audio technology, increased memory storage, and
increased computer processing power, attention has been placed on providing advanced
audio effects on computers through software and in some cases add-in boards such as PCI

boards.

Concurrently, the field of portable audio has also expanded dramatically. Current

portable devices are capable of storing and rendering thousands of music and other audio
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tracks over headphones or other sound reproduction
transducers connected to the portable players. Mny
wo@Rooskexe7 devi ces are snall enough to be carripdI/66G2007/000190
user's pocket. Unfortunately, many of the advanced
audi o effects presently avail abl e and expected to be
available in the future require processi ng demands so
| arge that they cannot be easily 5 integrated within
the portabl e devices wi thout adversely affecting the
portability nature of the devices. Further
tracka st ldadplsors or othpaseand teprdduetigotramtiberdennneged fooire portable
power requirenents and the need to | oad or nanage

pla§Q@8Iaaky bﬂh&&%e@ﬁ%& 58 smieH 'eh&iHhl 1% be eAMe8 M a bifer’s pocket.
conventlona l'y Ioaded into the device by tethering the

evice. to a h xa

UnkieEnt oty B RS s %V?s?ab?eagldee"p?ﬂed tobe
PC in order to 10 downl pad the content. In order

avaglghlean fhe WP sgaire pracessiig derengivia latﬂeéh%lébﬁ%‘én%ﬁa)eteasﬂy
mnimze the bandw dth requirenents for transm ssion

intedrated evithimthe portatde devdcasonithent adveathythffactng thegorthldity @ire of
is conpressed, for exanple according to an np3 or wma

the(ROREs. FERE cERUBESs arb AN ofl BhriaBR! detite WaBpower

decoded but nonet hel ess provide nusic that is |acking

req'gf}gﬁgﬁg a%(? ’(c)l%ltn 8& 8}21?)%5 f)r 1??1{1 g tcHx?@ﬁt‘%h € &Q/ a@u?reﬁﬁg ! c%ntent 18

ons or e user
nodi fy r.cept ual utes. of the s e de
cown&lwﬂpfﬁ%dggulgo Gice by g 5 Aeyp §p et potor Skaple by
not hi ng nore than equalization and fail to suitable
a UsRieabds Typcallyus cantént srinhgesmenh prograve tsdyn of thenRC i endenio

the environnent. Portable nedia devices often place
doRelRYy tidaosangs on power from batteries 20 integrated

into the device. These batteries are often

rechargeabl e but need at least intermttent

connection to a power supply_ for rechargin

20087 OUSDtpCopESTy SHPIGEY FIIGO Ibde Pereble %‘rl%*’afrn g élinngmze the

experience thus involves listening to "flat' 'nmnusic
baridwidihghqiieakmtofoe srangpessiadef thi esmerttherditesinteait doaded from the

batteries are connected to a power supply for
host PC is compressed, for example according to an mp3 or wma codec. These codecs
provide good fidelity when decoded but nonetheless provide music that is lacking in some
attributes. Unfortunately, portable media players provide very little options for the user
to modify the perceptual attributes of the sound rendered by the portable device. These
typically include nothing more than equalization and fail to suitable address the

customized listening needs of the user or the environment.

Portable media devices often place heavy demands on power from batteries
integrated into the device. These batteries are often rechargeable but need at least

intermittent connection to a power supply for recharging.
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rechargi ng, and periods of connecting the portable
device to a host PC for managing the device's
w@oovsee277 Unf ort unat el y, each of these steps oPCESGRH7/000190
i nconpatible with other ones 5 of the steps, hence
requiring multiple cables and famliarity with various
software progranms. It is therefore desirable to
provi de a devi ce and net hods capabl e of inproving the
user experience for the user of a portable nedia
pl ayer. 10 SUMVARY OF THE | NVENTI ON The present
i nvdht ityricad uear! stexpedertve dhuls énvtohaets listeanigpo Bt smaitbraruugh
audi o enhancenment effects. These advanced effects
he&dpUBhesAp MM R WiRRIBe ldBGicsd biteridy hretBhnechdd o laGRdwieP sdiply for
audi o spatialization (virtualization) and transie
. c : evige .S i ed f.or ei vi ng.
re BTG R Biiad S oS %y b Rt OG0 1 Bk PC Erprariing e
enhancin% the 15 received signal, preferably through a
deyjee s coipity Hnfprunately,sach alfhescsisps ofen wriBcampatibla with ather ones
an out put audi o signal having the enhanced effects
of thetsteppeldebncareghizingirgwisiple cibles and fauniliargy grithl varreyse ftware
either digital or audio. Further, the output signa
prd@am$e a nono signal, a stereo signal, a MD signal,
or a nmulitchannel signal (such as 2.1, 5.1, 7.1, etc.)
I n accordance with one enbodi nent, an external audio
enhancenent nodule is 20 provided. The nodule is
conftiigtheseforeglopisade {eepranidaadevice aplmethodgnhenpable ofinaproving the
portable nedia player, such as for a non-limting
usexxapglence for fsusdt sf apoddbiromedibplryaedi a pl ayer
manuf actured and di stributed by Creative Technol ogi es
LTD. The nodule is further 3 WD 2008/ 002277
PCT/ S&007/ 000190 configured to process the received
audi o signal using advanced audi 0 processing
SUMMARY (2K TIHHH INVENEIONi t the processed signal to an
audi o reproduction system Preferably, the nodule is
er conf.i gur.ed toy;eceive the device in_ a déﬁking

fur
confﬁg‘amﬁsentélh nfign prayided & madulathaiinsorpeiates pdvmeehiudio

managenent ), battery power nanagenent
enhancement effects. These advanced effects cover a wide range including but not

limited to 3D audio spatialization (virtualization) and transient enhancement. The device
is configured for receiving an audio input signal, in analog or digital form, enhancing the
received signal, preferably through a user control on the portable device, and transmitting
an output audio signal having the enhanced effects embedded in the signal. The output
signal may be either digital or audio. Further, the output signal may be a mono signal, a

stereo signal, a MIDI signal, or a mulitchannel signal (such as 2.1, 5.1, 7.1, etc.)

In accordance with one embodiment, an external audio enhancement module is
provided. The module is configured to receive an audio input signal from a portable
media player, such as for a non-limiting example, a Zen Vision M portable media player

manufactured and distributed by Creative Technologies LTD. The module is further
3
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5 (recharging and external supply) and transm ssion of
rendered content to a plurality of devices through a
wWaResdoxnar7 wi r el ess connection. | n accordance W€TISGEN7/000190
anot her enbodi nent, a nmethod for enhancing an audi o
signal is provided. An audio signal is received. The
audi o signal is converted to a digital representation
if necessary and digitally filtered to enhance the
perceptual characteristics 10 of the audio signal. The
enhancenents i nclude upm xing the signal to a
corffigurddcto pasehs the egueBea atdibistpnakburthgvddyhnet iandiogrodessing
mul i t channel representation for rendering over a two-
: I t |
B A L R R
nhanced, in.r.e nse to t ener | evel .of fhe.
PrefhgRtR, s madbin S PR Getiesthin S8R &y Ffts i dodRing connector
enbodi ment, the processing includes any conbi nati on of
and| ® prpyirlg syRehropizefign (Gontant BynagementlyhrilelcP Wy Aprneaenent
In a preferred enbodi nent, the nethod includes
(reeirmagihp and externabepplyd andtransolissidneofaemiendd whteatith oplurality of
enhancenent interactively through the use of a user
RO Rl gh AAEN: Gdratdst Boddagiapr t abl e audi o
enhancenent nodul e. These and ot her features and
advant ages of the present invention are described 20
bel maswotdancewih getemother eheodimani, mgethodRbEenhancing an audio
DESCRI PTI ON OF THE DRAW NGS 4 WD 2008/ 002277
sighsTTs pradtfed/ RAGUA0 signhGs rdeeived A THE @dHi@Bighdllisi Sédvatted & @igital
audi o enhancenent nodul e used in a systemin
o « e
rer L RHAT i holihaly 3RF SRIRATLIEG It PaEBlal chapactristic
nhancemen dulLe used i.n a systemi .accordan
of [P GO EBh bR FbARCeBrenisHEc B bamiing 1D ERY o a sniichansel
is a diagramillustrating an audi o enhancenment nodul e
repyesentation andyisvdivingthe sndbehaand sempsentatoe farrberteiing oy elof two-
the present invention.
channel playback system. In another embodiment the characteristics of the audio signal

are dynamically enhanced, in response to the energy level of the signal or transient
detection. In yet another embodiment, the processing includes any combination of
upmixing, virtualization, and dynamic enhancement. In a preferred embodiment, the
method includes enabling the user to control the amount of audio enhancement
interactively through the use of a user control integrated with the portable audio

enhancement module.

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

below with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG 4 is a diagramillustrating an audi o enhancenent
systemin accordance with one enbodi nent of the
w@e@seo27T nvention. FIG 5 is a diagramill ustPEr/Samoamo190
audi o enhancenent nodul e such as illustrated 10 in
FIG 1 in accordance with one enbodi nent of the
present invention. FIG 6 is a diagramillustrating an
audi o enhancenent nodul e such as illustrated in FIG
3 in accordance with one enbodi rent of the present
invention. FIG 7 is a diagramillustrating an audio
enh&He.emsmntdizgyamliBusitatihg as audid edtanedneeht maduld Bed B a system in
accordance with one enbodi ment of the present
acdorde@6é with .ond embb&medt bStha pRsathnvéhagi.am of an audi o
enhancenment nodule having a digital input in
accordance with one enbodi ment of the present
i nvEH?.i 20 2 dhgmmgllusirating aippidie entianeenoking gragideafsedin a system in
audi o enhancenent nodule integrated into a receiver
acoordantdreith andiembsdinieheof the prsertdaragoni t h one
enbodi nent of the present invention. 5 WO 2008/ 002277
PCT/ . SG2007/ 000190  DETAI LED DESCRI PTI ON COF PREFERRED
ENVBEIS-MERRS agren dhestgbngn audie anhsacaraen modultaisad in 2 gystem in
preferred enbodi nents of the invention. Exanples of
accohianpe witkone dmbodiocinteiths pesent iitventidon.at ed in the

acconpanying drawi ngs. Wile the invention will be
descri bed in conj,lgnct ion with these preferred )
emb bl e esliagrim iBusiipting feaysiienhsnessepnt Aystom n aogordgnce with

intended to limt the invention to such preferred
onegrbloaiiimmentt of thapresdng inventiorary, it is i ntended to cover

alternatives, nodifications, and equivalents as nay

be ppcluded.within the spirit and scope of fhe ,

i nvgﬂg‘i%ﬁ ag]éa%%l Rtrapne g‘tﬂ’éh%\ erderng mgdnie suplyag iflgstrated
. follow ng description, numerous specific details are
in ex 1fippederdange viitieone embpdimentief the preserd dugrention.

under st andi ng of the present invention. The present 10

It R\é@gﬁ |S681g 8?‘1?%5%5 é]{l)%%%érllgc qerﬂau\gfécth y lz'i1tlce§1§)errrl‘€rn(z)rdul%l sluclggs illustrated
in FIG. 3 in accordance with one embodiment of the present invention.
FIG. 7 is a diagram illustrating an audio enhancement module such as illustrated

in FIG. 3 in accordance with one embodiment of the present invention.

FIG. 8 is a block diagram of an audio enhancement module having a digital input

in accordance with one embodiment of the present invention.

FIG. 9 is an application diagram of an audio enhancement module integrated into
a receiver or other audio source in accordance with one embodiment of the present

invention.
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i nstances, well known nechani snms have not been

described in detail in order not to unnecessarily
wob®ser7t he present invention. It should be nPCESG2007/000190

herein that throughout the various draw ngs |ike

nunerals refer to |ike parts. The various draw ngs

illustrated and descri bed herein are used to

illustrate 15 various features of the invention. To

the extent that a particular feature is illustrated in

one draw ng and not another, except where otherw se

i ndDEZEAH.BP DBESCRIPTEON ORI PRIFERREPDEMBODIMENTDI t S

i ncorporation of the feature, it is to be understood

t haRetdh@se Witlalow Bsmadeiylietadlda picfetrddenitwdimedty 6L thelitvention.

the enbodi ments represented in the other figures, as

Ex%ﬁpleg BEMe éﬁrrg&‘ leﬁlﬁodﬂrleﬂﬁéf@i}ilﬁgrdééﬂ Hhes &cﬁh-%g%ﬁ% drawings.

ess ot erW| se indicate raw ngs ar

ssari .. di .nmensi on rovid
R Roention v BE Rerpinel <PuRRaon i efpETed ewfbgﬁlments it
scope of the invention but nerely illustrative.
wilkbegndasterd thatit/iswtdutenddda dmit the inyeatienitorueh quﬁ‘r@n e
enbodi nent, a nodul e-that incorporates advanced audi o
empodiarenamedi thefcbatiry, it & ipteodedde doverhdismatidhsamodifications, and
effects cover a wide range including but not |limted

eqiifaldks a¥a9 be RAlhE! V;lﬁ{lh @Hé sf)iﬂt lahd 8L dpe Rt HRhv@idn as defined by
transi ent énhancenent. device is conflgured for

recei u n n_ana
thefagpﬁ?aéé Wg‘nirf ﬁmaq"?lil] 1In% 83%088@0% Inawgfous g}ﬁ%ﬁo ic dgalgs are set forth
. transmtting an output audjo signal having. the
in gidRRiRAEeVide féhareuginiulariading of e rrpyRbInVerTag. othepyesent
signal maybe either digital or audio. Further, the
inveotipumay bg pedctinel witheut some osalyofthesespstific detaids. ghnajthera
M DI signal, or a mulitchannel signal (such as 2.1,

instendes, frell. knBia nheohEViams Bekeaidd beentTiaisea R 0étail 3 SrdePMot to
prOV|ded for use with Personal 10 Conputers, such as

audi o sound cards. The
umll&gégﬁb %%ﬁrg@lt]é/\%&&&r?%\g/%ro:ﬁous enbodi nents, makes
these audi o enhancenents available to portable medi a
devltahsulgiblehotsl apen Had e wchott the vatislisdir@ningniReBiherals refer
nmodul e. These

to like parts. The various drawings illustrated and described herein are used to illustrate

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
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.
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enhancements include but are not limted to 3D audio
spatialization or virtualization effects and
wo e@ssd2mt enhancenent techni ques, as wll be PgpsGrIO2000190
in further detail below. 15 Preferably a nodule is
provided for integration or connection to other
el ectronic products in order to enable a systemto
i ncl ude audi o enhancenent al gorithns. In sone
enbodi ments, the audi o enhancenents include but are
not limted to dramatic inprovenents to the recording
andingicayidamde with (REmheslioent camadiele iat incorportes advanced audio
listening experiences for novies, and inprovenents in
enh@B&tpieak effectd f@gbr@\ﬂ@@biTHeEé afan@dcftiiroce aande 24hge including
qual ity of audio and nusic creation. Preferably, the

butBEHRe & S AL MR A AERLE ion) MREhars e BURELement. The
control.the amount. of the .effect fo suit the users'
deviRls bouied R A ine i Shnrsiiat Rt St B0
2008/ 002277 PCT/ S&2007/000190 commercially avail abl e
enhapcing theueeaivesipignal, ead densmitinsdaduipt epdiansignal having the
Technol ogi es Ltd. For exanple, the X-Fi soundcard
enhaheadi edfedisleynbed sl in tiee sigreihcTid egpwidratimap be sthdrldygital or
al l ows a user options including MiltiSpeaker Surround

w0 r. ; :
i SHLERE o BRI i, or

5.0 gital .decoder,, ,DIS-Iknteractive 5.1 Encoder.
aq%ﬁkcg’%%“eéﬁéﬁli(%cﬁ‘ﬁ&gl’ﬁbldaﬁ)eéf’é provided that permts

sel ection of the above nentioned types of audio

enhARGAITBN bigdib BAIGMEEMSHT 42 RbW frbAV&d folb&Rith PeFsoddC
bus, and Digital input/output. The audi o enhancenents

r Vool / ¥-18 t_ 1 m
oG AR IR IR M AR TR, e
. detai| below 10 X-Fi CNBS(r)-3D,enaples a user.
IVERifoa ey aieys s, ok Seor ARO SOPFEERER SHBPY h
headphones or nul ti channel speakers. This is inportant
portabbeamediaidevieessivkle 8s mp3 playena diean pwlie pplpcenent sapdvizg dhese

and novies in surround sound created with X-Fi

entezbidnts idElutl € bined AgimiWd tb 8 Dt udispatalivation e iriuakizatidn
i ntended to include the basic

effects and transient enhancement techniques, as will be explained in further detail below.

Preferably a module is provided for integration or connection to other electronic
products in order to enable a system to include audio enhancement algorithms. In some
embodiments, the audio enhancements include but are not limited to dramatic
improvements to the recording and playback of MP3 music, enhancement to the listening
experiences for movies, and improvements in general to the capabilities, performance and
quality of audio and music creation. Preferably, the module is configured to enable the
user to select from several surround audio enhancement effects and to control the amount

of the effect to suit the users’ preferences. Many of these audio enhancements are
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upm xi ng of stereo content, the audi o enhancenent
nmodul e is preferably configured to 15 rem x the audio

w0 nioglobi2gent |y to match the speaker system (i neCT/S8G297/000190
headphones). The audi o enhancenent techni ques that
may be configured into the nodul e i ncl ude advanced
techniques to extract specific audio elenments so your

nmusi ¢ and novi es sound nore alive than ever, i.e., to
add in one enbodi nent "punchi ness”. The potentia
benefits when Ilistening to or creating nusic are

condR BRI avaitdle BXRPuter seindtdatisprevidal byiSieativayedholdies Ltd.
converted into surround sound suitable for playback

Forge\é;r%fgglm"ml%ﬁne{ ﬁ-l%? H&ﬂdcﬁg ﬁg&é’é&el%ll bgt Al MUBRLEADIOAEs Lid. presently

e en eni ng experience Is
provi ded when _li.stening t Si c s, t .
el ner onbeeriiSs SREeber Rt igfind R ophddpttispapker
8 WD 2008/ 002277 PCT/ SG2007/ 000190 exanpl e, vi deos_or
SumewvidedD HegdphoneivultiSeerkenSyranddd Yirtuabukdi Soistdizey Blolby
headphones or speakers. Thus, an exanple surround
Digifaldetode DISsintgadtieoe 51l Bpvedaui t abl e for integration

into the nodule to enjoy novies is the X-Fi CV5 SO 3D.

O her processing techni ques provided i.n of her

enbbucprmm@d@n@%; amggulgisgragided thay permits|spleglionf the apove

out put channel s, transi ent enhancenent, and decodi ng.
meiifiasd Bpes ofymdar ahbycedesisithroegh GPIO pith@eviebti¢ttestd agl2C bus, and

exanples: 1. X-Fi CM5S S(r)-3D Surround: Provides a

Di%?é‘l Lipebannel. TeavbRhiRemshts heFebS ificlu@d btk €& lindited to
-FI "CVBS(r) - 3D Headphone: Provides a multichannel

e A PR e PR PP RBY, B 277

mul ti channel playback experience over two

| oustSPICEKBIS®-3Dlend@lés 4 YRED UhgradsW@3tmukic afrdhhovies into surround
CrystalizerTM - provided dynam ¢ enhancenents based on

smﬁjﬁtv%ﬁi fil%ﬁgﬂgnes bf AR §Rdikc L. NMehis SRS ¥ ah@YeRhuse it enables a

varil a

consumer to enjoy stereo MP3s and movies in surround sound created with X-Fi
CMSS®-3D technology. While the present invention is intended to include the basic
upmixing of stereo content, the audio enhancement module is preferably configured to
remix the audio intelligently to match the speaker system (including headphones). The
audio enhancement techniques that may be configured into the module include advanced
techniques to extract specific audio elements so your music and movies sound more alive
than ever, i.e., to add in one embodiment “punchiness”. The potential benefits when
listening to or creating music are abundant. For example, static stereo music may be
converted into surround sound suitable for playback over multichannel Speakers.
Although in one embodiment, the enhanced listening experience is provided when

listening to music tracks, the invention includes other forms of media content. For
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15 5. Dol by Digital decoder 6. DIS-Interactive 5.1

Encoder Preferably, the nodule includes at |east 3D
w@owBo0227T t ual i zati on technol ogi es such as X-PFECT/SG2007/000190

CVBS(r) - 3D Headphone and X-Fi CVMSS(r)-3D Virtual .

These virtual technologies are designed to reproduce

a natural sounding nulti-channel |istening 20

experience over headphones or two | oudspeakers, with

both multi-channel and two- channel source formats. By

provi ding these technologies in a nodul e that can be

exafPId) &adeds of Modieh laldbleghalcayRrprovidd sasound sopid pvadyieadphones
or portable video player, these enhanced audio

o SIS STE S i T et cvii

. PCT/ S&00// 00Q19 I.n further,d i -FL . Creative
intqgAoRG RN mOSIR o Y By EhESS Ry T SMSE-PRb! o 1 or
bot h rendering over headphones and speakers.

Cr eafey ?'rof%e Eehmiathes gﬂ%ﬁﬂ:@ﬁ‘ﬁ’ Behet 8EPGHINRAN N5B1P8p hiiRing,

l'istene org that he or she is wearing headphones,

. by. delivering.a, conpellin | ti-channel. ||stemn
virgiizaiPn v o i AT b lieh b g Wi ek B Hfe are

audio content. This is the result of the conbination
gengtallyslesesibed evithcthg ©llowieg @@ress: HRTF filters,

Envi ronmental early reflections and Anbi ence

ext td. nef .t - Bl £ :

it ad FVRTA%D, BERR: PrgRlaef s phahérnaabERE R nusic
or@¥ties.nal i zation, frontalization and front-back

di scrim nation. Further benefits include a natura

sensex qfi IMISOSIPHeadpRbnd PréV i 4 hokioRaHR] ﬁ)l_@ﬂ%ck experience

t wo- channel sources as wel|l as 10 reduced 1istening
ovdrdtadphenesdoeall types of @BB( r ) - 3D Headphone t echnol ogy

enpl oys advanced signal processing algorithnms to

pl agexX!Hi SINISBOSD Wirtnah@rovidés a foultlcanmehplagback expaimnde over

field. Through these processing techni ques operating
twapjoupspepkera fasjallityprs ©f 6ontelt | east  one processor in the

nodul e, the auditory awareness of wearing headphones
van#skdd CaysdalizerTM — provided dynamic enhancements based on detection of

transients and other energy level variations.

5. Dolby Digital decoder

6. DTS-Interactive 5.1 Encoder

Preferably, the module includes at least 3D audio virtualization technologies such
as X-Fi CMSS®-3D Headphone and X-Fi CMSS®-3D Virtual. These virtual
technologies are designed to reproduce a natural sounding multi-channel listening
experience over headphones or two loudspeakers, with both multi-channel and two-
channel source formats. By providing these technologies in a module that can be
connected to a portable player such as an mp3 player or portable video player, these

enhanced audio effects such as virtualization may be made available to consumers on the

£o.
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is replaced by a transparent |istening experience and
the sensation of "being there". 15 Creative's CM5
wW®LeBA0@DR7Vi rt ual technol ogy provides a convi ncP@mySG2007/000190

mul ti-channel listening illusion using only two
| oudspeakers for a listener |ocated at the "sweet
spot", wth any two-channel or nulti-channel audio

content. It conbines the following ingredients: HRTF
filters, Cross-tal k cancell er and Anbi ence extraction.
The benefits of X-Fi CWVSS(r)-3D Virtual include

t i nibe Eurtherdetail,aX-FoQreative WMulte$ pegkeri Sheroznd 3DEEMSS-3 D Lial

20 | oudspeaker | ocalization, natural sense of

availiRy o Both rmfldeﬁn% otér Heuliptioned iangbal@nd Crawive's TANSED-3D
sources. Preferably the nodule is configured to

. . : . } N

a0 o ORI R i pd SRR P EHR R i, by
t he. user cap. 10 008/ 002277 PCT/ SG2007/ 000190

e oo PR G 0-GTich B G P G4 EAE%, D QK b-cpgmel or
optimze the effect to adjust for the |oudspeaker

myligrshainehaudioreepientehhis irthareselrefitheicombinglipn efithires exglusive
enbodi nent by Creative's X-Fi  Crystalizer. This is an

ingrediedts: HRTE filtats) BiEioatheatull ety Rfeaioat and Apiaes Rtraction. The
carefully 5 designed to bring the full benefit of :

beld 6f RIRYAGERID HBadihbnd FORAY _’Iﬁﬂ@‘e_%r@é%ﬁ}aﬁﬁﬁ;i Improved

Crystalizer selectively identifies significan

transi.ents in.the origin =bi.t .audi o ayback .
xR BN Bobighideion 3hi ol hack dithbnidition; soBbhEAGHp inciude o
for the studi o nmastering conprom ses inherent in the
naturalsensg ofymaisiony 15 bathgpultirehapes! gnd Tweschanmel wyiges apwell as
appl ying Crystalizer enhancenent depends to sone
redex¢dhdterong fatiguel eCmiative' OEMSS®-8DHedphdre tddhnalvigg kemiptoys s
applied and to the user-specified degree of

adRiNBENE 8RR Procedsth L B&HtBins td Pabilstenctd M inirdE Ful BN iBHNG §i%e

crisper high frequencies, punchier m d-range

r i r /
sl 1R L Sro e AR AN RSB B e
techni que js thaught tq be especially beneficial to.
ong POERONS th mpdiierbe sulioRt ar iosee A ber s ReRies eishes and
in the npg, wm, or ATRAC formats. This configuration
is replaprs] hyea/isansparent listening experience and the sensation of "being there".

Creative's CMSS®-3D Virtual technology provides a convincing multi-channel
listening illusion using only two loudspeakers for a listener located at the "sweet spot",
with any two-channel or multi-channel audio content. It combines the following
ingredients: HRTF filters, Cross-talk canceller and Ambience extraction. The benefits of
X-Fi CMSS®-3D Virtual include timbre preservation, convincing side and rear virtual
loudspeaker localization, natural sense of immersion, with both multi-channel and two-
channel sources. Preferably the module is configured to provide calibration according to

the placement of the loudspeakers with respect to the listener. That is, the user can
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15 enhance MP3s and novies to the point of even
soundi ng better to many listeners than content
w@e@sle2re fromthe original CD or DVD. It is BCT/SG2007/000190
| ow-i npact al gorithm designed to inprove the dynamc
range of an audi o stream by enhancing the natura
transients. The transient enhancenent provided by the
Crystalizer algorithnms can be very effective at
shar pening an audio track (particularly conpressed
tracks, such as MP3 files), 20 brightening sound
cortfd] gled emongit of tHelisitialipemf éffest for aptindeslthic réfecide atijowt fanthe
hi gh frequencies are enhanced while the dynamcs are
]odd ag&qgmﬁﬁggje benefits include adding realismto
' osi'ons, gun-shots and hi gh-inpact audi o sequences.
11 WD 2008/ 002277 PCT/ SG2007/ 000190 FIG 1 is a
di agrasient enlmheandnh  movidedlincorerehdod anem by Koehttve’ suXet
in a systemin accordance with one enbodi nent of the

Cr&&ﬁfz%f‘trhhﬂ‘é @R At gent Rt & FudiORest Al MIFD cesSREAE
02 an electrlcal connectlng cord 106 to prOV|de audi o

o ut al €18 di t. l.e .10
deSé e@utf) g{)lpg i 11 t o au(?ﬂa g?ayg%gx’fctg qgnqlt lgg%g afidi c%n%
Ia er 5 108 [ ortable devi ce conflgure
Cr&ittalwéla%e@ecawslmliqnhésa pignificand drangygnts ihtheogigs] W—glttaﬁ@o
nmedi a player 108 is configured to play al so video
plafybddksstretmiasd dysdrhically ¢nheneen tizase eneomipensdte fdréhasiudio mastering
portion of videos such as novies. |In other enbodi nents

coﬁlbﬁmﬂ&sy iBhb@ME the [RiYeddBneMid faftd/ofAOD aldioO Thd@Md e@ult of
such as a tape cassette player or receiver. The input

ap iglg%}%lgl% %ﬁ’a&l érﬂ%t%bgéenﬁ%gisﬁn’?é &@%%le?%ﬁﬁgrifglﬁea?omem to
it ishop e vl i Wopt SorcHisd o e o RGP BoRt slggienral, though,

Further details as to the connections (ports) and a
Crysalizeepiodnensicaisnes highrfeequenies, penchier nif-rmge pegrussipie Goare
illustrations and descriptions are intended to be
drunhd, Usiigag) andencadionsen] and stiohgérridck Hdss hit$s TRisiand ahhagreatent
illustrating an audi o enhancenent nodul e used in a

tecBY®LE1Y thBught to be especially beneficial to listeners of compressed music such as

music encoded in the mp2, wma, or ATRAC formats. This configuration is believed to
enhance MP3s and movies to the point of even sounding better to many listeners than
content available from the original CD or DVD. It is a low-impact algorithm designed to
improve the dynamic range of an audio stream by enhancing the natural transients. The
transient enhancement provided by the Crystalizer algorithms can be very effective at
sharpening an audio track (particularly compressed tracks, such as MP3 files),
brightening sound effects, etc. Music benefits provided include low and high frequencies
are enhanced while the dynamics are improved. Movie benefits include adding realism to

explosions, gun-shots and high-impact audio sequences.

11
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accordance wi th one enbodi nent of the present

i nvention. The system 200 includes a portable nedia
w@k@p©022108, an audi o enhancenent nodul e 204 tP@EX/SG2007/000190

includes a wireless transmtter, a wireless receiver

210 and audi o reproduction transducers such as

speakers 226 or headphones 220. The audi o enhancenent

nodul e 204 is further preferably 20 configured with at

| east audi o enhancenent nodul es that include CVSS-3D

Headphone or Virtual. The wirel ess receiver 210

pr eFEp.abisy diagramdisstatingaahwijpo enltapoeméend mddale used in a system in

transducers but the invention nmay al so extend to

acddidlint@lwith (0B SHbS Ginfht BEMWBRReHt eFatid bi%%%éﬁ@@@%ﬁudes
PCT/ S&007/ 000190 points. The Crystallizer audio

spetaf(é}“gstgf B eﬁg@?%&rﬁgg&lgg%é}dofb@ td ‘f)i‘é‘{g(?e addlo (I)Tléip% st gi, the audio

e use yham C enhancene

eakers e ones, . The st em be
EBReT G TS RIS, bl i Dl Bt s media player
def auI t CMBS-3D virtual node to CMSS- headphone
10pisaqusisbleglevive sonfigured tidpisoatdedss digltalgydi filas. Nlorespreferably,
configuration 5 nmay be used to provide a bridge
thelipédieplayer 1081i# adlfRpupdday @layailkd vaddvofifes, teadn@blisp)/he 8Mancement
This configuration may al so be used, in another

of ﬁi@gﬁ&ﬁbgﬁg on Qi \éhéileasrfw\héso rcﬂhe{ ?lglrﬁn&? h‘%ﬂ% gfr??mb{ha%layer

to provide nusic or another a
may @SéPWsiyoaﬁsﬁgf%%@wéggc is iSOt e B Bhogger. The input

achieved in mul ti room nusic environment. 10 FIG 3
Cowctwwra@ﬁm the padie signpla getareen theiraodun Adr anvethe playenul 08 may
used in a systemin accordance with one enbodi nent of
be titter pndsgat digitalent i on. In this enbodi nent the system
i ncludes a portabl e nedia player 308, an audio

enhan Tglemant podul e 304, and headphones 310. The nodul
3041 gty the pATieile Bedieplayeisprafpablysbekedinige module

electrlcal cord. That is, the electrical cord is
106 Frtbartdethils @s ttaelcomeectios (pbrte)lned plsampte BB factdrbrd filustrated
ot her enbodi nents, the nodule 304 is connected to the

in EGaye H‘h@&&llﬁ@raﬁ@ﬁ@hﬁ@dé@b@thﬁb e ifRAA S tofbRALIENAARE £nd not
t hrough the use of a docking connector. O her

11m§tﬁ&f‘e0t ors for

FIG. 2 is a diagram illustrating an audio enhancement module used in a system in
accordance with one embodiment of the present invention. The system 200 includes a
portable media player 108, an audio enhancement module 204 that includes a wireless
transmitter, a wireless receiver 210 and audio reproduction transducers such as speakers
226 or headphones 220. The audio enhancement module 204 is further preferably
configured with at least audio enhancement modules that include CMSS-3D Headphone
or Virtual. The wireless receiver 210 preferably provides an analog output to the

transducers but the invention may also extend to digital transmission between these
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conveying digital signals are known in the art to
include firewire, USB, DDVI, and HDM, and the
w@e@semm271 nvention is intended to include all BCBG2007/000190
connectors. The nodule 304 is preferably configured
wi t h audi o enhancenent processing techniques,
including 20 but not limted to all of the various
techni ques described or referred to in this
specification in the various enbodi nents. 13 WO
2008/ 002277 PCT/ S&2007/000190 FIG 4 is a diagram
poihts! VB¢ CRlstallgzen fudit afisi@n Rakaesmait opyioh érchided acootidar?0d may
wi th one enbodi nent of the present invention. The

be ﬁs}éﬁg@g}o@ﬁ% Gihi y & tﬁﬂﬂ El‘s or gh@nego"dfhé e 200

cri genera ct to FI

dul e.i nc] udes a tor 4
may g Saiidh 1 prerer i %ﬂg’f A genl sty virtual mode
control 5 signals, and anal og and digital data signal s
to GMSSp heaﬁpa@@p PrREESEIGE opprethe aﬁm@m is gig, T oaonﬁguratlon
exanpl e, where an anal og signal is provided to the
makrbd ukel totphevidoa btidgatiywediea patublaplayd abda boina ticater Bgstem.
audio with CMSS-3D surround (404). That is, a 5.1

ThRWhReursti G@hy HBY bBGsdiehLiRiRe emfa@dm%ﬁﬁr@'p?owiﬁ@ﬁqﬁlt@)omt
two chanel input signal, transients enhanced in

Cr aI|z rtion.406_and en
d1s (%% Rg &Le MYysie or aﬁ,'ghesr 191(% 6813‘1% lc n,é)topt?ll%lgﬁﬁxggrt% several
transn1tted in this enbodinent in dig for hro%%g
rooe eaplieedsPed Mithis Teceivep e this Wan aaa‘zlmgy W@%C e achieved in a
Al ternatively, for exanple for headphone use, t he
mudti gpoah sy eheir@omedrted to a  virtual surround signal
in virtual headphone processing portion 410, enhanced

crysta JZer ransi ent e ha cene rrion,412

and PGy i ecns i Ras Bty EeRprrl nRgele§oq o € systom in
alternatively a stereo |ine output 418 VWhen t he

acaordanserivithene embpiliawatiof the preseftdatentiona this gapodigwnt the gystem
may be equi pped with a wirel ess receiver 210 that

incRideY b gefatile hictix figter 308 N0 TI0GALAICemehaadhiie 864, and
connection. O course at his point, the |ine out

heéé%gfﬁ%‘s@l@n ThEBREIE ﬂﬂr@ Bietdatil9 cothedR b fHe%ﬂa}fePBOS using an

ication thr oug a conventional stereo system

electrical cord. That is, the electrical cord is connected to the line out of the player 308.
In other embodiments, the module 304 is connected to the player 308 to receive digital
signals, for example through the use of a docking connector. Other connectors for
conveying digital signals are known in the art to include firewire, USB, DDVI, and
HDMI, and the present invention is intended to include all such connectors. The module
304 is preferably configured with audio enhancement processing techniques, including
but not limited to all of the various techniques described or referred to in this

specification in the various embodiments.
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as one alternative. Though the input (fromthe np3
pl ayer) is shown as analog, this is for 20
WO Rdogmon2at i ve purposes only. Input to the noduP@&r/262p07/000190
may be digital. It should be noted that in preferred
enbodi nents the anal og i nput signals are converted to
digital for digital 14 WO 2008/002277
PCT/ S&007/ 000190 signal processing in the nodul e.
That is, the audi o enhancenent techni ques descri bed
are referably inplenmented through digital signa
pro€¥d<t ivq dipgramiidustieting peaudio pehaacetheny system in accordance with
illustrating an audi o enhancenent nodul e such as the
onereibddimenOdf the bresdnt avedtiom) TheGystbm(srovidesiad f1d20hah&ement
accordance wi th one enbodi rent of the 5 present

oda [ np i: O

T O AR T A, B0 TOR M s
g ors 512. Preferably.the connectors

dokin iRk of ALEF HBIRY o SRR dadhip e gower, contol
ector, 516, Further connectors include a USB or

. cqQnn L . S
Slglr“ﬁfa @Baleg apd diggpl datapsigrpls @e presédaddhronsh therpognector contacts.

conmputer for configuration, |oading content froma
P+ FE ARSI LAl B0t T s mocue my
led with |l b :
be St Tobyties Bnmiur daCost SPEpend FE4Iy ot i b Sdraudio

. transi ent enhancenent or 3D virtualization processes.
sigm edaarhetgeperated efor exgmuplesf form edwo chidel imput $ignaAneamsientsfenhanced
the various described audi o enhancenents available in

in Ciyetaliza potionsiOeragn ielesdiel i QUIITISE Fornt® M ERbodSDS. Tgkignal
is, the anount of the audi o enhancenent effects may be

may BHeh®d thyshited iﬂ-ﬁﬁy&ﬁﬂodixﬁﬁe@gg 'drét?hﬁ%g t?ﬁg)ugﬁ‘ gnrc]ﬂeurse gﬁixuitable

mani pul ating this contro ragr

I
il rati audi o enhancenment nodul e such as
Cab?ﬁsltﬁégrla‘fyé%%%' FIG 3 in accordance with one

enbodi nent of the present invention. The nodul e 604

i's th%%‘%?},)foﬁ@daﬁi‘pwo?héﬁgh&fé B Ehma s 51%%51% converted to a
transmtter for transm ssion of the effhanced audi o

: (VA . .other..part.s of the.entestai nf system

virth gt b AR et PR BB ® prtek R e s LD Fhaci o
vi ce 604 iq&ludes an analo% i nput term nal 602. The

cry. ébzler f sient enhancement) portion 412 and forwarded to a wireless transmitter
416 or alternatively a stereo line output 418. When the transmitter is placed into effect,
the study room 420 may be equipped with a wireless receiver 210 that provides a line out
connection or a headphone connection. Of course at his point, the line out connection
may be connected to an amplifier for amplification through a conventional stereo system
as one alternative. Though the input (from the mp3 player) is shown as analog, this is for

illustrative purposes only. Input to the module 204 may be digital. It should be noted that

in preferred embodiments the analog input signals are converted to digital for digital
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enabl ed to control the anmount of transient enhancenent

and virtualization through the use 15 WO 2008/ 002277
weEFansee2007/ 000190 of rotary control 606. PreP€&r/atkio97/000190

this control's functions can be switched to

respectively control the volunme. FIG 7 is a diagram

illustrating an audi o enhancenent nodul e such as

illustrated in FIG 3 in accordance with one

enbodi nent of the present invention. The various 5

views of the nodule 704 include a mni USB (or
siglaEpics8kingcinrthepiodule’ Thaindht awbo emhantdmermethhignes described are

out / headphone 710 connectors. A control 708 for

' it8fsidnBBproddiding t@RRRAELSMTENT 'S

mﬁ%@%&?gg%#ﬁ%?%ﬁﬂgaﬁgyg@gﬁgg%'Jfagran?of é%'audio

enhancenent nodul e having a digital input in

accFld@ahse diagramatiestenting dn mediv eofiancheensmesiute such as the module

i nvention. Encoded signals are 10 detected in bl ock

108594 steel Heaer e dod Modhie264)8R GecorlGitasth dhe ReEBEdident! Pty
are upm xed in block 808, for exanple to a 5 channel

mul i tch S| ' ' I

pregit By ERRT ¢ b9 E ok ehlaEL R BEleo) BOF cong g 505, o
nmul i tchannel signals are then processed. i ccordance

heagpRaney ek Tk BR THBBHE GLCPEIreREST T riept b SpmECrors
where the signals are to be provided to a

inchndk stvidrmmoaheaos’ ldand wempasitsapddsl eonpécteretéd Fgfherrsonnectors
encoded 15 mulitchannel signal, the processing nmay

incRIAE hQISH by fitehate@d@nédtanHISEvi co@tadhi to a-hostrdoapornbort
and subsequent encoding 811. For audio signals to be

cor?{%g}/dg{lggﬂg &flgg 3 £ fPorm a%Hgttboﬁlg)_uﬁzr [k %%ﬁ&ﬁhg? g% @lgli%d

first to a virtualization (

and then (aoptiaqgnall to a Crystali.zer (transient .
s B SR D ek e Rt et e BLE ey baPRRTIER by control
as either analog or digital forns of enhanced audio.
buttiis S0 gh @%ﬁ@ﬁge penigured foraitipty the Srwstabizet ngiepicahgreement

that the sound is comng fromnultiple speaker
or 3D e@tiatingtic@MeocdshasuBleferhlpwisaeidpafer canloilingtbe amount of the
channel's. The virtual surround process is preferably
varfots1dBE @ audiB enhancements available in the module is provided through user
control 509. That is, the amount of the audio enhancement effects may be varied by the

user in an interactive manner by manipulating this control 509.

FIG. 6 is a diagram illustrating an audio enhancement module such as illustrated
in FIG. 3 in accordance with one embodiment of the present invention. The module 604
is preferably configure to include a wireless transmitter for transmission of the enhanced
audio (or video) to other parts of the entertainment system. Rather than providing a
docking connector, the device 604 includes an analog input terminal 602. The user is

enabled to control the amount of transient enhancement and virtualization through the use
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WD 2008/ 002277 PCT/ SG2007/ 000190 for optinmm effect
Wi th a non-standard | oudspeaker placenent, for exanple
wao boosig27t he use of a user control on the porep@bs&2007/000190
enhancenent nodul e. Block 815 will preferably include
cross-tal k cancellation nodules to preserve the
virtualization effect. Crosstal k cancel | ati on
techni ques are known to those of skill in the 5 art
and hence full details will not be provided herein. In
simlar fashion, the upm xed signal nmay be fed to
of ré183ABhRHIEs 061 Prafierhblz athisaontiblocfunBifdhsicapbe swittlieddo respectively
technol ogy such as Creative's CMSS-3D headphone
con&&‘%ﬁé‘%lﬁﬂpé. for delivering a nulitchannel 1istening
experience over two headphone channels. Crosstalk
cancel l ati on nodul es are not required in this path.
Optionally, the signal is then fed to a Crystalizer
(t rrGST &3¢ didgtaecillustratibg aenhdincehmesinei oedilgarhiss ilbysirated
out put as an analog signal for delivery to a set of

in FR§ A RNRB&ande iR SnLERgslimBt of t1RAsBseaf intvBiftion. The various
virtualization nodules (i.e., for headphones and

vie@%ﬁ%éﬁggienﬂﬁg&u@é@ . AR E ugﬁﬁiéﬁ TO gugr 705 and line in 711

sources, e vir surroun

| oudspeakers are used to repro nat ur.al
and 530 O DB DRI A G HE Uars SO the amount of the
information already present in the recording. In
audanothherenenbisdirondded. a sound expansi on  processi ng
technique is included in the nodul e. For exanpl e,
Creative's StereoXpand anbience extraction al gorithm

(al | pyed .in CMSS- 3DSur rqun . L il 3
SoHDC O ey PR B Fr B pEE T avine o digial ot
~enbodinment, in the virtualization bJocﬁi (e..0.
in apeaydiase vith ongEmbodiment of theduprgntnyeTioRh F%@H%?@P‘ésaf ©
anmbi ent 20 sound conponents in the original recording

detdosedoin bisckrsgamnd éeerded imbliodn 8Q6. Sagplsdnsieyd elupreis ere/epmixed in
the surround signals and perform center-channel

blo8XEOLESH KBmpltbs PERMAEl SsulAEHAYnel kame. | Maltichainetlsipaals such as
enhanci ng tﬁe natural sense of imrersion and depth

Dol\glsrtﬂ]gllfgl 5:.|'17byvp\93s2t%g %{n%%g &de. PEié a8 4R 9%9&93 are then processed

in accordance with the output configuration desired. For example, where the signals are
to be provided to a mulitchannel stereo system capable of decoding an encoded
mulitchannel signal, the processing may optionally include transient detection-
enhancement and subsequent encoding 811. For audio signals to be provided to speakers,
such as a two speaker system, the signal is fed first to a virtualization block 815 and then
(optionally) to a Crystalizer (transient detection-enhancement) block 816 before being
output as either analog or digital forms of enhanced audio. This enhancement permits the
listener to perceive that the sound is coming from multiple speaker locations even though

provided over only two channels. The virtual surround process is preferably calibrated
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i ntroduci ng overwhel mng or unnatural anbience;

enlarging the "sweet spot" in the |listening room (by
W@e@koe2my cent er - panned sounds in the front CRCL/&G2007/000190
channel and Ilimting the | eakage of |ocalized sounds

in the surround channels) and preserving the origina
frontal stereo image in balance, width and tinbre. It
does not introduce instability 5 in the frontal stereo
i mge or in the surroundi ng anbi ance. It does not
introduce distortions in the surround channels, even
foxpntimype effegtwitt 4 yorestendied laudspeckes plasemenis favle8ample thibgh the
Upm xi ng and t he subsequent virtualization nmay be used
usé 6f Pugy coierd] ba tREPGEPld @han@inettbiEke speaker
| ocations, for exanple including 5.1, 6.1, or 7.1
pl ayback systens. 10 The virtualization, such as
provi ded by bl ocks 815 and 821 uses Head Rel at ed
Tr anBosk 815 wiild prederablymmayderqressenlk cepcollpeon medylaniorpsesgeve the
3D audi o rendering, tinbre preservation, inproved
virtudlientical ¢ffeat. | Orossthlkanhedlatiat teolmiqurd afe lattwitadtkose of skill in the
discrimnation. FIG 9 is an application diagram of an

artoHadiHen QA SRS Bill ABEMY Soliategeineth éimlgr faﬁgBﬁE GRd YShixed

or other audi o source i'n accordance wth on

. ' t t resent 15 inv j on.; The.recei ver

SR, IERY8 heddifo R BRGlPmbBYE el BPpiepRiide Bt fley sucn
for exanple in providing entertainment from cable or

as &W@@mésé&hwﬂw tP?%m@JQg&tf@diellﬁ@?f@ mpighgwel ligtening
audi o enhancenent nodul e 904 configured to provide the

experitinoe evdrawe draiphonpclooess.iCrgsstak kmogligsondesddéseaenotrequired
this specification. The nodul e 904 may be integrated

in @fis PAIB. @?timwl@, fHismaPR thedfed®S NefyshBiaéd trhsifR dbteticne
of the STB (set top box) or other 20 receiver or

i
PSSR LUEL Y24 DS, Ty 3600 S TR R0
h %grnatively still, the nodul e 904 may be connect ed
CHPUOLY: t abl e cabl es or dongles to the receiver 902. 18
WO 2008/ 002277 PCT/ S&007/ 000190 Portabl e player have
becone quite prevalent. Users with MP3 players listen

10 In one embodiment, each of the virtualization modules (i.e., for headphones and

speakers) include ambience extraction. With two-channel sources, the virtual surround
loudspeakers are used to reproduce a natural enveloping ambience based on the ambient
information already present in the recording. In another embodiment, a sound expansion
processing technique is included in the module. For example, Creative's StereoXpand
ambience extraction algorithm (also employed in CMSS-3DSurround and CMSS-
3DHeadphone) may be integrated into the module. In one embodiment, in the
virtualization blocks (e.g., blocks 815, 821) a 3D surround algorithm identifies ambient
sound components in the original recording (such as room reverberation or applause) to
derive the surround signals and perform center-channel extraction. This provides many

benefits including enhancing the natural sense of immersion and depth without
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MP3 nusic, podcasting, voice recording, and news.

Vi deo and photo are included in the latest trend in
w@orosa2e7 pl ayer, for exanple enabling a user POI/pG2Y7/000190

MPE&G4 or DIVX video. These trends are enhanced

t hrough the current invention enbodi nents by all ow ng

5 an in hone and preferably portable audio interface

wi t h advance audi o enhancenents such as

virtualization (X-Fi CMSS-3D Virtual or Headphone) and

transi ent enhancenent (Crystalizer) effects. In
int@ddtihg onerwhbiening duhemtahl dohisenaer icolasginnthe dsweah spotairethe

preferably configured to wup-nmx stereo audio to

listigfﬁhé ko sh A lchEny dnt@ARM VR uh ke PontQREMSY claMhdlahk e

formats. 10 These can then be played in a honme AV

. Recelver . usi a.digital, I rf . |

g B G g e bbE e LRI AR ERE R
the source portable nmedia, p|ayer. _ In_ope enhodi pent, . ..

origigal/Eontalféeeq ynggedy baléacwlcgb avg finbre. B %POtdBfE%P“%@ instability
The docki ng can be used to transmt control and data

in thie froatad stereoamdgé poim the herqwndingenduiahce.dt geeswotintroduce
automatic charging for players such as an i Pod and Zen

disMribi@in tHesuffdandEEHnelsCaRn RACRAEdpEIANG Endoded BOLrb& such as MP3
enbodi nent to support "nulti-cast®™ wWreless receivers

i |ine out or headphone out. Hence, a single audio

enhancenent nodul e nmay be configured to supply a
plurality of roons or |locations , each with its own
set of | oudspeakers or headphones. The USB port is
avaiUpatikigtaad dersubsdquaite/imndlizatidremahd weed doprolvakedhaiperception
content 20 to the portable nedia player or

of RiuTBHIL SRERMILAHHAS, f&r@{a%)[@inclﬁﬁﬁl & Bl 1y of N pEEBACAyBtems.
19 008/ 002277 PCT/ SG2007/ 000I90 nodul e, sSuch as

encl osed.in _a,suitab encl osure, |
g RSPk G SR BT HARRIS d BaE RSB R Typoster
e.g. 3 player) battery jn _nornal de. Th .
ngwtm%s@é%nak%) éﬁﬁbﬁ‘\r/\t@@)ﬁ%ﬁ@%@ﬁgf@é@ 3o s %n&l@%{w%@tlona

preferably enhanci ng nusical dynam cs by enphasi zi ng
imploaeg extemelizsionsfremtalizisionand froarick disstimitatioaby

FIG. 9 is an application diagram of an audio enhancement module integrated into
a receiver or other audio source in accordance with one embodiment of the present
invention. The receiver 902, may be a set top box video/audio circuit board, for example
in providing entertainment from cable or other video source and integrated therein may be
an audio enhancement module 904 configured to provide the audio enhancement
processing techniques described in this specification. The module 904 may be integrated
as one or more chips on the mother board or back plane of the STB (set top box) or other
receiver or alternatively included on a separate PCB within the “box: comprising the
physical shell of the STB. Alternatively still, the module 904 may be connected by

suitable cables or dongles to the receiver 902.
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5 creating a punchier and nore dynamc |istening
experience. By using the nodul es described in various
wepdsmianzent s of the present invention an enhaPCESGE®7/000190
i stening experience is provided. Many different types
of nmusic audio signals may be processed and
transmtted to rendering speakers, systens, or
headphones. For exanple, enhanced audi o provi ded at
the out put of the nodule may range fromtwo 10 channe
analog to a high quality nulti-channel digital signal.
Fur Pegeableptayashayetbeowypd auitajueedentd Userd withieR3 pliyers histen to
anmount of the transient enhancenent processing at the
MRDniukie] pafcadting, wisied redordindg aid BerxavideoAnd phatoRi€inehided in the
non-limting specifications of one enbodi nent of the
. . r‘ :
lat8® %{}ﬁlzn f)c%%é}éﬂg% S of @fa%ﬁ?é b&%hhg_g ﬁé& é? Bltaﬁ é@?%& or DIVX

44, 1 t1on, or exa

.Wreless receiver in one odinment in. Sterea:. 16-bit .
vidfa' Tt Tedire SManirt (BT firBal il aratongment B ilowing
exanpl es_of controls provided on the nodule in one
an gberae pehpreferatls pedatde gudie interéice iwithpduaneisudiorashancements
used to provide to the user |evel adjustnent of
sudfodsinignalizationu@-Fi @M S 3 DaVictublraa Hxaépiione) aad Gemsdt enlddcement
WD 2008/ 002277 PCT/ SG2007/ 000190 TABLE 1: Control and
(Cé@féﬂli%&? effeds@cati on Renmark Sel ect Button Top Press for
sec to standby. dick to toggle between CNMSS3D
Crystalizer- volume control Rotary control Blue ring

Blue LED ring and blinking during |I|evel adjustnent of
Vol dmreddidersithe @hvb8e80f thxviouSepdodinients are preferably configured to

up-mix stereo audio to multi-channel DTS Interactive format or other suitable formats.

These can then be played in a home AV Receiver using a digital interface.

In accordance with another embodiment, wireless music is provided from the
source portable media player. In one embodiment, convenience is provided by Portable
player docking. The docking can be used to transmit control and data signals to and from

the module and to provide automatic charging for players such as an iPod and Zen Vision.

The module can be configured in another embodiment to support “multi-cast”
wireless receivers with line out or headphone out. Hence, a single audio enhancement
module may be configured to supply a plurality of rooms or locations , each with its own

set of loudspeakers or headphones.

The USB port is available to communicate with the PC for downloading content

to the portable media player or simultaneously for charging. Preferably the separate
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X-Fi CWVMBS-3D Top X-Fi CMSS-3D Enable X-Fi Crystalizer
Top X-Fi Crystalizer Enable 5.1 DTS Top DTS
wo niogex2tT ve Encoder Vol une LED Top Bl ue in dedEsG2007/000190
node as volune. Blue ring and volunme LED wll blink
when rotary knob is turned. Press rotary knob to nute
and volume LED wll turn Red X-Fi CMSS-3D LED Top
Blue LED to indicate enable status and blinking to
i ndicate amount control. X-Fi Crystalizer LED Top
Blue LED to indicate enable status and blinking to
madntei sechesgndosad inaouitalde endhiR8re isipowesedheb CdidgpiengndTabie to
Blue LED IR Receiver Front Wrel ess Connect Button
chdge theAloktabléghedidplai@ (€89 G playeetationy ih asrmied &fvde.
described in sonme detail for purposes of clarity of
understanding, it will be apparent that certain
changes and nodifications may 5 be practiced within )
t he The fpasignt ophamncspsals devariqus embodimentsiaciads prefarpdy enhancing
present enbodi nents are to be considered as
musichlidgnaati¢sviey amghasiatngrshadpriectussies scands adddransieatst thereby s
not to be limted to the details given herein, but nay

crRBng R Glhdhed anll nlbrd dyiiehis GoRRingReperRALY, val ents of the
appended clains. 21" WD 2008/ 002277 PCT/ SG007/ 000190

By using the modules described in various embodiments of the present invention
an enhance user listening experience is provided. Many different types of music audio
signals may be processed and transmitted to rendering speakers, systems, or headphones.
For example, enhanced audio provided at the output of the module may range from two
channel analog to a high quality multi-channel digital signal. Further, transient may be
detected and enhanced, the amount of the transient enhancement processing at the

control of the user during playback.

An example and non-limiting specifications of one embodiment of the module
include ADC resolution in Stereo: 16-bit, 44.1kHz. DAC resolution, for example at the
wireless receiver in one embodiment in Stereo: 16-bit, 44.1kHz. Table 1 below
identifies non-limiting examples of controls provided on the module in one embodiment.
The rotary control in one embodiment is used to provide to the user level adjustment of

Volume, virtualization, and transient enhancement.
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Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may
5  bepracticed within the scope of the appended claims. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is

not to be limited to the details given herein, but may be modified within the scope and

equivalents of the appended claims.
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8. The portable nodule as recited in claiml1 wherein

t he audi o enhancenent technique includes providing an
wWoeipe2237 gnal that generates a perception of RECT/SGHI07/000190

speaker | ocations over two output channels and the

technique is custom zed for a pair of | oudspeakers.

22 WD 2008/ 002277 PCT/ S&007/ 000190 9. The portable

nodul e as recited in claim1l wherein the processor is

configured to identify anbient sound conponents in

the i nput audio signal. 10. The portable nodul e as
crgfmigked in claim1 further conprising a variable user
—r1nput control and wherein the processor is configured

to provide audi o enhancenents that 5 include upm xi ng

f.t&e.i ut audio signal and virtualization of the
Iﬁ@%ﬁ% @W“%ﬁﬁnal, said virtualization provided at |east

i n paptpdRibldRIGduld Ednipired s pMRRISBiol BB altlcReRESHE nictlule

configured for varying the virtualization effect in
compgpingse to the user input control. 11. The portable

nmodul e. as EeCith in cLain11dmherehn %he audi o

enhaAR SRS s 1or Zycevig PR A% v enhanci ng

tr ang}Rekstor ShnkiBerell BP0t Readt @GR tRNBIVRELLIubIL he
10 processor is configured for varying the transient

enkaricemeatrtecini@ies Broughrthe vepdidegital Gltelse upmeang thepogut audio

.control. 12. The portable nodul.e gs recited.ip clai
sighflopherefia BT oG fEgtl utle g Paces it g SsBhuid
enBdhcfisdhOnABRinRles bPihk #andiBRY lor ptERBhg ad Sutpht FBGWHRL EQlerates a

processi ng audi o data, the nodul e conprising: 15 an
pexcaptinn ¢fevirtial apeakdinlotahng overrtec @utpubghandispandi gnal s of

multiple formats; at.l.east t out put .channe

tor A puiRat teggnipal fos pEyiiBg e cpfitneg PO £ RIBPEEE ¢ he

f or BRI Ohodtdbe MBBYE aStBR&d indhHm! Lk} orfpristd ' @er input

having a predeterm ned format, wherein the processor
coitsolf for eharingdinf isgutoswntrol the amamateoftahdiolephinceniesti gnal

tsg e Eiﬁé gct)gab?e g(rilﬁg gg {reglqecf) {n c?ait%l 1U€V é:rle}ny thg Eut\{)h{ tteyrr?ilnal is further
configured to transmit a wireless rendered signal to a plurality of wireless receivers.

4. The portable module as recited in claim 1 wherein the device is configured to
receive the input audio signal from a portable media player.

5. The portable module as recited in claim 4 wherein the input terminal is a
docking connector configured for receiving a portable media player.

6. The portable module as recited in claim 5 wherein the docking connector is
further configured to provide power and to load content to the portable media player.

7. The portable module as recited in claim 1 wherein the audio enhancement
technique includes providing an output signal that generates a perception of virtual
speaker locations over two output channels and the technique is customized for
headphones.

8. The portable module as recited in claim 1 wherein the audio enhancement
technique includes providing an output signal that generates a perception of virtual
speaker locations over two output channels and the technique is customized for a pair of

loudspeakers.
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20 |l ocations over the at |east two output channels.

14. A portable nodul e configured to provide audio
wenwaneenent s, the nodule conprising: a termPel/SEm07/000190

receiving an input audio signal froma portable nedia

pl ayer; an interactive user control; and 25 a

processor configured to apply HRTF filtering to a

digital representation of the input audio signal and

to generate an output signal, the output signa

providing an effect to a listener of virtual speaker

| oc & Toaportatie medulgns resited heclaint batheregsibo psiogssor & conégured

to ii(ﬂaﬁaﬁ’fyagntﬂi)i\égt sound co%%g]otnrelcl)tls in 61% input audio signal.

10. The portable module as recited in claim 1 further comprising a variable user
input control and wherein the processor is configured to provide audio enhancements that
include upmixing of the input audio signal and virtualization of the upmixed signal, said
virtualization provided at least in part by HRTF filters and wherein the processor is
configured for varying the virtualization effect in response to the user input control.

11. The portable module as recited in claim 1 wherein the audio enhancements
further include dynamically enhancing transients in the input audio signal and wherein the
processor is configured for varying the transient enhancement effect in response to the
user input control.

12. The portable module as recited in claim 1 wherein the module is configured
for receiving both an audio and a digital input signal.

13. A module for processing audio data, the module comprising:

an input terminal adapted for receiving audio signals of multiple formats;

at least two output channel terminals; and

a processor configured to detect the format of the input signal and to upmix a
signal having a predetermined format, wherein the processor is further configured to
enhance the upmixed signal to generate a perception of a plurality of virtual speaker
locations over the at least two output channels.

14. A portable module configured to provide audio enhancements, the module
comprising:

a terminal for receiving an input audio signal from a portable media player;

an interactive user control; and

a processor configured to apply HRTF filtering to a digital representation of the
input audio signal and to generate an output signal, the output signal providing an effect
to a listener of virtual speaker locations, the amount of the effect responsive to the

interactive user control.
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