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Audi o Enhancenent Modul e for Portable Media Pl ayer
CROSS- REFERENCES TO RELATED APPLI CATIONS 5 This
WQRMBIBRTT on clains priority from provisional BCESG2007/000190
Pat ent Application Serial No. 60/806, 454, filed June
30, 2006, titled "Audi o Enhancenent Modul e for
Portabl e Media Player"” the disclosure of which is
i ncorporated by reference inits entirety. This
application is related to and incorporates by
reference for all purposes U S. Patent 10 Application
Axdio Bnhiiacehiédnt!Middtle for! Barfdble Med@d Player | ed
"METHOD FOR ENHANCI NG AUDI O SI GNALS" whi ch cl ai ns
priority fromprovisional U S. Patent Application

CpSRERRRENR AR P REL A AT e

present invention relates to audio cts. Mre . )
par t'i H;EF%HOﬂt PESER ﬁ‘?ﬂ%\?&‘?ﬁlﬁ“@‘ﬁq &ggéf’é@t #pprkgationferial
for enhancing audio transmtted froma portable nedia
Nop bakee.454, filak sumei 30 2006, difled Haudie [Eahentefrent MotlhletfhePortable
advancenents i n audi o technol ogy, increased nenory

M&liOPRY&? tia dsclfsuhd6f WRISE 6 iG66HPUIatId i 1efepsifel MitPONWRELy, This
attention has been placed on providing advanced audi o

T

Application Serial No. 11/744,465, filed May 4, 2007, titled “METHOD FOR
ENHANCING AUDIO SIGNALS” which claims priority from provisional U.S. Patent

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.

portable devices are capable of storing and rendering thousands of music and other audio

1

Conicutrently; the field of portable atdio tas dlso expanded dramatically. Current "
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Concurrently, the field of portable audio has also
expanded dramatically. Current portable devices are

WQR 9880 7Df storing and rendering thousands of PAT/SG007/000190
and ot her audio tracks over headphones or other sound
reproduction transducers connected to the portable
pl ayers. Many of these devices are snmall enough to be
carried in a user's pocket. Unfortunately, many of the
advanced audi o effects presently avail able and
expected to be available in the future require

trags eveslsiadphatesranotbeswuhd repeoduietion trivepduessh eenneefed exnthieipgrtable
5 integrated within the portable devices wthout

plaei ViaRy} of thbdeATelicBYark Rfhall Ghbeh toiveaniidh @ usdr s preket.
devi ces. Further constraints are inposed on the

f
AR AR R )
conventi onal | oa g devi Ey i1
fodh e RS AR b eets s dSenapes B hil g anis picasity

USB cable. Typically, a content nanagenent programis
integrped withirstheortable dadeestwithayt advmicbatiiockas thsmosibility nature of

In order to conserve storage space in the portable
thedizvicee Puithek eomsimingtd are impesell andivé stirtableatpyidediroempewéror

transm ssion of the content, audio content |oaded from

reql H@m&% bndthe Red ma&aﬁﬁqn%ge%nﬁﬁﬁﬁ%@d@ﬁ&o rClirR@iy Ccotbent is
or wra codec. These codecs provide good fldellty

de

°°%V§8§?'}?Zlﬁﬁaﬁsﬁ&5i%e IR iaRe R AR RL o B, srety
nedi a_pl ayers, provide very little options for_the u

2 USB eabds- £ [omierilyperoripnt e darment BEREES S TR BB order to
rendered by the portable device. These typically

downlohd tte qeatdnt.ng nore than equalization and fail to
suitabl e address the custom zed |istening needs of the
user or the environment. Port abl e nedi a

devi ten e hea m

pat ErrCiosS Ry EaPaeR ien B AE Rl B hud iz the

batteries are often recharg eable but need at Ieast
bandyridibrreg HEmerdoioh @é’é%ﬁﬁl%o%ﬂlﬁ SORIPRLs ISP gorpgpt loaded ftom the

rechar gi ng. The typical user's experience thus
hostbis\cemphéssede forregample actatingrio si eopBhr ovgh codead Fheseeodecs

periods where the device's batteries are connected to

rcﬁild&%ﬂ fleHB} Whdnodech@atan abidhel &R br@hdd MUSic Mat is lacking in some
connecting the portable device to a host PC for

atn?ﬁﬂ@g' W8tokidfat é :qﬁﬁalﬁe AL yeﬁﬂ%@irdta #@%tlﬁcg optEdsToLthe user

ese steps o IS I nco nes

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 apower sipply for recharging.
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5 of the steps, hence requiring nmultiple cables and
famliarity with various software prograns. It is
WQ 2068/66237% desirable to provide a device and nREFBEH07/000190
capabl e of inproving the user experience for the user
of a portable nedia player. 10 SUMVARY OF THE
I NVENTI ON The present invention provides a nodul e that
i ncor porat es advanced audi o enhancenent effects. These
advanced effects cover a wi de range including but not
limted to 3D audio spatialization (virtualization)
andThe tipsiabnsersreperience Hius iftodved distesingite “Haifi hiupin thrbugh
for receiving an audio input signal, in analog or
headpBories) ) SroBEWHeri e abvise’s Btckies ARARINELED @pRkwer supply for
preferably through a user control on the portable

[ [
rool R e ot BP0 o Ml@“%tﬁéé*“é.a&#% { BT AT the
de\géjf:tég cg%}t%lgt ?&f%%ﬁatqggf%%ﬁeg ?ﬁgﬁ pt§ ?)lgﬁlg{s ggp%éqagp ut;uIt}? other ones
signal, a MDI_signal, or a mulitchannel signal (such
of the steps, hegoelrequiring n@ul@pl)e chblenesblaalias By Withtvappes software
enbodi nent, an external audi o enhancenent nodule is 20
programs, ded. The modul e is confi gured to receive an audio
i nput signal froma portable nedia player, such as
fora non-limting exanple, a Zen \/si on M portable

factured and di st ted by Creative,

Techﬁ%&’&ﬁﬁ% devesblepThEide pdevigs élp ds eapable gl improying the

process the received audi o signal using advanced audi o
usep expasicatafpr thecksei gfieportable mediaplaysmi t t he processed

signal to an audi o reproduction system Preferably,

the nodule is further configured to receive the device

in a docking connector and to provide synchroni zation
content nanaoenent battery power nanagenent 5
: Ry O 4 T NFIONN supply) and transmi ssion of
render ed content to a plurality of devices through a

W fﬂe ]91resé(ﬂt nﬁjegﬁgn 590%(%% ta'n%&ule that incorporates advanced audio

enhancement effects. These advanced effecis 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 andio enhancement module is

provided. The module is configured to receive an audio input signal from a portable

media player, such as fora non-limiting example; & Zen Vision M portable media player
manufactured and distributed by Creative Technologies LTD. The module is further
3
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In accordance with yet another enbodi nent, a nethod
for enhancing an audi o signal is provided. An audio

W0Os208%6022T7 recei ved. The audi o signal is convel@ESGI087/600190
digital representation if necessary and digitally
filtered to enhance the perceptual characteristics 10
of the audio signal. The enhancenents include upm xi ng
the signal to a mulitchannel representation and
virtualizing the nulitchannel representation for
rendering over a two-channel playback system In

configntedeas peovbsdhessteivet eudih aigasl wsingstdveced fudiberensdiing
signal are dynam cally enhanced, in response to the

tectBIgi@Ynt 2 8hnspiit tRProdesiealsighbl folaaRBlBREpORIRLhIsOtembi
yet anot her enbodi rent, the processing 1 ncludes any

orhi nati on of. ] i [ [, Je .
reoE B AP T AR kg comnctr

net hod i ncl uydes enabling the user to,control the
andippEtide Aoghm B gfﬁ&t&%%ﬂ@ﬂ?&%f@ﬁﬁ&%@ RO, PTG EETRER

use of a user control integrated with the portable
(rechieriiing amhenicreaisupplyd dud wansmission of rendprrsseententitons plarality of

features and advantages of the present invention are
deviles Ghlolella H@rel ok GMtcldst Boriebt@drence to the drawi ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1is a
diagramillustrating an audi o enhancenent nodul e used
i n In apperdansy with petanghar embpdimentn e method dprehangpg g audio
present invention. FIG 2 is a diagram
signdl listpioRicdNgn andiasibtnal ie ndvaivedn®he awdic sigaalis echviertedito a digital
systemin accordance wth one enbodi nent of the

repRsEBAGn 1FAYEREAPAnd afghiily Blikred B SihASEANRE bélchifthdl@hhbteristics

an audi o enhancenent nodul e used in a systemin

orBEARRARL "R SIRRLEH BB PEBAIE s g

audi o _enhancenent system in accordance w.th one,
repEBRRN PRI BROHE e R PROR TepTHRiation for rendaping ove a two-
is a diagramillustrating an audi o enhancenent nodul e

chagpelrpladack bystam. alneanolier embedigent the sharedendien & thgiaugio signal
one enbodi nent of the present invention.

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 6 is a diagramillustrating an audi o enhancenent

nmodul e such as illustrated in FIG 3 in accordance
WQReB0e23é7 enbodi nent of the present invention.PCI/5G2007/000190

FIG 7 is a diagramillustrating an audi o enhancenent

nodul e such as illustrated in FIG 3 in accordance

W th one enbodi nent of the present invention. 15FIG 8

is a block diagramof an audi o enhancenent nodul e

having a digital input in accordance with one

enbodi ment of the _present inyention. FIG 9 is an

appFlGak 18@@1@%@13%&1:@11&&11 auhio snhanpemen masdulamsed iea system in

integrated into a receiver or other audio source in
accaubwcelwith eneietibodingene obihd ipresent infentibe. pr esent

i nvention. DETAILED DESCRI PTI (]\I OF PREFERRED

NBE?%I\/EI\WS Ref er ence now be made in_detail
128 PetiagaB iy steppg ap pu %snhaﬁv@ﬁ%qtmpdub@ﬁé & system in
the preferred enbodi ments are illustrated in the

accandonpwithiong estbadimegyt of Mk ipresentieventivent i on wi |l | be
described in conjunction with these preferred
enmbadi nent s be un t ood t hat i S, not
e Efthc e s reling gu Ao FpCehen bl & system in
enbodi nents. On the contrary, it is intended to cover
accgrdapewithwas embodintant of tho pessentrinvestjonval ent s as my be
included within the spirit and scope of the invention

ed t he,.a the fol.lo
B S BRRRRL B anchhat 3ab @it St Pfipee with
in order to provide a thorough understanding of the
ongprabedim: eiltrﬂféﬁfipli?ﬁentmﬁ@n%@%sent 10 invention may be
practiced w thout sonme or all of these speC|f| c

3 TR R R s

. cessarily obscure res |nvent|on
jis] IHE{] 11 accor an%e with one em ogml?ent 0 the present imvention.

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.

FIG. 7 is a diagram illustrating an audio enhancement module such as iltustrated

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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It should be noted herein that throughout the various

draw ngs like nunerals refer to |like parts. The
WO/Z0BB87dr awi ngs il lustrated and descri bed hePEI/BGHONE000190

used to illustrate 15various features of the

invention. To the extent that a particular feature is

illustrated in one drawi ng and not another, except

where ot herw se indicated or where the structure

i nherently prohibits incorporation of the feature, it

'S to be underst ood that thoe f eatures may be adated

J 2 [ s... A =41
other f| gures as if they Wer e fuIIy |IIustrated in
t hoBefekergu dl nobrbeaasdeiih detailits prafasmbdomlmdnneﬂte of the invention.
draw ngs are 20 not necessarily.to scale.

Exahﬂﬁaafﬂt%rﬁé&w gafoffhehi %r&tnamataﬁmetﬁea&e (p.hg%’ﬁ%

|mt|ng as to the scope of the inven

Whé"f%ﬁ%hts RIS PR Perbstip oy B R Gl %@%ﬂl&wm: it

enhancenent effects is ﬂ OV|ded These advanced

willpe mpdesstoeq that § inneidntendrddo Himit thaimgnien toeh praferesy
to 3D audi o spatialization (virtualization) and
embodinentsn Oethk azoneag it is iferdaldvicoeecrialtematifésgmodificktions, and
recei ving an audi o input signal, in analog or digital

eqiiP418Mts Bs BN BB GidMeiddNAHIR aRIsPRT abd 6dtpk of @tdnvention as defined by
transm tting an output audi 0 signal having the

PR L ORGPl Rk R e st o
o G o BB P SR, R

5.1, 7.1, etc.) Advanced audi 0 enhancenents are now
mvsntm waylbe practised withont peme enall ofithesermpeifie datails ykother

in conjunction with plug in audio sound cards. The
instanesse wiell iknuentohahanisms Wavre mot beandvodibodrin detaitak eslet hetdo

audi o enhancenents avail able to portable nedi a devices
uni§déeikadl; JRRALE tidysesent hvaiticaUdi 0 enhancerment nodul e.

These énhancenents include but are not limted to 3D

audi o spatialization or virtualization effects and

t r afisshewt berotgicieaein that dronghquiethe vadowsi driwings bkphamerals refer

in further detail below 15Preferably a nodule is

to Btepiirde Cht eharibny @givitieh dlusehited and 8edctibal heiatadhetised to 111ustrate
el ectronic products in order to enable a syst emto

vafldrtf]‘é G U R 1%%%‘3%% SR ik Q?Emr(]: o IS 111ustrated in

dalnents, 10 en ancenent

ol G B TR STER e B B

l'i stening experiences for novies, and inprovenents in
inhgeandly arohrbits Ieorparslion pf the featurgeit isdp b vadersiead 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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20 quality of audio and nusic creation. Preferably,
the nodule is configured to enable the user to sel ect

WO 2Wa10837Er al surround audi o enhancenent eff ecPET/aG2D07/600190
control the anmpbunt of the effect to suit the users’
preferences. Many of these audi o enhancenents are
comercially available in conputer sound cards
provi ded by Creative Technol ogies Ltd. For exanple,
the X-Fi soundcard provided by Creative Techcnol ogi es
Ltd. presently allows a user options including
Mul i aSperdiece vath enaenb@lingir ¢ wadele thai mqosm@tﬂ%advanced audio
Surround 3D Headphone, Multi Speaker Surround 3D

enh¥hdciment effettds peduidédal Thees advanddd\effzcidicgiéral wide eathefincluding

DTS-I nteractive 5.1 Encoder In one enbodi nent, a
but TBFHLG dl 5 S tialﬁ ﬁghfaﬁ Afh &ﬂd h Eﬁﬁn@&ﬂ Th
urrentl oﬁe types1 o?a |o en anc%erren ﬁ Sgafnh &GPl O p‘?hﬁ ©

dovie Sonffeft alhk rbiviiee ito Bt 1 ol ?“,%4 SRt

limted to_the enhancenent effects which are descri bed
enhppcing terrerel vrersignal. 3ad ansaiiingan iyt oo sigmabhavingthe
user to Upgrade MP3 nusic and novies into surround
enhaoced it wibeddidhio iessigaal.nhe owtpratrsigyial sy bk eitser digiiad or
is inportant because it enables a consuner to enjoy

audsd. FRtheNRBS odpst [ 88ybB a%ﬁdnb%%ﬂl SQEb GERAL LRI §iBnal, or
X-Fi  CMBSO- 3D t echnol ojg,y Wil e the presengﬁlanventl o%ﬂ

[ lhude 4t ic upm xi ng of stereo
amtx:lgi% eniti]gi?ﬂe (%bcg%%z:lﬁ alh(?gfrg(ﬁﬁ nodul e is preferably
configured to 15 remi x the audio intelligently to
mat gbvdnded sk keliansaaéamire nowl provided e asphith@eysondlne
audi o enhancenent techni ques that may be configured

Coﬂn Brst &ﬁh@gg&&@m ibH %mgﬁﬂ@ﬁﬁ@q#u sgag@ bAiYe S ThOpRYGH act

ecific au errents s sound

re alive tha toad one _enbodj
invER R, i vobGut SRR e faioad alP iR ER R BTEITRES: o
or creating nusic are_abundant. For exanple, static
poriable reedigdeTieesrigh pempd g & f andin ephangep et AP ik dese
suitabl e for playback over multichannel Speakers.
enhah¢dnmniginclndog aserhaidimmigadttp 3Dherdenspatielézhtion st wirfualjzation
experience is provided when |istening to nusic tracks,

eﬁégtﬁnﬂﬂﬁéﬁﬁ%ﬁﬁﬁﬁhﬂ&%ﬁ%ﬂ%c@ﬁ@%ﬁ dsOFilltheQxplittbdan G@tiee Aktail below.
or

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 1o 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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exanpl e, videos or novies may be enhanced to provide
surround sound over headphones or speakers. Thus, an
WQREIHI227Bur r ound sound processi ng techni que sBET/&BRE7/000190
for integration into the nodule to enjoy novies is the
X-Fi  CVBS8- 3D. O her processing techni ques
provi ded in other enbodi nents enable up mxing, 5
virtualization over output channels, transient
enhancenment, and decodi ng. These are generally

described wth the follow ng exanpl es: 1. X-Pi
corﬁiﬁd&&ﬁl@@v&]ﬁﬁl@iﬂwmpﬁt@ soutelcandsrbvidedby Gedatipé Agtimologies Lid.
for stereo nusic or novies. 2. X-Fi CMSS8-3D

Wﬁﬁeaﬁ QifiRiaBroiAdd 1 CRARYC PLAKRASKCEKRR biRBRTy

ones for all types of conten

e Tl Rl ool bl L FRARE aygspenter

SuB B deaqaPanE e SRR Y OHL BT L FTzgh Dolby

transients and ot her energy |evel varl atl ons. 155.
Digial Bycobeq XE8-Intkrecdiie. I6Endo@i&- | nt er acti ve 5.1 Encoder
Preferably, the nodul e includes at |east 3D audio

Vi iR b dimsates meRRISSErgt 0t AP e BEEgH of (g bove

technol ogi es are designed to reproduce a natural
mestionadi tygesof audiccénhanesinentsdbuonein GPRO pir Jevel detset) ovBIC bus, and

headphones or two | oudspeakers, with both

Digtttll inpug/bampae | TiRdioshadenpets prefurably ihcndabst aréyot limited to
provi di ng these technologies in a nodul e that can be

the%‘iiﬁ&&%ha% L8 WIRER ﬁée'd%s&ib@w fsthehdasil 8lowp3 pl ayer

or porta e video player, these enhanced audio effects
such as virtualization may be nmade available to
CcoNFuRECHISS®-8 Nenabies a user to Upgrade MP3 music and movies info surround

sound with headphones or multichannel speakers. This is important because it enables 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 mote 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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go. In further detail, X-Fi Creative Milti Speaker
Surround 3D(CVSS-3D) is avail able for both rendering
WeB/0dadphones and speakers. Creative's CVGSHOL/8GR007/000190
Headphone technol ogy hel ps the |listener forget that he
or she is wearing headphones, by delivering a
conpelling nmulti-channel |istening experience, with
any two-channel or 5 nulti-channel audio content. This
is the result of the conbination of three exclusive
ingredients: HRTF filters, Environnental early
exafopld, @hlcbo Bsmanids Avab be enlemesd fogmovida sufdmdisenad ove heédphones
X-Fi CMBS( EO- 3D Headphone include Tinbre preservation;
or spEakeftY eﬁm@?‘%ﬁé}@ﬁ{plezs%ﬂoﬁﬂd sun@Pradesdiag tc@hnigBélsuitable for

ront - back” di scrimnation. Further benefits include a

. . hat.ural nse.of .1 myersion. .for hw~Cchannel and

iotoBfRprt TR TEa a0 EURL Fodfts 1586 757 ENRASPE JFent g
fatigue. Creative's CMSSO 3D Headphone technol ogy
eNpHRE pR-YRNEREISIRAbroRiRRa §8 SihegembelifehiiBaable up htiging,
listeners in & natural, fully imrersive sound field.

QPR (L3 SRR O B AP i

ance O no

the auditory . reness of wearing headphones vani shes
geng Yid@@ﬁﬂg%@\cﬁ%& R ®nt |istening experience

and the sensation of "being there". 15Creative's

CNB{S.%I-%?CWS?I&@%!D‘@@E&I&Q! idek Q\WinflEShaAn8HINHAGE BB stereo music
mul ti"- channe

I'tstening 111usion using only two
or thouildspeakers for a listener |ocated at the "sweet
spot”, with any two-channel or multi-channel audio-
Cong extri OMSS®BD Hesiphbee: Pedidey Nguitichaeri playisick Misférience
filters, Cross-tal k cancell er and Anbi ence extraction.
oveT headphangs fogalbtypss ¢ cog}gBS(r) - 3D Virtual include tinbre
preservation, convincing side and rear virtual 20
| oudlsHEKAMSIBSD Virtial: Fhovides amalticharned plavbaddarepeiienge over

‘W th both | i -channel, and two-channel sources.
Wﬁogggqﬁglgff@?ql}ﬁg Wﬁlﬁ’?gorftgrﬁconfi gured to provide
calibration according tQ &he pl,ac;]s]}rrent of

h .
| outtobaaISTYAige MrdpEed PEefHg SRFGpRgHs bafig endstection of
u%ﬁg%@ﬁ[ogﬁ%;bpgl%g@éJepbaﬁaﬁngmunt of the virtualization

ze the eftect to adjust for the

| OUGSRERY HigRG AobddRPS:

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

go.



10

15

20

Transi ent enhancenent is provided in one enbodi nent by
Creative's X-Fi Crystalizer. This is an intelligent,
wwgeReryd audi o-restorati on processor car ef ul PGI/8:2007/000190
designed to bring the full benefit of audi o playback
to 16-bit [ egacy audio content. Crystalizer
selectively identifies significant transients in the
original 16-bit audi o playback stream and dynam cally
enhances these to conpensate for the studio mastering
rom ses inherent in the limted dynam c range of
er dptadl, Sl Crestive MyitiSnspksriSwgroung SPEEMBSr3D) is
enhancenent depends to sonme extent on the details of
avdilabledorticth terkierid®ovériheddphbnéssand gpedkers. Gnshtives CMSS®-3D
user-specified degree of enhancenent. In general,

He&cﬂﬁh%ﬁ@tecﬂc}ié Bthe BSS, eﬁ: LBIRESr Al %E%%}ﬁﬁes by

rer m -range percu55| snare drums

nd_note onsets n er kick. bass
delfy it SRR LR A ﬁi'}%mfl% Shitiont Ve 4% o hinnel or
es eC|aIIy benef|C|aI to listeners of conpressed nusic
muguelhanae Fvgia eonismtoldBisithe reralt ppthe copphinagipn af thage exclusive
formats. This configuration is believed to 15 enhance
inghddBantsa BR TROGlters, Envitonmeptal edrlyokflections and Adibiende ek trastion. The
to many |listeners than content available fromthe

berfitOo TR @M@@@m{eddﬁhbﬁe Rcl@WTiHAPRGre@Hibhi BProved

designed to inprove the dynam c rangé of an audi o

ext%néﬁ%@gﬁ%’ ﬁ&ﬁ%%%ﬂ gné HSnP@a[c dgécg&[u?‘q i O%lgfpeﬁ-rﬂ?ieﬁts include a

ancemnen prov

al gorith can. be_ v effectiv n

st 56 PEER R 1ok DP R GBS e el os
MP3 files), 20 brightening sound effects, etc. Misic

redpesddistaninghiatigiel dorentied L GMSS@B BritcaPegmertecdmolagyicaplasse
enhanced while the dynami cs are inproved. Mvie

advaecef digml procbisthe Agtdithgs teplhtsivtémerexp wsual) filly immersive
gun-shots and hi gh-i npact audi o sequences.

sounl @eldl TBrh 'tﬁ’&é %fﬂde&éﬁk%&lﬁﬁﬁﬁ@ oﬁ@raﬁﬁg PhQRD ARGEAROLS at least
nodul e used in a systemin accordance w th one

SRRy IS ST UFTE el B s o
d h
e LB L L U e

108. Preferably the medi a pl ayer 5108 is a portable

devb&e&tl%g‘&m gﬁa%ﬁﬂo%eﬁﬁggwﬁegé E@Hlvd : | Swlti-channel

| es re pre era ayer
canfi red to video fi us, enabl ing the
listeip i Mlﬂ@fdoﬂhsﬁé"%aﬁﬂ)eﬁlarf fosi st E’@e&g 86 " dect Spor
movi es. In other enbodinents the nedia player may be

witheay eg-phaclaranely-chevpe audigenntent. ¥ compunesdbe fllowing

pl ayer or receiver. The input connection providing the

ingeadiints: SIRTTaliBerbaTioestalit tumceltd ahé Aemuedxtraeicl. A4S benefits of
108 may 10be either analog or digital.

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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In this enbodi nent, the portable nedia player is
preferably docked in the nodule 106. Further details
WOHs/6022We connections (ports) and a sanpl e f oPEH/SGL0EHP00190

are illustrated in FIG 5. These illustrations and
descriptions are intended to be illustrative and not
limting. 15FIG 2 is a diagramillustrating an audio

enhancenent nodul e used in a systemin accordance with
one enbodi nent of the present invention. The system
200 includes a portable nedia player 108, an audio
comtroh thecameamt ofithe wirtuahBtidnheffect wwadptidese thewifeet!te gdjust for the
transmtter, a wireless receiver 210 and audi o
louti§faR&YRkiteRs.t ransducers such as speakers 226 or
headphones 220. The audi o enhancenent nodule 204 is
further preferably 20 configured with at | east audio
enhZrapsiceienhancmieat istpentidédin andemboBiBagbbiéaehbiveiseXoli
Virtual. The wirel ess receiver 210 preferably provides

Crytali2bR Taf 19 bh Bigéllibent { forhatad 8616 2EsSorBtién HroessOVERAIRN
may al so extend to digital transm ssion between these

. [ : i
e R e R S U el g S
dynam c_.enhang t aqf .the eakers or head S. ..The
OB eV B b e G SR s o e BB LT Hgo
switch froma default CV5S-3D virtual node to CMSS- )
playkaslistrerns apd dreanically evhaeces Hiese tnenpipansatp forghe giydig mastering
This configuration 5 may be used to provide a bridge
corhpionsess ishapartt imthedingitcdyBnamivranghoh®@Dtandiat dhesyd resalt of
This configuration may al so be used, in another

apPiRe Ari@Nizer bithaBEQNA BepBALE tPQIn exér bh it EdtA ofith€content to

to provide nusic or another audio fromthe portable
ayer_1 ever - £2aC [ '
whRUTLR pabled e e Y e EA B S Gtk Bypeneral though,
achjeved. in a multj _ roomnysic enyironment. 10FI.G 3
Crysialigerfragirecscripnes SehfFaHgnoAss. BURANST SHAZRRASASHTUSHER (fnere
used in a systemin accordance with one enbodi nent of
drugise crrzas)eand riote/enseisoand stuengérildclebass titsre fhist audiossnbpagpment
i ncludes a portabl e nedia player 308, an audio
techiigasanipht roskdspecdiity; benlficial 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 andio sequences.
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headphones 310. The nodule 304 is preferably connected
to the player 308 using an electrical cord. That is,

WO s/ttt ri cal cord is connected to the |ine BOT/SGE007/000190
the player 308. 15 In other enbodi nents, the nodul e
304 is connected to the player 308 to receive digital
signals, for exanple through the use of a docking
connector. Other connectors for conveying digital
signals are known in the art to include firewire, USB
DDVI, and HDM, and the present invention is intended
t o FHtlluide didgram aldistmting e twlic enlfneemed meeluBOdbed $n a system in
preferably configured with audi o enhancenent

accBfdAGESHith Snb SHPOAIGHASE of ThD pradslit BiveaBoRUTHRQYstbh TOb SehidRs
all of the various techni ques described or ' referred to

it g N Ak L

illustrati n d| 0 ancenent m.i n.accordance
culp oo g o e Tor b an g TORy s ety e layer
system gr OVi des an audi o enhancenent nodul e 204 such
10&is adwslebletsienicg eppiigired taplashat easshdigitalt andivl files. 2MoThreferably,
nodul e i ncl udes a docki ng connector 402 for the

thephalyeplaydri1 08 ipe@ifipiraicio Phsidloovidéd flag ehm ¥nabIBE enhancement
control 5 signals, and analog and digital data signals

of tRE Gudib g‘éi‘tﬂﬁ%f{ﬁﬁé& Qﬁt:l1t DEnGARD t0‘8:[&:1' %Rl%@%fegts the mﬁ:gmﬁo‘fﬁyer

exanp wher e an anal og S|gna 'S provi

t he be configured.to enhance e,
mal G 4 Espt ot etfea 4551053 Be Aot e Flyer PErCqve: The input
audl o signal may he generated, for exa forma two
congReta PrPYiding the gwhp signals heiwesn theanadie 584 pnel the player 108 may
Crystalizer portion 406 and encoded in the DIS 5.1
be ¢itheranalopoedigivaler 408. The signal 10 may then be
transmitted in this enbodinent in digital formthrough

the@ﬂﬁ% FRhoRimeitoiie a0 ARRIF 1o e HRBREUE Poreh the module

ghal may be converted to a vi rtual surround signal
106 ﬁuvhmdmls lhe taiible sRBngstioasPettaiang arsainple fono facserrae dbgtrated
in crystalizer (transient enhancenment) portion 412 and
in HIGr iaTtew illostantiohs eddedsciigtions ate ihhddbwb R illastrative and not
alternatively a stereo |ine output 418. Wen the
limitignsm tter is placed into effect, the study room 420
may be equi pped with a wireless receiver 210 that
provides a |line out connection or a headphone
c onklét R2iie A diagkans diustreting arhawslipeibahcentdnt nladoke wed in a system in
connection may be connected to an anplifier for

accaiiRhéd Wﬁﬁbh@&nb&diﬁiéﬁhoﬂh@ﬁ& NG ihv@RBbn. STRS @@teﬁmdcﬁﬁbﬁaes a
one alternative. Though the input (fromthe np3

por&lb?eyrﬁéaia bﬁy@ﬁﬂygj R SufB R Rceh Bt Snddud 4 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 firther 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

12
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20 illustrative purposes only. Input to the nodul e 204
may be digital. It should be noted that in preferred
WEHIYAINRENt s t he anal og i nput signal s are convRET/BGE200E000190
digital for digital signal processing in the nodul e.
That is, the audi o enhancenent techniques descri bed
are preferably inplenented through digital signa
processi ng techniques. FIG 5 is a diagram
illustrating an audi o enhancenent nodul e such as the
nodul e 104 illustrated in FIG 1 (or nodule 204) in
poifs Chiclansallidet Mudio erassidin dhimmiemerdt dptien fchrded éntodule 204 may
i nvention. The nodul e 504 includes a connector 506,

be 84S ?fovﬂiét 22 OLBan@n{tR RIS Bfsak@s bor hdddphatd. RO Ystem 200

or output connectors 512. Preferably the connectors

i pclu s-video conngctar, 514 C Sj ' .

ma B ek P Gr P R el o R PR B lirval mode
ftrevvire connector 518 for connectiogn to,a host .

to QYFSubeadphene nIBeAsFigE 0aES B8 headphansis Pi‘%ﬁgﬁ i Fﬁﬁrﬁ%ﬁguraﬂon
host conputer to an attached np3 player, and 10

may¥ be nvalte pupdde ®bridgd bebwemt d partaple player entahomsdhsater system.
nodul e may be controlled with control buttons 508,

This U6 R AFatiBYmBPalse BE ushd! Bfhrothel Binbbdilent, N8 pesvied mbltpoint
transi ent enhancenent or 3D virtualization processes.

dis%gfdgﬁ 3Rl X, p{gﬁf?cfe ﬂ:lgfgg br e?%ﬁ{!ii'b Hnh AR lp‘optﬁblg :f;}l’agrg{ to%kveral

vari éus*descri audi o enhancenent's ava e in
t he dul e i ovi ded through user .confrol 509. That ..
roofy ARG IPBRA TR TerReva 0 QGNP A CEHOROL BiEP eat B8 ARyosd in o
varied by the 15 user in an interactive manner by

multhrdoputnasic egvirdtiveenont r ol 509. FIG 6 is a
diagramillustrating an audi o enhancenent nodul e such

as | trated in.FlG. 3 in accardance,w th,o . .

e bl e e ehatainde POE EERR G BITRE asysem in

preferably configure to include a wireless transmitter
accpglanee wih ng smbadigient plthe RresFRidRVeAHAR-d2 (Y5 ex#a@aaent ¢ system

other parts of the entertai nnent system Rather than
inchrdey h gbrighlanefiaddayer AG8,cormdivtephanoemenmodule 3644nd

i ncludes an anal og i nput term nal 602. The user is
heRIPAARES 100 THE Rodale 30a4s pragBly @bniderdsd eetplerh 0T asiBHtn

and virtualization through the use

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 fo 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, DDV], 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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WD 2008/ 002277PCT/ S&007/ 000190 of rotary control 606.
Preferably, this control's functions can be sw tched
WQ 200888238t i vel y control the vol une. Fl CHSG0H000190
diagramillustrating an audi o enhancenent nodul e such
as illustrated in P10.3 in accordance wth one
enbodi nent of the present invention. The various 5
views of the nodule 704 include a mni USB (or
| EE1394) connector 705 and line in 711 and |ine
out {L‘,héadphone 710 _connectors. A control 708 for
conft&14 siglipgram alentiating an aydio guhineeraerts systemimeccoslance with
provi ded. FIG 8 is a block diagram of an audio
oneerhborimenindf thophekent evention, aTle gyktenl proviged ad fudio enhancement
accordance wi th one enbodi nent of the present
moldAN04ish aFNEaSIRA 2h&RRY Yiflh i
804 and decoded in%illock g%%.rgsg%%rgsai?g@%q%gg%%\eq&g%d?a

o ] ' 08, for.ex l.e to a 5 channel
dodkihy SAREAEE 40T b it T i QB Gt afhdrgmigower, control
. | by .Digital 5 1 bypass the upm x stage. The
S‘gﬁgﬁ%i%é ﬁﬁ%ﬂ% F‘n‘%&@ﬁ%]i cé?aa?l@‘%l%@ﬁ PEvideddbogsh thenopneaterrontacts.
with the output configuration desired. For exanple,
whe ' . LQVi. t0 a it channel
st elr?gro&saglg tfé e rghﬁggp aaab Elglogf 1%%10% &)I? %%gegﬁto éﬁ%%‘a g@e’l ¢ modtfe may
nul.d t chann signal ... the sing may, optionally ]
bo {Rhctre 1P Fatate it Ritiootith ERRE AR sodnu (0 Brbiseh Sdrudio
. encoding 811. For audio signals to be provided to
siggh sy deenargted, for examnle, fope altep chynsl ipnt $ipeal Skapsizhtsieahanced
. fed first to a virtualization block 815 and then
in Grygthlizan pbitioh 406 aad Enyaibalin eDTS §.aF6ineMin encoder 408. The signal
det ecti on- enhancenent) bl ock 816 before bei ng out put

maypthef ibe hRhsARMRE QO erfibdHitRht ih Qggfl;éll {;E{[%lﬁ@l?)ﬁ% Bl RUGE Qitable

Thi s enhancenent permts the 2 percei ve
cabfe@%é%h%ﬁf%ﬂﬁ&bgi s comng frommultiple speaker
ocati ons even though provided over only two channels.
The virtual surround process is preferably calibrated

f or Alvgrhativety, €6 exainp¥d foh headpREneSisaNda Ei%uél%gslﬂﬁ?@rﬁ%rted toa

pl acenent, for exanple through the use of a us

VirtGR b Bhn ekt d % %@%@1@@% %gq%gg&gﬂ@&%’ﬁhgq, gnhanced in

Block 815 Wl prefera 0SS-t

tion dul es..to preserve the yirtualization
crysGAPEE{ bR RRoEnE N ref g o drdte Aapied s oprereiter
those of skill in the 5 art and hence full details
416\ plteryatively a sierspi line@utiayt 41%. When sharanamitterdhiploced intoesffect,
upm xed signal may be fed to headphone virtualization
the ghdy 00?420 mpy bereqtippegl witle b ndlehgy reativhr 219 tBAIGROVIVE Sline out
CMBS- 3D headphone technol ogy for delivering a

condiBetibh 0P @ RBRIphbhSE@RbADN. 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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experi ence over two headphone channels. Crosstalk

cancel l ati on nodul es are not required in this path.
waposeally, the signal is then fed to a CrystRBECT/2862007/000190

(transient detection- 10 enhancenent) bl ock 822 before

out put as an analog signal for delivery to a set of

headphones. I n one enbodi nent, each of the

virtualization nodules (i.e., for headphones and

speakers) include anbi ence extraction. Wth

t wo- channel sources, the virtual surround | oudspeakers
sigraal progssihg ia themodaliec dhat inaheaadio enhaskepént gechnignesdascribed are

based on the anbient 15 information already present in
prefel®1y BEAEALMNGA tHrBuSD @Rl RADRdLaRRAE tednf@B d

expansi'on processing technique is included in the

nmodul e. For exanple, Creative's StereoXpand anbi ence

ext FEat5 Bra dihgromi illhstratial so audip leohangementonzislamsch s thergodule

and CVSS3DHeadphone) may be integrated into the

104 WdstkRed I FIONE (8rHRBEIEBO4), inlabedriivhow inithibilel cfbotimtent of the
bl ocks (e.g., blocks 815, 821) a 3D surround al gorithm

pres e MvehiGS ﬂ{%swe%& SRUREGs § OHRRBER5E66, Bnk-MEuRbh IS5

I
> a
recorglng (such as room reverberation or applause) to

erive the surrpund signals an cent er - channpel
headghansdndion: 19 BF SV EE CHER bR TR B cRecien
enhanci ng the natural sense of imersion and depth
inclmde kovideo donneaben Hidrepd somposits videscosnedipnHioy Farther connectors
anbi ence; enlarging the "sweet spot” in the |istening
include (ST opficddrd dugnetnt HR-fparuradctimitn dshosincontpate fomt
center channel and limting the | eakage of | ocalized

con?fré'dfh%ni Badig coitehOMi abbataiphler 3616 RERBEI MipB légﬁlg and

original” frontal stereo inmage’in bal ance, w dt

tinbre., It es_not .ntr ] LLi ' :
sy aiet o RESaale bbb I At kb beohdilclrih contol
It dges not introduce distartions i e surroupd
butigpgrAg) Wich é%maymcﬁnfg@ ‘iS‘t‘B’ﬁ‘lafeyf-ﬁ‘é Hnw%’g’&e%%ﬂ’ﬁ@age@awmem
as MP3 or WVA. Upm xi ng and the subsequent
or 3D virtmlization wncessss. Beefarshiy, user inpeifor eontiedlingethe appygef the
of multiple speaker |ocations, for exanple including
varboul deforibed @ndid chh@lcambaie kvailablednshe thOddlbds provided through user
virtualization, such as provided by bl ocks 815 and 821

coﬂpﬁ%‘f SodeadaRelnd dodiiar %{eedhdﬁlgiﬁﬁﬁ%eﬁfﬁfé;%s Igﬂaj b&vRidDy the

rovi de 1 mersive 3D audi o rendering, tinbr
reservation, inprpved exiernal.izatl frontalization
usel i TRt TEe Y PP Rl oR e Gotdo? dpe. " o1 &1 2
appl i cation diagram of an audi o enhancenent nodul e
integrated into a receiver or other audio source in
accerdanze dhdrimaliestenledh FRlib cahankb@efmeshitd subh as illustrated
i nvention. The receiver 902, may be a set top box
i Mcd8a/ | ' ' i 1 Vil Bhdule 604
in McE 30 At Bart it dneAloion e o REHRIGH M T Bfbule
. integrated therei be, an_audi. hancenent ul
s DO Ao HBU B FEIeE S i T G R O the erfanced
processi ng techni ques described in this specification.
audib éomidien) do othgr parys dfdhe entertpizment sigemn Kadher HisnPTORAIpS 2
on the nother board or back plane of the STB (set top
do&l@iXg cane@ol ke 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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20 receiver or alternatively included on a separate
PCB within the "box: conprising the physical shell of

WQ 2008/802277 Al ternatively still, the nodul e 904 REI/SGH07/000190
connected by suitable cables or dongles to the
recei ver 902. Portabl e pl ayer have becone

quite prevalent. Users with MP3 players listen to MP3
nmusi ¢, podcasting, voice recording, and news. Video
and photo are included in the latest trend in portable
pl ayer, for exanple enabling a user to play MPEGA or
of rdkryXoitr61es06. Fle@ssbly, thisdontolés fantiions edn berwiighedtin eespectively
current |nvent|on enbodi ments by allowing 5 an in hone
ably portable audio interface with advance
COIHﬁngho en gncenents such as virtuali 7ation (X-Fi
CVSS- 3D Virtual or Headphone) and transient
enhancenment (Crystalizer) effects.
addIGi Dis,a d1hgmmﬂukt%1ngfantah@0\¢ahma@emwlm§s alfustrated
preferably configured to up-mx stereo audio to
in FIG‘ | 4 in-AeRREARe VaTiSodd b iEhemef figy predendmventiver Theivaebbse
ornats 10 These can then be played in a honme AV

views (‘;!:fﬁhvl%% '7'69 n@chgﬂ@é 151@1 fIEE?S94) connekfdr 205 SRABACE 711

ano ESS music is provided

fromthe sour portabl e medl
and @#Baavhae@ﬁ?hore?ﬁm%% s Sl lBSloonnfiing ampunt of the
docki ng. The docki ng can be used to transmt control
andimrehhaatemest iypeadddeds and from the nodul e and to provide
automatic charging for players such as an i Pod and Zen
Vi si on. 15The m)dul e can be configured in another

o FACA plsPc SRR hraliidd s éfen%“éﬁ@gﬁ%?’ﬁgﬁl%% Hgh impot
enhancement rmd Ie r}/ confl ure toE?xﬁchd als are
in aggasfance fRjithgme gt o Hf?ﬁ?& m g s“%‘ LBt
of | oudspeakers or headphones. The USB port
detéctodaindldckiR0d and deentied i black 80¢-tSignakidinmeed pf upmix arc upmixed in
downl oadi ng content 20 to the portable nedia player or
blo&lt 804, Fasam Eleytofacﬂ clehasighulchainelfsegnabl Muiﬂn:hamebagaalg such as
nDduIe such as enclosed in a suitable enclosure, is

a il Sighfle tieploeessed
B G L T

n accorﬁénce 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-
eghancement 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 virtnalization block 815 and then
(optionally) to a Crystalizer (iransient 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 muitiple speaker locations even though

provided over only two channels. The virtual surround process is preferably calibrated
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The transi ent enhancenents in various enbodi ments
i ncl ude preferably enhancing musi cal dynam cs by
weEmokasR27i ng sharp percussi ve sounds and transP&RHB&2007/000190
thereby 5 creating a punchier and nore dynanic
i steni ng experience. By using the nodul es
descri bed in various enbodi nents of the present
i nventi on an enhance user |istening experience is
provi ded. Many different types of nusic audio signals
may be processed and transmtted to rendering
forsordiaun sffect wetheamson-standaed huHspeaker plasement fsiesample through the
enhanced audi o provided at the output of the nodule

usd8f/a 15 Géntiol 0fNthie'SorBlcdhhpnemeat@bagel 0 a hi gh quality
mul ti-channel digital signal. Further, transient may
be detected and enhanced, the anount of the transient
enhancenent processing at_ the control of the user
dur | Blgck B43 walt preferably inghudecaostialk papcellsion mefulenip preserve the
speci fications of one enbodi nent of the nodul e include
virAGzatsmodffect. obrosstalStoanediatidibtebhitiquesdrd kidwn DAkbse of skill in the
resolution, for exanple at the 15 wireless receiver in

artQRA hRRGROHI WBRAlLs Will 8bEBERovilled Rérkin. ffsiddiai fashidARh€udmixed

bel ow i dentifies non-li'mting exanples of controls

si %12 nl?ﬁ'ﬁlgﬁg Jlf'eﬁ% hgf?dgggggln%u%]?zaﬁgﬁ bFo'zg %?% I]:.[% ol\ﬁ%@&% %glilﬁ)éélgy such

oneé odi ne 'S US€e
er. | evel j ust t of .VoJune, virtualizat.ion, d .
as {(reghive’s &M@g%;}gegggﬂqqe teq}@iog??or &/eliverlilng a muhtcganne?ﬂstemng
2008/ 002277PCT/ SG007/ 000190 TABLE 1: Control and
expertincaver two baadphangeimanes. Crosstalk cancellation modules are not required

in this path. Optionally, the signal is then fed to a Crystalizer (transient detection-
enhancement) block 822 before output as an analog signal for delivery to a set of

headphones,

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 fo 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 swrround 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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Sel ect Button Top Press for 2 sec to standby. dick to
toggl e between CMSS3D--> Crystalizer-> vol unme contr ol

wRgnaz2tiont rol Bl ue ring Blue LED ring and blRCkEG2P07/000190
during | evel adjustnent of Volume, X-Fi CMSS-3D, X-Fi
Crystalizer X-Fi CMSS-3D Top X-Fi CMSS-3D Enabl e X-Fi
Crystalizer Top

introducing overwhelming or unnatural ambience; enlarging the "sweet spot” in the
listening room (by anchoring center-panned sounds in the front center channel and
limiting the leakage of localized sounds in the surround channels) and preserving the
original frontal stereo image in balance, width and timbre. It does not introduce instability
in the frontal stereo image or in the surrounding ambiance. It does not infroduce
distortions in the suzround channels, even with perceptually encoded sources such as MP3

or WMA.

Upmixing and the subsequent virtualization may be used to provide the perception
of multiple speaker locations, for example including 5.1, 6.1, or 7.1 playback systems.
The virtualization, such as provided by blocks 815 and 821 uses Head Related Transfer
Function (HRTF) fitters to provide immersive 3D audio rendering, timbre preservation,

improved externalization, frontalization and front-back discrimination.

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 cireuit 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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X-Fi Crystaliz-er Enable 5.1 DTS Top DTS Interactive
Encoder Vol une LED Top Blue in default nbde as vol une.
WEA0800221g and vol ume LED wi Il | blink when rot aP{T/RE21§7/000190

is turned. Press rotary knob to nute and vol une LED

will turn Red X-Fi CMSS-3D LED Top Blue LED to

i ndi cate enabl e status and blinking to indicate anount
control. X-Fi Crystalizer LED Top Blue LED to indicate
enabl e status and blinking to indicate anount control .

Portable player have become quite prevalent. Users with MP3 players listen to
MP3 music, podcasting, voice recording, and news. Video and photo are included in the
latest trend in portable player, for example enabling a user to play MPEG4 or DIVX
video. These trends are enhanced through the cuxrent invention embodiments by allowing
an in home and preferably portable audio interface with advance audio enhancements
such as virtualization (X-Fi CMSS-3D Virtual or Headphone) and transient enhancement

(Crystalizer) effects.

In addition, the modules of the various embodiments are preferably configured to
up-mix stereo andio to multi-channel DTS Interactive format or other suitable formats.

These can then be playéd 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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15

DTS 5.1 / Stereo display Top Blue LED IR Recei ver
Front Wreless Connect Button Back Al t hough
wa MesPPREgoi ng i nventi on has been descri bed i NnPEEHHE2007/600190
detail for purposes of clarity of understanding, it
wi || be apparent that certain changes and
nodi fications may 5 be practiced within the scope of
t he appended clains. Accordingly, the present
enbodi nents are to be considered as illustrative and
not restrictive, and the invention is not_to be

mofyple; gush as gnelpredde e apitableenclosurms isspaweres by Riyadapier and able to
nodi fied within the scope and equival ents of the
chaagrpihe gortalsie aadia player (e.g., mp3 player) battery in normal mode.
The transient enhancements in various embodiments include preferably enhancing

musical dynamics by emphasizing sharp percussive sounds and transients, thereby

creating a punchier and more dynamic listening experience.

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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22 Clainms What is clainmed is: 1. A portable nodul e

configured to provide audi o enhancenents, the nodul e
waWpPe8Thg: an input termnal for receiving abCEEE2097/000190

signal ; and a processor configured to perform

at | east one of the follow ng audi o enhancenent

techni ques through the use of digital filters: either

upm xi ng the input audio signal to generate a

mul ti channel output signal, or detecting transients in

the signal and enhancing the magnitudes of the

tramapoE s, and an output termnal for providing the

enhanced audi o for playback. 2. The portable nodule
Corﬁﬁ)lﬁﬁ:lilaf bl 11 L.i cll T IL:chtfd tret Rl st g tSser—i qltput

SeldePRkhP! T OT _enapfi lgrgt',ne USetr Pi‘e tfﬁkbétb’kt ‘dblf amotmft  of

audi o enhancenent . The poig

} as recifed
in claim2l wherein |the output d\ggm.g slafbzel M LGS
configured to trandmt a wrelkess: rendered signal fto a

Rotgy tingbll ty of W r el §Shelriag el Ve Bl LEB ringl i@ bRk aRing
nodul e as recited iln cl ai m 1 {whekdgidindh @ ViR CBFil S
configured to receijve the i np@MS&3D| X-FoCrgndikerf r om |a

X-FheMbExbPe nedia playdop 5. Th&-HEMS&BD&Ensbdul e as

X-Freomdiatiaet in claim 4 (Vilker ei n t HE-Ni GpotblizzeEngbinal | s 4

S.1BE%Ki ng connector ddipj gur ed | DIB Ineatvelnmgea por t dbl e

VolyeeiEP pl ayer. 6. THep port abl| 8lebdiefae msle pewivved ||n
claimb5 wherein the docking ¢&faaes s vilgnefLED Wik
configured to provilde power aRtrEkebhed play edhrittemed t d t he

portabl e media pl ayer. z;?ﬁ%ﬁﬁgﬁg:daﬂd

X-Fi CMSS-3D LED Top Blue LED to indicate enable status
and blinking to indicate amount
control.

X-Fi Crystalizer LED Top Blue LED to indicate enable status
and blinking to indicate amount
control.

DTS 5.1/ Sterso display Top Blue LED

IR Receiver Front

‘Wireless Connect Button Back

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
be practiced 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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7. The portable nodule as recited in claiml1 wherein
t he audi o enhancenent techni que includes providing an
out put signal that generates a perception of virtua
23 speaker |ocations over two output channels and the
techni que is custom zed for headphones. 8. The
portable nodule as recited in claim1l wherein the
audi o enhancenent techni que includes providing an
out put signal that generateg a perception of virtua
ClaimaPeaker locations over two output channels and the
technique is custom zed for a pair of |oudspeakers.
9. The portable nodule as recited in claiml wherein
th ro essor is configured to identify anbi ent sound
What ﬁﬁp Bs in the input audio signal. ~10. The
portable nodule as recited in claim1l further
conprising a variable user input control and wherei
1. t‘ﬁepﬁfﬁﬁﬂ%s@éﬁmﬁs°€6fl'ﬁqr@@|rfé’dpf%"‘ﬂﬁcﬁH enh@ngements, the module
mﬁnts that include upm xing of the input audio
S|gnal d virtualization of the upm xed signal, said
van inpalt tereninad forpeoeividgdaraaudie aignal;rangar t by HRTF

ar pRichRC PPROT, Jdc pBIGATT aClerd HRB, LR fofhuing audio

enhamedtmﬁniqlmtthrmgh thé usdloe digital fitdre: nodul e as
ecited in ¢claim1 wherein the audio enf}ancerre

eltherf R thee R KA RInal |t SRRl Agmuichanael gutth signal, or
detecﬁﬁ’@trhﬁﬁéﬁts@# HePsighSNHd enhndiiey Bemadifitudes 6 8firandients, -

configured for varying the transi ent” enhancenent
edndah ouiput éypundldor providing ihererthapaed audiorfor playhack. The
portabl e nodule as recited in claim1 wherein the
nodul e is configured for receiving both an audio and a
2. dilge pahablepubdlsle grsalecited  claimmddutiberf comprising ssusey input control
dat a, ule co ut term nal
for enghlint i g 14 BT i BB ROLFuld PoRBREHER R i e
formats; at |east two output channel termnals; and
a ocessor configured to detect the format of the
3. ﬁg@pogtpgﬁamogwg qsoremgﬁgi Wn é:lagmghgqhqﬁgo,thg ostput termmal is further

Confldalli’&? ?}gﬁé ! éﬂ‘?g Wirdi S8 ren¥BRIELIGn ARG a1 RSHE SR witeleddHecBRErs.
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 io provide power and to ioad 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



24 enhance the upm xed signal to generate a perception
of a plurality of virtual speaker |ocations over the
at | east two output channels.

23
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
technigue 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.

9. The poftable module as recited in claim 1 wherein the processor is configured to
identify ambient sound components in the input audio signal.

10.  The portable module as recited in claim 1 further comprising a vartable user input
control and wherein the processor is configured o 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 fransients 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
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enhance the upmixed signal to generate a perception of a plurality of virtual speaker

locations over the at least two output channels.



