AUDI O SYSTEM W TH PORTABLE AUDI O ENHANCEMENT DEVI CE BACKGROUND OF THE

| NVENTI ON 100111. Field of the Invention. [2] This invention relates to a
portabl e audi o enhancenent device and rel ated audio system in which the
audi o enhancenent device is able to be quickly and easily connected between
a variety of different types of audi o sources and audi o pl ayback devi ces.
[3] 2.Related Art.

AUDIO SYSTEM WITH PORTABLE AUDIO ENHANCEMENT DEVICE

BACKGROUND OF THE INVENTION
[001] 1. Field of the Invention.
[602] This invention relates to a portable audio enhancement device and related audio system,
in which the audio enhancement device is able to be quickly and easily connected between a variety

of different types of audio sources and audio playback devices.

[003] 2. Related Art,

[004] A portable audio source, or digital music player, provides the conveniences of portability
and large capacity for storing digital audio files such as music tracks, voice recordings, and the like.
Depending on the capacity of the memofy provided, which may be internal memory, a removable
'memory unit or a combination of both, a portable audio source may be capable of providing
immediate access to thousands of digital audio files and thus many hours of listening time.  This
large storage capacity is readily contrasted with a conventional audio playback system such as a

home stereo or vehicle stereo, which is typically limited to storing and driving a single CD or
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[4] A portable audio source, or digital nusic player, provides the

conveni ences of portability and l-arge capacity for storing digital audio
files such as music tracks, voice recordings, and the |ike. Depending on
the capacity of the nenory provided, which nmay be internal nenory, a
removabl e nmenory unit or a conbination of both, a portable audio source may
be capabl e of providing i nmedi ate access to thousands of digital audio
files and thus many hours of listening tine. This |arge storage capacity is
readily contrasted with a conventional audio playback system such as a hone
stereo or vehicle stereo, which is typically limted to storing and driving
a single CD or sonetinmes six CDs. The portable audi o source ty i cal l

enabl essometiges sikE R gaieertable andidiseuree fypically eeabliisgiseloton gandze, t éles

al bum genre or the like, or custom zed playlists, as well as search for
and sel&cordohgdd nedt, mmdtdnalblilm@nemt the Ble, theuspatizct Baylatsdaovéll dsesarch fowgh
headphones, through connection to a personal conputer, via docking with a

| oudspeszker dsjred awdio €leg anfReLgrthe sadeteddsaudio Ales i@oyphehehdgonsy sreugh @necction
configured to connect to these types of portable audio sources and process

the audib pasdml soRpal dedddikideRih allBudspedkef spxanPdte, aRARAT Abl&s ¥P3udio
pl ayer may be connected to an auxiliary |nput J ack of an in-dash vehicle

st er eo, I I
o R it ek ol obl o maite Wit

dr aV\'baCeEld OfOLIQ&S Hlst)%lcf%h bg'tgérﬁ.al Tﬂh’sqif& J}Ja!nﬁ%, hfﬁoxttgb% Nfﬁﬁeﬁﬁa}aerr ‘?nagf}f)%'c%ﬁljléc%d to
an auxiliary input jack of an in-dash vehicle stereo, allowing the user to select audio files stored on
the MP3 for playback through the loudspeakers of the vehicle.
[005] A widely perceived drawback to the use of digital audio files is that they are typically
data-compressed when stored on the portable audio source so as to conserve memory space, such
that the digital audio file is missing information as compared to the same audio file when stored on
a CD. However, the quality of the playback sourced from a digital audio file also depends greatly
on the quality of the hardware being utilized to achieve playback and the acoustics of the listening
environment.  For instance, sound played through headphones or the loudspeakers of low-priced
plastic-housing docking stations will typically be interior to sound played through an array of high-
quality toudspeakers provided by a home stereo or vehicle stereo system. Moreover, sound played
in the interior of a vehicle will often be inferior to sound played in the room of a building, due to the
complex array of sound-reflecting and sound-absorbing surfaces existing in the vehicle’s interior
and because loudspeakers cannot be optimally positioned within the vehicle’s interior due to design
constraints.  Many audio systems provide user-adjustable equalizers and other sound-enhancing

products in conjunction with portable audio sources and audio playback devices, but these products
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dat a- conpressed when stored on the portable audio source so as to conserve
menory space, such that the digital audio file is mssing information as
conpared to the sanme audio file when stored on a CD. However, the quality
of the playback sourced froma digital audio file al so depends greatly on
the quality of the hardware being utilized to achi eve playback and the
acoustics of the |listening environnment. For instance, sound played through
headphones or the | oudspeakers of |ow priced plastic-housing docking
stations will typically be interior to sound played through an array of

hi gh-qual ity | oudspeakers provided by a hone stereo or vehicle stereo
system Moreover, sound played in the interior of a vehicle will often be

i nf er i onerely maridteplahgdivstinants fethe ggdiosignalsbgingdrergssedue The is.flese pradreis do
array of sound-reflecting and sound-absorbi ng surfaces existing in the

vehi cl el coméc theoacoasict yscmuse theydspeskepabloafitaling o eptounathe depagiddsoned
within the vehicle's interior due to design constraints. Many audi 0 systens
pr ovi dehels&tial adindsdcatlle beigy ptdpagnsd mndhetibening envichnerhandorgvey wayoifshdsa
conjunction with portabl e audi o sources and audi o pl ayback devi ces, but

these poAsUEkRnciBRbMictBKe difcRiddaln Siwisé FRftrsmd Gedulithgathdi WeSofUNPeSoMR! NY
processed. That iS, these products do not correct the acoustic system i.e.

they ar@nflerCapditiieqhitbRithal 8HRIWRCGOBER deb8ostel fof hﬁﬁﬁg%ﬁeqhéhck/%ﬁd BRdsHal
sound actually being prgpagated into the listeni'ng environnent. reover,
many of - ' I }

Fequi 1o R B e R PRl P b ButEl R A TR EH ohnB Pl YL BEGREAAE
however, .been devel oped .for ing freaguency and phase adj.ustnents.. bu
{hese: JPHRGEELOTS PRDE LR RE Piror iR oo ok 08T P R o S e
between the main el ectronics and anplifiers of the associated audio

pl aybadRtems sigeal 2alh of theufiodlpdack ‘5%3}1'9?' the internal signal path of the
audi o pl ayback device. [006] Therefore, there is a need for providing an
audi o dffkincenBherelaesy iheee s aaeed or perviding an aip edapsment devigerthatas Rergble and
variety of portable audio sources (e.g. , digital nusic players) and audio
pl aybaciompetible exitl @ vgde virite obportahle sudie soursspsieans Higithmuesicipdaygrss gnd apdied
for providing an audi o enhancenent device that inproves sound quality by
cor r ectpladpatik depiendy.gr; dsipe s earcterbotystduspqudiery innldo pmaseforgspodhisg an Thdive
is also a need for providing an audi o enhancenent devi ce capabl e of

adj ust idh@landemehf dédcd hieat pRiprevedasmad ofuditie bauchr@csys tiauémy whispdnse tori Both
connected. There is also a need for providing an audi o enhancenent device

capabl erfueffkindhhash M§IoRBNT S TRére GPEIEE & trictd SortPoa @A dn RLalkaGkncaseRrddvieg to
the position’of the listener relative to the | oudspeakers of the system

capable of adjusting itself to the performance of the audio system to which it is connected.  There
is also a need for providing an audio enhancement device capable of making adjustments or

corrections to sound playback according to the position of the listener relative to the loudspeakers of

the system.



SUMVARY [7] To address the foregoing problens, in whole or in part, and/or
ot her problens that nmay have been observed by persons skilled in the art,
t he present disclosure provides nethods, processes, systens, apparatus,

i nstrunments, and/or devices, as described by way of exanple in

i npl enentations set forth below [8] According to one inplenentation, a
portabl e audi o enhancenent device includes an audi o i nput configured for
receiving audio signals froma portable audio source | ocated separately
fromthe portabl e audi o enhancenent device, an audi o signal processor
configured for processing the audio signals to produce enhanced audi o
signals, and an audi o output configured for outputting the enhanced audi o
signals to an audi o pl ayback devi ce $OUMnBY separately fromthe portable
audi o enhancenent device. [9] According to another inplenmentation, the
port abl @ozudi o Tenlddresethe ftregleng pwblens| rdebola omircpaphoder 6ther mroblems thangmay
sound into sanple audio signals, and the audi o signal processor is

confi gukRd BeRh §IRENRE NByNGeRbhsardllabins thé adithahs anpks alscdoaursigodliis anthods,

perform ng an enhancenent based on the anal ysis.
processes, Systems, apparatus, instruments, and/or devices, as described by way of example in
implementations set forth below.
[008] According to one implementation, a portable audio enhancement device includes an
audio input configured for receiving audio signals from a portable audio source located separately
from the portable audio enhancement device, an audio signal processor configured for processing
the audio signals to produce enhanced audio signals, and an audio output configured for outputting
the enhanced audio signals to an audio playback device located separately from the portable audio
enhancement device.
[009] According to another implementation, the portable audio enhancement device includes a
microphone for converting sound into sample audio signals, and the audio signal processor is
configured for performing an analysis of the sample audio signals and performing an enhancement
based on the analysis.
[010] According to another implementation, the portable audio enhancement device is
configured for generating a correction filter based on the analysis and applying the correction filter
to the audio signals reéeived by the audio input to produce the enhanced audio signals.
[011] According to another implementation, an audio system includes a portable audio source,

a portable audio enhancement device, an audio playback device, and one or more loudspeakers.

The portable audio source includes circuitry configured for producing audio signals for output, and
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[ 10] According to another inplenentation, the portabl e audi o enhancenent
device is configured for generating a correction filter based on the

anal ysis and applying the correction filter to the audio signals received
by the audio input to produce the enhanced audio signals. [11] According
to another inplenmentation, an audio systemincludes a portable audio
source, a portable audi o enhancenent device, an audi o pl ayback device, and
one or nore | oudspeakers. The portabl e audi o source includes circuitry
configured for producing audio signals for output, and a first audio

out put configured for outputting the audio signals. The portable audio
enhancenent device is |ocated separately fromthe portabl e audi o source.
The por4 fitst eudieidivipuiesrindigosador owputiieg theriwiliodegnals. f iThe podafie audip gerancement
configured for receiving the audio signals fromthe first audi o output via
a firstdevivaiaiocated separatelynfeomalne mutible agidigrsalircpr dhepatableczmdiol apbansdmenrdevice
processing the audi o signals to produce enhanced audi o signals, and a
second asdid ;firsiuidicciapit @Hfigded Qi revatvinty the agdid bignals fienciad fisst didio sutgnatis .
The audi o pl ayback device is |ocated separately fromthe portabl e audio

sour ce and: themBALdRRIRKkaMILRICHRMNSRIBRb: SRYictRd fMsrodddsthe tHel ;ayiatdnaiayi ce

i ncl udes a second audi o I nput configured for receiving the enhanced audi o

si gnal SprB&LR:g]e DGcSeLRE si@hlﬂ.é n@YtsPind uBiobuBRE QB SLAMP bERhAR el RKancRAd
or haﬁ%ﬁ ?

circuitry contigure prdduci ng the en d audi o signals for playback

o ; y § . ;
The one uﬁrg strl%%éﬁe ln ﬁ[ﬁ% %E %k T Back oV i & l%%ﬁ%%\@etsogrﬁ gglglqgg P%{tﬁ%%@&gk% %ﬁ%’e GRaf or

convert:’l . U.(XI O Si gnal S. N oun I ng the sound.

[e(gﬁgﬁéftﬁg E%%déu%ioagn%taggermém elzv?crg.an %Iagcrl}’o p?ay%gékht?eqriciesin R iaqsg((:jonﬁ%{ldio input
configured for receiving the enhanced audio signals from the second audio output via a second
communication link, and circuitry configured for producing the enhanced audio signals for
playback. The one or more loudspeakers communicate with the audio playback device for
converting the enhanced audio signals into sound and outputting the sound.
[012] According to another implementation, a method is provided for enhancing sound
outputted by an audio playback device. A portable audio enhancement device is placed in signal
communication with an audio output of a portable audio source and with an audio input of an audio
playback device. Audio signals are transmitted to the portable audio enhancement device.  The
portable audio enhancement device is operated to perform an enhancement on the audio signals to
produce enhanced audio signals. The enhanced audio signals are transmitted to the audio playback
device. The audio signals are outputted as sound from one or more loudspeakers communicating
with the audio playback device.

[013] Other devices, apparatus, systems, methods, features and advantages of the invention

will be or will become apparent to one with skill in the art upon examination of the following
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out putted by an audi o pl ayback device. A portable audi o enhancenent device
is placed in signal communication with an audi o output of a portable audio
source and with an audi o i nput of an audi o pl ayback device. Audio signals
are transmtted to the portabl e audi o enhancenent device. The portable
audi o enhancenent device is operated to perform an enhancenent on the audio
signals to produce enhanced audi o signals. The enhanced audio signals are
transmtted to the audi o pl ayback device. The audio signals are outputted
as sound fromone or nore | oudspeakers conmmunicating with the audio

pl ayback device. 10131Q her devi ces, apparatus, systens, nethods, features
and advantages of the invention will be or will becone apparent to one with
ski | | i figuréseandrdetaiipd desexipiimat It nintshdedhibatf ) $ushiaddjtiotal gysterss, arethodatiaatpisel
description. It is intended that all such additional systens, nethods,

f eat ur emdadaetarasked i dae sdddewitinal thid etdsasiption,nbd witbindbs sedpptafahs iyentwing hinchbe he
scope of the invention, and be protected by the acconpanying cl ai ns.

protected by the accompanying claims.



BRI EF DESCRI PTI ON OF THE FI GURES [14] The invention may be better
understood by referring to the follow ng figures. The conponents in the
figures are not necessarily to scale, enphasis instead being placed upon
illustrating the principles of the invention. In the figures, like

ref erence nuneral s designate correspondi ng parts throughout the different
views. [15] FIG 1 is a block diagramof an exanple of an inplenentation
of an audi o systemutilizing a portable audi o enhancenent device. [16]
FIG 2 is a block diagram of another exanple of an inplenentation of an
audi o systemutilizing a portabl e audi o enhancenent devi ce.

BRIEF DESCRIPTION OF THE FIGURES
[014] The invention may be better understood by referring to the following figures. The
components in the figures are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. In the figures, like reference numerals designate
corresponding parts throughout the different views. |
[015] FIG. 1 is a block diagram .of an example of an implementation of an audio system
utilizing a portable audio enhancement device.
[016] FIG. 2 is a block diagram of another example of an implementation of an audio system
utilizing a portable audio enhancement device.
[017] FIG. 3 is a block diagram of another example of an implementation of an audio system
utilizing a portable audio enhancement device.
[018] FIG. 4 is a block diagram of another example of an implementation of an audio system
utilizing a portable audio enhancement device.
[019] FIG. 5 is a block diagram of another example of an implementation of an audio system
utilizing a portable audio enhancement device.
[020] FIG. 6 is a front view of an example of an implementation of a portable audio
enhancement device that may be utilized in an audio system such as shown in FIGS. 1-5.
[021] FIG. 7 is a block diagram of an example of an implementation of a portable audio
enhancement device that may be utilized in an audio system such as shown in FIGS. 1-5.
[022] FIG. 8 is a block diagram of an example of an implementation of a portable audio source

that may be utilized in an audio system such as shown in FIGS. 1-5.
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[17] FIG 3 is a block diagram of another exanple of an inplenentation of
an audi o systemutilizing a portable audi o enhancenent device. [18] FIG 4
is a block diagram of another exanple of an inplenentation of an audio
systemutilizing a portable audi o enhancenent device. [19] FIG 5 is a

bl ock di agram of anot her exanple of an inplenmentation of an audio system
utilizing a portable audi o enhancenent device. [20] FIG 6 is a front view
of an exanple of an inplenentation of a portable audi o enhancenent device
that may be utilized in an audi o system such as shown in FIGS. 1-5. [21]
FIG 7 is a block diagram of an exanple of an inplenentation of a portable
audi o enhancenent device that may be utilized in an audi o system such as
shown i[02FH! GS. FIG.3 is a block diagram of an example of an implementation of an audio playback

device that may be utilized in an audio system such as shown in FIGS. 1-5.



[22] FIG 8 is a block diagramof an exanple of an inplenentation of a
portabl e audi o source that may be utilized in an audi o system such as shown
in FIGS. 1-5. device that may be utilized in an audi o system such as shown
in FIGS. 1-5. DETAILED DESCRI PTI ON

DETAILED DESCRIPTION

[024] The foregoing description of implementations has been presented for purposes of
illustration and description. It is not exhaustive and does not limit the claimed inventions to the
precise form disclosed. Modifications and variations are possible in light of the above description
or may be acquired from practicing the invention. The claims and their equivalents define the scope
of the invention.

[025] FIG. 1 isa block diagram of an example of an implementation of an audio system 100.
The audio system 100 may generally include an audio playback device 104, a portable audio source
108, and a portable audio enhancement device 112. In the present context, the term "portable"
means that the portable audio source 108 and the portable audio enhancement device 112 are
physically separate devices in relation to the audio playback device 104, may be easily connected in
signal communication or disconnected from the audio playback device 104 without undue
installation efforts, and may be easily car'ied by the user from one location to another. Moreover,
the portable audio source 108 and the portable audio enhancement device 112 are operable
independently of the audio playback device 104. That is, the portable audio source 108 and the
portable audio enhancement device 112 are generally not required to be in signal communication
with any specific audio playback device 104 or type of audio playback device 104 for their
respective operations. Additionally, the portable audio source 108 is typically a device that may be
operated alone without being in signal communication with either the audio playback device 104 or

the audio enhancement device 112. As another way of characterizing the portable nature of



[ 24] The foregoing description of inplenentations has been presented for
purposes of illustration and description. It is not exhaustive and does not
limt the clainmed inventions to the precise formdisclosed. Mdifications
and variations are possible in Iight of the above description or may be
acquired frompracticing the invention. The clainms and their equival ents
define the scope of the invention. [25] FIG 1 is a block diagramof an
exanpl e of an inplenentation of an audi o system 100. The audi o system 100
may generally include an audi o pl ayback device 104, a portable audi o source
108, and a portabl e audi o enhancenent device 112. In the present context,
the term "portable" nmeans that the portable audio source 108 and the

por t abl @riablgi vidénheree iBhtandcthe pertalile aadie piysieamhnt yleyepddat Bewedsiws 4rf
relation to the audio playback device 104, nmay be easily connected in

si gnal physinalhi spbiaendoicedi &rc dovagelt edarbtebnfrohecaghditer phéfivac the dadiocglayttuk

W t hout undue installation efforts, and may be easily carried by the user
from ongviceaat, may bephsat hesignaMoseeueicatidnheitlp edchadthe oatidirg siétabsle disfanse bynd

t he portabl e audi o enhancenent device 112 are operabl e i ndependently of the
audi o playbaekys&YistRall Bdhs TORE dsS fort HAMPRY, teRRtrRaPUstiR S r £6/0t ABndid) tohe

portabl e "audi 0 enhancenent device 112 are generally not required to be in

S |ghatd | i ' | ayback device 104 or type of
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audi o pla for their respective operations. Additionally,
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al one out erng°"rn st dgna mruni catr on Wt

device 104 or. t.he, audi 0, enhancenent, device 112. As anot her f

O St e RAAN IS TR i el PR ot s Petssn e
ortabl e audi o enhancenent device 112, these.deyjces are ysi cal

g epar at®VEey (el asafe Pxawalce dhes ity Rlab3eks foifce Hth PBFEI?JF aﬁﬁ% %Orufﬁfh %l%e andigi o

pl ayback device 104, may be placed in signal comunication with each other
over arpprigbletasdioecndpnrermsatedayicevidy) 8t pligies & givenidgyiss taash and/enkekeiye signyp
exanpl e, electrical connections and/or conduits) or wireless signal paths
(such amd/of onfomnesiopfrom avother dedced. i Ake)ficall2®] sipnal kpwmapishilandrelons to pry fyge
appreciated by those skilled in the art that the phrase "in signal
of communication and/or connection between circuits, components, modules, and/or devices that
allows a circuit, component, module, and/or device to pass and/or receive signals and/or
information from another circuit, component, module, and/or device. The communication and/or
connection may be along any signal path between the circuits, components, modules, and/or devices
that allows signals and/or information to pass from one circuit, component, module, and/or device
to another and includes wireless or wired signal paths. The signal paths may be physical such as,
for example, conductive wires, electrical conduits, electromagnetic wave guides, attached and/or
electromagnetic or mechanically coupled terminals, semi-conductive or dielectric materials or
devices, ionic, or fluidic, structural, or mechanical relationships or other similar physical

connections or couplings. Additionally, signal paths may be non-physical such as free-space (in the

case of electromagnetic propagation) or information paths through digital components where
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communi cation” generally refers to any type of conmunication and/ or
connection between the devices (such as, for exanple, the audi o playback
devi ce 104, portable audio source 108, and portabl e audi o enhancenent
device 112) that allows a given device to pass and/or receive signals
and/ or information from another device. Specifically, "in signal
communi cation" refers to any type of comruni cati on and/ or connecti on
between circuits, conponents, nodules, and/or devices that allows a
circuit, conmponent, nodul e, and/or device to pass and/or receive signals
and/or information fromanother circuit, conponent, nodul e, and/or device.
The communi cati on and/ or connection may be al ong any signal path between
t he ci rouirhsyicationpiofrembtdon mogedsed froanaheorcindeiyi emspanbelt nddutsasndioyrigyise to
and/or information to pass fromone circuit, conponent, nodule, and/or
devi ce 4mothenah haryimndigitaicfoudes withoat esssingrthwiugked dirggnalecpambsnetid kenscigoal
pat hs may be physical such as, for exanple, conductive wres, electrical
condui t Bor t8é @GipbRIBFNEE laGplaNen, Gk GeS, "califlarnes b ttathabebly onbga atithcthor
mechani cal |y coupled termnals, sem -conductive or dielectric materials or
devi cesypdnic, or fluidic, structural, or mechanical relationships or
other simlar physical connections or couplings. Additionally, signal paths
m) be ¢ - i 5 2 f: - i ’!t r ¥ C

y be qg g}%a'ag Sbrffdlo SR 3Ra LERARARG o liftet Sty 48 ieRhafldal " RIIAN SlithCthe

pr opagat nrormation p rough di gl compon

comruni cati Qn. i nfornation,i S pass r.om ircuit, coppon I

and/ or @E%ec a'&ft p&&bt hljéf‘s 159 ayﬁfeﬁlaﬁeg t@ﬁtg'i'% %Ptetp%roﬁﬁf %m(:/’\ﬂeﬂoutsalggé g?rﬁglq@ﬁgtgugh
a direct el ectrgmagnetic. conpnection. For the purposes of .this application,
the t orWith 8 TSN GOMRERFIBS MO UFCRL RSB i hebsiotiay Tt #dftwga‘fﬁﬂﬂﬁ@&em? pay

si gnal comuni cation” and "comuni cation |ink" npy be _interchangeably

uti | i zeeF REFTCRt batwesanandéer opsrajmely apsaeigted of gngagedapihy thyBskeqdaeedPdEPORHEs:
fact that one conponent is said to comunicate with a second conponent is
not i ntRdled tdhexudiaddaxback dowiss B4 imay bhany axii ofi auke or orpbmedie slewgy de
present between, and/or operatively associated or engaged with, the first
and secon@ncmnfguredteprofid Zidiflk @laybaike fsbayddfank agendic eout Oxdandéy abdibhysiblype
of audio or nultinmedia device or systemconfigured to provide audi bl e

pl aybacaacis @findudd amd aile@Utbn® af Qi evidded saicea INbinklirgiting sixbineleplofithaaldiof
sound and video from an audi o/ video source. Non-limting exanples of the

audi o phiaythae Kedey | &LinbRAe ianfehititestared @iterh 2 BHAE RRIGYSs@M, afpdARNE GinGued
system a personal conputer with playback functionality, etc. In the

pr ese”twﬁﬂgfa@&k B ohdiyNetcS B RO pR¥&H BfltedtSthe tdrini GRFEoRY QRSP ¥s Jt0iz8N6QBRGS S
various types of nultinedia systenms, entertai nnment systens, multi-channel

audi 0 sys tG,. I.cal : . i I i i :

ot and- 2 oneonpaf ofriody RS ol by dEiBerhitnt’ BRRREAPY Ll Molifhincl audio
audi o source, readi.ng, a racessi.n udi o,skgnals framthe. audi r.ce,
2nd out PHETFngecd e ans, BUOP e Ja7 et 47 1R T EaO CEdirgr dePRy S
audi o pl ygan device 104 / include one or qPre di a driveﬁ.for

Fecei vi HEUdFdt @RIHEAEBU ABYaE Rdidio ik mATaE el Blospsine WIOERR, A
tape player, or the like. The audi o playback device 104 may al so include an
audi o fihp audia sgurce, apgputpupzig seppd yleried deaps hose gudig giesalsy Asap@mpiesetne andp,

etc. The audi o pl ayback device 104 may be a device normally operated in a
st at i ordaybagk dévised04 may include one or more media drives for receiving and reading removable

media, such as a CD player, a DVD player, a tape player, or the like. The audio playback device
104 may also include an audio file (e.g., .wav, MP3, etc.} processor, a radio or satellite tuner, etc.

The audio playback device 104 may be a device normally operated in a stationary or fixed

-11-



installation, or may be a portable device. In one exanple, the audio

pl ayback device 104 is a vehicle stereo systemthat is nounted in a fixed
manner in an appropriate location in a vehicle (e.g., dashboard, head unit,
console, etc.). [0281lIn the present exanple, the audio playback device 104
further includes an audio signal input 132 configured to be in signal
comuni cation with an auxiliary audio source, i.e., an audi o source
external to the audi o playback device 104. As an exanple, the audio input
132 may be a femal e connector or line input jack of a standard size (e.g.,
3.5 Mmmin dianeter) into which the audio output line froman auxiliary
audi o source may be plugged. For outputting playback material, the audio

pl aybacistaBatione o1 0yibs 4 porsabindévieso i rineaxewplevihiehaudifepleybaslsrdsvice 104 is a

| oudspeakers 136 via an audi o signal output 138 and associ ated audi o out put
| i nes 1vhicldytpicoaldtem that islreastedtina fixed dspeakia ks a3 6pEatelopatéon idadchiole (e.g.,

pl ayback of stereo sound through left and right channels. An array of

| ouds pegdshsurd, H@ad@mMt, bensplepate.led for outputting sound within specific
frequency ranges (e.g., tweeters, mdrange speakers, woofers, subwoofers),
for propbgi ng i MetpraReh &xadbie irMRlSplaiikk REAYS diNEirSbf kAt SO sighdl -
The | oudspeakers 136 shown in FIG 1 are representative of all such

possi bl @841@%%% e l(f%s; Bigﬂgﬁﬁl igegmnic%?d e RobkaahLaiiid is&lr&?li'.:é.? &n §9§0 may

be any Vi ce-typrca ut at [east easily transportable b

- bl f tti i I ti .
uoct. SRR 19BN N O1B STeble, OB AT 0L P8 plPREy
R AR R KT N
L1 T, ShpTulAL nt) anel device capeble ol BLay| 19,215, oL L8 B

i nformati on" enconpasses any type of o .
material, the audio playback device 104 is in signal communication with one or more loudspeakers

136 via an audio signal output 138 and associated audio output lines 140. Typically, at least two
loudspeakers 136 are provided for playback of stereo sound through left and right channels. An
array of loudspeakers 136 may be provided for outputting sound within specific frequency ranges
(e.g., tweeters, midrange speakers, woofers, subwoofers), for providing front and rear channels, for
providing surround sound, etc. The loudspeakers 136 shown in FIG. 1 are representative of all such
possible loudspeaker configurations.

[029] The portable audio source 108 may be any device-typically handheld but at least easily
transportable by a user-capable of outputting audio information of any type as noted above. The
portable audio source 108 may, for example, be a handheld digital music player, CD player, or radio
that is normally coupled to headphones for playback of audio information. The portable audio
source 108 may be a multimedia or multi-functional device capable of playing one or more of these

types of audio information. In the present context, “audio information” encompasses any type of
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data or information fromwhich audio signals can be generated or processed
and outputted fromthe portable audio source 108. Thus, as exanples, audio
information may be audio files such as may be stored in an internal or
renmovabl e nmenory of the portable audio source 108, audio files such as may
be stored on renovabl e nedia driven by the portable audio source 108 (e.qg.,
a CD, DVD, cassette tape, or the like), or wirelessly broadcasted content
(e.g., viaradio, satellite, or the like) that is received and processed by
t he portabl e audi o source 108 over a channel selected by the user. In one
exanpl e, the portable audio source 108 is capable of storing audio files in
an internal or renovable nenory unit (not shown) and/or on renovabl e nedia,
and/ or daxei miarpatiordiremtwhidt dudtp sigmhilocanrifecgenereied o progessed ansl @rgutisd diachst s .
The portable audi o source 108 nay be further capable of allow ng the user
to sel egdrtablesiudiosdumadd® Thiusess examales taatlicanfoomatednanmebe awar filshiush as may be
receive wirel ess broadcasts of audio information, to be outputted as a

st r eam Qbre@uirPingdr@N al fenfodhblp hRMHIBRLES the pbilkebleisaslio Wuecch i@ fkiniies suchas may
docking to a | oudspeaker (e.g., such as may be provided as an accessory for

a specifd §oRf %HC}eIﬂBva%'leQﬂnEcﬁh dRV&] Gy ﬂlleeﬁb%ﬁle aﬁﬂlo\/sbﬁrc@llmﬁ (d.21 ¥ ODIBND, cassette
connection to another playback device (e.g., hone stereo or car stereo)

Non- | i :
DL TP R 5 b R e, Wl e A o) R

! f b dj
'I[\I;) Besl (r)nr'et ; Bfr%[ %@Ia%r ?ﬁjgﬁd% 8)?88%1% gu i§ sglgl.rcé ?0% 8?51'(:8,6%1%?1?61 sg'l%étg(gﬁ?/ Y]?F{ 4RHS In

avallable fron1Sa di sk Pod dels C|aII abl e f

Appl ¢( rgne SREPIC, 1y @Rﬂ%ﬁ%ﬁ@*g spurch. (ORSS o aar Bt Stgferiss T8 B gy or
satellite recelvers cellular telep hones with audj o f|Ie st.or age .and

proces sﬁeﬁﬁvﬁdﬁﬁtﬁ“}qw Bk (ﬂ(ﬁéhg‘éSWa#“dGFg]“t rgmoyahls &iedisy ang/ ?f[}”,&ﬁﬁ“’\ﬂgtai‘id RSB | e
storage and processing capabilities, etc. {30] The portabl e audi o source
108 f uraudéyr informiaticle§omnvizaless brosilepssl  Bha prutablemgdiowaineh | pgnap ae Aurfheneapgbleput
jack of standard size or some other type of electrical connector adapted to
i nt er f acfeallvimtilg shedest tecelax taestorall adéivi ftle, ofFarstagirarpplcbanneheverushioh duirgsgtve 150
may be configured to receive the plug of a set of headphones, allow ng the
user t owlrelags Brbeicpdtaybacko dformasel, ec beduputdedad d tecaml of duldiossignadanfol elaybduk
portabl e audio source 108 is also configured to be placed in signal

COMUNI ©ahk QBerMih meadpheﬁésewmad{ocain@ytb@ loudepeak® (elg.,Buch bhignagust proplday ha ek
device 104 in the present exanple) to enable a user to transnit anal og

audi 0 signaLs HERSEIAM Atk éfl"'rﬁﬁﬁeﬁlnﬁﬁgceﬂa@r%g} 3la zﬁﬂﬂiaﬂf ifn%:){ltecotnﬁe&]lﬁﬁ t&¥h@hdal

pl ayback device |nstead of to eadphones pendi ng on the type of portable

audi o S %@k 108 e gé‘gi eé Qrertlo Fst%PeY) beNBqﬁjlgHﬁrEﬁ‘?Sn%Fﬂ@ﬂéshﬁ ﬁ%ﬁ*oeﬁféélmclude

Elaébﬁ eV|ce Vi e au I 0 ou put y utilized f ]
I
por t abl X ﬂ%ﬁﬁsa%éﬁ Hod'® Bl 2 %ﬁ?%ﬁaﬁ GPer R R IR b ke

device 104 via a Si t hat woul de iLnterconnecti.n

o oct i ERINEGRATEROAT OF PR 918%%‘9? ﬁl? ée Vs [Peg §f Gortablpisic plavee
li ke) to the audio output 150 of the ortable audi o so rce 108 and th

audi 0 i (§FutSang® Hli‘)dﬁlﬁé"@'ﬂiﬁli%‘“bIa&%llﬁﬁlékfp%\$ﬁll‘€5k@34p"di®1“18 ?}%ﬁﬂ?r@iﬂ%f%ng%g{"i%n
for exanple, a portable music player be in signal comunication to the
auxi | i affgmi Aprie®oftcHhdiskeryare (sg stS@rlEo slianaafy Hlog%'ﬁ)eﬁ?/dlalqro%ﬁt%]gtetﬁéﬂ’}!@%r
to play audio files stored on the portable nusic player through the

vehi cl etedlult egleghosys tvemaudlp file starast andt precgseing abpabilitiedi perenmab digiialesssisdaii ce
112 is interconnected between the portable audio source 108 and the audio
pl aybacipideynid ak0i fllostsiagobid pracdskiyig cagabtitiestde qual ity of the audio
content played back through the | oudspeakers 136 of the audi o pl ayback
devi ce 104.
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[32] The portabl e audi o enhancenent device 112 general ly includes audio
signal processing circuitry (not shown), an audio signal input 154, and an
audi o signal output 156. The portabl e audi o enhancenent device 112 nay al so
i nclude a m crophone 166 for further audio quality enhancenent, as
described in nore detail bel ow. The m crophone 166 may be internal, or
integrated with the portabl e audi o enhancenent device 112, or may be
external and connectabl e to/di sconnectable fromthe portable audio
enhancenent device 112. The portabl e audi o enhancenent device 112 is placed
in signal comrunication with the portable audio source 108 by

i nterconnecting the audi o output 150 of the portable audio source 108 and

t he audid]i npuThelBdtabk authie sparct 408 furtherindudestiarmodivsignableypus & 50, pehigh magbe
suitabl e communication |ink 170. The portabl e audi o enhancenent device 112
i s pl acelind sutputded ofc@amitard sizd drosomwd dthert type afidiectripdlaypbaeckor didupted tol Buker faye

i nterconnecting the audi o output 156 of the portable audi o enhancenent

devi ce ylilita aditled Bedbidieice N eadpl@fihd firlicudbe 1BhaydyarkonBptir&tiokBkive the a
sui tabl e conmuni cation link 172. The audio inputs 132, 154 and the audio

out put ipll}gsgﬁa kP 8f E@Mﬂ]%eé,!aﬂgwjrﬁ%é ull tPheat ARG Badd 8 &e?ec&d:au@io@jl&'?ln ks

whi ch case the commuhi cation Iinks 170, 172 aré physical lines (i.

electr ie%%%@ééﬁ@%ﬁa%&%ﬂl%’au L s T (A S ﬁﬂgl.lxrﬁé to Bk %k)oecwiﬁ Eﬁgﬁf rcmﬂrﬂrﬁ.{n%aﬂfm

pl ugs a rrnterfacing wth standar Ine rnputs an i ne outputs.

N T o e R L G A D

(evi ce SHAe b e banans A s rErarnghe s 1 Gl SR B he
external playback device instead of to headphones. Depending on the type of portable audio source
108, the audio signals may be outputted to the external playback device via either the audio output
150 normally utilized for headphones or a data port 148,
[031] In a conventional implementation, the portable audio source 108 would be coupled
directly to the audio playback device 104 via a signal path that would include interconnecting an
electrical conductor of a desired length (e.g., wire, cord, cable, or the like) to the audio output 150
of the portable audio source 108 and the audio input 132 of the audio playback device 104, Ina
vehicle application, for example, a portable music player may be in signal communication to the
auxiliary input of the vehicle's stereo system, thereby allowing the user to play audio files stored on
the portable music player through the vehicle's stereo system. By contrast, the portable audio
enhancement device 112 is interconnected between the portable audio source 108 and the audio
playback device 104 to significantly improve the quality of the audio content played back through

the loudspeakers 136 of the audio playback device 104.
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portabl e audi o source 108 and the audi o pl ayback device 104. As exanpl es,

t he portabl e audi o enhancenent device 112 may be carried by the user in a
pocket of the user's clothing or in a carrying receptacle worn by the user,
or may be placed or nmounted at a nearby |ocation, or may be placed in a
tray of a vehicle's center console, nounted to a vehicle's visor, placed in
a vehicle's glove conpartnent, etc. [034] The audi o signal processing
circuitry of the portable audi o enhancenent device 112 generally includes
audi o signal enhancenment circuitry, which may be any type of circuitry
configured for perform ng an enhancenent (or adjustment, correction, etc.)
on the audio signals received fromthe portable audi o source 108 so as to
pr oducej0d2ihanc@&he pardible aidimeadsnéamenodépert 1 2ogeaaraly tirlndes addivistggmakprotessisgt he
audi o pl ayback device 104. As exanples, the enhancement may be a frequency
I eSpons@rc@ftRamet fRn), & ARG eighslSippMSE4¢ afbac apdiotsignanoutpyul Be  rlas pottside
enhancenent, a dynam c range enhancenent, conbinations of two or nore of

the forg@Ri Behandnde!devids 1abhgky taysRemcRile enhaaesHmet Kot Rt fulth@r aMe goang
qual ity as appreciated by persons skilled in the art. In sone

| npl ement.al 05 & m%s@f'}bgﬂ OnSth8RaketSh fﬂ,@f&gﬁ e 'The %IEH)ILIJ}I&I{E‘)/ 168 %dﬂ'd&,s internal, or

equal|zat|on cifcu an equal I zer, . The equal’i zer may be

AR R AT is%ra%aédd%oa%ﬁhagcén%n& 'dg%ceawed %fbé SR et

audi o st process Circ

I h d | enh f.
exampl &8 HR Borayt | énﬁf‘fﬁ{a@ s SHIE oRpaReoN- e, . T (o gﬁfﬁ%

si gnal processin CIrCUItré' incl ude dedi cate ﬁ@rCU|try Sonfl r&
i mpl enmesthangsEeRdevisgd 1A dgpigeed ’é‘r?égnaéﬁfﬁ‘é’ﬁ&i"ﬁﬂmp fhs portads g Sprge b
be anal og and/or digital. In addition to inplenentation by way of hardmare

or firmgresnagcting Retasdio quinut ¢ 59 efithe portahds/audigmioarrenO8 aod m; aslfilgnawut erthah®eng
functions by executing software instructions or algorithns stored in a
menory mftabkeugiorchbdncementdicvice h haniearmitibledeammanicatipnding 1@Raniilegortae audio
circuitry includes a digital signal processor (DSP).

enhancement device 112 is placed in signal communication with the audio playback device 104 by

interconnecting the audio output 156 of the portable audio enhancement device 112 and the audio
input 132 of the audio playback device 104 via a suitable communication link 172. The audio inputs
132, 154 and the audio outputs 150, 156 may be line jacks of a standard size (e.g., 3.5 mm) in which
case the communication links 170, 172 are physical lines (i.e., electrical conductors, conduits,
wires, cables, etc.) with terminals or plugs adapted for interfacing with standard line inputs and line
outputs. Alternatively, the audio inputs 132, 154 and the audio outputs 150, 156 may be part of
wireless transmission circuitry in which case the communication links 170, 172 are wireless links.

[033] The portable audio enhancement device 112 may be located anywhere in relation to the
portable audio source 108 and the audio playback device 104. As examples, the portable audio
enhancement device 112 may be carried by the user in a pocket of the user’s clothing or in a

carrying receptacle worn by the user, or may be placed or mounted at a nearby location, or may be
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[ 035] As an exanple of an inplenmentation, the audi o signal processing
circuitry of the portable audi o enhancenent device 112 is configured for

i npl enenting automatic equalization. In this inplenmentation, a user nmay
initiate an automatic equalization set-up routine by mani pulating a control
that activates the m crophone 166, and/or by connecting the m crophone 166
to the portabl e audi o enhancenent device 112 in the case of an external

m crophone 166. The user then operates the portable audio source 108 and

t he audi o pl ayback device 104 to play an audio file stored on the portable
audi o source 108 (or a wireless broadcast or other type of audio
informati on outputted by the portable audio source 108) via the

| ouds pesliersin B36Bay6f & lvehiakedicenisy sorsic] 6®un®drtd ngveplcigbeiskt, ptahed in € velprlone
166 (or the entire portable audi o enhancenent device 112 in the case of an
i nt egr agled donipaapleanecl66) may be | ocated near the user's ears such as by
nmounti ng the m crophone 166 at or near the user's head by any suitable

neans. (o842 Velrhé lagdidRdnial ptdceddingl Skcuithsba 'ﬂ{éeporfabﬁ glidio/ efihanderhé@leviseat! 2
passenger, or a rear seat passenger may "wear" the nicrophone 166 or nount

the mc { Qudlo | Q5A] TeRRantbhBN i ifiry SRhich mBY Bl BRE @ydeO of Rtuit
particd%ggggggpgﬁ ﬂ%?%g pI%%bé%k? andthf%h {’e m cr op oneﬁﬁééﬂﬁggnectgéyand
posi tione i . i-Qit g n Lo e : -

Fout i ne B RaiTEE pARhngtelfh, AR () MiRReRy B KRETORIAP g Slenitd
portabl e audi o enhanc nt .device 2. The m.crophone 166. recej.V,

sound bréf‘?%ﬂ%loﬁ?rﬁgl?et %(B%gﬁoar‘ﬁd{%sé’“giﬁ’d]ijog Sgﬁtt%mogu?eoﬁﬁgﬁcgg@&g 5 %’%isafﬁlcsjo% Mert s
the sound into sanple (or test) audio signals. The DSP gor ot her type. of
audi o exraxtrerEaYice such @p theypdigmiawpadsdavins 180dids Spuplsm Be PrSNPLReTf 8K bRae
(which may include both frequency and phase response) to determ ne whet her
def i ci ehgjuescyexiesionschainhaivemiect, be pbaseectspdnsebyenhaikementmeats uimpytsat sespdnsehe
sanpl e audi o signals provided by the m crophone 166. The DSP t hen

cal cul aindsn@meap pidopinhiatge ahhddcahémcomibinmionect tvoror mdré bf the foregning) assvll
then be stored in the nenory of the portable audi o enhancenent device 112.
The porisalph® tfpdiod e ARRRSEREREt He¥EREsobAR qiBYy BearpenidtgLi e fertdnsiskillied &t et 0
the user when the analysis has been conpleted, at which tine the user may
di sconngct Hhe, /1 GHRRARAGHHRE the AMNERAT LB &R RS8R AREIRARN EquARYAHRR
112 (in the case of an external nlcropﬁone 166). The user may then continue
nor mal i on _of | e oRe t = ITe T BALE=VA oF-Yor '
devi ce C%%Eﬁ%é{ﬂ?l ﬁg e\%%?%ﬁlptg |¥ tﬁﬁe%ﬁt hgﬂ%gsﬁ@g%%e% %Pﬂ%g&e h%rqctg?eent deellimc]e 112

i npl e@%ip%&%&%ﬁéﬁgﬁeﬁ%;?&% %Edi‘éhs‘?én%?}{ro%@s?inﬁ%%%&ﬂtr? %:Riuatﬁoeﬂc]fuﬁg glqrétﬂt?y for

| oudspe
implementing various other audio signal enhancing functions such as, for example, channel delay,
dynamic range compression, reverb, etc. The audio signal processing circuitry may include
dedicated circuitry configured to implement the various audio signal enhancing functions. Such
circuitry may be analog andfor digital. In addition to implementation by way of hardware or
firmware attributes, the circuitry may implement audio signal enhancing functions by executing

software instructions or algorithms stored in a memory of the portable audio enhancement device.

In one example, the circuitry includes a digital signal processor (DSP).
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1036] As an exanpl e of operating the audio system 100, a user places the
portabl e audi o enhancenent device 112 in signal comrunication with the
portabl e audi o source 108 and the audi o pl ayback device 104, and operates
t he portabl e audi o enhancenent device 112 to calibrate the audi o system
100, in the manner descri bed above. The user then operates the portable
audi o source 108 to select an audio file (or other type of audio
information) for playback by the audi o system 100. The portabl e audio
source 108 processes the selected audio file so as to transmt audio
signals representing the audio file to the portabl e audi o enhancenent
device 112 via the communication link 170. The portabl e audi o enhancenent
devi ce [03%] pr odessesxdnyde rdcai ingdlemendiatiors ithh abdioaggo direagsting chevioprafedei on
filter it previously generated during set-up to produce enhanced audi o

si gnal sporabid did@nsithicemeieleeithdnZ &ccoatidied Sorgnplesnenting eomeniti equplizayiba.c Kn
device 104 via the communication link 172. The audi o pl ayback device 104

processf ikpRni@ttiby afduenhan ¢adataufl htofia0b adlid@ionaeess Auyiné By nhpybdsk aand
out puts the enhanced audi o signals to the | oudspeakers 136 for conversion

to soundhniol tha/detifted P hidphdne!186) MR GIRBRELRRL ﬁ%tlm%g?mel 6895 tRYPopamedi 0

source 108 and the audi o playback device 104, the portable audio

enhanc ee[ﬁ%n)t ?n?ﬁ%{é etf {111&5%1 \@' 1I lb iy t(!ag'éjgf énoe)aprﬂélym fcg)g)hm6 PRy L&V y%rogéﬁ% ed

correction er 0 enhance the audi o Signals Ing transmtte m t he

portabl e audio source 108 to .the audi,o .playback vice 104... Howeve t

b hanceie At atnErbAEE R agiteh iR YERREHEEN A dediutmRite st I8
defeated b thg,user via a suitabl e user-input controlq.%p whi ch case %he
anal og RrgHsIdirioarRAPB g EeTekToRlFat s b (485108 eeiRiIBOaBHB R ks

t hrough the portabl e audi o enhancenment device 112 to the audi o pl ayback
devi ce thopofabiandio eren®8heathe Inpdsperkers 1361 hsgrudippaenddlo RHieRiamant
device 112 nmay be subsequently operated to generate a new correction
filter.thEaniciopbomndés (pmthe enging pbgaklp pludivaeilencementidevies dig instbe qaee gf ana
second driver of the vehicle, or a person occupying a different position in
t he vehheketedetrdcrppinmy HESi may the taatedr ndahehauderds emhancknenby twolnitmgotheher
ci rcunst ances. As anot her exanple, a user may utilize the portable audio
enhancefrpiphesy il 6@ alld2ndan IROMBES hE@nbvah} saitdbinBesiser @ atvehierehapptieatoay fot
output-to a room and subsequently utilize the portabl e audi o enhancenent
devi ce ihdgndeNhe ARVESH IO hi Ris@nYSNbiCd Rabit FRsdnQeraNBANGRrS O Melcdbhdiét1660
the vehicle's interior. As another exanple, a user may utilize the portable

audi o %}hﬁ&ﬁﬁ%@&gﬁgyﬂ&% 136352toia.nlo%’(%eﬁﬁthﬁ’hr‘tthEﬁcQr}j’roﬁ’iﬁmecioethﬁﬂﬂaﬁi&ﬁﬂ user.

utilize the port audi o enhancenent device 112 in connectionh with a

diff . ' _ ) _ :

audi o SATAORERER. pati i 4 SRR R RRREA IR pchitfnPls ESirkd ol ey 1S,
[ ) f. t abl ' 108 . and ' | ayback ices, 104,

and i Bl ERaR R T GRngerer o6 yege B runorsdinan Lty Rt il il

enetits

to the user of the portable audio,enp%pceﬂynt,de%ice % 2. The portabl e.
audi o EPhRERORBRE aydip; ¢bancement device 112. e microphone 166 receives the sound being

outputted from the audio system's loudspeakers 136 and converts the sound into sample (or test)
audio signals. The DSP (or other type of audio enhancement circuitry) analyzes the audio system's
impulse response (which may include both frequency and phase response) to determine whether
deficiencies exist that should be corrected, by making measurements of the sample audio signals

provided by the microphone 166. The DSP then calculates an appropriate calibration or cotrection
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112 is a plug-and-play solution that does not require any hardware or
software related nodifications to either the portable audi o source 108 or

t he audi o pl ayback device 104. Moreover, by being intercoupled between the
portabl e audi o source 108 and the audi o pl ayback device 104, as opposed to
wi thin the audi o signal processing path of the audi o playback device 104,
the portabl e audi o enhancenent device 112 is able to inprove the quality of
the listening experience by equalizing the audio signal based on an

anal ysis of the deficiencies of not only the audi o pl ayback device 104 but
al so the entire audio system 100, i.e., based on neasurenents of the sounds
actual ly being outputted through the | oudspeakers 136 and propagated to the
posi t i onteofwhiblemag ¢hrends storedeimuhd mefotynd tixepdrableeand® aphatchmesuidivioe Yt diee 100
as a whol e. Depending on the severity of the original deficiencies of the
audi o syehblealdio cahshcomedthigvice $12man @e eonfiguesn®dnidiae ®. the (QOMho# tI@ analysis
bui l ding, vehicle interior, etc.), the result nay be a dranmatic i nprovenent

in frecienesh SNBSSt WHLHSEBE 8R UsbPabP discdih38 tht Gicrdpliche a 6B IREKiHdIiRAERM Of
anot her exanpl e of an inplenentation of an audi o system 200. El enments of

the audigiSyabath@R0dddiat 118f & %ﬂa%la§@aparpéxta5gi IIE?J&)ﬁh%né hese Ghe LhG AMAHR

system 100 described above and illustrated in 1 are ‘desi gnat ed by ?he
the. exarny BerorRHERb gty RFuk 4Bkt P a5HE Bhisd ol dny (1€ rul® A SREA SRl "
S ots FORTE oSirh §7Gae ohueRB A oo RneBE AR ol T GPH o BeRy b€ 5985 8h B
of uservitheru e BBl AeRUBP RN HE MUBITIEE  cont ol or ad) st
vari ous ?aranete;s and functions of the audio playback device 104. In this
exanpl d03@lhe afidliap Praplsaeikorfsiingeths Gudioneisigared0Gm ssrliRacss dheportablueudig?
that may be | ocated
enhancement device 112 in signal communication with the portable audio source 108 and the audio
playback device 104, and operates the portable audio enhancement device 112 to calibrate the audio
system 100, in the manner described above. The user then operates the portable audio source 108
to select an audio file (or other type of audio information) for playback by the audio system 100.
The portable audio source 108 processes the selected audio file so as to transmit audio signals
representing the audio file to the portable audio enhancement device 112 via the communication
link 170.  The portable audio enhancement device 112 processes the received audio signals
according to the correction filter it previously generated during set-up to produce enhanced audio
signals, and transmits the enhanced audio signals to the audio playback device 104 via the
communication link 172. The audio playback device 104 processes the received enhanced audio

signals as necessary for playback and outputs the enhanced audio signals to the loudspeakers 136

for conversion to sound.
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directly on or near the front panel 220. The audio input 232 may, for
exanpl e, be a femal e connector or line input jack of a standard size (e.g.,
3.5 mmdianeter) into which the audio output line (i.e. conmunication |ink
172) froman auxiliary audi o source may be plugged. In the case of a

vehi cl e application, the audio input 232 may alternatively be |ocated

el sewhere such as on a center console of the vehicle, or in a glove
conpartnment of the vehicle, etc. [40] Also in the exanple of FIG 2, the
portabl e audi o source 108 includes a display 244 (e.g., LCD) and a user

i nput mechani sm 246. The user input nechani sm 246 may include one or nore
el ements or controls such as an enter or select button for selecting
command®38nd/ oAs dordi s ftiik éstercomnertadibetveteatthe pertatdaredibisoerce 148 iaod she endio)
depicted on the display 244, arrow buttons for navigating through

sel ect ghhwaciosraadRaa@/ witaBlediudiof dnhametiep @ivee 100 witiecodiimpl taypPg4he sanehunb
wheel for scrolling through itens on the display 244, an al phanuneric

keypad, ,8§iGuslyT arl$ %ﬂé@ﬁ}z{n lthd doZBhddee 1l sllodgréfdbeittrdniMitted €ront the Wortable
nechanlsn124 in a known manner to find and select audio files stored by

or ot t f re@es i
Sour ce s ¥BRR R Bl udiBcRERY SR OACTIRA R i\ EHHARHH RnBid oF the

lectr I terf f
o oSSR SR TR RS B L s,
ft dat h di,o fil th
L B el Ao BRI G O
bat t t [41] A th I f FI bl di
e STy A TR s ot 5 42 Mk

output indicators 260 (and/or a display), and a_ power adapter 262 The

por t abl eaahansdingnte Mtieraevetxthe P@l‘éﬂh‘%@dlol@hﬁwm&ms@Vi%clll%éf@}’é’erﬁ"&%‘ﬁﬂﬁ‘ﬂﬁ arsrals et
264 for connection with an associated m crophone 166 for further audio

qual i t ytoexchane amemt cascdes fitthedor alsues, it a vehick aprhepsion, a diferepbiser (agapt er
262 is a standard barrel -type adapter configured to be plugged into an

auxi | i ageyorploverer 00tHeeteh{adgtor shparson afupyive hidiff@ctthatsitios infthe nehide attedmen
the center console of the vehicle. Alternatively, the power adapter 262 nay

be an Afesedanh@dr tsonldigetiancdnnb® H4 siggedirdumstmcout hetan@heraxbuplegd ogr i@y g. |
a 120-V residential service line). As another alternative, the portable

audi o enfIBPGRIBSMHabIeMIES eliddcdRoht Ia6iks @2 an LERIBGEARII® DhorhesRADLIBaAhace
battery and thus not require the power adapter 262.
sound output to a room, and subsequently utilize the portable audio enhancement device 112 in
connection with a vehicle stereo to enhance sound output to the vehicle's interior. As another
example, a user may utilize the portable audio enhancement device 12 in connection with one
vehicle and then utilize the portable audio enhancement device 112 in connection with a different
\.fehicle.
[038] It thus may be seen that the portability of the audio enhancement device 112, and the
ease with which it may be coupled to various types of portable audio sources 108 and audio

playback devices 104, and in either mobile or other types of environments, provide many benefits to

the user of the portable audio enhancement device 112. The portable audio enhancement device
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10421FI G 2 al so shows anot her exanple of an inplenmentation in which the
portabl e audi o enhancenent device 112 is configured for accommbdati ng the
addition of one or nore auxiliary or additional |oudspeakers to the

exi sting arrangenent of the audi o playback device 104 and rel ated system
An auxiliary or additional |oudspeaker nmay be one that is added to the

exi sting systemfor the purpose of adding or accentuating a frequency
response (e.g., an additional tweeter, m drange speaker, woofer or
subwoofer, etc.) or for adding a channel, dinension or stage to the
acoustic output (e.g., a center channel, a rear channel, a surround-sound
channel, etc.), or for playing back only cellular tel ephone voice and data
si gnal si120is afptug-sldaptayngplitioe thattdpes nab fequire apphdrdivhre oasofitware ndlatad modificatiesi ce
112 with an anot her playback device in addition to the illustrated audio
pl aybacte sent e pddbianadipodcua! Weasrdhe asdiurdeybifl8déwcegl (4. a Momovdrphy being
portable radio or CD player, additional stereo system etc.). In sone

exanpl egerddipleddlivideR B! portabRUsiiol Bhidte 1081 dSPBRkAioiptayBaEk ddvade 108, as opposed
sel f-powered and hence does not depend on the illustrated audi o pl ayback

devi ce t{g%itlili}l%h@%%cﬁ@tsigﬂ@laﬁx{agesgﬂﬁ%aﬂpr ﬂl%eﬁdfooplgfoéﬁf? meget 664 Qe AR dh@o

pl ayback devi ce such ‘cases, the portable audi o enhancenent

a por 1 SRR T2 B R P IS HRE L ERUKRRAY cpLAle 60!

| oudspeaker .. an . exanple,. a.’'portion” of.the enhanced di p si.gn y
be si gn# %éﬁ et Péﬁﬂgﬁwélf Pgﬂgrﬁre%}flg?jm?so(’f of %‘%glbef %Lfd?%ﬁﬁg%ac[gge Igee%sﬂ;}%l{qgm
t he signal divider network in this case may be a_high and | o ass filter
net wor kalsoide spfde padio sxsiemp | BY: 1en based pnymesauecgenis Hét@%ﬂgﬁéé&u ‘F%“%?L@Meg
may be voice data transmtted to an additional |oudspeaker dedicated for
pl aybactkraeht the dpbrspsakesnt Enend grepagated 3p the rRosEioBxefnidleeusshdm irgpult) @& thy
the additional or auxiliary |oudspeaker is a subwoofer 276 that has been
added tperfonmarmgdifoths yetdiensyi@m | Thes suvhwlof eDpdlimpyn thesewxitnpf the @éging
aftermar ket product that is installed in the trunk or rear passenger area
of a veddfeleacied of flRciudid atseem M8 ahd/at ihenlidwnie eomsument, (etgherosumbwon beitdi®y, 6
may be a wirel ess device so as to avoid the need for accommpdating a
physi calehaidlinderfr G@), thd RulBRAYHRUSIHEmYLIE eprodeneant sufitqlzhey visp@lseasd stereo
receiver, e.g., an antenna 278 and associ ated radi o frequency (RF)
circui tfye280 as in the illustrated exanple. The portable audio enhancement
devi ce 11§ may simlarly include a suitable wireless transmtter, e.g., an
ant enn as [ ] [ ' j ; SS
filter a[r?gt r kfr n'o?%sgﬁg%&b rgﬁtc?ﬁaéc’t(}:]% |aglgr$§(t)-1?aor§i',lﬂ}%l %ﬁ%n?artgaggr?g?q((hg Egé\koagf er
range) di @,si gnal nh ] i 12
?dr'ban rlﬁn%e?ngs d‘)fts%g f'ﬂrl_lcgg (rggsg% 2%09 Qﬁat ROL {h@ Lu%e al gl*rrﬁlg?'f@%&? BERE agﬁg sG8ert

may be Situat'ed subwoo via a W refess
comruni cation.link 282 t abl i she tween .t h irel ess transmtter and.the
CoTol os ) editrarbo s md R SRt Pebch AR uibiied b e EB kAL bR iraflitg.
the illustrative subwoofer 276 may be added to E%e ﬁugéﬁ Séftenl%%%wyﬁthout
needi ngthelp detsaiptign will peike wepsriet pten sIn B exampla of K4 ¢ 2.4062018IPH)] E&Gi ce
104, and such additional |oudspeakers may be accounted for by the audio
enhanceHi¥drinasioriyds o mapy it gaee! by chwéatséﬂéaﬁﬁhé TrntpancbtdiaReepiaMide 9B/ P1dBOIE1 2,

slots for loading various media into respective media drives 216, one or more displays 224 for
presenting information to the user, and a plurality of user input elements 228 for enabling the user
to control or adjust various parameters and functions of the audio playback device 104. In this

example, the audio playback device 104 includes an audio signal input 232 that may be located
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[44] FIG 3 is a block diagram of another exanple of an inplenentation of
an audi o system 300. Elenents of the audio system 300 that are the sane or
simlar to those of the audio systens described above and illustrated in
FIGS. 1 and 2 are designated by the sanme reference nunerals and their
description will not be repeated here. In the exanple of FIG 3, an audio
i nput 332 to which the signal comrunication with the portable audio
enhancenent device 112 is made is not factory-provided as an auxiliary

i nput jack or other conponent on the front panel 220. In this case, the
audi o input 332 is provided by an auxiliary adapter 384, which may be an
af t ermar ket product purchased separately fromand subsequently installed in
t he vehlickdy ofihe maadithe fropupanald2it. er TB84udiayinfpe 3Pavad fonesingriglbe a female
comuni cation with the audi o playback device 104 via an signal path 386
coupl ectohnector apipedpput fFck of annedind Giveign 3. Dinnt Hiematetli intophtaytb e kauddugit
104, according to an installation procedure that may depend on the

par ti culmr(i.eedeim@icatibe list €720 fRhAMDASKIAE WS sdidde mdPBe Al Egéa | HAYE cadapher

384 may be located in any suitable position relative to the audi o playback

devi ce vﬂe%eagbgﬂ.wﬁmp@letaaabqnw%@ R DRGHATRY b@'%‘éht@@ eﬂsé@her ) AR CleBrer

application or exanple, the audi o’ input adapter 3 nDunted under

the dashBO diak 08 Y ICOTRALLITON or B Cen RIS FIG 415 a bl ock

di agram o er exanp enen atron an audio systen1400.

El ement f the, audi are the amam a tot f
the audt¥lsystahe dlk PfY i ahota: %la% o ofguf FulBeropie Aeherfles Spiaflay 342
desi gnat ed t he sane reference nuneraLs and their descrl tlon wi |l not be
r epeat d&Sh&f &) A7 & T WRUNPPAaREmEAYS,  Ahe pics IRYF Mmephadisal gt oman iehds R or
device 112 is configured for use in conjunction wth portable audi o sources
408 t haRoraElaiepls of GmHglssuphaept seler aerlech buttom s fseleptingoeappnandd andonpeian

el ectrical current that may be utilized for powering external devices. The
por t ablfdesa(mi @dionHanaemsaicllitte tridens] 2R.)i depidied opabe disptdyudels aarosho biatitong for
interface 454 configured for connecting to the conplenentary interface 450
of t he mpuightird thraugdii solesbiccendBBids Thd/ougindit Hils depiegideoncthankplidyolid, thkumb
portabl e audi o enhancenent device 112 receives audio signals fromthe

por t ablvehealufdi 6cr6 Dinp cierod@Bitandoraihe QlighlavBi4p emeiphddugidrit keydt &er YTiRrusbamber y
recharging circuit of the portable audio source 408. This configuration

el i m nagiase tHeedingad2406nd IR REVBHUAHRBBFsn? 646 $NEWRoWA S toZﬁﬁm%stel@E]e

exanpl e of this type of portable audio source 408 is an |Pod(r) nedia

pl ayer agﬁlolfﬁgbogl@{eﬁ)by%} Eﬂh@ief}'ﬂ@s Bi!eéﬂd?c?gﬁ&m{iﬁﬁﬁ E?Acl&:%e@ﬁ l!h@%(gﬁagfé 95%@@!%@4 r).

As also 1llustrated he audi o pl ayback dev

speci fiigal Ly 68 ﬁﬁﬂzabemg oalrcr;ﬁ%&h%}g et Tl PRl pOE 2 t%cﬁugt Pusoyige

408 an orrgina a st far Cd6ek

432. In t dip output of, Lhe portabl e audi ha t
22, Ui %reir%%???lngﬂwé e farirs Bt 8 591?1%%%?&03”3%5&%%5%% bl y

connectlng 8 t he do%F terface 432 of the audlo pl ayback deyice 104.
dowhloading audio files or so tware updates from the computer, uploa ing audio files to the

computer, transmitting other types of data and user commands, charging an internal battery, etc.

[041] Also in the example of FIG. 2, the portable audio enhancement device 112 is shown as
including user input controls 258, output indicators 260 (and/or a display), and a power adapter 262,
The portable audio enhancement device 112 may also include a microphone input 264 for

connection with an associated microphone 166 for further audio quality enhancement as described
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[046]FIG 5 is a block diagram of another exanple of an inplenentation of
an audi o system 500. Elenents of the audio system 500 that are the sane or
simlar to those of the audio systens described above and illustrated in
FIGS. 1-4 are designated by the sane reference nunerals and their
description will not be repeated here. In the exanple of FIG 5, the
portabl e audi o enhancenent device 112 is configured for use in conjunction
wi th portable audio sources 408 that utilize a single interface 450 for
transferring both data and an electrical current that may be utilized for
poweri ng external devices. The portabl e audi o enhancenent device 112 in
this case includes a docking interface (or docking adapter) 552 configured
for corabeed.i rig thie ekdreple.ohplpewerddapter 26 erd stewland barcefi-tpecadppien eonfigurgd de be
source 408. Through this single connection, the portable audi o enhancenent
devi ce pligbed émeiaviesxiidti povedr@naéisnbr iwhhef poehialltbatas diten woated en 4@8ccated

al so draws power fromthe battery or battery recharging circuit of the

por t abl @naebPths AhRR. 4B%erndGvdly) th)SodTRIdasENL6Rt ebé hil NSt ddapredcintighietto 4,
this configuration elimnates the need for the power adapter 262 shown in

FI GS. - L Bt 4 Blid: i ol 1QBrvide S). T AL 8Rbthe aftkBativh,
t he auﬁrﬂﬂﬂﬁéggﬁ%ﬁ&gE%?E%g%g%ﬁﬁgggétﬁ@aggﬁﬁ%ggﬁﬁevg%nfi%ured for docking to
this ty 0 I i e el i,pped
wth o OF PasRe AR it BONEE SRRy SRR Rp BB e R L ey e
iIIustrﬁted in Flg% 5 thf goagﬁng interface 552 is configured as an

adapt erEHQ reMLE EPOReh 89PEE P8 audi o enhancenent device 112 having an
audi o i nput 154 and audj o output 156 as _shawn in FI.GS. 1-3.to be at.i bl'y
utilizd8¥n cohfmctlsoahaws Hickhep SxapF ©f #0dMpleiden Joa il Enauriin beies

4. For this purpose, in the present exanple the docking interface 552 may

i ncl udesnhaneamentcdsiisedtl 8ris eansigtied ferprccompionag e afdtiobplng ¢ Sifieereharysh of
t he portabl e audi o source 408 and a femal e connector for docking to the

mal e caddgonariondspedkersdiocke ryisiing ardngement3d the endiel ethyhokideyice lﬁg @né related

pl ayback device 104. The docking interface 552 may further include an audio
out put dyktain. My abeiliplyacedditiond ilgriapeakemaynbeate tbat inkdded ththezuitiog syspat o154
of the portabl e audi o enhancenent device 112 via a communi cation |ink 570,
and an @dguPotdPtiddiniadr aesntheinplaaapichdy ®bgned (£nManindditidnabiweatet,hmidhenge
audi o output 156 of the portable audi o enhancenent device 112 via a

communi GatileP Nybd Ko didbwoYer Q:b.z of OB b2 h icAfhne Uinenssdrgfiadtsed ooty facoumit he
portabl e audi o source 408 to the portable audi o enhancenent device 112 via

the docki i nt . 5 P 5700 .
e Ocﬁgﬂr}g l(%g.f Frcgﬁtglec}ﬁlﬁgﬁ?g Qe ok Qﬁalﬁgmﬂhﬁ‘;ﬂd Qunl ichnnel’ Qic.)2Bd 1R ?g@{]@%o : hlé

audi o si ow fromthe portabl e audi o enhancenent device 1 _

wus o B Basladg Ry A SOOIl ARl B Rl o 1, SRR,

o0 e BRRoPTokd TR SRR HbPE AR SrHoR, MIASHISER, A RS s

'l enepq;y%gél?cri]ev?ge foqeang%%hQ}?IL guc?ig %Ién?rce 108 (e.g., a boom box, portable radio or CD player,
additional stereo system, etc.). In some examples, the additional or auxiliary loudspeaker is one
that is self-powered and hence does not depend on the illustrated audio playback device for its
operation and does not need to be connected to the audio playback device 104. In all such cases,

the portable audio enhancement device 112 may include a signal divider network that routes all or

at least a portion of the enhanced audio signals to the additional or auxiliary loudspeaker. As an
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enhancenent device 112 that may be utilized in an audi o system such as
illustrated in FIGS. 1-5. The portabl e audi o enhancenent device 112

i ncl udes a housing 602 that may be sized to be handhel d or pocket-sized. A
line input 154, l|ine output 156, m crophone input 164, and power adapter
262 as described above are nmounted at the housing. In other inplenentations
in which the portabl e audi o enhancenent device 112 draws power fromthe
portabl e audi o source 408, the power adapter 262 is not provided and

i nstead a dock connector 454 or other adapter (FIG 4 or 5) configured to
receive both audio signals (thus serving as the line input) and DC power
current is provided. The portabl e audi o enhancenent device 112 may i ncl ude
vari ousexasple, & fyputiord| of tfeerdnbarered ewdiv sighals mlap bt kignalk b{ikbtw fitqednaysmphigted &0 arode
switch 606 enables the user to toggle the node of operation of the portable
audi 0 efbabéRNEdded Getieaestdrh2thoaigneledivider seeiverltfifi thid dese (nidyebe a high and low pass
nmeasur enent/ anal ysi s node) and a "run" node (the normal node after a

cor r ectR nbiwoher AamoMeesapne il 9drRRd of e khifi¥ed Aldid SPALIMAY BE V6169 datd he
node switch 606 is illustratéd as being a sliding switch but a push button

or any tPag%&teHlf&ﬁqe@Jdéﬁe(ﬁﬁg{ @Biééﬁteélépd&ﬂéatt&irfopﬁl(y%k B {eldnR&ifl: cofefietRat switch

610 nay be provi the formof a push button) that "enables the

0T o ToMH90L 1ol BE LASIR hS PR S IRAGATEND I B B b BERERT, RMAGHE Ve

or "go' ate | he correction fi

inactive or "defeat" state in which the coprection fig er is _not

| ol emeodaeAt erb el 18 il STt AP eal s SpPHET gob Tl BraGanBes Brpte

108 arefgassed t hrough t he portabl e aydi o enhancenent d Viéﬁ 112£t Hhe

audi o HIRYBEER MeHict Bt anrled 1 25 WREhYUETURIEEE: AL Phe eHanchm Rl

processing. [048] One or nore controls may be provided to enable the user to

adj ust iperHagion by arcanswmest sthe subvine fe 278 meaychbeaireless depise $0 ¢b oy o dothe nprel fotine

t hose paraneters according to the user's preferences. )
accommodating a physical audio signal line and thus may include a suitable wireless receiver, e.g.,
an antenna 278 and associated radio frequency (RF) circuitry 280 as in the illustrated -example.
The portable audio enhancement device 112 may similarly include a suitable wireless transmitter,
e.g., an antenna and associated RF circuitry, and also a suitable high and low pass filter network
(not shown). By this configuration, low-frequency (subwoofer range) audio signals enhanced by
the portable audio enhancement device 112 may be transmitted to the remotely situated subwoofer
276 via a wireless communication link 282 established between the wireless transmitter and the
wireless receiver. By this configuration, additional loudspeakers such as the illustrative subwoofer
276 may be added to the audio system 100 without needing to modify or make connections to the
in-built audio playback device 104, and such additional loudspeakers may be accounted for by the
audio enhancement solution provided by the portable audio enhancement device 112.

[044] FIG. 3 is a block diagram of another example of an implementation of an audio system

300. Elements of the audio system 300 that are the same or similar to those of the audio systems
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As an exanple, one or nore frequency-adjusting controls may be provided. In
the illustrated exanple, a treble |level control 614 allows the user to
make hi gh-frequency adjustnents to tailor the treble response, a bass |evel
control 618 allows the user to make | owfrequency adjustnents to tailor the
bass response, and an inpact control 622 allows the user to change the
character of the bass response by addi ng or accentuating sone

hi gher-frequency bass characteristics to the audio signals. Qher frequency
ranges (e.g., mdrange, sub-base) may al so be controlled in a |like manner
(not shown). In the illustrated exanple, these frequency-adjusting controls
are inplrenented as three-position controls to allow the use of sinple

push- butes@ibed abdveaing illvatreted imFiG& | 1yand Rheee desempaed by tedjamstrefetpneomtmatls angy

be configured to enable a greater nunber of increnental adjustnents, i.e.
finer tdei BecriptionRilcivt Gaseckize heent nohs examypibef PiCGovdi dedudia irtplae 33 Domwinith
rot at abl e knobs or the like. Additionally in the illustrated exanple, an

" i mage" s WiehAtofRfunictifs Qvthdgd pbhale ARiRbEaSnédRRAtSSicd DICIgmiddelis ndehdery-
phase correction is applied by the portable audi o enhancenent device 112.

This f i . ) . : devi ;
e af SPEELE BB MR R0 SORRopAEL0 BLISNSTSIR 08 843 00
matrix a {?Lﬁ]%gtg?ﬁ)%nq‘oelﬁgg %glsa;rllgag%cﬁté}%g ap tepOJSQy(fvﬁq}chPrjn%l);e PQ fan hﬁarﬁétr])rodlyf" S

type of ocessing an as€e between t and rig channel s

L. oarhRRC Py BENor R g UL G Ry s ok compar s SHF MbRYEse
7 whi GBS Blotgn SR S0 G i 14 Rk 64 OF Sty il P i

off, the phase correction function. Alternatjvely or additiaonally, other
cont r ol eoupked thernprnpudpdiets eanneciion| roinidpiutie it BiRYRRck eteviss rldte pesoEding tq AR
enhanced audi o signals such as, for exanple, inpulse response, dynamc
range ensalhtienmemocedureieat ipayedapend ofi 48] paTtienlgsonacebbethardid Mathask eeraen 104.
device 112 may further include various output indicators to provide

i nf or netlieodudicoinpixeadagter 384 may be lachled St nay sdtablepopition relithedo tegdaudiDslagBOk
marked "1," "2" and "3" and a green LED 634 narked "Done" are |ocated under
t he | abh@lvice Galiiahd Bei foRable aGdib @ARdHcement Revicg12.hen sethivle applidaiing, fot danmp
LEDs 630 indicate the progress of the analysis being perfornmed and the
green LED, QR4 iplridaplef53ENbs RBuABA LNl thehRShHBB@NINGREPIOE Espdridiat, etc.
inform ng the user that the mcrophone 166 (FIG 1) may be di sconnected and

the pO;@?ﬁ' e apgﬁk g; %g@ﬁ@g&g&%ﬁ%\%&%ﬂé&?@ SeRdhpleenDRHRY af REiS k)M

Sets 6 642, EDs are located next to the respective treble,
bass | eyel d i t cont w022 t o indi e RSk QBSmE O
whi ch t‘@s eﬁgegﬁpggqﬁh%%l{%o eSteG:?ln gae(ﬁha%g ﬂlj_eE%?chgcfllﬂr%gArrck\tgg%'s% nternal " 5gndm
"external " are | ocat next to [ e.control, 626 to indicat
phase C%P?ré’@f'iagﬂ"‘i gﬂcgﬂku?%e%f“ FL@%‘;'%% ﬁsfgél?tﬁgtblyv@? yom r%?rgﬁ%aﬁur}sﬁ\%@% %gé an
LCD may be provided to display such infaormation t@ tgg(gsgg. | t mﬁil @%so
be undebeif ssecTiptiar Wikl nejube gensated Jasss- i pubE FABPUPHELY faPDHBOTHS A as
necessary for facilitating the operation of the portabl e audio enhangenent
devi ce enhgncement device 112 is configured for use in conjunction with portable audio sources 40 that
utilize a single interface 450 for transferring both data and an electrical current that may be utilized
for powering external devices. The portable audio enhancement device 112 in this case includes a

docking interface 454 configured for connecting to the complementary interface 450 of the portable

audio source 408. Through this single connection, the portable audio enhancement device 112
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[50] FIG 7 is a block diagram of an exanple of an inplenentation of the
portabl e audi o enhancenent device 112, in which functional blocks are
intended to represent structures (e.g., circuitries, nechanisns, hardware,
firmvare, software stored in nenory, etc.) that nay be provided by the
portabl e audi o enhancenment device 112. It will be understood that the

various functional blocks and electrical signal |ines have been arbitrarily
| ocated for purposes of illustration and sinplicity, and hence their
relative positions as illustrated in FIG 7 are not limting in any manner.

Persons skilled in the art will appreciate that, in practice, the functions
of the portable audio enhancenent device 112 nay be inplenented in a w de
vari et yreofiveseapdicegighatsofrom €eawstablic laydipourse 4e% ast alsradraes powversim dheduttpy | G
7 and described bel ow. 1051] The portabl e audi o enhancenent device 112 may
gener al bagtetynetiwdgingriraliest the porcabtomitdicosduere 4082, This panviiurasiop lisninad4 thomedor
nore nmenories 706, a user input mechani sm 758, output indicators or a

di spl ayfof @ pderad@htor 36200@hni iRIUIGS754nd 3N QudieQarfiplg RaEkhio tipp W poiGhle andioa

m cr ophone 7%6. The el ectronic controller 702 of the portable audio

enhanceginl. ARV GR 1hdd TRMiDSa P Yr TPHhOR! RERHSEE -deRies dofinbitlly X aitadR frgHr ed
for controlling and coordinati'ng the various functions provided by the

por t abl Eg@g@! 0 s@%&cgfa@g&?(ggy)ﬁg. 31%he a%rqi? rcm;%gbga( ea\;is@p b4 hﬁ{@ggg&@ﬁéaﬂya

digital gnal processin nit, ap on specific i ted

[ it Sl Q) . ot her. lication;: ifi [ RYT .
iR oRRRLIB S R JRRE o8’ LG Ak Bl RARRY WSy,
702 1 or CRHRPHRUT BOA SosR AN 9 Sof InHEBAE decyr SHAAT U et Ay

above, and for storing the correction filter, generated as, descyi bed ahove.
The usenhpifsmenielerani I m8p heagoniigeredgas ailﬁylrug%ﬁf? g8 ?Pélﬁigb@fia{oéocwa’flm
user, exanples of which are described above in conjunction with FIG 6. The
out put ¢amdeatimede thezeokinmintirfrct ddokthepedip alaybackghvice 4t i ng di odes (LEDs),
or other types of output elenent serving to provide information to the
user, epd6pl es FuF. whi xchlock diagrescafidnetienboveld of @omjplenetnitaionwiftah apdiGsygemThe
power supply 704 represents a power regulating circuit and may interface
with a foveElaskap @ thd 62dic eytdng J0@ chat arei the tamidot simdaf tackoseiof theaawsliv $yatehs
power supply as described above in conjunction with FIG 2. Alternatively,

t he poriablidaitdv® 28N NARGSAR M FOSYI L8 ald dedi@idachyatia phad réferentld awhagispmder

fromthe battery or battery recharging circuit of the portable audi o source

408 (Fl feir 44eQbription Wil WHi 60 ER3&dt Ri8e AUINOHNBUpIO 4t HGE BE tROHbAKYIE sakdi O
enhancement device 112 is configured for use in conjunction with portable audio sources 408 that
utilize a single interface 450 for transferring both data and an electrical current that may be utilized
for powering external devices. The portable audio enhancement device 112 in this case includes a
docking interface (or docking adapter) 552 configured for connecting to the complementary
interface 450 of the portable audio source 408. Through this single connection, the portable audio
enhancement device 112 receives audio signals from the portable audio source 408 and also draws

power from the battery or battery recharging circuit of the portable audio source 408. As in the

implementation illustrated in FIG. 4, this configuration eliminates the need for the power adapter
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enhancenment device 112 is also utilized to receive such power as described
above in conjunction with FIG 4 or 5. As a further alternative, the power
supply 704 may include an internal battery. [052] The portable audio
enhancenent device 112 is al so shown as including a coder-decoder (CODEC)
710 controlled by the DSP for perform ng encodi ng, decoding,

anal og-to-digital (A/D) conversion and digital-to-analog (D) A) conversion
of signals as needed. Cenerally, the CODEC 710 nay be a device or software
(either external or part of the electronic controller 702) capable of
encodi ng and/or decoding a digital data streamor signal. For exanple, the
CODEC 710 may convert anal og audi o signals received fromthe audi o input
754 i nt Y2shgwinaih HG§nalesd Bor Adselsémbariente mpesesiting iystraed iDdPG7 d2the gndionay
convert the digital enhanced audio signals outputted by the DSP 702 into
anal og plaghaok slegical 94 froay beitspacificatly tchefigquel dorodrcging 856is ©pe iofgottitde siedioup
routine described above, the CODEC 710 nmay convert anal og audi o signals
sanpl edsdoycet408 afil GHRRRGR of@hal i bQuippedi Wit a singhabsckiny inkrfaty/4i2s Hywehe, iDSP
702 in the course of generating the correction filter according to which

audi o sipg ”ﬁbﬁn@ﬁﬁu&]@llﬁl‘é‘uﬂé&&eﬂ%ﬁ@ in8 dBEl@ﬁ@E]ﬁ&ﬂf&@ sk9lis EJnBRHRH 2§ b Bddpterithe
audi o pl ayback device 104 (F 1). I'n sone inplenentati 6ns as descri bed

above éﬂﬁle?gfp})ﬁ%l‘é a%g'eﬁh{ﬁ@%%ﬁ%gﬁ@ 1PEKLGR ha%ce%u pEPHJ‘ﬁ{d éu'aﬁrl &Lﬂﬁutai si gh

and | ow pass ter networ so that en dio signal s of

S.el ect ed sﬁ-] uele lag%gb&}(con%%ahbl u\{vhzéde%%% %ct%ng&}ﬁﬁ ?a:)ar i g 8%&5890%3%(14(}8

V\A reI GS% SmM SS1 on an auxi peake

bor Labl & o%ﬁﬁ%%ﬁée% S L gezfa%%qt&aéo%fa?mtq?#g?%@%mcﬂﬁea

enhancenent-related functions and structures not specifical|ly described or
i 11 ust rapleopescer adapiet (s dppigng fhthgemplercgnractwdal ob hschaitahleudio; S d 08 o

represent structures that may be provided by the portable audio source 108.
It willardea (rmende sermseror Fastdockiag Vatheonale fagneactasrdl the Heddng intrafaet 483 pravided

signal lines have been arbitrarily located for purposes of illustration and
si npl i cwitly theamdlidr @leybadkhddvicer Edat i Me grokingi iotesfaes 552 magtfudherdnélnddFpGaudoar e
not limting in any nmanner. Persons skilled in the art will appreciate

t hat, i sugpuiakitings, b plecedun cighsinsnofiuridaeiop ovithatht eudio dipmt 3 5410 £ the B alla yudie
inplenented in a wde variety of ways and not necessarily in the exact
manner dnhbmtgideat &8iden! 1Bl a&omRdindassd liied7henawn dudb4dhfiiehfandyald pladdddino

device 108 may generally include an electronic controller 802, a

signal communication with the audio output 156 of the portable audio enhancement device 112 via
a communication link 572. By this configuration, audio signals flow from the portable audio source
408 to the portable audio enhancement device 112 via the docking interface 552 and the
communication link 570, and enhanced audio signals flow from the portable audio enhancement
device 112 to the audio playback device 104 via the communication link 572, the docking interface
552, the docking interface 432 of the audio playback device 104, and the signal path interconnecting
the docking interface 432 and the audio playback device 104.

[047] FIG. 6 is a front view of an example of an implementation of the portable audio

enhancement device 112 that may be utilized in an audio system such as illustrated in FIGS. 1-5.
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power supply 804, one or nore nenories 806, 808, a user input nechanism
846, a display 844, a signal input 848, and an audi o signal output 850. The
el ectronic controller 802 may be any m croprocessor-based circuitry
configured for controlling and coordinating the various functions provi ded
by the portabl e audi o device 108, reading data and controlling data/signal
flow In particular, the electronic controller 802 includes audi o signal
processing circuitry for generating audio signals for playback based on
user-selected audio files. The electronic controller 802 may, for exanple,
represent a central processing unit (CPU), systemrandom access nenory
(RAM), systemread-only nenory (ROM, one or nore analog-to-digital (A D
conver t Ehes podabde andio amhamementi dgivial i toimhakog (dsieg 6@nthat herysbea sizerk e dd
for performng its various functions. The power supply 804 represents a
pover regidhéd iodpoekdtQized. Anthenayutal VIO lihePUBKIENE6! Mtcr@hoBE IHOUN64, {re. goweran
internal repl aceabl e or rechargeable battery) that interfaces wth the

power Pie@%?ﬂ; dekdrfbel abovart BRGhe® BOHERIRNE. U &th@ﬁpie?neﬂfaﬁ%hﬁﬂdvﬁl&f the
storage o] audlo files and thus should be a non-vol atil menory unit such

ﬁ; d:c ggp g 70 eﬂhédc@ﬁ%’ﬁ%@é Y12 8raWh PBQ/eIdfréﬁ{ fhe ﬁ}lﬁblemglo%ﬂﬂaé Yo#!hd p(ﬁ%

|Ies ma e an interna nmenory or an ext er nal rrem)ry

2, removabl e HBIT okl doea A SLa ngf%gly ARides OB 4TRY oRe. B agya&g%gsw

storlng ypes war e appl I'ca |ons

portabl e ud| source 108, etc. S ) ut| o dis f|Ie
s ubEEd &8 HERR taltunss Siendd Bty S RY ﬁ@%fﬂgﬁ o) 58 335? Poies Bl

i nformation, and cooperates with the user_input, K nmechani.sm 846 to enabl e the
user toPieBKedt Thgardatls padio SRR G AR 65t H@rm?Bht“é]rL'QE PPRRS URFrLLAPYE ﬁ@ﬁﬁaﬁﬂam e
audi o device 108. The display 844 is typically a |liquid crystal display
(LCD) atankrelsgh Inviheeillys ¢¥ajnpimay ihedeagwyitah @fabk@sgfgﬂ BseT sufaggls the mpdetde
portabl e audi o source 108. [055] Many controlling functions of the portable
audi o souration 108 thaypdoeblsanddiederiipnepeot fdevicei & ELi hatyesmueh "wsuphymils (the
enbodied in a DSP, and thus the electronic controller 802 is schematically

depi ct e@leasreimrat/adiveg moderiand pr'one ssae (e doanddSRodeRdter exanplten filtee hi3SRemay
handl e the scanning of the user input nmechani sm 846 for user-inputted

events {Relited MBYSIAOKRS impRARhtaE6K)0| Thdghod® b ireN6@Ns il @sSrate@tal bying ASliding
anot her exanple, a display driver 814 nay be provided for managing the

interf a&zﬁthbhha Al RRSH %P h hé&rysd\ t@bgﬁ iei¥n 8éftch TG bOOHARR] e ARhiwaRHN Ce
108 is al so shown as including a CODEC 818 controlled by the nmain processor

and/ or g9 AL fm{oPRTASP Blud 1EREORR BNd.ARandaE sRManY
associ a dﬂ% ‘gg@l%eg%onver ter SO or exa 19% Sé@%& gg%li Bﬁi’
utilized for re n conmpressi on of . f S u
sel ects ugho gqpﬁp(geor?enfge\fm ?Tfé’y pack a%"s eCﬁ:)E% 8#%6 ﬁ%ﬁ){' ﬂé%nbhgr % ﬁon ﬁﬁért Al
data contained in the selecte audlo fil o0 anal.o udi 0 signal s
et ho fadal PRReT SR B JReTBO SR eH RGOS P%Hff&@ef?‘fﬁ&emﬂg
portabl e audi o, enhancenent deV|ce 112 (FIG 1 The CODEC 818 may ﬁlso be
res ponsqhﬁ pedip gignals received from the portable audlo source 108 are passed through the portab ¢ audio
enhancement device 112 to the audio playback device 104 (FIG. 1) without undergoing the
enhancement processing.
[048] One or more controls may be provided to enable the user to adjust certain parameters of

the enhanced audio signals so as to fine-tune those parameters according to the user's preferences.

As an example, one or more frequency-adjusting controls may be provided. In the illustrated
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conpressing audio files in preparation for storage in the nmenory unit 806.
The portabl e audi o source 108 may al so include one or nore anplifiers 822
for anplifying the outgoing audio signals. As appreciated by persons
skilled in the art, the portable audio source 108 may i nclude many ot her
functions and structures not described or illustrated here, such as
wWreless circuitry, canmera circuitry, cellular telephony circuitry, GPS
circuitry, database managenent and word processing functions, etc. [56]
FIG 9 is a block diagram of an exanple of an inplenentation of the audio
pl ayback device 104, in which functional blocks are intended to represent
structures that nmay be provided by the audi o playback device 104.1t will be
under stoeohptehatreblhdevebednouks Fualbwsdmalsebtooniis kgt frefleoty adjagtmsity ialailpr thes
have been arbitrarily |ocated for purposes of illustration and sinplicity,
and henggbld legionsd, albadsilevel pasiol bodslleas the hdes ta mbledowrrdguGicyRdasenanttto tailor
limting in any manner. Persons skilled in the art will appreciate that, in

practi cfle bhdd&edpansel hANan GhpiddRomusli A22RIIBWD AsKustevd eRankl dhdvehardeer iofpiechant ed
in a wide variety of ways and not necessarily in the exact manner

i1 ust ratedsd 8y Hafg o 20 aRAGRE sReHigh&  @Muency bass characteristics to the audio signals.
Other frequency ranges (e.g., midrange, sub-base) may also be controlled in a like manner (not
shown). In the illustrated example, these frequency-adjusting controls are implemented as three-
position controls to allow the use of simple push-button controls.  Alternatively, the frequency-
adjusting controls may be configured to enable a greater number of incremental adjustments, i.e.,
finer tuning, in which case the controls may be provided in the form of rotatable knobs or the like.
Additionally in the illustrated example, an "image" switch 626 is provided that enables the user to
control whether phase correction is applied by the portable audio enhancement device 112.  This
feature is useful when the portable audio enhancement device 112 is operated in conjunction with
an audio playback device 108 that includes matrix surround sound processing such as Dolby® PLII
or Logic 7®. This type of sound processing analyzes the phase between left and right channels to
determine the steering angle for the algorithm to steer sounds toward the rear. This type of sound
processing may not be compatible with the phase correction implemented by the portable audio
enhancement device 112, in which case the user may utilize the image switch 626 to defeat, or turn
off, the phase correction function. Alternatively or additionally, other controls may be provided to
enable adjustment of other parameters of the enhanced audio signals such as, for example, impulse

response, dynamic range enhancement, reverb, etc.
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[57] The audi o pl ayback device 104 typically includes an electronic
controller 902, a power supply 904, one or nore nenories 906, 908, a user

i nput mechani sm 928, a display 924, a radio and/or satellite tuner 914, one
or nore nedia drives 916, an audio signal input 932, and an audi o signal

out put 938. The electronic controller 902 may be any m croprocessor-based
circuitry configured for controlling and coordi nating the various functions
provi ded by the audi o pl ayback device 104, reading data and controlling
data/signal flow, and thus nmay include a main processor and a DSP dedi cat ed
for audi o signal processing and control operations. The audi o pl ayback
device 104 may al so include one or nore nmenory units 906, 908 as needed for
storingodet a amde SekkWar sudio)shharebmens devibee 1dRsphayfufiRed mgjudbevartoub i agplitt o
di splay various types of information to the user, such as file names

associ gh8lattist b padide ihfohegidacionge Rsay edinbiie tihestaiedi exapp iy taek releEDe 63804
associ ated either with the use of the portable audio source 108 or the

medi a dfi%eq 916 andynsSpecihfd Gakibdh IIER 69€hhaked aDBhd"Caki PBated HhadMRE 1Bl
relating to the operation of the radio tuner 914, navigation information,

i nf or mati . [ N-na4.0i t ' ' .of The
user | iR CREERALARBE" AR (E BN GoRRRY i T rEs (ORI Hefrah o]
for pushin r.rotating by.th ser for ri,Qus r C . swi.tching
bet wee ntp‘gi ﬁg‘agjﬁ[ﬁ ST PPFSOF#F har\?iaﬁ'\eo%@ elé\}':ﬁt? adgﬁ emgg: | g%@%ﬁ r %‘g sznlfl gélgc’ . ]‘,Mst %’Eh
portabl e audi o source 108, nedia drive 916, 10.914), selectin udj

PPl oe. dhmsed Bdstpmnedty s iiat frgrerapee YEESGuEt mey B 5 Seruie Hihe
audi o pl ayback device 104 represents a power regulating circuit that

r ecei verorisblgerudioraphancemgntidsnice | pdiieadolpr @armp) sperption. hocis 43l . &l efiree
stereo, the power source 942 may represent an outlet of an AC power |ine
sour ce.LERs atvelocaisd noft ta thehispeasivs tteableg basshlevel cnd rimpaetr qoatrols 0 1is 61 8, 5128 4p| y
the vehicle's 12-V battery. The vehicle's battery may further comunicate
Wi t h anindigxte ltheagositipasner whidh thete Sobdropriove Heah seh The hMdPs @0enaked HagpreEdnflor
interfacing wwth a device such as the portable audio source 108 or the

por t abl ®xah'Oare Itare asRAS tdamagecchlidl §Td G indiyate &OEBEMHRsEwdicotigl mybiakor

device 104 is also generally shown as including a CODEC 946 for
inactive. Alternatively, a display such as an LCD) may be provided to display such information to
the user. It will also be understood that various other user inputs and outputs may be provided as
necessary for facilitating the operation of the portable audio enhancement device 112.
[050] FIG. 7 is a block diagram of an example of an implementation of the portable audio
enhancement device 112, in which functional blocks are intended to represent structures (e.g.,
circuitries, mechanisms, hardware, firmware, software stored in memory, etc.) that may be provided
by the portable audio enhancement device 112. It will be understood that the various functional
blocks and electrical signal lines have been arbitrarily located for purposes of illustration and

simplicity, and hence their relative positions as illustrated in FIG. 7 are not limiting in any manner.

Persons skilled in the art will appreciate that, in practice, the functions of the portable audio
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provi di ng encodi ng, decodi ng, AID and/or D/ A conversion of audio signals,
RF signals, etc. as necessary. The radio tuner 914 represents circuitry
configured for processing RF signhals received froman antenna 948. The
medi a drive 916 represents one or nore drives configured for driving
various renovabl e nmedia such as CDs, DVDs, cassette tapes, etc. The audio
input 932 is configured for connection to a comrunication |ink established
with the audi o output of a portable device such as the portable audio
source 108 or the portable audi o enhancenent device 112. In sone
_inplenmentations, the communication link is a physical line (e.g., wire) in
whi ch case the audio input 932 is a |line jack of standard size and often

r ef er r eghhbicemenedeviidXilR ingdyybd infplémenhsl i @swide hadetabbways dien@ wdtasdritp it the32
may be originally provided by the manufacturer of the audi o playback device

104 or MghikdRer @NS4 OIS FIBY7 BRI dQG#adey. @ front face of the audio
playback device 104 or otherwise integrated with the audi o pl ayback device

104, b i : i f Kk
O'ig8RY Derthd 3%&%@9 Aldi eh%@éﬁl% MR TEIOLS LLQMILh G RRR ) RIRHBAE

devi ce such a center conso of the vehlcle et'c. In other

ar Fer kB S aEp Rl E%E%?%&%%?%O@Eéeﬁ% b R Py hafm s ouput,
Ioe” Tt yeuc o Su a0, A0, SLne, PO oL W L ol
R S B0 S UL Ll 04 Ve o

by persons skilled in the art, the audio playback device 104 may incl ude
RNy otTRiSFoPrensasor-Hrssd aiguisnyr eenfigwied fapeordwmdling Muldcasrdingtingsthe ypBePsHBiRgLons ych
as cellular telephony circuitry, GPS circuitry, etc. L59]It wll be

under stppoddechay thhpottarienatidindinbarfceinetit dayigeot 12, jamil traay bo paindiib- embgdied in a
applications but nore generally enconpasses various types of nmedia files

t hat nedigipl oipgle pidoessinizy PRSP0 funite dipplicaioh esgecific  ddelirdted ncitamita (ABIE)c anbent .
As an exanple, an audio file may include both audio and video content in
MPEG orappndatiohRgécifditiralirg dr GtiiertypePo fabbRocstr O 80 lyasesheanemanydingt 706 is

pl ayback devices may be capable of playing audio/video content such as

novi es, o AleE ¥R Mirfhg data, software instructions or algorithms utilized by the electronic controller
702 for the measurement and analysis of acoustic environment as described above, and for storing
the correction filter generated as described above. The user input mechanism 756 may include any
controls manipulated by the user, examples of which are described above in conjunction with FIG.
6. The output indicators 760 may include a display, light-emitting diodes (LEDs), or other types of
output element serving to provide information to the user, examples of which are described above in
conjunction with FIG. 6. The power supply 704 represents a power regulating circuit and may
interface with a power adapter 762 configured to in turn interface with a suitable power supply as
described above in conjunction with FIG. 2. Alternatively, the portable audio enhancement device

112 may be adapted for drawing power from the battery or battery recharging circuit of the portable

audio source 408 (FIG. 4 or 5), in which case the audio input 754 of the portable audio
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10591The foregoing description of inplenmentations has been presented for
purposes of illustration and description.lt is not exhaustive and does not
limt the clainmed inventions to the precise formdisclosed. Mdifications
and variations are possible in Iight of the above description or may be
acquired frompracticing the invention. The clainms and their equival ents
define the scope of the invention.

enhancement device 112 is also utilized to receive such power as described above in conjunction
with F1G. 4 or 5. As a further alternative, the power supply 704 may include an internal battery.

[052] The portable audio enhancement device 112 is also shown as including a coder-decoder
(CODEC) 710 controlled by the DSP for performing encoding, decoding, analog-to-digital (A/D)
conversion and digital-to-analog (D/A) conversion of signals as needed.  Generally, the CODEC
710 may be a device or software (either external or part of the electronic controller 702) capable of
encoding and/or decoding a digital data stream or signal. For example, the CODEC 710 may
convert analog audio signals received from the audio input 754 into digital signals for enhancement
‘processing by the DSP 702, and may convert the digital enhanced audio signals outputted by the
DSP 702 into analog audio signals for output at the audio output 756. During the set-up routine
described above, the CODEC 710 may convert analog audio signals sampled by the microphone
766 into digital signals for analysis by the DSP 702 in the course of generating the correction filter
according to which audio signals are to be processed in preparation for transmission to the audio
playback device 104 (FIG. 1). In some implementations as described above, the portable audio
enhancement device 112 may further include a high and low pass filter network 714 so that
enhanced audio signals of a selected frequency range (e.g., low-frequency signals) may be routed to
a wireless transmitter 718 for transmission to an auxiliary loudspeaker (e.g., a subwoofer). As
appreciated by persons skilled in the art, the portable audio enhancement device 112 may include
many other audio enhancement-related functions and structures not specifically described or

illustrated here.
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CLAI M5 What is clained is: 1. A portable audi o enhancenent device
for use with a portable audio source and audi o pl ayback device, where both
t he portabl e audi o source and audi o pl ayback device are | ocated separately
fromthe portabl e audi o enhancenent device, the portable audi o enhancenent
device conprising: an audio input; an audi o output; and

[053] FIG. 8 is a block diagram of an example of an implementation of the portable audio
source 108, in which functional blocks are intended to represent structures that may be provided by
the portable audio source 108. Tt will be understood that the various functional blocks and
electrical signal lines have been arbitrarily located for purposes of illustration and simplicity, and
hence their relative positions as illustrated in FIG. 8 are not limiting in any manner. Persons skilled
in the art will appreciate that, in practice, the functions of the portable audio source 108 may be
implemented in a wide variety of ways and not necessarily in the exact manner illustrated in FIG. 8
and described below.

[054] The portable audio device 108 may generally include an electronic controller 802, a
power supply 804, one or more memories 806, 808, a user input mechanism 846, a display 844, a
signal input 848, and an audio signal output 850. The electronic controller 802 may be any
microprocessor-based circuitry configured for controlling and coordinating the various functions
provided by the portable audio device 108, reading data and controlling data/signal flow. In
particular, the electronic controller 802 includes audio signal processing circuitry for generating
audio signals for playback based on user-selected audio files. The electronic controller 802 may,
for example, represent a central processing unit (CPU), system random-access memory (RAM),
system read-only memory (ROM), one or more analog-to-digital (A/D) converters, and one or more
digital-to-analog (D/A) converters as needed for performing its various functions. The power
supply 804 represents a power regulating circuit and may also represent the power source (e.g., an
internal replaceable or rechargeable battery) that interfaces with the power regulating circuit. At

least one memory unit 806 is provided for storage of audio files and thus should be a non-volatile
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an audi o signal processor in signal comunication with both the audio input
and the audi o output, wherein the audio input is configured to receive
audi o signals produced by the portabl e audi o source, wherein the audio
signal processor is configured to produce enhanced audio signals fromthe
recei ved audi o signals, and where the audio output is configured to output
t he enhanced audi o signals to the audi o pl ayback devi ce. 2. The
portabl e audi o enhancenent device of claim11, further including a signal

di vi di ng network comruni cating with the audi o signal processor and
configured to output at |least a portion of the enhanced audio signals to a
| oudspeaker powered i ndependently of the audi o pl ayback devi ce. 3
The pormerbbry enitlsusheash forcemmpic. defladiememoty, & micto-duiMereic.t Hee mgaiony ynigae
processor is configured to performan enhancenent selected fromthe group
consi sthddjing tudio ddgsenay be as poersa reerharyce marexferp asenare $hons ecrervabla ceemeny |

i npul se response enhancenent, dynam c range enhancenent, and conbi nati ons

of two (@it)"OARoEr inBRofyOIEORISNGay be providedl foll BRripglotiRbk¥pea wdidatadie sefensrat
device of claim1l, where the portable audi o enhancenent device further

i ncl udegypRcdfiohs ARNRAS Y RE pERNELIdI M SR NSE, ieftl 0 TR ARbRY B4 iiOusliR0ab SispRNd
the audi 0 signal procéssor is configured to performan analysis of the

sanpl e @uqdj.0,.81.000l.84a0h RELH IR %rﬁnﬂ%gﬁﬂﬁnﬁo@% SHIOR 4the BRAMYGrS and

cooperates with the user input mechanism 846 to cnable the user to select audio files and perform
other interactions with the portable audio device 108. The display 844 is typically a liquid crystal
display (LCD) although more generally may be any type of display suitable for the portable audio
source 108.

[055] Many controlling functions of the portable audio source 108 may be handled by specific
circuitry such as may be embodied in a DSP, and thus the electronic controller 802 is schematically
depicted as including a main processor and a DSP. For example, the DSP may handle the scanning
of the user input mechanism 846 for user-inputted events (e.g., keystrokes, wheel scrolling, button
entries, etc.). As another example, a display driver 814 may be providéd for managing the interface
with and operations of the display 844. The portable audio source 108 is also shown as including a
CODEC 818 controlled by the main processor and/or DSP, which may generally represent an
encoder and decoder and any associated A/D and D/A converters. For example, the CODEC 818
may be utilized for compression and decompression of audio files. When a user selects an audio
file for playback, the CODEC 818 may convert the digital data contained in the selected audio file
into analog audio signals which are then transmitted to the audio output 850 for transmission to the

portable audio enhancement device 112 (FIG. 1). The CODEC 818 may also be responsible for
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5. The portabl e audi o enhancenent device of claim4, where the enhancenent
Is selected fromthe group consisting of frequency response enhancenent,
phase response enhancenent, inpulse response enhancenent, dynanic range
enhancenent, and conblnatlons of two or nore of the foregO|ng 6.
The portable audi o enhancenent device of claim4, where the audi o signal
processor is configured to generate a correction filter based on the

anal ysis and applying the correction filter to the audio signals received
by the audio input to produce the enhanced audi o signals. 7. The
portabl e audi o enhancenent device of claim6 further including a nenory,
where the audio signal processor is configured to store the correction
filter domprbgingemaioyfiles in preparatiéh foFheorpge trathk enamaty emnérfifén c dive porteldv iagdio of
claim1l1l, where the portable audi o enhancenent device further includes a
user - opRuALEDS GRA 418 in6lRad bigiraflore Anipidiblses2a dpiah g tie cutgmnaasliesigodls.t he

enhanced audi o signals.

As appreciated by persons skilled in the art, the portable audio source 108 may include many other
functions and structures not described or illustrated here, such as wireless circuitry, camera
circuitry, cellular telephony circuitry, GPS circuitry, database management and word processing
functions, etc.

[056] FIG. 9 is a block diagram of an example of an implementation of the audio playback
device 104, in which functional blocks are intended to represent structures that may be provided by
the audio playback device 104. It will be understood that the various functional blocks and
electrical signal lines have been arbitrarily located for purposes of illustration and simplicity, and
hence their relative positions as illustrated in FIG. 9 are not limiting in any manner. Persons skilled
in the art will appreciate that, in practice, the functions of the audio playback device 104 may be
implemented in a wide variety of ways and not necessarily in the exact manner illustrated in FIG. 9
and described below.

[057] The audio playback device 104 typically includes an electronic controller 902, a power
supply 904, one or more memories 906, 908, a user input mechanism 928, a display 924, a radio
and/or satellite tuner 914, one or more media drives 916, an audio signal input 932, and an audio
signal output 938. The electronic controller 902 may be any microprocessor-based circuitry
configured for controlling and coordinating the various functions provided by the audio playback

device 104, reading data and controlling data/signal flow, and thus may include a main processor

and a DSP dedicated for audio signal processing and control operations. The audio playback
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9. The portabl e audi o enhancenent device of claim8, where the paraneter is
sel ected fromthe group consisting of frequency response, phase response,
i mpul se response, and dynani c range enhancenent. 10. The portable
audi o enhancenent device of claim1l, where at |east one of the audio input
and the audio output is configured to connect to the portable audi o source
or the audi o pl ayback device via an physical signal path. 11. The
portabl e audi o enhancenent device of claim1l1l, where at | east one of the
audi o input and the audio output is configured to wirelessly conmmunicating
with the portable audi o source or the audi o playback devi ce. 12. An
audi o system conprising: a portable audi o source;

device 104 may also include one or more memory units 906, 908 as needed for storing data and

software instructions. The display 924 may be utilized to display various types of information to
the user, such as file names associated with audio files being played by the audio playback device
104 associated either with the use of the portable audio source 108 or the media drive 916 and,
specifically in a vehicle application, information relating to the operation of the radio tuner 914,
navigation information, information regarding non-audio related operations of the vehicle, etc. The
user input mechanism 928 may include various buttons, knobs and the like for pushing or rotating
by the user for various purposes such as switching between and interfacing with various available
audio sources (e.g., the portable audio source 108, media drive 916, radio 914), selecting audio
files, music tracks or radio stations, etc. The power supply 904 of the audio playback device 104
represents a power regulating circuit that receives power from a suitable power source 942. In the
case of a home stereo, the power source 942 may represent an outlet of an AC power line source.
In the case of a vehicle stereo, the power source 942 is typically the vehicle's 12-V battery. The
vehicle's battery may further communicate with an auxiliary power outlet 944 provided in the
vehicle and adapted for interfacing with a device such as the portable audio source 108 or the
portable audio enhancement device 112 (FIG. 1).

[058] The audio playback device 104 is also generally shown as including a CODEC 946 for
providing encoding, decoding, A/D and/or D/A conversion of audio signals, RF signals, etc. as
necessary. The radio tuner 914 represents circuitry configured for processing RF signals received
from an antenna 948. The media drive 916 represents one or more drives configured for driving

various removable media such as CDs, DVDs, cassette tapes, etc.  The audio input 932 is
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a portabl e audi o enhancenent device |ocated separately fromthe portable
audi o source, wherein the portable audi o enhancenent device is in signal
comuni cation with the portable audio source via a first signal path and
wherein the portabl e audi o enhancenment devi ce includes an audi o signal
processor; and an audi o pl ayback device | ocated separately fromthe
portabl e audi o source and the portabl e audi o enhancenent devi ce,

wherein the -audi o pl ayback device is in signal comrunication with the
portabl e audi o enhancenent device via a second signal path,

configured for connection to a communication fink established with the audio output of a portable
device such as the portable audio source 108 or the portable audio enhancement device 112. In
some implementations, the communication link is a physical line (e.g., wire) in which case the
audio input 932 is a line jack of standard size and often referred to as an auxiliary input.  As
described above, the audio input 932 may be originally provided by the manufacturer of the audio
playback device 104 or vehicle, and thus may be located on a front face of the audio playback
device 104 or otherwise integrated with the audio playback device 104, or may be provided at a
Jocation more remote from the audio playback device 104 such as the center console of the vehicle,
etc. In other implementations, the audio input 932 may be provided as part of an aftermarket
adapter 984 configured to be wired to the audio playback device 104. The audio output 938 is in
signal communication with the loudspeakers 936 of the audio playback device 104. One or more
amplifiers 950 are provided to boost the gain of the outputted audio signals and the gain may be
controlled by the user via the user input mechanism 928. As appreciated by persons skilled in the
art, the audio playback device 104 may include many other functions and structures not described or
illustrated here, such as cellular telephony circuitry, GPS circuitry, etc.
[59] It will be understood that the term "audio file" is not limited to audio-only applications
but more generally encompasses various types of media files that may provide other types of media
content in addition to audio content. As an example, an andio file may include both audio and
video content in MPEG or any other suitable format. Portable audio sources and audio playback

devices may be capable of playing audio/video content such as movies, for example.
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wherein the portable audio source is configured to produce audi o signals,
wherein the portabl e audi o enhancenent device is configured to receive the
audi o signals and in response produce enhanced audi o signals, wherein
t he audi o pl ayback device is configured to receive the enhanced audio
signals and in response produce signals for playback that are transmtted
to one or nore |oudspeakers in signal comunication with the audi o pl ayback
devi ce. 13. The audi o systemof claim 12, further including an
addi ti onal | oudspeaker, where the portable audi o enhancenent device further
includes a signal dividing network and is configured to transmt enhanced
audi o signals processed by the signal-dividing network fromthe portable
audi o gasncenind fategoiog descriphion addiniplemaitations dsipezderrpresented for Iprpobese of
audi o system of claim 13, where the additional |oudspeaker includes a

Wi r el esHudte6eh Wed desafigtidnne 1Poy hahdxBaatich sndedueanoelimitttheleling ifivamtibes to the
includes a wireless transmtter

precise form disclosed. Modifications and variations are possible in light of the above description
or may be acquired from practicing the invention.  The claims and their equivalents define the

scope of the invention.
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configured for transmtting the | owfrequency, enhanced audio signals to
the wirel ess receiver of the additional |oudspeaker via a wreless

comuni cation |ink. 15. The audi o systemof claim 12, where the
portabl e audi o source further includes a user input conponent configured
for enabling a user to select audio information for output, and the
circuitry of the portable audio source is configured for producing audio
signals corresponding to the sel ected audi o infornation. 16. The
audi o system of claim 15, where the audio information is selected fromthe
group consisting of an audio file stored in a nenory, an audio file stored
on renovable nedia, and a wirel ess broadcast. 17. The audi 0 system
of claim 12, where the portable audio source further includes a nmenory
configured to store audio files, a display configured to display
information indicative of audio fil esCeirsed in the nenory, and a user

i nput conponent configured to enable a user to select a stored audio file,
and t hewhiak gWldimedad: t he portabl e audi o source is configured to produce
audi o signals corresponding to the selected audio file.

1. A portable andio enhancement device for use with a portable audio source and audio
playback device, where both the portable audio source and audio playback device are located
separately from the portable audio enhancement device, the portable audio enhancement device
comprising:

an audio input;

an audio output; and

an audio signal processor in signal communication with both the audio input and the audio
output, wherein the audio input is configured to receive audio signals produced by the portable
audio source, wherein the audio signal processor is configured to produce enhanced audio signals

from the received andio signals, and where the audio output is configured to output the enhanced

audio signals to the audio playback device.

2. The portable audio enhancement device of claim 1, further including a signal
dividing network communicating with the audio signal processor and configured to output at least a
portion of the enhanced audio signals to a loudspeaker powered independently of the audio

playback device.
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18. The audi o system of claim 12, where the portable audio source further
includes a nedia-drive configured for reading audio files stored on
renovabl e nmedia, a display configured for displaying information indicative
of audio files stored on the renovable nedia, and a user input conponent
configured for enabling a user to select a stored audio file, and the
circuitry of the portable audio source is configured for producing audio
signals corresponding to the selected audio file. 19. The audio
system of claim 12, where the portable audi o source further includes a
recei ver configured to receive broadcasted audi o information over a
plurality of wirel ess channels, and a user input conponent configured to
enabl e a uset to Bwlpsiebla avdlip enleanseraeranaeire ofdrimphiveiere e pudiaisignalsupesstasd
audio information, and the circuitry of the portable audio source is

conf i guisednfiguret echeckermuadicohaicemelt scleced omothe grogp teondittimg oé [lwgrandy sesgonse

i nformati on. 20. The audio systemof claim 12, where the portable
audi o egrhameearsant pidey i ©eponse cahdncguerd itnpuBer fegpomsarenbatanesmelyhasel eatged
fromthe group consisting of frequency response enhancenent, phase response

enhancesRiceniciB dh$ CorhBRRAS 6f WRANANEREBNihe fel¥AAAZ.C range enhancement, and
conbi nations of two or nore of the foregoing.

4. The portable audio enhancement device of claim 1, where the portable audio
enhancement device further includes a microphone for converting sound into sample audio signals,
and the audio signal processor is configured to perform an analysis of the sample audio signals and

perform an enhancement based on the analysis.

5. The portable audio enhancement device of claim 4, where the enhancement is
selected from the group consisting of frequency response enhancement, phase response
enhancement, impulse response enhancement, dynamic range enhancement, and combinations of

two or more of the foregoing.

6. The portable audio enhancement device of claim 4, where the audio signal processor
is configured to generate a correction filter based on the analysis and applying the correction filter

to the audio signals received by the audio input to produce the enhanced audio signals.

7. The portable audio enhancement device of claim 6 further including a memory,

where the audio signal processor is configured to store the correction filter in the memory.
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21. The audi o system of claim 12, where the portabl e audi o enhancenent
device further includes a user-operated control configured to initiate the
enhancenent . 22. The audi o system of claim 12, where the portable
audi o enhancenent device further includes a m crophone for receiving the
sound outputted fromthe | oudspeaker and converting the received sound
into sanple audio signals, and the audi o signal processor is configured to
perform an anal ysis of the sanple audio signals and perform ng an
enhancenent based on the anal ysis. 23. The audi o system of cl aim 22,
where the enhancenent is selected fromthe group consisting of frequency
response enhancenent, phase response enhancenent, inpul se response
enhancenent, dynam c range enhancenent, and conbi nati ons of two or nore of
t he foregoing.

8. The portable audio enhancement device of claim I, where the portable audio

enhancement device further includes a user-operated control configured to enable adjustment of a

parameter of the enhanced audio signals.

9, The portable audio enhancement device of claim 8, where the parameter is selected
from the group consisting of frequency response, phase response, impulse response, and dynamic

range enhancement.

10.  The portable audio enhancement device of claim 1, where at least one of the audio
input and the audio output is configured to connect to the portable audio source or the audio

playback device via an physical signal path.

i1, The portable audio enhancement device of claim 1, where at least one of the audio
input and the audio output is configured to wirelessly communicating with the portable audio source

or the audio playback device.

12. An audio system, comprising:
a portable audio source;
a portable audio enhancement device located separately from the portable audio source,

wherein the portable audio enhancement device is in signal communication with the portable audio
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24. The audi o system of claim 22, where the portable audi o enhancenent
device further includes a user-operated set-up control configured for
initiating the analysis of the sanple audio signals. 25. The audi o
system of claim 12, where the portabl e audi o enhancenent device further

I ncl udes a user-operated control configured to enable adjustnent of a
paraneter of the enhanced audi o signals. 26. The audi o system of
claim 25, where the paraneter is selected fromthe group consisting of
frequency response, phase response, inpulse response, and dynam c range
enhancenent . 27. The audi o system of claim 12, where portable audio

enhancenent device further includes an internal power source. )
source via a first signal path and wherein the portable audio enhancement device includes an audio

signal processor; and

an audio playback device located separately from the portable audio source and the portable
audio enhancement device,

wherein the audio playback device is in signal communication with the portable audio
enhancement device via a second signal path,

wherein the portable audio source is configured to produce audio signals,

wherein the portable audio enhancement device is configured to receive the audio signals
and in response produce enhanced audio signals,

wherein the audio playback device is configured to receive the enhanced audio signals and
in response produce signals for playback that are transmitted to one or more loudspeakers in signal

communication with the audio playback device.

13.  The audio system of claim 12, further including an additional loudspeaker, where the
portable audio enhancement device further includes a signal dividing network and is configured to
transmit enhanced audio signals processed by the signal-dividing network from the portable audio

enhancement device to the additional loudspeaker.

14.  The audio system of claim 13, where the additional loudspeaker includes a wireless

receiver, and the portable audio enhancement device further includes a wireless transmitter
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28. The audi o system of claim 12, where the portabl e audi o enhancenent
device further includes a power adapter configured for coupling to a power
source external to the portabl e audi o enhancenent devi ce. 29. The
audi o system of claim 12, where the first audio input of the portable audio
enhancenment device is further configured for receiving power fromthe
portabl e audi o source. 30. The audi o systemof claim 12, further
i ncl udi ng an audi o i nput adapter positioned renotely fromthe audio
pl ayback device and communi cating the audi o pl ayback device via an
auxiliary line, where the audio input adapter includes the second audio
i nput with which the portable audi o enhancenent devi ce communi cat es.
31. ThecafigiedSpstrasmitingtiz lowtequeshey, enhinsedatlio sighaly badhe wavlesserepaiver of
nounted in a vehicle. 32. The audi o systemof claim 12, where at
| east othe additibiee [fudssbker oimaumirelatsicomnunidatiamtink.he second conmmuni cation |ink
is an electrical conduit.
15.  The audio system of claim 12, where the portable audio source further includes a
user input component configured for enabling a user to select audio information for output, and the
circuitry of the portable audio source is configured for producing audio signals corresponding to the

selected audio information.

16.  The audio system of claim 15, where the audio information is selected from the
group consisting of an audio file stored in a memory, an audio file stored on removable media, and

a wireless broadcast,

17.  The audio system of claim 12, where the portable audio source further includes a
memory configured to store audio files, a display configured to display information indicative of
audio files stored in the memory, and a user input component configured to enable a user to select a
stored audio file, and the circuitry of the portable audio source is configured to produce audio

signals corresponding to the selected audio file.

18.  The audio system of claim 12, where the portable audio source further includes a
media drive configured for reading audio files stored on removable media, a display configured for

displaying information indicative of audio files stored on the removable media, and a user input
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33. The audio systemof claim 12, where at | east one of the first

comuni cation |ink and the second conmmunication link is a wireless |ink.

34. A nethod for enhancing sound outputted by an audi o pl ayback device, the
nmet hod conpri si ng: pl aci ng a portabl e audi o enhancenent device in
signal comuni cation with an audi o output of a portable audio source and
with an audi o i nput of an audi o pl ayback device; transmtting audi o signals
fromthe portable audio source to the portable audi o enhancenent

component configured for enabling a user to select a stored audio file, and the circuitry of the
portable audio source is configured for producing audio signals corresponding to the selected audio

file.

19.  The audio system of claim 12, where the portable audio source further includes a
receiver configured to receive broadcasted audio information over a plurality of wireless channels,
and a user input component configured to enable a user to select a wireless channel over which to

receive selected audio information, and the circuitry of the portable audio source is configured to

produce audio signals corresponding to the selected audio information.

20.  The audio system of claim 12, where the portable audio enhancement device is
configured to perform an enhancement selected from the group consisting of frequency response
enhancement, phase response enhancement, impulse response enhancement, dynamic range

enhancement, and combinations of two or more of the foregoing.

21.  The audio system of claim 12, where the portable audio enhancement device further

includes a user-operated control configured to initiate the enhancement.

22.  The audio system of claim 12, where the portable audio enhancement device further

includes a microphone for receiving the sound outputted from the loudspeaker and converting the
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device; operating the portabl e audi o enhancenent device to perform an
enhancenent on the audio signals to produce enhanced audi o signals;
transmtting the enhanced audio signals to the audi o playback device; and
outputting the audi o signals as sound from one or nore | oudspeakers

communi cating with the audi o pl ayback device. 35. The nethod of
claim34, further including transmtting at |east a portion of the enhanced
audi o signals fromthe portabl e audi o enhancenent device to an additional

| oudspeaker.

received sound into sample audio signals, and the audio signal processor is configured to perform

an analysis of the sample audio signals and performing an enhancement based on the analysis.

23.  The audio system of claim 22, where the enhancement is selected from the group
consisting of frequency response enhancement, phase response enhancement, impulse response

enhancement, dynamic range enhancement, and combinations of two or more of the foregoing.

24.  The audio system of claim 22, where the portable audio enhancement device further
includes a user-operated set-up control configured for initiating the analysis of the sample audio

signals.

25.  The audio system of claim 12, where the portable audio enhancement device further
includes a user-operated control configured to enable adjustment of a parameter of the enhanced

audio signals.

26.  The audio system of claim 25, where the parameter is selected from the group
consisting of frequency response, phase response, impulse response, and dynamic range

enhancement.

27.  The audio system of claim 12, where portable audio enhancement device further

includes an internal power source.
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36. The nethod of claim 35, where transmitting to the additional
| oudspeaker is done w rel essly. 37. The nethod of claim 34, where
the audi o signals selected fromthe portable audio source are selected from
t he group consisting of audio signals corresponding to an audio file stored
in a nenory, audio signals corresponding to an audio file stored on
renovabl e nmedi a, and audi o signhals corresponding to a wirel ess broadcast.
38. The nethod of claim 34, where operating the portabl e audi o enhancenent
devi ce includes converting sound outputted fromthe | oudspeaker into sanple
audi o signals, analyzing the audio signals, and generating a correction
filter based on the analysis, and where perform ng the enhancenent i ncl udes
applying the correction filter to the audio signals received fromthe
portabl e audi o source to produce the enhanced audi o signals.

28.  The audio system of claim 12, where the portable audio enhancement device further

includes a power adapter configured for coupling to a power source external to the portable audio

enhancement device.

29.  The audio system of claim 12, where the first audio input of the portable audio

enhancement device is further configured for receiving power from the portable audio source.

30.  The audio system of claim 12, further including an audio input adapter positioned
remotely from the audio playback device and communicating the audio playback device via an
auxiliary line, where the audio input adapter includes the second audio input with which the

portable audio enhancement device communicates.

31.  The audio system of claim 12, where the audio playback device is mounted in a

vehicle.

32. The audio system of claim 12, where at least one of the first communication link and

the second communication link is an electrical conduit.

33.  The audio system of claim 12, where at least one of the first communication link and

the second communication link is a wireless link.

_45.



39. The nethod of claim 38, where operating the portabl e audi o enhancenent
devi ce further includes operating a m crophone of the portable audio
enhancenent device to pick up the sound and convert the sound into the
sanpl e audi o signals and, after the analysis, disconnecting the m crophone.
40. The nethod of claim 38, where operating the portable audi o enhancenent
devi ce further includes connecting a m crophone to the portable audio
enhancenent device to pick up the sound and convert the sound into the
sanpl e audi o signals and, after the analysis, disconnecting the m crophone.
41. The nethod of claim 34, where the enhancenent is selected fromthe
group consi sting of phase correction, frequency response correction,
i mpul se response correction, dynam c range enhancenent, and conbi nati ons of
two or nore of the foregoing. 42. The nethod of claim4l, further
i ncl udi ng svi4 chiageative fooetlwnting sudidowpited dyrmntudie piaglmch elewes rtha micthod t
state in which the enhancenent is perforned and a second state in which the
enhancegiiyrising: not per f or med.
placing a portable audio enhancement device in signal communication with an audio output
of a portable audio source and with an audio input of an audio playback device;
transmitting audio signals from the portable audio source to the portable audio enhancement
device;
operating the portable audio enhancement device to perform an enhancement on the audio
signals to produce enhanced audio signals;
transmitting the enhanced audio signals to the audio playback device; and

outputting the audio signals as sound from one or more loudspeakers communicating with

the audio playback device.

35.  The method of claim 34, further including transmitting at least a portion of the

enhanced audio signals from the portable audio enhancement device to an additional loudspeaker.

36.  The method of claim 35, where transmitting to the additional foudspeaker is done

wirelessly.

37.  The method of claim 34, where the audio signals selected from the portable audio

source are selected from the group consisting of audio signals corresponding to an audio file stored
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43. The nethod of claim 34, further including connecting the portable audio
enhancenent device to a renotely situated power source. 44. The

nmet hod of claim43, where the portable audi o enhancenent device is
connected to a power outlet of a vehicle and the power source is a battery
of the vehicle. 45. The nethod of claim43, where the power source
Is located in the portable audio source. 46.The nethod of claim 34, where
t he audi o pl ayback device is nmounted in a vehicle. '

in a memory, audio signals corresponding to an audio file stored on removable media, and audio

signals corresponding to a wireless broadcast.

38.  The method of claim 34, where operating the portable audio enhancement device
includes converting sound outputted from the loudspeaker into sample audio signals, analyzing the
audio signals, and generating a correction filter based on the analysis, and where performing the
enhancemeht includes applying the correction filter to the audio signals received from the portable

audio source to produce the enhanced audio signals.

39. The method of claim 38, where operating the portable audio enhancement device
further includes operating a microphone of the portable audio enhancement device to pick up the
sound and convert the sound into the sample audio signals and, after the analysis, disconnecting the

microphone.

40.  The method of claim 38, where operating the portable audio enhancement device
further includes connecting a microphone to the portable audio enhancement device to pick up the
sound and convert the sound into the sample audio signals and, after the analysis, disconnecting the

microphone.
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47. The nethod of claim 34, where placing the portable audi o enhancenent
device in signal comunication with the audi o output of the portable audio
source or the audio input of the audio playback device is done by either an
el ectrical conduit or wirelessly. 48. A nethod for enhanci ng sound
emtted froma plurality of |oudspeakers in signal conmmunication with an
audi o pl ayback device with a portabl e audi o enhancenent device, the nethod
conprising: receiving audio signals produced froma portabl e audi o source;
enhancing the audio signals with the portabl e audi o enhancenent device to
produce enhanced audi o signals; and

41. The method of claim 34, where the enhancement is selected from the group
consisting of phase correction, frequency response correction, impulse response correction, dynamic

range enhancement, and combinations of two or more of the foregoing.
42.  The method of claim 41, further including switching the portable audio enhancement
device between a first state in which the enhancement is performed and a second state in which the

enhancement is not performed.

43.  The method of claim 34, further including connecting the portable audio

enhancement device to a remotely situated power source.

44, The method of claim 43, where the portable audio enhancement device is connected

to a power outlet of a vehicle and the power source is a battery of the vehicle.

45.  The method of claim 43, where the power source is located in the portable audio

source.

46.  The method of claim 34, where the audio playback device is mounted in a vehicle.
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transmtting the enhanced audio signals to an audi o playback device which
produces the enhanced sound emtted fromthe plurality of |oudspeakers in
response to receiving the enhanced audi o signals. 49. The net hod of
cl aim 48, wherein enhancing includes converting sound emtted fromthe
plurality of | oudspeakers into sanple audio signals, analyzing the sanple
audi o signals, and generating a correction filter based on the analysis,
and wherein perform ng the enhancenent includes applying the correction
filter to the audio signals received fromthe portable audi o source to
produce the enhanced audi o signals. 50. The nethod of clai m 49,
wher ei n enhanci ng further includes operating a m crophone of the portable
audi o enhanci@nmentThdanétb@l dDOclpine R4,uphdrb @lsognitie podatde mudip tenhdneemaitt dezite Sound
into the sanple audio signals and, after the analysis, disconnecting the

m cr oph@dfl communicatvh. wilh ehertlfboshigft ofliqd forble akder @uarhanis aglid inpthef the
i ncl udes connecting a m crophone

audio playback device is done by either an electrical conduit or wirelessly.

48. A method for enhancing sound emitted from a plurality of loudspeakers in signal
communication with an audio playback device with a portable audio enhancement device, the
method comprising:

receiving audio signals produced from a portable audio source;

enhancing the audio signals with the portable audio enhancement device to produce
enhanced audio signals; and

transmitting the enhanced audio signals to an audio playback device which produces the
enhanced sound emitted from the plurality of loudspeakers in response to receiving the enhanced

audio signals.

49.  The method of claim 48, wherein enhancing includes converting sound emitted from
the plurality of loudspeakers into sample audio signals, analyzing the sample audio signals, and
generating a correction filter based on the analysis, and wherein performing the enhancement
includes applying the correction filter to the audio signals received from the portable audio source

to produce the enhanced audio signals.
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to the portabl e audi o enhancenent device to pick up the emtted sound and
convert the emtted sound into the sanple audio signals and, after the
anal ysis, disconnecting the m crophone.

50.  The method of claim 49, wherein enhancing further includes operating a microphone
of the portable audio enhancement device to pick up the sound and convert the emitted sound into

the sample audio signals and, after the analysis, disconnecting the microphone.

51.  The method of claim 50, where enhancing further includes connecting a microphone
to the portable audio enhancement device to pick up the emitted sound and convert the emitted

sound into the sample audio signals and, after the analysis, disconnecting the microphone.
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