AUDIO SYSTEM WITH PORTABLE AUDIO ENHANCEMENT DEVICE BACKGROUND OF
THE INVENTION [1] 1. Field of the Invention. [2] 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. [3] 2. Related Art. [4] A portable audio source, or digital music

player, provides the conveniences of portability
AUDIO SYSTEM WITH PORTABLE AUDIO ENHANCEMENT DEVICE

BACKGROUND OF THE INVENTION
{601} 1. Field of the Invention.,
[002] 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 andio 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 tﬁe 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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and large capacity for storing digital audio files such as music tracks, voice recordings, and
the like. Depending on the capacity of the memory 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 drivigg ingls, CEMAT SPRAIMIRILEDSINEAAUANSANP 20U RIGALY £8TRIRS fes

user to organize the audio files Ing to artist, re bum, genre or the'like, or

customizgebRimdiaaras, WRlbASRRARC AL nthasiest dealirthardin diasand iavathe selegiethd

audio files through headphones, through connection to a personal computer, via docking with

a loudspRile dsyisie AudCERE 6eN bIRPURI SO Gl i PIa YIRCH SYSIe IS dPRoRed) igisiamh Wnnection
connect to these types of portable audio sources and process the audio formats provided by
them. Thos, fersexamplep@g@prablipdding player malshalcenneriad de.an Rectisr sl SCkaio
an in-dash vehicle stereo, allowing the user to select audio files stored on the MP3 for
playbackiiymgllsyttenic adspadiersdidirenrebictetiosSiposidaliyrpbieeivtid strancdsanid fordbess the
use of digital audio files is that they are typically data-compressed when stored on the
portableatidididosmatt previdesd toyddase rvd hwenforygmae, sporablatRS dlgitet masibefiterisected to
missing information as compared to the same audio file when stored on a CD. However, the
quality SFtARFIADEBRISStR I dashivrhiciguineaalipedngdhe verr (pssifpiondinienmigret on
the har%ag&geing utilized to achieve playback and the acoustics of the listening

environ dPimiabrak broned His Jeertreaken ?@Qﬁb’ﬁ’b‘ﬁ@s or the loudspeakers of'
low-pric lastic-housing docking, statigns will typicall interior, o sound played through an
array of@q}gﬁu-q ual‘fﬂ/%%gig 63501?5?%%'&{6%%’38‘%%? ﬁgdﬁee%ﬁg@@%?%ﬁig% St F@%t §@§¥e"’r¥? typically
Moreovef, s in_the. interior,of a vehicle will often be inferigr to sound played in the
oo of R e T e S AEIE Ry S 5 B T e Rt Yo

surfaceg, exiating:in AR HiE/ S S LGOS A0F RO YSS S RE RS SARRLRE AR BB K ored on

positioned within'the vehicle's interior due to design constraints. Many audio systems provide

user-acjustableRaatizare qosiB R ROPRGRRDAGOY WM%%P%&WE@QMH&@H@QI&W

audio sources and audio playback devices, but these products merely make interna
adjustmgndsetquidl Ryaoicife HeRRIS B iR P1EITR 68 26 adilialdSpiHYBBERIRPHHI S R MRE GPHIRCHiRRIng

acoustic system, i.e. they are not capable of taking into account the deficiencies in the actual

sound astialhyriesing prepagabed isdonihelistaning whviredptents\o thetendspekenidhRse priced
sound-enhancing products are embodied in software programs requiring the use of a personal

comput@asieitonmitie el statibus il typénadly be erediovetopaddplayakihop dgareacyyarihigh-
phase adjustments, but these products must be permanently installed as an aftermarket

featureqsetibelondscalainnspiteshivadmnamipiEiees whitls sissechyrieudidoptaybasudditayed

and thus reside within the internal signal path of the audio playback device.
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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[006]Therefore, there is a need for providing an audio enhancement device that is portable
and compatible with a wide variety of portable audio sources (e.g. , digital music players) and
audio playback devices (e.g., home or car stereo systems). There is also a need for providing
an audio enhancement device that improves sound quality by correcting frequency response
or both frequency and phase response. There is also a need for providing an audio
enhancement device capable of adjusting itself to the performance of the audio system to

which 1t 5o etedLNGTa 45 50 A0SR AINAINY ARAUIR SOLECHMER. SR YPRroduct

capable o In justments or corrections to so according to the position 0

the listeng; (Blalao iR IRUIoREAKSIS ShUS RiR TpidMARS IR ALBAHHE R MRl i

foregoing problems, in whole or in part, and/or other problems that‘may have been observed

by persqps sillgddnnthgcaidiinePEEsRph SASCIaatY &R 1R85 IRIRAHRe R OVRFSSFr SRS B these

apparatus, instruments, and/or devices, as described by way of example in implementations
set forthsbehavenSlohqe prdin@ o MBeinbplasae i alidivaD proaRlmm o wehiRien aneeyRe RIfde Yeonal

mCIUdescngxputer; Automatic equalizers have, however, been developed for making frequency and phase
adjustments, but these products must be permanently installed as an aftermarket feature between the
main electronics and amplifiers of the associated audio playback device and thus reside within the
internal signal path of the audio playback device,
[006] Therefore, there is a need for providing an audio enhancement device that is portable and
compatible with a wide variety of portable audio sources (e.g. , digital music players) and audio
playback devices (e.g., home or car stereo systems).  There is also a need for providing an audio
enhancement device that improves sound quality by correcting frequency response or both
frequency and phase response.  There is.also a need for providing an audio enhancement device
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.



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. [9] According to another
implementation, the portable audio enhancement device includes a microphone for converting

sound into sample audio signals, and the audiomkﬁgpcessor is configured for performing
an analysis of the sample audio signals and performing an enhancement based on the

analysis joiig] Accotiiaaie:anethesd Alio, s RosIaRIsAUdiIRRRARE PRBIREHEEmay

Is configured for generating a correction filter based on the analysis and applying the

correctiogniittcicksh thitio SignaisdrsaMddNheaugio 1P WrtedatodidcRdne gnbvwasetnethods,

audio signals. [11] According to another implementation, an audio system includes a portable
audio sopreese@iailesaugieniaicemenitevictoadauds playbackhebligeyanddaeanple in
more loudspeakers. The portable audio source includes circuitry configured for producing

audio sigmalstfenatitmstsadrficrth 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 andio
enhancement device,

- 609} 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.

[610] 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 ipcludes 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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a first audio output configured for outputting the audio signals. The portable audio -
enhancement device is located separately from the portable audio source. The portable audio
enhancement device includes a first audio input configured for receiving the audio signals
from the first audio output via a first communication link, an audio signal processor configured
for processing the audio signals to produce enhanced audio signals, and a second audio
output configured for outputting the enhanced audio signals. The audio playback device is

located gepara dYofr?:%g;%%@%@Q!ffgﬁ’u%%%%gﬂgéE%% %ﬁbes?g%%%?'eﬁ%ﬁg&%%ﬁfa&lfﬁmgﬁﬁam ment

device. The audio pla ICe inc nd audioinput configured for receiving the

enhanceg. Audio SIgRaIS A amRPRER RS AHIINMIRY YRR SPROBE LR MIACARR 2 vice

circuitry configured for producing the enhanced audio signals for playback. The one or more

loudspeaisrgaamnymeRiaMihfaudiPBiavbac dedcR IR SereHing the menarEedapeiQia

signals into sound and outputting the sound. [0121According to another implementation, a

method isfRsoviseshisic gt grsaunisl suipubieccbioatoatigivdd fybackaavictheptigaliigals to
audio enhancement device is placed in signal communication with an audio output of a

portablepaartiice smhaoecdrhdidtsigma by didl i ptoad andio diapioyddiodteMiceodtpatiingi gratalaieed
transmitted to the portable audio enhancement device. The portable audio enhancement
device iswhesigedsto phiawdiaplepbrahctavienisdnditedsegivattinfiemdhsrpoitatdesnidimenutce and
audio signals. The enhanced audio signals are transmitted to the audio playback device. The
audio sitifdtertaidcomdigeshasapeideoes. onEieardivelavhashalenine inslptmresand wiliotinput
audio playback device. (013]Other devices, apparatus, systems, methods, features and

advantagedigte T EssaBIRiPE coianehavdin s grpla B dhsrissond erdiarPHieut yiagosecond

examination of the, followjn — . o
communication ?m ,gand circuitry configured for producing the enhanced audio signals for

playback. The one or more loudspeakers communicate with the audio playback device for
‘converting the enhan(;ed audio signals into sound and outputting the sound.

[012] According to another implementation, a method is provided for enhancing sound
butputted by an audio playback device. A portable aundio 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
;Sroduce 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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figures and detailed description. It is intended that all such additional systems, methods,
‘features and advantages be included within this description, be within the scope of the
invention, and be protected by the accompanying claims. 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 ceresponding,nads iguohout he diferent views, WARIEIR Aisa loek diagates
of an exaﬁq)pfe &tan implementationof an‘audio system utﬁlzmg a por?at% Sudid

enhancePabIENIERs be included within this description, be within the scope of the invention, and be

protected by the accompanying claims.



[16] FIG. 2 is a block diagram of another example of an implementation of an audio system
utilizing a portable audio enhancement device. [17] FIG. 3 is a block diagram of another
example of an implementation of an audio system utilizing a portable audio enhancement
device. [18] FIG. 4 is a block diagram of another example of an implementation of an audio
system utilizing a portable audio enhancement device. [0191FIG. 5 is a block diagram of

another example of an implementation of an audio system
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.

f[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 exam}.}Ie of an implenientation 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 o.f an impiementatidn 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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utilizing a portable audio enhancement device. [20] 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. [21] 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. [22] 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 Ir}(ﬁk(]as 1_I§IG. 9 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.



device that may be utilized in an audio system such as shown in FIGS. 1-5. DETAILED
DESCRIPTION 10241The 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. 10251FIG. 1 is a block diagram of an example

of an implementation of an audio system 100.

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 is a 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 with or disconnected from the audio playback device 104 without undue
installation efforts, and may be easily carried 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




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 with or disconnected from the audio playback
device 104 without undue installation efforts, and may be easily carried by the user from one

locati h | ' [ .
entancaein Rl YSRE I ISRE IR GBS 3OS SRR BERIE TR A gpvices ore
is, the POHARIGIRMEIRSALTGE RS AR G RPEaRIGENIILRNDARCEME YRGS §h2aAfo playback

generally not required to be in signal communication with any specific audio playback device
104 or typeied aodlienplayDark SEMGRA R BICABSRSSTIN R RRSARP RS RFIARANE diance by
portable audio source 108 is typically a device that may be operated alone without being in
signal cavamuofipkiacuvitigrrithertihgsaeliaspliybackngtyietdeidadrdht euiidics endarcementts) or
device 112. As another way of characterizing the portable nature of portable audio source
108 andwivelgmrigginid pattiq@exhascemsnngdyiedrdlz; linkse devices are physically separate
devices, are located separately from each other and from the audio playback device 104, may
be placd82fl signdndbinanphicsiion itvithappisiiatttebothaseankiled: b lhaistahacsyplvageotin signal
physical signal paths (such as, for example, electrical connections and/or conduits) or
wireIes§§f§ﬁ‘éif’ﬁ’*&ﬂf§"§s&@lﬁ’%§§)’fé?@'@a¥ﬁpﬁéyvﬁi’m@sqmq@@% Y AppRiesEan ibpween the
appreciated by those skilled in the art that the phrase "in signal communication” generaIBé g
8, an

refers tFSHFE SR eoniRumiemRds SidioRinbach tatiedtnedtahleaudioctruserd

le, th diq playback device 104 bl di 108, and tabl di .
enhancEERISBUL T 135 AP BIACS 0 PHL R e a M BLEIS TGRS artpEnls
ety MR R e L SR b e B

that alloys gl GHIt-OMMRRPEN bofREMIS a&d/&rndajyéﬁﬁsw?g@g%&%{" Rl e AR 50 et

information from another circuit, component, module, and evice. The communication
and/or GRRRECHORBRY, NS AIRRANYNANR, PAlREWSRR the SRVt SOMRRRRAL:IALUIESYor
and/or devices that allows signals and/or information to pass from one circuit, component,
moduleirdnehatisle ies tenametherand doglpsiesiVirR\@ss, enwisedsigeal PRéNBNIMgTIgHS and/or

paths may be physical such as, for example, conductive wires, electrical conduits,
electromagiseticnwmaechg uideg aaiiathad mridieteles ieahgnej canpoacheniealaonmled devices
terminals, semi-conductive or dielectric materials or devices, ionic, or fluidic, structural, or
mechartiehkistati ohstaiis suot/othiefosinalian physisafroonmectivog b comppliogs mddiionallyr device
signal paths may be non-physical such as free-space (in the case of electromagnetic
propagéiergtbrrianshinelidespattsicssrouyiral giga authon dhes sienetpativrmay bicaliprical such as,
information is passed from one circuit, component, module, and/or device to another in
varyingfefigitarnblen seeduetvetassinle e genduie dletemraanslin olieveortide giashndypad/or

purposes of this application, the term "coupled” may be interchangeably utilized with the
phraseeiectromagnetlc 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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"in signal communication" and "communication link" may be interchangeably utilized with the
phrase "signal path.” It is also appreciated that the fact that one component is said to
communicate with a second component is not intended to exclude the possibility that
additional components may be present between, and/or operatively associated or engaged
with, the first and second components. [0271 The audio playback device 104 may be any type
of audio or multimedia device or system configured to provide audible playback of sound from

an audio sures andior audibleiielble Rlaybaglc of sound and videg f1om a0, udigdede iee 1o
source. KOn-Nimi ing examples oF the &Ko pfa%a&? J&ViEe T0ARS8 B Vehie & Stered

system, a,BOe; RGN Y His M %&&@9%&&&{?g%ﬁggﬁ%@)gﬂ%ﬁwg@%ﬂ{@%&c 'Ootfiction.

present context, the term "stereo system" is utilized 0 encompass various types o
multimegig: SSpaRso L8 G I TH-IHSIC TS, R -CHANRR! ALAIG SURRMS R Ib1Y YRICAY WiRE the
audio playback device 104 is a stand-alone system or device that includes its own hardware

for drivinghageaudio source, reading and processing audio signals from the audio source, and
outputting sound derived from those audio signals. As examples, the audio playback device
104 may‘indlige! arenatunicigoniedid duvesniaticetaivitg antycsdingramayable méihed suahthe
as a CD player, a DVD player, a tape player, or the like. The audio playback device 104 may
also inclplatesari Sgmlibpfitb. (e 1.is. alav apdR8| agtd Jhpt deebsothat vadicoopsatellite saiddo, @tonibhicate
audio playback device 104 may be a device normally operated in a stationary or fixed
installatistth érerapbecmporeable wuvidendeddnexsludaphe npasibiliiotnbgbditiond veak@srits may
vehicle stereo system that is mounted in a fixed manner in an appropriate location in a vehicle
(e.g., dAEHPISEREE bréweearmpdor Rty apoosatid grengeseny ihdhnpistArdaeere hraymesents.
device 104 further includes an audio signal infut 132 configured to be,in signa

. |,
commutfdion williSAiRRPatiodeelstrdari mayaheatiidgurlcrudiarmt Ity taediprs vice or
playback device 104. As an ex le,.the audio input 132 may be a female conpector or line.
Ut i or AN S e S R L e 1 S S Aot
an a““"ﬁ‘%a%%fé'%é&’o%? &HQVVPF%&'P%%% FohQ! &iﬁ&%‘% A"é‘)’%%‘&%%“a'x%pf dI? he audio
playbacﬁ evice 104 is in signal communication with one or more Ioudspgaiers bviaan

audio siggab Qutul138 AN ihaRae e QY UG O IMEINES D TURIGAN S, 18a5L N a1 computer

loudspeakers 136 are provided for playback of stéreo sound through I€ft and right channels.
An array,ph igepspeakaeackafiin akPepiay ideskfe oy tinasaradowishinapecificdisay SRSy
ranges (e.g., tweeters, midrange speakers, woofers, subwoofers), for providing front and rear
channets, éatqnpuiding:aiuy ayipsg sAunditRieditneybesissPaakesmh3ht HRWMIN Mlki-2hafel audio
representative of all such possible loudspeaker configurations. 10291The portable audio
source dB&mg\ehe dpyicdlyicehtypichlypiandbielddvideat (dakt easdydiedospayabie by device that
user-capable of outputting audio information of any type as noted above. The portable audio
source h@Budnayisforexandplesiforadniangheicauiitabnicsicepltye @ Prptaysngoaudidisighaksifom
no wally coupled to headphones for playback of audio information. The portable audio source
108 malihendimettirediadopyinyiitarietsd sledeoib &enphpte aidinyigrebnelsr enorples.tiesaudio

types of audio information. In the present context, "audio information" encompasses any type
of playback device 104 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 éudio 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
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data or information from which audio signals can be generated or processed and outputted

from the portable audio source 108. Thus, as examples, audio information may be audio files
such as may be stored in an internal or removable memory of the portable audio source 108,
audio files such as may be stored on removable media driven by the portable audio source

108 (e.g., a CD, DVD, cassette tape, or the like), or wirelessly broadcasted content (e.g., via
radio, satellite, or the like) that is received and processed by the portable audio source 108
over ach lecte the user, In gne example, the portable audio seurce 108 is .
capable T Bl B0 g S R AR AN BB g

removableyRedia. a0 YA ARIMID thARHX T AR Mé&mméﬁb?aﬁm{@ RS Y QRRERSS .,

The portable audio source 108 may be further capable of allowing the user to select a store
audio filgy gk alatiRadiENBRRNQ WS yvhich to receive wireless broadcasts of audio
information, to be outputted as a stream of audio signals for playback to the user via
headphqoes; via dpckiag:ieend @uUEspRAKES £8dio. SdGhadls d8didE0RraMgedins Al A6 QSR iigal
a specific brand of digital music player), or via auxiliary input connection to another playback
device (inguthGthedmsifigerdrche ftesiga)l Monimitagoaxampiasaokidiadiciilies soctdeld.avam andio
files, MP3 files, CD files, DVD files, or any other suitable type of storable audio file.
Non-limisingosxentepiak tofthiserpdin atbistadklidesimer t 841 08\natucamalito tisctypdis diportaBlmay be a
music players (e.g., Sansa0 models commercially available from Sandisk(r), iPod(r) models
commeraiieasRIRgstarfRshngpipiary jaekcof, aighnslayesizgd4e,.Sohymdikdiamgierdatelsyhich the
radio or satellite receivers, cellular telephones with audio file storage and processin
capabiliftBdih arBHal iy Farn S8 stuRisare AP HHISE dTS il BesRIFggedand fito Sutipe playback
capabilities, et .8{§30%The rtable audio squrce 108 further includes an audio signal output
150, whiBRSHAD 16 AR UK sy L R 8PAL rUBRE AR WD eldegie dpudspeaiers

tor adapted tq.interf ith ired ext | device. Foy. le,.the, I0 Si I
oot 18 D O TP 2 R P TR G, )t o
h the pl f ig file. In thi h [ 108 |
iso conTFatp 15 RIS N B! Blbate AR I IR A BCAHESRE. o
the audig playpaglidruicss10% i&é?%?j%%’e&@%&?uﬁﬁ%@&!ﬁdwﬁﬁﬁ QAR R ARG Fanges

audio signals representing the selécted digital audio file to the external playback device
instead @fd0 HRRHRLAHRIFTAEREAMAS, Wb IRG YRR ALBRIILIS FHeIBRLIRA AR 1D BusIRIs, for
signals may be outputted to the external playback device via either the audio output 150
normallyrutiliied foirbeartiphancaaradriapuditas 183bPnRiePventioo M prepiemeniatian.such
the portable audio source 108 would be coupled directly to the audio playback device 104 via
a signappssibithimdapeidtenctmdigurdeseennecting an electrical conductor of a desired length
(e.qg., wire, cord, cable, or the like) to the audio output 150 of the portable audio source 108
and thef@fio inplibd gorablteusinl iy bog kndz\heeOdstivatyploaly hpplicddduf farleast easily
~ example, a portable music player may be in signal communication with the auxiliary input of
the vehiEewetttds Eyﬁémm?@?&!ﬁ/fa% HRHE teaudia tefenaetinnded Mysye ridneiethebpurtaise
music player through the vehicle's stereo system. By contrast, the portable audio )
enhandifebifqudiesrreiddf o ficcrmnbe st iviibde disiel miie mauredtoplary faadio
audio playback devjce 104 tq sigpificaptly improve the quality of the audio content played .
pack (1B BBt SFRRIE Lo B RS R PRATE o  Hfmation. 1he portile audio

source 108 may be a multimedia or muiti-functionai 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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[032]The portable audio enhancement device 112 generally includes audio signal processing
circuitry (not shown), an audio signal input 154, and an audio signal output 156. The portable
audio enhancement device 112 may also include a microphone 166 for further audio quality
enhancement, as described in more detail below. The microphone 166 may be internal, or
integrated with the portable audio enhancement device 112, or may be external and
connectable to/disconnectable from the portable audio enhancement device 112. The portable
audio enhancement device | 12 is.placed in signal cqmmunication with the.poriable i

e T I R dro R L ot OF PR R e R B g e

aucio input 468 gl dheparablE 2R SRIRRERTETh AR efAMGA P ABIEERYBUNGRTAN, be

link 170."The portable audio enhancement device 112 is placed in signal communication wi

the audigrplay hpsk HRIEE HOénhn iR GeRRRE WP el o RHAIOAAHD Yored @BINE RO RHAOmay

enhancement device 112 and the audio input 132 of the audio playback device 104 via a
suitable g@RicRatNiFAHMNEKId fedEh@RbilisyIRRUES Aatde A0diREEhibe RISAROUANTLS TRO) 16fsette
may be line jacks of a standard size (e.g., 3.5 mm) in which case the communication links

170, 172=pe phyisichkdnes (kelaidgticakcandlicaiencongyiida wims, eatilis, eicthavitke) that is
terminals or plugs adapted for interfacing with standard line inputs and line outputs.
Alternatineehiytdenad giodepetsbl3Be PoAabi dinbasulicce Ufjfutyd50cb6ansejebebyt e user. In
wireless transmission circuitry in which case the communication links 170, 172 are wireless
links. [038¢ Trampbtdbicrardidecaidincomment d8visecanadlnay petvgatudiarfiiamsrein instamidnor
to the portable audio source 108 and the audio playback device 104. As examples, the
portablergielgdn HasieeTy anitdagicthawn) mpd/Beon direer phierBed e eRi Q1 iERBIRE Aridl ¢3lipeting
clothing or in a carrying receptacle worn by the user, or may be placed or mounted at a

nearby FRUARHOEIANLY FRTpIMELEHPELHHET a Thh RIERblHdIO NS O Toah Rufisther capable
vehicle's yi or, laced in a vehigle's glove comparfment, etc.‘[fo34 Th%au I0 Si ne;}I‘ ocessin
circuitryogﬁ”u%w Bhdbie 5tiaf8 & ﬁ%n%é??fgéiadqé?/c 919" §HEAy IntAERE Qo™ |§ gl recelve
h t circui hich t f circui figured f '
e B S Y SRR 2 e

audio sourge 108 Wa%e&%@(&%?%iﬁ%@ﬂ&%dté%di&ﬁi%gl&f%.%Htﬁ%ﬂ%é%%tﬁénﬁ’rlo@%ﬁeas an

such as the audio playback device 104. As éxamples enhancement may be a frequency
responseQRRYIBME Y MRBERd SERPNEE SNERMSIBBNbraa MRYIREY BHIPB8Rnection to another

enhancement, a dynamic range enhancement, combinations of two or more of the foregoing,
as well gaesher Bepas 0. enhancemeaisHhadipraye seuadialiahp aampriesiaiat dRRE iSeRSe
skilled in the art. In some implementations, the audio signal enhancement circuitry includes
equalizasian Gles UMY iffes A02 Al 2V D (iR JorThe ethunrlindabhaly pe dnbigble euidip &lkormion-
equalization in time as well as in frequency. The audio signal processing circuitry may also
include loimding\efomphys| efithatrogaldeioudiotoercldld Bigndé entiamcippesurioioteb burisis pfayers
example, channel delay, dynamic range compression, reverb, etc. The audio signal
processig-chaim®) mrdeinenripcaisivoresiiehledivy crmigiBoRed@ medsdieamaornin isaiakdnble
signal enhancing functions. Such circuitry may be analog and/or digital. In addition to ]
implemERAHOARKRN Hco bskiretr (e uiiBlisan® anarelilnradis, ohsreHEst BeeisTs:
signal enhancing functions_by executing software instructions or algqrithms stored in a

f . ,
memprgeé}mﬁfets%ﬁ%rssaw&rbmﬁ&%mwa&vﬂ&fﬂffféﬁ%ﬁs?ﬁm HiefrePCHRARy HeLRIcRsSggants
digital %gﬂglsf)\ra?i%ﬁtsig{o(&es%rage and processing capabilities, etc.
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[0351As an example of an implementation, the audio signal processing circuitry of the
portable audio enhancement device 112 is configured for implementing automatic
equalization. In this implementation, a user may initiate an automatic equalization set-up
routine by manipulating a control that activates the microphone 166, and/or by connecting the
microphone 166 to the portable audio enhancement device 112 in the case of an external
microphone 166. The user then operates the portable audio source 108 and the audio
playback device 104 to play an audio file stored on the portable audio source 108 (or a
wireless broadcast or other type of audio information outputted by the portable audio source
108) via the loudspeakers 136 of the audio system 100. During playback, the microphone 166
(or the entire portable audio enhancement device 112 in the case of an integrated microphone
166) may BB cated Hrearriplie pitie seure J08 fuatheiinels deniprudeo e shitmg 1566 whioh masibe
the user's h?ad by any sgié%ble rge ns. In a vehicle application, for instance, the driver, a front

seat passéng¥r PR ie5F QL PP PEULHHPae RSF1YRE PhicleHIfsh SOPBB°ISF RishiRd e interface
microphone. 166 | lon within thevehicle proximate .to that,particulayr user. Durin
playback,rkz%]t:léll W’%ﬁsﬁfg ?ﬁg%%fao %ﬂé@[%%ér?ﬁ%@ég’ g%edaﬁ%glt?l el e éfgﬁ%d’,’ Ffﬁeg)%%??ﬁgﬁvd to
initiate an audie aANE YL B S HREABHAS Mo MARIAYIAUNG A ERIGIELINGY SODHO] avdio
provided on the portable audio enhancement device 112. The microphoné 166 receives the
sound beifiggoutputted dramptherae gintsistand [esidepaakarsals3bcantlarver tedhesQuUR ik
sample (or test) audio signals. The DSP (or other type of audio enhancement circuitry)
analyzes twenaudioasipstenthsainpidse! ngigponrgei¢vibiah aay inclidslybe Krdspiteny an chphasent
response) to determine whether deficiencies exist that should be corrected, by making
measurerfisHtP 6} th&shinpleserUgiBasrpiarPreindd Sgnrermpessphichdd Sb:cRdal RBR 2din file
calculates a&@ag}g;fqgﬂrﬁia}e calibration or correction filter, which may then be stored in the

memory dft &'3vRAek SlaMish detat bt feadphonerh Dsarnding aridie Wpnaheerablstaudio

device 112 ma nfigured to indicate to the user when the analysi Gas been completed, .
SOLIC 1%% R oS als may t&]e out uttecf]tg nt\geleé(éefpgmmgaﬁgr Igyice av&m?éther the audio

at which time the user mayod? onnect the microp

enhancerygat deyiR kAN 6759, Ol ARSUSINALTIGaPRAne 166). The user may then

continue normal operation of the portable audio source 108 and the audio playback device
104, duringswhich time @mrakiakie Ayimenhancamnepbasice by IuRlements dif o¥ st
filter whereby the sound outputted from the loudspeakers 136 is optimized. [0361As an
example direpbraditig: thelausliyisyttdavito04a vser flpeepdheiporiaiia audide SNBRVSEEDERYE an
device 112 in signal communication with the portable audio source 108 and the audio
playback dessiéeali@wdueidr operdesisethsnmshtéhie stdicendhaatdene titedé @ 11 aalzatibiate] 50
the audio system 100, in the manner described above. The user then operates the portable
audio sofcle parEPardioaR R fiendothe mistiayippubf A2 eloherardianin ek grtsatidby the

audio systeijm 100. The.(gor able au?io source 108 processes the selected audio file so as to

transmit AGeHG ST R HEh I8 SHAME Eha BRTHBI R CRE Y A S SR KAmER SRR Vit the
112 via the.¢ ication link 170. The portable audio enhancement deyice 112 processes

the recei@%&@%ﬁ%ﬁﬁ%ﬂ’%&&%Bt‘%‘be‘%h%sg%“r’re&é fgﬁyfﬁﬁeor“ﬂn&ré%éﬁghfo \{arPéfrll &d %ﬁ?iﬁtﬁred on
set-up to:ReqsiesIenhRRCShadinsignaly saddnsmits hesnhanced audio sig g)%'ﬁak%t%%dio

audio playback device 104 via the communication link 1727 The audio playback dévice 104

processeshagcepasivee 28 ancRO AU sioRa S A% RacasSHYE RlabaskandruiREtg NS dio
enhanced audio signals to the loudspeakers 136 for conversion to sound.
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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[037]As long as it is interconnected between the portable audio source 108 and the audio
playback device 104, the portable audio enhancement device 112 will continue to apply the
same, previously created correction filter to enhance the audio signals being transmitted from
the portable audio source 108 to the audio playback device 104. However, the enhancement
function of the portable audio enhancement device 112 may be defeated by the user via a
suitable user-input control, in which case the analog signals originally outputted by the

portable 10 souyce 10 ss through the portable jo enhancement device 112 1o the
audio pl y%%tick devuf‘l%ceep fb% Wit %%] gﬁﬂaé%génn%gn%%reovgﬁnﬁg] %olr‘f%‘g e aidio et na?% eTRent &

device 112 may ﬁ@%ﬁ@&?%t%@geg(@gﬂ Inpae it APGRSEHAN (Sl TR NSA0 g8 e

a vehicle application, a différent user (€.g., a second driver of the vehicle, person

occupying AdlifigiaRERESIAN IRt ¥ ehiGlea&ICihdRRY deri&dpHaIo 6 AdinBRhANARMG ity

to his or her circumstances. As another example, a user may utilize the portable audio

enhancesiiiRiicORefe sl ddChanestinbryiatain aniesteraR oA 6B iRtdmal, or
room, and subsequently utilize the portable audio enhancement device 112 in connection with

a vehiclerstgraedovithhhagesarladialitpedionthenyehiRic intier Asabethacaxhadlesandsable
may utilize the portable audio enhancement device 112 in connection with one vehicle and

then utilivéltreepudmble dficho ehdapceshint aeitceedikRdencanndetior Witlza differpottatdbiciadio
[0381It thus may be seen that the portability of the audio enhancement device 112, and the
ease witmb@irsinrnnégrise tbdpadagsddnisignal pervronmiontitsl evithdie soutalde aBdcaragraedied by
playback devices 104, and in either mobile or other types of environments, provide many

benefitsiféeranaeeinsr tiseapinasauddbod thprithieudiaseureq 208 ped sherausiio b1 54 of the

enhancement device . . . L ,
portable audio enhancement device 112 via a suitable communication link 170. The portable audio

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 communic.ation 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

-15-



112 is a plug-and-play solution that does not require any hardware or software related
modifications to either the portable audio source 108 or the audio playback device 104.
Moreover, by being intercoupled between the portable audio source 108 and the audio
playback device 104, as opposed to within the audio signal processing path of the audio
playback device 104, the portable audio enhancement device 112 is able to improve the
quality of the listening experience by equalizing the audio signal based on an analysis of the
deficiencies of ok anly the, aufia plaxback deviee 104 Rul also theehiire,aucig usem. 100;
ie., bas&d 6n measurements o tl e sounds acf’uailly eing outpu?tegi ?hrougf‘? the oud’spea ers s
136 and jroRag jn.the.position of the user as a result of the performance of the audio
system T00 as a whole. Depending on the severity of the original deficiencies of the audio
system Fg8upand/orihe Jiiening AnERRaRRt dRciriosmun ddualting s upiarBIaNAL &lide 112
the result may be a dramatic improvement in frequency response and stereo imaging.

[039]F| Geddtmyblncligéagaaaivobipnathemexample dirbirplementaiisn s anpugie YsteRuitry
200. Elements of the audio system 200 that are the same or similar to those of the audio
system toffesetifiadmaiforeingdillasiaatethimi-{6r. ddpsendasigoatatidy, the samthseiedaneinals
numerals and their description will not be repeated here. In the example of FIG. 2, the audio
playbackedeivisk i@y thapdrtehicevdimsinrfrondpanek de fnodptatenB2®eq hediostgpaisebo? 20tput to
may provide one or more slots for loading various media into respective media drives 216,
one or moexdisplaleyize quidr gsrdsentingpixidrmkidorice 1hé usersxxamp by inatithakaseninpmyt be a
elements 228 for enabling the user to control or adjust various parameters and functions of
the audibgakeyisackeipoitg 16aharcehiensxampbashe mepiiosplagifckaesite 104 imphldesiasponse
audio signal input 132 that may be located directly on or near the front panel 220. The audio
signal irfiphenSmesdye dypeRinigiec sahanamsns. cortiettpey e mpUTRslobig Kuding siywell
(e.g., 3.5 mm diameter) into which the audio output line (i.e. communication link 172) from an
auxiliarf a0l SRATRIFPREPRGHRE! ipsRveSeunst ol AanpiRTialad By ther uidiskiighde the
input 132 maz}balternative be |located Elsewh_ere,sucf as on a center cansole of the vehigle,
oe'fﬁ‘ ‘%J,

or in a fidve EbrPARHBREBITHEUOBNCRS ARl AFRI CIHAREBRAM BT UFE D e ForAAE

audio S%H‘E%retr%ao(%éeca{g %%ﬁa%.%ﬁ%%&?‘.“ “The equalizer may be configured to perform equalization in

time as well as in frequency. The audio signal processing circuitry may also include circuitry for
implementing various other audio signal enhancing functions such as, for example, channel delay,
dynamic range compression, reverb, eic. The audio signal processing circuitry may include
dedicated circuitry configured to implement the various audio signal enhancing functions. Such
circuitry may be analog and/or 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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(e.g., LCD) and a user input mechanism 246. The user input mechanism 246 may include one
or more elements or controls such as an enter or select button for selecting commands and/or
audio files (or radio stations, satellite stations, etc.) depicted on the display 244, arrow buttons
for navigating through selectable commands and/or audio files depicted on the display 244, a

thumb wheel for scrolling through items on the display 244, an alphanumeric keypad, etc. The
user may utilize the display 244 and the user input mechanism 246 in a known manner to find

and sele dio files stored by, (or other types of audio jnformation processed. by) the portahle

iSSP iRy TR IR B S PISEE IR SPeRigtick the

audio source 108. él?)c?r’%‘ge al
nterf . . . : . ¢ o
purpose e 12 B e, DB TR e Bz,
audio file; Q-G FRMAUE 2 RS NRAI0GH YREHL J8lR A8 R CRN VRN F RTINS o

internal battery, etc. [041]Also in thé example of FIG. 2, the portable audio enhancement
device 1dchif FIHAVAL@9ats MRS HBOHAPLEE ANTRISHYBnALURHS tEIEAIAITHER0 (80 EAh&@portable
display), and a power adapter 262. The portable audio enhancement device 112 may also
include audisi@pasnendnulezed 1R GATREEIR LD SllcatlasiateshsACI@BNOMRLER T eHciv Bh@htes
audio quality enhancement as described above. In this example, the power adapter 262 is a
standardhbarehiypevditapterce difgmrbtiéanbBilgdadkidiore Hibigriapanvardin fidé fnatd on the
shown) of a vehicle that is often located on the center console of the vehicle. Alternatively, the
power aplatabie 268imspntee AP8AE adeiptiass brdiglersticioddeeplypy el dndam infittetatiba. bufidlitel by
(e.g., a 120-V residential service line). As another alternative, the portable audio
enhancéifderigblsiéadia souray 1A therigydnsaltesdbfeehiarmsins ysigre l0ndDwire ieyback,
require the power adapter 262. [0421FIG. 2 also shows another example of an
implem&hftalidHTRIARTCHA M Yorbanfatitadrsriehisaidimenbenssiven reviceohlfyifethforase of an
accommodating, the, addijtion of gne or more auxiljary or additional loudspeakers to the existin
# yio) d

arrangeMEREST I h R ISTRRECB Ay SRS 105 EH R SYtein SRS SUtiary Y dpeinbng the

loudspeaker may be one that is added to the existing system for the purpose,of . adding ot
oo oo o8 e T W R I Poa eSS RR ey for

SUDWOORIFRIE ML PNARSTHNR SUERNRLA o0 OLIANRI e REPUONEO R S 166

center channel, a rear channel, a surround-sound channel, etc.Y’

cellular §eleR0RN ¥ ALESRb ARS8 aIS i SHARIHDSAURULRKIRERATARE BdQilar user.

enhancement device 112 with an another playback device in addition to the illustrated audio

playbaghRigal04cRNshBWIBDIRAHIIR SVHE S APt Eted RAPPO IR RLIROLELP nay

player, additional stereo system, etc.). In some examples, the additional or auxiliary
loudspénkialdsoaadibainitasedreavwras andihe boartagsiiahgdepanabhndde-ilpstaiedohudioided
playback device for its operation and does not need to be connected to the audio playback
device df4hdrpattahichnedisestireportableviuedid 2nh&heaniempbewceot i2oriagsidaudeml being
signal divider network that routes all or at least a portion of the enhanced audio signals to the
additiowafmitigdxitrnythsueispe aieienis landspeakers 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 correction
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example, a "portion" of the enhanced audio signals may be signals of low frequency
transmitted to a subwoofer added to the system; the signal divider network in this case may
be a high and low pass filter network. As another example, the "portion” of the enhanced
audio signals may be voice data transmitted to an additional loudspeaker dedicated for
playback of telephony content, etc. [043]in the example shown in FIG. 2, the additional or
auxiliary loudspeaker is a subwoofer 276 that has been added to the audio system 100. The

subwoofgl, 276 for example, be.an aftermarkef product that is installed in the trunk or

Coar pastg S o T At AR AOE A BHAE PP GRStk 6 The
may be g wirsless feyige s 0 id need for accommodatin sical gudia signal ,
line and@thus may Iinclude é%ﬁj‘?%}z}lkﬁ%y%ﬂré es??géeggi\?g?, gugéﬁ% laltlra 8%209% lggﬁfjvghs%no%}gge"&%s‘s

radio freguansy, (REbEISH Y ARSI the JUuishialrs Lxanpiend Hﬁ&ﬁiﬁ%ﬁéﬁ%@qﬁ}m the portable

enhancement devicé 112 may similarly include a suitable wireless transmitter, e.g., an

antennagan anrasisiechRiealisuity @andAaga sultable it hand Jauhpass) ilterHas ety {Dohen
y

shown). By this configuration, low-frequency (subwoofer range) audio signals enhanced b

the portabiginidineniaspeesientdauicaotdBinayile dbansnitedie the seampishysiltaiRdice 104,
subwoofer 276 via a wireless communication link 282 established between the wireless

transmitteriag dviichwirete dserpomibds. Myithienbenfiguatideviae dilipialpeudapeaketeseivaSilter
the illustrative subwoofer 276 may be added to the audio system 100 without needing to

modify ovherake honnerdiongpuseh &amhiiaudivabayiackdepiosd4, and such additional
loudspeakers may be accounted for by the audio enhancement solution provided by the
portabld®&i¥dlio enRarisefiamie W eperatinp 4he Ridic susteml o0 dmgramplican hhepoasalinpladio
of an implementation of an audio system 300. Elements of the audio system 300 that are the

same of SIANEEIYtKGKES {ﬁérhﬂg{@]wgicaﬁon with the portable audio source 108 and the audio

playback deﬁice 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 audic 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 ﬁrocesses 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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described above and illustrated in FIGS. 1 and 2 are designated by the same reference
numerals and their description will not be repeated here. In the example of FIG. 3, an audio
input 332 to which the signal communication with the portable audio enhancement device 112
Is made is not factory- provided as an auxiliary input jack or other component on the front
panel 220. In this case, the audio input 332 is provided by an auxiliary input adapter 384,
which may be an aftermarket product purchased separately from and subsequently installed

in the ve The audio in ut adapter 384 m Iac din al communication with,the ..
audio pl ﬁ%ﬁck d eVI C(g)Tg i }f 1 ﬁgpag?ﬁ eg%)ée deh the por%a%?e i0 source Eg"anél}he audio

playback device 104, the portable audio enhancement device 112 will continue to apply the same,
previously created correction filter to enhance the audio signals being transmitted from the portable
audio source 108 to the audio playback device 104. However, the enhancement function of the
portable audio enhancement device 112 may be defeated by the user via a suitable user-input
control, in which case the analog signals originally outputted by the portable audio source 108 pass
through the portable audio enhancement device 112 to the audio playback devicé 104 without
enhancement. Moreover, the portable audio enhancement device 112 may be subsequently operated
to generate a new correction filter. For instance, in a vehicle application, a different user (e.g., a
second driver of the vehicle, or a person occupying a different position in the vehicle, etc.) may
desire to tailor the audio enhancement to hié or her circumstances. As another exampl'e, a user may
utilize the portable audio enhancement device 112 in connection with a home stereo to enhance
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 112 in connection with one
vghi;le and then utilize the portable audio enhancement device 112 in connection with a different
Qéi}iqle.

[638] 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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coupled to an appropriate connection point of the audio playback device 104, according to an
installation procedure that may depend on the particular model of the audio playback device
104. The audio input adapter 384 may be located in any suitable position relative to the audio
playback device 104 and the portable audio enhancement device 112. In a vehicle
application, for example, the audio input adapter 384 may be mounted under the dashboard,
in the glove compartment, etc. 10451 FIG. 4 is a block diagram of another example of an
implementation of an audio system 400. Elements of the audio system 400 that are the same
or similar to those of the audio systems described above and illustrated in FIGS. 1-3 are
designated by the same reference numerals and their description will not be repeated here. In
the example of FIG. 4, the portable audio enhancement device 112 is configured for use in
conjunctiohlifp phieadie-Blanie keancest 406 thritreanizean shatler i o sefvasor ttatedame fefidaiions
both data and an electrical current that m(@/ be utilized for powering external devices. The

[

portable atfafy&hHAnearBl: telincsotes H0Bhee tsavilie pubaskabtrnsy! flerrerupyar. by being
configured for connecling 1o fhe %%%Elﬁegn igtsarﬁ/régt?@? e%gdd' goagxé}t,ro?g}‘%%% bltgev?ggii Ee%lggg%osed
A& ¢ red8i

408. Throug R single connection, euporta e audio

audio signgls, fram H@aﬁ@ﬂ%@éﬁaﬁ%;%%e%&ﬂ@csaﬁpgfaﬂg ﬁlﬁ%i{ %&P%é\é‘%fcg(l'ﬁhtqﬁeb M Ohudio

battery recharging circuit of thie portable atdio source 408. This configuration eliminates the
need for teshaupeadapies 2O2ishOWRn imbIGS 12 408 ONaeramplg afplhisbig, LRt She
audio source 408 is an IPod(r) media player or IPhone(r) multimedia device commercially
available fnativ Aigpé (Rscd alsoathistiatedio ddizichcibicofudi omlaykacididaniebat Q4dviay D®t but
specifically configured for docking to this type of portable audio source 408 and thus may be
originally algaipeatimnndisiyitemndObking htedasentd2rémehis oftbe sthedandienbytpinmbdipstted
portable audio enhancement device 112 may be configured as an interface 456 configured for
compatibl{Fu8heBEni igsnTakaBC iR Mtk mnssnts Jobeapritiofaghaek weyice pomsult of the

[046]FIG. 5 is a block gi of anothey example of an implementation of an audig system

L Alock iggram el snolhe giemple of on ol o
500. ElentSHE SR Yutio Bty Son f0%: 4rd tHBUSm e SPERTIS 3B thoSEVSHN LR PrIgina
systems qeaeried.ahoye and ! a%%efbéﬁaﬁli%?xgle;h&éﬁigge%i%@%%%eﬁy &9@;@@@ e Eng

! P 1G.’5, the ’

numerals and their description will not be repeated here. In"the example o

portable augigepanteReNtHeMea: A 1B LoAGHEE fah IR E SRIHARIR VL, BNIRIe stereo

audio sources 408 that utilize a single interface 450 for transferring both data and an electrical
current thisiagiay. 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
connectini§®l the coipkeimetlacy iitgriace 4H0tbétarappitaterainideseura®d 08 ail hodiwghyihis
single connection, the portable audio enhancement device 112 receives audio signals from
the portaBR9-aulilerssis e houtiel wiserd AR shebare tirosrmpetumday tr thaseerf thechidigingstem

circuit of the portable audio source 408. As in the implementation illustrated in FIG. 4, this

con figura{l{z)(}]%ﬁf;ﬁii% abayranddlusring ﬁa‘@&@r éd:é%fgsignated by the same reference numerals and

their description will not be repeated here. In the example of FIG. 2, the audio playback device
104 may include a main front panel or faceplate 220. The front panel 220 may provide one or more
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 132 that may be located
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262 shown in FIGS. 2 and 3. Also similar to the implementation illustrated in FIG. 4, the audio
playback device 104 may be specifically configured for docking to this type of portable audio
source 408 and thus may be originally equipped with a similar docking interface 432.
However, in the implementation illustrated in FIG. 5, the docking interface 552 is configured
as an adapter that enables a portable audio enhancement device 112 having an audio input
154 and audio output 156 as shown in FIGS. 1-3 to be compatibly utilized in conjunction with
a portable audio source 408 as shown in FIG. 4. For this purpose, in the present example the
docking interface 552 may include a male connector adapted for docking to the female
connector 450 of the portable audio source 408 and a female connector for docking to the
male connector of the docking interface 432 provided with the audio playback device 104. The
docking inflste o5 Aeay thertrrt pierel d2%n Birrodingienatizpiha bopratadianinde a female

communication with the audio jnput 154 of tfr}g portable audio enhancement device 112 via a

communicaOR TRk 78 A A8 THBIPHh AP Eod pIaRB P AMSISRAP KON trsHompput
the audio gutRYL 128 % the Rortah i0 enhancement device 112 via a communjication link
572. By this %%&Elﬁguratlon, félu(%{loﬁ %Slr?g}(sjf] ow From the| pagr able audio %%le,l cﬁég%% tgntﬁiée case ofa
portable audipienbanesmE i IRMisesihal Vi ihe ackingNsHASs honant hsGamEIcation
link 570, and enhanced audio signals;lg}ilgw%om the gg:table audg) enhancement device 112 toa
the audio plajdpacksdie\it ehd OchioR, theico BB RiGapaMik &1Re thaidecking interface 552, the
docking interface 432 of the audio playback device 104, and the signal path interconnecting
the dockirl§4flterfacalashahel ¢hamplcliaf Y02 clha poicd|:0wd[048MfetGLOB imcitent \displof 24
example of an im%Iementation_ of the portable audio enhancement device 112 that may be
utilized in @#al$iBlsyRdenisstdrusmobpasait FIEs: uss. inmHansehaaisie Atdlivarinamde vrener
device 112 inclttgles a housing 602 that may be sized to be handheld or pocket-sized. A line

input 154 ,"THE BGIBTR'185 ??ﬂf&?lfpsrﬁlahéﬁ ABRBBL Al PRREP LIPS seerasrdmaiapavdio
o o R S SRR TR L P8 A IEsy b

5
enhancement device 112 draws power from

262 is not,pyaidied @Rrd dnsigad 819 ek faRRC ST HA 8 £l @@aegéﬁhgg%&égm a thumb

configured to receive both audio signals (thus serving as the liné input) an wer curren
is providesthddnopectalig ot MIARCAMRNGIIEMICesh ] SR RGIMIR Yé@fvl%‘d,s HSETMPYker may
elements or controls. In the illustrated example, a mode switch 606 enables the user to toggle
the modeutiiop¢hatiisplof thédt portableaedispan heokaientdevice Hivhahyean / "Sed-uRd select
mode (the measurement/analysis mode) and a "run" mode (the normal mode after a
correctiorititerfiessstsed tyetesrettey anesiofrawty fofoimatiompracaion) bY hthenode devitahi GOBis:
illustrated as being a sliding switch but a push button or any other type of two-position switch
may be ulf®edharfsble sdienseursenip sraprbvibeditelydein dnerons of slpuikeabintoryandns
enables the user éo og%le é§[1.I]5))gc])rt<’:1 le audio enhancement device 112 between an active or
contipnre to CC}?Fa ; lett

"go" state in & r 1 i TR AP eati A r AP BT iofe RPTRASES fych as
which th ion filter i t impl nted and the audio signals received from the.portable
audio soijﬁ:g%gllg%%geégggsel %h(l’)él,}l% ‘?h(reepu r‘t%ﬁe %?J iLoltﬂgn%Oa %‘?ﬁ’elﬁ? g%finc% Tﬂotgﬁ %Se tothe

audio playfaekid Eivhentidth b b b ogt L BRPIIQI RGN RRNANE SN RIQHGEENry, etc.

104810ne or more controls may be provided to enable the user to adjust certain parameters
of the enfeanged awdio sighalksms 60 FITR- AR RER A MAGHERING IR e WSHisvn as
preferences.

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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As an example, one or more frequency-adjusting controls may be provided. In the illustrated
example, a treble level control 614 allows the user to make high-frequency adjustments to
tailor the treble response, a bass level control 618 allows the user to make low-frequency
adjustments to tailor the bass response, and an impact control 622 allows the user to change
the character of the bass response by adding or accentuating some higher-frequency bass
characteristics to the audio signals. Other frequency ranges (e.g., midrange, sub-base) may

also be c ntrollegli A like man er:{Snot sh ng)r. he illustrated ex le, these
Froquandi o Ah B SeniD e, e pwes Ak JRJ1E o SNBSS RS configuregto be

SIPIe DSBS ONRaA R S e 16 B Bt BTN R GRS Ee

to enabl eater nu cremental adjustments, i.e., finer tuning, IN w

controlséaﬁ%teeopfﬁe/igagche.thgﬁ@fﬂ&%%%@%%}%ﬁ EtDEilEy AL A WP P Configured to

illustrated example, an "image" switch 626 is provided that enables the user to control
whetherphfagieaieasionte: 2Rl nfldyihe postapievandiaanhpneeneide victaidider ismative,
feature is useful when the portable audio enhancement device 112 is operated in conjunction
with an shidippiaidback devtaackaRihatvved udesinainxlcdsro vplasealel aranhssivghRUBRES, and
Dolby(r) PLII or Logic 70. This type of sound processing analyzes the phase between left and
right chamnetsteeqetentinpethe ategen?pangle for the algorithm to steer sounds toward the

rear. This type of sound processing may not be compatible with the phase correction
implemdRdddl by tHdGottalsie shotie awitkarcemmepleddiveihpiermnigtion vavbithelisperiadle audio
utilize the image switch 626 to defeat, or turn off, the phase correction function. Alternatively

or additishangengné devise dS2rirasonbayredifrs aeeraapratiang tkerddition ofiaepamaratasibigry or
the enhanced audio signals such as, for example, impulse response, dynamic ran

e
enhancéfifdinibirndsnsakenpifolinexitingneaassecahrbcmdin Baviask dovicty thand related
include various output ,jndicators, 10 proyide information to the user. In.the illustraied example
M 1o s e S B R S e
under the label "Calibration Measurement. "During the set-up routine, the.red LEDS 630 .
ndicate O DSEL0k SE S S B ATACA SR NG (et MRt e mpee
the analyaiabas/aseh PTRIGISINLS IR BINGIHhG, R iRRLI MIRIRRNGNS GG abduscic

may be disconnected and the portable audio enhancement device 112 is ready for normal

operationele 638 EtertdB iR ERSAE PGB IR RRERRRL Yol BHIBIRRRS back
level and impact controls 614, 618, 622 to indicate the positions to which these controls have
been sedaijWwelldelp 3h&honarkerte iniey data anchaBX e @l SaripcalrdogttofthiePagdie audio
control 626 to indicate whether phase correction is active or inactive. Alternatively, a display
such asrimhdeamaydvicprovided:ho displashau phitianmasvioetdihaldison fowdiealioshated audio
understood that various other user inputs and outputs may be provided as necessary for
facilitatiplgytreelopevagdd) b htideppurstdbladieciovecth B énpe it bevicbdlk] Porfdlde 14di8 oF (Daplayer,
block diagram of an example of an implementation of the portable audio

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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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

f th tabl dj h t device 1.12 be impl ted.i ' iety of
and ot SELLELG A TR T e R L SRR S Rl s
portable gl ARG L 5 2 T SRASIPANASIIE AR BISCaNSe SOMIPIRA 190 e

power supply 704, one or moré memories 706, a user input mechanism 758, output indicators

or a dispife/Qwai AURICRIBRNG! éﬁﬂﬁh%?ﬂnea‘ﬁ&ﬂgi@ aionalaRLE ARK G BRRINIRIOBRARECe data

766. The electronic controller 702 of the portable audio enhancement device 112 may be any

MicCropragassaltberth GHEUI by L Ridgpeaef dedRR HRGRVBLER OFdHIE g RErVaTIOMS.
functions provided by the portable audio enhancement device 112, and may be primarily

embodigd4dn]a digikakisigixahiplechssindr[PER pyté, ajiticatian speitifiy ikiepatddrdscustibwoofer
(ASIC), other application-specific circuitry, or other type of microprocessor. At least one
memory2Thitithis peewidddbdotostiorimglatatysteoftiiixe ilbtrsctionsier AlgorithmButiizedibybhen
electronic controller 702 for the measurement and analysis of acoustic environment as
describeftetnearisciapradent shofifyingaliiestiacheriraitl op eersrpassgnesdeseriiadvabislre. Tielealitate
input mechanism 756 may include any controls manipulated by the user, examples of which
are deschBeipEROY FeeBTmeEtbS sheretsr %?fm%lamwmef%aml%ﬁp il Qi need for

display, light-emitting diodes, (LEDS), or other types of output element serying.to provide
informafiSFPBREA0E2 BNyl dsHEN JRe AR labBoRaT ESHItRESHIHR IS o8-

The power SUERlY 708 [spresenia.? poerieauatngelout and miy lerpce b aposet

O In turn mnterrace w € Pow supp?)sl as described aboven

CO”jU”C‘fﬁOQr )é}@%bﬁé%uéiﬂ%ﬁ%&?é%’ e@ﬁg&‘&f@@"ﬁ % é‘rjgf%ﬁﬁgrﬁﬂx%‘?&ﬁﬂts%ﬁﬁg &%l@ﬁ%&% jtter,

adapted rawing power from the battery or battéry recharging circuit of the portable audio

source %%8, gfalghténgﬁ é)}d' %&&meﬁw Uﬁ%ﬁﬂ?}%ﬂ&pﬂgg 24atdhe H@Ijiaam& ﬁ)%i}%ss filter network

enhgnce_ment device 112 is also utilized to receive such power as described above in

CONJUNCHRR 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 conﬁguratioﬁ, 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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with FIG. 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 (AID) 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 analogdtudiotsionals sasaled R):108 MigiahRO G AR AL FIONAS LR anc
by the DSP 702 in the course of generating the correction filter according to w ich audio

signals are tfsibdsseoptissed!imprbpanaiion leréransnissiampt beraadio slavBacksavies £ %hnich
(FIG. 1). In some implementations as described above, the portable audio enhancement

device 112MiajenaltRenmenmEan mih gptoiabpamsifilterineternelt dbdico thatsenhenzeshardiory-
signals of a selected frequency range (e.g., low-frequency signals) may be routed to a

wireless tranSHiIEEAS 18 FB¥ fHafsnubiarkter fihsuampgnerioup thekierepgneh bwotsi). A, the

appreciated Qy pers skilled.in the art, the. portable audio enhancement device 112 may
include many other aui |6Sé)ﬁ?1‘3(r{%:{}eb eaﬁlt?rlgiglga R AR G biiiemanir dpatmpaniet product

described 9{1&'1&!1%@'@%%93%@% flgl%séﬁl ?ub%éﬁé;%f@g?&%iﬂlcr@%%f % ic ?%ﬁ?{ia(gﬁgo?i{@?f&é’a%r 384

implementation of the portable audio sourc inw fulictiona

(opresent skwduiIscih A AEONIUES K IRARUANNR R SOUCRA: L Bt pa 356

understood that the various functional blocks and electrical signal lines have beena

located forcpuplsdsesaf ippsration andcstivplisi apdHReRRSIHRI SRS ROSTHANS BSrding to an
illustrated in FIG. 8 are not limiting in any manner. Persons skilled in the art will appreciate

that, in praiétiedating Rieredorsbitthepdemsbtbautiopsotiroar La8May he ipeReask ifeqivides.

variety of ways and not necessarily in the exact manner illustrated in FIG. 8 and described

below. The audio input adapter 384 may be located in any suitable position relative to the audio playback
device 104 and the portable audio enhancement device 112. In a vehicle application, for example,
the audio input adapter 384 may be mounted under the dashboard, in the glove compartment, etc.
[045] FIG. 4 is a block diagram of another example of an implementation of an audio system
400. Elements of the audio system 400 that are the same or similar to those of the audio systems
described above and illustrated in FIGS, 1-3 are designated by the same reference numerals and
their description will not be repeated here. In the example of FIG. 4, the portable audio
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 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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[0541The 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
generati i0. S f .user-selecte 1o files. The electroni
controller L S o R A By or

random-Beess-BRIRaR: (RONDoSHRIBHEERAGARY DGELNY R MY BRRRFMN Riminates the need

analog-to-digital (AID) converters, and one or more digital-to-analog (D/A) converters as
needed fey R fRsMiRGdipNANGUSTYRAINNBIGN RS SUBR ERRADIBRIEERNIS R BEWSHable audio
regulating circuit and may also represent the power source (e.g., an internal replaceable or
rechargeahlesbétiely hthtitdtii Hadespiijiertoe PaviReguliaivgcdevide AbiRastiIB Befll from
unit 806 is provided for storage of audio tiles and thus should be a non-volatile memory unit
such as,Applefamplés aBasitlmsemarinaiiticré; dtiveguelio. plaghavkmiesicenitt@06idoltengpacidically
files may be an internal memory or an external memory (i.e., a removable memory unit).
Another ¢nehgorgduifir S8Bitngy bethirotide dhfopatabilegautiiersypes 408 arxdfithes sodxvheeoriginally
applications utilized by the portable audio source 108, etc. The display 844 is utilized to

display fduirnehy i sodmater dorking tisiines 488rednriisasioritecedis anu oo portable audio
information, and cooperates with the user input mechanism 846 to enable the user to select

audio fil6&h3REEpERbifs dtfet nteratibhcattewednasian dutdisudvi e tieured &sprappatiply
is typically a liquid crystal display (LCD) althqugh mgre geperally may be any type of display
suitable ’?r{ﬁ‘%ﬁ%??a%ﬁazﬂ%ﬁ%géf&c% : T%%‘?ﬁ%ﬂf%ﬁﬁ??&ﬁ%&’fﬁﬁéﬁons of the portable
audio sqyrce 108 e handled.by specific circuitry such as may,be embodied in a DSP
o T oot Ak R el e Sble DL R SR SRRES S A Sng b

and a D&, Feiexamplp e iRt ’}ﬁ%%ﬂql%m?escﬁﬁ Q!Eo?fsﬁﬁﬁ!%%r Jﬁk%%tdf‘ﬁu%hﬂ[&f?ﬁrgﬁf‘e s

gy
for user-inputted events (e.g., keystrokes, wheel scrolling, button entries, etc.). As anot

exampleegcAisRian sty ahP i mak b srrauidlerformanaging dns e iane YWiktard ARRERIIRNRd
of the display 844. The portable audio source 108 is also shown as including a CODEC 818

controllggkRy db dipaih Phanesso handiRhied Rewhichimayeoengiglly sePrasent an.epeRase 3o
decoder and any associated AID and D/A converters. For example, the CODEC 818 may be

utilized éahaampeassioncand 2lécemfipasaionoisudiodilpacidheit ysanlseleaitoanmideiolifthat
for playback, the CODEC 818 may convert the digital data contained in the selected audio file
into analoljzauadioglgmatts fadeictyGifer thars feenhantittédditdet madandiG acitali @5hfahdt ammntis sidtzed
to the portable audio enhancement device 112 (FIG. 1). The CODEC 818 may also be
respondiBl@gviering external devices. The portable audio enhancement device 112 in this case includes a
docking interface (or docking adapter} 552 configured for commecting to the complementary
interface 450 of the portable audio source 408. Through this single connection, the portable audio
enhancement device 112 receives audio sigunals from the portable audio source 408 and also draws

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

implementation illustrated in FIG. 4, this configuration eliminates the need for the power adapter
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compressing audio files in preparation for storage in the memory unit 806. The portable audio
source 108 may also include one or more amplifiers 822 for amplifying the outgoing audio
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. [0561FIG. 9 is a block diagram of an example of an

implemenjati the I05p) ck,device . i j ianal. léa@r tended to ..
represen?E'?ttrﬁ}cr:?%‘l?rr'eEl t a%ﬁ?yégg%oﬁﬁd%%iﬁe %uﬁmﬂi%g‘@%ac?gﬁ@égﬁ 4. I%gwi ’e&_i’ f?audm
understoggyihaithexasiqus astinaldiacks,2pshaiariical siptines have/Besst ARIRAE YLudio
located for purposes of illustration and simplicity, and hence their relative positions 'as

illustrategbitde! 8% AR IR HRY BB Gri3iaaYy BaNPEsd ReNISaRME N addn b enasianll ApPragiRiever, in
that, in practice, the functions of the audio playback device 104 may be implemented in a wide
variety ofhwayiplanemaioteltrsaady in Fie. Sxaed dearig iltegtieded InSdenihaod descabgder that
below. [0571The audio playback device 104 typically includes an electronic controller 902, a
power stpblysdOiotaidecrudiorenhasrenitats @96:c902, levisgrdn pudinéghaniSta® udidmpiay 156
924, a radio and/or satellite tuner 914, one or more media drives 916, an audio signal input
932, andshawdindilfadl dupubosemmidbiatiiseddcoivtieti@oRith aypbuakie/audio source 408 as
microprocessor-based circuitry configured for controlling and coordinating the various
functionghsisv it Byh At plapescindasiseseoucranalndhadeciing issntrsrindlonay sighde a
flow, and thus may include a main processor and a DSP dedicated for audio signal processin

and contPBlfRIRRMS2dartd der slenkinsdothadbinala eanpestra iRt e @ Btad - awlipesource 408

memory units 906, 908 as needed fqr, storing datg and : N
Yand & female Gonnector for go&mg o the male Connector of the docking interface 432 provided

with the audic playback device 104. The docking interface 552 may further include an audio
output that may be placed in signal communication with the audio input 154 of the portable audio
enhancement.device 112 via a communication link 570, and an audio input that may be placed in
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 cnhancement‘
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 sighal 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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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 pohepiroiia auitabithpewessodrdtesd4 2 linthecaschoisnpofo? aisremithe powero be
source 942 may represent an outlet of an AC power line source. In the case of a vehicle
stereo, the'psiheld supeekaugzedrpidiatyinhet idticlists optputbEifempicTirhoshiomis Dattemdrpayer
further communicate with an auxiliary power outlet 944 provided in the vehicle and adapted

for interfadfif ittPA Vet aek bRt Brraisikah igibusing e Frouhst imelsuruBlions jgighich the
enhancement device 112 (FIG. 1). [0581The audio playhack device 104 is.also generally
e A e RS TG R Y URGTOF B . e power

Oria
shown as Pnc u

conversion b deslgnalopRiAaNAR. flk.ARERSsANeHI 2R WAE! S AFniaRentS,, s)
circuitry configured for processing RF signals received from an antenna 948. The media drive
916 represeMgaE B ReF wemﬁgumd(fmsds@wﬂ%\é@rigym@mfgﬁﬁ%?dw&%fcmm is
CDs, DVDs, cassette tapes, etc. The audio input 932 is configured for connection to a
communigatividdink Bstahblishidudib thieaienodipideafia pastabidevicesushraspie Reak 6
audio source 108 or the portable audio enhancement device 112. In some implementations,
the comméfiicakion Inkisilushgisidakiimelte 1 modesriolviith onbéeshbeausdiotinpgtR3Ddsmdnes
jack of standard size and often referred to as an auxiliary input. As described above, the audio
input 932 FREPURL oPiGiEINPPFEIEcAHBlP tieRES IR LRYieT thE2adatyssmybalsetdaVicaady Ghe
vehicle, and thus may be located on g front face of the audio playback device 104 or

otherwise THtegrated Griog ?a%&&k A EHOROBINTRY I & Do BRI SAR (Blighibgs been
more rempte ;59&1 Emg Qu '8 ybagk devi 04.such as the center.console of the vehicle, ..
etc. In oth%r ?mplemenltat%nﬁt éj% Ee |§?\r{1&§§%} 3 n’elan)}qg% %‘?g\%géﬁéss%%?%gﬁ%ﬁsa%é? %ﬁﬁgfng
adapter 984ieaniigaindiS.pRyires o de Apdior RiRVPaskAsvaenl A4, dhamudio QUIRULI38 s,
in signal communication with the loudspeakers 936 of the audio playback device 104. One or
more amplifieraPbOmseipso vidediiateaeshthtagain ehiha)auipuiiadaudiasiasalz AR dhths.Sain:
may be controlled by the user via the user input mechanism 928. As appreciated by persons
skilled in thédiartnhhecamdit taidoalck dewoel @4 mdyeineltge’ maryinthvaicunetionsqanch filter is
structures not described or illustrated here, such as cellular telephony circuitry, GPS circuitry,

etc. implemented, and an inactive or "defeat" state in which the correction filter is not implemented and
the audio signals received from the portable audio source 108 are passed through the portable 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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- [59]1t 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 audio 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. [0591The foregoing description of implementations has been presented for

purposeﬁﬁug étgq%%%a%ﬁ&glﬁsﬁﬁéﬁ&gggﬁ&%_ eeﬁﬁé?%%’%@ﬁ%rﬂﬁ%i&ﬂw%Hi&%%&@l%ﬁ%ﬁ?r the

inventions to thé precise form . Modifications and varfations are’possible in 0

the abovie.gRSCHRIIAL, AHHEY08 AGHHIeH SR W ARlIGREHNRIRY RSk bR ¢ RS AL B hilor

equivalents define the scope of the invention. CLAIMS
the bass response, and an impact control 622 allows the user to change the character of the bass
response by adding or accentuating some higher-frequency 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 co:ﬁction 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 betwéen 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 yser may utilize the image switch 626 to defeat, or turn
off, the phase correction function. Alternatively or additional ly,. other controis 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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1.A portable audio 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; a microphone for converting sound
outputted by the audio playback device into sample audio signals, wherein the sound
represents audio signals produced by the portable audio source from audio information

process Q the table LidIOS urce; and audlo ssorin s

Commur 4Ton it BoH PR SO GSE e b Do ke SIS Pl outpu
-configurighjgigeeiye }hslé‘ud'?om% fle RO SRy HieRorie, ‘dd& BECSRUDSE HS: 630
audio signa processgr is conl}l ured to perform an analysis of the sample aljdlo signals and
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where the audio output is configured to ‘output the enhanced audio signals to the audio

playbackdayicgios MEgRAHER!S A dim g MARAKp e EIRY IR K riaiDslsdo 'ﬁlﬁéd&q}i@dﬁ&t}gg}ess of
0

signal dividing network communicating with the audio S|gnal processor and configure
output agHeasiatysierien offheoenbansrd hbdivesigNHPIE M dudisheakehgo\dRredalysis has been

independently of the audio playback device.

completed, thus informing the user that the microphone 166 (FIG. 1) may be disconnected and the
portable audio enhancement device 112 is ready for normal operation. Sets 638, 642, 646 of three
LEDs are located next to the respective treble, bass level and impact controls 614, 618, 622 to
indicate the positions to which these controls have been set. Two LEDs 650 marked "internal" and
"external" are located next to the image control 626 to indicate whether phase correction is active or
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 impiementation 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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3. The portable audio enhancement device of claim 1, where the audio signal processor 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. 4. The
portable audio enhancement device of claim 1, where the enhancement is selected from the
- group consisting of frequency response enhancement, phase response enhancement,
impulse re %gnse en ancergri nt, dynamic range enhancement, an combiniiations of twq,or

more of FREFFEYBIhGSETHE BB RRETEERHARLA MK FatToe b @K An, WhBFEHE LY dfothe

sianal pragessan % cANaWEr (e PLAIP A CoRerligR iter based on the analysis and
applying the correction filter to the audio S|gnalls received by the audio input to produce the

enhancggsjydio sigpal or@bﬂéhalm%t%m%@aémen@n&m&eem?ft;ﬂ%vigwﬁl@%é&uém&r electronic

including a memory, where the audio signal processor Is configured to store the correction

filter in thenfaMBCTY?, & phbRIARIERI . diR SRhRRS RBRBLHESYIE LTI MEBERIIAL 758, output

portable audio
indicators or a display 760, an audio signal input 754, an audio signal output 756, and a microphone
766. The electronic controller 702 of the portable audio enhancement device 112 may be any
microprocessor-based circuitry configured for controlling and coordinating the various functions
provided by the portable audio enhancement device 112, and may be primarily embodied in a
digital signal processing (DSP) unit, application specific integrated circuit (ASIC), other
application-specific circuitry, or other type of microprocessor. At least one memory unit 706 is
provided for storing data, software instructions or algorithms utilized by the electronic controller
702 for the measurement and analysis of acoustic environment as described above, and fo;‘ 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

-30-



enhancement device further includes a user-operated control configured to enable adjustment
of a parameter of the enhanced audio signals. 8. The portable audio enhancement device of
claim 7, where the parameter is selected from the group consisting of frequency response,
phase response, impulse response, and dynamic range enhancement. 9. 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 a physical

signal path ar11{(:) Th(g Qeorltcaeb a(fsenh mer&gewcu f claim 1, her east one of the

audio input and the audio ou 8 Com ‘gn TR RO AN e?fé‘ HEHRY B metion

audio soyre ﬂ@%@‘i‘"%'ﬂ%& gﬁé’ﬁ?a%ive, 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 enilanéement
‘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 fransmission 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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11. 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 source via a first
signal path and wherein the portable audio enhancement device includes an audio signal
processor and a microphone; and an audio playback device located separately from the
portable audio source and the portable audio enhancement device, wherein the audio

Playbacigifice ISrsoigMal:LRIIGAlIR AR LG AL RIS AR SUNARGEBP B RYER I o

second signal path, wherein the portaBle audio source is configufed to produce audio signals,

wherein 55 SBIS0BPANIE A AARAGHIE S IRLES YR LRBaEQY 1K AUIRY UG ILALR A0y B0 Frovidea by

loudspeakers and convert the received sound into sample ‘audio signals, the soun
represeniiog i J0MRISHIREUESS! by e podakisientiss aicenl am-RUS I MR MR ks and

processed by the portable audio source,

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 proces;sing unit (CPU), system random-access memory (RAM),
system read-only memory (ROM), one or more analog-to-digital (A/D) convetters, and one or more
digital-to-analog (D/A) converters as needed for performing its various functions. ;.Fhe 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 cirouit. At

least one memory unit 806 is provided for storage of audio files and thus should be a non-volatile
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wherein the portable audio enhancement device is configured to perfonn an analysis of the
sample audio signals received from the microphone, receive the audio signals from the
portable audio source and in response produce enhanced audio signals based on the
analysis, 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. 12. The audio system

of clam P EENBlLRI00 30 0dane HERPRE ISITINSROLABIE EBmory we 506

enhancement device further inclu ing nétwork and Is tonfigured to transmi
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enhancement device to the additional loudspeaker. 13. The audio sysiem of claim 12, where
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device further includes a wireless transmitter configured for transmitting the low-frequency,
enhancegplititosigndisdd thehyipelessd aaaivabofd e0RdditonghiotidpRpeaer wiattivddale display

communication link. 14. The audio system of claim 11, where the portable audio source

further ifdludess userciated with audio files stored in memory 806 as well as other information, and
cooperates with the user input mechanism 846 to enable 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 scroliing, 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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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. 15. The audio system of claim 14, 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. 16. The audio system of claim 11,
where the portable audio source further includes a memory configured to store audio files, a

O e o e elen lest oL e NS stinie TARSRA B
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further '%&%ﬁ?e@iated 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
suiaply 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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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 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. 18. The audio system of claim 11, where the
portable audio source further includes a receiver configured to receive broadcasted audio

informatgn, gyeiod BRI STMIEISHS SPANIE!R AN 56! 408U EPTPRNRAS SONTRMIEN IR, ang

enable a user to select a wireless channel over w to receivé selected audio information,
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corresponding to the selected audio information. 19. The audio’system of claim 11, where the

portable:peidie:cohanLe MenaARYISR IS A NG AR FREO B A PRIRANEARENIBE ISRIAR IO Rvice
the group consisting of frequency response enhancement, phase response enhancement,
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more of the foregoing. includes a user-operated control configured to initiate the

enhancegpeifically 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).
[0S8] 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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21. The audio system of claim 11, 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. 22. The audio system of claim 11, where the portable audio enhancement
device further includes a user-operated set-up control configured for initiating the analysis of
the sample audio signals. 23. The audio system of claim 11, where the portable audio

enhanceéne t deyice further{.includes a user.—%aera]te co tro cgnfi ur dto enableu%lg' stmer’g .
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parametgé‘;lscg %‘lz%ﬁt%g t%g gowa%gr%lﬁgo 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
location 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
ért, the audio playback device 104 may include many other functions and structures not described or
illustrated here, such as cellular telephony circuitry, GPS circuitry, etec.
[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 audio 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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consisting of frequency response, phase response, impulse response, and dynamic range
enhancement. 25. The audio system of claim | 1 , where portable audio enhancement device
further includes an internal power source. 26. The audio system of claim 11, 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. 27. The audio system
of claim 11, where the first audio input of the portable audio enhancement device is further

configurggfpr recqiing,pouel, " Ihe;B01abIe Sudie B0uTRer A e ARG H bRl SR or
11, further including an audio mput adapter posittone
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.
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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. 29. The audio system of claim 11, where
the audio playback device is mounted in a vehicle. 30. The audio system of claim 11, where
at least one of the first communication link and the second communication link is an electrical
conduit. 31. The audio system of claim 11, whefd-4¥8ast one of the first communication link

and the segond cemp) aﬁica“ Qi ik Js aireless ik, 32 @uﬁ?%t[)‘&?a{ﬁé Snianeng.Soud io
outputted by an audio aybac avice, the méthod 80
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;

a microphone for converting sound outputted by the audio playback device into
sample audio signals, wherein the sound represents audio signals produced by the portable
audio source from audio information processed by the portable audio source; 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 the audio signals produced by
the portable audio source, wherein the audio signal processor is configured to perform an
analysis of the sample audio signals and produce enhanced audio signals from the received

audio signals based on the analysis, 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.

3. The portable audio enhancement device of claim 1, where the audio signal processor

is configured to perform an enhancement selected from the group consisting of frequency
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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 playBEEREVIEERARMENt o MKSEINE RIS SSU AR GIGHAR hs BHIRE AR IS oifkigiment,

loudspeakers communicating with the audio, playback device, wherein operating the
portable 815 GHFHEE SUALGEUREE FEIGHEL EEL HE SO EeBt o PR e

loudspeaker into sample audio signals, the sound representing audio signals produced by the
portable audio source from audio information processed by the portable audio source, and

analyzing the augip.SigRalg. ANHAGEGELINE CRDRRGHTEM 1P RASRARNSIR ARANSISs 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.

5. The portable audio enhancement device of claim 1, 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.

6. The portable audio enhancement device of claim 5 further including a memory, where

the audio signal processor is configured to store the correction filter in the memory.

7. The portable audio enhancement device of claim 1, where the portable audio
enhancement device further includes a user-operated control configured to enable adjustment

of a parameter of the enhanced audio signals.

8. The portable audio enhancement device of claim 7, where the parameter is selected
from the group consisting of frequency response, phase response, impulse response, and

dynamic range enhancement.
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33. The method of claim 32, further including transmitting at least a portion of the enhanced
audio signals from the portable audio enhancement device to an additional loudspeaker. 34.
The method of claim 33, where transmitting to the additional loudspeaker is done wirelessly.
35. The method of claim 32, where the audio signals selected from the portable audio source
congisting of audio signals corresponding to an audio file stored

lected f h [ (
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to the audio signals received from the portable audio source to produce the enhanced audio
signals. 37. The method of claim 32, where operating the portable audio enhancement device

10.  The portable audio enhancement device of claim 1, where at least one of the audio
input and the audio output is configured to wirelessly communicate with the portable audio

source or the audio playback device.

I[I.  An audio system, comprising:

a portabie 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 source via a first signal path and wherein the portable audio enhancement
device includes an audio signal processor and a microphone; 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 microphone is configured to receive the sound outputted from one or
more loudspeakers and convert the received sound into sample audio signals, the sound
representing audio signals produced by the portable audio source from audio information

processed by the portable audio source,
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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. 38. The method of claim 32, where operating the portable
audio enhancement device further includes connecting a microphone to the portable audio
enhancement deviﬁe to pick up the sound and convert the sound into the sample audio

signals and, after'¥ ‘ér%{ﬂa{.%@r@i@&ﬂm&ﬁﬂbaﬂ%‘?ﬁmreﬁﬁ%& coufigtigd i ot Ahfnabpsis
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and in response produce signals for playback that are transmitted to one or more loudspeakers

in signal communication with the audio playback device.

12. The audio system of claim 11, 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.

13, The audio system of claim 12, where the additional loudspeaker includes a wireless
receiver, and the portable audio enhancement device further includes a wireless transmitter
configured for transmitting the low-frequency, enhanced audio signals to the wireless

receiver of the additional loudspeaker via a wireless communication link.

14.  The audio system of claim 1], 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.

15. The audio system of claim 14, 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,
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41. The method of claim 32, further including connecting the portable audio enhancement
device to a remotely situated power source. to a power outlet of a vehicle and the power
source is a battery of the vehicle. 43. The method of claim 41, where the power source is
located in the portable audio source. 44. The method of claim 32, where the audio playback
device is maunted in a vehicle. 45. The method of claim 32, where placing the portable audio

enhancemtfit devit® MRS B EAIELHdn WhtieiReRIIabt Mo rtwcp dHEbee Mstides

ource or the audio input of the audio playback deyice is done ither an _electrical conduit
S emory configured to store aud?oeﬁ/les, a display con 1gurecfJ t% SlspFay information 1 lcatgre

or wireless}fi‘/.
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.

17.  The audio system of claim 11, 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 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.

18.  The audio system of claim 11, 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.

19.  The audio system of claim I, 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.
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46. 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 gydio signale wherein ephancing ingludee convering sund emitied fom e,

plurality of Toudspeakers into’sample aldio signgﬁg, gotnd represen"hng audio S|gnaf's

produced by i.pariabie aicierserss {iarLausle, IRHMAIEnRgcessad by the portable

audio source, and analyzing the sample audio signals, and wherein the enhancement is
based on the analysis; and transmitting the enhanced audio signals to an audio playback
device which produces the enhanced sound emitted from the plurality of loudspeakers in

response tpireceivhagatitfocsianced audio sigRalsre hé. dtenneibediofelaimdfow@eRoup
enhancing includes generating a correction filter based on the analysis, and wherein
performing-tineigiigancefmeyting udesoapplyingiteneatseplian fitepdnsthemiadiemgnalinpulse
received from the portable audio source to produce the enhanced audio signals.

response enhancement, dynamic range enhancement, and combinations of two or more of the

foregoing.

22, The audio system of claim 11, where the portable audio enhancement device further
includes a user-operated set-up control configured for initiating the analysis of the sample

audio signals.

23.  The audio system of claim 11, where the portable audio enhancement device further
includes a user-operated control configured to enable adjustment of a parameter of the

enhanced audio signals.

24, The audio system of claim 23, where the parameter is selected from the group
consisting of frequency response, phase response, impulse response, and dynamic range

enhancement.

25.  The audio system of claim 11, where portable audio enhancement device further

includes an internal power source,
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48. The method of claim 46, 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. 49. The
method of claim 46, where enhancing further includes connecting a microphone to the

portable aL#%jo enhancement device t _picg up the emitted sound and convert the emitted
sound into fhe s;lra%lgu I%fé’%tfdﬂé)lgcfﬂgf }te%?ﬁée5%%@?&?&8%@&%%8%%?6%%“
includes a power adapter configured for coupling to a power source external to the portable

audio enhancement device.

27.  The audio system of claim 11, where the first audio input of the portable audio

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

28.  The audio system of claim 11, 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.

29.  The audio system of claim 11, where the audio playback device is mounted in a

vehicle.

30.  The audio system of claim 11, where at least one of the first communication link and

the second communication link is an electrical conduit.

31.  The audio system of claim 11, where at least one of the first communication link and

the second communication link is a wireless link.

32. A method for enhancing sound outputted by an audio playback device, the method
comprising:
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;
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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,

wherein operating the portable audio enhancement device includes converting sound
outputted from the loudspeaker into sample audio signals, the sound representing audio
signals produced by the portable audio source from audio information processed by the
portable audio source, and analyzing the audio signals, and wherein the enhancement is based

on the analysis.

33.  The method of claim 32, further including transmitting at least a portion of the

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

loudspeaker.

34, The method of claim 33, where transmitting to the additional loudspeaker is done

wirelessly.

35.  The method of claim 32, where the audio signals selected from the portable audio
source atre selected from the group consisting of audio signals corresponding to an audio file

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

and audio signals corresponding to a wireless broadcast.
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36.  The method of claim 32, where operating the portable audio enhancement device
includes generating a correction filter based on the analysis, and where performing the
enhancement includes applying the correction filter to the audio signals received from the

portable audio source to produce the enhanced audio signals.

37.  The method of claim 32, 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.

38.  The method of claim 32, 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.

39.  The method of claim 32, 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.

40.  The method of claim 39, 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,

4].  The method of claim 32, further including connecting the portable audio enhancement

device to a remotely situated power source.
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42.  The method of claim 41, 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.

43.  The method of claim 41, where the power source is located in the portable audio

source.

44, The method of claim 32, where the audio playback device is mounted in a vehicle.

45.  The method of claim 32, where placing the portable audio enhancement device in
signal communication with the audio output of the portable audio source or the audio input of

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

46. 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, wherein enhancing includes converting sound emitted from the
plurality of loudspeakers into sample audio signals, the sound representing audio signals
produced by the portable audio source from audio information processed by the portable
audio source, and analyzing the sample andio signals, and wherein the enhancement is based
on the analysis; 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.
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47.  The method of claim 46, wherein enhancing includes 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,

48. The method of claim 46, 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.

49.  The method of claim 46, 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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