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BACKGROUND OF THE INVENTION

Achieving quality sound presentation in high-noise environments, such as moving

vehicles, remains particularly challenging. For example, the bass response of a system in

20  such an environment is generally inadequate. While the bass response may be boosted with
an equalizer to compensate for this inadequacy, this approach typically causes a muffled
treble response, thus diminishing the sound quality. In addition to a muffled treble, bass
boosting may undesirably increase the dynamic range of the sound presentation. In a noisy
environment, there is very little audio range between the volume floor set by the noise

25  (typically around 80 dB in moving vehicles) and the volume ceiling set by the physiology of
the ear (typically around 110 dB). Increasing the dynamic range of sound presented in a
noisy environment may be aesthetically undesirable because the sound level may approach
the ear’s physiological volume ceiling, resulting in an unpleasant, annoying, or even painful
response. Accordingly, a new approach is needed for quality audio presentation in a high-

30  noise environment.

Typical consumer sound transducers, such as commercial speakers, are acoustically
efficient between approximately 600 and 1,000 cycles. To compensate for the inefficient

performance of such transducers outside this range, systems often employ a variety of special
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may comprise a primary equalizer that produces an equalized audio signal by adjusting the
amplitude of the low frequency portions of the audio signal corresponding to audible bass
20 sounds and adjusting in the opposite direction the amplitude of the high frequency portions of
the audio signal corresponding to audible treble sounds, wherein the adjusting and the
adjusting in the opposite direction intersect between a crossover raﬁge of frequencies
producing a substantially negligible gain in the crossover range; a compressor that produces a

compressed audio signal by compressing the dynamic range of the audio signal; and a mirror

25  equalizer that produces a substantially opposite effect as the primary equalizer.

In another embodiment, the system may comprise a primary equalizer that produces
an equalized audio signal by decreasing the amplitude of the low frequency portions of the
audio signal corresponding to audible bass sounds and increasing the amplitude of the high
frequency portions of the audio signal corresponding to audible treble sounds, wherein the

30  decreasing and the increasing intersect between a frequency range producing a substantially

negligible gain in the range; a compressor that produces a compressed audio signal by
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substantially negligible gain in the range; a compressor that produces a compressed audio

20  signal by compressing the dynamic range of the audio signal; a mirror equalizer that produces
a substantially opposite effect as the primary equalizer; and a final equalizer that adjusts the
amplitude of the signal at frequencies predetermined to be related to sound presentation

anomalies associated with the anticipated listening environment.

The systems of the present invention may further comprise a speaker system

25  responsive to the output signal of the mirror equalizer.

In one embodiment, the crossover range may be approximately 600 Hz to
approximately 1,000 Hz. In another embodiment, the primary equalizer and the mirror

equalizer may adjust amplitude according to a substantially linear function of frequency.

In one embodiment, the compressor may compress the audio signal by attenuating the
30 high amplitude portions of the audio signal. Alternatively, the compressor may compress the

audio signal by amplifying the low amplitude portions of the audio signal. In a specific
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about 8 dB at 8 kHz.

The primary equalizer may increase the amplitude of the low frequency portions of
the signal by about 10 dB at 100 Hz. Alternatively, the primary equalizer may decrease the
amplitude of the high frequency portions of the signal by about 8 dB at 8 kHz.

20 In yet another embodiment, the mirror equalizer may increase the amplitude of the
low frequency portions of the signal by about 10 dB at 100 Hz. In a further embodiment, the
mirror equalizer may decrease the amplitude of the high frequency portions of the signal by
about 8 dB at 8 kHz.

In a further embodiment, the mirror equalizer may decrease the amplitude of the low
25 frequency portions of the signal by about 10 dB at 100 Hz. Alternatively, the mirror
equalizer may increase the amplitude of the high frequency portions of the signal by about 8
dB at 8 kHz.

In another aspect, the present invention provides methods for processing an audio

signal. In one embodiment, the method may comprise primary equalizing the audio signal by
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ef fect as the,prinﬁéy,e uali.zifig.r In qp al ternative enbodi nent, t e circuit
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correspondi ng to audj bl e bass sounds and adjusting in the opposite
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20 signal corresponding to audible bass sounds and adjusting in the opposite direction the
amplitude of the high frequency portions of the audio signal corresponding to audible treble
sounds, wherein the adjusting and the adjusting in the opposite direction intersect between a
frequency range producing a substantially negligible gain in the range; a compressor that
produces a compressed audio signal by compressing the dynamic range of the audio signal;

25  and a mirror equalizer that produces a substantially opposite effect as the primary equalizer.

In an alternative embodiment, the circuit may comprise a primary equalizer that
produces an equalized audio signal by adjusting the amplitude of the low frequency portions
of the audio signal corresponding to audible bass sounds and adjusting in the opposite
direction the amplitude of the high frequency portions of the audio signal corresponding to

30  audible treble sounds, wherein the adjusting and the adjusting in the opposite direction
intersect between a frequency range producing a substantially negligible gain in the range; a

compressor that produces a compressed audio signal by compressing the dynamic range of



predetermned to be related to sound presentati on anonalies associated with
the anticipated listening environnent. In yet another aspect, the present

i nvent i onwpnoss/deg7met hods for hard- progranm ng adj ust mpatrasseevso2@ts | east
one mnulti-band equalizer that conpensates for anonalies associated with an
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audi o signal by analyzing the results .of f the detecti devi ce.
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schematic view of the equalizer, conpressor, and mrror equalizer coupled
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FIG 1. FIG 3 is a detailed schematic of one exanple of one enbodi nent of
the present i mv@ndlieaativd dmbodinéht,ahsSastRetinaCconipelse pleseatingag)teat audiersjgnal
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mul t i bandyroup consisting of broadband noise and frequency sweeps; detecting audio presentation
anomalies associated with the anticipated listening environment from responses from the test
audio signal, wherein the anomalies are detected with a device selected from the group
consisting of a fast Fourier analyzer and a computer frequency analyzer; determining the
20  frequency associated with the anomalies of the audio signal by analyzing the results of from
the detecting device; adjusting the amplitude at the frequency with the multi-band equalizer
to compensate for the anomalies; and hard-programming the adjustment at the frequency into

the multi-band equalizer.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a schematic view of and example system in which the equalizer, compressor,

and mirror equalizer are coupled together.

FIG. 2 is a schematic view of the equalizer, compressor, and mirror equalizer coupled

together, where the equalizers amplify and attenuate opposite to those of FIG. 1.

FIG. 3 is a detailed schematic of one example of one embodiment of the present

30  invention.



equal i zer sequentially coupled together. FIG 6 is a schematic view of an
equal i zer, conpressor, mrror equalizer and an anplifier sequentially
coupl ed twoebdwnro42Fl G 7 is a schematic view of the proeesasedosadedoest i ng
anonmal i es, determ ning the frequency where the anomaly occurs, and then
adjusting anplitude at that frequency. FIG 8 is a schematic view of an
equal i zer, conpressor, mrror equalizer, and final equalizer coupled
together. FIG 9 is a schematic view of an equalizer, conpressor, mrror

equal i zer, fi equalizer, . ifier: i.- eyl lGsd: gy a
speaker couplg 't4dsg§%ﬁ%?‘i?“%%t@éq@ﬂgfﬁfw%ﬁ%%@'ﬁE DR o veNTS
It is towithanpekest ood that the present invention is not limted to the
particul ar net hodol ogy, compounds, materials, manufacturing techniques,

uses, and appijcat] ' SHELN coSrelDESE ViBEYandlatmdi§- @l so to
be understoodkkﬁgfg?%%eTgﬁﬁﬁﬁgpggvﬂusgg’ﬁ%r@?ﬁ ?s ﬁggﬁufor Thgr%urpose of
descri bi rgnipequalizeubeguergiathp chuptedtiegetat.y, and is not intended to limt the
scope of the present invention. It nust be noted that as used herein and in

the appended g|RigNBa sdhBfadd NOWbPIN dREITRr, cBmpressBf) mirr&uallz8€andlafc| ude the
plural reference unless the context clearly dictates otherw se. Thus, for

exanpl e, amplié¢rsceyeptalbyrouplad ogethernt” is a reference to one or nore el ements
and includes equival ents thereof known to those skilled in the art.

Simlarly, fopi@Rqthehe@¥GIMES of Be pRIES BNERedifg afontllied de@minidg lRANS” is a
reference to one or nore steps or neans and may i nclude sub-steps and

subser vi dreguenssereshd anomajyeedrs ond thgs adjugding ampliyde 31kas frequsdey-i n t he nost
i ncl usi ve sense possible. Thus, the word "or" should be understood as

having the defidigtii @&cHefafic ViOQbER equilizer, cahPREsof, AaRot dyaklizef, ad fiegi cal
"exclusive or" unless the context clearly necessitates otherw se. Language
that Hay egualegiroupladireethelexpr ess approxi mati on shoul d be so under st ood

unl ess the context clearly dictates otherw se. Unl ess defined ot herw se, al

techni cal andrggisgRh kdHemali€Vie® obSEehublekEicBmpRYSr, il BoSaRliZE &ARINGS as
comonl y under stood_by one of ordjnary skiIL in the art to which this

€ J_ Dy :
i nvent i orfapdlizeia@plifsrer mpltiandequalizes and a sprakgawlediasittds, and material s

are described, although any nethods, techni ques, devices, or materials

simlar or equi vIEIKIUED bRSCRIPERIN OFeTH R PREFERRED BMBOBIMENTS e practice
or testing of the present jnveption. Structures. described hekein are to be

under st ood algdSFHQﬂ@ HStopthat [ACRFSALINVEHAR Ak i dedip e papficy fuctures. Al

r ef er @ncagethodology, compounds, materials, manufacturing techniques, uses, and applications,
described herein, as these may vary. It is also to be understood that the terminology used
herein is used for the purpose of describing particular embodiments only, and is not intended
to limit the scope of the present invention. It must be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the” include the plural reference unless

20  the context clearly dictates otherwise. Thus, for example, a reference to “an element” is a
reference to one or more elements and includes equivalents thereof known to those skilled in
the art. Similarly, for another example, a reference to “a step” or “a means” is a reference to
one or more steps or means and may include sub-steps and subservient means. All
conjunctions used are to be understood in the most inclusive sense possible. Thus, the word

25 “or” should be understood as having the definition of a logical “or” rather than that of a
logical “exclusive or” unless the context clearly necessitates otherwise. Language that may

be construed to express approximation should be so understood unless the context clearly

dictates otherwise.



cited herein are incorporated by reference herein in their entirety. The
system nethods, and circuitry descri bed herein are designed to accomodat e
t he convewei200v/02642audi 0 signals with a broad dynam c r aprge/useod/onadns ow
dynam c range without distorting or altering the original work and to
conpensate for environnmental factors. This systemis particularly suited
for playing nmusic, novies, or video ganes in high-noise environnments such
as an autonobile, airplane, boat, club, theatre, anmusenent park, shopping

center, etc. EHregmhnw&herng@, aEM&thﬁml amgaﬂqmc t@hd ugé.drh%féiiﬂ: KaXe Be shii present

invention seek to I nprove sound presentation by gr ocessing an audi o signal
out si de teeniogs ascommplyraderetood bhertetpf prfknanusidlhindae arhiodvhiehtiths it veatdducer s
whi ch is hOR! &lnhid0 dbAc RN I AR FPEREYbed, ARG gRZny BY

pr ocessi ﬁgﬁé%%?ge%ﬂﬁﬁég%hﬁé%#ﬁgge, . %} fuller rancil br oeardgr" pr eségiﬁP)éti on may
be obt ai methodRaéaniguerydevices e nfategials eimilaFpigquilalest tg thpshdesenitied hoielw of one
enbodi_nment of t resent | nt i j ANk R Y

equal isze?naggj,e ugebd‘égnﬁrpergcg%? !)Qgs?ﬂgﬁgt'ﬂg p;rlr;?e?]rt ygéﬁﬁa??g@gﬂeigéc%egr gp I cal

r epr esentaat toda uoderdtbral dlsonc tdfonakintyonef equaslenisof fuch duadturen nplbreéanences  shown
wi thin the awi ng .of each,, An.audi p_i.npu i 10 is inputted into the
pri mary é&ﬁcgﬁeir?gPgiﬁcoé%odatgqﬁbyerﬁﬁéﬁ%ee r%'ﬂ@'? tt(})‘e'oﬁ'gggt%' signal 50 is produced
fromthe mrror equalizer 40. The primary equalizer 20 in this enmbodi ment
recei ves an ailitié sysiempoetheigaed cikOiryalesceinedhassin pisalesignsidite actemafodathéhepor t i on
of the Sl Q\glrsigocg eéi%%{]ggzlalggvith% btrcgﬁ dgﬁ%ﬁc ?agggfor LHIH% Pémig’ran Q%ﬂgﬂ?' ifies
the anplitude © t*he si®gnal correspondi ng to the trebl e specCtrum of sound.
For ewanplisgrtihdier ditesingthelbbgisallvasisampiap toropenfae tomaavibdMetal) factarg. Bhisdecr eased

by about 10 dB, the, high ible treble portion [.oun k may be
i ncr eased’B§™ é%mcugrlﬁg?'t%#gr ‘?Wé"gp%'ﬁ'?’ Slnogml‘q"nortv)gte égaefﬁélsa{gg%gﬁfl_'ﬁ%t edyas a
| i near f wacikdnxentfsudh BQuamoobife, wiaglaret Yoagfclubuihtatel emesgomanhtipags; shoppieg known i n
the art. One suc nal o qualizer i§ shown in hlock 11 .of FlG At sone
f r equency e &L ﬁ]@eﬁ“‘?‘?ﬁ“?oﬁi ‘Sﬁ S¥Stdh HEH‘@?S ﬁﬂﬁf'fc‘l’”tiyaqt%iﬂberp resher '%e\?vﬁ?nr Seealgteoncy
at t enuat ii@Brovb soudti foaGématidh b peocadsplgiah hadib sigial andidatteeffitadnico rangaidfer sect  at
t he crossover Roi nt. Atthis crg‘ﬁ'soveb, oint, the effec f Pshe e two
B by &,

pr oceYsedoBHhe Awman @ andsaugipdransdugers MpicR SReLtee ZRHOGIME 8 produce a

net gai n @prokRiately G000 BE.CHy BrooesIm g bildis oMEiAs hMaRgepFuller indl broadange of
frequenci es where these two processes substantially negate their effect on
t he audi PrEEYALAn manbebiringdhodi ment of the present invention, this range is
bet ween approxi mately 600 Hz and approximately 1,000 Hz. In this

embodi ment, t Refeim2Is MedTgufed 6. | & aspRehasik viewdddng erabodierhef the present

invention. The system comprises a primary equalizer 20, a compressor 30, and a mirror

20  equalizer 40. A graphical representation of the functionality of each individual component is
shown within the drawing of each. An audio input signal 10 is inputted into the primary
equalizer 20 and an enhanced audio output signal 50 is produced from the mirror equalizer
40. The primary equalizer 20 in this embodiment receives an audio input signal 10,
attenuates the amplitude of the portion of the signal corresponding to the bass spectrum of

25  sound, and amplifies the amplitude of the signal corresponding to the treble spectrum of
sound. For example, the low audible bass portion (around 100 Hz) may be decreased by
about 10 dB, the high audible treble portion (around 8 kHz) may be increased by about 8 dB,
and the portions in between are adjusted as a linear function of frequency. A variety of
suitable equalizers are known in the art. One such analog equalizer is shown in block 11

30 of FIG. 3.

At some frequency between this high frequency amplification and low frequency

attenuation the effects of the amplification and attenuation intersect at the crossover point. At



within the efficiency range of standard sound transducers and the human
ear. Qther enbodinents may shift this crossover point as necessitated by

t he speciwoeo@ppbicati on. Referring again to FIG 1, thecpnisomsye@asial i zer
20 feeds the conpressor 30. The conpressor anplifies and attenuates the
signal inversely proportional to the anplitude of the signal. That is, |ow
anplitudes are provided high anplification (or |ow attenuation) while high
anplitudes are provided high conpression (or |low anplification). This

resul ts i %rok%\r?%lr pé)ﬂx#gglf‘geé{ ?{'3\9\%? g\go PJ&@es?eis%ﬂ Me: au]ﬂ%ing@gétﬁl aRd9&cRf the

signal, for e oas little as 10 dB or Iess.
Fur t her mootier oitrend potdner a matrpaidiofiemme. G¢ntarédbarpynadbin crosspyeroing s, a rpge Aonpr essor

may attenuate the. hi i ] i i an: L ow
ol 1 t udatepis s SRR b HERS sRraRbuR kR 0Bkt BRER IS o1 1 ¢ des
of an audnensémgbalimenoéthe peertinykntampthistrange ss betweearapproyimatels ¢10; Hind
conpressors are kn i,n the art. .One i f. s shown
bl cok sparepas 000 e Fistmgos i, B RH R i dt BeERPISRAR R =0
audi o si gwiadin the effeikncytangd biestamidand soundquadduzers andiGhe Aiman eat.r@ber equal i zer 40

provi des the opposite functionality as the.pri e lizer...20. Here, in
this specﬁ'”‘r%é'"geﬁﬁdwrfamEh'StCﬁ%“?ﬁef ?%'Pt aéaffgfsl'tgtgﬁj g?h%rsﬁ%@sapp lCeatlélr%pl i tude of
the portion of the signal corresponding to the bass spectrum of sound and
decr eases t he Rafopling agdia toF1G.Hethsipgmaty egoalizesPohetislye comprdseor3pelbhe spect rum

O o el B AL A B GORBARE I MU s

OSSOVET  porn equal’i zer
exanphe, digmal | That auidiviahelibdssarp providehhighrophficafiGO(okiw atepudsion) whitteased by

about 10 dB, the high audihle.treble .portion round . 8. kHz be

decr easeoh'gya“&‘aﬁ\ff{]esgﬁﬂmvé?f ht'@ewﬂ’(?ﬁsf"g'?‘néor :Ioﬁv %ré@\'/\tﬁc%tﬁon%r gk'gﬁﬁ)sﬂlgsﬁ )e{*a linearly
as a funclivendydhmicrratpean the.sighlle The dyminic @qgtadfitzedignihl farelamplermay tequal i zer
30 are ideally chaosen t e conplenentary so that they have equal and
opposi te IBYVF@gf%@S l@i“e“eﬁtﬁ’%o‘?rrclr"e‘ﬁ't F ‘Hfm%ﬁmﬁf’r'? 6'?“'&58'3"?@@%"50 t'?r%‘?(}ﬁ’%i n bl ock 13
of FIG SinvétibfthddonPrés¥oratyahtemate tBdhigh SAPINESS ofin auditukighal moe than
equal i zati on, the processed audi o signal may be %Ppiil i ed di r.ectl%/f to a

speakét sowiaplitudpy Jogrother Fmbesimsatiae eARpFSFarar BslowAmplitudes; or

through aga@ygaddaf here thdd BghsReAKRIes. SX Sh&H oBRAMIS SoriftessBra s Kaowh irdhe May be
reduced before conpressi on and enhanced after co%esm on, the sound

pr esent edart dOnerfanbodimenbeia apressa pede A Plednl 29 Fdsk tones and free of the
muf fling effects encountered with conventional conpression. Also, this

embodi ment  pr edufRg Agdid GIFISOU R Rprdssiotia 8B slgnslne sddafito sheshiemr f or
exanpl e, et:qrclgl?z%r Q()av”i“hr:g m?r?ogrggttxaslizér%%sprgvri] eg th]é%pgc)zs?te If:ulflrcttict]n%{i%rs ?He pbri(?nca?yuse the
20 equalizer 20. Here, in this specific embodiment, the mirror equalizer increases the amplitude
of the portion of the signal corresponding to the bass spectrum of sound and decreases the
amplitude of the signal corresponding to the treble spectrum of sound. This mirror equalizer
40 also has a crossover point that is substantially the same crossover point as the primary
equalizer 20. For example, the low audible bass portion (around 100 Hz) may be increased
25 by about 10 dB, the high audible treble portion (around 8 kHz) may be decreased by about
8dB, and the portions in between are adjusted linearly as a function of frequency. The
primary equalizer 10 and mirror equalizer 30 are ideally chosen to be complementary so that

they have equal and opposite affects. One embodiment of a mirror equalizer is shown in

block 13 of FIG. 3.

30 After primary equalization, compression, and mirror equalization, the processed audio
signal may be applied directly to a speaker system, through a multi-band equalizer to a

speaker system, or through an amplifier to a speaker system. Because the bass portion may



dynam ¢ range has been reduced by conpression, the sound nmay be presented
within alimted volune range. For exanple, this system may confortably
present owel2ndéep2enund in a high-noi se environnent with 2oTi3268000kse fl oor
and a 110 dB sound threshold. FIG 2 shows anot her enbodi nent of the
present invention. This enbodinent is simlar to that enbodi nent shown in
FIG 1. In this enbodinent, the primary equalizer 20 receives an audio

i nput signal 10, anplifies the anplitude of the portion of the signal

O PP el bl diE HARERRSES MR R0 TprcR0th, HLBBUAESnlR AED | L1 C

of the signal corresp e treble spectrumof sound. The enbodi nent
of FI G 2pakips hid espetthen séhgindhsswbres end fnes of tisoali fltingte ffogts Foguntgregitbnuat es.

Li kewi se, the .enbodi nent of,  Fl . SINelyF

enbodi rrer?f)mbefmﬁ%onlpr?ﬁfﬁ A ilsgstﬁsfﬁgg%}nr%ﬁ%? S@Eﬁiwczheslro in V%g&% S‘fjggo has the
opposi t e shenketsysiera) fiot yxaefpld, hesahavingmagoetalesstban | hoz=|RGrthdrmofd, Becadseitke a

di agram of one specific enbodiment of.th ent i L P Thi S
embodi’nery "%‘8\7@@&%%%?@@%&” fﬂmgrﬁgfoggﬁ8§%§r?qealﬁ(tbgwaefﬂﬁéog‘gﬁ%ﬂpzer i s shown
i n bl ock likdited tvbRme @anpe e EsiCaxainple bth 3G kstéhi2 may hem fortabl preseruglaligesoundind ock 13,
an optional power supply is s i.n bl ock, 20, da, 10 nnel equali zer
in bl ockr}”kgf‘."POAﬂele"b‘fonﬂﬁéy‘f’%}hﬁ%ﬁﬂ#go'% ?/%a'édr%ﬂsot(@scfgp%l&"%gaﬁbr cially

avai | abl e conponents. Each individual nodule nay be inplenmented with
anot her r easoRHEh2eshswbatoiietitrebddioem of the presentimventfon GThid embpdiesatis s anot her
enbodi nent_of the

resent invention. FEl 4 shows. t.he | ITE f FIG 1
coupl ed WTH ¥ g‘ﬁteegrfg’é’a'"éeﬁgihé%"é'bi?@ﬂ(in@Sreéné)r%glg]eem’{sheé)ﬁﬁgﬁgr ugﬁ%ézl nent of
t he proeseadeivensenidioinputisignhliosarepiified iheanipliaderof the parhias ef teesighdl zer 100 is
coupled with a mrror equalizer 40 before th di o .signal, is output 50. In
a furtherc8 ﬁ%?BB"pﬁ%tr‘?ttgeol?a%f HECT Y B%Stoluﬁ(ﬁ a%‘ij%%"ﬁ?ﬁﬁ%ﬁ?“%ﬁ%ﬁgtﬂ%e ngr“S'fn t he
nul ti bandopedpshdideio thdPeHiOspactape akedtnds YR @mbbdiatent of FIGL2 shgdifies tha t he
drawi ngs. FIG 6 represents er_enbodinent of the prese ipvention. In
this enbodnabmierathe smpe 'F‘F’é‘r"??&% j RISy k;ggwe’tt "e“H‘?W'B?“%E@Q' zer 40
prior to ekt ttRQignhPwiferd the bh8bdiREMQE FIGNtanglifit$ ETHeRviIEOE dqpaliztimh a si gnal
out put s fromtheb%ggflsifier 110 to a speaker systemthat is not shown in the

dr awi Hy. HilG: 4 71s¢ epegtefuptinelitepdBamHER €A% 12¢iR St dsent i nvention. In
FIG 7, an audio presentation response 15 is introduced and anonalies in
the audi o preggntiat h ApgRARtdaL StEd chpodimemas she fese igvedbM. CEblis
representation of such a signal, vm'tr an audi o omaly is shown within the
G i g GSAGREGLOTS MRERETE i3S GPBPHER § OF SPELZSRPPE AR ¢ he
audi o 11, the compressor in block 12, the mirror equalizer in block 13, an optional power supply is
shown in block 20, and a 10 channel equalizer in block 21. All of the components shown are
20  standard, commercially available components. Each individual module may be implemented

with another reasonable substitute known in the art.

FIG. 4 represents another embodiment of the present invention. FIG. 4 shows the

embodiment of FIG. 1 coupled with a speaker system 60.

FIG. 5 represents another embodiment of the present invention. In this embodiment a
25 multi-phase equalizer 100 is coupled with a mirror equalizer 40 before the audio signal is
output 50. In a further embodiment of the invention such a signal outputs from the multi-

band equalizer 100 to a speaker system that is not shown in the drawings.

FIG. 6 represents another embodiment of the present invention. In this embodiment
an amplifier 110 is coupled to the mirror equalizer 40 prior to output 50. In a further
30 embodiment of the invention such a signal outputs from the amplifier 110 to a speaker system

that is not shown in the drawing.
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presentation at one frequency 7 1. Some signals may present nultiple or no
anonmal i es. For exanple, a particular |listening environment nmay produce such
anonmal ousweurdign202sponses such as those from standi ng wageas2éesn2@2anpl e,
such standi ng waves often occur in small |istening environments such as an
autonobil e. The length of an autonobile, for exanple, is around 400 cycles
|l ong. In such an environnent, sonme standing waves are set up at this
frequency and sonme bel ow. Standi ng waves present an anplified signal at

their frequengis Wi GheRRYnRRGSABbdARNATIRYMINARRHEY. AnHHGALn afdh$S 7, for
sinplicity, shows only one anomaly. Thus, the process 70 detects an

anomal ousrgsewstéamtrasrionse iSrs mtradugadiand angwpliegdn te pestie pissengtion agidgisard at a
gi ven f r}gtbﬁ}gysfﬁm rhpifichl %&g?@ﬁ%n%?ﬁﬂ@a@%n%ﬁr anMBdo-anBHAG ESHoRR

determ n requency a such an anonal ous audi o pfesentation
occurs 8Mwithimthe Weawdngofipnapessd701 Nutd the extragrdinaeiyplaicaamglituthel tg¢ ayslie wher e t he

f | . f e
fequesncyw%%m lc}nga{g og@nﬁ%@gﬁgﬁé%§méygh£§ @gf@%&mmmgle%wséoma%agep e

frequenc us presen n occurs is deternmned, the

anpl i t udeexarhple frepastiayptealisteding énvirohmenguen eyoduse suble anatiedaue agdid resgonséfown i n 90.
Note in the fupcti.onal representation w thi I aw omal ously
hi gh arrplsi“?e*h%fgn?sé oD RATSEE WA h@%%%“e"#ét% I'e‘gtag'@?g gvﬁge\r?ﬁ?‘?%g&luhmﬁﬁ’gnaudi 0

pr esent atliseningAnticomaiehisaschafs ah hatomabite. Jihg dengthivdpeautamabilsf for heangderes
characterjsti,.c ar

such as . .c of t.he sanme nodel,., may.present the sane
anonal i es"‘.m"fﬂéta? ?&Eﬁ(@%y I%\ﬁ‘ﬁﬁﬁﬂﬁﬁvﬁonwaaﬁ)jmtfsstar?gfrr\'g Wﬁe?sfacrﬁ%gﬁé atitﬁl a further
enbodiorenftequérky ahsqpieaeiv. | Staralingaguial przent droantpdifiad sigeat anthtiofrsquesgponses f or
future presentation in the |istening enviro nt. For exanple, the
f r equency™HFHMAYPIEENhEANNAVRS HOUHI S%%‘rr&héu@ﬁé%ﬁgésﬁ?‘ﬁs MYe%el of an
aut onobi | oaly. TeuP iHRGRScetsT0akR el R bhchelous Padsertaion iph sipwantsach aviat h the cars

audi o systemtq conpensate for these acouystical anomalies. FIG shows t he
ebodi oS AT AG E R A E1 O SHEIG ATPIBF GLoeIRRATES MR Ha NG BIES R0 70 ¢ hat

adj usts therames ikt wdgueaty AthehicdbRarbi@m@lougbudid pednnabesccprisgdetehel ned to
be related to sound presentation anonali es associated with the anticipated

|i st el ncrawminpe&dmeent to g rgintgnithe graphrhessthe HequsAD R MRS thAnOPRBYS 8 with an

ampl i fi ery dibQrd Lhta@dticeurdMBhdel thC Btduerby atwikthbh alaitlo8 GrEdtLRI 0Es isf OF
further fine-tuning, and a speaker system 60 for sound presentation. The

enbodi nerdeteroined e pnpitedetof thesianal b Hiarequpicyrs Gendesreasedes s miptPon t hat
. Fur e e RS SR s LRl B RE 9B R o na e Becau
) , y efficient wthin thi's range. Because
of these iefddueidenbick sompeneatgsifesanamalignie ticiandio mepyeniriionp dutogrobjlesof diedi o
pr OCE?OSi ns%m%%z@,i sﬂgpe%ndtd? 'tl‘?e s@ﬁl@gﬁarﬁc(?erisﬁ&f Q¥R ol gh‘?s ki ﬁlnle model, may
present the same anomalies. The frequency and amount of adjustment performed, in a further
embodiment, may be preset in an equalizer to reduce anomalous responses for future
presentation in the listening environment. For example, the frequency and adjustment
amount of anomalous responses in a model of an automobile may be preset in an equalizer

25  that is implemented with the cars audio system to compensate for these acoustical anomalies.

FIG. 8 shows the embodiment of the invention shown in FIG. 1 with a final equalizer
70 that adjusts the amplitude of the audio signal at frequencies predetermined to be related to

sound presentation anomalies associated with the anticipated listening environment.

FIG. 9 illustrates the embodiment of FIG. 8 with an amplifier 110 for audio
30  amplification, a multi-band equalizer 100, for further fine-tuning, and a speaker system 60 for

sound presentation.
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quality of the sound presentati on. One enbodi nent of the present invention
provides for a systemfor processing an audio signal with a primary

equal i zerwoeosgnregsor, and mirror equalizer. The pri maryceqsadosneso2pr oduces
an equal i zed audi o signal by adjusting the anplitude of the | ow frequency
portions of an audi o signal corresponding to audi bl e bass sounds and
adjusting in the opposite direction the anplitude of the high frequency
portions of an audi o signal corresponding to audible treble sounds. These
adj ust ment s O‘f'g&’ bddi en%yéﬁlﬁea&?%eﬁﬂ lhyenbbrp?r@ r%&gtoh% a@gun{;ﬁ%ﬂ%f‘ﬁl}ést The
above nentione ]US Fequenc portions of the signal and

t he ad] usavdnngransdutdueargpff@smt etwdiéenabeit 6A0 b‘fi anchéﬁohi HPO0r e finsthesnosbthe on of

t he signg| terse f. e

subst ant ﬁ]afnlay ?’{el C% @%ewgﬁ%nﬁm 'QH %?%Jsggﬁgeeswﬁtleeq%g?nt V\ﬁgrr“e t hese

adj ust meribniiort ma)sdmmostsof tthwdm ms@a@vw oytodenf thimonge wdmeemye thegaemllof zer o.
The ragnge rouFﬁQl t hi §€P r{tt i s the crossover range. For exanple, this

Cross verqu oY R ﬁbs&un "H&ween about 600 Hz and about 1,000 Hz. An
enbodi nent nmay further conprise a conpressor that produces a conpressed
audi 0 si gnal Bye enhplimeniofithetphaserdymantian pravides forfa sypemderdirecessingaal by
attenuatin I i I gnals, or by
doing a CO%%)Q%FII%IEEPAO 'ﬁg'?ﬁ&da%eg C?:)(’Sn %Ags{)nrﬁ ngrlgrflllégl\(‘)y#p?zrggs];ﬂet%ﬁ?a ynam c range
of the auduaizsi ;gnchlcesta'n dqe@aedhuaimabmd:by adjustibg theiameplijude oftherlaw iequerpyal i zer
pr oduces a subs anti.al l 05|t primary
equal i zer® TR 8 ?ﬂar“fjé)rS'%‘aGC% 78 m%ﬂ%so ag'gt%)lse?%ﬁsiaﬁ?cﬁ%q{j %thggr@l %‘?% ‘Ssog\%%r poi nt
and r a)ng&iu&sndnhﬁe anplivedeyof eguadh frequencAtpottioes afransxsdxlvergngj@pncgpommng tof fects on

the audi o si of the.ftwo adjustnents ot h,t ry.and mrror
equal i zer‘e‘éla b%)&‘é?@ elV“%‘Engh‘fseéiahmtg?tﬁg?cubh‘ta Sgﬂsganﬁlﬁ%ﬁ%eéipémﬁté nyOgfal n of zero.
Cent er ed fadquentyl. The sbove ARANGd ad)sting of the ndwfrwwmﬁrons afwhe sighal knequenci es
wher e t hese stnent s subst(g_ntl al | ate their eff ct on the audio

si gnal . Fﬁ’ §JJ‘¢%“8§ & PPROsFlirection of the @%%’ftﬂ” cﬁ(tpof}’fon Oﬁg‘erﬂg@ dAEFHAvent i on,

i's bet weegenddeRadrelgieht £ty g &M friduaech @pammuyraége.lg;blelgamnnnla thi$ Angdi s
enbodi nent, the crossover range may he speci al Ié/? des(i]grn dto be thin the

ef f i cienclherpitahepe thasapdiusime %)'awaseft 15,1 QTIPSO " HolY ap ﬁg‘ﬂﬁ Q her

enbodi Menfes,. TRY radld {rburddths p61rn£)§$lQV&dﬁss@st Fihg@ SFon e L, tttas adssbyertpbﬁht specific
application.In one specific enbodi nent of the system the pr| marﬁ equali zer

boosts t HBaQcghr teprsn @by SpHE ?'&1@05?1%99%&%6@?0&%?“5% heESATNES ¢ he

low f reqb@mﬁpr&%rtthﬂp%d%es @@orﬁbﬁ‘éks@d fldiOAbnal TNEorArEdsAL tRANAhZGingd@es t he
opposite; 1t attenuates the gg fre uency portions of an audio signal and

boost s t htbe puslip §igrad b pitopugiivg thighraenpbifu aﬁ-gaﬂaua@pbfygwdpw ampligdepiendhual i zer, at

20 by doing a combination of both. The compressor may compress the dynamic range of the
audio signal to less than about 10 db. Finally, a mirror equalizer produces a substantially
opposite effect on the audio signal as the primary equalizer. This mirror equalizer has

substantially the same crossover point and range as the primary equalizer.

At the crossover point, the effects on the audio signal of the two adjustments, in both
25 the primary and mirror equalizers, exactly cancel each other out and produce a net gain of
zero. Centered around this crossover point is the crossover range of frequencies where these
two adjustments substantially negate their effect on the audio signal. This crossover range, in
one embodiment of the present invention, is between approximately 600 Hz and
approximately 1,000 Hz. In this embodiment, the crossover range may be specially designed
30  to be within the efficiency range of standard sound transducers and the human ear. Other

embodiments may shift this crossover point as necessitated by the specific application,
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t he sane frequency between the high frequency boosting and | ow frequency
attenuati ng and boosting, the effects of the boosting and attenuation

i nt er sectwet2oddnro@rossover point. In another specific erpodisomsio2ebst he
system the primary equalizer attenuates the high frequency portions of an
audi o signal and boosts the | ow frequency portions of an audio signal. The
mrror equalizer does the opposite; it boosts the high frequency portions
of an audi o signal and attenuates the | ow frequency portions of an audio
signal. In ye [ £ i iy mary

equal i zer and}nrﬁ?}1 P Sé&ﬁicq%%%ﬁ‘znﬁeérn?a@gp %‘efﬁgg‘%t" ﬂkﬁ%iu?ltyzgﬁ %ﬁgmgé%gl izers may,
for exanptegpenag gortions afanbadid signal apd dtteniaiesdhe o feaquertli @omtions efranaidie oper at es
on the high frequen rti f ' [ i [ l'izer
oroduces e d T e A BRL s M PRl Rl i BB JIRIcK SRUE, Pl
t he m rr audiegigakliand boostatht lowsfrequency @raiops &f aniapdib lsignali drheach equabizasyatfilter in

the pri e | i zer , boost he .si I hen i gh
frequesnrcraﬁ‘%/?aﬂ%gfeqllwcif Heétwﬁ?'}t?’?)}“ggérﬁ %que?O%étﬂFgea?i’hé eé%gém gﬂaalmﬁ%%g at 8
kHz. For bessimp) the efifdcts dfehdboghtirfgraad ateameatiohiihtemect arth¢ tressprérpaing. equal i zer
attenuates the signal 8 db at 8 kHz then the high frequency filter in the

mrror equalizer boosts..the signal : i the | ow
frequency fil ne?nolg'r?r fpr?%'ﬁﬁre ?‘Hgar'&e@qolga eggsetgrﬁ,gg%@éaqggﬁag?%ﬁgﬁ u%t(gs at 100
Hz, then Higtefrdéqmendyrpedioanof/anfauttoasignalrant heostsithe o feaguericly pertions ofeniaadies t he
signal 10.db 100 Hz. Finall for.ex I if .t f y filter
in the prighak fﬁth&ffﬂgf’ﬁ Sluplizgt ?%eﬁ&toggost'tg’éﬁgn%%éﬁg ¢ higf @%ugﬁvﬁéﬁﬂgﬂghen t he

| ow f reequridivysignil dnéatternuateh the idw fraqueegumitiane pf Hoodiosignak si gnal 10 db at 100
Hz. In between these frequencies the filters boost and attenuate at a

substantially,linear functdon of.fr reetag ' tnifkr t he
system i ncl ud(lansyeéa??ﬂﬁ%ISpeecﬁqflhcaﬁ%?bg)glrn{e\?\,ﬁ?(gﬁ?gyg??gﬂgﬁ?’lnﬁ]ra or eg%ﬁgatlﬂgh may
adj ust t heyualivpt usk udieasobnd fileer alibk equsligrsahayafor Exampiansd ekighbedendaidwed to be

related to nd . prese tion anopal i assaoci at. i th Lci pat ed

| Fstent naRat DI 76 Re b ond s B TR nleh SRS B oAl a8 PR S,
be associpinedly ¢qualizea pvdaids aakquanamiedppesite sffed oathesibdindigng asgheddter arbie
accented and absi)rbe;il fre uencrig@s..f'ghﬁ. hrfe uenc?lltand magni t ude lozfr

adj ustirerPIos FIBIFRE T hatyS B examlEf hi high freayeppa filtel i R PPRAN S8 IE L ce any
anomal oushdo€is PRR&EMS! 8 JHUIB kHRUMEDhS hiphdteguddk psiket it thcanigrbr édublizef i nal
equal i zer inenvironne

tsinvx/nij_hthefi | equalizer S. prepared may
present n%@l"d?_teéﬁ%feﬁ‘ﬁ"a $dhai g e s°§6’f?i”}ﬂeeg-% 'i'%‘ ﬁﬁ%‘ef‘iysql}%ﬁinﬁbe 'Y onment .
Anot her  esfagthePBthufids thhagiy 8 UB 81 SEYz BECHE RighdRqMdy alaiigtalmiabi er primary
equal i zation, conpr essLoni and mrror equalization to an ?[’rgl,i fhi er. The
system rmgﬂug_lp@bboosts the signal 8 db at 8 kHz. For example, if the low frequency filter in the
20  primary equalizer boosts the signal 10 db at 100 Hz, then the low frequency filter in the

mirror equalizer attenuates the signal 10 db at 100 Hz. Finally, for example, if the low

frequency filter in the primary equalizer attenuates the signal 10 db at 100 Hz, then the low

frequency filter in the mirror equalizer boosts the signal 10 db at 100 Hz. In between these

frequencies the filters boost and attenuate at a substantially linear function of frequency.

25 Another embodiment of the system includes a final equalizer which, after mirror
equalization, may adjust the amplitude of the audio signal at frequencies predetermined to be
related to sound presentation anomalies associated with the anticipated listening environment.
These frequencies have been previously detected to be associated with acoustical anomalies
such as standing waves, and accented and absorbed frequencies. The frequency and

30  magnitude of adjustment performed may be preset in this final equalizer to reduce any

anomalous responses. Thus, audio signals played through this final equalizer in



present an audio signal to a nulti-band equalizer for fine-tuning. The
system nmay al so present an audi o signal to a speaker. These three
conponentwormys/daes27npl enent ed, in any conbi nati on wt h ecTwistéswtesesch

ot her. Anot her enbodi nent of the present invention is a nethod for
processing an audio signal with a primary equalizing step, a conpression
step, and a mrror equalizing step. The primary equalizing step produces an
equal i zed audi o signal by adjusting the anplitude of the |ow frequency

! a gnal . . ppel
portions egv,m%gﬁggg% fnth s FOLEERPY r&%%dﬁpé?ﬁgéé%ﬁn&?csé‘bsé@mh@@

adjusting in osite di ion the e of the high frequency
porti ons asdfociated atithithe kstgpireg engivonmespondi ng t o audi bl e trebl e sounds. These
adj ustments occur in a substantially linear function of frequency. Wth

this method, %,H?tﬁgbe%ﬁ:%aﬁ?em j)fqm:"gsﬁﬁﬂr“av[jr&gntoafn kS sleRY SBESHHRREY portions of

the signal an adj usting In"the opposite direction of the high

f r equenc)eqpaizetiancanipression sindmifroi equalizgéen tolse amekficra The BsisBVERY 2l¥hge t hat

pr Odu%e aprezssglgsahgﬁélggll l\z}ﬁ tﬁgglluhgf)a?lh% SRk £ AddLnih D1 BneGH SR QS aisbange.  For
exanpl'e, ‘one netho ﬁay Ve @ Crossover range nay occur befween

appr oxi nateskyt a6@0dibizigaal do appakexi Hadse thyeelco@Ponddss mayHies mirismgoidd fiw prdher

conpri ses_a,coppressing. st h produces a conpressed audi o signal by
corrpressicﬁa’b{nﬁ{é@ndvl?llé%\g'tl}oel{ﬁgae(:ﬁ(%%%rf he audi o signal by attenuating high
anplitude signals, anplifying | ow anplitude signals or by doing a

conbi nati on ofAnbtihembpdananbeftheprssentingensipn isrp mé¢thed fopprieerssiog an#ienbodi ment
of the present.. nvent i ) r ) o EinkRgpageld o si gnal
Fo 1 eas (TR b EbTY Y aRTEe SRR Ry o i AL ok ARG dink S8 TYL

equal izi nyinsreguatizing pepptadess an Subsedmdiasignal bppdisiting thefampbitude of thhe
primary ualizing step. .This.m.rror L.z t ally the
e o 098 RRER YA oL BT e e e B BBt B AL

enbodi merih tlefoppbeite diresien thei ampdintde ofithe hige figniamay poréonsaifiam huntio Sgeh boost s t he

hi gh frequenc ortio of ,an audi o, signal _and attenua ] . frequency
port i ons%(?fre%??/‘?"@ﬂ%ifooa“gﬁ’&ntﬁﬁbﬁe S?H'?a&gmgp‘?%?d%aﬂﬁ'laf AR sé'psggné%@ghéeﬁ}g opposi te;
it attenuah@®nbhfedlicady. fWRlfthésnaathqao thieiabmve-roéntianedaadglisongsifgimalowand boosts t he

| ow frequenc ortions. of .an audio signal.. ln each . equalizi step, at sone
fr equésncyfr%@%/‘?kgé?ﬁ“'toﬁ%"fﬁﬁegﬂg‘?arl g{f&hﬁ@usg%g&tm&wgﬁlgﬁ R\E (?“eocﬁllgﬂg%h attenuating
the ef f ecteuécylpbrioh@0mHk isipgalamekset benuatd digssovir eingediat prbdiche crossover

poi nt and produce a net gain of zero. In anotlihjoer specific qﬁngodi ment of the

present i Mo¥#tialynegligblegainwithin tdhis SpIsoYeh gt SO SRBRIEANE Mehrd MY dAve
f requency, §84sbiep Rshg®@maRBear BétRedi ppakinditddy BIOEE snd dperoxndtdly €QOEHEY

This method further comprises a compressing step that produces a compressed audio signal
20 by compressing the dynamic range of the audio signal by attenuating high amplitude signals,

amplifying low amplitude signals or by doing a combination of both. The compressing step

in this method of one embodiment of the present invention may compress the dynamic range

of the audio signal to less than about 10 db. The final step of this method is a mirror

equalizing step that produces a substantially opposite effect as the primary equalizing step.
25 This mirror equalizing step has substantially the same crossover range as the primary

equalizing step.

In one specific embodiment of the present invention, the primary equalizing step
boosts the high frequency portions of an audio signal and attenuates the low frequency
portions of an audio signal. The mirror equalizing steps does the opposite; it attenuates the

30 high frequency portions of an audio signal and boosts the low frequency portions of an audio

signal. In each equalizing step, at some frequency between the high frequency boosting and
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portions of an audio signal. The mrror equalizing step does the opposite;
it boosts the high frequency portions of an audio signal and attenuates the
| ow frequeoQyogmandzrons of an audi o signal. This enbodi meotr/Bk&s/0b@3s a
crossover point and a crossover range that nay be chosen according to the
specific application. Another enbodi nent of the present invention includes
a final equalizing step which, after the mrror equalizing step, adjusts
the anplitude of the audio signal at frequencies predeterm ned to be
related {g, SAURAPLEAGALEMNBRONBIES L SR Ehnlirdd g RNt CT pat ed
Ilstenlng enV|ron ese requen0|es ave been previously detected to
be associ@ossovenpoiht and prsiuccanet griowhtdres. The frequency and magni tude of the
adj ustment may be preset in this step to reduce any anomnal ous responses.
Thus, audio signaky, EAe@K@@ tbgélﬂmlégt}bfttﬂyp?es%htqﬁ’xlenﬁ&“ﬁle'pﬂnﬂ%/ &fu@lﬁ)mng dlep
environments in whic fi'nal equal i zing step was ﬁre pared, may present
nusi ¢ Wi talematesiestigh &@quenqy@omheﬁ@ wﬂlwsrg@alp%né%@%st alpenirsaencny be
perforsmadpopt? n@%}lar{uﬂaf%esrl e%n%ls&{ﬁhznlngtst e Q%Js% EsholtY R highmput er,
conputer SOt tvar & §¥ical circ ectrical chip progranmed to

per f or m t famencytpepns @franaindﬂootglnelrandématﬁbthpm fmmqmwﬁ@mh@ﬂa@eld@rl bed. In
one met ho ! REHahdeAhAGhAN Rikh OF
equal i zi nsggn%[ ’Fﬂ?seen%o%ﬁﬁé?\tt altsgr{%%sdr&g%@ P&P‘P‘ré‘?% e ?H? éeezt ?‘Fﬁt (gpesr ate in

t he high afcp@qmgm@glneppﬁctﬁcmlpplmatlome signal in the pr| mary and mrror

equal i zing steps produce an equal and opposite effect. That is, for
exanple, if t ' Gk tebdinvb hh@clmmw hiRink 4 Uhhep boost s
t he signal %Omeggﬂ%qz %p%ehekﬁl nﬁl '?lroe ueng tegr Il’?gt ﬁg mrr

equal @i ngiestlemnamtmuaimrwtecphedjsatsgqbahmshtd@ﬁ @tthe&urdlqzmgnﬁbq& fieguenpice, |f the

hi gh freq f e r 4 k e signal
8 db at SHE%z%hdgﬁtt?%eeﬁtemg?&mh gp& n%%t/aqgﬁ?'!t]deﬁdhl@%aé%zgﬂfrﬂg{rmgqtﬁczqa‘?égi ng step
boost s thlastmngrralvnr@mmﬁnt aTheSe kt@end?@rhaee(@ambeviohﬂyti¢tect¢wabf:ra@squeﬂqéy filter
in the pri zin ep._boost s .t t en the

| ow frequ‘éﬁﬁﬁ%ﬁq arnomﬂl' he%mPr?3 ugpcyeadlﬂaha%?ﬁ r?g%ﬂhgégjggﬁgﬁtu%%jes d_%se{ EI gnal 10
db at 100thidatepkd reahdeya,nyfachmzﬂm&rrmWnsesletdseluHmw@alequgcrbty\rdugh they finah t he

pri mar ual.i.zin ste att enuat es . t signa at 100 Hz then the | ow
frequéf{c qtl“g]i'zt"é‘g’rSt 't 4 "?ﬁ'?etnf)srm %JQIF ég%ialéﬁn%%%os‘fv S RrERgTeh ma\éPreieé'Edb at
100 Hz. |nheat waksut biesaie.r equenci es, the filters boost and attenuate at
substantially Iinear functi ons of frequency Anot her enbodi ment of the

present invention G I rcui t for SS diQ.signal
conprising a %e tg? Prf%erm' %wgpé"sag by per 8% ngbgéngcr X lishe
primary It may be performed by a computer, computer software, electncal circuit, an electrical chip

programmed to perform these steps, or any other means to perform the method described.

20 In one method of the present invention, the primary equalizing and mirror equalizing
steps may use at least one filter. The filters that operate in the high frequency portion of the
signal in the primary and mirror equalizing steps produce an equal and opposite effect.

That is, for example, if the high frequency filter in the primary equalizing step boosts the
signal 8 db at 8 kHz then the high frequency filter in the mirror equalizing step attenuates the

25  signal 8 db at 8 kHz. For example, if the high frequency filter in the primary equalizing step
attenuates the signal 8 db at 8 kHz then the high frequency filter in the mirror equalizing step
boosts the signal 8 db at 8 kHz. For example, if the low frequency filter in the primary
equalizing step boosts the signal 10 db at 100 Hz then the low frequency filter in the mirror
equalizing step attenuates the signal 10 db at 100 Hz. Finally, for example, if the low

30 frequency filter in the primary equalizing step attenuates the signal 10 db at 100 Hz then the

low frequency filter in the mirror equalizing step boosts the signal 10 db at 100 Hz. In
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equal i zer produces an equalized audi o signal by adjusting the anplitude of
the I ow frequency portions of an audi o signal corresponding to audi bl e bass
sounds anstoadyaabdi2ng in the opposite direction the anpl iptuwas2ak/otdves hi gh
frequency portions of an audio signal corresponding to audible treble
sounds. These adjustnents occur in a substantially linear function of
frequency. In this circuit, the above nentioned adjusting of the | ow
frequency portions of an audio signal and the adjusting in the opposite
directi Orbeﬁrsee]ﬁ %s@fr&{ﬁeﬁcﬁ&f‘f‘ﬂ Rft¥rs BOSst hrihet@fuafiae SbtiaRtislydhehr fiftkighsect

bet ween a trequency range that pr ocfuces a substantiall'y negligible gain

wi t hi n t hifdrepemge. The circuit may further conprise a conpressor that
produces a conpressed audi o signal by conpressing the dynam c range of the
audi o signal by @bt &Rl ofth PreiPink iR pivaRa Lt a cREI fof poB@sih©m _
anplitude signals or by doing a conbination of both. The coppressor in this
circuit reaglio sianal conwniping a pemaRreayalizet OTBRIBXAR Bnd miktpe colitsie TALRIBAE gnal to
| ess tha ' ; ' L dsi t 5 [ fredulgdyudes a
i or ega e e B b e B B R e e
primary ewpmadns péan andib $igel eugsiroading & dugiblemsssonadsand gdigsting i R GRPQIYE t he
primary e ] i . I Fo |i.Zer i hsdiGd focui t have
5t chedt o B amd Gt A, R o SO et o o L o s sover
poi nt t heavdibleatetblecfoutdse Fbesewd)usidients baeinina wyhstertiiallalingas fusicienadf exact |y
cancel e rh ggch?!in t(i")ll'lstcir%&g tlpera%gyeclgerﬁioﬂg&ad%ﬁlipg fothg%(&pfreq%{l%ggﬁgn%ﬁﬂnd this
crossover pornt’ i's e erossover range. I'S° crossover rahge, 1 n one
enbodiore ndudaf signakand riesaiitstingingid oppnsitei direttmn\eé e highdfraguéeneeipettipn 60 Hz and
approximately.1, 000 Hz. ] n thi.s enbodi nent., t cr g i S:

speci al | ya”g!?}s/si‘%’ﬁg'ﬂtefs(gc%’élwvﬁe?ﬁ'frﬁq‘feﬁgy arss tg?t rr\%{;lgersélnsgggo Slrsl)f @%ﬂ%’f’}f gZ"cr)]und

t r ansducewhhiafiis fahge. e irc@amnay Oitharcomphiedi cvepressarghat plodédes & horspressedsover
poi nt as necessiftated by the specific a icatiaon. | n one specific

Bbodi mertbdor LR SCaREE s SNEATSH raren gl bt it Pt PR Es BSEE o he i gh
f r equencyam@itdde@nmalefandplifidnidios Siginale s@nsls at byadvirat e nibiratibouf Hortle dilency
portions of an audi o signal. The myror e Uﬂ_! iéﬁer does tI;'% olgdposit it

at t endiait eCPESSHi Y HIT FIEH 8% OLTRIP SRS I eANBIBIC LI SRS PLAY ' HIEW s t he

| ow frequeney thakbdens ief Fiailyatdicacsit @Mk embsdifatinobaidah miesr,eqadlizeone
frequency between the hi

gh frequengy boostjng and | ow frequencyattenuating
and boost halPredyeesr Jubgpndiay Oﬁﬂ?é‘teo?f&ﬁsﬁbe %HW%‘E‘E‘@H{F&?? IP?S%H S@Pégbttﬁ%lt t he
Cr ossover g issoverafBO4NRY priRe ¢ bfuasiz@mbodi ment of the present invention,
the primary equalizer attenuates the high frequency portions of an audio

signal and bOOShE:SpriE]QFy alngvr\lI)iIr[)ree Hglpz%}/s, in this circuit have a matched crossover point and
20  amatched crossover range. At this crossover point the effect of these two adjustments on the
audio signal exactly cancel each other out and produce a net gain of zero. Centered around
this crossover point is the crossover range. This crossover range, in one embodiment of the
present invention, is between approximately 600 Hz and approximately 1,000 Hz. In this
embodiment, the crossover range is specially designed to be within the efficiency range of

25  standard sound transducers and the human ear. Other embodiments may shift this crossover

point as necessitated by the specific application.

In one specific embodiment of the present invention, the primary equalizer boosts the
high frequency portions of an audio signal and attenuates the low frequency portions of an
audio signal. The mirror equalizer does the opposite; it attenuates the high frequency

30  portions of an audio signal and boosts the low frequency portions of an audio signal. In each

equalizer, at some frequency between the high frequency boosting and low frequency
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portions of an audio signal. The mrror equalizer does the opposite; it
boosts the high frequency portions of an audio signal and attenuates the

| ow f r equsoeyogaand2rons of an audi o signal. |In each equalrczars00ai2605me
frequency between the high frequency boosting or attenuating and | ow
frequency attenuating or boosting the two processes intersect at the
crossover point. The circuit of the present invention may include a final
equal i zer which, after mirror equalization, adjusts the anplitude of the
audi 0 si ga@t‘al\ua?l];a L ‘d?tﬂ% thedaffit %ﬂh@rb%s%ﬁgaﬁooangﬁuartl% ﬁﬁ&&c@&t&%&gover
presentation an%mal I'es dssocl a ed W t e anticipated l1stening

envi ronmawint. These frequenci es have been previously detected to be
associated with acoustical anomalies and hard programred into this circuit.
The fr equencyI@Mti@%@mcgﬁlbgﬂlﬂgﬁtdf%ﬂt prEhifiVHBSh, %}Frlhﬁr)péq‘ﬂ§l%r' n this
final equalizer to reduce any anomal ous responses audi o signal s

pl ayed t Httoouptestiie hight frmlenca/qmalqnz ef anpugiosianalend baers the lobsfesquensional i es
final oauarihsr kil SED AR G ERRRRPbo e R e e P esent
i nventi orfreqayncm)ortwpii effraudid signaland aggnuatks ¢ iqy\ufrqquem partignegf aniaudigi t , or
any ConbLoghl B0 cBallis ARPRE Rl ) AnPIEl heoo BRUBAELE O

t oget her. att'Ehmasneg mﬁflbwrfg:quency hteenaaringlqnbw)st/Iag thetnso pmhqss@émglsecamdhequal i zer
circuitry (t)h vter be inplenented to produce the clained results. In the
circuit of °YRe B? Yent inventi on, the primary equalizer and mrror

equal i zer may use at |east one filter. The filter that operates on the high
f requency por tThorirafit df e mésgntanventior hay preiudas final nauatizervdvichegfteaimizer s

]Plr, ggﬂgﬁcsn Pz[léllfaon gdﬁg%tgﬁmgg%l lt%dgwtﬁglilidl Qgrfabé)t?rseﬁgé?{c gﬁ%?&éﬁmég t%[‘%gg_t hISQEHZ
then the dela@ld td sceqderesgnteftloh 1afmrmaltes ddveciated wiol theqmtadlpaz@rhsanmenmatwswnhe

o Prary oSt Trotiendts ekt beel 5 ey ket o5 R 68 BIE 2ERbati') MGy, "

1;: r equencyalmfdlhhtd]gfr?grmmhemm whrsosﬁrcaqu?ie:f?eenerbgasch andsdneofsadgnmieanammaed 8 kHz.
or exanple, i he enc | n_t.he ryequal |zer oost s
Che o1 pnaPesies RIEseh hBHmEARIGH 1§ bty ep Bt BiReTop IRt o rrt e ape Py or
equal i zerplafederryadhanistiigl gugnal maOprédenerhuslOdbsétz andmatia hsgocidtet eiiampl e, i f

the | ow frequency filter in the i zer attenuates the signal 10
db at 100liSgringeRRisoRmeat lnc?\ﬂl‘”l“?"é‘lfﬂgd&v fcxltllegtu“al ¢fupkizer Wsrl?rf)‘?areéjaual i zer boosts

the signal 10 db at 100 Hz. In between these frequencies the filters boost
and att enuat e Tt ciselisifaliit erabddyméritbeehe pfesent invemonofiayfbedgplemented in a

digital circuit, an analog circuit, or any combination of both. Any part of this circuit,
20  equalizers or compressors, may individually be digital or analog, and may be coupled
together. Those working in the art know various compressor and equalizer circuitry that may

be implemented to produce the claimed results.

In the circuit of the present invention, the primary equalizer and mirror equalizer may
use at least one filter. The filter that operates on the high frequency portion of the signal in
25  the primary and mirror equalizers produce an equal and opposite effect. That is, for example,
if the high frequency filter in the primary equalizer boosts the signal 8 db at 8 kHz then the
high frequency filter in the mirror equalizer attenuates the signal 8 db at 8 kHz. For example,
if the high frequency filter in the primary equalizer attenuates the signal 8 db at 8 kHz then
the high frequency filter in the mirror equalizer boosts the signal 8 db at 8 kHz. For example,
30 if the low frequency filter in the primary equalizer boosts the signal 10 db at 100 Hz then the

low frequency filter in the mirror equalizer attenuates the signal 10 db at 100 Hz. Finally, for
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I n anot her enbodi nent of the present invention this circuit may present an
audi o signal after primary equalization, conpression, and mrror

equal i zatwonodem2e427anpl i fier. The circuit nmay al so presegtr/apoodvdioes si gnal
to a multi-phase equalizer for fine-tuning. The system may al so present an
audi o signal to a speaker. These three conponents may be inplenented in any
conbi nation, with or without each other. A further enbodi nent of the
present invention is the nethod of hard-programm ng adjustnents into a

mul ti-ba r w th the
ant ci pat SETPLGY LT FElenPRE APRE Gimal oI AR AR AR IR of St eps.
The fi rstat30@Hz,itsenphebenfriquenca filtesin tieudiner squghzer bpestsghasigrahi ¢ db pat ed
listenin ro [ e,

fr oquoncy SopBbe nkesn S RhGERpesBRL Muad Rl e AL QBB IMES, i o
si gnal mefundiensofsfregquedeat i1 s wel | known and exhi bits an understood response.
The next step in the nethod is detecting audio presentation anomalies

associated Wb, d g, F’r%%rhgrﬁto?%e pke%&ﬁwa&.o%nws CROMERLy e dheapanses from

the test audio sig IS ste be perforne a tast Fourier

anal yzer, sngnatafn:putlearyfenmjlzetmycmtsywe,randmlrramqu@itzh@@" toyseaplifitialhenal yzes
the anpl Ictlr%gl‘? ra?%Bc?Ersegen?];n §f aPto 'lgtrﬂﬂ hQs\éeé ﬁﬁn tﬁﬁ'lgg Phe
frequencies. y ana sponse r turn | 'i'st@ni ng

envi r onmesystemoney arm)prﬁemtan raruahe sntghaé té 2 gepalencTesse Wn@roenwbaﬁmehm@/ bgaves occur
in the enyi on |es hat (AL e acC tred by the environnent,

frequenci é’?%egﬁgér}%nyacﬁg'g’ "Sé%n t‘)’v' toﬁév envi ronrrent or any other type of

anonal ous response due to the presentation envi ronment. Once the
frequenci es ofA furtberamtbrdimeneofdhd preserraigrintionls tf methed efrtardaprggrameningnown, a

mul ti-bang, e e6111|ts| 1%§)radgnao}b9$%<gas%“%§a]ﬁﬁts{o% . %@@cﬁ%h&n;lgg asts §t§d @RRETE' I es.

Finally, aH‘ue magni s at these set requenC| es may be
har d- pr ogarainipeted Insterﬁngaenvubmmerb.ah‘ihﬁs mg;tj@ti ic@rdens namtze bf Bépsniihe fitsasieb is
equal i zers

yes so .t h a e by a
oo neapseniteca BRI IdyS B Sudolfic s iRe BRMoPS¥ RN AAROaAN
physi cal | yaped broddbasd ndise, fléquﬁg:ytsmeSps[mH dny othnanudstecgnallhnnwn i tlhe art s?bet em used
in the anticipated |istenin n ment  or, r.eason
envi r Ghne'fet 3l ﬂé'gﬁ%wn%rbéé‘étﬁg tﬁfﬁésl ‘c‘fap 'f'@émfaPEBFﬁﬂ‘é?ﬂf.aP&H%éﬁ?a re%{)r?gsr?al "&s. For
exanpl e, gaxesigPnchd meth&d Tk ddiesmgtaudid ptd@&tzﬁfoﬁ&&dﬂﬁalleEWSﬂctlat@mwﬁh)[ﬁarI ses
devel opi ng a, nul #I -band equalizer that iaﬂ [1 -gtr ﬁgra Tgﬁ adj ust nent s
that conp@Hisippled S?Q%WI"P%'E“}& 'OBEHOBHS WP DG hdigelendr 1ABCERTHY) e. Each
car of t h& &@-ﬁﬁné’ﬂldﬂ{ a fa'stlﬁllMefonﬁl%%i‘tzﬁco‘{lﬁfu}ér Sedichey anbinér%Halﬁg otBomal i es due
to their simlar size, shape, tructurf make- ug ake Egacerrent
speaker qtratemtyat a&ﬂﬁ“’éﬁ@éﬂ@l““’é‘lefeépor\?ﬁf’ a0 quigjsted ld’r’{é rapge 'he car, a

20  frequencies. By analyzing the response returned by the listening env1ronment, one may
determine the frequencies where standing waves occur in the environment, frequencies that
are accented by the environment, frequencies that are absorbed by the environment, or any
other type of anomalous response due to the presentation environment. Once the frequencies
of the anomaly and the magnitude of the anomaly are known, a multi-band equalizer may be

25 adjusted to compensate for these anomalies. Finally, the magnitude of these adjustments at
these set frequencies may be hard-programmed into a multi-band equalizer or a set of multi-
band equalizers. Hard-programming sets the values so they are unchangeable by a future
user. These values may be stored in some storage device or physically set. Thus, by using
this multi-band equalizer in a system used in the anticipated listening environment or a

30  reasonably similar environment, one may present music free from environmental anomalies.

For example, one specific embodiment of the present invention comprises developing

a multi-band equalizer that is hard-programmed with adjustments that compensate for
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user may inplenent the nethod of this enbodi nent by playing a test signal

t hrough the cars sound system Wile this test signal is playing a conputer
wi t h freowenocy/negponse software and hardware, such as acrastolsSosoner

anal yzi ng software, may detect anonal ous responses by the environnent to
the test signal. The system nmay detect standing waves that occur do to the
smal | size of the car, it may detect frequencies that are accented or
absorbed by the material in the car, or it nmay detect diffraction affects
fromt he.aﬁgﬁa?esggso{;]igt%d G onRGFel LPRREN AR TR &he%r & e ga%e%&o%qlviketl)he frequency
and magni tude of the anonmal| es are noted and a justnments of the proper
magni t udeprasers mageimitar lstenihg anobvahich dug trathtiz eimilat sizeh ghwpe. fsiregjurelaakssup, Thi s

met hod may_be repeate i ny| e i sonabl y
i ust ed PoRer ARG o kel abas S SLRD et D e e e
al ong wi tusertrhay ifnpeeneanthy metfod sEthisaimbedimenebyt flanngatest signalghmnghedic cars o

equal i zers and i npl ed jn an audi o system of, ga del . By
fol | owi ngsof"ﬁ{lsg SIHBt Wgﬁéﬂe%ﬁ@aﬂﬁf a&lntgiar?épgftf/r‘ﬁg{/ge@%né{fa%pgﬁsse%s e%rg:)hat
present s aadaamivatessuch aea faeiivdried dnalyging eofiveare ndgrdsteaadomilats redpensbby e

descri bed, enbodi nents are il| rative of only a,few of the ma si ble
speci fi ¢ BRHYIPHRHLL R}\‘,ﬁiteéh“%rﬁﬁ&t@ﬁ?’ YR ARY JRisTSaing Neves gt ﬁ%cupr)?%hﬁ%ﬁ%l es of

t he i nveniniafiRize botRe coB napdetéarfrequcnciet thararpassntbd bi dbs@bed Wrthemeteddl t he
present invention will be ohvious _to %hose %ki | | efd i nV@he rt wthout
depar t i ngMfeSA Ohi mayidptest diffgetionafiscty fromphe shaRRffhicHriRGe these apomabsy is: 1.
A sysiEem dr@det&VidS S FichkndardiufigditedediTale OMPlids Atediedanp bdjiBimgntealihe i zer

t hat produces an ,e%ual i zed audi o, si gnal by adj usti n%ﬁt he ﬁmgl i tgde of the

| ow f r eqURSPRS) M3BRIIIB A eade dint BruRinkAnd ceyaljfra et EBie EIBTIEF NG B8 e bass
sounds ang @slaidd LhiMEnl ot RRRASIbAalths bRGEdsMblRYARIfbd utie magnityae hi gh
frequency portions of said audio signal corresponding to audi ble treble
sounds, vifdlieeidiusyrants aaepcidtenvrycaisnotdialpnadiith dhe figupneyt ABEEPPYSI ¥ direction
i nt er secty, Qe WeFid oAl R0 ¥qlal LAORR iRlhleheRRH ENG] RQicRY AEHGF BFs & the
substantially negF| gi ble gain in said crossover range, a conpressor that
produties ameamdele Bycfallewiag dismethed easl cargrayrdiimately haveeandydiasycem f¥e of said
audi o si . i qual i zer that produces a substantially opposite
ef f ect ag‘;@él‘téqgg‘.‘ﬁ%@yﬂ‘%gﬂ‘&%i zer. 2. The systemof claim1l, wherein said

crossover range is approximately 600 Hz to i . .
t is to be understood that the above described embodiments are illustrative of only a

few of the many possible specific embodiments which can represent applications of the
principles of the invention. Numerous and various other possibilities for use of the present
20  invention will be obvious to those skilled in the art without departing from the spirit and

scope of the invention.
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approximately 1,000 Hz. 3. The systemof claim1l, wherein said primary
equal i zer and said mrror equalizer adjust anplitude according to a

subst ant iwbl2yodiizo@ar function of frequency. 4. The syst egrafs2aisabdnd,
wherein said conpressor conpresses said audi o signal by attenuating the

hi gh anplitude portions of said audio signal. 5. The systemof claima1,
wherein the conpressor conpresses said audio signal by anplifying the | ow
anplitude portions of said audio signal. 6. The systemof claim1, wherein
sai d prim@?%igggﬁkhggr uses at least one filter to adjust the anplitude of
said high frequency portions of said audio signal and said mrror equalizer
al so usesl.at lAesystemoloeprotdssieg art audpyr sghabeomprisingst anti al |y opposite effect on
said high fre . ] i i i i j.mary

cqual i zor  wpatnik, BRGPHa Aha Bl S S8y ShAP ALty SELEPRUTTY ci e

ef fect oreng@iteicafithedow frgmehcy forticFisef sapdaudin vgnattaiespondingiresuditie kags d pri mary
equal i zer_uses . . 0N i . I . i | ow
Frequency S8 e SRR in Mg Sugsld Bheckh A NGl G IR HEEAATod Bl o O e
at | east sankaufliolsighal dooregpoodiug ® aadiblerstbiersoials) whappead adjusing end saish sai d | ow
frequency_por.tio of sai udi.o_si | as_sai rimary.e l.i.zer, wherein
sai d fiIﬁ%&?EW%Wgﬁ%ﬂ”Qaﬁéﬁegﬁﬂ'tﬁagggggwg} %8?95nr%]|8ygﬁ%?%m%ignal. 8. The
syst em of predwaing alsubtaritin By negptigiblel gainnig said spedkearraggest em r esponsi ve to sai d
out put signal of said mrror equalizing 9.,.The F%ften1or ch@hnll. wherein
sai d conpr essdr BBRSIL S1ERrOfycss doomprFeed AR IgA Was o PLTEe iR ©t o | ess

t han aboutandeébfdRd addlo sighst; st em of claim 1, wherein said primary equalizer
decreases the anplitude of said | ow frequenc ortions of, said signal by
Chout 26" b o BT papaiiet thabptaducof ol GRATD SPeRRe HRRRH Sal d or tmary
equal i zerprimigy eqfmfigert he anplitude of said high frequency portions of said
signal by about 8 dB at 8 kHz. 12. The systemof claim1l, wherein said
mrror equal i ZRk sidiéh 6AQ&EM I MbeRMNaididisieovef rangd @ ap@vkifna@GUENNaY: tpor ti ons of
said signal by about 10 dB at 100 Hz. 13. The systemof claim1l, wherein
sai d m rrAAPrRYuRFY 200 cr eases the anplitude of said high frequency

portiens of sajrd spdianat cin BRdEleiBsaliBrtarBedtalizer 4 saithfin®y squamedf claim 1,

wherein said primary equalizer increases the anplitude of said | ow
f r equencyadiwst empHedeccydng tasg vstpntiy g funtionyd feeauensy Hz.
4. The system of claim 1, wherein said compressor compresses said audio signal by

attenuating the high amplitude portions of said audio signal.
5. The system of claim 1, wherein the compressor compresses said audio signal by
20 amplifying the low amplitude portions of said audio signal.
6. The system of claim 1, wherein said primary equalizer uses at least one filter to adjust
the amplitude of said high frequency portions of said audio signal and said mirror equalizer
also uses at least one filter to produce a substantially opposite effect on said high frequency
portions of said audio signal as said primary equalizer, wherein said filters have a
25  substantially equal and opposite effect on said audio signal.
7. The system of claim 1, wherein said primary equalizer uses at least one filter to adjust
the amplitude of said low frequency portions of said audio signal and said mirror equalizer
also uses at least one filter to produce a substantially opposite effect on said low frequency
portions of said audio signal as said primary equalizer, wherein said filters have an equal and
30  opposite effect on said audio signal.
8. The system of claim 1 further comprising a speaker system responsive to said output

signal of said mirror equalizing.
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15. The systemof claim1l, wherein said primary equalizer decreases the
anplitude of said high frequency portions of said signal by about 8 dB at 8
kHz. 16. wbeosyrbem of claim 1, wherein said nmrror equakirasrordeeseases the
anplitude of said | ow frequency portions of said signal by about 10 dB at
100 Hz. 17. The systemof claim1, wherein said mrror equalizer increases
the anplitude of said high frequency portions of said signal by about 8 dB
at 8 kHz. 18. A systemfor processing an audi o signal conprising: a prinmary

equal i zer, t ha roduc n € | i j 'ggﬁ i he
anpl i tude9'of ttrrl?gs SgevW gfcé%@eln(%grﬁg‘?sg ﬁc??'g'g}c? Soggu gsl,?dsly tgggﬁgaﬁgf'la@%r&rfespondi ng
t o audi blsaidxadie sippainddesathdn atwex &adB.ng t he anplitude of the high frequency

portions gof said audio.si.gnal carresponding to audible tr ,

ther ein st o° duf B RLTbG wufd SRS Gl B Syl B AU o\ e,
range produdieqgenay peHishsaofisaidlsigyalrbggbowgil®dB agdiorHi.n sai d range; a conpressor
t hat produces conpressed audi 0. si gnal by compressing.,the an} c.range of
sai d audi 0"si &?ﬁ'&ﬁﬁr‘%‘hafsfja‘m ﬁwgfre@qsa%a%fy ?‘#‘fé‘%blﬂ&?&?g@eém&ﬁﬁ@ g}naf“;| ly
opposi t e iai fedueRS Pitidis pf saitbdighabbustouzsdB atlkHA system for processing an
audi o si gnal nprising: .a primary equalizer that prodquces .an equalized
audi o si grfal ﬁ-g'eéﬂit%?‘gﬂ?jmt]hé”hérﬁﬁlsiatdf}?i‘émb‘fq”flr‘@r I"SWgTeF @8}?&'3’%58&% ns of
sai d audi |lowsieghdicy poribRSTRRdisgaltty aBoidilbWB abag@sHsounds and adj usting in the

opposite direction the anplitude of the high frequency portjops of  said
audi o si ghtal cdePEiIbALSIHE b ovhaisin Sﬁldé“'fﬁ”éfﬂ%é"%ebg%(ﬁ?,ses\)ﬁlfgar"é‘?lH”‘C?éifaa'%\dj usting

and sgj dagphgtdurBeyl gortdie o PRIRPSEaEbIABORECS dDA § KHAT Sect between a crossover
range produci ng_ha substanti al | ?f. negljigible gain in said range; ,.a conpressor

that prodlifces dhesysismeeicdimdulingreis;sagdRrimay @yrhzepgsieass thhemaindntl range of

sai d audi Qi Flb@MTRluery PoriibA ofRGH3IghA®; abb\Ati0 BBQEYREYz 2 substantially
opposite effect as sald primary equalizer; and a final equalizer that

adj usts the arfeisysiese obtlaigal avhsieghiaid mitmary eayalisee Aecseaptsdbraranitdiod stid be
oL, g A I O P ppiplg gt o0 L1, e 20ty pat
conpr ilsi ntf. The system of claim 1, wherein said mirror equalizer decreases the amplitude of said
low frequency portions of said signal by about 10 dB at 100 Hz.
17.  The system of claim 1, wherein said mirror equalizer increases the amplitude of said
high frequency portions of said signal by about 8 dB at 8 kHz.
18. A system for processing an audio signal comprising:
20 a primary equalizer that produces an equalized audio signal by decreasing the
amplitude of the low frequency portions of said audio signal corresponding to audible bass
sounds and increasing the amplitude of the high frequency portions of said audio signal
corresponding to audible treble sounds, wherein said decreasing and said increasing intersect
between a crossover range producing a substantially negligible gain in said range;
25 a compressor that produces a compressed audio signal by compressing the dynamic
range of said audio signal; and

a mirror equalizer that produces a substantially opposite effect as said

primary equalizer.

19. A system for processing an audio signal comprising:

30 a primary equalizer that produces an equalized audio signal by adjusting the
amplitude of the low frequency portions of said audio signal corresponding to audible bass
sounds and adjusting in the opposite direction the amplitude of the high frequency portions of

said audio signal corresponding to audible treble sounds, wherein said adjusting and said

21



a primary equalizer that produces an equalized audi o signal by decreasing
the anplitude of the |low frequency portions of said audi o signal

cor r esponstongodioaudi bl e bass sounds and i ncreasi ng thepampiscéosadesoes t he
hi gh frequency portions of said audio signal corresponding to audible
trebl e sounds, wherein said decreasing and said increasing intersect

bet ween a crossover range producing a substantially negligible gain in said
range; a conpressor that produces a conpressed audi o signal by conpressing

the d el - . . _ . 7y . q
e ynargdﬁs{}(?%lggheoéptﬁﬁfe%rg‘%{&'n(?ntals&'?gét\éveé}l mrE)srsQ\'/’er?ﬁQ@H d&iind hat produces a

substantia osi'te ef as sal rimary equal irzer; and a final
equal i zersubhattiabdpagdigle gan iaspidirangele of sai d signal at frequencies

pr edet er mi ned t tati i Lated with
Phe anti ci pat dsorperihiftFlals; SEMIRRLEARN GOl ARAREhERe BTRORLT o
audi 0 si gasde cfomprudio nigndlhe steps of: primary equalizing said audi o signal
by adjusting the anplitud f the |low freguency. t] .0of. said audio
signalscorres dWHPhd“?%méﬁﬁﬁ%Pé” %%%‘@%ﬁﬁ@g%ﬁ% “§§?3E3¥ﬁ8?¥ﬁﬁ he opposite
di recti orequhlzegapd i t ude of the high frequency portions of said audio signal

correspondi ng t udi bl e trebl e soun erei.n sai d adjusti and said

adj ust Png i ngtaffg’ag’i?ﬁ%l&ef g‘atcﬁd#‘g'(?ttﬁeoaﬁnﬁqﬁqdé\r,(\)@&%‘f“%’éﬁ\%efgeﬁu% ‘& Brsersa%\e}renpnerd;nge
produci ngode sa1fted bl prisemagdn gohhkesgadobiaiett vawhitkk anainigeted Goeqmgessi ng t he
dynam c range of said audio signal; and mrror equalizing said audi o signal
ina sub§?%&@V§WFy opposite way as said primary equalizing.22. A nmethod for
processi an audi o signal .conprisin he steps of: primary equalizing said
audi 0'%;j Sﬁ)m tﬁlsyéﬁ’ﬂjéf TREStiRG b sHq %@HLCO&PPFFW@ | ow fPequenZy gorti onsgof
said audi 0 si gnAimaEPEduaRROME Rradices alkubized Baks sigeil bgdectnsingdijeust i ng i n the

opposite directiagn the anplitude of .the hjgh frequency. portigns, of said
audi o si galitedsof e o fien “?bp%ﬂlslﬁ?lféa‘f?‘éfb‘? %g%ai)ffﬂffé?o S IRPUATRIS PSS adj ust i ng
and sai d Qdhdishl Mardaking 1R 2MPRAAE bEhEhigh Gled @Rcy PUredsRE taidaldieaghad Cr ossover
range producing a substantially negligible gain in $%%f_ra§ge; conpr essi ng
t he dynanioEresongdias &1 audiicttrebliaionndsi Whetfin spif dFseasing aad s34 mereastned§iidrlo si gnal

in a sybsganidndlcrdks@RPAREL FrolRYhgaSsubfrially hdBREMle gain in said range;
a compressor that produces a compressed audio signal by compressing the dynamic
range of said audio signal;
a mirror equalizer that produces a substantially opposite effect as said primary
equalizer; and
20 a final equalizer that adjusts the amplitude of said signal at frequencies predetermined
to be related to sound presentation anomalies associated with the anticipated

listening environment.

21. A method for processing an audio signal comprising the steps of:
primary equalizing said audio signal by adjusting the amplitude of the low frequency
25  portions of said audio signal corresponding to audible bass sounds and adjusting in the
opposite direction the amplitude of the high frequency portions of said audio signal
corresponding to audible treble sounds, wherein said adjusting and said adjusting in the
opposite direction intersect between a crossover range producing a substantially negligible
gain in said range;
30 compressing the dynamic range of said audio signal; and
mirror equalizing said audio signal in a substantially opposite way as said

primary equalizing.
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equal i zi ng; and adjusting the anplitude of said signal at frequencies
predetepnined to be related to sound presentation anonmalies associated with
t he anti owpav@m2bizst eni ng environnent. 23. A circuit forcpnse@ssbeygs an
audi o signal conprising: a primary equalizer that produces an equali zed
audi o signal by adjusting the anplitude of the | ow frequency portions of
sai d audi o signal corresponding to audi bl e bass sounds and adjusting in the
opposite direction the anplitude of the high frequency portions of said

audi o si | co ' LibLendi L6RL&isaHhds,s opher ei n sai d adj usting
and saidgggju§%%%§§?ﬁﬂ?f%ggggggﬁgg d??eé??%n"ﬁﬁter??é} bet ween a crossover
range produci mgmansedostizarg saal dugiorséagi| byi adivstingtheiamplitads of thedaydreqeenevnpr essor
that pro 3 S I j Malo it m c range of
o d oudi g S FRTRIGRIGR kSRR RRTRLASS IR 0BT, LY
opposi t e @ipbeetdiragionahchnylitudgrof thedighl fregagncy pdrtions afispidwidiosignalpr ocessi ng an
audi o signal _conprising,..a,primry l.1.Z€er. ual i zed
audi o SZi g%érles%)gér'g jiouasutIa ﬁ)glegtretbﬁeesogﬁﬁl YVE é&%’g S%)'?géjﬁgétm?tg\r}v@%aﬁ)dej%lgsﬁggnﬁggti ons of

sai d audi appssigriiectoarintesgo hetivagn 4 aossudr dnge badscispaindstaatiadly adgliggtlé ng i n t he
opposite directi.on the anplitude of the high frequency portions of said
audi o si gitdl "é39¥Sonding to audible treble sounds, wherein said adjusting
and sai d adj usbmpgsiing thbeyrapposngeofdaidaadib eignalnt er sect bet ween a crossover

range producing a substantially ne Lj i bl in in.said range; a conpressor
t hat produces'&“@bﬁﬁ?@%@ﬁﬁ"W&%&' 'H%P“%@mg%hﬁﬁﬁggﬁﬁgyfﬁ&“gﬁﬂﬁwvc range of
sai d audi @usliz@bkad M rror equal i zer that produces a substantially opposite
effect as said primary equalizer; and a.final equalizer that adjusts the
anpl i tude of sagluat”éﬁtb%%‘l‘&é{t’éef(?fééfﬂéﬁ&ﬁééfrif}“é%‘isé’??ﬁ?‘?@amf%t ér?létlegfoed to
sound presand plebettian MbMalieSasasch@d aittedle Wtichpatel gis@fihy ehvd@dh@ent i st eni ng
environment. 25. A nethod for hard-programm ng adjustnments into at | east

one nul tiz3ands eigddl fbrz@bcekdidd anCREReNHal ®mptidihg:anomal i es associated with an
anticipated | iasgriemnairy gquglﬁlgleir Eh?ip grggl}c’es aCnOercr]Il)ngiiz%h dii(t) plgna? L)? Fa)gjus(%lfng the
15 amplitude of the low frequency portions of said audio signal corresponding to audible bass
sounds and adjusting in the opposite direction the amplitude of the high frequency portions of
said audio signal corresponding to audible treble sounds, wherein said adjusting and said
adjusting in the opposite direction intersect between a crossover range producing a
substantially negligible gain in said range;
20 a compressor that produces a compressed audio signal by compressing the dynamic
range of said audio signal; and

a mirror equalizer that produces a substantially opposite effect as said

primary equalizer.

24. A circuit for processing an audio signal comprising:

25 a primary equalizer that produces an equalized audio signal by adjusting the
amplitude of the low frequency portions of said audio signal corresponding to audible bass
sounds and adjusting in the opposite direction the amplitude of the high frequency portions of
said audio signal corresponding to audible treble sounds, wherein said adjusting and said
adjusting in the opposite direction intersect between a crossover range producing a

30  substantially negligible gain in said range;

a compressor that produces a compressed audio signal by compressing the dynamic

range of said audio signal;
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presenting a test audio signal into said anticipated |istening environnent;
detecting audi o presentation anonalies associated with said antici pated

| i st eni ngwenvigment from responses from said test audipaTaisgenslo2692s
determ ning the frequency associated with said anomalies of said audio
signal; adjusting the anplitude at said frequency to conpensate for said
anomalies in said nulti-band equalizer; and hard-programm ng said
adjustnments at said frequencies into at | east one multiband equalizer. 26.

A et hod T or Nt PLARAPTL oAk USLBEAN I BhRso Hct ks handinadual | zer that

conpensates for ano I es assocl ate an anticipated l'istening
envi ronmeaqualizeoapd | sing the steps of: presenting a test audio signal into

said antici pat i i il - el i 114 hgnal is
sel ected from’ 8' %q?u%lﬁigl @gtnaggh \sé{Sitﬁr)lg @% {t%ire \gg%{'fggﬁ% a?]gﬂlfglegﬁﬁﬁﬁ S? téggtgﬁg%psmeeps;
det ect i ngodudilaiedrossent meseaatiarmmnbiicaswsiged wathekr antitipatsdlisieranst i ci pat ed

li st eng' ngen(\a”r}gl%nge%l[ﬁrrent fromresponses fromsaid test audio signal, wherein
said anonalles are detected with a device selected fromthe group

consi sting, of @nLASk (TR Rbe ARAINEZE A Tuit QA e MURBIENEY RAR! vZET:

determ ni'ig the Trequency ‘assocl ate sald anonmalies o audi o
si gnal bytharamparisags fonenamesias associdted withnarsantidipated Bgenimgendavinsent, adj usti ng
the anplitude at said frequency with said nmulti-band equalizer to
conpensat @ PEFNE F°F R {mal i es; and hard-progranm ng said adj ustnents at
sai d frequencipeSentitiga tssahwtistipdal inbasail aojoiphted Bstening environment;

10 detecting audio presentation anomalies associated with said anticipated listening
environment from responses from said test audio signal;
determining the frequency associated with said anomalies of said audio signal;
adjusting the amplitude at said frequency to compensate for said anomalies in said
multi-band equalizer; and
15 hard-programming said adjustments at said frequencies into at least one multi-

band equalizer.

26. A method for hard-programming adjustments into a multi-band equalizer that
compensates for anomalies associated with an anticipated listening environment, comprising
the steps of:
20 presenting a test audio signal into said anticipated listening environment, wherein said
test audio signal is selected from the group consisting of broadband noise and
frequency sweeps;
detecting audio presentation anomalies associated with said anticipated listening
environment from responses from said test audio signal, wherein said anomalies are detected
25 with a device selected from the group consisting of a fast Fourier analyzer and a computer
frequency analyzer;
determining the frequency associated with said anomalies of said audio signal by
analyzing the results of from said detecting device;
adjusting the amplitude at said frequency with said multi-band equalizer to
30  compensate for said anomalies; and

hard-programming said adjustments at said frequencies into said multi-band equalizer.
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