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SYSTEM FOR AND METHCOD OF AUDI O SI GNAL PRCCESSI NG FOR
PRESENTATI ON I N A H GH NO SE ENVI RONMENT 5

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s

application is a continuation-in-part, and cI ai nﬁ\\\“\\wm\\\\\“\“\“\\‘\“\\“\
benefit under 35 U . S.C. 120. of U S

Application Serial No. 10/914, 234. flled on August 10.
2004, which is incorporated herein by reference in
its entirety. 10 FIELD OF THE | NVENTI ON The present
invention relates to novel systens, nethods, and

or SEERFR RS 93 oﬁgﬁgﬁwggk %ﬁ BRI 1y,
t he presen {HVENE ] On pr Sys hods, and

circuits for processing audio signals. The present
i nvention further provides nethods for

har d- pr ogiRa 9y REFPRENSE Lh?ES SpTiEAtidand 15

equal i zer that conpensates for anonallies aSSOC|ated

Wi t1fhisBBpiRBGdnGE DainGLialibrsih SRk Md cBMEIHYRAEN Lnde BAGKERQUND
TﬁEB?NVEﬁIICN Acafevﬁﬁgl uac|} tgbund %Pgsentatlon
11,

12q Af e gt RAECRIRY Sereh eI %%ﬁcﬁ'eagn ABSIENG: 2006 whishéss |
incbrpoe MBerfR by tefaidnad nis 6Midr) engi ng. For exanple. the
bass response of a systemin 20 such an environnent is
general ly |nadeq¥§£ED(Mm%H€ ﬁbﬁN?ﬂi@ response nmay be
boosted with an equal’l zer #o conpensate for this
i nakhe quesany inventipr refagep taomed Sfmscmbthgdswadlslesltalsﬁmlffbﬂ ed
I 2 q
achtm{\]/ﬁxg agz}hh %g&{kg%;mgthﬂ% lq dm&g%gqu% g@g sbb%g'glh % presyn
INVEHigR BIOV e SySt¢Tire metgds. fmdélrwﬁémptpwsang@d@fmmﬁe B@m@bm

invEY1R® @Mhatgr@ides ln@tn@os'?@r‘ haM-pr&g Y hh AR g@ﬁgtmenﬁshﬁ() € mufti- %% y
little audi o range between the vol une floor set

eqyalizes arrgmpensaicsfa angmafies aies it Wit qnﬁnwm Hswendtsi cl es)
emamfimérdne vol ume ceiling set by the physiology of the
ear (typically around 1 10 dB) I ncreasing the dynamc

range of soun vi ronment may
??qun eS|ra ﬁgg@gﬁi*‘ﬁ

be aesthetica e sound | evel
mayAQspine ety ioh'éi Fé%fF@atp’hysh'Eﬂ puieEatiropoEneuck e hoving,

veHi@&Ulehhin®pdritufify H&mkma?&mxﬁﬂﬁl%&%g r&borsY g&é{ﬁ}cnm
response. Accordi ngly, a new approach i s nee or

SUGH 4R PRYRg NIRRT S GeRsFably éﬁ@%{”?‘ nWinide e pasgisspoRg My b eoosted with
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(typically around 80 dB in moving vehicies) and the volume ceiling set by the physiology of

x159159*

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-

noise environment.

Typical consumer sound transducers, such as commercial speakers, are acoustically
efficient between approximately 600 and 1.000 cycies. To compensate for the inefficient

performance of such transducers outside this range, systems often employ a varietv of special
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speakers and anplifiers that can be quite expensive. A
systemthat conpensates for this inefficient
performance wi thout the introduction of extra and

of ten expensive hardware would be beneficial. Today.

t he dynam c range of sound in notion pictures is
created and m xed in an 5 environnment the size of a
novie theater. Quality playback of notion picture

audio in a snall environnent such as a honme
Sp Q(te%ra%c?amp €75 tha[ fan un%%nqungrmbévl € ta co(ljnI ]; L[&u OF lhf%t
Viro audi o stan

ineffitient pdréomlamp wnpmdlqmtwgucann arrmmg/mdgﬁmg@tsm @taalrdwar“
wili@benddcid he frequency of the standing wave.
Conmpensation for such specific standing waves in a
glven smal |, environnment woul d produce a hjgher quality
audi§9%r B8 ANPIHG '8 OB VR RGN Pi fH“"%’éﬁ‘t‘f'i“‘Z-;\‘g?t"d1”5X Hean
er@agreﬁdmt thatntzmlrmlegmemen d(manmw Bacs 6Ufdidn ﬁlﬁdrdﬁd&bﬁh a dnka@t
io in ni c vide

e g SR RRTS Pa i B B sl K 1
sqwll&aem_nnfeml aku,dloksaalnamged eqofttin @etetopt freduking ream@6ying acoustical
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relates to novel systens. nmethods. and circuits useful

for Fi@{iie¥ntek @URY dafeluul SRAT6h VR SECRbM spoﬁBsiaﬁH music. the audio
h- noi se envi ronnents. n resent

one aspect, e p
iy eﬁ%mw YRe B edteayuted ﬁﬁphﬁﬁf‘ﬁb ﬁaséwa@d BRI AdFRpdoes
n&lpge@ah fulll ﬁhlzﬁﬂeﬁd a@dib atthamestdner. EERBanSyS the BddidEdha lCFesddnt S@ida
a»rmé IXIB(?\ %lajc rznt%g \\th%rfhs rRhg ul%gsmggu %?U?Llezleg%iludl 0
frequency portions of the audi o signal corresponding

to audi bl e bass 20SYYNYHIRY @Fd B NSEYHYN n t he

0pp0}31'°tpﬁéséi|1k n@&tibPRIateh ® RPNk st Em@iodt. ARy HicGR Ler@asency
ortions of the audio signal corresponding to audible
YHBE YIRS ProRRfan i i ﬁ'bn%\ﬁfayfqnﬂaﬂ%\daowépw the present

lraelmmstprdv@iea sﬂstt::hﬁfoﬂ;ﬂb@&lntg&n didiesigdadNn bitteRibs@MmEnEE Waeh
crossover ran uencl es .

.ofh é g 4

"Eu GSTRRE F 81T ﬁ‘g‘al‘%eb'i E)‘lpéO L b 1 P&é@%&éf’ IPiipg e

aameMpnGESQVnummuxpbmdmcéﬁeamt@npmB&saﬂmmudn@mm&gnﬂh

s%&g%%gjr%?%% r}'gtﬁ{sgbgaos(#ty I%Zp[egn tlt;\ggrﬁﬁu%dg utn ehl’&upéq%ensclx g(g]r?ons of

thephdip aigoal a¢rrpypoo¢lpz)®|av@blefrﬂémoua§ \tvfhreelrpm mﬁyno and the

aGOYAL FARE oppbfhe ARALBERPR Qgrlv%%tcms&ob@r rﬁbéSBﬁ@qmles
conprise a primary equalizer that produces

PELENS Fwasajalhoresl gtagainy TESEsLagirHge: taWémarﬁﬁpr lbeu fwderkes a

cbigtedsOM BB EHARC YorRREskih OMS damicEhee BHHE QidRi s@AA! and a mirror
correspondi ng to audi bl e bass sounds and i ncreasing

equabizes 3 ?%Ja@ 2opbsianalyiogppsig §TEE 3o e pripuY £9U8HET of t he
audi o signal corresponding to audible treble sounds,
wherlgianotbdn emBé@irckerc treasitangmanabriphies al pnckgaguaieer itat godect

I
apg L\\Qﬁfeg 5 g ﬁﬁn&yre ﬁu‘g% amgﬁtqypcéfqg: i ?résjtgl%c@ﬁyf gfls 0¥ the

I gl ble in the“rang a conpres
am'@al@ésorﬁsn,@ow egudible haselsoundsiagthimbredsipg the amplitude of the high

frequency portions of the audio signal corresponding to audibie treble sounds, wherein the

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

negligibie gain in the range; a compressor that produces a compressed audic signal by

o
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conpressing the dynam c range of the audio signal; and
a mrror equalizer that produces a substantially
opposite effect as the primary equalizer. In an
alternative enbodi nent. the system nmay conprise a
primary equalizer that produces an equalized audio
signal by adjusting the anplitude of the | ow frequency
portions 5 of the audio signal corresponding to
audible bass sounds and adjusting in the opposite

co geCt na tnhm fItUd%dF)fl then gr} ore \ znrfhgyfr tFi“sons
SPTHE Budd 'sf"é‘ﬁa? P8 SSBHARE T % df D ebi*é

subpamidisy, oppdrae efifent dshie pald]ausetuuamge.and the adjusting in the
opposite direction intersect between a frequency

ran deanp.n@f%m- BrebRindhD S Pkdnnh Ve orBald Hritlafr Q@diBerd b t he
range: onpressor that produces a conpressed audi o

Pfsﬁ“@n%ﬁaqn Cﬂ‘jﬁ“‘é?éﬁb?‘%%%ﬁah@ wé“fwhaqnpé“wﬂaﬁ@ge \gr freguepgyeportions
ofakkhu@ioSigh) a&)rres;ﬁ)nﬂfhﬁ foQidiBIg btk kalRtis dnbad)udtih @ RURLSppesite

subst nt| e effect as_.the
g Pt AR e S S YR bh s R RpEpgine
awdid trébledeunad, whkrein siegimbtinataind thegiivetied neshs oppcededh&mm'nned
lnéaésg%?thFceerl I?eqtlehg}t %ggegon?deagosaeng%gdu? Pme gam in the range; a
CERIPIESEO FiaegTducdsn cvmpreacmunerswea‘r‘rbndwmmmmﬂ thh €yt remge WY
&l y
HEQRY 188, 3nhih RN AALLREL o 0bnd BRASKISR.Ble o
Prithary E@wiZer: eqiﬁefn@yeqsdrzn‘ toa gd) usef the 4veplisudd P Oihs signabdt frequencies
p:%@eﬁén%ﬁm@&)ﬁ%lo F@atéd% Sl e &n@@&én&ﬁyﬁgés&bﬁ%d'xﬂt%t?eaaﬁhd?&[ed
the anplitude of the high frequency portions of
HEENReENETGREN corresponding to audible treble sounds
wherein the decreasing and the increasing intersect
betm@enaam&requﬁm&ytnang&npnndmmbngaansubshan&&ahly
pr%glgcl Is I bl EﬁlZ(%aalquO Isngnatl hedecgnsgno amr)(l“mr eitﬁglro\\tfrequenu portions
pr odu npréssed au Si gn ng
of mea@m@mﬂ@oman@@mgﬁo gudibledasiisoinds g\narl\.reaangﬁqq: groplitude of the
B HdleAS poliBlor B QEHE Ghal ArSUBRHAND balibiy 1 RAQSIS Sunerein

ef f ect primary equalizer; final equalizer
tk’f’ﬁ*ﬁ‘freaé'(ﬂ]? El@t'ge lﬂ%@asmamrﬁeft@g@ve@'fa Fﬁﬁ]éer@} @ﬁgﬂ pregucing a

sisRALB N RdeBBiILR LBH & B¢ Ahelcdnprdd@r il RbREestaQoBAHUREL audio
presentatlon “anonal i es associated with t

he
siga! Py FpHred™d 'ihs@”é'ﬁmﬁda”énQ F%"’r‘l‘ﬁ@ﬁt""alﬁ'@"@y"é’t“é‘ﬁﬁr B Profjpses
aPli ANy b;ﬂiéﬁﬁtefr@dﬂ amymfrbld‘rt EREIiZ60 B d [FR! uaReakR hdjusts the

sponsive to. the output signal of the
S U i S SR B i g Moo Gsseuaier
afi@ijjes Aymyiabad wappe oxticipat:e liyenGd@ntkonihent. appr oxi mat el y
1.000 Hz. In another enbodinment, the primary equalizer

and 28y s b Bthe p@EHEI F68n PR A Sdorid bk AHdSsiem
according to a substantially linear function of

rESPAGIB A ovinyt Bafel L sRiTrPreAtalizérhe conpressor may
conpress the audio signal by attenuating the 30 high
anpuhbmdﬁﬂpmmEMthuoﬁw&hangudhdashngMMdﬁMQEMnmtiver,

a%J}g\Il&?tgprl %é(fﬁz In%Xomer € Igci%isn%e pOIpF%léqulegu ?lzetg th" erO

ow anp 1 0ONs 'O
egqagmrna» M]usaarmwp fBdcordBg to 2 substantially iinear funcuon of frequenc_\

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

audio signal by amplifving the low amplitude portions of the audio signal. In a specific
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enbodi nent. the conpressor nmay conpress the dynamc
range of the audio signal to less than about 10 dB.
I n anot her enbodi nent, the prinmary equalizer nmay use
at |l east one filter to adjust the anplitude of the
hi gh frequency portions of the audio signal and the
mrror equalizer may use 5 at |east one filter to
produce a substantially opposite effect on the high
frequency portions of the audio signal as the primry
e"ﬁ)g@st Jgn[tﬁ qr?m;l)lr]“esgoe‘ Imre]n Ep g%ggﬂzam?ez régrefo\ég}e audro i %nal 10 le
th@;\lfﬂ@ﬁ&llﬁ‘d&dternatlvely, the primary equallzer may use
at least one filter to adjust the anplitude of the
I OV\llnfarn@lﬁérQﬂr‘BMarﬂ@rﬁtthO;ﬂﬁna‘B\f equilRedbiAli R &i1GBAN: ARG 1J DRt the
mrror. equ zer use_at |east 10 one filter to
g gt e éu%gqr%rm PAHPY C69paLHT Benakand &t Ty Rerlipgpay use

atﬁdé&Qbkem&ytopﬁd@tmbﬂefnnﬁlh&)pwm Effechngﬁ@khlﬂ}ﬁﬁethhﬁ» @d'rircmﬁroy
wher ein the f

the &%gssrgtn;g aé{,hrg quatlr Pé \\ahlcjr ) ”S"s{mﬁa a\vr]%ha%wgganuah\ eaual
m@ﬂh@@mﬁenuotheuwpsguﬁy equal i zer may decrease the
anplitude of the iov. frequency portions of the

si gRAkn QN ciRNRLIErirddRy Eaikr it leabibn@ AR RS diust the amplitude
enbodi ment, the 15 prinmary ‘equalizer may increase the

of APy {rERKEN ORI of ﬁfgr?ur Pé‘é‘ﬂféﬁb‘y““rfﬂﬁor BalizgF marhie dilghal
orb)mterabﬁrldﬁu@ adf@sﬁhtraﬁi\ Kﬂn%sn;ElﬂiEct Bh B fr@bith pdabnsBB¥e audio
ncrease the aqp % }he | o-vv frequency portions
S‘W' as Hiy TR AP K ‘é‘?féfij"t‘ 16''dBmax harpey gqpal and opposite effect on
thAtdersimtl vel y, the primary equalizer may decrease the
anpl i tude of the high frequency portions of the signa

by ﬁp&gtmgooq'ﬁer@tthe%r quzgrzér%a\( %L.r?a@é)ttl-rp ?rﬁi)lﬁtqp ggt'ngﬁm

the mrror equalizer I ncrease
fryayeocy P%’ﬁﬂérﬁ’é?‘ plepa Pb#@”‘olfﬂ dﬁrrél@rrgna\r aweawwﬂw 12 at
prﬂrﬂa@v dtalizkima ihatedsHBE 28PRQR MR high trBRiendVipbhidhs FeHdlhA 81
y ecregse the anplitude of the high frequency
9B <BE t he signal by about 8 dB at 8 kHz. in a
further enbodi ment; the mirror equalizer may decrease
theThnmhmwudeabkrmhenMGKLmﬂﬂﬁmﬁMEQuenuyrmmnﬂkomsmueor
tht‘ E‘r@na$ b\gﬂ)@[n ]l@)ﬁBaapF(}\l} Hzlq\lgﬁal?\tei\ltgpomar\ A?!rutaﬁ{eFr%S\ grje sb the
he mTrror I zer may | ncrease the'a de
aftﬂH@JGh Pothe lge&eremcy PPBIPES B HS sghal bhebosr 6g<rﬁam SWLabout 8
dB at 8 kHz. in another aspect, the present invention
pr O\Vri dtearoﬂ‘Et ehﬂd)ﬁm’feﬁrr rhpmecessdangr iy ahu.dhsra theSin@Made. of
R eI AL ok e B B <CATRE) 55 BB bamen.
mamp Equelidemed dechrase ttevenplimdud ey ghdrehmdnnepcmn‘ront bfahessikhiid
ak%ggﬂﬁgmggh‘r,_espondrng to audi ble bass sounds and
|ust|ng I'n the opposite direction the anplitude of
t he hi

In a f%rther embodiment, the mirror equalizer may decreass the amplitude of the low
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



30

frequency portions of the audio signal correspondi ng
to audi bl e treble sounds, wherein the adjusting and
the adjusting in the opposite direction intersect
bet ween a frequency range 5 producing a substantially
negligible gain in the range; conpressing the dynam c
range of the audio signal: and mrror equalizing the
audio signal in a substantially opposite way as the
primary equalizing I n anot her enbodi nent, the nethod
adgjaé(&%t\\_ n ll{uﬁegrtln‘*rr'%‘\r\¥re§.|%H»a\loloflLoﬁg?rt ?%Céilﬁgarl]gé/r%n%rn mpx
m@hkﬂhgsawd$nwsﬁ@nabuvbTwmg%@ﬁdwwgnmeamm@Mhﬁﬁmbhehbass
néoqynd?or@&q ol hﬁta ! cﬂnésp@mwn@gudﬁbee tdebrn%mnhpw.faﬁ the
anpl i of e frequency portions of the audio
adgjstifppegind &*elaqhe%lpg) rmhﬁn«gvp@seje QRGP BtefsER Breess duisauencxgscei n
prbfiRing 8 HdShilaNIn@NEiblk REn AthimhidBorhglestiREMOBRASIctrEnge of the
direction intersect between a frequency range

mﬁPé&ﬂ@l%@"ﬁ”@&B%@&ﬁ%W PWVJ%%@|W§| s@nt iﬁmwﬂwﬂﬁ%asme
pmgﬁg@wmgggpre53|ng the dynam c range of the audio
signal: mrror equalizing the audio S|gnal in a
238311 a%g&ﬁr%l l%an%@rggtﬁﬁi\%nMa\%%mgn% plll)IEnIU x%‘?n the aucuo sn nal
b\aetdufsm@them pirtediet enemen@obon@nb@f tnfraeblatsedal F@Tesmnn!do to
ARIESEN B0 T ABARI e BRIAIAL G We bR Al hihpat ed
I steni ng envi ronnent I'n anot her aspect. the present
freqygrel PPIGANSEI B0 iRereSigral IFIPendingro mcbfd@%%vﬂ“rfgurﬁh vAg@inghe

adhsHRdnd t=RdRARe GIROLIHIBA GiredibR inferde G Bl dved B G QTS fafi@ 2
primary equalizer that produces an equalized audio

P@F'gﬁ‘éla Sb%?‘aé'é&i”t‘ﬁfﬂ“ﬁ@‘etgﬁ'é R p NS d%m%'fss't"ﬁ@” PO arps ehdy
afiy didn@Nmirkk edudBziUed ﬂxd.omnalngmalbsx@r@l@n\e@@@ml WagasttRe primary
audi bl e bass. sounds  and f8FJUSt n po |

SHPIAE PR OHIRE SRS MPEY S SﬁﬁgahﬁﬁWaFFéau Evmﬁ%Ptlons
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oppmﬁoawﬂaspe%m %semtnem.@%mt\@ssvwr@mtsaor pFoE&QH@ma\amo
range produci ng substantially negligible gain in the

sighphgl °“%¢“&Q9ﬁﬁFé§§‘oF“t”Héi’ca‘ CHPRIHEIR BYMYY EBRYFEEEY PP ILTE P
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signal : rror l.zer that rod ces a
<GUBETHHETAN § PpoLr B eefreero et navgphie §reston e
ampjuedsiof e high Ixraqtaﬁmaalottenmme\aeme miood carekdondibdwe aadible uwetis
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Ite directiont |tu
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to 30 audi ble treble sounds, wherein the adjusting and
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B SR LT TG BB 4R BB A W
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equal I zer pr uce stanti Yy~ 0pposi
agfllpleggblgg)umqqexnerem the adjusting and the adjusting in the opposite direction

intersect between a frequency range producing a substantialiy negiigible gain in the range: a

compressor that produces a compressed audio signal by compressing the dvnamic range of
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primary equalizer: and a final equalizer that adjusts
the anplitude of the signal at frequencies
predeterm ned to be related to sound presentation
anomal i es associated with the anticipated |istening
environnment. I n yet another aspect, the present
i nvention provides nethods for hard-progranm ng
adjustnents into at | east one nulti-band equalizer
t hat conpensates for anonalies associ at ed with an
the %%{o%ﬁp%ggrghlgr g’q‘é%%ﬁ atz)po\éuceéggebstanuah\ op%posu( eﬁie)cd& tﬂe nt.
prigiagregilializert andtakigalantalicsr izt &UUSIIS lsiaemhnlge efitivi gigpalne frequencies
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e anticlpate I'steni ng environnent from
lispeping emrermeng from the test audio signal: determ ning
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aud an /eSdngiad aspe@tdlnb‘ Siebdi\glnbéh@oﬂﬂﬂablhécm&odﬁ fok ued- Srbgqrumnﬁy
d n’pens? for l Cg ﬁ mul ti -p
a &dﬂ}&'f"ngf‘é" atlea Qg Y- bﬂ? “gj*P%lﬁFﬁ @C?fﬁ%“%f (RS EHRgRtie Sa?fsot'ﬁ‘é“
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m@kibafd Raties: dldSh @R ar@Rivk [ ARER ek L:QKD FBSRENS &S fhQFA:
the test audio signal, wherein the anonalies are
myldtbaed @it h a devi ce sel ected from the group
consi sting of a fast Fourier analyzer and a conputer
f r eGuentymaivakyg®iimend elicen i adinng cbd‘mﬁlsQBr"fehﬁq'Lhemyumo signal
m%siﬁ'ﬁ a(ﬁlt ghzﬁtgi ii%’lehln éﬂlﬁro@ﬁ%f fher%ﬁx tﬁ)ﬂ- tpstt Igtéilo llJUdn%iiola ssellegtrel:ghom){n-ﬂ
graetj qspswmg of theadpawg Inpis¢iahd ratqumhes“ferréqdwnw awdne hresention
a,mhlapés ageageoe«qmlni m&pa&@n&mm%m@meﬁt %mtrgeon@mm thE8s
amm ng the adjustnment at the frequency

aqdmsefna% h%ﬁ’ﬁ'ﬂj}%ﬁ F‘“C’HE‘?H%F aéq%ﬁcseé aith 2 BRIEEE e ERMPIR TRIPOF

cohbl&inRANNEBURS afahyZer dnd b Sorfpuss ReqRAdY canauzewwérman,d: the
exanp sl e systemin which the equal i zer, conpresso

Fre AP CiHRT Yemalie’ o aeteedyertiging thy iy fomy
ths QEvesiBg e icei st tﬂd‘ﬁ]pﬁi@lclahltiZaG‘fequdB]&mplﬂetSSQGlu bafdequalizer
I zer .cou

to Camgff'\@%e@ﬁaﬁaw%‘y R p R R sl e et ey

thEIm@lti-Hand Bqu@ize8 i s a detail ed schemati c of one exanple
of one enbodi ment of the present 30 invention. 6 FIG

4 is a schemat bRy WSORIAIORIGRTHESSRA RERBEESSOr,  and
mrror equalizer coupled wth a speaker.
FIG. 1is'a schematic view of and example system in which the equalizer, compressor,

and mirror equaiizer 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 10 those of FIG. 1.

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

invention.
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FIG 5 is a schematic view of an equali zer,
conpressor, mrror equalizer and a nulti- band
equal i zer sequentially coupled together. 5 FIG 6 is a
schematic view of an equalizer, conpressor. mrror
equalizer and an anplifier sequentially coupled -
together. FIG 7 is a schematic view of the process of
detecting anonmalies. determ ning the frequency where
t he anomaly occurs. and then adjusting anplitude at
thagfre ency. FIG 8 is a schematic view of an
equal§ SCReHRHT We GF an 9! O “o8girar 2B} MiRReAUpiiZRouPlad
wigglgkakzer coupl ed together. FIG 9 is a schematic view
of an equalizer. conpressor, mrror equalizer. final

equa|d z r

S e L T L e e L
baPREPERRE@QEV%})ICWElWSOQCthCW s to be understood that the
present invention is not limted to the particular 15
rret m:mtahoegsthenmapeumdsn equalize! ol pEessorBi ttbraeq bidlibdrAgd an
ank q%ﬂrse ues, l\lésue!s.edt %I applications, described herein,
A ThesE" (\)/5 % s al so to be understood t hat
the term noI ogy used herein is used for the purpose
of &Escrit bichgnaya el ®fthaproessh eidiciretng gnasmlips. degrohining trot

fréc{\Erﬁn%gre tHeQndrhd bcchbf@nd HOP&Rfind MpiiREES AR frécﬁyrﬁp.t i on.
nust be noted that as used herein and |n

app d cl tahe |ar forns "a," and
P e A 1o P i R e gy il
emﬂmkeumpmdmgmmW dlctates ot herwi se. Thus, for exanple.
a reference to "an elenent" is a reference to one or
rmr%1@9%9?&55“@,@@.%@Luuaﬁﬁ,z@qwn}@-lsfomn%nm%m.% K0 un
to those skilled in the art. SSmlarl f'or anot
eqiRligshreplifgr, raé!ft@r band gaalizer. andy wakersounled wesites” i s a
reference to one or nore steps or neans and may
i ncl udPEIWILEDESCRIBTHMD OF 'TH EPR E FERRED DMH:ODIME]\TS
Conjlﬁg Foboé%@déeﬁsgciog%gg@? Brte&n9$helf{p %r ﬁotetﬂrqveg?d d[Q thtfgagmc ular
methoddiay rempeuhds. stat;ods arsnhfastirimg achraquie fusasi anit appiicions.
dés@t%cg ﬂéremoars thegcﬂﬁﬁe\rar\t hxﬁ?aﬁo"k%e mdﬂrgtoocl tﬂgllk&%rmm%ﬁ) Héb ve
unl ess the contéxt clearly necessitates otherw se.
hq_rgﬁ gsu.ﬁ@jefoxt thPaPurpﬁgglot dsecribinR 8T em@dgm;«s(@gg and is not intended

[capmmxgdapé dromt phied i ei@n SR MU B hGEORM AUk 88Seik LR in the
Pfgﬁ)(t cI arlg/ g“ﬁ'ﬁt ates ot hervvl se. Unl ess defi ned
fRws: the pipeulas Sums (| atyn ands Hie e [RElugs the RIwrRrgfefsagsgnless
tHaemeé)dﬂclbéiMehdid'ﬂﬁ oﬂﬁﬂ)ﬁ? ﬂ'ﬁ&nfoﬂ@ﬁmaﬁ a(}eﬁﬁﬁd’i:hé/ d-dl’&dzﬁkﬁtt gad
n the a

TER T Bhor B DRBR P BT ea TP ROUS iy hsdines
thdeni S@slartarfa an@bee exaalps. areerednasxor a ed or aalrﬁelaﬁwgsfa rafapénce to

C S. g teri.als si ar or
ong‘eotdlpnvgri Stelji)% gr rpga c?ge aalen?é}j % aleﬁs a\ngra bserwent ”Ea buégd in
Cctrlwclmﬂaeted es t@be undgstpeTign ik ntonencp)rses eﬂmt° nomvtéﬂt’l‘mn.th" word

gt EH&GFdLbE EaeAeRahd RS, th%rd@mon%mot alb9' m%e{m fadsal so
to re er tofunctlona equwa ents of structures.
loAlcpl F%ﬂ‘“ér"eﬁb ‘aless the context clearly necessitates otherwise. Language that may

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

dictates otherwise.
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cited herein are incorporated by reference herein in

their entirety. The system nethods, and circuitry

descri bed herein are designed to accommobdate the

conversion of audio signals with a broad dynam c range

to a narrow dynam c range without |0 distorting or

altering the original work and to conpensate for

envi ronnental factors. This systemis particularly

suited for plavinn nusic. novies. or video ganes in

I;: ?B ]g%le nrg: n%”err\\%re]:nqﬂ ct%P]n,eH%nd SaClSénlEilf[;]C tgrlf'lr!:s u?%qerew have the same
mshmggwngmmg@nvgkwuedcvmﬁ@f@ﬁ@amnk@lnmhensy§m¢nmsm\mnwn
bJB%LJ“@qﬁene%'}%tt{%hf %EHJL& QInJeh%ncP@?é#al‘st ark BNEREL AfhoR S gh«

i mprove soun resentation processi ng an au
msth‘gh é?Ché‘Gfeéi Quicgsher "@rernplé F'@Heryorle@mgeéenbfo those gesrived eeein
mtxum@edqath anhia lé@'l Qink %@ﬂﬂsﬁué%ﬁlrlﬁvemérprStrh&urbe&WI%EH herein

pr oxi mat el Hz and approxi mately 000 B

: Y
ar“ d’cé%%eﬁ’“@d éé%od"férdf’ é‘f“ﬁ‘é’“ﬁ'l'fﬂ%"%’%{‘hsg‘é Sucq Sf’EH“If’éSr "*é‘lr‘i‘“‘df"e“°‘°—q
cd@a aae e bre iR6ASRAMRH 8L te@RerdBherdaein@ttanied. Referring to

the figures, FIG 1 is a schematic view of one

eang‘.l‘ sm?tgr% rggthcgdp ean@énrec%ﬁ dPs\,rlt?e\c/i%nrtelnoape dpswnedst'élasctcoe odale thP
conprises a pri 0 Fes5orosY
cca\miwrrqfraucﬂ@mewa‘r lthzaéarroa4©\ nagyigraegohe a:adrrompnmenmatmmnut
d,%mm& Al Lok ocﬁﬁln | \Lor}Q‘fandQ@‘:cnnde {e\fbrde% onfiRR AR Thit
owh Wit hi'n éramnng of eac udi o I nput
sxéqe@n%wanmelar'ssmlﬁ%m plaxing ess- PRge Sppr Wy@am@qmagh p@§e 20
erAR6hr s@IURBD G AR aBIER Woa S EiGR Mear ahSseRERHHE %ﬁjoppmtT
fromthe mrror equalizer 40. The prinmary equalizer

SO ICR- IS TRATD GUFi SRR MeReRy wsc"awra%h%pfﬁ%w\e@iog pegh to
indfdove s@lintl pRstAta6n BBk iah bR Ddnat iesidR @t nOf rafB 1

oS B! SEORRE et P b BB PeSP R himeR eof e

apooxingsgo hdoonide. tRy Mrdvessing elliceosyi@abis tne0h fullsuid thoadeor
e ) |,ow audi bl e bass portion (around 100 Hz)
pré%g@L' eégggse by about 10 dB. the high audible
treble portion (around 8 kHz) may be increased by
abodefegngm the Sgges RS- héraseisAats viewat ope embegdinesniefjihsresent
|rﬂ5nu@n | THR@adterh tﬁﬂﬁinls‘@.@ pAfnary remu&rﬂ 00’ a c&nM@fsbreﬁoyan@E mirror
&1 e equal | zers are ﬁn art. One such
- EGEATY PeEPEE Al ‘“F 1Y “cS‘ei“lkP ff TC%@C“&&PU%F@POSC“‘ 'S
slﬁt\nS\OuhB tiﬁd‘(ﬂquemﬁ:f)&h]emmedﬁo tnbisighalgh nsfmmucemwyne prlmar\
if{cation an Y
oBPPet 130 e Rl T e B SR 8 Rtehfsplst
4%1tTiterpememc¢g&iJveer”0 pohintmbolimedt fetwi@s er ps®OoMer signal 19t ,  t he
at?JnEaFt‘%tthﬂoafm ‘i HE%ﬂﬁ V@n%ﬁm%ﬁﬁsﬁgﬁl Qc}?reg Igﬁolﬁwtg Ithq b§§s gp‘%@trum of
exact cancel e ut - and p
sqyfd. zeci @npl@emhepremnw olimelsigtal @rrems@werthepublmpemsmaor

s8R0 OB r fampldl BAURNLLBR b\QQ%,@o& RoRfd §WHA HRE BSRERased by
substantially negate their effect on the audio signal.

abpayt (8. g\%‘@alah‘%ﬂf trgfyie R‘ﬁé’”b‘i" ed §tkHz how s esreased B ébolubﬁw@%
aththcb;ﬁin\Mhefh REREOXE ﬁm&s&ld)és SRattanRiBsl o SiredE XA taRE® oy
od| nt, the crgossover range is

sgﬁ@c F%’_\szyrs&éesﬁngﬁ ne such analog equalizer 1s shown in block 11
of FIG. 3.

At some frequency berween this high frequency amplification and iow frequency

attenuation the effects of the amplification and attenuation intersect at the crossover point. At
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within the efficiency range of standard sound
transducers and the human ear. O her enbodi nents nay
shift this crossover point as necessitated by the
specific application. Referring again to FIG 1, the
primary equalizer 20 feeds the conpressor 30. The
conpressor anplifies and attenuates the signal
inversely proportional to the anplitude of the 10
signal That is | ow anplitudes are provided hi gh
! I|f|ca1| n bﬁm1a$tenuat|on% mg | ? | |
APt U dqes ’fﬁ‘ BV BBl A i E LI PEYE 0 51§ GFacthbignee! each
otb\mohn ahil praducon nét gailf &ra. 63nleted atonndthis kv ver dgﬁnram fange of
fr%a%g\e%s Qf‘nerg n\gse%\gprocr—‘ssef Su %S[gl}/t n{\)e%gtg ﬁ]ngggrefoc on t Tbh g;%%lta)l
"MEssnmﬁummhéﬁMMrﬁuﬂmn°®ﬂaﬂhemnswbbuvﬂnnpm@mmmhg600Hzmm
@r&ﬁm | SMENTA BlenbBEmEATRL G380 AR | ALLEMNSerbRR be
I tudes o an audio sig
w émrhﬁ Fiﬂ@@@m pnge gk S@nﬁ)émsmms aftdné wonpeas @chrr rray
eriRImeh¥ maQ Wi R drdsstd8Spoftf a Pt ces@tAftl By ?hL 9;53:@1'{10 E%ﬁ@at&)ha”
hi gh anplltudes A variety of suitable conpressors are
kno ne enbodi ment ress r.is
Shotdiehe b i P B SRR b B e SORPR Do TS
cdmpraa$cr enpldenpriessgiuans tht hmaamd&r@l\sjrgmalonal s theginpiindde of the
r-ar u 0 ua
s&ﬂ‘a{‘ov"l?]atelg q@h%%éﬁosselﬂt %rogrlaéosmm an) gl(?lﬁ%aﬁgn (or foh aFtenuauom w El
hleqmmlttzdesra@prowmiriezh donppteprian (gpee amplclcembodf hrser:mtts inhe
IoRf §yREmie AR 4R sidnBIC TRASRSm RS 2RI 10, %mgrlemav be
portion of the signal correspondlng to t he
lowgrse toraghitis s Sbdbher iesh of Widerrmesss egngthas embadihent efdes mfsenthe

inSr@iBR ltheGOMprRSBARAI atth h@ e MeonlahBRluGes SPEGLEY T meRURG.
This mrror equallzer 40 al so has a crossover point

‘Of*ff‘aip“iug Ss RSP B RPT PeR A CORABSSET BY LHPER I50mRlityss elive
atpih'd sigaal m@etian hiziedampidided-0L v aEphitablé duehphe@it sitiBvE in the

rtion (around 100 creased 25 b’
a%g@ht %fﬁmré’g" Of?]conﬁ”eésr?r gdgﬁ‘ﬂ{ éb{g?kebl 2 L rtion (around 8
@é may be decreased by about 8dB, and the portions
t

“Wéfé’r?%if‘ & Hgj Lafigomnprasion] e adioaizhal irded ior tegfmirror

ed‘ura@z‘apzﬂln C¥is miR6r eq%n&%f’%ro@ﬂb@hé gpﬁﬁsn@%né%alm 514 primary
equallzer 30 are ideal chosen to be conplenentary so

equRliger 26 HisyE- Wévésf’édUaFm%‘ﬁ‘d“e@bﬁbé’?'F@ cqfafigs: frgreasgp@e amplitude
oEt?Eb%ﬂﬂldﬁEt)gthn oianaA cm»@;maame@uﬁé BaZs%bcladtrSm SNQWARY dnB dedMa@G lhe13
of FIG 3. equa i zati conpr essi on
B e e P TR e SO A S o
40relyo Haea apgbx’reedoxd!tmeetsht;stahmlla tk&pﬁiﬂd«%sscﬁysﬁo&ms thpribigh @
(gﬂﬁlzer Nib%nder% g tgzlga éxtg ibie oas?Ec%mon (argz%{jéhg rﬁar\ b%érgcge%g‘g
b\omﬂtm 16rdBnthg high b@ilhifetohbceldnbefmted 8 eHpPmes $t daereased by about
s RGN B bofUPLE IO in DS SPHATRLARSILEC £i2 the
speakers has a spectrumric ass tones 'an of
PRIARY RAYPHZCT HRNE B quabipre SURME édedlty cpsento beemmqn@naﬂo that
the ORAE 8§31 DB opdbi&Qifredihi Gne %m@&q}ngﬁ A1 rprrr‘afj&ﬁ§§c@s Lol in
sound even froma small speaker system for exanple.
blotkolSe RSy Png magnets | ess than 10 oz. Furt her more.
because the
After primary equalization, compression. and mirror equalization, the processed audic

signal may be appiied 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
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5 dynam ¢ range has been reduced by conpression, the
sound may be presented within a limted vol une range.
For exanple, this system may confortably present
quality sound in a high-noise environnent with an 80
dB noise floor and a 1 10 dB sound threshold. FIG 2
shows anot her enbodi nent of the present invention.
This enbodinment is simlar to that enbodi ment shown
in FIG 1. In this enbodinent, the primary equalizer

be rﬁdéuceélﬁgﬁ oF{%h\\éggsfo%qu rg%l%f%i’g elFIt(fn%(rﬁgg% |t%??8‘|m elsénftedef‘o the
sp&mmteanandmn@rtmmnhet@ﬁSQM§ﬂeofmumnmmw&ﬁandmmamdmd“nn
cof\l:[/etnf%na t %ég%%ons @\g;gt tlrmtjur%%gedome g)dﬁc’ quclhnﬁgnore(eenstro%n?érpq
SPE4kes, syQerarfpd eixdm ;és thobrena vz gragietsikre then 1 her. dinbioainoreritecapse the
d Jﬁm a]no@ﬂ;g%gmé R TR lilfhG 2
y tenuat es the CIs‘?eg ’ eNgr'ep t{%e Enbr@ad%negﬁegéme E{:ég
llfa‘FPSIVP‘PWéSa"WHféf ?nampkérthéqw&m percomfpriaply prRpaa aupliplseund fnes
msmﬁo.eep@%&]e\[wm soaRhdildodf anki RE10RE §Bhd @RWRNJ zer in

? FIG 3is a d|agran1of one speC|f|c embodi ment

sentl mvE N6 . F

i n’pl et ﬁ?o“c? 2056 3 %”B"d‘ 8oPFp%’F1eP1 %‘e““ﬁﬂ 6'8 JUB §

&mhnmmmmmnbbmm&uQMwnnﬁh@]¢onmh@&smmmnmLb#@ahaﬂzpmmhe7o

regu. rsgahau%%qﬁlutg% Longg&l%bgﬁm&lg& %P&Lg?nr?on mnes.gnﬁu[op'y
cohﬂemgkdumo tha|bhss gfectrime ommpfomeimnslusrhmarmieldz_@f St sigdar d,
cHRIPIRYiSd Ialtﬂexrpaveﬂekalm emwsﬂmm&ﬁgp@% ﬁggi@ghe

nodul e may be i1 nplenented w th anot reaso
signgbyiars the embodinent af i1G Hetgrptes. ftilgwvig. theprhedisnsofdifother

atRARR R Rhal Qfhert R e%ecse@rtr of F¢eNkhQftes Atiomiforeh@Mser t:he
enbodi nrent of FIG coupled with a speaker system 60.

Fiy Galsghas di508R% 1t fé'"%ﬁ%"‘t“ﬁe “rerﬂb'HB SHANEETS Fihe present
invention. In this enbodinent a 2 nulti-phase
equ&lG.Zes a digan sf @wospskiéid embedmant pithe oese@quabtioreithid0

AT L0 A A e 0B soith i, 3P euafele b It

1t the CﬁmP'ﬁSOf ipakaek egihamive cqurbr inglegk épearaeronsi;pst\erwvnphaﬁ

stloSvn P10k POWRAG b Mo LB HERWIROS bkl &3 A Jf@rp*rc%%&me&s show nare
anot her enbodi nent of the present invention. In thi

SR dTOmEteCcially AVakiaRe FRROPenEs] Gashdndiydis] Beduicomahs ”ﬁi"?'F“d‘l‘ed
with| bkl HeZ @Esofdd eRubsOiuteli@o®p nptar50. I n a further 30
enbodi ment of the invention such a signal outputs from

the F%’pl' rEJ %%ﬁts Jnoikgr etngm? 6&@%&%@ reSheheMiof NAE 4 %ﬁws

shown e dra represents ano
e'ebﬁ%@hnh%frﬁmofcotlm@\plffe%-‘@mkeflsmvemﬁ(i-on. In FIG 7. an
audi o presentation response 15 is introduced and

anormd; I s&8prbsanit Mtnakldﬁ@dﬂ{eﬁt&fﬁﬂiafﬂkéﬂnm%nﬁord ahetd c@%omh&inl 2
ocess 70. AP]Oqlra h| resen@atl on .of such

"‘§ “g‘H‘éT" SR AN A GUPE é‘r‘fB gorieQualEER i TR IR AN Hé‘a' '
owtp@\ih.nig ad:ﬁnl'pf ottesiserOhf ti¥odvention @udd tsighd bokpmea from yhelnamge

banqr%oua IlZJE(Ij ?O(Pto atsg]egkeggglem 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
embodiment of the invention such a signal outputs from the amplifier 110 10 a speaker system

that is not shown in the drawing.
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presentation at one frequency 71. Sone signals may
present nmultiple or no anonmalies. For exanple, a
particul ar |istening environment nmay produce such
anomal ous audi o responses such as those from standi ng
waves. For exanple, such standing waves often occur in
small listening environnments such as an autonobil e.
The |l ength of an autonobile, for exanple, is around
400 cycles tong. in such an environnent, sone st andi ng
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5 quality of the sound presentation. One enbodi nent of
the present invention provides for a systemfor
processing an audio signal with a primry equali ze:,
conpressor, and mirror equalizer. The primary
equal i zer produces an equalized audi o signal by
adj usting the anplitude of the | ow frequency
portions of an audi o signal corresponding to audible
bass sounds and adjusting in the opposite 10 direction
t he a litude of the high frequency portions of an
audit b@ﬂ‘ﬁle"‘é 8t ah%grﬁsﬂu?wa‘l?fbafe afafals & e aspmeud i gst
auﬁhe&esca&ymet ¢TREES bmeauraocbun 660 Buhsitadhtk i abd M. |FuAR@hors. the
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ng%yggg%nggg&ngp of the signal intersect between a
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5 the sanme frequency between the high frequency
boosting and | ow frequency attenuating and boosting.
the effects of the boosting and attenuation intersect
at the crossover point. In another specific enbodi ment
of the system the primary equalizer attenuates the
hi gh 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
frequenc ort ons of . an tG 3
ot + Dhiuacs e pabetsnr By Yo g R by et
frejugiagbortiomy of @t audia oighee pndsquemiafer the erwbiediamenporadns bhas audio
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present an audio signal to a speaker. These three
conponents may be inplenented, in any conbination
with or without each other. Another enbodi ment of the
present invention is a nethod for processing an audio
signal wth a primary equalizing step, a conpression
step, and a mrror equalizing step. The 10 primary
equal i zi ng step produces an equalized audi o signal by
adjusting the anplitude of the | ow frequency portions
of an audio sjgpal corresponding to audibl e
CYBUNE'S é{‘n‘?ﬂh'%{‘d}‘ T TR “{) SREPEPDBET et eds SSW aP‘H’éa“e“
asédtfaleld titd éhe O tediheerRirginehr equency portions of an audio
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prsgegmlaucﬁmortah@ a@fiiUSdnti BElialifer IR AnORRAST TR sCHidnPRhd M3 Of
the hig requenc port| n of the signal intersect
prB%f‘Wéél‘F‘%“EPb‘%éR’Fé%’rE?F@e MR &SI OHIEE b Implemented, in any
cambpstiantiinadr hsieedch ginkd € gain within this crossover
range. For exanple, one nmethod may have a crossover
ran V. e i . - .
ppr kR oY e ARRR A ERREN k% Bt M e
signab §iflpr ergRArngualizels stehat coppisEipeesP.and o T SeHa tizivastipo The
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equa one speci embodi ment . of the
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e@ﬁﬁﬂﬂj nt of the present invention. the primary
ualizing step attenuates the high frequency

portions of_ an audio g gnal and boosts the | ow
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portions of an audio signal. The mirror equaiizing steps does the opposite; it attenuates the
high frequency portions of an audio signal and boosts the low frequency portions of an audio

signal. In each equalizing step. at some frequency berween the high frequency boosting and
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frequency portions of an audio signal and attenuates
the I ow frequency portions of an audio signal. This
enbodi ment al so has a crossover point and a crossover
range that nmay be chosen according to the specific
appl i cation. Anot her enbodi nent of the present

i nvention includes a final equalizing step which. 10
after the mrror equalizing step, adjusts the
anpl i tude of the audio signal at frequencies
igr,.edetermned t gﬂrelatgd to s?und resentation
AT Y AL B %ﬁf R TR OYRENZME PR HIETSeFidt B ng
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low frequency filter in the mirror equaliizing step boosts the signal 10 db at 100 Hz. In
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portions of an audi o signal corresponding to audible
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 ustnments occur in a substantially |inear
function of frequency. In this circuit, the above
nmenti oned adjusting of the |ow frequency portions of
an 10 audi o signal and the adjusting in the opposite

directiaon of the fre ortion f an _audi o
e P S A T
offiteqbdees a substantially negligible gain wthin this

range. The circuit may further conprise a conpressor
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equaiizer, at some frequency between the high frequency boosting and low frequency
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frequency portions of an audio signal and attenuates
the | ow frequency portions of an audio signal. in
each equalizer, at sone frequency between the high
frequency boosting or attenuating and | ow frequency
attenuating or boosting the two processes intersect at
the crossover point. to The circuit of the present
invention may include a final equalizer which. after
mrror equalization adjusts the anplitude of the
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the nigh frequency filter in the mirror equaiizer boosts the signal 8 db at 8 kHz. For exampile,
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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signal after primary equalization. conpression, and
mrror equalization to an anplifier. The <circuit may
al so present an audio signal to a nulti-phase
equal i zer for fine-tuning. The system may al so
present an audio signal to a speaker. These three
conponents may be inplenented in any conbi nation,
with or without each other. 1G A further enbodi nent of
the present invention is the nmethod of
har d-.pr ogr anm n ustnents [ a
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For example. one specific embodiment of the present invention comprises deveioping

a multi-band equaiizer that is hard-programmed with adiustments that compensate for
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5 sound system Wile this test signal is playing a
conputer with frequency response software and
har dware. such as a fast Fourier anal yzing software.
may det ect anomal ous responses b% the environnment to
the test signal. The system may detect standing waves
that occur do to the snall size of the car, it may
detect frequencies that are accented or absorbed by
the material in the car, or it may detect di ffraction
fects frontthe shape.of th e e t hese
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srpallysizga{ing par (R e lpetiguenips thATATSGoesE BAPEdiRed bY Hie angisiels
inditoARboUmal §RR1 & alitcid Fork the BIRpUBARS &t Q0@ tHRAtanEh ies
gove qg &rlbed egbodlnené are illustrative, of only a
A1F GGG TS HRTRY FHBEEIE oL e n L AR the
p1open n‘l‘aﬁﬁﬂb&é‘:&ﬂha(&ppb hﬂﬁn‘tﬁa@m&;u@mzet h@hosepirrdqﬂé‘dcﬁk e&lﬁﬁetﬁdﬂena\
bl dvention. | oL z various ot ff g t lties. .
ToPetis&mof" ”ﬁ fﬂr FEEt “‘2"&? ‘%%Fﬁaf(’&ﬁ \/\ﬁ St 60 o P TR %G
of thosigiswiehts kiedch frequdney @mbredraiviowith t@leﬁaméncngﬂiemmm_hﬂe
th%lp"laﬁ'# &rogﬂﬂmeéﬁ%% acl)lfzprg A}\% lmg\glgplkédom an au I0 S\ s?em OIS I%loﬁllhDEd
for processi ng an au Rar
s mpdkls B golloa "tzrthlmptyocefqetaclar mey uttlhnatteh p)mdau @edso gpiem that

p@gggghﬁegmggghgu§tgnal by adjusting the anplitude of
om1frequency portions of said audi o signa

corres ass nds and adj ustin
o HRBEE e R B otk e AT PRl S0 ERE R G o
&Nnﬁduemmyp@mmkmmnSu@ﬁmomnmmm\audumn&mgmalmmm@n@ﬁpemdlng
&Ip%%%klﬁ“ m\%nu%bl §Ul’fsl(iol‘§u@(ijir§d \a\ll\lgl?S[OZhea ?Sélgltﬂll%ﬁl)r:'l?]t C)efjpf%é)éTsent
IMevmeeﬁHE(@reseQVQVSRQn@etmﬁm¢WBQMemmrmefmmnmdmcumw a
SpPPstnhiAlidy negligible gain in said crossover range:
a conpressor that produces a conpressed audi o signa
by conpressing the dynamic |1C range of said audio
signal; and a mrror equalizer that produces a
substantially opposite effect as said primry
equal i zer. 2. The systemof claim1l. wherein said
crossover range is approximately 600 Hz to
approxi mately 1. 000 Hz.
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| The systemof claim1l, wherein said primary equalizer
and said mrror equalizer adjust anplitude according
to a substantially linear function of frequency,. 4.
The system of claim1l. wherein said conpressor
conpresses said audi o signal bN attenuating the high
anplitude portions of said audio signal. 5. The system
of claim1l. wherein the conpressor conpresses said
audio signal b".- 2(, anplifying the |ow anplitude
“%g“\%\ﬂgm% of said audio signal. 6. The systemof claim
rei N said primary equalizer uses at |east one
Lfi| teesvstem t@rdnjrczsrsismobhwdwmnaltqodxenmﬁn:sai d hi gh frequency
por ta' p‘?ﬂﬁr\oe Qé Qha@b{'géiugessﬁl Qg@allm%naqm?%l ?al d usnnnt
eé}ua I zer SO uses at one Tif %6 Uce a
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16w requency portions of said audio signal
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pgrqar@g%ahze@nd 30 opposite effect on said audio signal.

systemof claim1 further conprising a speaker
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ac}l.'us? élt £m of . cl ai mb V\/@e{e n.said primry equalizer
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4por tﬁho nsteof of shind | sn@maml said yoraresstr cbblp@Readaid hfle bignadbl 1.

aJJHSatW%%M%pI% r(;}'noas (y}'hsgcri gUGrI]O ssnzarlﬁp primary equal I zer

i ncreases th I'gh frequency
Spor tTheassteof Ofe?bund svhgnall thdJerraotﬁ@m c@npalBseataiBaudidzigndldy
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5‘”’ ‘F‘?‘iaghequéﬁ‘a“gg'?pgg%u &F\%P” BV #8652"0 dB at 100 Hz. 1
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tndgr?lEI%@(?p o sdi @Emafrgguéng u;gjo%io%g ofss%‘;ddaudio signal and said mirror equalizer
also uses at least one filter to produce a substantially opposite effect on said iow frequency
portions of said audio signal as said primary equalizer. wherein said filters have an equal and
opposite effect on said audic 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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hi gh frequency port ions of said signal by about 8 dB
at 8 kHz. 15 16. The systemof claim1l, wherein said
mrror equalizer decreases 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 bN about 8 dB at 8
kk& 18. A systen1for processi ng an audi o signa

i sin ual i zer that produces an .
o cquar SEE aGare s Parar 1y SRR reR SRy e SRS PO
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1 RAUGH NEbrdons SERRE Ak R labdt: D@8 hdbblie gain in said
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bemeen a crossover range producing a substannallx negligible gain in sald range;

a compressor that produces a compressed audio signal by compressing the dvnamic
range of said audio signal; and
a mirror equalizer that produces a substantialiv opposite effect as said

primary equalizer.

19. A system for processing an audio signal comprising:

a primary equalizer that produces an equaiized audic 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
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anplitude of the |ow frequency portions of said audio
signal correspondi ng to audi bl e bass sounds and
i ncreasing the anplitude of the high frequency
portions of said audio signal corresponding to
audi bl e trebl e sounds. wherein said decreasing and
said increasing intersect 1; between a crossover range
produci ng a substantially negligible gain in said
range: a conpressor that produces a conpressed audi o
r.essi n% ab nam c range of said audio
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in a substantially opposit as sald
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28 ubsi aRthbakdr yroem@csm eﬁa:‘é@MnaﬁSorﬁ;ﬁisﬂo Mels@By. to

equaI|Z| %] Itude of said signa
e

o e B 5P A L A HE A Rl o 1o eatire:

portions of said audio signal correspondmg 10 audible bass sounds and adjusting in the
opposite direction the amplitude of the high frequency portions of said audio signal
corresponding 1o 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;

compressing the dvnamic range of said audio signal; and

mirror equalizing said audioc signal in a substantially opposite wav as said

primary equalizing.
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sound presentation anonalies associated with the
anticipated listening environnent. 23. A circuit for
processi ng an audi o signal conprising: a prinmary
equal i zer that produces an equalized audi o signal by
adjusting the t anplitude of the | ow frequency
portions of said audio signal corresponding to audible
bass sounds and adjusting in the opposite direction
t he anplitude of the high frequency portions of said
,audio_signal corr%sg Bpin o audi bl e trebl e sounds,
“Wher 'R Sal P ad] U’ A SRRPTISRENGSEPTRY i n t he

opp@smbeedmﬂ@mtswmmMmEEnseehqbanmmemn@hﬁ&ﬁﬁﬂﬁw&rn&ﬁ@&@

bl
PHAE PGB SBHRSL AR AN X LB B3O Ralhab DR e

0@@@&@H§Wghé&ameWGwpﬂeé@hﬁgqmme\mymaabﬁmMmam@eamﬂ sai d
c@MeHoRdid QRMdibie BBe &ulds! \U%Felﬁgalllcﬂd L?sﬁgodatnlé]?ald Paru%tmuoqg a

substantially opposite effect as sail
ORPGEIKIdireaipon ImeasectRepepIA Gressevar rapzme@sunmgswmaraum @gligibie
ot @RAL rpeapPrising: 3 a prlnary equal i zer that produces
an equal I zed audi o signal by adjusting the anpl i tude
of Fﬂ@pTﬁMVFFéﬁﬁﬁﬁﬁV”%6¥FT%ﬁ%“%?”@hld audi 0 signa
COr MEEPaREii Gz kOd aldth singl iIDASSHstafRMAdspogndvaad] Q%tﬂrlﬂﬂnl n
euaﬁ” pg%5|te direction the anplitude of the high
tfe quency portions of said audio signal corresponding
t 0 addstblzehctampbluge Souineigyal adiesgedndieS predhisadinbtSb b giaaa Go

R Q ite direction intersect
B e bRy Bl SRS e Pt e B et 1

201egl A ichh for YRk Lsih Pard HIQSrof’:mggm RifiolTpr essor t hat
produces a conpresse udi o signal y conpressing the

dy ndrfri@anyegpjgerghat eraﬁtmamnaal@q:cgwewo,sugzal 3y adiving 1o

aBfludleiof B l&h@éau@rﬁog&lﬁ&ﬁ o&a%ﬁ@fo%@hél%hﬂr%p&?lﬂpﬁ)‘ dulfible bass
ffec% %s saj rlnarg equal i zer
ST 3 PS“Pwt‘h APt e thhamritusgafl Be highirepuericy pertionsto?
sdid mw&malﬁrrﬁb@d&@&fIﬁﬂfb&drebl@oﬁ@s R\fﬁlzr@ﬁwggd E@usﬁ%@ said
fﬁsﬁsoeﬁtn%té ogsnzélgnecu J.es Sa§SOC| ated with the anti ci pat ed
eni ng P ERVI FORNERT S P8R 4ETHSE #1F producing a
Sﬁamdmprmgh@hhwngnaﬂﬁus@nents into at | east one

mul tj o ) ac 1 Ienlsc,,at s for anonalies
ass&tlggggm?mm' %ﬁ&%ntéﬂﬁ%s?ja PrSPeRT FRPPEvTS BhReATic

gy srid petic tignal:seeps of : presenting a test audio
Si grhafhlrﬂomq‘aa@@f' IQat@n)tdbcck p@%ﬁgnulaﬂ %@Fﬁu[@ 9 &Y signment; 10

detecting audi o presentati on ano i es assocCiated with
PUTAR) U3t 6 pat ed | i st eni ng

24. A circuit for processing an audio signal comprising:

a primary equalizer that produces an equalized audio signal by adjusting the
amplitude of the tow 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;

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

range of said audio signai;



20

envi ronment from responses fromsaid test audio
signal; determning the frequency associated with said
anonmal i es of said audio signal: adjusting the
anplitude at said frequency to conpensate for said
anomalies in said nmnulti-band equalizer; and

har d- programm ng sai d adjustnents at said frequencies
into at |least one nulti- band equalize;. 26. A nethod
for hard- progranning adj ustments into a nulti-band

equalmlrrgreﬁéaﬂ rtha prgP%psSaastugs%anuahx anorml i es asgom at ed

an- a Can G erRPPESR A2 SEARIPSI ng
cqualzes e@hs  of 20 presenting a test audio signal into

sai g faglteheulp@teﬂadwsékmmagmenw559@ ;ﬂtm Trewﬂe%!; &l Nefipthfined

test audio signal Is selected fromt
tochs et tp ﬁ(g'"‘é)Pf°%§F‘é‘aQﬂ’t?aﬁﬂa‘ﬁé)P§@Cl?im]“ rrmw@éwevedsjmelps
efl@b@esdni Ng audi o presentation anonalies associated with
said anticipated listening environment fromresponses

2f.r om sahel bemitd- t&blﬁhrﬁ)mﬁlis: gnadimeMRIRIE Rash Sileln AN OiMBlel Rizer

are det ect.ed th.a deyice seleaﬁed fromthe group
EoEPETT Tig™ oaf"’%a‘F%l%stCrfbe& AN ARIRISE PSS <8V EBMBRt er

cédmepguene ye@ndl yzer ; detern1n|ng the frequency

assogi at.ed th I, d audi o S|gnal by
analﬁ%lkg ih gaFgéﬁﬁplm fﬁﬂ¥ maﬁmﬁ PN Bevi ce;

adj uistetimg a@ctn@prasmhmqnwdenmes sabahifirggusn eyicimeediisaing
emlomenbﬁmr@aﬂ@s 8" sail s dlicGpmensat e for said

anomal 1 es; and d-progranmmi g Said adjustments at
sai dieerapnetie Freaslenmaésoeaqewmﬁam anp@pltts ecpailapgie signali24

adjusting the amplitude at said frequency to compensate for said anomaiies in said

multi-band equalizer; and

hard-programming said adjustments at said frequencies into at izast 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:

presenting a test audio signai into said anticipated iistening 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
with a device selected from the group consisting of a fast Fourier anaiyzer and a computer
frequency analyzer;

determining the frequency associated with said anomalies of said audio signal by
analvzing the results of from said detecting device;

adjusting the amplitude at said frequency with said multi-band equalizer to

compensate for said anomalies; and

hard-programming said adjustments at said frequencies into said multi-band equalize:.
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