WO 2005/ 094529 PCT/ US2005/ 009867 CONFI GURABLE FI LTER

FOR PROCESSI NG TELEVI SI ON AUDI O SI GNALS RELATED
WQR\RBEN2ATY ON AND TECHNI CAL FI ELD [ 0001] This PCT/US2005/009867

application is related to the follow ng U S.

application, of conmmon assignee, fromwhich priority

is clainmed, and the contents of which are incorporated

herein in their entirety by reference: "Miltipl exed

CONAlGTragEE B FERECR SR ES SiNe TELEVISIBN Auio
Provi sional Patent ApplicSIGMALSrial No. 60/555, 853,

filed March 24, 2004. [0002] This disclosure relates
to processing television audio signals and, nore

RELATED.ABPLICATIONIAND FEECHNICAL HELDRe with

encodi ng and decodi ng tel evision audi o signals.

B : [ L at esi: er
COGBSTCEDR obOREh ki o e Y S50t GBSt coon
2§85 SR Whi @A R Y ist | S hRA R QntdikEo tWIRRE Me$8ddRPorated herein
and reception of stereo audio for television. This

irB tiediel ahitihetys bg Qefetdmed: I Miultipgere@nginBel-! BhpilsOREsHéhse AMR) Filter
is often called the BTSC system after the Broadcast

Seeticadios BooadSys tTelesisomiidio dgpliteionptdSoRedtisidnal Batemthgpplication
MIS (Multi-channel Tel evision Sound) system [0004]
SprialdYo.t66/ YRS SBTHEd etk dft, Hi0dadcast tel evi si on audi o

was nonophonic, consisting of a single "channel" or
signal_ of audio content. Stereo, audio typically.

r e@Q&]eghlSt‘ﬁ%d?%%éﬁ]iaEeéi OnPEcessiig telerdpen udio Signaly and, more
channel s, and_.recejvegrs capabl e of tect) an .. )
o0 s e SERle flit BR PR ki Shodd Bl ld aftpafiadeyision audio

ﬂ%ﬁ&girenent that the new transm ssion standard be

conpati ble' wth existing nonophonic television sets
i.e., that nono receivers be capable of reproducing

(i
EgggﬁggﬁﬁegZ@@f audi o signal fromthe new type of
ast), the Broadcast Tel evision Systens
Comm ttee adopted an approach simlar to FMradio
syi$0ensn 1984, tho Uneted Statek, Rndgrtheaspives ofihalFsdermbCommunications

conbined to formtwd new signals, a Sun1si8nal and a
Conrpisyian casopteg riastandardyforothe dyapgmission pad resspos of Gtreey audio for

t Q/g%g%” ﬁﬁg%@g%‘rhg%g 4 12‘:t%ﬁég%%‘ﬁglg@dﬁ%ggmﬁﬁgoﬁen called the
(4] L R i | .
8338, b8 B° prfigbo g 1A s PLSHECR b BE D ot o e

. . i ni th ' s t t t
VP DRSS o o SRR LaR, e 5 0nals T entrac

For transm ssion, the Sumsignal directly nodul ates
t Teoad r@lorH @Ry BTSC isystbmabroddestt GeRvIERAOBAGD! #ad 48R phonic,

signal. The Difference channel, however, is first
comibitingo€d single “channel” or signal of audio content. Stereo audio typically requires
the transmission of two independent audio channels, and receivers capable of detecting
and recovering both channels. In order to meet the FCC’s requirement that the new
transmission standard be ‘compatible’ with existing monophonic television sets (i.e., that
mono receivers be capable of reproducing an appropriate audio signal from the new type
of stereo broadcast), the Broadcast Television Systems Committee adopted an approach

similar to FM radio systems: stereo Left and Right audio signals are combined to form two

new signals, a Sum signal and a Difference signal.
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onto an AM subcarrier | ocated 31. 768 kHz above the

aural carrier's center frequency. The nature of FM
wore@algtseon i s such that background noi se i ncrREEES2005009867

3 deci bel (dB) per octave, and as a result, because

the new subcarrier is located further fromthe aura

carrier's center frequency than the Sum or nono

signal, additional noise is introduced into the

D fference channel, and hence into the recovered

st {006] Mogophonid telemqn oiceiverssdedert @ad demoddlatetonly thesSum signal,

rising noise characteristic renders the stereo signal

conosting efjthe edditien of the Lefegud Réght steseq ﬁg@ﬁd%dst@pe%wable receivers

FCC, and so the BTSC_system mandates a noi se reduct

regeistechath the Fempyndrths Differcasmsigeals.apepmbinimg;the S{g@eleﬁ? xtract the
This_syst ( mes referred to as dbx noi se

oFighL ¢ ’E?ﬁei(egtfat“giﬁgﬁhte“ any that devel oped the

techni que) is of the conpanding type, conprising an

%81 ?Mansgl%%ﬁ)ﬁe e S-IEH'FSI QHH?Jtlfﬁ'ggﬁhétgﬂh)é aﬁfaLFl@lr:%nier just as

erence Si m SSI on SucC

v@dﬂ?& b Rﬁ&ﬁc aﬁ&%?giﬁy Tﬁé‘iﬁﬁémnébo&ﬁlﬂﬁcﬁ&h&&r i0iF9® modulated
(" mask ol se picked up during the transm ssion

oBfPHEASE suﬁbﬁnéﬁbeﬁ@d 3C.06PkHE @bodihe MiraC&SSertycenter frequency. The
restoring the D fference signal to original form and
natve¢ ebFMenmdulation ihatchribatdackgroant hbisy invesikestbp§ detibel (dB) per
signal content. [0008] The dbx noi se reduction system
octavel sl asedresdt, divsaise thadictie sduerrBederoratsd fuathgt drom the aural
Programm ng (SAP) signals, which is defined in the
CRITISCS SEB ?Cﬂlea@’@ﬁn PEHARO FigRdy %ﬂéiﬂ‘il%ﬁl Bfigiantroduced into
in_an

R S TR e
c‘%t Hl [ %tgvﬁoci‘see. chaLachQ-?s]ac cieré The &Erggoslil gcl)ﬂ Elofg? tgg‘neet the

c@r evi s on manufacturers

y@é&%ﬁf&ﬁi@g%xlg}g{teﬁ?@ oa'yd%%ﬁg BTIOERRRE nfRHREL & hbRP reduction

consu ations, profit margi ns on consuner
s§$t8atih QY I0FferdHce ChsinSl mF‘&eﬂg@tha' l'y television products,
can be vanishingly snal ecause the dbx decoder is
located in the television receiver, manufacturers are
seftdor] Vhistsgstemesagimasirefoned toles didencisarductamu@iiagthe company
the cost of the decoder is a necessary and worthwhile
thps adeveloped ée tenbnignedodet the compandivatiise, joemprising an encoder and

tel evision receiver, and_i s not sensjtive froma
dﬁgqﬁert Th §pgqggl'§bpqlﬁptwglmﬁlmgqe@ﬁéfﬁncg\m%ﬁl Riiiqr|to transmission such

S AP, S ey SONRRRYTCR op BESCRERURET §ORBp Picked up

d{uﬂpg%ﬁg 'Erggﬁﬁgs %&)IPOC%QS AFRE e d(Ier claﬁq@?étgs bR aﬁi’roge%ss %Q/ restoring the

visron aud gnhal "~ enco
I
E@%ﬁifg?%f%&ﬁ%. ] A AR D00 dulphy masiced by the
sipghl dontétt SO subtracts one of the left and right audlo
signals fromthe other to produce a difference signal.
The encoder also includes a configurable infinite
i NfROD8EThedwonesiee chdgetial syktent mraldohaed s bmoie ued deasieSecondary

one or nore sets .
Audio Programming (SAP) signals, which is defined in the BTSC standard as an

additional information channel and is often used to e.g., carry programming in an

alternative language, reading services for the blind, or other services.

[0009] Cost is, of course, of prime concern to television manufacturers. As a result of
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of filter coefficients to filter the difference

signal. Each selectable set of filter coefficients is
wasmeoiaeed with a unique filtering applicati oPCT/TS2005/009867

prepare the difference signal for transm ssion.

[0011] In one enbodi nent, the configurable infinite

i mpul se response digital filter may include a

sel ector that selects one of the one or nore sets of

filter coefficients. The configurable infinite

intapsgl @mpeégfa@ rag@ canagmemequtqt@ns,rmyﬁt Aergiveor cerduatst glectronics

t hat sel ect I nput S|gnal om a, ro p of i nput

PEQdUStS) &SP \7 WkﬁYﬂSl%l} greductsy 630 PRevagis %ﬁm,aﬂp ecause the dbx

RARBT ipodiRLin BF 1olpisBf phEE bl B s ard Rsitive fq tgost of the
dg&ﬁlef QR b ﬁ'@ fie Ot/ og kileCclc Ot $§ né%eeé&(?? %ﬁd WQ%WR goal. While

er na e “a secon er 1n
tHeeé’R:@Héelsfﬂdt tl&?ated: 4 'f@é\ﬁﬂbﬁ rede@r GRATL abf §sb£e%s1t1ve from a profit
infinite inpul se response digital filter may be
seadhdigh hepldasldn @vwhahsyill det@bse @alifBéulags ostd dftthE encoder also
bandpass filter, an enphasis filter, etc. The
pe®fidasta teneff the filter coefficients may based on a
rate that the television audio signal is sanpled. The
sets of filter coefficients may be stored in a nenory
or ina 3 W 2005/094529 PCT/ US2005/ 009867 | ook - up
SUMMARY OFR THEPISCLOSBRE The tel evision audio

“signal may conply to the Br oadcast Tel evi si on System

%ﬁgﬂ?ﬂgﬁg %@gﬁﬁg}:?\ﬁ# ra%?ﬁtt ﬁh}iﬂgaélsél :llfrregng g%lsj%nyaudlo signal
A dEVRicfudBs §Eﬁa@x@)@ﬂ%§ ?ﬁrﬂ§ a Ez‘fﬁhan#el aﬁhg&q andh Irl%}lpa{annel audio

simlar audi o stan The confi gur
sigHRIUb PRodRE RANELsighlIOThaImdtiik bRb siIBﬁ‘ad@@oﬁéT@F @8t 8¢l HPht audio
an integrated circuit. [0012] In accordance with
signals hfesm aihp estherofo phelude sclidfersnes sigriakl Thé ShesicRUicoincludes a
s nal decoder includes a configurable infinite
ahde mdpieigpulie géspansefdigitad filteh thitat sed¢wivelyvusey ons essmore sets
or nore sets of filter caoefficients to filter a
Oﬁlﬁ]ft?fé}oéffhcéefﬁﬁ fgrititer thediffgroneevianal eEaghgslectapls sehpbiiiteregefficients
ﬁ subtaacthng one qﬁ a left channel and a rl%&%
S ASsARated atiih o SPighs ) ilsring, anplcatinn . PERaTeoths; dikigrence signal for
5%%58 &l ectable set of filter coefficients is
assocClated with a unique filtering application to
prepare the difference S|gnal for separating the |eft
CB0TE! madHe erhbdHiet] @tﬂ:nﬁcl R HiEnal; ﬁgugggeﬁ%ﬁ&dﬁr ital filter
al'so |ncludes a matrix that separates t
mehandlede 2bdedtbOibt S Ge FURE BnSbigMdteSsely mﬁéa%oefﬁcwnts The
difference signal and a sumsignal. The sum signal
corfigumbds irtfinéte Smpulsh eessherdse digieh fidter magl inclsdegnsdlecddrdthitielects an
ri ght channel audio signal. [0013] In one enbodi nent,
inphesig fiogua ablup of WpirHigrals. r@npl igputisiznpbiere tlk gomabfmput signals
filter may ude a selector that selects one of the
mgHanclida@t Gupet SRl of .thq eanfieyesdle wifiaite gmpylse response digital filter.

igor e i Be PR diegal Shgmey 'ﬁiﬁaéegp@#gfc{er infnite

1r{q§]qug s o&n élgl;'] pg e g??aefg Qﬁé ﬁ%né%&ﬁaqﬁ% g]gt né %’BP%GFGSPOHSG digital

ﬁﬁélnglﬁiﬁla‘tl)é’éolnltﬁ'tégréﬁ%f ol 16 DAty Mte rhfﬂlgl'l b&ssiRH b3 fddSSRRAS S emphasis

filter, etc. The selection of the filter coefficients may based on a rate that the television

audio signal is sampled. The sets of filter coefficients may be stored in a memory or in a



The configurable infinite inpul se response digital
filter may be a second order infinite inpulse

wo empomses filter. Furthernore, the confi gurabl BCT/US2005/009867
infinite inmpul se response digital filter may be
configured as a |low pass filter, a high pass filter,
bandpass filter, an enphasis filter, etc. The
selection of the filter coefficients my based on a
rate that the television audio signal is sanpled. The
leekt s upftalfle Hiatis sored fin cicamiry Fhy tddevisiompedio isignal meyoomply to the
or ina_ look - up table that is stored in nenory. The

Brepdogsts Telavisioni Dysserg rlapmmiieec GF3y) stendaid they Na@rc Instantaneously

el evi_ sj Co e (BISC) st ard, the

R ARG DL 16 00S) BNBSD e Laae Baslses e BIA -
nded .Audi 0., Mul i Ie NI st andar,
SOt et Cli ey piengiy e SHERRIR, iehfte farpise response
le infinite
di%%hkggn?ggggH@%@H%ﬁ%ﬂgg%@ﬁyﬁgg%&%g@ﬁ e inplenmented in
an integrated circuit. [0014] In accordance with
an@on e IAsdeefdaned with @neihsE hapeb & thé dibeBistid! a BISEsion audio signal

signal~ encoder for encoding digital left and right
deb@den &lchaleslh corslgyratlsindtnite hapultdesprisodigiial fitdr thad Bélectively uses
ri ght channel audio signals can be subsequently
ote oo thwte sats efSfiltey coefficientedie filtee a diffgrerme signef. t Tlandiffieregbe signal is
channel audlo signals with little or_no distortion of

profhcsd BM apbtgasting ene of atlpl chenngl erd 2 right changel aughie signal from the
channel audi o s i.ncl u f hat su t he
qféqrtau %ef‘stﬁlglﬂéﬁt %ﬁ@ltﬁrwenﬂlcms SRR L UG unique

o sob e q%%%ﬂ?laesfﬁ&ff hRAte pifndl 4F sristesfigBp dog eygpnet and
rfglﬂ? C ﬁcﬁ‘o @{%‘ﬂ?féceﬂ?e &Jécfoflﬁr %%Pr:gnb Lﬁfeg ﬁ%a %Wﬁaﬁé‘éﬁ%ates the left

er a SO | udes a con I nfini
cheSRP ASErightthhAle] ahdiblsenalshdm 8 &i%fe‘ﬁ@é ylgﬁﬁea%d%ns%nphgnal The
nore sets of filter coefficients to filter the
sahinf digiad iectudesi thoalm thaqbft shheel abdio ss@ial @hd fthd fight channel audio
coefficients is associated with a unique filtering
segopl.i cation to prepare the difference signal for
transnission and to conply with the BTSC standard.
[0015! n one enbodi ment, the configurable infinite
i MoeL @gep@tﬁ‘g@hmegﬁ, ithg cenfigussble ifenaipudie rgsponse digital filter
select at s s one of .the one or nor

ets .
bl iBEPIG BERPrie Bt selocthphe Righe CYBPEBIoE Pt o coofticients. The

c?ﬁip aé{u‘gbgf: 1nefsrﬁt%gﬁl%u?sﬁ%hs§)%}sll gn I’ceﬁrﬁlfm y dpcéﬂ,% %felgﬁlglﬁ@tap Selects an
1'?' o 1a°l frogﬂg gfoﬁl@ W d@hgﬁgﬁaﬁ r@ﬁ@ P %ﬂl"? x‘ﬂﬁhé BRYp of input signals

an-output s

n@mﬁugaé ai@loatplun EighAlt 6F theRUASAIrsKS RANSR lﬁipmge%sﬁohhé 8igital filter.
The configurable infinite inpul se response digit

Thic| dogfiguralle iafisites Bamiisk fspleise ididitanifilter magbe z§§econd order infinite
response filter. Furthernore, the configurable

impiilse rdsponsefiltes e Fushgronse, tte gonfaguratfle inferitenmmpuliee response digital
configured as a |ow pass filter, a high pass filter,
lé'f&h@ﬁﬁbg cemﬁglmd asgriowrgsnabiter, 2 highpess filter,handpess filter, an emphasis

el ecti the filt coefficients may based gn
fligp &t e taleetion of e filer cos HRISIGH QF‘Squ"l“s%FP&P Sxt Defglevision
of filte ffici nay. be stor

sifogtal s pybiled” 1 R BRIt il B sl i § ombry or i

look — up table that is stored in memory. The television audio signal may comply to the

Broadcast Television System Committee (BTSC) standard, the Near Instantaneously
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[0016] In accordance with another aspect of the
di scl osure, a digital BTSC signal 5 WD 2005/094529
WS BERO5/ 009867 decoder for decodi ng di gi tBECT/U8I005/009867
and right channel audio signals with [ittle or no
distortion of the signal content of the digital left
and right channel audio signals, includes, a
configurable infinite inpulse response digital filter
t hat selectjvel¥ uses one or nore sets of filter
C@umaﬁdetﬁ Andio Moliplek (MICAMYi stanglaedy tlee 42 gMeditontrgandard, the EIA - J
npl.ies with the BTSC standard The difference
S@n@ﬁﬁw oy gthsr slites Fudip %t%far%cﬁh?gcméu@b leginfigste Tmpulse response
cha a ri.ght channel naI fromthe
AR er B Sirpiepen LR P CntosBb el "o {1t er

coefficients is assom ated with a unique filtering

| f.or )
gg t : n&g?{%ﬁnfge g%ﬂ%gl g% E%E‘?ﬁlﬂﬁ?ls ogﬁn}%e d‘?%’gd BTSC signal
efddABALGE- enggcﬁgg aig%ﬁﬂeft%ﬁ% cRARR] aldiS kiHEs <8 tl'i@ttﬁé &ncoded left

that separates the left channel and right channel

amdaEle chihgivh biedib sighalk ben beliftkeurnte dsdodBa@ko &d réprsthibe the digital
signal. The sum signal includes the sumthe left

ledthandmeght ahahnal awgligmighalamdtht litde oi ghidistdrtiomef thawstnal content of the
signal . [0017] In one_enbodi ment, the configurable

digipl lefit and; mght @ameé spn signdlsgnelales; jalmatrix thatysumsche deft channel
a,selector, that s ects ne of the qQne or nore sets of

agdip Eignalc Py SEBrEToH RO &hPTQG}“‘é a #p signal. The matrix also

sqb_ﬁ%s st e I 2 Elgfﬁa@}f%ﬁ'a SERHis R B El%e&?pfoﬁa%% a Wiference
sigﬁ Z]%h% Bﬂ@ ehcat u%l% %ﬁ\de% a%%llﬁgtfr QHI?m?ehlrﬂprﬁE’slé response digital

an out put srgna
ﬁﬁ:@xnﬁl'aﬂ Hél@ckﬂv%l}) ﬁhfeh hb @r s8R JresRe e idtd fbl ﬁftéﬂ th€'difference
The configurable infinite inpulse response digit
sibhdll Bachiraylebigble st INGlta@r dRFfidietts Aé tagsociafBdUlve® a unique filtering
response filter. Furthernore, the configurable
appiicationt © pregene the di arpioneségral firt@mhsmiskibh end toegonipdy with the BTSC
configured as a |ow pass filter, a high pass filter,
steadapass filter, an enphasis filter, etc. The
sel ection of the filter coefficients nmay based on a

r hat the televisi on udi naI IS sanp
sib@%ﬂnf%@tf@a badimet; tesord EHiplepw gt imauish rgspﬁgwhgltal filter

ol il St el SR e e il 3%5@%3%@ sy TR cleftcients. The
ccq{ dbPe rFmitd ngﬁﬁlfgéjfes#;orﬂé 1 11t91lr %qy ﬁl{sctl . ucAt éje'l&gor(%ﬁataselects an

uter read um h ore I ons t

mﬁﬁﬁd"gna‘? e&id 8dupyr BphsRERRS ‘Une 1&;%! %an&lrf?orﬁ 'E}Re‘ﬁWGf ﬁlﬁ’ut signals

Sum a | eft channel audio signal ‘and a right Thannel

may Ghddudd gnahtphiosipi) Gficle: eorigit bl idnite BrEGIE @shponse digital filter.
i nstructions al so cause the processor to subtract one

Thd codfegurgfle iefmdteriplotse aaghionss tigital fltérmay bhe bt order infinite
sh&nal to produce 6 WO 2005/094529 PCT/ US2005/ 009867
sef feapagse dilist. gHeithermgre, e eanfigurableindingd impulse r68ponse digital

nstructio q%use t he pr ocessqr to sel ect one
TR Re %ong'lgmf |26 @ dow gasseiilier, ewgh pass dilter, bandpass ﬁlter an emphasis

ff I bl f
ol e el SPRH SR Bk 6t ttvison
aftfio gl%’l’lélqg Stﬁ‘l%ﬁgtﬁ.l FheEMSot ﬁlt&sb%gﬁic?etn‘tesdm% bo stdred in a memory or in a

look — up table that is stored in memory.

[0016] In accordance with another aspect of the disclosure, a digital BTSC signal
S ,



unique filtering application to prepare the difference
signal for transm ssion. [0019] In one enbodi nent, the

W@ 09p094529 pr ogr am product further includes PCT/US2005/009867
i nstructions that, when executed, may sel ect an i nput
signal froma group of input signals. [0020] In
accordance w th anot her aspect of the disclosure, a
comput er program product residing on a conputer
readabl e nedi um stores instructions which, when
@exedatfenidechying digitat tafisand right dwenelrndiowignadswish litte or no distortion
sel ect one or nore sets of filter coefficients to

qf theetignal conteng eré ptbl@ digith dpft vanflhn%lﬂ ¢henneli audio ripmakse includes, a
SoRHateRls 18%')9%%%{11?1&'%‘% fenmnom el Bt oRR EIeRHRGY usficpn or more sels

h h
Jf i%]etr c% Cl. %%s Hi[tgrbars Iegﬂe?%ncg fSPgﬁ { {]18]; c@%g s,l \gl{g Iji]{l)esBT§C standard.

Se
e TR T —

aaNBighalafem the HiherCARIN Slgnalu dEQCES kaB&hSle sEX8F WiteH coefficients is
i nstructions al so cause the processor to separate the

dseddiatehavittela anidjuei fjléringhappiedation doopparatie ﬁffﬁﬂéﬂcb Esignal for

difference signal and a sumsignal. The sum signa
Siepm‘atmeﬁlet le& chanmal hiadlr@ht chireehendiasignalssi BHIC sigml temder also
i ght channel audio gnal . [0021] In one enbodi nent,

Iﬂﬂéd%smatr@rthpfr %@a@tﬁs ﬁh%lfﬁcqhamml enérighhehagaelsudio signals from the
structio hat , xecut ed, sel ect an
éﬂarﬁgﬂw CRATE ot 6126‘PP 15 S0 S1egHAROAS 16 95 thele channel audio
. W er .aspect of the disclosure, a
?%1%2%1?’& ﬁlg%(gllagggli aaﬂ SI%I}'?‘goder i ncl udes an i nput

st age t hat receives a secondary audi o progranmmi ng
si giah] ml BRe efn%b@ﬂﬁ O(ﬁe %H?f %uﬁl‘)lg Qﬁ’ﬁmﬁge fe ?ésé@nse digital filter

i ncludes a conflgur le in te inpu espon

ayintRide fal seleBlor tHA sclS6tk ¢ b¥ Bleond 92 nd?8 8ot bf FRELcBhdents. The
of filter coefficients to filter the secondary audio

configurabieiinfnits ignallse Espohssdighalt filbdreneincbe histlettor that selects an
coefficients is associated with a unique filtering
inppsigoalt framn agooypradiiepue sighals.s@uompat sigral diom the goruprfinpyt signals
si gnal for transm ssion. 7 WO 2005/ 094529
90 @5/ WbDY s18na) ef)tilsponﬁglyﬁ@e anfyeith imrlse repronse digital filter.

SR G e

f | t ff t bl e
e S, G T b g e
i f:?% Elt%/g:é é:%ﬁ’ﬁ‘ %ﬁ'le@ bda Y p%dsg ﬁHEr § P%?Jassf it @anghﬁ)slé Qiflt%I an emphasis

One in si gha e’ group

filRB Whe. STHE 3d18ctioNBF thé) il i efiigis Rk LA 2 Rhtetihe the television
conf i gurable infinite inpul se response digital filt

alittie sigmaf isgemphdde Thefsetidf illerpodficente sRYRastcled i @inemory orina
filter may be a second order infinite inpulse
loadkspup bld thht isstor¢didangmény. accor dance wi t h anot her
aspect of the disclosure, a television audio signal
decoder_includes a configurable infinite inpulse

@Bé%lsfél ascgrdagpee fwifh @potherapspsel et they Bisglosdresa aomwutsr program

e set of filter coeff ents.to filter secondar
p£\ ) r?)slt e mncg)ngqugﬁ{aqeaé%;% fredium has storedamstructlons tﬁ/at when

executed by a processor, cause the processor to sum a left channel audio signal and a right
channel] audio signal to produce a sum signal. Executed instructions also cause the

processor to subtract one of the left and right audio signals from the other signal to produce
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sel ectable set of filter coefficients is associated
wWth a unique filtering application to prepare the
w@emsngEey audi o progranm ng signal for a tel eRCEUSV05/009867

recei ver system [0025] In one enbodi nent, the

configurable infinite inpul se response digital filter

may i nclude a selector that selects one of the one or

nore sets of filter coefficients. The configurable

infinite inpul se response dlgltal filter may include a

asti;ffe@n@ﬁ sigeals @u@b@nrme dxapied gisgnetions lcwﬁeah@pmupsso:f to select one
nput signals. i nput _signal. fromthe group o

F ﬁIEﬁIP s&if ghilier Coﬁﬁiﬁlq%ﬁq}%lé?f & fersnee M avitho cqnfgurable infinite
1%%{; PR LI o B SIOPRRE By Lo i
N T T

aspects of the present disclosure will beconme readily
ap t et I [ :
OFFACT, et ATRIBHLLL e, RUbBRCE oAyl e s
1ﬁ?s‘trut:ﬁ@nsﬁhﬁ$®hén bxcatd] @ay sslectah onput SipdaldRsE i é@@@b of 1nput signals.
sinmply by way of |IIustrat|on of the best nod
contenpl ated for practicing the present |nvent|on. As
wi [0026kIn depvodanbedyitht heothersgett df sied distlosuries acamahiter program
of ot her and different enmbodi ments, and its several
paedust 18t H’fgé’ns?«}@éf&b‘(“ﬂ@??éiabﬂe TRRSENTR iStozesiiBRICHonswhich.swhen executed
bVIOUS res , all wthout departing fromthe
by B REPeSHA & Drbarsseh te EFlgEhAmE O MOEDS %fgﬁlyer cppicients o filer

SR A RSP BB b o A e s
p%cﬁ@%@%ﬁ (éggl{é Ure g? gl/ Igift:) %ﬁ%&eﬁfﬂaﬁg I ggfes i n% : %mamgﬂ_l rom the

tHRk QUdidl Pehabi amal IeEf%Bﬁi”ée%%lfQﬂt B X SSBER
“conf i glursg%hato Conely Rt R b e FORAAAS asiobisted with o unique

fistedng@ lapslicatio@ sl prdphfs the difer@ndd €igkaldbAGEpARAting the left channel and
representing a portion of a BTSC encoder included in
rightchatedl @udisisignabsi ghatuitd tustustiss also sysdeehe ploossor 10 separate the
FIG 1. FIG 3 is a block diagramrepresenting a
lefeshapneli and right ehanmel aydie signaldton the differfencpusigabltapd a sum signal.
ecei ve and decode BTSC iel evi si_on_audi o S|(gnal s sent
T 98%@1&% Beludroie sumdha feft shapaslaudiostenal andibe slgbiwwhanpel audio
S FIG 4 is a block diagramrepresenting a
]§8 |on of a BTSC decoder included in the television
receiver systemshown in FIG 3. FIG 5is a

.dir?%ﬂ%atohg F BM@n‘? Wfdfogﬁ{ o %I (fqi‘glﬁn%roc%ugg dﬁlrther includes

ini'te inpul'se response

idsRstichs tih Gvhé éx%c@te&,rrﬁﬁhée@&k ah ﬁﬁbﬁ€§gﬁﬁl%tdn99 gﬁf Ebf input signals.

transfer function of the second - I nfin
i mpul se response filter shown in FIG 5. FIG 7 |s a
bl[00R2]dhagcattnmie witlp andth@rspéct af BlSGscloareles teldvadion audio signal
hi ghlights operations that may be performed by the

entoael igoluded an inpeictage-tharekeives afseennderyi audid regraespiagsiznal. The

telev1stloer[ audio signal encoder also includes a configurable infinite impulse response
digital filter that selectively uses one or more sets of filter coefficients to filter the
secondary audio programming signal. Each selectable set of filter coefficients is
associated with a unique filtering application to prepare the secondary audio programming

signal for transmission.



shown in FIG 5. FIG 8 is a block diagramof a
portion of a BTSC decoder that highlights operations
wo bas/ vy be performed by the configurabl e seckeiius2005/009867
order infinite inpulse response filter shown in FIG
5. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0027]
Referring to FIG 1, a functional block diagramof a
BTSC conpatible television signal transmtter 10
includes five lines (e.g., conductive wires, cables,
et [00231 lmpne gmbeiligeens | tha gpeligweblerinfigits sapwse response digital filter
particular, |eft and right audi o channels are_ provided
3y elide arselpstor ithad seleets QRg of the omys osamwre jseis SF fiftgr coefficients. The

BB dalmit el e aea G At BT (et o selet an

o R4 R ) o BT 00RGB o

R4yPie ARl ARaluysli annel of ﬁh@tcogﬁ YPleGhfihive #ﬁqsé)ﬁésponse digital filter.

broadcast television nd cable televis conpani es.
THeRAASLABR] Mfialte ippeive eagoky dgitdl MHtefQndyobda second order infinite
transmtter 22. The left, right, and SAP channel s are
impolsk desponse fdteBTSC encoder 24 that prepares the audio
signals for transm ssion. Specifically, the left and

ri th audi o channels are provided to a matrix 26 that
cal®gihireaccardanes withraapthepagpect of the djsclpgureaa d@léfisipn pudio signal

signpal (e, g., L- R fromthe audio signals. Typically

ds amci%egarw@qr%@le pinLp anplse KSERRNC aggltal filfsr3hal gelgetively uses

digital si rocessar, (DSP) or simlar hardware or

o Pt e Fuiche COERRAG e e a5l PG flenal. Bach
t . .0f ot ViS4 [ [ ' I . L

stRBaBle sel of B EoSlndl ) ARl R 2R Hlerine ppptigaton to

kdpafe the seconRadNtihdlo proBanfifis § ibi vep :

pI r? paret F%Lﬁll ar, theprgum silg%ailéﬁ(%ijﬁgéftafwélbg?&i@s‘%ﬂﬁ%m

provided to a pre-enphasis unit 28 that alters the

maoRs Utieond embbdiaient, the denfbyursslepofe ! Snmifllset RRspdhdindigital filter

signal with respect to other frequency conponents.

nidyeinalutle patlecior Hay sélects onaohithg ane ve noee s@s bhfilten aleffidients. The

magni tude _of the select frequency conponents are

cg alls dafinigy inapidseatesponae idigitaldiliep mayninglude ¢i selegtor to select an

.sense in which the, nmagnituyde of the select frequency .
l%ﬁﬁlgﬁ%‘?ff‘&n 8 2B mpélgﬂ.gn%iao%ﬁ InpHsighal frapdhe 8rogp ghiput signals

riayBeegE ) P SeBhCNobE CopBe el S BiriiS frytngn dittal fler
@E%nﬁ%@r%b%ﬁ?gﬁf ﬁgﬂgge re%@&s@!cﬁ’@ﬁil ﬁlﬁm&srtc}%ﬁjif rs](gc%gd order infinite

requeficy con press noi se | mpose
i&%\@l@é?@sﬁ&is@ﬂilteﬁi mlar to the difference signal, the
SAP sighal is provided to a BTSC conpressor 32. An
audi o nodul ator stage 34 receives the processed sum
Si [@026] Additibeilendantipesnahd aspettsSAP thé @haknt disclosure will become
Addi tionally, signals fromthe professional channel
readdly pppareridd thtose skitledinrtbelart fivor ths feltpeving detaildibddsarption, wherein
signal s are nodul ated by audi o nodul ator stage 34 and
epbadinerads ©b the present inventiap areaskven wnd Hiesergbedj gimaply by way of

.Signals oyi ded the yid channel ,. the four audio i
A0 2o BiE Des SRR eaHETPIASE B RIHEHF S8 i pratsis Pruii dhs will be

dtesocn%gd,atﬂte %rr]ens%ntscﬁsélgsrurea i c%rﬁ%belg " other and different embodiments, and its

several details are susceptible of modification in various obvious respects, all without
departing from the spirit of the present disclosure. Accordingly, the drawings and

description are to be regarded as illustrative in nature, and not as limitative.

8



system). Various signal transmtting techni ques known
to one skilled in the art of television systens and

W@ edosootseuni cati ons may be i npl enented by tranB@i/USBN5/009867
22 and antenna 36. For exanple, transmitter 22 may be
i ncorporated into a cable television system a
broadcast television system or other simlar
tel evision system 10 WO 2005/094529 PCT/ US2005/ 009867
[0029] Referring to FIG 2, a bl ock diagram
BRIER DESCRIPTION OF THE DRAWINGS portion of BTSC
conpressor 30 is shown. In general, the difference
chan Gi: = R rocessin er.f or.nmed by BTSC
compr 16t g7 §51ack dissiep A8 854 A B Ep PRl i pign svstem that
; ' : i.ng: b - asi s
B o i g P RE R R Rl SRR
di f f eFrenggs £HROR alaghinPRPsRbitth RGO BPSCendRicr inlluded in the
conmbi nation with conpl enentary processing prOV|§e£'by
taledziomdsignal trafisnsibgumystede showmig FIGBTSC si gnal ,
mai ntai ns the signal-to-noise ratio of the difference
channdiG. at incc blechkbdiegramy edpsesenting ianteldvilonp reseéves esystem that is
the higher noise floor associated with the
copfgane 4 ireeivmend decoge B (ofelevition @ndipevigmadsesanh &pribé television

BTSC compressor 30 essentjally generates the encoded

SWEE?%%%SIO%W@F%’P SWIH%#&%E tall'y conpressing, or

r edugj . N nam c range of the differ si gnal )

ot R et ATt ShRe g B fonl T C dSecPaagyded inthe
JJanted.: ] nsm ssi on path, and so

t?ﬁ{gfmgrg%é%g%@gg%?%Fﬁg encoded signal may

r eCOVEG. 555 Adiathmalatiy vt of Q‘éom@ﬁlﬂﬂlg Séc?%ge— btdef Bfinite impulse

original difference signal by expandin

respopseclisedvith §d@tabhempsisgnal in a conpl enentary
fashion. In sonme arrangenents, BTSC conpressor 30 is

a patlGealisn graphivalfreprosentediaptoif\eetraistprafinetizingdtl thg second — order
.systemdescribed in U S. Patent No. 4,539, 526,
ipftsippuipedespeyse dltessbeve ithBiG&iSn, and which is known

us for,  transmtting a signal having a

to b a,?iva t.age navi _
"ol atiel i A bl ged agatAta bPARGST el Gy meaden natahligd somerations
o el B Rt Red By i ot Rlp By GO Nis6 FBpS fesponse filter

j e desired operation of BTSC encoder 24 and
S%%%%Hggﬁ%ﬁéssors 30 and 32. Specifically, the BTSC
st angg@;dg ﬁ%@lb(ﬂ&ﬁaéﬁﬁ@ﬁ?brﬁo‘h%@ﬁ@T@@dé&@géﬁﬁat highlights operations
gui delines for the operation of each conponent
thatedaydecheefofined by tHBloG i g@:abRs8&HA— GdePnitd Anpi18 2 nse filter
functions are described in terns of mathenatica
shepr asiElGt. at i ons of idealized analog filters. Upon
receiving the difference signal (i.e., L- R from
matrix 26, the signal is provided to an interpolation
and fixed pre-enphasis stage 38. In sone digital BTSC
encoders, the interpolation is set for twice the
DERAIE ERRESGRIRT ION QFFHE EMBODIMENTS ! i shed

by linear interpolation, parabolic interpolation, or a

fi . i i i . Fl f. .
002 o, 16 £ PRSI0 DRB g S compai
tdlevifloPsi ﬂ-traii&ﬁitieawﬁﬁﬁid@&i iPaiRATe bl ¥65REGs GRARTHIEs, ete.) that

stage 33 al so provides 1
provide signals for transmission. In particular, left and right audio channels are provided

on respective lines 12 and 14. An SAP signal is provided by line 16 in which the signal has
content to provide additional channel information (e.g., alternative languages, etc.). A

9



WD 2005/ 094529 PCT/ US2005/ 009867 pre-enphasis. After
i nterpol ation and pre-enphasis, the difference signa
w0 goopoosseded to a divider 40 that divides thePCT/US2005/009867
di fference signal by a quantity determ ned fromthe
di fference signal and described in detail bel ow
[ 0031] The output of divider 40 is provided to a
spectral conpression unit 42 that perforns enphasis
filteringéof the difference signal. In ﬂeneral,

fopeth {ina i 8 BRvisles agrefassional chappel theipipise Eﬂseddw breaticesigelevision
gl%/: a[mc ran e, of t] edlfferencegcgw
a&ﬁ;ﬂ JelftSion SerRmnien AV Siget s PERy Ot %hﬁ%ﬁ 20 fotgansmitter 22,

BieieR R T FAeSgngy ?%Sﬁ?@ﬁ‘?é? SIS e et P4 dgt rropares the
c%s1 1PFR AU ES; sﬁeﬁ S{ﬁ Con? ly, ¢ é)ftgﬁtraﬂh riEhBARtio LARILANG provided

ence si gna

t8 ra@nﬁﬂia h8siha$ C4lEn1eER B aGhnSiddafle.d. S + RY rah11 8 ‘alffewrﬂfe%ggg'a}/(e g,L-R)

spectral conpression unit 42 dynam cally conpres

frorghthd nedjoieipayls. PDplidadlyopefatiohe of hfaliet enGee §é1%}ﬁiedtﬁ6l utilizing a

an amount determ ned by the energy level in the hig

digiéa) sipmelprpeassordMSPY for sinellae hewisede ofi Soffievaenc aaﬁdgeaimques known

Spectral conpression unit 42 thus provides additiona

tg |ogﬁ skilled fipthe g6 ofrfeleistoncrudiveandd jHer signal puegessing. Once produced,
i fference sigpal. This is done

Sgﬁbta%fﬁalff‘%ﬁia ,hs$ efice LitgRatnd brmu®) #e sacasis dorerragsmission. I
Gt c‘?a S aiePALER P B i Pvied tn.E BT P RSt 20 tht alters the
DA DR S5 o PESL A T, o
fFB‘qREﬁLSI c%ﬁﬁféﬂ@ﬂts Thealir m B@m a @e {eg%) %@%ﬂﬁ B thagnitude

si gnal subst anti al I preser

aftiecesse ﬁe@én&p @6inpahertOMR sAFSTERBd, Ltﬁrlthe 4ieratidiPmay be in a positive
difference signal Is provided to an over-nodul ation

spusstie svhidrthe niagnidudeanfdhdsatebt fiequdricy gompbherdHare Shharlcad.
to the other conmponents, the BTSC standard provides

su&)%est ed gw delines for the operation of
it

Z%Ehﬁ iffeomep stenektiico - uM)tis provided toanBTSC mompmgssor 30 that
nit 46, nerally, band-limting unit 46 and
aﬁ%}?t{velyn ﬂHPrS %rSIgﬂ%l BFIQF i) ﬁram»raas@e@.saﬁi dhat ewlen ﬂwd% the signal

dul ati on

BRI R R %P%%‘PB%GF? B AR o cmilr 0

tﬁé@ltffe}'én% 5 t gﬂ?a %‘,n gltrdgg lcélfgg ﬁSg}&)ﬁ%&Oer . An audio
rﬁcﬁﬁldﬁ@té@é@%&éﬂ%@ b?oc@%\éﬂ @ﬁlh%‘fgﬂaﬁ\fﬁ}fergﬂf @%‘I‘,\@t{li ¥ signal.

an audi o subcarrier in a television signa

AN A0 520 a REInERN6{R8884 Chard@P38 Jprdm@ed t@%@@ﬁ‘)crhodulator stage
pat hs 48 and 50 are included in BTSC conpressor .

3#eedbadbupsighal s Giré¢ moddndeed dyspeiid maddutaot sake b;andmapﬁowded to
filter 52 that typically has a relatively narrow pass

ingagattehd. A@nwléﬁh@wdﬁ@mnds provifedbydbrivided clequelntiedsur audio
10 provide. a cogqgor ol signal for spectral conpression

S\gple a&@z condiliensd et fTaAsiEoR gne |P6‘I’V1§¢dia4m piisRRec 3¢ (eran antenna
control band a filte feedbac
REE) | NeriiRbeleRal, RETRE tesnicien IR o8 T Sal & the art of

td1&sion systems and telecommumcatlons may be 1mplemented by transmitter 22 and

@]

antenna 36. For example, transmitter 22 may be incorporated into a cable television

system, a broadcast television system, or other similar television system.
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signal provided by spectral control bandpass filter

52), an integrator 56, and a square root device that

wEe@siogse t he control signal to spectral conprBGEUSIV05/009867

unit 42. Feedback path 48 also includes a bandpass

filter (i.e., gain control bandpass filter 60) that

filters the output signal fromband-limting unit 46

to set the gain applied to the output signal of
interpolation and fixed pre-enphasis stage 38 via

di \W0aL) Rafrrirg toi Fl&r 2t & blaskdhegrkmpspies&ning opewtibat Rerformed by a
path 48 al so includes . a nultiplier 62, an integrator

pentlonzﬂaf@TaS% gempEsysaf itehevee egsnergl, dhsrdiiferesee ¢ el (e, L-R)

P@éggﬁll?s ey toied, B BSC ol 26 A sl gomplex than the
| n g%ggn(l e. aL q%)ﬁé@géé}%ﬂg (l))?r%%g 'ef@!mas?y ﬁl‘{u?% 6%hé Q("i1 1t1?na1 processing

an’ ‘ant em of  ant énn

fcﬁz‘f@édv@l BE Sffrer&RBR AR ﬁro*ééé%ﬁfécﬂf’ﬂ?%bﬂ@m s§orf3r00{H comblnatlon with

telev on transm ssion system 10 (sho inFi G
cdiaplepi it ggrdc@@ﬁiglﬁdvﬂﬁédfb teederaddidnaf ﬁmWn‘)Yédéﬁfing Q H‘ SC signal,
receiver that 1's capable of detecting and
miasethiat ithgsitid-to-@biseirsioof theatifefensd canselgnakbseptable levels even in
However, in sone arrangenents receiver 72 nmay receive
thdmegﬁwﬁbﬁbmhsmcesesﬂl@m atwcfatadvitinthetnsmissibn and resgption of the
gnal transm_ssion techni que known to one skilled in
d%ff?éeflfﬁtChéﬁmt o IBIA G icompegsgatai0 e%?’éﬁb?éb’a&eﬂlﬁﬁées theencoded difference

SRR RAy By B areSei ok e BF bymagy Einbiee of g dfference signa
(? ath&i! lt1+t %néo%eﬁvélgﬁagg S?W@%&nm{‘lgp 5lchr5{|? n r 1C ?tleg @)glarmc range

evision S receiver 72 CO

t@ﬂﬂu’s%lbﬁ ath, fddt & $hat fd 99&6‘?1@?%(%?\@%%%?6 %Bgoéi)e%lﬁ]%&lal Jnay recover

- signals dnd’separates the video si s an
sesBmdibBy QuUt thefdyhh@id FaABS #h 38 6AgmaDBFcPencd R4l @?Cbxgandmg the
content is provided to a video processing system?7
cothpiesqpaiifferescd dignal il @ @ompidnsstitarg dishion) &6 some biigngendaes, BTSC
signals for presentation on a screen (e.g., a cathode
compressny @) isx parficasoun af thd adiptivetstpal weighingispstem described in U.S.
receiver géhéen168 Signal s containing the separate
Paigali &oc gt Bhi20adBcospeseied by tr@fe@ncqélem wtsismbtg“«hszsglmown to be
CT/ UuS2005/ OQSGZt denodyl at or st g
ERENEERUS 108 UABHIT RS HHERE PR Eg 335 aNeY yg@raﬁarﬁ%gea@ﬂough a
tl‘gl%&l%\ésll jol %gthéwpé a déﬂl}/ﬂg néz\t 2%%4%%& pteﬂgglq ciynannc range.
pr of essi onal channel, the sumsignal, the difference
8050 TIRY it 46
p[pr or} r¥ atgrmgecoﬁgs ggg&hhglsﬂﬁg rI11 g?ﬁﬁQ%ﬁEeél %e}ﬁig%r? ef TSC encoder
2pbAyY BISE @nﬁﬁ?ssofé@‘ﬂﬂ' 3xegidrTcaftl) tROBTESstandard prov1des transfer
prof essi onal channel is provided to a professional
fumletiousednd/ateguididines for thd bperati@paf edchrgnipbrerftArtlcdwinggl in BTSC
and the rofeSS|onaI channel, a denodul ated sum
carhppisdor (30 end the +rséirgfimichionss apr desodibdd tip terms of mathematical

de-enp haS| s.unit 84 that processes the sumsignal in
rear@elygilmqfaqlqa}}zmmr@m%rl\}perna@m%lﬁg ithe diBpisaes wegnel (e, L-R)

BetTaiR Séﬁﬁ%%'@ i&%ﬁ?ﬂbﬁﬁ@@#@%f&% Figed Wgrgmphasis stage 38,
m:éeo%ge?g R A

interpolation may be accomplished by linear interpolation, parabolic interpolation, or a

filter (e.g., a finite impulse response (FIR) filter, an infinite impulse response (IIR) filter,

etc.) of n-th order. The interpolation and fixed pre-emphasis stage 38 also provides
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[0036] The difference signal (i.e., L - R) is also
denodul ated by denodul ati on stage 76 and is provided

W0 2008/0BF3C expander 86 included i n BTSC decodePCT8S2005/009867
BTSC expander 86 conplies with the BTSC standard, and
as described in detail below conditions the
difference signal. Matrix 88 receives the difference
signal from BTSC expander 86 and wth the sum signal,
separates the right and left audio channels into )
regepaadeni el igipapelatiqn shdmreemphasin th differense sighaldgprovided to a

he signals, the .individual

dingee ﬁé@%@ts IR ane’ reacgf( by wyl;lesz %?F&}l?Tdoﬁéﬂégfg%h difference
' ! O i ,
oY b e R ReRE " Channel  are provi ded fo an

anplifier stage 90 that applies the sane (or

?Ihde?réE Fhe AFHRSF tdg%ﬁ%qb fshﬂg{)ﬁl‘?d Rb iao%)fgt?a&fyoﬁi\ﬂrgélsﬁg unit 42 that

pective S al's to ‘a speaker
RARS asphAek liRinsifthsdigvRate apsllo t i i

I;aé?]ot her is)pegker é? for br oadcagﬁlng{:?ﬂ{ee%rll Sgﬁ?g%ﬁgrr? reelssmnumt
RutiompeesséstNbr rdd06&7the Rehanici aggd, @fFhésd#feréndd!stgis] by amplifying
diagramidentifies sone of the operations perforned
signaBTig@iexedattely B6v amphwdel sridoatteanating sipeale haeing relatively large
signal. In general, BTSC expander 86 perforns

Hedesonly foms aEprscEshis| Weelal gompressiomeunip &2 awpdiess an internal

performed_ b BTSC conpressor 32 (shown in FIG2). In . )
Bae} %ﬁﬁ?x‘ttﬁ%l@gﬁ%‘iﬂ%’%@ tﬁqtﬁp%ﬁr@ﬁré@@?-gmhaslgde-emphasw that is
rpvided.tae a signal path. 96 faor, yn-conpressing the
Bpfithy Doty Sonbe ol Uaiial Bt R S o diasgeauency
. . r e I . .
SR AARE! ol YGRS RTRESS HEaRR £ i i
gL Ry BonsSH MR8 lencodRd | différbRlcLsibte. RHEGER ToRDrestiBR unit 42 thus
conpreéssed difference signal is provided to a
ppewided bdditiomd dighial cb@ipréssidh foilat®itise hithet FrIILERSCHortions of the
difference signal. The band-limting wunit 102
dofforenatesigizal siTdnsis daneparinuse8h¢ differercbecsigrml temds tolbe noisier in the
signal and to path 100 to produce a gain signal. Path
higigr fisguande poriogaif theoswaetrun. Béiedpbesenchiled diffetedas signal is decoded
nﬁLtiglier 106 (that squares the output of the gain
VEBhE SBeCHiFh r 1) pdepgder, gigssneRtiely 4k ¢r copprgementaryamanner to the
square root . device.110. Signal th 98 al so.receives . .
sBetaL PSS he Frsadh s Sl 1oz nafe Fotin o) dae Lk signal i
' | a spectral control bandpass filter
S&ﬁ%%rﬁfaaﬁggheas%g' device 114, an integrator 116, and a
square root device 11 S. Path 98 then provides a
COMoRY] OfatdPAdcetRdaby %?&@rﬁf RbmBPrRARS Rt U theldiPrelddBl sional is
perfornms an operation that is conplenentary to the
popadat foam @et-hardukdiodprapainnalit A0amY BaRilenitng unitdd. Similar to
shown in FIG 2. The gain signal produced by path 100
thesotpermpingodents, the BIISO gidriderd frdfidehaitggesed puidslirgs for the operation
out put signal from spectral expansion unit 120.
ofpvarimpedudatiopgpotseionn wiba4 and bapddimiting ynie4pafigectally, band-limiting
difference _sni( gnal to a fixed de-enphasis unit

| 124

Uit 46 apil jpdgrion pleover-giodplarinn grafestion dnt idangy brdaseribadms low pass
ﬁgtglrrgp | \;eg-grﬂoedfuga}tifolnltp%%[aItgoﬁr#uetr.é{éga{lsreroﬁgeﬁ B.-I;;SS %ﬁg@gﬁ(ﬁ es{f?cre that limits
i . f ..

BN B 8P LERMSTEN ORGSR By
the) nfaxGRR! SERASHBIY JRBL JefelMYrCRolM8ting an audio subcarrier in a

television signal.
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original signal is encoded. [0038] Both BTSC encoder

24 and BTSC decoder 78 include nultiple filters that
wa@eajoase4sehe anplitude of audi o signals as a fuPCT/DsIW08609867

frequency. In sonme prior art television transm ssion

systens and reception systens, each of the filters are

i npl emented w th discrete anal og conponents. However,

wi th advancenents in digital signal processing, sone

BTSC oders._and BTSC decoders may be_inpl enented in
¢ B0 TP focdhamapihads McHfLaTs Fclsled 17 R Sreammagessor 30. Feedback

SRS ) LA T ST P s
R AR S BR  SRERUELE, b oyt

81612 o513 BsibALAITRA! TOBonditbyShl
R B et PRUsuF @Raﬁgﬁﬁeﬁ &3 spectral control

tpadpdse fltef 52, kedbakipatt S@ilsé aciusleslh iRGipér B4 Rﬂ)@lﬁ?ﬁ‘éﬂ% square the
to the physical size of the chip, particularly the
ssgreepoividet by spetal cantrdl bendpets fiker 320 enpiatigagdrih, BAd & square root

of the «chip. In sone arrangenents filtering

dsiise Ahdt ornyidesthoeontpl signali tgispestraBr@aressiatieris42nBeedback path 48

é@fqoders be execut ed usi&%gﬁeneral ur pose dg%ita
ogielrdesy phandpassdilics ke qgain c daedpasn kgt tthat filters the output

SR e i it 00T B ROCHS' Pl gionlied s Bacoutan signal of

A SSEL B R TRDI SR s,
fecmhgeap aM 48 %ls%&ﬁﬁﬁﬁésrkgmﬁﬁg‘ﬁ{é%d,léﬂ(iﬁ’ﬂe £ goeg%r)f? and a square root device

operations. By sharing t IS reso

6pIte cesditingthreidnal feelisyoifdl toldbRaemp,. over | oad and
interfere with the processing of the BTSC encoder and

decoder functions and operations. [0040] In sone
ar [093gkReletrng BTEIG. chcotilck dagtadeisotiewsn thatyrepresents a television
I ncorporate groups of basic components to reduce
TRGSHer Sysm é&%rq&m,luc@s gnpgatepna TRI(oriaplstemf antdrnas) to medive BTSC

mul tipl exers may be jncorpqgrated to produce the BTSC.
campeiilly biadcasbsisnals om MIPwsien rapgmission sysipmn| 16 @shewn in FIG. 1).

roups,of nearly identical conpopents may.be easily
TSR tsg BB oY i e PERRES e SRGier 2athet % gapable of
a t t J.: CO f. t.he I.C. .Thu a need

dgt:%@@%ggrh d ?sg%lcg fhe t%’ Slé)?l gl%mg]&lﬁflfn& atgeRls ?E?W%"er’ - some
aﬁ@%gem&t PeckVRF 720ni gt rget enGRd

and7 or decgder 0 Qofﬁ¥%g§yertP !@ngdrtgg. %n&?%ﬂ%sﬁg{%k%m another
tedéevig o sigad] tansiaitbiod téohblqae kbW td dhel BRI the 285 SRsion signal

(I1'R) filter 126 is shown that is capable of
bpedéasting. nHonekampie,ehé idldvsiomgignalp enagticosisvited t@receiver 72 over a

di gital BTSC encoder or decoder. By providing
cahle tedqvagioresystam ey ¢ sajelliteotelevisineretworkconf i gurabl e 11 R

filter 126 may be configured for various filtering
0 igns. For example, filtering coefficients nma
ke :

2l y
s Vinghe ideitign signrle, 1ePRVer 13 eanditas (o.g., amplifies,
FRRRLALBLSS PR S i Bao ) BESReE S0 a e te

signals out of the transmission signals. The video content is provided to a video

processing system 74 that prepares the video content contained in the video signals for
presentation on a screen (e.g., a cathode ray tube, etc.) associated with the television

receiver system 68. Signals containing the separate audio content are provided to a
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known to one skilled in the art of filter design.
Thus, one or a relatively small nunber of
weonsiogiseabl e IR filters may be used to provi BET/IBED5/009867
or all of the filtering needs of a BTSC encoder or a
BTSC decoder. By reduci ng the nunber of decoder and
encoder filters, the inplenentation area of an IC
chip is reduced along with the production cost of the
BTSC 16 WO 2005/ 094529 PCT/ US2005/ 009867 encoders
Gempdubatardsiags. 7 doaele. ,v@maws:thedoﬂcﬂulgtimampéied ltRthig hudde signals at
126. to performmultiple types of filter
telggiston, t%ﬁ%mlsewa systemdp- |T|1$e |de@@§ulawd.aﬁél@ts1g@lséege rthq&@P channel,

hat contr ich in
the' BrofRbl 1§ ?o&? AP Heniih gt ittt siel) B Pior it to  BTSC
L% ) uts to
By b st abcoles i R, Sbo 522 BB ds bfbyicpa o sar
cthﬁne? Whoft SB%d thé |phﬁ5ésﬁ91a? 91‘?51?1%1 %gﬁtogﬁ%& P4 @Eﬂo%élgﬁeﬁ channel
C conpressor 30. "For exanple nput
dé@&id%okz bapdRassphiatihgr th60S ARY BiginGen Aaet ¢ fn%fésaﬂ%ﬁal éhannel, a
of selector 128. SimTlarly, the input to spectral
deanidubtedoama pignsl fiiel,tler B2igmy) beprovideded adictanptneisnent 84 that
input (e.g., input N) of selector 128. Then, selector
pro@sseaythe srny signathinch Spbfttantmilb'aﬁronﬁplbmmtamfasmenanl @mparison to
is performed b configurable IR filter 126. For
pé‘(;—gmph@qls Wk 2&@ WA 1 F?@ 1@6111@@@ de-@ﬁ@hpsﬁpl@g the spegfral content of the
e sele ted and co f urabl e | R filter
sy B Freg el s BQVade .4 et 0???%4‘[}%@ f iffctndopeht channel
g&logsc? icont rol bandpass filter 60. Then, at another
errod, selector 128 is used to sel ect anot her
input (e.g., input N) to performa different filtering

op elpec -
PR 2 ARERR S LEE B g B s

76Qnt igproeided & PBTVICERpArdder 86 ficRided In BYSE debodel 18. eBTSQ expander
function, such as the filtering provided by spectral

86 cavpdies byeifid thesBTEC | stamdadl? and @O 4i8¢cribed an dietailt el@er odwditions the
multiple filtering operations e.g., for a BTSC

difgerprasssgral.oMatrix B Seisep dlridifferanon biggalr fadrh BTIRexpander 86 and
filter 126 operates at a clock speed substantially

Withsthg suny Highal sgpargten dhe B&l?tt"}nérlgﬂ andiprrhagnely inde independent signals

at, a faster

ERTRERIa6S o8 BT B SR e Y Rebrtingiind el e idbvidval right and
i sk e e
egﬁlﬁlé%thﬁ%leﬁ%ﬁ t afto ¢ Rl‘fl'é%ta'rélgro E't@% ﬁ%lpﬁ{lhll Fage 90 that

r 126 at a su stantla ast* cl ock spee
?Iblidsethe ¥Be f(bf aifferdi®) c41RE k@) @ﬁ&ﬁcﬁaﬁn&eﬁﬁ&rtﬁ‘ groViugig 48 respective
or gain control bandpass filter 60 with

sigubls t@aatpeakérny92 ﬁebmﬁdmtlﬁ@meeefecmélmudfo ddh%nﬁ@lﬁ another speaker
filter configuration (e.g., filter operations for
94 ferchroadcastingihe aghtbdmumlagdxfoudon@nt 52). [0044] In this
particular arrangenent, configurable IIR filter 126 is

| enented, as a__second - order | Rfilter. Referring
tgl%ﬁﬁ Refeging to FlGafn asblpskl dingigh ddeatifiginsems pE the) pperations

%ﬁ%gexﬁ’a% e&rj 0%50/0918%10n the difference signal. In general, BTSC

perform (c)i
expander 86 performs operations that are complementary to the operations performed by
BTSC compressor 32 (shown in FIG. 2). In particular, the compressed difference signal is
provided to a signal path 96 for un-compressing the signal, and to two paths 98 and 100
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presented for a typical second - order IIRfilter. An

i nput node 132 receives an input signal identified as
WXEayp/0945k%® | nput signal is provided to a gai n BCHYS2003009867

that applies a filter coefficient ao to the input

signal. In sone applications the filter coefficient ao

has a unity value. Simlarly, a filter coefficient bo

is applied to the input signal at gain stage 136. At a

del ay stage 138, a tine delay (i.e., represented in

that groduce daespieetivescontrpl angl gagbbicadl te gssisighe propessingjog g difference

enters the first - order portion of the filter and i

stgopk edocitiats Sheomiosessinga tie BamBressedadifierswge gignal is provided to a

b%ﬁégr%%f}é/ $nif 303 iR, %&gg@r&ges%gf gbfﬁerérffg’sﬁ“%pfeﬁx band-limiting
LR P o P oA Y e
A BAPEEHLY P21 0D BLBIES c@i&iﬂol%ﬁﬁ%pa@ ki 104 %%gkhlg?ner 106 (that

signal 1s prOV|JEd to n out put node 150 suc
sQutirthe Sh%ﬁﬁbft‘ﬁé Bhin DB} trEiebadl @b RE M8 Jarf T 4tHE1 (8] afb4d Sfuare root
unction H(z) of the second - order filter 130, as
deeise rlil be Sigmalt path 081 dlevwraegivEs tiat signal (ft9m: band-limitihg 2mit 102 and
+ b2z-2 H(z) ao + alz-1 + a2z-2 [0045] Each of the
peasesses theemgnnl Withen spepisal cantroldbrndpass fibiRr 1Ehd sqiring device 114, an
.ncluded in the transfer A function nmaybe assi gned )
igagratos il Grangd savare 19obdeydrcd Sa Rty PP dizpnrRrpeides a epntrad signal to a

For exanpl e, rijcul.ar yval ues may be gssi.gned fo the
seopf Ferel W peDdliabertorn, 3 GRatcn fiRbss Campleginiacy to the
S il d. - fil. et c L
oggrg\?/l?% %%rggﬂegoggp%}egggli caotméﬂ‘% olﬁlelgrll# %% sléoavé% in H@' 2, {’)P{e gain signal
, d Iﬁ q .
PREBAL 5L 1001 kARSI ARG BB £ puBAShl o
sp&Yrabexfaasibh guitad0andultipti&Orr)l BuvRIds tHet PeaRly&ipatddedifference
of filter (dependent wupon the application) with a
signkifte ndixed sletengihasio afit il 24 that SlterWtd stortahirsa evtapipinentary manner in
describes a second - order filter, in other
cempansganten fidtering menformed dyr BTSCt eompeegsdre3 (. nplne gererald the term
JFor —exanpl e, higher order (e.gi third - order, fourth
de-ginplagsis” apeans the piterptionypf thevisfech figaency cgmponents of the decoded
order filters) nay be i.npl enented. Furthernore, for, )
SBAE e ERGEBRES Of PPHETES SEBe It HecoBHIEmEH o FHBHE p which the
orders be caded to produce an nth - order
OFgwgé?ggﬁéﬁ%gfﬁggferring back to FIG 5, along with
using selector 128 to select a particular input for
COombt ! Rikbddreia efB i &l
ety Al STt ity PEIRICRLl VIR HARO s
a@ustf ihet ShSlitade o‘thuBfoOMgﬁkﬂs RaT fisdtied ofiftdg@ency. In some prior art
characteristics. For 8 WD 2005/ 094529
tdREVT1 ISR AR IOGOB §é teneaidpteeptiow efstdnes, eathsofiy filders are implemented
selected to inplement a low - pass filter, a high -
woths distiete enalogacdrapehentspaddowévet,ewithondainbemergs nnl digital signal
type.of filter used to encode or decode BTSC audio . o
PEjcgssings somp BlifCsencpders pad Bls§yiacpders may bedmplanepel in the digital
154, 156, 160 and.162 are. used sel ect  each. . . .
AEBakYVER BRE OF 10T HUCHBER e e fea BTilp gl BTSC

. l, |
R R G R R R L
dg%{ipig)m A peﬁr}g(gﬁtgﬁh% ol%ltoi': éngl? F«%@ Pg/lglgﬁ;)}r; 8 V?I:%{lfglgre scale integration
(¢henagdeni stics. Simlarly,
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selectors 154 - 162 al so select fromrespective groups

of coefficient values to inplenent the filters. By
w@e@sioghisey t hese sel ect abl e coefficients val ueBCT/US2005/009867

configurable IR filter 126 nmay be configured to

provide filters for both encodi ng and decodi ng

operations. Returning to the previous exanple, if

selector 128 is placed in a position to select input 2

(i.e., the input for gain control bandpass filter 60),

se[BPbAsigmficant pertios eff Erercosts apd€ pedir¢ofly proportional to the physical

S5 be £P P iy 15484 1 U0 A BT BOPIRFABITRL T of the
P BRehEaFehecryin SBTRd bretwinRpRELTrefbiiBud Brse ancoders and

c%?&@ér? tnlﬁ;ﬁg bk h&efztitl L:& q{sk%g gerf‘e%le@rgé?eé ﬁ%f@?é}g@g@ %{&%ﬁsors that are

plraced a position rovid _ _
deBighéd 1 dxec@@B kB FPSP fuhBids! dn@lopdrdBonstTheke BRIPUWgines tend to
the previous exanple, input N of gelector 128 may

Haveveldtvdln arpadid ashgnald deshirded cbaly ®peet forlimpRMdnahg BTSC
bandpass filter 52. By selecting this input, new
ehcodees andealetodsrentisddibgnaliy thel RSP enhiyt be pledichidd tohexecuting other
articular filter type and filter characteristics
wag and oparptiersm B sharingithe fhgresourspabe peicesstugperfirmed by the
bandpass filter 52. To provide this filter and filter
Pty 1ovFrlead and indeafese paibsthy ppocessip ohihpdaTSC encoder and decoder
fﬁﬁﬁfeCti¥e| ,Felect filter coefficients (e.g., ao(1),
oS ‘(’Ii’%é‘;‘ 1¥(1), a2(1) and b2(1)) associated with
the filter type and characteristics of spectral

Y80 P 150 LML 4o g

ofitabi8loont}ONEME o rediREE0RIC 0E} BLardfE/ Souple 60 MulGpliers, adders, and
filtering applications may call for a higher order
rhiltiplexers heny o @osperdiedytvesroaticethe BTS@ escodenatdii&coder functions.
exanpl e, one input of selector 128 is connected to an
Haweqvet, Wil thé gEeRpf ioff hearlyl RiSnticl Compozenfemdy backsibafabricated, the
By providing the output of the IIR filter back to the
cprparents jepreserd giemifiqant digiagraind adé jo hadetat dosbofithe iGie Thus, a need
IJRfilter multiple_ . tipes using the sanme (or . o
cgistsria F@ﬂfvey theuingher e dynticated mrgmgwon@mg Hegdstorfplsanent a digital
Wed thrt}%ﬁ%)h the second - order IIRfilter 126 nore

A Qder rf%c%ﬁ%duce a higher - order. In this 19
WD 2005/ 094529 PCT/ US2005/ 009867 particul ar exanpl e,
a : vicdes e k t - kIt
TR RESEIE  TURIST B Pek (BARRgcoP Y PorteRR Ry e impulse
répbiset Aer [1084R] snérid vt ik eGpb1g AR B RERRNERTES filteri
%ﬁomn ?gxgne skilled in the art ggb gﬁigtronigs angBfe filtering
operatiems fesd dipitahBIIC waesdlct or iIRPORAE By pedvadihgrseleéfible filtering
and selectors 152 - 162. For exanple, selector 128
coefficisats| erpifignmmibteddR fijten hZ6 mey bocenfigutddi fot eartus filtering operations.
select anong the input lines (i.e., Input 1, Input 2,
For examplgy filtpyng pegtiicignis xeay be selgetad sotthpeeonfigingibteal IR filter 126
sel ection devic e i nplenen as one or np

? may. .b ed re of
OBERIEE (38 2l Vs 1?*_6@ %tTgeh gass _er’a?)é?-‘%ﬁppﬂ"‘sétfétersi qreQtfer type of filter
L e 0 B BBt St o TRk 5 e o
o ot : : ,
oFAEAAE RS bOScph i i S 5 B3R BA ik ggamrsc

ehR@deB 610 BYSCAUcb@H B Rakdif fHe!dugifbed 8Pdecoler aﬁﬂr%lc?crl]er aﬁlters, the

arrangenents, the filter coefficients are store
implenieytafion tres ROWA IC @hHAE kalueel] along with the production cost of the BTSC
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with the BTSC encoder or decoder and are retrieved by

sel ectors 152 - 162 at appropriate tines. For
wex@spde29 t he coefficients may be stored i n a PENDS3005/009867

chip (e.g., random access nenory (RAM, read - only

menory (ROV), etc.) or another type of storage device

(e.g., a hard-drive, CD-ROM etc.) associated wth

t he BTSC encoder or decoder. The coefficients may

al so be stored in various software structures such as

epcqdsekand dggodeshl e, or  other sinmilar structure. [0049]

Configurable second - order IIRfilter 126 al so

R SR E RGeS R G oW b G TP i
BBy B b A B A
i

otk fnphiserd sERE108N28BYaylRe bSRRclcd tb PRdeaR Rpufsighild for each of the
devices 168 - 176 and nultipliers 178 - 188 I ncl uded

filtering opegtioadpeafdrined fwithie B TIAG compressoraBOp| Bor dxagiple, the input to
gates such as one or nore "AND' gates may be
gaimgloatrelhandpass fidigr 60 viay bhsomsctaddb immu 2 of scledtont ¥28d Similarly, the
tinme delays that correfgﬁond to delay stages 138 and
1

i tq pefi# cPRTebandnass fikergZaney e cogpedepdiiopnothst BRHe.g., input N)
oS Vs B 0 0PSB opeaion i
PR B L8 258 e A Bt bt oo
(o A SRR g oA A2 00 8 e vt

fitenh Qincabh 6f fdilkchitt Il BandpaSs fiflerl P T@RE Mt @HothbL thine period, selector
har dware conponents, however, in sone arrangenen?s

10865 wsed Esedecd pesthdriiomal(e. O iripuON3 toperfdng o diffeent fin@ihgdxperation.
i npl enented in software. One exenplary listing of code

Atltvzg witbr sfetactisg theeothepipat {cops inpiit d)NEorfiguedble IIR1Rlter 126 is also
filter 126 is presented in appendix A The exenplary .

cerfigare] o pevde dedlifferenidype okjiiltexingdhnction, spehap Hic filfesing provided

har dwar e description | agnguage that is used by

b¥ spedita ﬁ‘?rgrozg?? %Srfglt‘?rggdescri be and desi gn chi ps and
systens prior to fabrication. This code maybe stored

0 ethi froma. st I: e,

TP AR e 1295 BERLS: By gressoron

I I § Ly d :
TS, SARLG, cRRARDR RSP P Sl fls IR L ivb idntially foster
tHa® thé Gthef pofiddk Fhdl isaPEARPreSbDEr €RPRHIBS SBY 0peratifig at a faster

provided in which portions of the diagram are

click Bpeeght@digueabild ITRSfiltertl© rhayngdrfoemsoriehigipe offlRging without causing
performed by a single (or nultiple) configurable IIR

ofliet pperstignscdf ths digital cgmpreissar drleRpéndet ér bd d6lay¢ch For example, by
particular, filtering performed by interpolation and

operRiaRe eardigubtmd Rdiler A atzpsubsipntially faeioleskdpeeds fhe filter may first
confiqguraple IIR filter 126. For _ ex l e, input 1 of ,

b gpuiised Doy lering Grias sartobbangbesHics B P hgud substantially

dgpl:algifng :‘%15% g)gelucétu\é\f% ég ngre]: et ﬁftgroclzo%tﬁ'ggrnatigﬂ (iie.fg.', )ﬁ?t%jr operations for spectral

control bandpass filter 52).

[0044] In this particular arrangement, configurable IIR filter 126 is implemented as a

second — order IIR filter. Referring to FIG. 6, a z — domain signal flow diagram 130 is
17



38. Correspondi ngly, when input 1 of selector 128 is

sel ected, filter coefficients may be retrieved from
woretesnyssand used to produce to an appropri ate PCT/U82005/009867

type and filter <characteristics. Simlarly, gain

control bandpass filter 60 may be assigned to input 2

of selector 128 in configurable IIRfilter 126 and

spectral control bandpass filter 52 may be assigned

to a third input of selector 128. Band-limting unit

resentegdider alypicghesdond- erdeliR fhter. | Aipinputiioded 3@ c¢asives 28input signal

For ., each of these selectable inputs, correspondi ng

iflentified asohiz)i diherrut signal Stspeded ko ¢ gain sagrehddr t}m)at anidies a filter

BBt pals LS VSR df a6 soifrasinns e tHip pestticient o has a ity
\Ialld %illnﬂgrlﬁsdgg{:e.r %eetﬂf:l% 0 1e pj)lleﬁ ?c# &lleons t%{;na% a% gain stage 136. Ata

?J};ét%érl@%l & tiddudiay & g%r rél?r@sen%"iﬁ\fﬁé z - @il 6E 271 i s applied as the

angements, nore l'ess filtering operation
1f\}\%ﬁ OPRDERSS Oic HRY DOrqe gﬁﬂfoﬂﬁﬁf R/ filkdind GiMet Qéhrfﬁélleﬁts a?&nd by are
2005/ 094529 PCT/ US2005/ 009867 I1IR filter.
dgpfied atiragpetiiverddih Baggdrliand $42f ABIGGdedpanles 2 86s aplﬂled at delay
highlighted to identify filtering operations that
strg d4 der prodneidg itye seaendr onder @odomf ofgfiitealdBO and Rlter coefficients a,
filters such as configurable I[IRfilter 126. For _
a@siézrme@pph@d @téﬁsmgﬁ‘é@s&a@wageéd 4ianth L h&nGhe filigred pignalns provided to

%15:{& ri/o be esru:ccﬁ Bﬁ;td tcsggagg’:&f r%lfg é:lel NN ec{ fr%r%(it'he transfer
flﬁlﬁcstug'}i(% Bf)th é%tng d oré%'ggte{):f (;taé %ﬁ. 21t C@F]’% ﬁ:g fol\f\fl)qwmg Equation (1) :

coeff|C|ents are retrieved and used by IR filter 126.
Simlarly, filtering associpted zWphygai n control

bandpass filter 104 H(@psi d i nput of

sel ector 128), spectral cegtwalzbaagpass filter 112
(assigned to a third input of selector 128), and fi xed
de-enphasis unit 124 (assigned to a fourth input of

s e[09db pEad@) the soeffinmolsi (daf bg agritpa;, bgrind gy iabluded 1Rhe transfer
filter 126. [0053] Wile the previous exanple
faeationimypscbepssigaedanti¢udarrvablies ta rrdtidel a desira®/ponf filterBFSxample,
encorlers and BTSC decoders, encoders and decoders that

PEBIBIY v u@%m@)éb%esssans to 1he ApiIgieR dapsusRy lavmpasilter, a high -
PR A ek ! 51 SEERLS oSSP0SE Sl forcach
Wﬁf? tc%'ﬂ{ f¢ géﬂ%l Qﬁd(%u - o{x]—:gﬁ@c%% npag%'I %%#‘Qlt eﬁ 5 n(éf%' Io %%frtge second —
o?&é‘ﬂfﬂlﬂsi"rn?zi?yl e bodRidur re ggru%a 1h{dRaﬁdtﬁérec%%él &ﬁ filter (dependent

Simlarly, encoders an deco I mpl enent i
upSh TweippUibatidn wethi SdieRreatistt O sberioRhE, (WhilE 8 Edaniptedescribes a

In parts of Europe and Asia) or the Electronics

séaond stargerAiltencin athe arrafigehenaran(i) Aorded filtsl @agBs thplemented. For

incorporate one or nore configurable IR filters.

ek@ople) highen ardetn(e. o thixd o oxden fawmph e cdéscete ) didterssomrigwer order (e.g.,
rable IR f| lter 126 to _encode and decoder a

conf i
figgtr @%@hé@e@ B3¥ eﬁmﬁlf@%?@&?df Iswiberraene. figomefappheations, filters of
channel he rable I [ r may qpe to
U B i B B S Caarie R Gcs e g Pl
[0046] Referring back to FIG. 5, along with using selector 128 to select a particular

input for configurable IIR filter 126, the coefficients used by the filter are selected to

implement different types of filters and to provide particular filter characteristics. For
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configurable IWfilter 126 may be used to encode

and/ or decode an SAP channel, a professional channel,
w@2@®anv4skannel , or one or nore ot her individuaPbCDUS2005/009867

conbi ned types of television audio channels. 22 WO

2005/ 094529 PCT/ US2005/ 009867 [0055] A nunber of

i npl ement ati ons have been descri bed. Nevertheless, it

wi || be understood that various nodifications may be

made. Accordingly, other inplenmentations are within

exhmpl egrdfieipnts hsyfbe! selafed do ohplemsnt DB3wWAPARS Gl 84tgho- pass filter,

PCT/ US2005/ 009867 WHAT IS CLAIMED IS: 1. A )

& angdyri Rass diltst @F other gimilar dypcoeiclilter tispbia encade ondesadeBISC audio

AR R R R T
f . ;

AP FISH P SR P b sl o, AP gtotor 152

prQyiREQAL & oRrtbidrt %fﬁfé%@co%'d%ﬂﬁ‘hér IR IflrloM Cg%gw@?béogch%ems (ie.,

infinite 1npulse response digita ter I gure
236\ a1 aysl Y., 8RS d¥pend¥nt #RYHEhs Gltér t9pe Ald fil&H characteristics, Similarly,
coefficients to filter the difference signal, wherein
seleclorsEl4ecébhleo selectdforh irdspedtive@edipswifebéSicleat values to implement
associated with a unique filtering application to
the Epense Bynproidirfgihesceelestaphatodifeicnts ankis, sonfigurable MR dilter 126
tel evision audi o signal encoder of claim1, wherein _
13336 bg orAmfiglredn i Prowife filters jfmp bode epeeding saddiiefioding operations.
I{ilter I ncludes a sel ﬁct.?r conf{%ur ef t(?_sel ect one of .
Frangiedo e PrRYPES BoRplgsil pelpqiel 17898 praceq #ng posttion tpriglect input 2
| eyi S] I ignhal. encoder.of .cl ai : er.ei .
(e By BABH it PR SR HTRE i St B s 180 7y e respective
j [ S sel eat ory conf | eGk .
cPicEhis G 657 oy OGP 6P ki 85 DR s ERontieured inc

tReSAPPYOPH AR KB R $itl) B a RESBEEHo Rbfofth A5 MeDait MBI Bandpass filter.
one input signal fromthe group of input signals

Upoal codgdeting thelfidisting, ghetor algthey thenfieplicablig al gokitiohtte provide
i mpul se response digital filter. 5. The television

stgmelis presenfroal inputd thegondiguicbld IR filtenhi2f. &S5till usiveg the previous example,

comi\iu%urabl e infinite_  inpulse response digital filter

i Nfesleatos 62%bmay pravéde thafnpuf sienal Westined forcsppesral eontrol bandpass
ilter 6. The television di o sjgnal encoder of .
f ﬁ%%ﬁq By seirehag s pepvdohey §frr%r IGIRRES mayebe selgplidste provide the

response digital filter is.configured as.a | ow.pass
R st bltp Bt oo shlab Bttt medtiEb by B¢ S of specta
control bandpass filter 52. To provide this filter and filter characteristics, selectors 152 —

162 may be respectively select filter coefficients (e.g., aoqy, boy, a101), bigay, 221y and ba1y)

associated with the filter type and characteristics of spectral control bandpass filter 52.

[0047] In this example, configurable IIR filter 126 is a second — order filter, however,
some encoding and/or decoding filtering applications may call for a higher order filter. To
provide higher order filters, in this example, one input of selector 128 is connected to an
output 164 of IIR filter 126 to form a feed-back path. By providing the output of the IIR
filter back to the input, filtered output signals may pass through the IIR filter multiple
times using the same (or different) filter coefficients. Thus, signals may be passed through

the second — order IIR filter 126 more than one time to produce a higher — order. In this
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7. The television audio signal encoder of claim1,

wherein the configurable infinite inpulse response
waoele@sveds2dilter is configured as a high pass fPECT/E82008009867

The tel evision audi o signal encoder of claiml,

wherein the configurable infinite inpulse response

digital filter is configured as a band pass filter. 9.

The tel evision audi o signal encoder of claiml,

wherein the configurable infinite inpulse response

pditigitaal exbinplera icenduskdri Hofr povadesan feeqifack imtlf iffoneroutput 164 of

10. The television audi o signal encoder of claim1l,

comiegariie SR Blier 126 tofnnuhd ofpRledier lafe sets of filter

coeff|C|ents is based on a rate that the t el evi si on

o s Ui Sirel ST AR £5TRRERES AGPRE B eBe KU e art of
fe%ﬁ'glfucg anJ]ﬁl?er g%gn ﬁ‘ttag rb? qsédnto %n?ﬁﬂ%ﬁy sele]ct?dr fEQ g\tﬁd selectors 152 -162.

evi siton au enco

F"o{J %xétﬁ%l& lec]ftdnJ I8 nfa ?Qfe fofl1&htsed %Peon%t&rtﬁgre' Huf le‘%@t@ to select

e. . The television audlo signal encoder of
aﬁ"Joﬁ Fhe inpth Ehed A.ef,Nepitel, Supidi [N . awchiud Nl avaltipl GRADbI EBer types
%he Broadcas? T2F%VISI6% Syste%géoﬁﬁltteeI?BTSC) P

dsgmh skeledionldeviceh endyebecinirementadids ons og nedre efi selekeorsalf52 — 162 to
claim1l, wherein the television audio signal conplies
selocttaperdysiate filtes caeffigivatsu NayioTe apeificient valitis andylibe tpteéko configure
ﬁ% Na standard 15. The television_audio si

Tikn 8ot 20t Fer gxample, quelicisnts dersribed @txUsﬁ‘ drptent 6 842 to Hanna,

G ereGrRaa e o ArEtso iy Pomsel &Y pof eogahls Refter 126. In

Mo A
V\ﬁ{l thd BESCELRYASH o 'ae@d‘ﬂg* i gﬁlt?themﬂs%{ s $52L b2 ut appropriate

ereln the conflgu einfinte |npu Se response

tithed! Fat e)fahi & thd SoetiRERIBRY B stofedin a éMaRAhAf(e.g., random access
circuit. ‘A television audio si gnal decoder,

i(RAMj) read conty gamabt @ OV, and. ) @ dnohist BpebESPags device (e.g.,
digital filter configured to selectively use one or
anird-dsives (B3-RAONL; efc.)cassbéintcilewith the BTS€ eencader or decoder. The
difference signal, wherein the difference signal is
cwféma@dn@yalsqm sterediin yarews seftwarg sructugessuaR ps & lagka- up table, or
.chann audi o signal fromthe other of the left
ﬁﬁ@aréﬁdgVﬁght channel audio signal, each
selectable set of filter coefficients is associated

[#()b4§ﬁ 88111 alIle IS eornldng ordel Fﬂ]i %ﬁ{e q36ta {H%E%reg rt]espectale adding

erence gnal or separatl he |e anne

détqgékt 168 196) rt@% e I BledRe n%tud@@% &o f%anﬁgrfﬁtegg,'?@%ong with

to sepafaté t t channel and ri ght
nfill@naks 178,0180, N82di 44, arsenme =Hsohal appiy tile HUER Sdedfdbnts to signal

wherein the sum si gnal i ncludes the sumthe |eft
valnes érioas cichnigiigyuakd/oa Bomp bugentd lgtvtvnatb ane etilledigithe art of electronic
si gnal .

~ circuit design and filter design may be used to implement adding devices 168 - 176 and
multipliers 178 — 188 included in configurable IIR filter 126. For example, logic gates
such as one or more “AND” gates may be implemented as each of the multipliers. To
introduce time delays that correspond to delay stages 138 and 144 (shown in FIG. 6),
registers 190 and 192 provide delays by storing and holding the digitized input signal

values for an appropriate number of clock cycles during the filtering process. Additionally,
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19. The television audio signal decoder of claiml18,
wherein the configurable infinite inpulse response
waele@sneds2d i | ter includes a sel ector confi gur edP@DUS2005/009867
sel ect one of the one or nore sets of filter
coefficients. 20. The television audi o signal decoder
of claim 18, wherein the configurable infinite
i mpul se response digital filter includes a sel ector
configured to select an input signal from a group of
ahothert registpmd04 .is Mcludbt eonBureblsilbh fidtenl1 26 i guitidllyoderedeput signal
of claim 20, wherein one input signal fromthe group
values.nput signal s includes an output signal of the
configurable infinite inpulse response digital

¢ B ERTEPI ARG TBR LA i demiies o hardwar
oA FGHEAR! 5 o LT Srn AP 5 BO0 Tl BB of o fltr

er secon ntini
SIS R O SR, PP 0k proms

op SRt ceaRRNEFlediTvfiltal 1761 ik bRkeitsd EPdppeadikdd Bife ékeh@Wry code
pass filter. 24. The tel evision audio signal decoder

igrocidad in Vedilogyiveltieh, lin gdrerad,dnd hepdwabd descriftion [igguage that is used by
i mpul se response digital filter is configured as a
elecybnip slssighérk tedescpibe amthdesigl elips poh syaiethopddmiealabrication. This
decoder of claim18, wherein the configurable infinite ]
cpgyupy be plergsorsandgretioved from a dorage desde (Cgin RAVRRQM, hard-drive,
26. The tel evision audi o signha

ngggggass filéer.

] r OHfF) @Ndi Fregded @1k O8F nOT HEPTR o3RIFTRH, rilPQsT| RRoceispys and/or
i lse response digital. fi is configured as an
shimizaf el FRRBE el b9 blicdd B8P 1 5 Soutt OVCF onai

decoder of claim 18, wherein selection of the one or

nv[roesuS}@a%nﬁ{eg fol ticen, & ﬁfckiﬁéﬁ%%ﬁﬁré@%sﬁg%szcg inT_l‘ﬁg)rovided in

that t'he tel evision audio signhal Is sanple
whedHOrediadf Bl foramdRéthi cHRENEElo iMistfakfufittichs th @1a§1be performed
the sets of filter coefficients are stored in a
bymngitigle (@&9mulfipée) toohfgurableIIR tidters sichnalcon®godde IR filter 126. In
claim 18, wherein the sets of filter coefficients are
pettionled filteriaglpsofermedipy tintbipelatiog .and Hixet gire¢inphasis stagk 38 may be
si gnal_ encoder of claim 18, wherein the televisjon
paiiiermedshygeritigurable iRellter gl 26n & opreyamples tnppé |l «afisglester 128 may be

oS B ok ) A i ot B s e
3%%&%@}% 'g@a;:%' i%@‘;ﬁrpl@ll clafgsgele?\égrflggéigegefé&i? filter coefficients may be
rHElAP ERACRIGGION, AATRARRE Ui Mk BoBioplc Ay typs and filter
cBaradtBRiskids. Mkﬁﬂ&il}%aﬁpcdr@owmpe& Ak 60 SagBalassigned to input 2 of

conplies to the Zwei t on st andard.
selector 128 in configurable IIR filter 126 and spectral control bandpass filter 52 may be
assigned to a third input of selector 128. Band-limiting unit 46 may be assigned to a fourth
input of selector 128. For each of these selectable inputs, corresponding filter coefficients
are stored (e.g., in memory) and may be retrieved by selectors 152 - 162 of configurable
IIR filter 126. In this example, filtering associated with four portions of BTSC compressor

30 is selectively performed by configurable ITR filter 126, however, in other arrangements,

more or less filtering operations of the compressor may be performed by the configurable
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33. The tel evision audi o signal encoder of claiml18,

wherein the television audio signal conplies to the
wEbRoas/od524 andard. 34. The tel evision audi 0 si gP@i/US2005/009867

encoder of claim 18, wherein the configurable infinite

i mpul se response digital filter is inplenented in an

integrated circuit. 35. A digital BTSC signal encoder

for encoding digital Ieft and right channel audio

signals so that the encoded |eft and right channe

[Ruditer. si gnal s can be subsequently decoded so as to

reproduce the digital left and right channel audio

si nals with little or no distortion of the sﬁﬂnal

Al Referningstodilg 8.aportiens offHESC expandeninarsihi tﬁhtﬁd to identify
|gnals t.he encoder . a matrix confi
ff E’il'@& APHAEOSE! na%mr?%rﬁlaﬂg 3@ REMOEHPrgRrab] egﬁR flers such as

cBge e M e A For R e R R G PR R VB B poie 102
r%ej{ giﬁc D &s : % %%ﬂg‘a}afb (%fﬁ? Y%u flg%?ﬁ cﬁla% 9&]@{@%%916{5\01‘ 128 may

HeCRRAKE td bed Bhith ‘éu%'f 1@9 Rk WA Ayl inpe €Gh 's¥f%l:t)éd H@propriate
one Or nbre sets o [ter coefficients to filter

fetihg coottieients gfbabmevw gicused BATIR Hledra b aRinglHB1L ﬁnérmg associated
filter coefficients is associated with a uni que

Wiil gaem corgrod pphdpast filber 1108 (ms'@nad & 4 seeonld fripat efsetectird28), spectral

for transm ssion and conply wth the BTSC standard.

cgatrolTh@d@a@:ﬂ filfpr El’r%das&grm teedc gl it cifapelecte; 128), and fixed
wher ei n the cogél gurable infinite 28 WO 2005/.094529

»HBIJFdsE iR |%§)qr@slaaws%f Rhlenteral 28)i cgpsolidated onto

i ncl udes tor configured to select one of the

°8ﬂ€gggﬁe£@§§ﬁ§§?§ of filter coefficients. 37. The

di gi tal BTSC signal encoder of claim 35, wherein the

5 'eqh Ievmuts eex#ﬁfé%é%ﬂeﬂstﬁﬁ‘{és@@tn‘ﬁgg}a%@ n{z fit"126 with

uesase CtOI' co ured to sel“e

BSF%‘ 8hcoli&RMind BIHOHE:0brs) BRHerS a8 AeSoderSthatl: &ﬁnﬂ& GiittPdelevision
BTSC si gnal encoder of claim 37, wherein one input

a8digraindirde Malyhiepimheunp thedonti pidble IR Aikk:S Honekatfls, @oders and/or
out put signal of the configurable infinite inpulse
deeslormnsiesociitai tveith fthet Mear 38starifireodslyi CapBI®@ swhial Multiplex
encoder of claim35, wherein the configurable infinite
(NHptMBewhigh povssd i Egrqp&t mpy [ncerparsie one esmarsemdigyrable IR filters
order_infinite inpul se response filter

splyps AR fBiesd28; griamlagncagederspnd Flsffqﬁlpasslma(imrgw tbﬁ é2/Zweiton

&R ER Baadd Guirihnn BB 5 P EprERDRe %‘a% AgiRycr e Blectronies
f

L AIEIER RS (B, MRSl S48 MG, g, o mor

cbﬁﬁgﬁﬁméﬂwﬁl@erés a high pass filter.

[0054] While the previous example described using configurable IIR filter 126 to
encode and decoder a difference signal produced from right and left audio channel, the
configurable IIR filter may be used to encode and decode other audio signals. For example,
configurable IIR filter 126 may be used to encode and/or decode an SAP channel, a
professional channel, a sum channel, or one or more other individual or combined types of

television audio channels.
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42. The digital BTSC signal encoder of claim 35,
wherein the configurable infinite inpulse response
waele@sveds2dilter is configured as a band pass fPECT/E82005/009867
43. The digital BTSC signal encoder of claim 35,
wherein the configurable infinite inpulse response
digital filter is configured as an enphasis filter.
44. The digital BTSC signal encoder of claim 35,
wher ej el ectiopn, of the gone or nore sets of filter =
c o@P%ﬂ AR P%O@é%té@newa%oqsa*{a@e been despabede| Wevestheless, it will be
' [ i s sanmpled. 29 2005/,094529 : _
e BeS BOE T8I om Bl wheeerCrign ot plspentations
i y of filter coefficients
a{;é‘;vgﬁlhgtt%% S;bgpie ﬁ@g{ezgir]r%‘&g% Cgaoﬁé“l'he di gi tal BTSC signal
encoder of claim 35, wherein the sets of filter
coefficients are stored in a look - up table. 47. A
digital BTSC signal decoder for decoding digital left
and right channel audio signals wth little or no
distortion of the signal content of the digital |eft
and right channel audio signals, the decoder
conprising: a configurable infinite inpulse response
digital filter configured to selectively use one or
nore sets of filter coefficients to filter a
di fference signal that conplies with the BTSC
standard, wherein the difference signal is produced by
subtracting one of a |left channel and a right channe
audi o signal fromthe other of the left channel and
ri ght channel audi o signal, each sel ectable set of
filter coefficients is associated with a uni que
filtering application to prepare the difference
signal for separating the |eft channel and ri ght
channel audio signals; and a matrix configured to
separate the |eft channel and right channel audio
signals fromthe difference signal and a sum signal,
wherein the sumsignal includes the sumthe |eft
channel audio signal and the right channel audio
signal. 48. The digital BTSC signal decoder of claim
47, wherein the configurable infinite inpulse
response digital filter includes a selector configured
to select one of the one or nore sets of filter
coefficients. 49. The digital BTSC signal decoder of
claim47, wherein the configurable infinite inpulse
response digital filter includes a selector configured
to select an input signal from 30 WD 2005/094529
PCT/ US2005/ 009867 a group of input signals. 50. The
di gital BTSC signal decoder of claim49, wherein one
i nput signal fromthe group

=D
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of input signals includes an output signal of the
configurable infinite inpulse response digital
WO poos®945291. The digital BTSC signal decoder oPCT/US2005/009867
47, wherein the configurable infinite inpulse
response digital filter includes a second order
infinite inpul se response filter. 52. The digital BTSC
signal decoder of claim47, wherein the configurable
infinite 1inpulse response digital filter is
oy a low pass filter. 53. The digital BTSC
V@?gﬁggﬁﬁgg%%§§ of claim47, wherein the configurable
infinite 1inpulse response digital filter is
1confteRuistm adicasipnal bnqualss cbinptieng: 54. The digital BTSC
si gnal decoder of claim47, wherein the configurable
infinite aimgtksenfigppdirsemandeft ahanhil audio signal and a right channel
configured as a band pass filter. 55. The di itqé %isc .
si gnandigeigpakio psedusE &iSHNsTEnalyiBe & sibimaet igof igrgedﬁ gnéright audio

infinjte | | se. resppn digi.tal .filter i . } )
cont PlgarsdroR et ins s s g siggalsfiprafice agifferpape signal;
signalddecoder of claim 47, wherein selection of the

one 8F%nore sets of filter poefficients is based on a

rate that Q@f@r@o_\{é ShARit@UsHpRiss e ns!esd%?gplfﬁér Rhfigured to

The digital si gnal decoder of claim wher ei n
the sebstivly hde drlor aR2E EétS beAker RefficidtPloefiltdr thedifference signal,
menory. 58." The digital BTSC signal decoder of claim
47, wherdh reatlhecketableofetfofl fiker couffifients vt mseniged 3dthA® unique
2005/ 094529 PCT/ US2005/ 009867 stored in a |ook - up
t abl diltefifig applivetiputospreparo gheadiffpreockusignal der tinsgpissiona
conmput er readabl e nedium having a plurality of
i nstructions stored thereon which, when executed by
t he processor, cause that 1pr cessar
QerPg

t.0: .S a left e
2c h AP IeR RS fighalgipoder plyFiBTE HaHieis Hi Soulgrdyle infinite
.to produce. : i gnal nd,.to s f
iy Re S Fegfeta ks MMea PO B REEEE 4 BGp qu 1 the ome or
1ﬁo§%§etgpflﬁ{térg&teff§cii&1@§| s to produce a difference signal;

and Sel'ect one or nore sets of filter coefficients to
filter the difference signal wth a configurable

infinite inpul se response digital filter, wherein each
3selmpetialbRions@idi®@kighhl todeoef tlath elptwhersinahs eohfigiedble infinite
with a unique filtering application to prepare the
imptkeraspasesiginhfilttrncindermssrstireonfigoed Kheslasbapinput signal from
program product of claim59 further conprising

ajgneurr efonpesignals:  to sel ect an input signal froma

group of input signals. 61. A conputer program product
residing on a conputer readabl e medi um having a

plurality. of instr.uctions,st d_t her eon. whi ch
‘lexg[r ttﬁlﬁxﬁ&?n‘c 1opf,1§8aése§18?c’lerco§&§aén} %a‘f’ﬁerﬁllno% f5d\ Pé"’%]gﬁal from the
group of input signals includes an output signal of the configurable infinite impulse

response digital filter.

5. The television audio signal encoder of claim 1, wherein the configurable infinite

impulse response digital filter includes a second order infinite impulse response filter.

6. The television audio signal encoder of claim 1, wherein the configurable infinite

impulse response digital filter is configured as a low pass filter.
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sel ect one or nore sets of filter coefficients to
filter a difference signal with an infinite inpulse
wo e@pomsed digital filter, wherein the differene€r/Fspnad09867
is produced by subtracting one of a left channel and
a right channel audio signal fromthe other of the
| eft channel and right channel audio signal, each
sel ectable set of filter coefficients is associated
with a unique filtering application to prepare the
2 f Ty efledsish gnalo §ighalsepadatdm@aithe, hikieif fia Belfigabable infinite
ri ght channel audio signals; and separate the left
wipuiseakspamse digght filkdrancmifigatedias adiighnpdss flltenm t he
difference signal and a sumsignal, wherein the sum
signal includes the sumthe left channel 32 WD
%OO OgﬁSZQ PCT/USZOO?/OOQ 67 . audi o signal and the o
i ghtte tehevien audiei 2! ghapder @f clate L yibginie thepesiiearable infinite

roduct of clai further conprising instructions
it el st onbr R o B B of | npu
signals. 63. A television audio signal encoder,

conprising: an input stage configured to receive a
S eCpmaaiassliafdier SGATL A b 1, %greﬁh the configurable infinite
configurable infinite inpul se response digital ?}F¥%r
inpuldegespetsd digitsleilas is smifigutedas anenPhadi®fiRerset s of
filter coefficients to filter the secondary audio
progranmm ng signal, wherein each sel ectable set of

filter coefficients is associated wth a unique
K. 1 Therteleyisignpanidéiasiznd eneodsr epelein fl hwheriosedestipn afitfiecone or more

@r ocg_rﬂm’ri ngf Si na{) fgr transm ssion. 64. The )

B ler sortHEENS 18 PapRaen angls deat th televizion sio sigeal és sempled.
the configurable infinite inpulse response digital
filter includes a selector configured to select one of

1t1h el“}fé.ncglegfsionnég{dgo gi%:ﬁ eﬁéoc{elk M‘ Slhint qekﬁmér%iﬁe@tﬁ %éﬁﬁgﬁéﬁgﬂgoefﬁcients

tel evision audi nal encodér of’c

drbsofnhlaghEAble infinite inpulse response digital
filter includes a selector configured to select an

i nput signal from a group of input signals. 66. The

tel evi sion audi o signal encoder of claim®65, wherein
I@nelhertplavismngmudio §igmthehdweler of duin Of wheweli ths ise8alf Silter coefficients
i ncl udes an output signal of the configurable infinite
arprgiaredan adeclponpdabdé.gital filter. 67. The tel evision

audi o signal encoder of claim63, wherein the

configurable infinite inpulse response digital filter

5 BT T ot [ Mo st s

complies to the Broadcast Television System Committee (BTSC) standard.

14. The television audio signal encoder of claim 1, wherein the television audio signal

complies to the Near Instantaneously Companded Audio Muliplex (NICAM) standard.

15. The television audio signal encoder of claim 1, wherein the television audio signal

complies to the A2/Zweiton standard.

16. The television audio signal encoder of claim 1, wherein the television audio signal
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68. A television audio signal decoder, conprising: a
configurable infinite inpulse response digital filter

waeomsiogiseed to sel ectively use one or nore sePGT/UB2005/009867
filter coefficients to filter a secondary audio
programm ng signal, each selectable set of filter
coefficients is associated with a unique filtering
application to prepare the secondary audi o progranm ng
signal for a television receiver system 69. The

Sl2iek & @0 Fudi psesdppp! decoder of claim 68, wherein
configurable Infinite 1npulse response digital

n | TR telovidiadagdia spala® Gheddes @f fclgkar ﬁdwh@reﬁle&@céon@rgara@ie infinite
the one or nore sets of filter coefficients. 70.
iglubse irsdponseatigiital fiieg isainpdenadet inch iglegramdoBrcuither e| n
the configurable infinite inpulse response digital
fiIter i ncludes a selector configured to select an

nput si.gnal from a group of input signals. 71. The
%M&tﬁ@ﬂ%ﬁm Ao 8lZBpliraPdIROBEBISIE ¢l ai m 70, wherein

"nel udos. dh DHCBHEOE o e dumei il Rl fpifiured to
| mpul s%f%ctl{ﬁ? %g@ Bife gf gfo%ér"gﬁtg bf hg@* co\%ﬁic#eenr%g tc% ﬁ etgr a &fperence signal,

audi ecoder 0]

conf Imraﬁkl?e ah?fe génélqwjoﬁﬁceﬁ%%gﬁﬂt?&tﬁ?%% 8t a {efl dhGhnel and a

i ncl udes a secon nite rnpul se Fesponse

filt ef[\%t c%n&ﬂuﬁﬂ%é&@ﬁ%ﬁ&h@@f%ﬂﬁ&ﬁ@ﬁsﬁ%ﬁﬁ@? and¥TRENBhrhel audio
A 35 2005/ 094529 PCT/ US2005/ 009867 Exhi bit |1

( Thessigmahraeindcdectabde spe o€ fittkd cweffidiars Rayscefatédwith alubique filtering
nodul es.) This nodule is the cascaded direct-formll

i pl expphicadionseprsparedhedidferance sigridlder speratingthefleft changel and right
It is actually a S|ngle second- order section that can

be ' rebagngl gﬂloglfgn@]@ #ght times. It can irrpl ement a

Zhggl;gn%ﬂggﬁ er gg}%:ﬁ‘g{fgs &r@ ettixggpig[) gErHE:} apg 11 t chemel andio
2 B. T

T S 1R AT, OB s
the f éﬁ@efs é&‘ﬂ%ﬁ Wk cﬁ&ﬁ{ei &S ﬁ%‘éalbaﬁ-l ]E&a% a%‘ﬁgnneiﬁ @cﬁg signal.

to B agrans. ppt for ram o

the general formof this nodule. This nodule is

initiated by the enable signal 'khzl92'. That resets
I9h&heseletision addis sigaalsézbdshoftdlaibe 8 nwhésdm tydoafighrable infinite
the first section.

impulse response digital filter includes a selector configured to select one of the one or

more sets of filter coefficients.

20. The television audio signal decoder of claim 18, wherein the configurable infinite
impulse response digital filter includes a selector configured to select an input signal from

a group of input signals.
21. The television audio signal decoder of claim 20, wherein one input signal from the

group of input signals includes an output signal of the configurable infinite impulse

response digital filter.
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The 'section' bus is used throughout the nodule to

control nuxes which allow the data fromthe specified
wGQe@sioors2e o be used in the cal cul ations. ' SecP€DOS2005/009867

first selects the appropriate input to be used for

"indata', which is the input to that section.

"Indata' can cone either froman outside input (when

a new filter begins) or fromthe output of the

previ ous section(acc2), when a 4th or higher order

43.1 Tiey tel&ideinpudio ipral desddep bf elair1 & Rebierdih $hd tériigurable infinite

section. 'Section' will also select the appropriate

ialpulswdesponse digdaldiliz? imobedes iaceemidsord¢ran fisiteisgullfearspionee filter.

mul tiplications of the do, dl and d2 registers. The d

registers are long shift registers containing the data

for_each of the secti gs in sequential order. For o

Sxahys Elevagion ﬁ%leiSi%lag feader Ok claim; 18, whiersin gy confjgarable infinite

data in d# w.l| ve.the section.l data.in its |east

i g TGS SERVEFSR |13 next

nost significant bits, etc. For each section the bits

are arranged in order such that the Isb of the data

38 TIRCRIRSSiOD addlib fchab USRYdEE 68BLIRI 18, WIRRA MR BoMiguRle infinite

as the shift registers shift down, nore S|gn|f|caﬁ?

iBipusseatespofizd digiedli fiekr isoniikbred a8Athidh e filtb€i ents. Each

of those products is sunmed and accunul ated in the

accl and acct registers. Each tinme a sum of products

I s added to each accunul ator, the previous val ue of

Ihelhecielavision andip signdl deapder bl claim d 8giwhereith éhepearyfigurable infinite

weighting to_each _multiplication, The prjmry purpose

igpuissaesponss dgital fiey igonfigused ap 3 handpassitiliep| i cat i on

by a negative nunber. 'Lastcnt' is high when the sign

bit is being multiplied. '"Lastcnt' will invert the

i ts. Of {° "o ' ' [ L onpl n o

B, i ety Rt 8 enn BT b lafly 18, B, BB TR infintc

: [ HE : [ Wi ously with

1t igggg%sﬁﬁ%%%@?gﬁﬁg%%?qgﬁggfgqgﬁgecgﬁ%+%ﬁ@ﬁ} result.

An approximation is used on the side associated with

accl where is are added in every addition except for

2A7h elhedslevistoaraudioassgrahtiecodsr 6l didim &) evhegstbdledtiontoi@ie one or more

0.11111... ébinaty) is added instead of 1. The

sgisp ditieneedfbeients is/easyd oh egate drd thertelsvinmpravdivhsigzal éssampled.

some resources by using the sanme input to the adder

for adding the value 'indata' and the Is. There is a

out.# reqgi ster for each of t distinct filters that .
280 e 512 hsion Hto epih fcodn o it it thesselarariligh coefhcients

.COrr nding dout register when that filter's
E%§§#%%f§%@%%%&§te. "Section' also handles that
function.

29. The television audio signal decoder of claim 18, wherein the sets of filter coefficients

are stored in a look — up table.

30. The television audio signal encoder of claim 18, wherein the television audio signal

complies to the Broadcast Television System Committee (BTSC) standard.

31. The television audio signal encoder of claim 18, wherein the television audio signal
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Bandpass *#** x** gk gk ghppH* ##Y*Y* [/ This filter is
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Max Del ay Regi ster Value - 13066.680 ------------ >

20. 247% headroom b0 bl b2 a0 al a2

eomplies-to the Near Instantancously Companded Audio Muliplex (NICAM) standard.
e T T T T J/ 3.3052 90e€N0102 )

O. D0O00000e+000 - 3. 3052890e-002 1. 0000000e+000
-1.9327087e+000 9. 3278529e-001 Magnitudes are relative

% Th@teb%VSﬁl@hﬁlidﬁ‘p signal-mcodas od staam; 18, whezeif thet féleVISn‘plﬁudlo signal
Sect | on Max, Qut max ------- ---=----- ------

OIS 67 SWSHODSIINdeE 5542250264 - - - - - - - - -

- - - - - (176.4 kHz Stereo) - - -

- // Max Del ay Register Val ue - 11062.425

%LS; “Thé felevision autio é’%ﬁ%’ DS W R in BS? _\ngll_ege?l_g ﬂ%ote%L’IS?O% audio signal
S e 00 b b k0500e+000 - 3. 58692026- 002

1. 0000000e+000 -1.9269677e+000 9.2705818e-001 36 WO

2005/ 094529 PCT/ US2005/ 009867 Magni tudes are rel ative

3% Theetebysti@maudipsignahetcodec ef shaim | 1\, therdin Itlteeconﬂyutbtble infinite
Section Del. max Qutmax ------- -------- ------

impube raspopsodigedditer is igpieaateioumgnteprated circuit,
_______ (192 kHz SAP) - - - - . _ - T T "=«

- - J/ Max Del ay Regi ster VaI ue . 13066 680

to erp%aﬁc%&fi@ ﬂ%@l %f%ﬁ%? %1'1&191%1 atlldlo %%QQI'SW o? no distortion of

rel'ative to the SySt em nput not n essaril
thé | diglal i doptént of S@6t digital DRI aﬂﬁig@ﬂ%ﬂﬁnﬁl'aud‘io 51gnals, the encoder

comprising:

a matrix configured to sum the left channel audio signal and the right
channel audio signal to produce a sum signal, and to subtract one of the left and
right audio signals from the other of the left and right signals to produce a
difference signal; and

a configurable infinite impulse response digital filter configured to
selectively use one or more sets of filter coefficients to filter the difference signal,
wherein each selectable set of filter coefficients is associated with a unique
filtering application to prepare the difference signal for transmission and comply

with the BTSC standard.

36. The digital BTSC signal encoder of claim 35, wherein the configurable infinite
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1 13066. 6798990645000 1.8655542250264
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3.5869202e- 002 0. 5000000e+000 - 3.5869202e-002
l 0000500e+000 1.9269677e+000 9. 2705818e- 001
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necessarl ly the filter input. |/ Sectlon
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¥lorFhet digiteh BTISE siggal pregdyr of claim_35, wherein the- conﬁgu;able infinite
(192 kHz Ster.ep)

ﬁ@gﬂsgtr%sm%ﬂ Q}gltal fifier nglindes 2 selector configurs to ié%twaam% signal from
aD al a2

--------------------------------------- 5. 2715876e- 002
2. 0691034e- 002 5. 2715B76€- 002 1. 0000000e+000
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-4.%%51080& 001 3. 040?5&14?001 1. OOOOglﬁ?)e+OOO P P

digit8GiteB827e+000 8. 4198754e-001 3. 5735700e- 001

-6.0794041e- 001 3.5735700e-001 1.0000000e+000

-1.7107429e+000 9 2558392e-001 /J 2.6136244e-001
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391 Tggisiiae BIOGE @%@8’3@9@@ b ¢lai Hg3weagiahgronfigurable infinite
702736¢€ (8 ,8&3. 830645e+000 élI 0000Qe+000

1mfu 1erPonse, g 14l skes a geppnd PEJES IR %@gmﬂlge response filter.

relative to the syst em i nput, not necessarily the

filter input. Section Del. max Qutmax -------

Ry e % 7 3 . .
O SR BT, 8380 SRR 5 R he s P Ple infinite
iﬁ}f&PséQé’s% %@al Atedis DBALNLLI 34D 16 passFiRPB24177149 5
3 59840

9840 0. 8396791296564 /J 6 31.9840159840157
7.7860720843173 Il - - - - - - - - - - (176.4
kHz Stereo) - - - - Max Del ay

e gitest digitslaBIEC- smalgamoder- of clama 353 >witdei0 21580 doafigumablim infinite

impulse response digital filter is configured as a high pass filter.

42. The digital BTSC signal encoder of claim 35, wherein the configurable infinite

impulse response digital filter is configured as a band pass filter.

43. The digital BTSC signal encoder of claim 35, wherein the configurable infinite

impulse response digital filter is configured as an emphasis filter.

44. The digital BTSC signal encoder of claim 35, wherein selection of the one or more

sets of filter coefficients is based on a rate that the television audio signal is sampled.
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vl HitleRe giostigtortidal afghe sigRal ¥68tent of the digitat tefi £hdd5@channel audio
headroom Il /J bO bi b2 aO al a2
signals; the-deceder cer-nprlsmg ---------------------------------
e ' 3.5592430e- 002
- 1. 527852 Ze confgwablsopvnge- mawlse goponwodigipd filter configured to
-1. 668 58 +000 7.0166535e-001 1.7291208e- . .

. 8S6ISEHVRLY BEPIONE, 075@{%%%018‘3@ fo?fé%@féé%ﬁg@@ difference signal that
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SR £ OO R o oo

. 83id 408 &h 21 %8R l%lé%hggla&h@%%ﬁ@s%cﬂ%electable set of filter
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Section Del. max Qutmax, ------- ------- 1

60. 003426 %@ggggcq;lﬁ:ggypglltgﬁspg&rgmthe left channel and right channel audio

signals from the difference signal and a sum signal, wherein the sum signal

1
-bl—‘CDI—‘U'II—‘I\)

includes the sum the left channel audio signal and the right channel audio signal.

48. The digital BTSC signal decoder of claim 47, wherein the configurable infinite
impulse response digital filter includes a selector configured to select one of the one or

more sets of filter coefficients.

49. The digital BTSC signal decoder of claim 47, wherein the configurable infinite

impulse response digital filter includes a selector configured to select an input signal from
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50. Oiecihgicd BISE signat dawdecefciom 49, wdeeibdie ioput signal from the group
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<§ 6% 058e- 001 -6.5823409e-001 3.5775056e- 001
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5‘11'. %%Oﬁgggf'@ggC‘ 3@é§éﬁ+gpglaﬁn94]71%§ﬁoﬁg con }igur/able infinite

e+0 ©8661663e+000 9.9377949e-001 1

iMpaRE rakhBRseAti %ta{l it In¢Ride®a bERNE Yide MfidiRUinpuldetesponse filter.
necessarily t filter input. // Section Del. max

QUEMBX ------- ======-+===22- 1 51.2422098900253
3.9369918486068 2 63.9680319680320 4.1915804156462 3

3. Teadizitals BISCosignd odetpd@1006k8n 47, aghaeaoBe aeafiguable infinite
2.2445117940875 5 63.9680319680315 0.9126165355909 6
impulye gerponwahgial fifter sxonfigersd e 2 lowpassiHicgeci | t |

(ildk, ilnReset, i1DRegClear, ilStart,

i 2Coef Sel ect, i 1BDat al nl , orI 9Dat aQut | , i 27D0at al n2,

3 21%Ega(tﬁ%1 at %)FSC gi%&it deic%%rké)f claim 47, wherein the configurable infinite

impulse response digital filter is configured as a high pass filter.

54. The digital BTSC signal decoder of claim 47, wherein the configurable infinite

impulse response digital filter is configured as a band pass filter.

55. The digital BTSC signal decoder of claim 47, wherein the configurable infinite

impulse response digital filter is configured as an emphasis filter.

56. The digital BTSC signal decoder of claim 47, wherein selection of the one or more

sets of filter coefficients is based on a rate that the television audio signal is sampled.

57. The digital BTSC signal decoder of claim 47, wherein the sets of filter coefficients are

stored in a memory.

58. The digital BTSC signal decoder of claim 47, wherein the sets of filter coefficients are
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i nput ilnReset; input ilDRegClear; input ilStart;
i nput (21:0] i2CoefSelect; input (17:0) i18Datalnl;

WO 0p0045p94.8: 0) orl 9Dataout!l; input (26:0] i 27B&l/E52085/009867
out put [28:0] or29DataCut2, rep [31:0) r32DOVEBS;
reg [191: 0] r192D0; reg [223:0] r224D1; reg [223:0]
r224D2; reqg (28:0] r29Datal nReg; wre (33:0]
w341 Muxl ; rep [33:0] r34GAl; rep [33:0] r34GA2; wre
[33:0) w34ASum; wre [33:0] w34ASum n; reg [33:0]

gtgl%&\qlggqoolg_egp{a%fgp] r37GBO, reg [36:0] r37GBl; rep
[36:0] r37GB2; wre [36:0] w37BSum; wre [36:0)

wW37SSun®?; wire [36:0] w37BSunn; reg (36:0] r37Acc2;

rep (18:0) orl9DataCutl; rep (28:0] or29Dat aCut 2;

¥% oA [BnPptar GBESE prodreipresiding @it compeigr réadpblstrapdinm having a

rep rlIFiltEn; reg rlFi ItEnDI_)fl; reg [2:0) r3Section;
Puradieefinstructions stored thereon which, when executed by the processor, cause that

processor to:

sum a left channel audio signal and a right channel audio signal to produce
a sum signal, and to subtract one of the left and right audio signals from the other of

the left and right signals to produce a difference signal; and

select one or more sets of filter coefficients to filter the difference signal
with a configurable infinite impulse response digital filter, wherein each selectable
set of filter coefficients is associated with a unique filtering application to prepare

the difference signal for transmission.

60. The computer program product of claim 59 further comprising instructions to:

to select an input signal from a group of input signals.

61. A computer program product residing on a computer readable medium having a

plurality of instructions stored thereon which, when executed by the processor, cause that

processor to:

select one or more sets of filter coefficients to filter a difference signal with
an infinite impulse response digital filter, wherein the difference signal is produced
by subtracting one of a left channel and a right channel audio signal from the other
of the left channel and right channel audio signal, each selectable set of filter
coefficients is associated with a unique filtering application to prepare the
difference signal for separating the left channel and right channel audio signals;
and

separate the left channel and right channel audio signals from the difference

signal and a sum signal, wherein the sum signal includes the sum the left channel
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5EC1 . 3'b000, SEC2 . 3'bod, 5EC3 a 3'b010, SEC4 -

3'bAIl, SECS - 3'bl00, SEC6 - 3'bid, 38 WO
wWQo@50984529 PCT/ US2005/ 009867 SEC7 = 3' b110, PGECR005/009867
3'blll; always @ posedge il C k or negedge i lnneset)

if (-ilnReset) begin r6SOSCnt <= 32; r3Section <=
SEC1l; rlLastCnt <= 0; rlFirstCnt <=1; riFiltEn <=
0; end else begin if (i3Start) begin r6SOsSCnt <= 32;
r3Section <= SECl1; rlLastCnt <= 0; rlFirstCnt <= 1;

r | Fi biidip signallandethelrightsehatejiandiokignst.Cnt <= (r 6SOSCnt
1); rlFirstCnt <- rlLastCnt; r3Section <= rlLastCnt ?
r3Section + 1 r3Section; rlFiltEn <_ (rlLastCnt &&
r3Secti on SEC7 ?20rlEItEn;, rlFiltENDyY <= |

611 Pht cRmpUIPEEORE POBH GG fither SogETsEnsugtions

end end ?c|> g\ﬁgc? arg Er}p% lsi%ggalao o0 aogrrogpscﬁelﬁ}tnilt%{]g)nalspegi :

63. A television audio signal encoder, comprising:
an input stage configured to receive a secondary audio programming signal;
and
a configurable infinite impulse response digital filter configured to
selectively use one or more sets of filter coefficients to filter the secondary audio
programming signal, wherein each selectable set of filter coefficients is associated
with a unique filtering application to prepare the secondary audio programming

signal for transmission.

64. The television audio signal encoder of claim 63, wherein the configurable infinite
impulse response digital filter includes a selector configured to select one of the one or

more sets of filter coefficients.

65. The television audio signal encoder of claim 63, wherein the configurable infinite
impulse response digital filter includes a selector configured to select an input signal from

a group of input signals.

66. The television audio signal encoder of claim 65, wherein one input signal from the
group of input signals includes an output signal of the configurable infinite impulse

response digital filter.

67. The television audio signal encoder of claim 63, wherein the configurable infinite

impulse response digital filter includes a second order infinite impulse response filter.
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if (r192D010) _= 11b0) begin r34GAl = 0; r37GBO = 0;
end el se begin case (i2CoefSelect) 0: //192 kHz Stereo
W@ ame/094535ect i on) SECL begi n r34CGAlI = 34' hOF76RERDI2005/009867
1.932709e+000 in 031 r37GB0 = 371h00043B13BC; end //
3.305209e-002 in @1 SEC2 begin r34GAl -
34' hOCl ADCBD3; 1.513116e+000 in Q31 r37GBO -
37' h0006BF64D2; end 5.271588e-002 in @B1 SECS begin
r34GAl1 = 34' hOCAFOFF18; 1.585480e+000 in @1 r37G30 =
37' h0016E3D073; end 1.795715e-001 in B1 SEC4 begin
r34GAl = 34' hOD4000369; // 1.662133e+000 in 1
68. 3X GB&isioR Adio GRAEDEETD e, eomopriidzt0151e- 001 in (Bl
SECS begi n r34GA1l = 34' hODAF99F49; 1.710743e+0Q00 in
QB1 r37GBO configurablep DEDEECINPEA resORsS gita ofilter, cogfigured to
SEC6 begin r34GAl - 34| bODE49CDAD; Qéj 1, 736627e+000 i n ,
1 selesitrely use pre p @By 450 filley gootligieats teclilfRy p seqorgpry audio
SEC7 begin r34GAl, - 34' ED378: ..1. 751217e+000 i n. .
o1 PIOGTCREE b A0 B RERTIS S eilEs SOREEE RS Frroisied with o
def . . 1 — . — . . .
77 1o S dogtCbnTo Brophd P Hhondley Bl BREEERRIngienl for
= 34, hORAAGERAverlsy228968€+000 in @B1 r37GB0 =
37' h0004975CAC; end 3.586920e-002 in @1 SEC2 begin
r34GAl = 34' hOBC855431; 1.472819e+000 in Q31 r37GB0 =
37' h0008987494; end 6.715257e-002 in @1 SEC3 begin
69. 3AALelevidi b@iib kg Ddecaiet 48 4 lire 630 OvhereifBie corfizGhible infinite
37' h0017403424; end 1.816468e-001 in B1 SEC4 begin
iny8ds@Atsponse dighta-8BeGRreludey a selater smdignoml forsetggt one of the one or
- r37GB0 37' hOR6CDCAEL; end 3.031546e-001 in B1 SECS

mpgsgfiels qfddigngoettigentsoD55ACISF: 1. 666832e+000 in (B1
r37GBO = 37' h002DEBC3AC, end 3.587575e-001 in (B1

70. The television audio signal decoder of claim 68, wherein the configurable infinite
impulse response digital filter includes a selector configured to select an input signal from

a group of input signals.
71. The television audio signal decoder of claim 70, wherein one input signal from the
group of input signals includes an output signal of the configurable infinite impulse

response digital filter.

72. The television audio signal decoder of claim 68, wherein the configurable infinite

impulse response digital filter includes a second order infinite impulse response filter.
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SEC6 begin r34GAl = 34' hODBA88105; // 1.692642e+000 in
@1 r37GBO - 37' h00216EB65S; end 2.611912e-001 in B1

WGRGF/ 0y N r 34GA1L = 34" hODAAG6232E; 1. 708195e+RO0USI005/009867

@1 r37GB0 = 37' h024F9F903E; end 4.623034e+000 in B1
default: begin r34GAI = 0; r37GBO = 0; end endcase 2:
/1192 kHz SAP case (r3Section) SEC3 begin r34GAl =
34' hoF762FFD7; 1.932709e+000 in B1 r37GBO -

37' ' h0004391 39C, end 3.309289e-002 in @B1 SEC2 begin
r34GAI = 34' hODS8638B3; 1.668159e+000 in B1 r37GB0 =
37' hOOO4BE4AF2; end 3.559243e-002 in @B1 SEC3 begin
r34GA1 - 34' hODESS6600; 1.736981e+000 in B1 r37GBO =
37" h001621FBAF; end 1.72912| e-001 in Q1 SEC4 begin
r34GA1 - 34' hOE7618705; 1.B07664e+000 in B1 r37GBO =
37' h00269DCGDDD; end 3.015794e-001 in @B1 SECS begin
r34GAI = 34' hOECF22A52; // 1.851140e+000 in 31 r37580
= 37' hOO2DBEG6AD; end 3.573731e-001 in B1 SEC6 begin
r34GA1 - 34' hOEFDA7DAD; 1.873855e+000 in B1 r37GB0 =
37" hOOR190E3A2, end 2.622339e-001 in B1 SEC7 : begin
r34GA1 = 34' hOF1718472; // 1.685277e+000 in B1

r37GB0 - 371h02E23C74EB; en 470e+000 in B1
default: begin r34GAl1 = O; gg@é%gDégéj end endcase 3:
/1176.4 kHz SAP case (r3Section) 39 WO 2005/094529
PCT/ US2005/ 009867 SECT begin r34GA1 34' hOFGAGEOFA,
1.926966e+000 in @B1 r37GBO = 37' h0004975CAC, end
3.586920e-002 in B1 SEC2 begin r34GAl -

34' hODl F619CE; // 1.640323e+000 in @1 r37GBO

37" hOOOSA87CB7; end 4.420432e-002 in @B1 SEC3 begin
r34GA1 = 34' hODBO3OA3B; 1.711030e+000 in B1 r37GBO
37' h001637EF23; end 1.735820e-001 in B1 SEC4 begin
r34GA1 = 34' hOE4SC66PC, 1. 784070e+000 in (B1
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r37GBO = 37' hOOR6A6D96! ; end 3.019568e-001 in @1
SECS begi n r34GAl - 30hOEA298531; 1.829392e+000 in @1
WO 308819529 37' h00213CACS5SF; end // 3.577506e- OORCT/ISIYBI009867
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E(?Z'gﬁfl'?tf begin r34GAl 0; r37G80 = 0; end endcase
endcase end end always 5(r224D [ D3 or r3Section)
begi.n.bfo..(6L2240L(0%..5..0.00)...begin r34GA2 = 0; r37GBI
(Fhegy comeBN 1’=§é=*=bé’gi’“h°f‘cf§sfét ff>Coef Sel ect) 0: //192 kHz
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#DEBgen »eOrBR 8B 30«0 dndn al | r37GBI =
éiﬁﬁﬁﬁﬁﬁddﬁﬁaﬁﬁxgﬁjﬁ Cekelim b GEG2:begi n r 34GA2 =
OB SRLRAL L nb. BaaiZds O iR QR1  r37G81 =
3zmﬁnngngndﬁ iﬁﬁﬁﬁ“2pﬁﬁgf6?€*ﬁﬁ?“ln 031 SEC3 begin
534602, AA1NIAEIIDAG0. 1,0937030:001 1 n (BL 137GHI +

t§7'sene]£ El'; m secg:lhich ?e ifs the cycflge at 41 érst Qegt;!'o I n qgl SEC4 begl n
SAGAS' ms S4beh 8OGBHOE0s1e ©-Bord G800 | N @B1 r37G8l

““%? ﬁTﬁéﬂTéfﬁ§§d“3ﬁambﬁ“§1éfégkm601 in QB1 SECS begin
:zamrsgét‘:ﬁagggazﬁa;:i:s CORRIESETM1 in 031 r37GBL =
BTih TR Y ZEN T 32 g B TS AR SR . n ®B1 SEC6 begin
;§4g$@m,§gln3§§Fgagﬁﬁ -9.688515e-001 in Q31 r37GBlL F

'3 tlcbxl J@;cg?AQFthe a:epro Tiate al 5.2%5 ]bge QQ:g'eftjlc:.entggl SEC? begl n
@A 3L BEIL D BAR: 69, D Lb #8001 in QBL r37G83.

te, egisters ning
Eihgbﬁﬁsﬁgélugn ol frargiD). §Zé§£ﬁ&a&@& in Q81
15 Lnltzated. the data in d# will have the section 1 data in its least
significant bits, followed by section 2 in its next most significant
bits, etc. For each section the bits are arranged in oxrder such that
the lsb of the data is located in a less significant bit than the msb.

So, as the shift registers shift down, more significant bits are multiplied
by the a and b coefficients. Each of those products is summed and
accumulated in the acel and acc2 registers. Each time a sum of products

is added to each accumulator, the previous value of the accumulater is
divided by 2 to give the proper weighting to each multiplication.

The primary purpose of the 'lastent' signal is to handle multiplication

by a negative number. ‘'Lastent' is high when the sign bit is being
multiplied. ‘'Lastent' will invert the bits of 'asuml’ and 'bsum2' to

give 2 l's complement result in the accumulator. For the accumulator
associated with acc2 a 1 is added simultaneously with this bit-inversion

te give a 2's complement result. An approximation is used on the side
associated with accl where 1s are added in every addition except for the
one when 'lastent' is high. The result is that 0.11111...({binary) is added
instead of 1. The approximation is very close and this approach saves some
resources by using the same input to the adder for adding the value
'indata' and the 1s.

There is a dout# register for each of the distinct filters that this
module implements. The data in acc2 is written to the corresponding
dout register when that f;lter s cyele is complete. 'Section’' also
handles that function.

EERH AR A RR I IR AR IR ARERAR RN R AR E R R R TR SRR W AR AR x )

// Generated by SOSFilterGenerator.m on 18-Feb-2004 09:21:24
1/
// Delay Register Width = 32

// kREEXAXEERNTRK AL AR kA kwnesrs  Piltar 1 DIiff Gain Ctrl Ea.mipass HAEERTARE RS AR A TR R AT KR AR ALS
// This filter is in Q17 format. (Q17 is required.)

-------------- {192 kHz Stereo) - = « - - = « = = = = « « .

// Max Delay Register Value = 13066.680 ~v-=wwmeec-= > 20.247% headroom

v .

1/

17 bo bl h2 a0 al a2

LA e L L L P PE PP L P LR

7/ 3.3052850e-002 0.0000000e+000 -3.30528902-002 1.0000000e+000 -1.9327087e+000 9.327B529e-001

// Magnitudes are relative to the system input, not necessarily the filter input.
// Section Del. max Outmasx

1/ 3.5869202e-002 0.0000000e+000 -3.5869202e-002 1.0000000e+000 -1.9269677e+000 9.2705818e-001
e
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default: begin r34GA2 = 0; r37GBlI - 0; end endcase 1:
/1176.4 kHz Stereo case (r3Section) SECl1 begin r34GA2
WE2@40M389562859; - 9. 270582e-001 in @Bl r 37G3RCEHUS2005/009867

37' h00O0O0000000; end O in B1 SEC2 begin r34GA2 -

341h388E3014E; -5.555724e-001 in @@B1 r37GBl =

37' h0004CF1SOA; end 3.757012e-002 in @B1 SEC3 begin

r34GA2 34' h3A7DEAB57; -6.885172e-001 in B1 r37CGBl -

ﬁi&?ﬁpE‘EJQQC‘ e end =2, 2O8R6Rex 00k iw@B1 SECA begin
“ZB.300784e-001 in @1 r37G8l

/1 E3AGA2 = 343958 FFDAS;
737 tht’:éiézfé"A“é‘é’“ end - 4"78%316e- 001 in 031 SECS begi n

//r34GA2 -34" h38AM3EGRC; . - 9..1980285- 001 in B1 r37GBl
WTHi&B&“&‘D&KBF’?"“eﬁU 59137808 0UT"in @B1 SEC6 begin

”r34g—;A2 34' h3844D2CHF; -9.863948e-0Q1 in QBla r37GBI

3?30ELEQ723'§§1?§§e+000 @qg;;;ﬂ;';%gﬁf? él&%@ ]i L‘lm@} """ 7-begin

%2 h A § ° 9 9. 3278529@%@|

@ﬁohid‘ s‘éaéiﬁéﬁs‘”é” B °§§"’2‘?‘3‘§% tf‘ffd“"u n 031'

//defaul tab6s BgHoddsodo 34GA2 r.5eldieo3/ GBI - O; end endcase 2:
711192 kHz SAP case (r3Section) SEClL : begin r34GA2 =

7 335N 3BBIATORR: , 19:, 327883e: 001:,] N, 81" r37GB

/37" 11 0000000000; end O in Bl SEC2 begin r34GA2

.34 W3AGOPBIRC, - 7. 016694e- 00L in (B 137CBl=

// na&éﬁézre k18 BOAABRE 6, m?:.eQAzﬁZ,S&eﬁQanthn 031 137081 =
7 ZTCh1FDBCY8MB2; end - 2.°889862e-001 in @Bl SEC4 begin
0t 34GA2 I ATIBEL0C220; *- #8901 36e- 001 in B1 r37081 -

ﬁ JUETLITEE, jeng spiae2istes 001 L Gat SECS begin
//r GAZ 341h386 E96 r 37GBl

// begl n r34GA2 34 h38287EC87
,/ r3788l..=.. 31 fI'L]_FCCFBZfDlB anﬂ?---A__9257899 001 %o B1

17 SECEYHAR BrSACHD AT B OSERp, 115 23D Oh s, | N

// 401514e-001 -4.9151080e-001 3.04015143-001 1.0000000e+000 -1.6621327e+000 8.4198754e-001
/7 .5735700e-001 -6.0794041e~-001 3,5735700e-001 1.0000000e+000 -1.7107429e+000 9.2558352e-001
/7 2.6136244e-001 -4.5235123e-001 2.6136243e-001 1.0000000e+000 -1.7366273e+000 9.6885152e-001
/7 5.3830645e+000 -9.3702736+000 5.38306452+000 1.0000000e+000 -1.7519173e+000 9.9157326e-001
/

// Magnitudes are relative to the system input, not necessarily the £ilter input.

// Section Del. max Outmax
LAt

/1 28.3715156625407 3.5776901313243

// 2 31.9840159840160 3.8305392851226

1/ 3 31.98401559840161 3.1210477888606

/] 4 31.9840159840161 2.0635824177149

// 5 31.2840159840161 0.8396791296564

/] 6 31.9840159840157 7.7860720843173

/7

//

I] = = = = e e e e e e e o e (176.4 kHz Stereo) =- - - =~ = ~ = - - - - - - -

// Max Delay Register Value = 31.984 «-ecveeecne- > 50.025% headroom

1/

/7

/7 bo bl b2 ao al a2
L AR R e

1/ 6.7152569e-002 3.7570123e-002 6.715256%9e-002 1.0000000e+000 -1.4729189e+00D 5.5557235e-001
// 1.8164684e-001 -2.1982620@-001 1.81646B4e-001 1.0000000e+000 -1.5434407e+000 6.8851717e-002
7/ 3.0315457e-001 ~4.7013161e-001 3.0315457e-001 1.0000000e+000 -1.6187569e+000 8.3007841e-001
// 3.5875746e-001 -5.9137598@-00) 3.5875746e-001 1.0000000e+000 -1.6668321e+000 9.1580280e-001
// 2,6119117e-00)1 -4.3950708e-001 2.6119117e-001 1.0000000e+000 -1.65264238+000 9.6639480e~001
174 4.6230336&+000 -7.83273502+000 "4.6230336e+000 1.0000000e+000 -1.7081551e+000 9.9050135e-001

// Magnitudes are relative to the system input, not necessarily the filter input.

// Section Del. max . Outmax

AR ki DT T P ]

/1 24.3079463328329 4.1772147459416

11 2 31.9840159840160 4.4855401597618

/73 31.9840159840160 3.6514564875954

/1l 4 31.9840159840160 2.4096818625623

/75 31.9840159840160 0.9803587530678

118 31.9840159840163 7.8035183748296

I

iz

R (192 XHz SAP) = = = = = = = = = = « « = =
/; Max Delay Register Value = 63.968 =~---wcecun-- s> 0.050% headroom

/

/7

5; bo b1 b2 a0 al a2

/7 3.5592430e-002 -1.52785222-002 3.5592430e-002 1.0000000e+000 -1.6681586e+000 7.0166935e~001
1/ 1.7291208e-001 -2.8898617e-001 1.72591208e-001 1.0000000e+000 -1.7369812e+000 7.9467313e-001
7/ 3.0167536e~-001 -5.5024515e-001 3.0167936e-001 1.0000000e+000 -1.80766382+000 §.9011358e~001
7/ 3.5737308e-001 -6.6631149e-001 3.5737309e-00) 1.0000000e+000 -1.8511403e+000 9.4867213e-001
/ 2.6223393e-001 -4.9257885e-001 2.6223391e-001 1.0000000e+000 -1.8738553e+000 9.7876206e-001
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r37GBI = 37' h1A91DB35BC; end -1.086050e+001 in B1
default: begin r34GA2 a 0; r37GB1 - 0; end endcase 3:

WO 2®5/8%1529 kHz SAP case (r3Section) SEC3. : beRGCTIUS2005/009867
r34GA2 - 341h389562859; -9.270582e-0D1 in B1 r37CGHl
37' h00O0O0000000; end O in B1 SEC2 begin r34GA2
34' h3A904035A; -6.795650e-001 in @B1 r37GBl =

/7 37574'%1%84&&@901 endutrz;lwoul5686&@600(1268&2%”%19 941&5.-@301 begl n

/; Ma[f;r%&ge reﬁévehsgggﬁﬁAF; not ;==Z§79%5§ltgzo‘1pué n (131 r37(3|
70 23T h1FDCHCIPO3; end - 2:803767e-001 in @B1 SEC4 begin
0 1r 34GARe- gg;gs $s88F342DGRe28.1812202e- 001 in B1 40 WO
//32005/ 2Gso T/ USZ@@@f@@Q@G? r37GB1 . 37' h1FBAB7DSF1;
/7 send §Mﬁé£§e 001 ivineHEasSECS begi n r34GA2 =
’”341h3§fi§’§‘7‘8‘2‘ -9. 4453348601 in B1 r37GBL -
.37 . h1EABBEEFC44;.,. R0 6. 592341e-001_.1Ln CBl SEC6 begin
EF?AEG&Z‘S“"BW hB82F7A534;> 29°768FF5e- 001 in B1 r37GB1
j; . 37" hl FCllQlFZS49 gpd /] -4 853776e 001 in 3@1 SEC7
;;-b. e-002 -1, Er5e-003 1. 0000 . 00 1 377 S-e—-g;géi o()lq3
R S e e o Eken derh B
J Sfaed B SRRGInheT 34KA % ,888%82%2&% s3sasble 000 hCh oS GoaS €
! e AR éiu‘»éﬁé&l Qlornd R [:dZ: Cﬁt:ﬁ‘;ﬁ ?;S§¢3C§:.®&h) _
% Magigzg:{esnaré Ielat(.wre Zz&i:)gltqunput JneQQﬂ.ly !h;gz@%nput el se begl n
reetese (1 2€oefSel ect) O°“tfs‘a=l 192 kHz Stereo case

/73 (r 3SeetirompnSECL r 37@uus@7 h1FFBCAECA4: /|
553-3 30%29%’ ”}éég in QB

63.9680319680317 2.2445117940875

// s 63.96803196B0315 0.9126165355909
// 6 63.9680319680318 7.7522411990662
/7
module decfiltl ({iiclk,

ilnReset,

ilDRegClear,

ilstart,

i2Coefselact,

ilspatalIni,

orlsSbatalutl,

i27patainz,

ox29Dataout);
input i1Clk;
input ilnReset;
input ilDRegClear;
input ilstart;

input [1:0] i2CoefSelect;

input {17:0) ilBDataInl;
output [18:0] orlSbataQutl;

input [26:0] i27DataIn2;
output [28:0] or29DataCut2;

reg [31:0] <r32DOMSBs;
reg [191:0] ri92D0;

reg [223:0] r224D1;

reg [223:0] r224D2;

reg {28:0] z29DatalnReg;
wire {33:0] w34IMuxl;

reg {33:0] 1r34GRl1;

reg [33:0] 1x34Ga2;

wire [33:0] w34ASuml;
wire [33:0) w34ASumln;
reg [33:01 z34Accl;

reg [36:0] r37GBO;

reg [36:0] r37GB1;

reg [36:0) xr37GB2;

wire [36:0] w37BSumi;
wire [36:0] w37BSum2;
wire [36:0] w37BSum2n;
reg [36:0] x37Ace2;

reg [18:0] orloDatalutl;
reg [28:0] or29patadut2;
reg [5:0] =r6S0SCnt;

reg riLastCnt;

reg rlFirstCnt;
reg r1FiltEn;

reg r1FiltEnDly;
reg {2:0} x3Section;
parameter

SEC1 = 3'b0o00,
SEC2 = 3'booO1,
SEC3 = 3'bo010,
SEC4 = 3'bo11,
SECS = 3'b100,
SEC6 = 3'b101,
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SEC2 r37GB2 = 37' h0006BF64D2; // 5.271588e-002 in (B2

SECS r37GB2 = 37' h0OlI 6EBDO73; // 1.79071Se-001 in @B1
W®EB4/0937G82 - 37' h0026E9F7DF; // 3. 040151e- OOHCT/HS1)B8Y009867

SECS r37GB2 . 37' h002DBDDFCB; // 3.573570e-001 in @B1

SEC6 r37GB2 - 37' h0021745300; 2.613624e-001 in 31

SEC7 r37GB2 = 37' h02B1084239; // 5.383065e+000 in @B1

default: r37@&2 . 0; endcase 1: //176.4 kHz Stereo

case $#3%eati on) SECL r37GB2 . 37' h1FFB68A354; //

- 3. 58692085 Q02 of RsEBLxSEC2 r37GB2 = 37' h0009987494;
/] 6\ TIBRBTESN02 in B1 SEC3 r37GB2 - 37' h0017403424;
1. 8163BBE 00Ftn @B1 SECA r37GB2 - 37' hOR6CDCAE! ;

3. 031348+ 00% in B1 SECS r37GB2 = 37' hORDEBC3AC;

3. %ﬂgs?i%%mi n B1 SEC6 r37GB2 = 37' h002| 6EB65B; /
2. 611919e0T~isn QB1 SEC7 r37GB2 = 37' h024F3F903B; |/
4. 6230346450001 Q81 default: r37GB2 - 0; endcase 2
/1192 KhEiiSAP: tcase (r3Section) SECL r37GB2 =

37" h1FFECAECAS  1653.:3052996- 002 in @B1 SEC2 r37GB2 =
37" hOOCARIEAARZ 1 3:0992436-.002,,0..0..B1  SEC3 r37GB2 =
37' hOOIB2ERAF ;=00 [ dskeio0f B e (B#1:8ECA © r37GB2 .
37" hOQP6656 DDB; s fFat 3. 016704es<90%: i n Q81 SECS r37GB2 .
37' ®002DBE66BD; 3.573731e-001 in B1 SEC6 : r37GB2 .
37' £00 21901 83:se2:422339%- 001 in B1 SEC7 r37GB2 =
37" W2 G236 7i6AS0) 5.:£67470€+000 in B1 default: r37GB2
= 0; erighfasel 3: //176.4 kHz SAP case (r3Section)
SEC1 = ¢:37@B2 =, 37 h1FFS68A354; // -3.586920e-002 in
@1 SEC2 ; r3/GB2 = 37' hOO05AB7CB7; // 4.420432e- 002

/
/

. 9 z St ' .
in Bl SkEEShswees7GB2 . 37 hOOL637EF23; 1.735820e- 001
. SECLl : begin r34GAl = 34'hOF762FFD7; // 1.932709e+000 in Q31
N Q31 r37GB0O = 37'h00043B13BC; end // 3.30528%e-002 in Q31
SEC2 : begin r34GAl = 34'hOCLADCSD3; // 1.513116e+000 in Q31
r37GB0 = 37'h0006BFS4D2; end // 5.271588e-002 in Q31
SEC3 : begin r34GR1 = 34'hOCAFOFF1B; // 1.585480e+000 in 031
r37GR0 = 37'h0016EBDO73; end // 1.790715e-001 in Q31
SEC4 : begin r34GAl = 34'h0D4COC369; // 1.662133e+000 in Q31
r37GB0 = 37'h0026ESF7DF; end // 3.040151e-001 in Q31
SEC5 : begin r34GA1 = 34'hODAFS9F49; // 1.710743e+000 in Q31
r37GB0 = 37'h002DBDDFCY; end // 3.573570e-001 in Q31
SECS : begin r34GAl =~ 34'h0DE45CDAD; // 1.736627e+000 in Q31
r37GB0 = 37'h0021745304; end // 2.613624e-001 in Q31
SEC7 : begin r34GAl = 34'hOE03ED378; // 1.751817e+000 in Q32

endcase

1: //176.4

r37GB0 = 37'h02B10B41F6;
defaunlt: begin »34GAl = 0; xr37GBO = 0;

kHz Stereo

case (r3Section)

SEC1

SEC2 :

begin r34GAl = 34'hOFGAGEOFA;

r37GB0 = 37'h0004575CAC;

begin r34GAl = 34'hOBCBS5431;

r37GB0 = 37'h00089B87494;

end // 5.383065e+000 in Q31
end

// 1.926968e+000 in Q31
end // 3.586920e-002 in Q31
/] 1.47281%e+000 in Q31
end // 6€.715257e-002 in Q31

SEC3 : begin r34GAL = 34'h0CSBF76D4; // 1.543241e+000 in Q31
r37GB0 = 37'h0017403424; end // 1.816468e-001 in Q31
SEC4 : begin r34GAl = 34'hOCF336CF8; /] 1.618757e+000 in Q31
r37GBO = 37'h0026CDC4EL; end // 3.031546e-001 in D31
SECS : begin r34GAl = 34 'hODSSACLSF; // 1.666832e+000 in Q31
r37GBO = 37'h002DEBC3AC; end // 3.587575e-001 in Q31
SEC6 : begin r34GAl = 34'hOD8ABS105; // 1.692642e+000 in Q31
r37GB0 = 37'h00216EB65B; end // 2.611912e-001 in Q31
SEC7 : begin r34GAl = 34'hODAA6232E; // 1.708195e+000 in Q31

endcase

r37GB0 = 37'h024FBFI03E;
default: begin r34GAl = 0; z37GBO = 0;

2: //192 kHz SAP
case {r3Section)

SEC1 :

begin x34GAl = 34 'hOF762FFD7;

r37GB0 = 37'h00043B13BC;

end // 4.623034e+000 in Q31
end

// 1.932709e+000 in Q31
end // 3.305289e-002 in Q31

SECZ : begin r34GAl = 34'hODS58638B3; // 1.668159e+000 in Q31
r37GB0 = 37'h0004BE4AF2; end // 3.559243e-002 in Q31
SEC3 : begin r34GAl = 34'hODES556600; // 1.736981e+000 in Q31
r37GB0 = 37'h001621FBAF; end // 1.725121e-001 in Q31
SEC4 : begin r34GAl = 34'hOE761B705; // 1.807664e+000 in Q31
r37GB0 = 37'h00269DEDDD; end // 3.016794e-001 in Q31
SECS : begin x34GAL = 34 'hOECF22A52; // 1.851140e+000 in Q31
r37GB0 = 37'h002DBE66AD; end // 3.573731e-002 in Q31
SEC6 : begin r34GAl = 34 'hOEFDA7DAD; // 1.B73855e+000 in Q31
r37GB0 = 37'h002150E1A2; end // 2.622339e-001 in Q31
SEC7 : begin r34GAl = 34'h0F1718472; // 1.886277e+000 in Q31

r37GB0 = 37'h02E23C74EB;

end // 5.767470e+000 in Q31

default: begin r34GAl = 0; xr37GB0 = 0; end

endcase

3: //176.4

kHz SAP

case (x3Section)
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SEC4
@B1

: r37GB2 = 37' h0026A6D964; // 3.019668e-001 in
SECS : r37GB2 = 37' h002DCAC536; 3.577506e-001 in

WARBWS0SER6 r 37582 = 37' h0021782436; // 2. 61479P€F/0905/609867

Q1
Q1

SEC7 r37@B2 - 37' hO2749D6F8F; // 4.911055e+000 in
default: r37G2 . 0; endcase endcase end end

assi gn W34ASUmM - r34GAl + r34GA2; assign w34ASum n

ri LastCnt ? - M,}mm

4A§ym953e+%§§n n V\B4| M,IX' -

rl Last Cfﬁu > % BaralnReq(:283):] °°21rlegDat al nReg }

1

aSSI Jﬁgvﬁgﬁﬁ;ﬁ;@?_///-& afo %@Blm Qaass| gn mB?BSuhQ

- \/\/37Bs‘i’i‘ﬁ1 ”ﬁ"‘r’%ﬁ?@ﬁ‘,ﬁﬁ? 2o 3 ZESHRR Ao r | Last Ont 2
- W37BSUufi? * mgm’zmmﬁ:z;za@mysﬂétahh%uwg"é;lu | dk or

negedges=# | AReSEE) - 1o kablinRES BT HEA o r 34Accl ¢. O
r37Accze. 0 ECORCREREH <, /1 HRI0MI Bl nReg O

2.814

or | 9Dat &@u bdsin <1160z 30 @RS ooo ,else begin if
(r| Fi | t&Ea)e. bagihmi FoCrbEr b s.g i ? e"é". N r32DOVBBs <-

r 34AcE¥F¥* r34Accl <= 0; r37Acc2 <= 0; case
A T™3Section) SECL1 r29Datal nReg <. (

{11{i | 8Datalnl [17])), il8Datalnl 41 WD 2005/ 094529
2BCPAUB2006/:089867 SEC2 : r29Datal nReg <_ {
{2{42%¢) atahna[-26] )}, i270ataln2 default

r 290at

al iReg <= r37ACC2[ 28: 0] ;

end else begin
case (i2CoefSelect)

0: //192 kHz Stereo
case (r3section)

SEC1 : begin r34GA2 = 34'h3889A7DDB; J/ -9.327853e-001 in Q31
r37GB1 = 37'h0000000000; end // 0 in Q31
SECZ : begin r34GA2 = 34'h3BS53F2FA4; 7/ -5.840092e-001 in Q31
r37GBLl = 37'hO002A600F8; end // 2.069103e-002 in Q31
SEC3 : begin r34GA2 = 34'h3A5335R60; // -7.093703e-001 in Q31
r37GBl » 37'h1FELD31721; end // -2.357455e-001 in Q31
SEC4 : begin r34GA2 = 34'h39439C091; // -B.419875e-001 in Q31
r37GB1l = 37'h1FC1162C88; end // -4.915108e-001 in Q31
SEC5 : begin r34GA2 = 34'h3B9BE7756; // -95.25583%e-001 in Q31
r37GB1 = 37'h1FB22F0237; end // -6.079404e-001 in Q31
SEC6 : begin r34GA2 = 34'h3B3FCACES; // -9.6B8515e-001 in Q31
£37GBLl = 37'h1FC6195ADF; end // -4.523512e-001 in Q31
SEC7 : begin r34GA2 = 34'h3B11420R7; // -9.915733e-001 in Q31
r37GBl = 37'h1BS09AE053; end // -9.370274e+000 in Q31

default: begin r34GA2 = 0; r37GBl = 0; end
endcase

1: //176.4 kHz Stereo
case (r3Section)

SEC1 : begin r34GA2 = 34'h3B5562859; // -9.270582e-001 in Q31
r37GB1 = 37'h0000000000; end // 0 in Q31
SEC2 : begin r34GA2 = 34'h3BEE3014E; /] -5.555724e-001 in Q31
r37GBl = 37'hO004CF130A; end // 3.757012e-002 in Q31
SEC3 : begin r34GA2 = 34'h3ATDERBS7; // -6.885172e-001 in Q31
ri7GBl = 37'h1FEIDCBC30; end // -2.198262e-001 in Q31
SEC4 : begin r34GA2 = 34'h39SBFFDAS; // -8.300784e-001 in Q31
r37GBL = 37'h1FC3D2BA38; end // -4.701316e-001 in Q31
SEC5 : begin r34GA2 = 34'h3BA43E6DC; // -9.198028e-001 in Q31
r37GBLl = 37'h1FB44DCABF; end // -5.913760e-001 in Q31
SEC6 : begin r34GA2 = 34'h3844D2CDF; // -9.663948e-001 in Q31
r37GBl = 37'h1FC7BE3R63; end // -4.395071e-001 in Q31
SEC7 : begin r34GA2 = 34'h3B12A24F8; // -9.909014e-001 in Q31
r37GB1 = 37'h1C1S68F0RS; end // -7.832735e+000 in Q31°

default: begin r34Ga2 = 0; r3?GBl = 0; end
endcase

2: //182 kHz SAP
case {risection)

SEC1 : begin r34GA2 = 34'h3BBSA7DDB; // -9.327853e-001 in Q31
r37GB1 = 37'h0000000000; end // 0 in Q31
SEC2 : begin r34GA2 = 34'h3R62FB2DC; // -7.016694e-001 in Q31
r37GB1 = 37'hiFFE0BSA78; end // -1.527852e-002 in Q31
SEC3 : begin r34GA2 = 34'h39A482696; // -7.946731e-001 in Q31
r37GB1 = 37'h1FDR028052; end // ~2.889862e-001 in Q31
SEC4 : begin r34GA2 = 34'h38E10C220; // -8.901136e-001 in Q31
ri7GB1 = 37'h1FBS916F538; end // -5.502491a-001 in Q31
SECS : begin r34GA2 = 34'h3B8691EJ6A; // -9.4B6721e-001 in Q31
r37GBl = 37'h1FAABE4E14; end // -6.663115e-001 in 031
SEC6 : begin r34GRA2 = 34'h3B2RTECE7; // -9.787621e-001 in Q31
r37GB1 = 37'h1FCOF32D16; end [/ -4.3257B9e-001 in Q31
SEC7 : begin r34GA2 = 34'h380BESB90; // -9.941907e-001 in Q31
r37GB1 = 37'R1A91DB3SBC; end // -1.086050e+001 in Q31
default: begin r34GA2 = 0; x37GBl = 0; end

endcase

3: //176.4 kHz SAP
case (r3Section)

SECL : begin r34GA2 = 34'h389562859; // -9.270582e-00% in Q31
r37GB1 = 37'h0000000000; end // 0 in Q31

SEC2 : begin rd4GA2 = 34'h3AS04035A; /] -6.795650e-001 in Q31
ri7681 = 37'h1FFES4EADO; end // -1.156865e-002 in Q31

SEC3 : begin r34GA2 = 34'h3S9C5086AF; // -7.787925¢-001 in Q31
£37GB1 = 37'h1FDCICSD93; end // -2.803767e-001 in 031

SEC4 : bagin r34CA2 = 34'h38F342D0D; // -8.812202e-001 in Q31
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endcase end el se begin r32DOVSBs <_ {I'DbO,
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w0 20A0ed5pB3] , r34ACCL[ 33: 1] } + w34l Muxl; r 37RCXIRS2065/009867
w37BSUn2n + { r37ACC2[36], r37Acc2[36:1] ) +
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case (r3Section) SEC2 orl9DataCQutl <= r37Acc2[ 18: 07;
SECS or 29Dat aCut 2 <= r 37AccC nL; Ole.c.. qurglgase end

1 = 37'h1FBAB7D5F1 el 8
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SEC7 : xr37GB2 = 37'h02B1084239; // 5.383065e+000 in Q31
default: r37GB2 = 0;
endcase

1: //176.4 kHz Stereo

case (r3Section)
SEC1 : r37GB2 = 37'h1FFB6BA354; // -3.586920e-002 in Q32
SEC2 : T37GB2 = 37'h0008587494; // 6.715257e-002 in Q31
SEC3 : r37GB2 = 37'h0017403424; // 1.816468e-001 in Q31
SEC4 : r37GB2 = 37'hO0026CDC4ELl; // 3.031546e-001 in Q32
SEC5 : r37GB2 = 37°'h002DEBC3AC; // 3.587575e-001 in Q31
SEC6 : T37GB2 = 37'hO0216ERE5B; // 2.611912e-001 in Q31

2

o WW 0

SEC7 : r37GB2 37 'h024FBF903B; // 4.623034e+000 in Q31
default: r37GB2 = 0;
endcase

2: //192 kHz SAP

case (r3Section)
SECLl : r37GB2
SEC2 : r37GB2

= 37'h1FFBC4EC44; // -3.305289e¢-002 in Q31
= 37'h00048E4AF2; // 3.559243e-002 in Q31
SEC3 : r37GB2 = 37'hO001621FBAF; // 1.729121e~001 in Q31
SEC4 : r37GE2 = 37'h00269D6DDB; // 3.016794e-001 in Q31
SECS : r37GB2 = 37'h002DBE66BD; // 3.573731e-001 in Q31
SEC6 : r37GB2 = 37'h002190E183; // 2.622335e-001 in Q31
SEC7 : r37GB2 = 5.767470e+000 in Q31

default £37GB2
endcase

37'h02E23C76A5; //
= 0;

3: //176.4 kHz SAP

case (xr3Section)
SEC1 : r37GB2
SEC2 : T37GB2
SEC3 : r37GBZ

37'h1FFB6BA354; // -3.586920e-002 in Q31
37'h000SAB7CB7; // 4.420432e-002 in Q31
37'h001637EF23; // 1.735820e-001 in Q31

SEC4 : r37GB2 37'h0026A6D964; // 3.019668e-001 in Q31
SEC5 : r37GB2 37'h002DCACS536; // 3.577506e~001 in Q31
SEC6 : r37GB2 37'h00217824B6; // 2.614790e-001 in Q31
SEC7 r37GB2 = 37'h02749D6FBF; // 4.911055e+000 in Q31
default r37GB2 = 0;

endcase
endcase
end
end

NnuuHE N

assign w34ASuml = r34GAl + r34GA2;

assign w34ASumin = rilastCnt ? -w34ASuml : w34ASuml;

assign w34IMuxl = rilastCat ? { {5{r29DataInReg({28]}}, r2SDatalnReg } : 1
assign w37BSuml = r37GB2 + x37GBl;

assign w37BSumZ = w37BSuml + r37GBO;

assign w37BSum2n = rllastCnt ? ~w37BSum2 : w37BSum2;

always @(posedge i1Clk or negedge ilnReset)
if (-ilnReset) begin

r34Accl <= 0;

r37Ace2 <= 0;

r32DOMSBs <= D;

r2SbataInReqg <= 0;

orl2Datadutl <= 0;

or29Datalut2 <= 0;
end else begin

if (rlFiltEn) begin
if (rlFirstCnt) begin
r32D0MSBs <= r3ddccl;
r34Accl <= 0;
r37Ace2 <= 0;
case (r3Section)
SECL : r2gDatalnReg <= { {11{ilsPatainl[17]}), il8Datalnl };:
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SEC2 : r29DataInReg <= { {2{i27DataIn2{26]}}, i27Datain2 };
defanlt : r29DatalInReg <= r37Acc2[28:0};
endcase
end else begin
r32DOMSBs <= {1'b0, r32DOMSBs([31:1]);
r34Accl <= w34ASumln + { r34Accl[33), r34Accli33:1] } + w34IMuxl;
r37Acc2 <= w37BSum2n + { r37Acc2[36], r37Acc2{36:1) } + rllLastcnt;
end
end

if (rlFiltEnDly && rlFirstCat)
case (r3Section) .
SEC2 : orlSbhataOutl <= r37acc2(18:0];
SEC8 : or29Datalut2 <= r37Acc2(28:0];
endcase
end

//The following logic was separated from the above procedure because

//the Synplicity tool could not recognize these as SRL1Lés. It is true
//that SRL16s cannot have a reset in Virtex and VirtexE parts. Synplify
//v6.1.3 was mistakenly not allowing these registers to use SRL1Es because
//vnrelated registers in the same procedure had resets. Creating a separate
//procedure works around the problem.

always @(posedge ilClk)

begin
if (ilDRegClear) begin
r192D0 <= {1'b0, r192D0[191:11};
r224D1 <= {r192D0{0], r224D1{223:1]};
£224D2 <= {r224D1[0], r224D2[223:1)};
end else if {rlFiltEn && -riFirstCnt) begin
r192D0 <= {r32DOMSBs[0), rl92D0[191:1]};
r224D1 <= {r192D0[0], r224D1(223:1]};
r224D2 <= {r224D1[0), r224D2{223:1));
end
end

endmodule
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