1 CONFI GURABLE RECURSI VE DI G TAL FI LTER FOR PROCESSI NG TELEVI SI ON AUDI O

SI GNALS RELATED APPLI CATI ON AND TECHNI CAL FI ELD [0001] This application is
related to the following U S. application, of conmon assignee, from which
priority is clained, and the contents of which are incorporated herein in
their entirety by reference: "D gitallArchitecture for a BTSC

Encoder/ Decoder with SAP," U. S. Provisional Patent Application Serial No.

60/ 602, 169, 111 ed Mghizliddnr 904-uRIMBDIER AL HipFLASHSE el ates to

processing tel evi sion_audi ignal's.an nor e rtrcularly, to a

confi gurabl e archite&RQQES%WK%EEL@VFHC@%é@@ﬁﬁﬁﬁgﬂg&ﬁﬁcoding t el evi si on
audi o signals. BACKGROUND [0003] In 1984, the United States, under the
auspi ces of the Federal Comrunications Conmm ssion, adopted a standard for

the tr ansmjgﬁ??gjdqﬁfl{qu%fAmmMQﬂ FIELDel evision. This

standard is s Bulletin CET-60, and is often called the
BTSC system after the Broadcast Televisgio gﬁm& :deert-BatmoRr oposed
it, or the MPSOEVINE 2PRliFahNLS ‘FZ%%%W"sﬁ’gngg%%ﬁ‘E?ﬁ?‘ys emﬁ%ngooﬂf'] Prior to
the BTSC syste AEAoliS i e disie@ tind ki contvas oMmHGRRORMbeporagdbatist i ng of
a single " cﬁﬁlﬁlrl\eerg&gr Sl ngﬁgé%ee(audi o0 content. Stereo audio typically

requires t{andif anEslyLsi efraate: tDigiiah degitectenst fona @18 Colrenfailecodsh ihecei ver s
capabl e of detecting and recovering both channels. | der to,feet the
FCC s requi S8APBHLS. PrexisiensbPaianpApplics SR @'{63'%3‘3?’45‘3@&“%’8%&@1 e with

exi sting nonophonic television sets (i.e., that nono receivers be capable

of reproduci nﬁ%&%} h r (ggc{h;s?lteemﬂﬂég R ﬁ'}(ﬂé‘gglﬂngfteﬁﬁi'sioheauﬂﬁi%?m@ an@)f meieer €0

broadcast), t cas el evision Systens Conmittee adopted an approach
simlar to FMisashgtessduBeuble ueheanirefd vanditReghtingend dooolliga ieleyisione
conmbined to formtwo new signals, a Sumsignal and a Difference signal.
(0005] Monopibmsignaiel evi si on recei vers detect and denodul ate only the Sum
signal, 2 consisting of the addition of the Left and Ri ght stereo signals.
St er eo-capabl e receivers receive both-the Sumand the Difference signals,
reconbi ni ng BAGKGRQAUNR o extract the original stereo Left and Right
signals. [0006] For transm ssion, the Sumsignal directly nodul ates the
aural FM car r i [@003] ds 1984 theitediSatespmdprthnduspiaeschishediegpral Commaoieyieper ence
channel, homclfeo\rlnerrrxi’ssiéns, azlégtgé a g‘téﬁid%}da}o??he transmission and reception of stereo audio for

television. This standard is codified in the FCC’s Bulletin OET-60, and is often called the

BTSC system after the Broadcast Television Systems Committee that proposed it, or the

MTS (Multi-channel Television Sound) system.

[0004] Prior to the BTSC system, broadcast television andio was monophonic,
consisting of a single “channel” or signal of andio 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 ‘compatiblé’ with existing monophonic tclevisioﬁ sels (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 si gnals are combined to form two

new signals, a Sum signal and a Difference signal.

{0005] Monophonic television receivers detect and demodulate only the Sum signal,



onto an AM subcarrier |ocated 31. 768 kHz above the aural carrier's center
frequency. The nature of FM nodul ation is such that background noi se

i ncreases by 3 decibel (dB) per octave, and as a result, because the new
subcarrier is located further fromthe aural carrier's center frequency
than the Sum or nono signal, additional noise is introduced into the

D fference channel, and hence into the recovered stereo signal. |In many
circunstances, in fact, this risingnoise characteristic renders the
stereo signal too noisy to neet the requirenents inposed by the FCC, and
so the BTSC system mandates a noi se reduction systemin the Difference
channel signal path. [0007] This system sonetines refe {?ed torsas dbx noi se
reduct i gRckahd 6f the BatisengrahyLeft hratRigbwtreq)@anaﬂﬁaeSt?fE%'ﬁ?ﬂaﬁ 5™ of t he
conpandi ng type, conprising an encqQder and , de el adaptively
filter sreckbiee Pothftby Swgend mg?%!ﬁfefﬁwfo?gfta 5 f%camwég‘?%%g‘?ﬂ“?ﬁ &?ﬁ%ﬁml i t ude
and frequency content, _upon odi ng, hide ("mask") noise picked up during
t he tran%ﬁp%@?%‘??%@&g‘?? cejaefé(:iecoder conpl etes the process by restoring
the Difference signal to original formand thereby ensuring that noise is
audi bl y n9[§{§@51 oY rhiissioh nesunesipad directly 6008 pteTthe 28R F M G BE MR BUct i on
systemis also used to encode and_decode eco‘ggaré%r ,fg.]ﬂlll ngﬁtﬁ%cfmﬁ ng ( SAP)
si gnal s woulti &mobsphsif andiol signalt T BHETeRse SAPLFY 1Q4YEN > Gddi ti ona

i nformati on channel and is. qf t 163 deNtePr@@EAYIITHE i N an
alter natﬂhtﬂemlf’é\‘{@%@,eﬂ‘”éﬁﬁﬁj@%ﬁg‘g&?tﬁ%ﬁ?ﬂtﬁﬁgn%ﬁ nd, o?got her services.
[0009] Cost i SenQfiodifliibs S sublh (R bR geORT fdise incredsed e 3 deadbel kEBUTCRCt urers. As
a resul 2Bf° % hitense conpetition and consuner etéci) ctati.ons proflit mar gi ns
ON CONSWYIBke CARAICAS HRisCl, bepmusel it Bew sulsenicaly et 3{}&’3‘ SIHESARH s, can be

vani shingly small. Because the dbx 3 decaqderf.. . 2lGddicddi@ot €l evi si on
recei verthu&xamﬁmmymﬂ@mthif'%)’é“’ﬂ%“@ha?d%‘é";‘%‘l"%? the decoder, and

reduci ng the cost of the s SecBv 6L RGP Yhab 118 mady timwhistageegoal - Wi l e
the encoéiePiffeenesehiang ’aatngg’g’%%q'g&%ﬂg?ev‘iisi on receiver and is not as sensitive

froma profid uishansReisd tharaitiste valdap e stowwh sinahipp N0y AP @arsk e

manuf act Ur'i nd costs of the encoder also %é)rovi des d$¥1bene1‘jsFedug(;l}{l\/ARY OF THE
C

DI SCLOSUREuiéfk impnsed by draBG@.candisp theap T 3s peti™ B ¢i{& *drseosure, a

t el evi si on audi o sjgnal encEder li L | udes a device that sunms a | eft channel
audi o si gystem e Aifferyrr SRROHHEY B8 0 signal to produce a sumsignal. The
matrix also subtracts one of the left and right audio signals fromthe
other to priggyqenf Jubd hopREGesegnel o Fhibx enso tdnctigh Safter e RO,

that developed the technique) is of the companding type, comprising an encoder and

decoder. The encoder adaptively filters the Difference signal prior to transmission such

that amplitude and frequency content, upon decoding, hide (“mask™) noise picked up

during the transmission process. The decoder completes the process by restoring the

Difference signal to original form and thereby ensuring that noise is audibly masked by the

signal content.

{0008} The dbx noise reduction system is also used to encode and decode Secondary

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: {o television manufacturers. As a result of

intense competition and consumer expectations, profit margins on consurmer electronics

products, especially television products, can be vanishingly smail. Because the dbx



configurable infinite inpulse response digital filter that selectively uses
one or nore sets of filter coefficients to filter the difference signal.
The set of filter coefficients is applied to the difference signal by a
single multiplier in a recursive manner to prepare the difference signal
for transm ssion. [0011] In one enbodinent, the configurable infinite

i npul se response digital filter may include afeedback path to apply the
set of filter coefficients to the diffference signal in a recursive manner
Thi s feedback path may include a shift register to delay digital signals
associated with the difference signal. The configurable infinite inpulse
response digital filter may multiple a signal associated th%¥ he
di f f er engeccHiesin dbcat 6h the elévibionareceiNet, manu BEtureryAre sepsifive 91Tt Yt The

configurable infinite inpul se response diqgital fil j a
sel ect or detraler, god wduangihe PRt pEIC 3%&3? Y B%STS%gramg (‘a"'lt(’g%‘f@?%%dean wgﬁe filter

coefficients. Ln.sg Alon bidves BhE Gt a8 Bensiting Frofhea profiul ti pl exer .
The infi ?E“qof’r?fdfggﬁro%agépd(’)ﬁsrhgé iglital filter may be configured to provide

various fggnhﬁsihﬂjwctéma&ﬂ;@@ﬁwma Wvilhdeceeabomandigiring ooty of themmeodes alse gur abl e
infinite 1 nmpul se response digital filter may al so include a single adder
for applptovidestatenéfitl t er coefficients to the difference signal in a
recursive manner. The television audio signal may conply to the Broadcast
Tel evi sion System Commttee (BTSC) standard, the Near |nstantaneously

Conmpanded Audi o Mul i I ard, the A2/Zweiton standard, the
EIA - J SSMMMYOO%%AngﬁY{%S%i o standard. The 4 configurable
infinite inpulse response digital filter may be irTHanente .in an
i ntegrated [@IOVE becofddBERVith e Aseest @h it IRFIPRTS fol PR PEL S87%t he
di scl osure, a television audi o siqnal ol GlauSshe enmBATLGlr abl e
infinite erepdardecipdespdmesst ?tgj}“f‘%?geﬁﬁh?’é“gf}?ﬁgﬁq‘%dérgttu velty Uses one or more
sets of filtet ﬁ@g@%&ﬁ%@af_ OrHeirhdt¥ alfo Slibirhas 6iost thd Bhahd rigiteudsiof f er ence
y subtracti

signal is ‘g%ro%l ng one of a left channel and a right
channel ayghdls Hoghale dih@not freducotadifferencs eigaglgitbs encper 8lse igpfudes 2t or

coefficients is applied to the differ e siqgnal. by a . sSi tiplier in
a recur si venfrenrphlsrinfigteimppas wSROARS @ﬂﬁ@ﬁgﬁ@ﬁ@ﬁﬁﬁ’gﬁ ufg%SrO%sc ggle{lgé | rtlsg t he

| eft channel, and ri.ght - L sHaO 8L St of MR r SRERGERNs iahsphied RC| udes a
devi ce thﬁfknﬁéﬁ#ﬂ?’&mﬁ%ﬁﬁﬂghﬂ%ﬂanrﬁ%ila and r?ght channel audi o signals
fromthe %}efcfiﬁ*ér@ﬁlﬁ%igimﬂwsi@mmaﬁplsemm stiegnsive matner wumepsieghadiffersataudes t he
sumthe left channel audio signal and the right channel audio signal.

[ 0013] I n siznal fentooemissint., t he configurable infinite inpul se response
digital filter may include a feedback path to apply the set of filter

coefficient S[Ob?l]thr;%ng ieInggéit%g&?thgi cgﬂﬁéurﬁ‘tﬁ\e infinite impulse response digital filter
may include a-feedback path to apply the set of filter coefficients to the difference signal in
a recursive manner, This feedback path may include a shift register to delay digital signals
associated with the difference signal. The configurable infinite impulse response digital
filter rmay multiple 2 signal associated with the difference signal and provide an output of
this multiplication. The configurable infinite impulse response digital filter may include a
selector that selects a digital input signal or selects one of the filter coefficients. In some
arrangements the selector may include a multiplexer. The infinite impulse response digital
filter may be configured to provide various filtering functions such as a low pass filter.
The configurable infinite impulse response digital filter may also include a single adder for
applying the filter coefficients to the difference signal in a recursive manner. The
television audio signal may comply to the Broadcast Television System Committee {BTSC)
standard, the Near Instantaneously Companded Audio Muliplex (NJCAM) standard, the

A2/Zweiton standard, the EIA - J standard, or other stmilar audio standard. The



a recursive manner. This feedback path may include a shift register to
delay digital signals associated wth the difference signal. The
configurable infinite inpulse response digital filter may multiple a
signal associated with the difference signal and provide an output of this
mul tiplication. The configurable infinite inpulse response digital filter
may include a selector that selects a digital input signal or selects one
of the filter coefficients. In some 4 arrangenents the sel ector may include
a nmultiplexer. The infinite inpul se response digital filter may be
configured to provide various filtering functions such as a | ow pass
filter. The configurable infinite inpulse response digital filter may al so
i ncl ude, a5k gk ﬁrﬁ?ﬂé S respd iRl digiADidrendyi betimplemomtd icansntegrated t he
difference”signal in a recursive manner. The television audio signal may
conply ¢ieufthe Broadcast Tel evision System Commttee (BTSC) standard, the:
Near | nstantaneously Conpanded Audio Muliplex (NICAM standard, the

A2/ Zwei ton_ st andard, the ElIA - S st rQ: .08 Ot ey i 0 standard.
The. " cont TOIZRR Goen e Pre SEoT 05 S5 iscRiurd \Efevilol udlo s -

i mpl eme Qécgﬁ’ il 4 nBEhahiE theinfié {nipiisk responsk Al filbritlatistloctbdelyaesant ages and
aspects 0 The present “disclosure will beconme readily apparent to those

ski | | edopdbrishie aetd off ienedelfiidng tb Glteradiffoncnsd dapald dde AHFresH s B ei n

enbodi nents of the present inveniion are s and SEr i nply by way
of il pstncedibyrsubifactipgonseafa lﬁ%&é”‘@&ﬁ"&?p?%ﬁ%%r“%ﬁa%@fﬁ?ﬁ% t['Féhe present

i nvention. L Db ' RE 858l Sling @lfRsétce sipBal&3abl e of

ot her aﬁ@eﬂ?f'%foe?’%atl‘ gﬁ%geg?%h?rg%eg{rﬁgﬁtist sgﬁgever al det aicl S gg_r e susceptible
of modi {6t HeR inVdfeb@tise Manied usprepspthe tdifferaict sighd ansepardmgdhe i ng from
the spirit of the present disclosure. Accordi ngllpy, h,ge draw ngﬁ and

descri pléfochaans and ripht chagual dudio signplsy (e rdepodse 2156, Mg 8 dCYRYMALL as

limtative. BRI EF_DESCRI PTI. THE sefhrdiSe et QGda di agram

r epr esentneresdhe efts chﬁﬁlﬁfg ep%{lﬁéomgl%sﬁﬁﬁng?gpg%rét 21tglbaills configured to
conply with. Vi Gh R HRUGHHONS Ignéllansd anila signal Bh@theZighs a bl ock

di agramSPrélﬁF%‘ts}lgEFig-ﬁgﬂ%%%rti on of a BTSC encoder included in the

t el evi sicQahnel HAR) signiaRNsM ssi on system shown in Fl G 1. FIG 3 is a block
diagramrepresenting a television receiver systemthat is configured to

recei ve and decode BTSC.t el evi si op audi 9 .S , evi si on
si gnal tr alf@MIdB{9gR egﬂ?g‘?'@r‘ﬂ“sﬁﬁ/ﬁ“ﬁﬁmﬁqﬁm@lgaﬁqﬁsezﬁ%ongygﬁgggkm%it agr am

b | bergtiste® thaifiiencelsignalin Si
:ggreie\s,gPm!g{}gtflgdrﬁoa?&%d\kg%p%thlzt?&ﬁ;[g@e@&%ﬁﬁér coé¥E thddiff@ncetsRinalih Si on

a recursive manner. This feedback path may include a shift register to delay digital signals

associated with the difference signal. The configurable infinite impulse response digital
ﬁite;‘ may multiple a signal associated with the difference signal and provide an output of
this muitiplication. The configurable infinite impulse response digital filter may include 2
selector that selects a digital input signal or selects one of the filter coefficients. In some
arrangements the selector may include a multiplexer. The infinite impulse response digital
filter may be configured to provide various filtering functions such as a low pass filter.
The configurable infinite impulse response digital filter may also include a single adder for
applying the filter coefficients to the difference signal in a recursive manner. The
television audio signal may comply to the Broadcast Television System Committee (BTSC)
standard, the Near Instantaneously 'Companded Audio Muliplex (NICAM) standard, the
A2/Zweiton standard, the EIA — J standard, or other similar audio standard. The
configurable infinite impulse response digital filter may be implemented in an integrated

circuit.



FIG 5 is a diagrammatic view of a configurable infinite inpulse response
filter for performng operations of the encoder and decoder shown in FIG
2 and FIG 4. FIG 6 is a graphical representation of a transfer function
of a second-order infinite inpulse response filter that may be inpl enented
by the infinite inpulse response filter shown in FIG 5. FIG 7 is a block
di agram of a portion of a BTSC encoder that highlights operations that nmay
be perforned by the configurable infithite inpul se response filter shown in
FIG 5. 6 FIG 8 is a block diagramof a portion of a BTSC decoder that
hi ghl i ghts operations that may be perforned-by the configurable infinite
i npul se response filter showmn in FIG 5. DETAILED DESCRIE‘I"%%QZ THE
EI\/EEDI NENT\‘[%OLQOAMW%%@‘ Bdvaitagest mszlhs@ectsi of #hef prstart F‘?&'PS"E? o \{rl agr iam of a
BTSC conpatibl'e television signal_transnjtter ' 8, Wheven | i nes
(e.g., Geamyapparent i ﬂuw,sklﬂesblmé%‘iaﬁeff‘&‘.‘?'e? Y mgpdreg)a\%cadg%sris%ﬁal s f%Irﬁ
transmi ssion. In particula I i Adstribed bhnpig|ty wre opr ovi ded on
r espect i engodimeats Qéﬂ%inﬂe?ﬂ{ i%ﬁﬁgkégggﬁdgﬁ%% provided by line 16 in which
the signal ha?s £8Db &N nodeopicRisiatkal fadisthdticing atic peeramrwiention dIl'Pen (e. g.
al t er nat VW& H'ERJuLges, " etc. ). fourth |i ne[di& %{tovibdgﬁwgts%gfigssi onal
chiannel ﬁgg@[tibeh;smégwés@rﬂ'\t}ﬁsglouseéb tapatile ohetheraand dUEeht § O?]Ac and cabl e
tel evi si on conpani es. Video sjgnal.s are ' i tsN g1l A@thbar a
t ransni t §everaP AetailsTire shastrtible Pég%?‘?‘kﬁﬂﬁn%%%%%ﬁgﬁogygﬁ grm ovi deglqg}3 0 a BTSC
encoder 24 that _prepares,t ' jcR@ks Aadordingly she Slsavapes cifically,
t he | ef t depsehng SE‘P E&Pﬁtﬁ%ﬁla&g&gr@cprovi ded to a matrix 26 that
cal cul atgs g t?éﬁ@réio%{%%gaf&d@siﬁ@traﬁv&)n mhde, andingtpe FBHRY s gnal (e.g., L- R
from t he “§5HPo signals.” Typically operations of matrix 26 are performed by
utilizing a digital signal processor (DSP) or simlar hardware or software
- based techni ques known to one ski l&lﬁﬂ/ he art of television audio and
vi deo si ?ﬁl’ Frpg&(sRﬂgTIQN(@FpTHEL@ Wi and difference signals (i.e.,
L + R an - R) are encoded for transmssion. In particular, .the sum
signal (i.e., F‘lﬁfl R blosk Bagidindestetenting Diclevisiop EBH TS REN S ter s t he
magni t ude of seélect frequency conponents o.Otsiheaﬁgﬂaé&_gnaln:y\,i.th respect to
other frgasgmeedeocpuplipwith heSGIeldsRRiPIAC &Y 66 I n a negat' Vg sense in
whi ch the magni tude of the sel ect f ; 6 BTSORatddsr iaclededipbeessed, or
the alterati orFl@ayisgdlackdi i“l‘e%/‘o‘le@l{“li ense o ch the magnitude of the
select fre uency-Cgﬁpﬁ%ﬁﬁéi&@s@n@&bﬁﬂmﬂﬁwom]- The di f flerence si gnal

rovi ded t

i.e., L llgguqnd 0 a BTSC conpressor. 30 that )
( FIG%; is a block diagram represenrtrigg a telewsﬁ)n receiver system that 1s

configured to receive and decode BTSC television audio signals sent by the television
signal transmission system shown in FIG. 1.

FIG. 4 is ablock diagram representing a portion of a BTSC decoder included in the
television receiver system shown in FIG. 3.

FIG. 5 is a diagrammatic view of 2 configurable infinite impulse responsc filter for

performing operations of the encoder and decoder shown in FIG. 2 and FIG. 4.

FIG. 6 is a graphical representation of a transfer function of a second-order infinite

impulse response filter that may be implemented by the infinite impulse response filter

shown in FIG. 5.

FIG. 7 is a block diagram of a portion of a BTSC encoder that highlights operations

that may be performed by the configurable infinite impulse response filter shown in FIG.

5.



adaptively filters the signal prior to transm ssion such that when decoded,
the signal anplitude and frequency content suppress noise inposed during
transmssion. Simlar to the difference signal, the SAP signal is provided
to a BTSC conpressor 32. An audio 7 nodul ator stage 34 receives the
processed sum signal, difference signal, and SAP signal. Additionally,
signals fromthe professional channel are provided to audi o nodul at or stage
34. The four signals are nodul ated by audi o nodul ator stage 34 and provi ded
to transmtter 22. Along with the video signals provided by the video
channel, the four audio signals are conditioned for transm ssion and
provided to an antenna 36 (or an antenna system). Various signal

transm tting (té%cparglm%gfmm PoRicHE 2 BITSCldecbdenihat highbights Qperatie evi si on
systens and 1 BEohuni cat i ons may be inpl enent ed ®¥ tn@nsp&ﬁ&er 22 and

ant enngy, 36iay 5o pedraBD b thetonalipswable ipfinizamprlpe FEPIFE SHNEY Gt o a cabl e

tel evision “system a broadcast television system or other simlar

tel evi g, on system (00173 Referring to FIG 2, a bl ock diagram representing
operations performed by a portion of BTSC conpressor 30 is shown. In
general, the difference channel (i.e., L- R} processing perfornmed by BTSC
conpressor 30 is considerably nore conplex than the sumchannel (i.e., L +

R) processi ?}ﬁﬁ?} itHREMBODINMENTSnal processing provi ded
by the éﬁf‘@?—éﬁéféﬁ nnel pr’ggy:si ng BTSC conpressor 30, in conbination
with conplenentary pro I NQ.Pr.ovi Vai e @@ deBTECOtonsgadia) recei vi ng
a BTSC si {@#fep] Refﬁ'ﬁl“ﬂttaiﬁg‘sﬁhé g -tﬁ%-cgodll%% ratio Ofa{oi[f.ge di fference
channel at, accept L eV i S 1EALE Aivé Tnes ()€, don@sEvewiresf ¢ )M r noi se

f1 oor a??&@foé‘tsb%a}ﬁﬁmfﬁee/ tTansm ssion and recegti on gf the a&ii fference

channel  BESG RS- easmissk. ds pativilal lef apdAghtap haRRelR AEPHLE G £ f er ence
si gnal By dynam cal | y conpressi ng,

g, Qr_reduci AL GehaAnge of the

di f f er epg gesdctpelines bandHd ApSEPSIERYIRYOY! %ér:lb&{lglﬁggﬁbe t rans%‘i'it t S\d t hrough a
“limted dynamc r LT | SSi Rad(e. A kemativeaiguagedegiodled 1 ecei vi ng

t he enc@@!&fﬂ‘@?Qﬂﬁgﬁéglt‘?%@%\ﬁlge%éﬁgu stant&ea ly all the dynanic.range in the
ori gi nal Lr%lflfn%rlgpﬁ,%idéé Sprafesdidhabotpamdihas tipia heesepbrealr2tilf iy ®hee si gnal
in a conplenentary fashion. In sone arran%gg@?nt ine 50 2G QiR 0r 30
i mpl enenhs cadidelctision bampanizsnVigeo dEaTPADET yga‘:}a{’l wel g%l'ng syst.em
described in U S Patent No. 6 4 539 ' ERAtALCTE Mt grepeesahee herein,
and whi cTheilef, rrahbmdtsél’t?éma‘a\?a?ﬁ‘i%‘83‘?5‘2‘%%??? ransmtting a signal having a
relatively. |ar d hiSsio, 3p&sdal @egbft and right sulicehanwelyrie AONKGY ng a
rel ati vel ‘°ﬁéﬁ’\g§vf\?r %rqu%%cy depe%ent, dynam ¢ range. 1Rg.L-R)

{0 2 matrix 26 that calculates a sum signal (e.g., L +R) and a difference Signalie.g.,

from the audio signals. Typically operations of matrix 26 are performed by utilizing a

digital signal processor {DSP) or similar hardware or software — based techniques known

to one skifled in the art of television audio and video signal processing. Once produced,

sum and difference signals (ie, L+ R and L — R) are encoded for transmission. In

particular, the sum signal (i.e,, L+ R} is provided to a pre-emphasis unit 28 that alters the

i i t to other
magnitude of select frequency components of the sum signal with respect to

frequency components. The alteration may be in a negative sense in which the magnitude

of the select frequency components are suppressed, or the alteration may be in a positive

sense in which the magnitude of the select frequency components are enhanced.

[0016] The difference signai (i.c., L — R) is provided to a BTSC compressor 30 that

adaptively filters the signal prior to transmission such that when decoded, the signal
amplitude and frequency content suppress noise imposed during transmission. Similar to

the difference signal, the SAP signal is provided to a BTSC compressor 32. An audio



[ 0018] The BTSC standard rigorously defines the desired operation of BTSC
encoder 24 and BTSC conpressors 30 and 32. Specifically, the BTSC standard
provi des transfer functions and/or guidelines for the operation of each
conponent included e.g., in BTSC conpressor 30 and the transfer functions
are described in terns of mathematical representations of idealized anal og
filters. Upon receiving the difference signal (i.e., L- R frommatrix 26,
the signal may be provided to an intérpolation and fixed pre-enphasis

stage 38. In sone digital BTSC encoders, the interpolation is set for twce
the sanple rate and the interpolation nmay be acconplished by |inear

i nterpol ation, parabolic interpolation, or_a filter élg APsig%% nite
i npul se fﬂ{ogﬁ §€aééﬁB);egfrds|th£prpc®7¢di5¥¥ﬂi5@?1§d‘:cffﬁﬁﬂ?essé@lab %hse fil terl,
etc.) of n-th order. The interpol ation an 13 7 Rfor Stagd age 38 al so
provi depddpichakyypigeads som Kiet%?feﬁslﬂ“%r%ﬁrfnﬁ f?r%ﬁmg?réllg&it;)orpdqeléﬁg?r%gﬁasi z,dfjle
difference signal is provide ;Y sl sdpat3ddand presidedée di f f er ence
si gnal 3¢ aThEuaf?fFiSt'@’age?"érnr’rcl’dr?lﬂeaiﬁaf‘?yo%&ﬁe di ffer_iédr?ce si nglglaa descri bed
in detai beltt(‘)‘3}1\5fz E@Qf}ga}ithmgvggaﬁytaisqiro\ddedibdehevzl@oicbmﬁ? A a spectral
conpr essFBA LN T742 that perfor ns enphas%ﬁ filtering.of Lhedhiference
sihgngl. gi&ag;eﬁ}@b&idétic?lpbﬁdrnﬁm:r?bmé%ds%ﬁd for 2» rj:“c'(ﬁ)rrgresses", f)r Leduces
the dynantc range, of the difference.si e skiigd ng theshgdl s havi ng
rel ati vesygetm)w Variors siglsTapiwtang g"ﬁﬁ“é%‘%"'gg@‘é‘u"gﬁ%| s havi ng .{telzggti gel y large
anplitudes. .| n sone ar 1 alak @b iRplEpEEsd by fragsmicr42 @ oduces an

i nt er nal tele&’ﬁ"?ﬂ"r%i“e‘?f;alhdz’ﬁfk?&g% Eﬂﬁgﬁgi@ffgrencg siagega_l that controls the

pre- enphasi s/ dg- efﬁ}r@(%ﬁle;t hadsmiitser 22ppay edincqppiaied| Iy 2 E%éecie X Conpr essi on
unit 42 a?/narri cally conpresses high frﬁﬂﬂen X'si&o{ytsfeﬁ’f‘s of the difference
si gnal bgyﬁn,mtwmkewmﬁﬁﬂe%fr?% "’Fég} Y'evVel” I'n the high frequency
portions of the encoded difference signal. Spectral conpression unit 42

thus provides additional ~si LR SEr@entingwaedtitis@ctfouped dYar equency
portions of[ophg%iegﬁ"ﬁ?%ﬁp?r%%}eﬁ’g&{%%%klcﬁ hi z@?s done becauselghe di}{,\f erence
signal tends t@phQcREpiesior BOisishewn. hingleasrali e difierrage 38PI G5 & The

spect rumP*When the encoded difference_si.gnal.is W tananspectral
expander griceasisiepafbancd b BRESC PRI ﬁﬁdg g %Pr&ﬁﬁ%rgsgmn‘gnner to the

spectral conpression_unjit of t.he Qe acid et . O ladditidral processisg rati o of
the L - I%um"éﬁaﬂdK‘§-=L§u%§?’8f‘n"tﬁ“ﬁ%Pgﬁﬁ%&@eﬁ/ed. 9 [0020) Once processed by

spectral CONL LS | A hecatiihé BTS0cempiceand0, inscombinptieith o an
over - nod Lﬂ)rgﬁﬁfécﬁbypt!}l% ?iffé%h&c Aénnel Pocstsihg

ection unit 44 and band-limting .uni tB(’]ﬁ:ém%'a ilar to
the ot her . conBRGRRY Brocéshing BRAEed bandisraiepingt 11e¥D) ?ﬁ%‘g"‘&%?e guideri nes for
t he operation of over-nodul at.i op,pr.atect] [ 126 1dhapdvdniini ti ng unit
46. Goner mbiainssbsend-A RFRraL0 OF e oGt Ol 2y

the presence of the higher noise floor associated with

the transmission and reception of the

difference channel. BTSC compresser 30 essentially generates the encoded difference

signal by dynamically compressing, or reducing the dynamic range of the difference signal

so that the encoded signal may be transmitted through a limited dynamic range

transmission path, and so that 2 decoder receiving the encoded signal may recover

substantially all the dynamic range in the original difference signal by expanding the

compressed difference signal in a complementary fashion. In some arrangements, BTSC

compressor 30 implemenis a particular form of an adaptive signal weighing system

described in U.S. Patent No. 4,539,526, incorporated by reference herein, and which is

xnown to be advantageous for transmitting a signal having a relatively large dynamic

range through a transmission path having a relatively narrow, frequency dependent,

dynamic range.



unit 46 and a portion of over-nodul ation protection unit 44 may be

i npl emented as low pass filters. Over-nodul ation protection unit 44 al so
perfornms as a threshold device that limts the anplitude of the encoded
difference signal to full nodul ation, where full nodulation is the maxi num
perm ssi bl e deviation level for nodul ating an audio subcarrier in a

tel evision signal. [00211 Two feedback paths 48 and 50 are included in BTSC
conpressor 30. Feedback path 50 ind udes a spectral control bandpass
filter 52 that typically has a relatively narrow pass band that is

wei ght ed towards hi gher audio frequencies to provide a control signal for
spectral conpression unit42. To condition the control signal produced by
spectral ﬁ)ggéﬂr ! Bl%&% doblou@y dfnes freedkisdloppation EBTH $80dE| udes a

mul tipliée 'l?"gon Igure t§ square the, si %nal p%a(ggi deﬂ b%an?ﬂ%FCt ral

cont r ol JhaR fAREScokipkdsers H2ind 1 Specibeplintthe BIEC SBALTAPEHITET €T 6ot devi ce
that provides the control signal to $Re tral oﬁ&mcﬁﬁéd ep, #wts@d2. Feedback
pat h 48unalonoand/ilguifielines fordhe persdlion 9l &89 P& gain cont r ol b;ilmdpass
filter 60) that_filters. .th og%w-& i ridfel G e of inmathematicalni t 46 to
set thecogmrﬁs%p?ﬁ iaB% %“?ﬂ%erou putnssiégﬂ%klaéof i nterpol ation ang fixed
pre-enphasi s, a%i%@ﬁﬁiégﬁiéh %ﬂ%g/ﬁ]dﬁ. fon r@eivirgahe differpresdigad K-Syt 0,
feedbac‘i?pﬁgﬁnh al so includes a nultiplier %2, an h)r(]etdel%-%ﬁ'f §4, and a
square F.gQtm#lx 6ahe Gfnd maydrcirevidet o1 WICHIATOR g e Provrded to divider
40. [0022) Referring to FILG 3, .a hlock di | ¥Re tdaaple reRpr esent s a
t el evi sitage 3% émwﬁg@w?%&ee%’dﬁﬁ%ﬂ“ﬁ’c l}%g’éqggr?l%%?gn]na 735(@“ or a syst em of
antennas) to.receive BT i Bl andar Badpdatongiagpbelisin PRJ evi si on
transm @@ﬁ‘%%‘ﬁ%%nfgyﬁgﬁ%o\%nm%{egl 1). The si gna}? receiv by ant enna
70 are pr g\%@p@lg{_g finite S@phiveresitinsd (THR) filtercapafnils FiPuise EFRTE? and
isolating the television transm ssion

si gnal s, ' AEs
ar r ange i, sic) e€eitverder7 ThersjerpelatignAad i %’?‘§EF’1&§%¥)§%FBF gkasl?lgﬁial s from

another television signal .transnl sShoRist GE Biere: KRRW3 ptoidsd skil [ ed in
the art pof-emphasy éﬁ?ﬁ“‘g?%g "M?@gﬁl@géti ng. For exanple, the television

signal s b& % QN e e LT are ksl b2 quusity detemitsideiare e HETFPRC syst em or a
satel li tdg‘%ﬁgl‘@\}l?%?}é%&nefmr k. [0023] Upon receiving the television signals,
recei verg a1 sRmdidibenia dewilgelowanpl i fies, filters,” frequency scales, etc.)
the signals and separates the'video signals and the audio signals out of

the transm ssion signal s... The wi.d & AlspbctraPéRivpreledn tunit #2 thadle o
processi ng [&418% Thy 9‘&9"(“‘?2 Vb‘?eéﬁlérlgejgpctv&g@v'?dgg conten'émcont ai ned itn t he vi deo
signals fo r esent aflon PhealiftaRetighd. in general A SOMPFSHPWIE" et c. )
associ at %#W?ﬁﬁﬁ?ggtﬁe rgl\gi sion receiver sté_zt em 68. .Si ggalm% g%ﬂl%ai ning the
separ at e4fudinpreart,antredaces the dyiaidd raoge.pf BRABEIRE: Y5 5§eP hat e.g.,
renoves the nodul ation applied.tg th tdi i i

signals having relatively o'%v amplltuges and a?tergfaﬁné hgﬁ!ﬁ’é Raviilg relatively large

In some arrangements spectral compression unit 42 produces an internal

amplitudes.

control signal from the difference signal that controls the pre—emphasis/de—emphasis that is

applied. Typically, spectral compression unit 42 dynamically compresses high frequency

portions of the difference signal by an amount determined by the energy level in the high

frequency portions of the encoded difference signal. Spectral compression unit 42 thus
provides additional signal compression toward the higher frequency portions of the
difference signal. This is done because the difference signal tends to be noisier in the

higher frequency portion of the spectrum. When the encoded difference signal is decoded

with a spectral expander in a decoder, respectively in 2 complementary manrlxer to the

spectral compression unit of the encoder, the signal — to — noise ratio of the L— R signal is

substantially preserved.



tel evision transm ssion system 10. The denodul ated audio signals (e.g., the
SAP channel, the professional channel, the sumsignal, the difference
signal) are provided to a BTSC decoder 78 that appropriately decodes each
signal. The SAP channel is provided a SAP channel decoder 80 and the

prof essi onal channel is provided to a professional channel decoder '82.
After separating the SAP channel and the professional,,,channel, a

denodul ated sumsignal (i.e., L + R8ignal) is provided to a de-enphasis
unit 84 that processes the sumsignal, in a substantially conplenentary
fashion in conparison to pre-enphasis unit 28 (shown in FIG 1). Upon

de- enphasi zi ng the spectral content of the sumsi glnfl , the si gnal IS

provi ded t[g%%] &%Ei‘oc&@eﬁw spejual avmprgssidneunief?, BRI ER&Rel  audio
signals. [ A] difference signal g‘i & s ;!—l"'tiﬁguﬁ‘*él §thiderodul at ed by
denodul atdsuRdsé axgever-ifﬁ‘nddatdmmoﬁﬁﬁt&ﬁ%& 34} expander 86 included in

BTSC decoder 78. BTSC ex er .8 Jufsesit bitdéihes BT BE optratimtar d, and as
descri bakk dtherd?éma?qm‘bé\“?ﬁf&gﬁtﬁ%‘}af(?%ngﬁgheggeéi fference signal. Matrix 88

receives the differe I, gnals hnopanBTiaairepdride Ceggalinrndimiing he sum
si gnal , ‘gébﬁﬂ?déiag?%gggf%ht and | eft audi o_channels. i é.rﬁ)enleﬁqg&gpdent

signal s i Gepliiafiofifdn iof ofer-FhodBlatien pwwcwmma@ff T@parating the signals,
the individual right and |left channe ' lRal trefRYI dRRice @adli ti oned and
pr ovi dedyzkofiserpaetrencdpladeropraicciqp o 4&§$§%B%S%botﬁ the | ef :ﬂﬂ?nd ri ght
audi o channel s are, provided t IRk fsigahl ot AflemSdhidtions wherp es the same
(or di ffémishthe yapipge; t%gﬂm%ﬁ‘gnraﬁel Sri o@ to providi n%_ t he re@gecti ve 11
signals to ‘g éo%e?skﬁl% Qi Bédadivis devighianhtevblefar wpdi#ne udrY°content and
anot her ?Bg Ker “94 for broadcasti ng the right channel audio content.

[ 0025] RegfiRhrkierig attélevididn sighal.a bl ock diagramidentifies sone of the
operations perfornmed by BTSC expander 86 to condition the difference
signal. In general, BTSC expan Andi6deli §f PPSOpanipéssartd. Feedbackr e

conpl enent dP92H gwele B%EP%%%%%Dqggra&or med by BTSC conpressor 32 (shown in
FIG2). In %@“}J&d& 2L oot AN Borb@TBArapEs lteti 2fteat el hagarlei&ly 1Y ded to a
si gnal p&‘f‘tll? 6°T‘or ur%31 conpressing the signal, and t’é)ea:[c%%t:c&%{ Hﬂfgxs and 100
that prodyceaad mespeephtatosens hizherawdiogiapensiey RAYE 4L ™  hie processi ng
of the difference signal. To injtiate [ QCHRSRIchOby dpderaasipbessed ..
differ encspetsﬂawmﬁisé‘mb%ﬁmdé“ﬂCP%dltéonqé%%og?‘?ll%’tiﬁﬁg uni o é'gtz that B‘Ie ilters the
conpressed diffegre | ganala shhRe ArRded 4 Multipley 54 (ronfigur@bo gugiA e s « a- 1sicgnal
to path Q@“F@Sbg%eﬂgggwgt%gﬂ%?gl siognal and to path 100 to prodyce a gain
signal . Path, QidLd"sy spei@sl eongral tandpass filser SBhan PAcEEAIer Oy 204 YW B tipli er
106 (that “squares the output of theegailnHcl:c%gstsiroglumpgﬂdmg&cﬁbhﬁﬁg), an

i Nt egr at Ogevida8hat prodides hejcantre] sigesl to spectral comp

also includes a bandpass filter (i.e., gain control bandpass fi

lter 60) that filters the output

i i 1 the output signal of
signal from band-limiting untt 46 to set the gain applied to the outp gn

interpolation and fixed pre-emphasis stage 38 via divider 40. Similar to feedback path 50,

feedback path 48 also includes a multiplier 62, an integrator 64, and a square root device

66 to condition the signal that is provided to divider 40.

represents a television
BTSC
G 1).

{0022) Referring to FIG 3, a block diagram is shown that

receiver system 68 that includes an antenna 70 (or a system of antennas) to receive

compatible broadcast si gnals from television transmission system 10 (shown in FI

s received by antenna 70 are provided to a receiver 72 that is capable of

The signal

. . . . . come
detecting and isolating the television transmission signals. However, m s
arrangements receiver 72 may receive the BTSC compatible signals from another

television signal transmission technique known fo one skilled in the art of television signal



device 110. Signal path' 98 also receives the signal fromband-limting
unit 102 and processes the signal with a spectral control bandpass filter
112, a squaring device 114, an integrator 116, and a square root device
118. Path 98 then provides a control signal to a spectral expansion unit
120 that perfornms an operation that is conplenentary to the operation
performed by spectral conpression unit 42 shown in FIG 2. The gain signal
produced by path 100 is provided to 8 nultiplier 122 that receives an

out put signal from spectral expansion unit 120. Multiplier 122 provides
the spectrally expanded difference signal to a fixed de-enphasis unit 124
that filters the signal in a conplenentary manner in _corr%.arison to
filterin erforned T, QARY; Is - bel progdetidp aceVEhE: ST in

"de-enﬂﬁg castingy %rsex?ﬁgﬁh[??g?ati (;ﬁé%? tnﬁ% seljlﬁect frequency conponents of

t he decQ@fdelewiigNMstehioreisktakite wlevisigametwertor positive sense in a

conpl enmentary manner in which the original signal is encoded. [0026] Both

BTSC encoder 24 and BTSC decoder 78 in LiddRloRs {d.8.l @iifed)at  adj ust
the anpl i (23] Bpomrasiving fhyiglewsige S?“?%%%#ﬂ%ﬁq%f frequtenécy. I'n some prior

art televisjon transm ss L4 Rpfatteaepideonigeyls ardithe avdieh of t he
filtersflig® %P%ﬁesﬁ%ggdg@g%wgglﬁ! di screte anal og conponents. .However, wth
advancegpnhs ol of it katsmskign afignaer 0ths gidag, conlsheisEratdeh g and BTSC

decoder S”nmaybe i nplemented in the digital, domai,n Wtk QL fhpor e
i Nt egr abRlessingGyitts 76 G prepmig? fh‘?é’i‘ﬁ"ﬁ?rc@f‘tem"f‘?"f)‘}eg "awgit‘itmaep r}%SC encoder s

and/ or decoders may i npl enente n j 'y laSzocied wethaRpltaevistocoder s and
decoder prasenjaling anftaﬁf%r fad fa%fogear%s?iﬁg’?%t@?égas a portion of a very large
scal e int egy at] 9;3} 66 VisiinhlsSobaiaaiig [HRQRdratd siligniohieptasre mondaddf of the cost
of an | ¥ UPYect 'y proportional to the physi cf.al ﬁli ze .of . the chip,

par ti cul @rbiulhbestde® hht d.g.sreimives the grodplgeon aprige o SAN8 SIERRT Y part of

the chip. In sone arrangenents filterin - AliQ0s BekhPlchRglel n digital
BTSC enaeledsisn rarpmisgion 1%@‘%@’“8&'8%%‘?%@%5%%&({9%her al purpose digital

signal processars. that .a LANGL differ8XRGiinal) ard @ogdedoth 2085FE unct i ons
and operth¢ PEESIOR & aémﬂsfygé:'ﬁlgﬁ%lgﬂten& to have relativel é%%ldgégﬁ di e areas,
hd

and are all degleadhngignelreFhe SAP SR igey decoders.
Addi ti on‘%‘ﬁgﬁfgﬁ ﬁéﬁ%? e de

may be dedicated to, executing o 4 jons and
oper at i oEnndBylesidar $thand: the prafessignal cBannehis %?Egeéfstgigan%})%%ﬁ ngfr rreg élgy the DSP
may overload and interfere.wt S $hd dn® fprdtieioRal Séheand oder and
decoder decadfit g%nsAgﬂds??ﬁ@P%itg%gEP[ %%gﬁ A Sone arrangernents, BTSC

encoder s and, decoder §eimY ¢, G e eigaily igprovided to a de-emphasis unit 84 that

rocesses the sum signal in a substantially complementary fashion in comparison to

|4

pre-emphasis unit 28 (shown in FIG. 1). Upon de-emphasizing the spectral content of the

sum signal, the signat is provided to a matrix 88 for separating the left and right channel

audio signals.

[0024] The difference signal (i.e., L —R) is also demodulated by demodulation stage

76 and is provided to a BTSC expander 86 included in BTSC decoder 78. BTSC expander

86 complies 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

with the sum signal, scparates the right and feft audio channels into independent signals

(identified in FIG. 3 as “L” and “R™). By separating the signals, the individual right and

left channel audio signals may be conditioned and provided to separate speakers. In this

example, both the left and nght audio channels are provided to an amplifier stage 90 that

applies the same (or different) gains to each channel prior to providing the respective



of i

addgﬁzlcaﬁgnpﬁﬂf?yslto reduce cost. For exanple, groups of nultipliers

and decoder f i pl exers may be incorporated to produce the BTSC encoder
oot o oo aci |y Farrvat | Che commanenes ey blent o oot

. ) e conponent i ifi
?;Sugge?hand add to the total cost of the IC?pThus sarﬁgggsegii:;gnlflcant
s e nunber of duplicated circuits conponenté used to inpl v

igital BTSC encoder and/or decoder! : | npl ement - a
di aar am of ( or decoder:® [0029] Referring to FIG 5, a block
shoan o a configurable infinite inpulse response (IIR) filter 126 ?g
Gt al "Bl encnder “andr b dochaes. "L por 1 EXTEE Cbon U T

; odct _ er. In particular, confjgu i
]};2|6 . ;Pic%ﬂ%%% }Bp ef %‘ia{[o?lérﬁamcﬁﬂgkg’fe?eﬁ Hatndl sudiapratnbangranpfh Flg%g'!frﬁg R\Ifa];: ngr
I Ag, Ication, and delay operations. Regardi [ [

ggﬁ¥?;L?gg?gbyfgffygﬂnmgmxﬁmvvbﬁéﬁﬂwﬂﬁé-fiItering cogffiL?gnzglterlng

conti e e filtgl}ﬁr 122 n?y be configured for various typés of filters
be sel ect etPo28l ‘b?f@VF%égﬁ?‘o&vaSLl@g&f FF-%?#&%Hﬁdiiﬁhsd‘m: be:‘merg)mﬂﬂ clents may
fi . : ' pass filter

d; ISIt SL , p%%glghgg eﬁ%?(‘é‘g%agclleg-![disttserSndiﬁEﬁill\llhetiiffewﬁee signal) & eenerab Y ? ag? P ?|Sts er

gn. : ( vely sma nunb [ '
Con g Vpnsepasuminens o b A O
eds of a BTSC e i

o Sesonrsammmmoen R L It APAGTInds SPGB Lt
reduced al i i an chip i
S St B B b S Ss t  cecor s
" . ) ! er are d i i
Apcolnf' gu?h%?;')tédl!\:c!clatr@sklg&@é AL aRisiaisiFel ©vEEst it Progsing ‘%iscr 'Eegmleﬂ S P

Appl i cat 'on~"Ser al . 11/089, 385, filed March 24.. 577U S Patent
Is nf:or P_or gitg?gi by iritiaty Geqeodsesing, the f%%@ﬁsewﬁﬁbe“%& ?‘ﬁ‘?%g?ﬁa“"‘?gﬁgﬂ . St f
electing filter i ci ; . S nents tor
Che. nunbambmSoEpondNt S Ly 4R B R R e enplary dest g
confi ; . - 1n is exenpla i
ot 5 S 5 s b o Sl

. . _ I ion of the architect

For U1 iy At ol T iy s v SRS L% Ak B oo
by confi guqnakd the putputiof the g#in f%‘%??ﬂﬁp%;% §§%f?§a'ﬂfﬁﬁ%*ﬁ§$ﬁ§%§g‘ e 6t provi ded
second-ord i ' : : : er tilters (e.g.
f eedback qu{cﬁ%i%glsqgggéﬁ?@}gnﬁs?h{@%lﬁgﬁe%gﬁﬁs bﬂ@-lkhignglusit 19¢hﬁ@ijgh( ”

. ¢ | on, varl iqj i
si gnal s al LW eAethBRtH DNpetiEal obntml bandpass filtercd 2 q%alir?ggfevig%ﬂﬁ%ngnggt a

P !
sel ector.* For exanple, signals may be in g from . )
integrator 116, and a square root device 118. Patl?g then provides a control signal to a

spectral expansion unit 120 that performs an operation that is complementary to the

he gain signal

operation performed by spectral compression unit 42 shown in FIG 2. T

produced by path 100 is provided to a multiplier 122 that receives an output signal from

spectral expansion umit 120. Muitiplier 122 provides the spectrally expanded difference
signal to a fixed de-emphasis unit 124 that filters the signal in a complementary manner in

comparison to filtering performed by BTSC compressor 30. In general, the term

“de-emphasis" means the alteration of the select frequency components of the decoded

signal in either a negative or positive sense in 2 complementary manner in which the

original signal is encoded.

[0026] Both BTSC encoder 24 and BTSC decoder 78 include multiple filters that

adjust the amplitude of audio signals as a function of frequency. In some prior art

television transmission systems and reception systems, each of the filters are implemented



various portions of a conpressor such as BTSC conpressor 30 (shown in FIG
2). Interpolation and fixed pre-enphasis stage 38, gain control bandpass
filter 60, and spectral control bandpass filter 52 nmay provide digital
signals to nultiplexer 130. Dependent upon appropriate scheduling,

mul ti pl exer 130 selects one input for processing an appropriate input
signal. The selected signal is provided to an input register 132 and then
toa nultiplexer 134 at an appropriate tinme. Miltiplexer 134 provides a
single adder 136 with data fromeither input register 132 (e.g., new input
data) or previously conmputed product 14 data froma single nultiplier 138
(via a product register 140). Adder 136 al so receives dégsupggﬁfa froma
mul ti pl exer,.14 i i I Poféir@Ushth abenmmeatseid digtial $1 a sum
registég%qéi“T%%E%ﬁ§%(%?(?%?gbly connect ed the,outputaffﬁgq%ehﬂ136) or

pr oducty, dadsing seiie BTSCtehgabiers andlBBSC deastlers any e FpRienaied PHPOUEH” pr oduct

regi ster 140 and a register 146). . ] oI rQyi T ReifapBtet |1 nput

si gnal sddneain prtboas o1 ngeaﬁﬁgfﬁﬁ‘éGF%%‘\%Q@?‘OE%@?B%%&%@“ pr éé\?‘%aousl y processed
signals, feedback path 128 .provi hes RUtERfexafsiefent@Brstand nul tiplier
138. | nensafes ‘ﬁrd,oec‘fﬂjr;iré;%aﬁ’tlglﬁg%g g éerl 36 is provided a nultiplexer 148

t hat p&%}gh%gﬁlﬁﬂe ﬁlglsrpé}hteﬂn@d@éingﬂ@l(}aasﬁﬁofﬁonmégivswéqigqgel,e FHEOR t he out put
signal of adder” 136 or a delayed version of a signal (output fromshift
regi st eqvil$iP3ystem. provi ded to the input of shift register 150. By including
shift register 150 in feedback path 128, a tine delay nay be applied to a
digital signal prior to processi 4l Gikdelid SropdiBifnal kothe Phiysicalr i ng

appl i cati d gz,ﬂp’tﬁ’%{‘%ﬁpg%émioﬁﬁlr%g uge%ﬁby shi fjt(ﬁ{ggi ster 150 may be used for
i npl erren%i ng Qicﬁi?e]%arggu@ﬁgv thd st BN ‘die’, or theactbecamepagkains martiof die) . [ 0033]
The outﬁ OF‘ shfft regi Ster 150 is provided, ( as.mgﬁté‘gneddabgve) to the

i Nput  OfhipMih bérd magenieAB filEdegiipauiioptRAoIE! ipdigiel SHRIFHIN ti pli er
138 through a nultiplexer, 152. In.particul LA L3kesSdrd At ardTRy be

f eedbac idechiderscmpy beVEECUINHIRE 8?“&%4’“9"8‘?34‘%1 s%?p{at of adder 136. Signals

may al so _he feedback k6l R dhs hiBorRetiiions. THesshSP tngimesghdicer 150 or a
del ayed %@%ﬁd&ﬁe%efuﬁeﬁg&5§§€%§ﬂofcshisft r‘gﬁ% ster 150 (via a regjster 156).
Ext er nalp,gukdiktRbiyCiand stid@yasa brbarb hqyety eagdyl ta gse foe ippsTeRingrBIRY t i pl exer

158. As shown in the figure, external  dat . b o\ ne or nore
i nput | ienesdefs58ndodecndsrs.i pidditigpallysthe DT f"é‘éﬁﬁ??‘g]éﬁlcf%fsr{?se 8&@@% gglgpan out put

signal from mul tjpl exer 152, j A ' MessitBilerfohddaithoDSDY
mul ti pl i Epctpsand qpgralipns Fe?hisrglgﬁﬁlgge%‘lﬁ[:‘%’g%%og??ﬁq ent s d?]\%t th fixed or

vari abl eméf'oggygc)ad NRY ihETRE Wit eR processingfdf ghe BAISE encRddri dndedecad?s by a
mul ti pl ex . I'n particular, data representing filter coefficients may
be provi ggetidn® amddperapgbesxer 162 frominput |ines 164. External

[0028] In some arrangements, BTSC encoders and decoders may incorporate groups
of basic components to reduce cost. For example, groups of multipliers, adders, and
multiplexers may be incorporated to produce the BTSC encoder and decoder functions.
However, while the groups of nearly identical components may be easily fabricated, the
components represent significant die area and add to the total cost of the IC. Thus, a need

exists to reduce the number of duplicated circuits components used to implement a digital

BTSC encoder and/or decoder.

[0029] Referring to FIG 5, a block diagram of a configurable infinite mmpulse
response (IIR) filter 126 is shown that is capable of performing multiple types of
operations for a digital BTSC encoder and/or decoder. In particular, configurable IR filter
126 includes a digital architecture that is capable of performing various filtering,

multiplication, and delay operations. Regarding filtering operations, by providing



mul tiplicands may al so be provided by input |ines 164. Along with being
supplied externally, coefficient or nmultiplicands may be provided to

mul ti pl exer 162 by a register 166. Simlar to nultiplexer 152, nultipl exer
162 provides data to a register 168 in 15 preparation for providing the
data to nultiplier 138. [0035] Since feedback path 128 is included in
configurable IR filter 126, a single nultiplier (i.e., nmultiplier 138)
may be incorporated to provide the nifitiplication function wthin for

i npl ementing the filter. By inplementing this single nultiplier schene,
integrated circuit real estate may be conserved and used to provide other
functionality. For exanple, a series of output regi sterc&gnﬁy_ be

i npl enente o5 8E Lo AR VBB Ae ORME 1 T8 mayhecdulguredeigr variops 140 to
exter nalselaé\a}fﬂgeffsye{é% g%ircfponer?t sgthdpli tionally, due to {)F%gdback path 128, a
singl e qﬁg@rof(ﬂ'lteﬁ.and difdent fiRGe ppostionssFerrxamplsi GRS FARBPFERER ty to

i npl enen various types of HR filters. ai LOdr Snstiidlog conponent,
in this heasbcf&déi?eﬂm"lléﬁlowéﬁif’c“%ﬁ&gg@??ﬁsﬁﬁgreg{’]@gg%sét e {]sr cons‘yeifg\?ed for ot her
conponents. For exanpl SR fHiter QAU TIRJME! @laSrelalidelpaipale

i mpl enmerfEEs FBYVYIY ¥ tﬁﬁﬂ%@t“ﬁ%eoa&tsoput t"(r:)f a%tller 136 (via sum register 144)
to exterpal, corRMIGRSBs JTeckigambld TR filierd 26 oepbetsed tp PIR¥IIS BRE Fnt egr at ed
circuit or on an external device. [00334 I n a‘géjit' on.to &9%&9&{39 a
mul ti pl | QRS e filterirgtrieats of WBTRC 60todera 25 TR U6 ebyéy‘éfﬂ'l’ Feglsters 170)
and filtering functions_(w {.h.outputs.pr.ovi A iR edRRE SiRIr S 172)
confi guraﬁﬂeéocquﬂlf*?“ﬁqﬁﬁl%?%h}%?bﬁg glggtﬁ)roa\gélﬁc?gggl ti rflg del ay fu%ct ifon. For
exanpl e, .t he .outpu | Bt eGisdety adb Qecudetsor Othee eobbpinenisfofr egi st er
156 may the Bré’g'da{(’g %’F’g%{g% ti me-del ayed version of one. or ﬁ’re di gi tal
signal s péisuedt 1o filtha 26 egidstcebel in[‘CoFiFuraply Eiltgr 607 PesspsieguteiBIse™ BR il ter

126 to performnultiple types of .filtering t Myt i pl exer 130
control sAnidiocﬁigilﬁﬁ)mf%rP@WSéEPIH’ﬁ“‘?“n ‘?ﬂa[ ogfll]e{ﬁg’a%gf E@?Mag:wgﬁl efly to FIG

2, sone of .the.input 0 |t xer 130 may be connected to provide input
signal s f‘"ﬁ\’“’e‘éé’ﬁo‘g’f’m?el‘?éyﬁ F‘téérc?'%% operations performed within BTSC

conpressor 30. For exanple, the input to gain control bandpass filter 60
may be conngpiepiaRAg iwihulsingf compoheritp Fexsstectimn filtss; ¢aeiligtant, Y HE B fhut to

spectral control bandpass filter 52 be .con ecﬁ&ﬂ ot @is | Nput  of
nul tipl exewursﬁﬁ@digirﬁ@rvgﬂwﬁllf% iths) egbEr ‘1%‘%&?89“&%‘%% 0 |rgﬁmg%grt icul ar

filtering operation is perf d1SHAE @I eRbdck RBafti 128ethatlR6ses For
exanpl e, GXE@P{%‘]W%" ol %@%?@gﬁﬂ%k}ggg{)propri ate irl?put may be sel ected and

confi gur gy ‘?al'sﬁ@afsi f8 e dRfut Paytioacofchnfargiteeuretto qomponeas foRdurther t eri ng
function of galh control bandpass filter 60. 16 —_

processing. By passing processed digital signals through feedback path 128, vanious types

of recursive processing may be provided by configurable IIR filter 126. For example,

higher order filters (e.g., second-order or higher) may be realized by passing signals

through feedback path 128,

{0031] In this implementation, various digital input signals are provided on inputs ofa
multiplexer 130 that functions as a selector. For example, signals may be input from
various portions of a compressor such as BTSC compressor 30 (shown in FIG 2).
Interpolation and fixed pre-emphasis stage 38, gain control bandpass filter 60, and spectral
control bandpass filter 52 may provide digital signals to multiplexer 130. Dependent upon
appropriate scheduling, multiplexer 130 selects one input for processing an appropriate
input signal. The selected signal is provided to an input register 132 and then to a

multiplexer 134 at an appropriate time. Multiplexer 134 provides a single adder 136 with

data from cither input register 132 (e.g., new input data) or previously computed product



Then, at another tine period, nultiplexer 130 may be used to sel ect anot her
input to performa different filtering operation. Along wth selecting the
ot her input, configurable Ililt filter 126 nmay be correspondingly
configured to provide a different type of filtering function, such as the
filtering provided by spectral control bandpass filter 52. [0038] In order
to performnultiple filtering operations e.g., for aBTSC conpressor or a
BTSC expander, configurable HR filter 126 operates at a cl ock speed
substantially faster than the other portions of the digital conpressor or
expander. By operating at a faster clock speed, configurable HR filter 126
may performone type of filtering w thout causing other operations of the

digital conpressor or.e . Fo{ddex B3ud1®, re®divesoper at i ng
conf i gulaimfrem 3 #ogle Wgwﬁ%%gzgmgo%’g@gﬁ% t?égﬁf“))/) fast clock rsepeed, t he

ar chi tegt r(fa a @a% T iShexee 1 £0mbd ig Witied pleviopsly henumulatddtdata fngge f6¥Mgai n cont r ol
bandpasgp?l %er 6™W thout substantiall y del ayi %g t he, executi on of the
next fijebRfer ¢N{thagus picembly @ngected the pepuicfaddsri SR Wﬁ‘?"cg%é% PZ control

bandpass filter 52). [0039] .1n one arrangemnen f e IMfilter 126
oy be malipbrekBdneiesioh Pt OB EPO R R a0 SR rpBbeat N e

z-domai n signal flow diagram174 is presented for a typi cal second-order
The 1 nput aFZ1Ap B B e et 2q0S "Ejé?‘”ﬂé"“afdt oa )
poces g ATghedbet dmidchattcdsbdsburoie Siep o <Al 13 ©
Pnput s ipigilier %313- slér@_“iﬁgﬁ‘l’ F@aﬂ“?%‘ﬁgf' ?‘ﬁgr ifb‘f]ls éorwdceggf[?lﬁgﬁé%# ?g%mﬁ%s a' unity
o gai npenisana br ey G P R S R e Tor esented in

¥

the z- %%%ﬁoﬁofia)siénﬁ é&aﬂhimeh shift tepister b tis provided to dhetenug of hift £ j 1 st - or der
portion 0O e filter and filter coe_fficiegts 3,2 and Qidel?i‘rr%a Q@Iied at

r espect invgstgal 50. SyaigelsdingeniBmerisigel S0 A fedbach Paldely? TP Y 78 7Y s appl i ed
at delay stage 190 for producing th QR E Efor BEtih @datibhd, ter 174
and fil t@PhQﬂdéﬁfii&&‘F"eﬁW’é]D@?r o%imégebeﬁg%gpﬁeéggat Orrespecét)di%\ee g?ﬁi] n stages 192
and 194.. R | £t AeBter 19BmapbeluAGoniitsiayting bigherorderhe gai n

st ages éﬁﬂe?%%%%#ﬁ?e signal is provided to an out put node 202 such that
out put  sfipdde.gY(a%pcondrdeefiie).er mi ned fromthe transfer function H(z) of
the second-order filter 174, as described in the following 17 Equation (1)

bo * b -[(:)1-03;] "tlj'ger ozutpulilgfz § iﬁ%‘ggigt.elaf SrOI is I;roﬁgédz(as mentioned above) to the input of
multiplexer 148. Feedback path 128 provides data to multiplier 133 through a multiplexer
152. In particular, digital signals may be feedback directly over conductor 154 from the
output of adder 136. Signals may also be feedback as provided by the output of shift
register 150 or a delayed version of the output of shift register 150 (via a register 156).
Extemnal multiplicands may also be provided to the inputs of muttiplexer 158. Asshown in
the figure, external data may be provided to one or more input lines 158 of multiplexer 152.

A register 160 is provided an output signal from multiplexer 152 in preparation for

multiplication by multiplier 138.

[0034] Data such as filter coefficients (with fixed or variable values) may be provided
to configurable IR filter 126 by a multiplexer 162. In particular, data representing filter
coefficients may be provided to multiplexer 162 from input lines 164. External
multiplicands may also be provided by imput lines 164 Along with being supplied
extemally, coefficient or multiplicands may be provided to multiplexer 162 by a register

166. Similar to multiplexer 152, multiplexer 162 provides data to a register 168 in



[ 0040] Each of the coefficients (i.e., bo, a0, b3, a,, b2, and a2) included
in the transfer function maybe assigned particular values to produce a
desired type of filter. For exanple, particular values may be assigned to
the coefficients to produce a |owpass filter, a high-pass filter, or a
band-pass filter, etc. Thus, by providing the appropriate values for each
coefficient, the type and characteristics (e.g., pass band, roll-off, etc)
of the second-order filter may be cB¥nfigured and re-configured into

anot her type of filter (dependent upon the application) with a different
set of coefficients. Wile this exanple describes a second-order filter,
in other arrangenents an no-order filter may be inplenented. For exanple,
hi gher g{legg{ati&?fogproﬂziaiir{gdh@daﬂﬂb,mﬂlﬁpﬁetIh3ibrder, etc.) filters or |ower order
(e.g., first-order filters) may be inplenented. Furthernore, for sone

applications, the recursive digital architect ibgurathe IR filter
126 may be[ooddSenrsdaedbackprady ‘Sn‘f“-:iB‘ile&e‘P cf’ﬁ%"(ggrbg? ﬂFOfg%? 1] aReS?f?r ring back to

FIG 5, along with usin | ] Sigt 8 mulighiaatiandaricion | nput for
confi gurralm’%hefﬁlfz"f‘?'ﬂtll‘ﬂpé’repll%?lta%Eéﬁ%’%g?%}%git%ﬁ? s used b;/m?he filter are
sel ected &0 & MLARGHingidd alent Byyipgienwhtitg e sisglarrauifipliss sY e particul ar

filter characteri'stics. For exanpl e, coefficients e ed to
i Mpl eMeniyeasateavirprtsaliesthts gray bacorisgted radasqdtp P@P’?‘e 8“‘%"3‘-"6%@& o e . or

other simlar type of filter used to ! d-,@@@plgﬁ B @Coapatiod si gnal s.
Due to tmnpbe%ﬁeﬁe?/%f%‘ﬂﬁﬁg‘ﬂeﬁgmﬁyrboe\}fng{e%‘%gtgd?{aeldbac T)lath 128, different

coefficients or.set faeGi 8 cBRyoreatsS eldditibeallybguerta ifecdpackxer 152
and/ or nEFPfl'ilcf)Feél?e‘arr ﬁ(ig‘&' %géggﬁgﬁﬁng dlyffer_e_nt coef fici entél for different
r ecur si vgatjl 494 akingRSadderad. oudderf 135} prwdesthyadditionfclfalineg im 8Py anpl e,

mul ti pl eXer 162 may be controlled to seléct a filtermiscogfhagsat (e.g.,
a0, bo, earioubiypeeoTlR filtewsodigaitely Wina? S EE CURR " uer filter. Then, for the
next iteration, .multiplexer aged. heyr ekimhplera eded 6fi ci ent. By
provi di ngddifebohiR & 5‘;%%%fsecogogﬁﬁr@?g%?s&\e{gloues, conf i lﬁr able IR filter
126 may bgtpgﬁrg LA e ) WRiRYiedRniel Frtdbrgingdhe ouipu 08 Hil}ﬁ_g(vé?rﬁﬁmdecodi ng
oper at i ons: pon conpleting the filtering for one, 18 el !:'in?grﬁ"rﬂt%] (e.qg.,
gai N contggerianyipastertal kerapong Wy of BodRlEs at 3% IncaFd B0 MG SAST | i pl exer
130 may then be placed [n a position to provide input signals for another
appl i cat iconuif of, oit 2n eXSPBEISE control bandpass filter 52). By selecting this
input, new filter coefficients may be selected by nultiplexer 162 and/or
mul ti pl exer (ho2 ﬁ,oadgﬁieﬂ kffrobidmePamiitiplitasion firlctior (Wifhpeutphtyprovided BY
characteri stl cs] needed to performthe filtering for this next .{@FI i cation.
[0042] I Mot Sog@st@sm @) dnil|fisting fangtions (s opusABRYIEPABIR™ THT™Y i 1 ter 126
is configured for a second-order filter, .. T oEGaRieNBe and/ or
decodi ng Fi2).icenfigweablgiiR ﬁg%fﬁizg frey also btolite 2 U BHG FuncT e

output of shift register 150 and/or the output of register 156 may be used to provide

time-delayed version of one or more digital signals provided to the registers.

[0037] To allow configurable TIR filter 126 to perform multiple types of filtering
operations, the multiplexer 130 controls which input provides an input signal. Referring
briefly to FIG 2, some of the inputs to multiplexer 130 may be connected to provide input
signals for each of the filtering operations performed within BTSC compressor 30. For

i i f
example, the input to gain confrol bandpass filter 60 may be connected an mput o

multiplexer 130. Similarly, the input fo spectral control bandpass filter 52 may be

comnected to another input of multiplexer 130. Then, multiplexer 130 may control which

particular filtering operation is performed by configurable IIR filter 126. For example,

during one time period, the appropriate input may be selected and configurable TIR filter

126 may be configured to provide the filtering function of gain control bandpass filter 60.



may call for a higher order filter. To provide higher order filters,
additional recursive iterations may be perfornmed through feedback path
128. By using the feedback path, signals may pass through the hR filter
multiple times using the same (or different) filter coefficients. Thus,
filtering operations may be perfornmed with a single nultiplier (i.e.,
multiplier 138) and a single adder (i.e., adder 136) for various types of
filters and various order filter idplenentations. To illustrate the
iterations that are performed by configurable UR filter 126, nunerical
indicators (i.e., 1, 2, 3, 4, 5) are shown to represent the individual
clock cycles in which each function is executed. In this illustration,

t hese functions - i i ang endf be dsed 2o sectdnotber Mpuide five cl ock
cycl es @ ﬁeaenﬁglgppgﬁ gﬁ%%tqgagﬁgf%ut putag:[ or the second order filter.

Addi ti onakdrt.a difitirént SiEerie uperatibn. edengivishl stleniog thsretheninput, srotigwgblsi ed in a

periodic manner (e.g., 1, 2, 3, 4,5, 2, . 5 43] Vari ous
t echni qURsfiltend26wmaY be erespIndigly qoaﬁaﬁ%dlgq&ff'?@%a ?erﬁqte%%? t glfte[nq | ectronics.

and filter design e.used . I i ildrexers (e.g.,

nul ti pl Bigetion, §usg as Eﬁtewm‘é@%%m%%ﬁg?gbﬁgﬁl_ti pl exer 130 maybe

i npl emented by one or nore nultiplexers to select anong the inputs.

Besi des myhpig)esaérto péfontnhiudtiplé floemg dpghticns e85 BT a SISO FOBRGICEY may be

i npl enented t0 sel ect appropriate filter coefficie tszsrsta\@ﬁl%l)pﬂsier coefficient
val ues a®TSiExpader, G@ﬁmﬁﬂﬂiﬂg@r@wﬂﬁ@ qoerassat e elRTk SRE TR I eF 174, For

exanpl e, coefficients SCL.1. i . By 36 attzOfadtenna, whi ch

i s her et the BRFRATEY “S@“ @%Pazgaéﬁgré%gt’ﬁ%gﬁe usedyg’; c%&ii gurable IR
filter 126, | 2NE GIEN26 malyperidind drenypead Gltérngivathoyt caktngst ored in a
menory (’ﬁoc?%“%e%%’\%ﬁ? :gassoci ated with the BTSC encoder og decoder and are

ret ri evegheddypértonapptieptigitl eompresspporexpiLlenio belrlaypt i BT PRESY For 19
exanpl e, the coefficients may _be stqgred.i RIR 'sYeel Nthe alcRit@mee  @ndom
access mpmhygcc(ﬂﬁw‘?ler@‘aﬁﬁgr 13%Ia§/arsfé%§§a%al{}§%\t/), etsgefe)’ or “anot her type of
storage device (e g 2 KileViRy 6 aRDdnt6! Ban)ipas Sitei 60t eithant t h t he BTSC
encoder B h@&?ﬁ(j%orn%gﬁgm@%gﬁni‘cieen%s may al so be stored in various

sof t war ‘égﬁ::té:liﬁil#'ﬂﬁﬁyiﬁ&'ﬁh e utionl afole nept fidsiconfigyration (@ Al RPIAIONSt r uct ure.

[ 0044] nfigurable HR filter 126 also includes a single adder 136 al ong

W th theforq:ient@leorrtmﬂbmb%ﬁ“&*ﬁ)- Vari ous techni ques and/ or conponents known
to one skilled in the art of electronic circuit design and digital design
may be use Lol e elnhafaA0 MR Eier M6 fnkplbt emplkdentedied aded i n
confi gur abl?%&ﬁ H?‘?el {%&l&«ﬂ%ﬂ grggiarrpl e, logic gates such as one or nore
"AND"  gal85ndiEHierDBR | e € RRfinGith, @SFIER6haof danbin mighali fig diegramTh/4i it r oduce

time delays, various techniques_and/ or, conpon known_t. killed in
the art pf)c/:sented for a typical second-grderm{ filter. An inp tnoc?cnlt% receives anlgplﬁ' g\%nzﬁ

identified as X(z). The input signal is provided to an adder 178 that adds the signal to a
processed signal that is described below. The output of adder 178 is provided to a gain
stage 180 that applies a filter coefficient ap to the input signal. In some applications the
filter coefficient ap has 2 unity value. Similarly, a filter coefTicient by is applied to the input
signal at gain stage 182. Ata delay stage 184, a time delay (ie, represenied in the
z-domain as z) is applied as the input signal enters the first-order portion of the filter and
filter coefficients a; and by are applied at respective gain stages 186 and 188. A second
delay (i.e., z") is applied at delay stage 190 for producing the second-order portion of filter
174 and filter coefficients 2, and b, are applied at respective gain stages 192 and 194.
Respective adders 196, 198, and 200 add signals from the gain stages and the filtered
signal is provided to an output node 202 such that output signal Y(z) may be determined

from the transfer fimction H(z) of the second-order filter 174, as described in the following



el ectronic circuit design and digital design nmay be inplenmented to produce
shift register 150 (shown in FIG 5) and provide delays by storing and

hol ding the digitized input signal values for an appropriate nunber of
clock cycles. [0045] In this exanple, configurable IIRfilter 126 is

i npl enented with hardware conponents, however, in sone arrangenents one or
nore operational portions of the architecture may be inplenented in
software. One exenplary listing of cbde that perforns the operations of
configurable IR filter 126 is presented in appendix A The exenplary code
is provided in Verilog, which, in general, is a hardware description

| anguage that is used by el ectronic designers to describe and design chips
and syst folPf1hor to fabrication. This code maybe stored on and retrieved
froma storage device (e.g., RAM ROM ' hard-drive, CD-ROM etc.) and
executed on one or nore general p rpose, . processors and/ or specialized
processors such as a dedic d. DSF gdﬁ4§gfﬁbferring to FIG 7, a block

di agram of BTSC conpressor s Qrpgigedagﬁ whi ch portions of the diagram
are highlighted to illustrate functiohs that may be performed by a single
(or multiple) inplenentations of configurable IIRfilter 126. In

parti cul ar rpo4bi Ehdrdfig: deeffitientseick. iy, donbigrpbiand e inghded indbeigsEr enphasi s
stage 38 nay be perfornmed by configurable(gLR filtgg 12?. Forigxanple, an
i nput  of fumuticni mAheassiaedpavhguias valagTiA BEAdBer 2 SBE YROE THELF HSFARRE £l t er
input wthin interpolation and fixed -er I g lter. a

Cor r es poPRTEFHATY V2IER dPEY: 11 gss'igﬂ?)duio gfé %%ﬁﬁfeg%?b%?fgta?%@s%%egt ed, filter
COCTT i CT filh $pllich or o bEAAH:Y fider] EONTHRITGY yroviiing the dpptgpripteodlice (o _an
appropriate filter type and filter characteristics. Slnll%rl% gain
control Bandamsioidi,| therty0anhyhdrecteristtsg (gl PEssRBEHBI-9TH IR °oenul ti pl exer
130 in digital configurable ILR filter 126 an e bandpass
il ter  Bonkyrds BHsoTgnda oBbarrd o EREIET o Sl D Bler 230
Band-1imting unit seation wiSSdi DofaefibRets.] Wit (16 exatiplel pl exer
130. ForG%Qgﬁk%gqpﬁéggggg?%%ﬁal@§§?%%ﬁﬁ§% corresponding filter

coef fi ci gaisibay @ Shevdestidesier, in rotimenarangeraents Ry baderefiligrepey sy

mul tipl exer 152 and/or nultiplexer 162 of configurable I#Rg%%!tgg 126. In
this exanmplemented. Fer pxples bisheroerder Gigr frirdgurery Rupth-gieEs i) Zonpr essor

30 is selectivel erf.o d confi fd 2 beyever, in
ot her arﬂ%%ﬁeﬂ@ﬂ¥§£énhp%g§?7gégg)f? t§$?ﬁggﬁgg§§;3?gﬁg&g%b?ﬁé conpr essor
may :)e Fég?lfi&flig%‘,j Y reb16ivE Qpfthio st BiRdcRird bRcbifiguesble MRdict 136 adyybe

e

configura filter 126 al so provides a multiplication function via
mul ti pl i easchd@ apebdoctfudrderdidfesst ers 170 (shown in FIG 5). Thereby, the
operations of nultipliers 54 and 62 may each be provided configurable IR

filter 126. [0041] Referring back to FIG 5, along with using multiplexer 130 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
example, coefficients may be selected to implement a Jow-pass filter, a high-pass filter, a
band-pass filter, or other similar type of filter used to encode or decode BTSC audio
signals. Due to the recursive processing provided by feedback path 128, different
coefficients or sets of coefficients may be selected by multiplexer 152 and/or multiplexer
162. By selecting different coefficients for different recursive iterations, various filters
may be implemented. For example, multiplexer 162 may be controlled to select a filter
coefficient (e.g., a9, by, ai, b1, etc.) associated with a second-order filter. Then, for the next
jteration, multiplexer 162 may select another filter coefficient. By providing these
selectable coefficients values, configurable TIR filter 126 may be configured to provide

filters for both encoding and decoding operations. Upon completing the filtering for one



[0047] Referring to FIG 8, portions of BTSC expander 86 are highlighted to
identify filtering operations that maybe perfornmed by one or nore
configurable ER filters that may be inplenmented with configurable IIR
filter 126. For exanple, filtering associated with band-limting unit 102
may be perfornmed by configurable HR filter 126. In particular, an input of
mul tiplexer 130 may be assigned to band-limting unit 102 such that when
the input is selected, appropriatel$iltering coefficients are retrieved
and used by configurable Tilt filter 126. Simlarly, filtering associ ated
wi th gain control bandpass filter 104 (assigned to another input of

mul tiplexer 130), spectral control bandpass filter 112 (assigned to

anot heraljlpﬁ%nqé,g_ngéihicpﬁt&.xmﬂdﬂa’sﬁ)ﬁltelaﬁﬂ 61 inereenrsiapFRERT. SUYIPEXCI 24 (assi gned
to alstifl another input of selectar ons configurable

130) . i id iy

| 1R fi | t3rmdyBen bedetied imorpopitign tom&%"i%ml"t%‘gli?%‘ﬁ??‘;S‘Pi%&%%ta? lﬁ’g‘fdd‘g%'gi’on,
fi ble lilt filter. 1 jde i Plefahisamybenct i on f

one. or e spmapeidpr e Ty B sp R ANL R el e e b vt ous

exanpl e L DEHdSten Yo Ca0bi Bulipleké 16Rto frbtide the péticvlartiletypeBméC encoder s
and BTS%SS!%EB@O er s,q”encoders and decoders that conmply.with television audio

st andar ggedBhyrabtogdtieseried th gerfomitheyfifiaringdon RisPE¥iaBPLCHY exanpl e, encoders
and/ or decoders associated with the Near |nstantaneously Conpanded Audi o

Mul ti pl ex NI CAML, which. is used. HRE VIPRcEhfuide Or nore

conf i gur aHPe42l et ﬁ?’iaﬂ’ipgﬂ '"?ﬁ%tﬁéglgl:lﬁ]&%f"ﬁgg?m% Smilarl yf?g'fencoders and
decoder s i mpl enenhd ek RewdRl Z4vRé bvddink @h@i décoding Btleringstpplications (current |y
used i n§?§a§%%§&§$& Ur otpeb’ and Asia) or the Electronics Igﬂustr Associ ati on

of Japam,aFa for 4 hightnordarfdtenado provisiegbgher erdsh8ltes. 3Gl BB Fur abl e 11 R
filters. [0049) Wil e the previaus, exanpl eserl J igurable IR
filter ieGtiows maybegefemgd ﬁ'@%‘lﬁhefgedga '%?%ﬁceg’sl}sgﬁcalpygéf @%ﬁ%gsdm’f rom ri ght

and | eft_ audi o channe [ aRhes hdid® fhi kings (orBifleen)sittdr t 0 encode
and decé@glﬁt“ﬁ‘é’rpag’u |°gggihg%§&?@(%xanpl e,”Eﬁ configurable IR filter 126

my be ySeficiRseNhesqRAsY erertionomey hapSARmeh avitet singe mylighigséfonal

channel, a sum channel, or one or nore ot her. indi Vi‘%ﬁl Qr, ga(f)r{m ned types
of tel eﬁﬁlﬁbfmla&)dinda@hiahﬁéfl%_.(l-e[’@é%]wﬂ T Asiors B Sept 47 1°0ns have been

descri bed. Neverthel ess, i L D& i 4REe PR pLidRed B doaBurameli fi cati ons
may be rradkes ltaCiEpleReRiiyns- g?ﬁf@'?tﬁter}gflérrent asttﬁliaonsp ar eew?s[ hin the scope of

the foll ﬁﬁ“ﬁﬂgr ﬂﬁaﬁlﬁeﬁcﬁgnﬂiﬁe}%ﬁh@l K 2A3, 4, 5) are shown to represent the individual

clock cycles in which each fanction is executed. In this illustration, these functions

execute in a sequence of: 1,2, 3,4, 5. Thus, five clock cycles are needed to compute an
output for the second order filter. Additionally, this sequencé of executed functions may

be repeated in a periodic manner (cg.1,2,3,4,51,2,3,4, 5, eic.).

[0043] Various techniques and com]:;onents known to one skilled in the art of
electronics and filter design may be used to implement the multiplexers (e.g., multiplexer
130, 152, 162, etc.). For example, multiplexer 130 may be implemented by one or more
maltiplexers to select among the inputs. Besides multiplexers, or other types digital
selection devices may be implemented to select appropriate filter coefficients. Various
coefficient values may be used to configure TIR filter such as IIR filter 174, For example,
coefficients described in U.S. Patent 5,796,842 to Hanna, which is herein incorporated by
reference, may be used by configurable IR filter 126. In some arrangements, the filter
coefficients are stored in a memory (not shown) associated with the BTSC encoder or

decoder and are retrieved by the appropriate multiplexers at appropriate times. For
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This nodule is the cascaded direct-formit inplenentation of one or nole

discretetine filters. It is actually a single second-order section that
can be !recycled' .

................................ y !/ Cenerated by
Par al | el SOSFi | t er Cenerat ocm on 03-Jun-2004 08:59:29 // Delay Register
Wdth = 35 // Filter Coefficients ar# in QL5 "

..................... ...W.. Filter I SumlInterpolation & Preenphasts """"
This filter is in QL5 format (QL5 is required.) //The '"b coefficients in
the last stage amin Q8 for at. [/ [/[-------------- (192 kHz Sanpl e Rate)

/! Max Del a | ster. Val 98p %6 Yafiivadscoesmenforpax  CQut put
Val ue = ??“g’gﬁgc @'5‘“%%?}) %eaécrl %g?nm/emo?y % b2 aQ at ?2 | f

- 6. GOSSW}&dSZ%&éﬂﬁéﬁoﬁqﬂoﬂdﬁaﬁﬁfﬁ%&mﬁﬂtype of sorEs 408 185758348 +000
6. 2789060e001 // 2.0305836c- 002 9. 3963698 gp %1861%%@ 9024
1. 000000QE+AA0:, ICHRII] 2d0gsodrtel 3aths the. § pcoget jerp deepder " 4

2. 41 21539e- 002 3. 7646657e- 0 .000 759558 8/RAH tTh16826398e- 00!
/] 4. 87088 frentsray dreBBYrE ’6‘1"“6°‘b*0'5888’8‘%cg’g%8‘j°§ oooooooﬁ%oo 1. 6429813e+000

9. 1158385 001 S&P‘%\(&‘gnl tudes are relative to the systeminput, not
necessar?ﬁ z‘lnﬁe f i nput. Section Del. max Qutmax // 1 9 9273109932813

13 4026919779221 1/2 127.9360639360639 22. 7263825 59@78 ;%7
127. 9360635[6@@@3311@1-@4@&93?1@123571150 igcndes 2. sgggwé 6@3@ 893114009230
N R Filter \MRASW: to one skilled in the
........ smgl.e multiplier 13§, Various techpiqygs andjor F‘?H'EB Isin Q5 format- (QI5 is
required a}t of clectromcbclrcﬁx?&ésfgﬁ L& WiSitdl Aesi gHEmAyai6d used @ymplamentiaddeQLY5 dndr i r al .

the multiplier 138 included in configurable AR 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, various techniques and/or componenis known to one skilled in the art of

electronic circuit design and digital design may be imaplemented to produce shift register

150 (shown in FIG. 5) and provide delays by storing and holding the digitized input signal

values for an appropriate number of clock cycles.

[0045] In this example, configurable TR filter 126 is implemented with hardware
components, however, in some arrangements one or more operational portions of the
architecture may be implemented in software. One exemplary listing of code that
performs the operations of configurable IIR filter 126 is presented in appendix A. The
exemplary code is provided in Verilog, which, in general, is a hardware description
language that is used by electronic designers to describe and design chips and systems
prior to fabrication. This code may be stored on and retrieved from a storage device (e.g.,
RAM, ROM, hard-drive, CD-ROM, etc.) and executed on one or more general purpose

processors and/or specialized processors such as a dedicated DSP.

[0046) Referring to FIG. 7, a block diagram of BTSC compressor 30 is provided in
which portions of the diagram are highlighted to illustrate functions that may be performed
by a single (or multiple) implementations of configurable TR filter 126. In particular,
filtering performed by interpolation and fixed pre-emphasis stage 38 may be performed by

configurable IIR filter 126. For example, an input of mulitiplexer 130 may be connected to



-------------- (192 kHz Sanple Rate) ------------- max Del ay Regi ster Val ue
= 268.666 ----> 99.949% headroom //Max Qutput Value =4.086 ------ > 99. 997%
headroom 1/ 24 hO bl b2 all at a2 // 8.4345402e-001 33105654e- 001

8. 4345402e- 001 1. 0000000e+000. 1. 5131160e+000 5 8400921e-001 //

. 7907148e- 001 -23574553e-001 1.7907148e-001 1.0000000e+000-1.5854796e+000
7.0937033e-001 // 3.0401514e-001 -4.9151080e-001 30401514e- 01

1. 0000000e+000-1.6621327e+000 841987b4e-001 // 3.5735700x001

-60794041e- 001 3.5735700e-0Dl 1, 0000000et 000-1.7107429e+000 9. 2558392e- 001

/1 2.6136244e-001 .15235123e-001 2.6136243e-001 |.0000000e+009

-1.7366273e+000 9. 6885152c-001 3. 3644153e-001 -5.8564210e- 00l 33644153e- 00l

1. 00000 0e+000 7519 + 0 rel hsﬁydg e@d3e relative to

the syd r?PPrﬂB’?ﬁc 151&,{ jlzélge‘gglg?l?&@%%&? tqegixeld/ngut % cti ongDeI max Out max
-~ - Com %1)8%&4513 aﬁmaamaﬁple;&e5m&@aaczaagﬁn¢r/caeﬂa@8ntswmm2 657337

32. 17652999 030 1/ 3 268. 6657342657345 26. 216801 64289 8:;}

268. 66éR1u2a5 F3BOMEMBE 782608 30 Jeodury & %@PH@BW‘%Q 577 98 219 JE%8046891134

/16 268. 6657342657326 4. 0876878442666 «yit * . o o
/| ... characteristicg; Wg}lﬂf Bgﬁr‘r’?m{“ﬁ?@%ﬁ?ﬁg thrG8 e s sigued toangther input -+ *- /1
This fil

QﬁéﬂlélH{Etéﬁ%laﬁ dtral fonfldEbandpasofitfet i ci ents in
the | as‘f’tI ta%lgxegrﬂ:‘e&%l t&ﬁ?ﬁ --------- @ﬂje - (192 kHz Sanpl e Rate)
"""" 52 may be Hzndded il aRegerdter olablitiplexer 256 Bgd-himitingun#tdd 981 96 headr oom //

Max Qut put Val ue =259.440 > 99. 994y- headroonbo%z b0 bk’?@ aft at
1/ ----- assigned- to pmothermﬁaaulem@w 6 25ar gach 3 thesegrpls SIS JBOt

1. 0000080(1)-%;19091 g 1171?9%3%1’ 285,0¢ %re]stoqg‘?&? - Q% ory) and may be retrieved by

multiplexer 152 and/or multiplexer 162 of configurable IIR filter 126. In this example,
filtering associated with four portions of BTSC compressor 30 is selectively performed by
configurable TIR filter 126, however, in other arrangements, more OF less filtering
operations of the compressor may >e performed by the configurable IIR filter.
Additionally, configurable IR filter 126 also provides a multiplication function via
multiplier 138 and output registers 170 (shown in FIG 5). Thereby, the operations of
multipliers 54 and 62 may each be provided configurable [IR filter 126.

{0047) Referring to FIG 8, portions of BTSC expander 86 are highlighted to identify
filtering operations that may be performed by one or more configurable IIR filters that may
be implemented with configurable IR filter 126. For example, filtering associated with
band-limiting unit 102 may be performed by configurable IR filter 126. In particular, an
input of multiplexer 130 may be assigned to band-limiting unit 102 such that when the
input is selected, appropriate filtering coefficients are retrieved and used by configurable
IR filter 126. Similarly, filtering associated with gain control bandpass filter 104
(assigned to another input of multiplexer 130), spectral control bandpass filter 112
(assigned to another input of multiplexer 130), and fixed de-emphasis unit 124 (assigned
to a stifl another input of selector 130) is consolidated into configurable TR filter 126.
Additionally, due to its multiplication function, configurable MR filter 126 may provide

the multiplication function for one or more of multipliers 106, 114, and 122.

[0048] While the previous example described using configurable TIR filter 126 with



/1 7.2682533e-003 4.9327184e-002 5.0728513e-002
| . 0000000e+000- 1. 5758348e4000 6.2789060e-001 // 1.3165964e-001 5. 6960961
a- 002 3 6425943e 003 |.0000000e+000 -1.5671917e+000 6.7399133e-00 //
2.4084812e-001 1.3833431 e-003 0.0000000c+000 | .0000000e+000 -I
5759558¢c+000 7.6826398c-001 /1 9.4429177e+000-1.8107524e+001
8.6732681e+000 1. 0000000e+000-1.6429813e+000 9. 1158385e-001 It Magnitudes
are relative to the systeminput, not!necessarily the filter input 1/
Section Del. max Qutmax // --- --- [/1 4.4056120909651 122436103717271
1/2 255.8721278721281 273647542209154 //3 255.8721278721284
49. 1968802729879 114 255.8721278721282 61.9802894946887 f!5
255 8721248721280, 200 BROIIAIET 2hBcrnd decodes thl camply v eiion . Fi | ter 4
D fl Gai apass .t T 1/ This filter is in QL7
f or ma- (%Exols&nﬂz@ﬂwzhﬁ}eﬁhﬁ]erﬂdnt b eorfl gurblsfTR Elit@ﬂf%f xAplfeeneofers 28She are i n

/

Q1 format. / 192kHz Sanp woex - // Max
Del ay Reipicedesy asaaplg@d—wgtygj}e eRear. 2 t@“’@"@ ﬁZét/mﬁp%&gérdoéﬁdm/ M VB eClJt put Val ue
= 1.915 - -- > 07% h / B oh2ordRor eordiut dbleITRB ARAE90e- 002
0. 50000 0RGANE. ot sab R ERpE mat e et o 2 55500- 001

/1O Magni glggﬁi Al 156! g{umégytgac&dm; aysicendeisripplementing the d@EFRIPRy t he

filter |nput Section Del max Qutmax 1 13051. 64dcg A§33949 0 1 9154790026336
........ television.- aud:o staadard (currenthy ysee in WT‘BPIf Furegs AR 9ribe

B fLlte i (Qq,ge |0§ ,h@qu red.) 11
The v coBRBIDI éﬁ’i%‘apﬂn t‘ﬁ»eJq t(k]lée‘t W&%FQL e

(192 Kk}l z - - . Max Del ay Regl ster VaI ue =

1499902. Gﬁpg‘%yngb%{%%ﬁ% headr oom

[0049] While the previous example described using configurable IR filter 126 to

encode and decoder a difference signal produced from right and left audio channel, the
configurable IR filter may be used to encode and decode other audio signals. For example,
confignrable 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.

[0050] A number of implementations have been described. Nevertheless, it will be
understood that various medifications may be made. Accordingly, other implementations

are within the scope of the following claims.



/1 Max CQutput Value =225.000 ---> 12.109%eadnom// !/ 60 bl b2 a0 at a2
11 7.5042399=-005 7.5042399x005 0. 0000000=+000 1-0000000e+000
-9.9984992x001 0. 0000000c+000 Magnitudes amrelative to the system i nput,
not necessarily the fikler input. // Section Del. max Qutmax //- [/1
1499902. 0762455594000 225.1124999993376 it [/ ... ... .. . ... ...
Filter 6 DIff Spec Ctrl Dandpass ............ ... ... [l This filter
isin Q7 format. (QL7 is required.¥2// The b, coefficients in the |ast
stage are in QL9 format. [I! (192kUz Sanple Rate) -------

- /'l Max Del ay Register Value =39.333 --> 99.970% headroom // NMax
Qut put Val ue =3.683 --> 99.978%eadroom 26 il 110 bl b2 20 at a2 //
8.6691012e-001 -1.7351060e+000 8.6819671 e-001 1. 0000000et 000
-1.7132232e+000 7.6815543e-001 It 3.330066l e-001

. 8508507e- 004- 33343983e- 001 1.0000000e+000- 1. 2652200e+000 33953192e- 001
// /1l Magnitudes are relative to th g ﬁysten1|nput not necessarily the
filter input. // Section Del. X /l-- - [] 1 39.3329526574003
3.7578420694186 //2 14.8039499335385 3. 6850497626675 //
............................ Filter? DiffSpec Ctrl Integrator .....
............ *This filter is in @2 format (QR2 is required ) // The It
coefficients in the last stage amin Q7 format // -------------- (192 kHz
Sample Rate) ------------- /1 Max Del ay Register Value =1949451 --->
52. 406% headroom It Max Qut put Value =0.684 ----- > 31. 633% headr oom




/1 b0 bl b2 a0 at a2 // 1.7543809e-004 1.7543809e-004 0.0000000e+000
1. 0000000e+000- 9. 9954323e- CDt 0. 0000000e+000 // WMagnitudes are relative to
the systeminput, not necessarily the filter input. //Section Del. nax
Qutmax [//---- - - []1 1949.4512384999191 0..6840160013750 // I/
..................... Filter 8 Diff Spectral Conpression

Lo e wmmnnw /[ This filter is in QLS format (QL5 is required.) //
The b' coefficients in the last stag& are in Q | format. //

I (192 kHz Sanmple Rate) ------------- fl Max Del ay Regi ster
Val ue=4819452 --> 99. 081% headroom /I max out put val ue =4880.066 ---->

99. 942% headroom // // b0 bl b2 e0 al a2 // 39625515e+0D1 - 3.8130535e4001
0. 0000000e+000,. 1.,0000000e+000- 9. 8671384e- 001 0A000000e+000 // Magni tudes
are rel APRENIH A

he systeminput, not necessarily the filter input. //
Secti O Daliw.dBXee QUL OBKsskdbreenske 4840:-4523948899350 4882 5058955489840
.................... tpmn 1 ampemraiob @7 9 Difflowpas$ ... ... ...
[1This i TEEs =Bl o el (O

| orgagl.asigggw is required.) // The b' coefficients in
the | ast =t aRF&™afiT A Ol 71 o et (192 kHz Sande Rate)
-------- second-ouder setion FAsSEn SEPYHS, Regi st er Val ue = 255 872 -----> 99 95 t %

headr oomesdax=@trt-pert=arue 3 8Yr "7 99. 997% headroom // // b0 bi b2 20
at a2 // j&nb3iprdid@sf@ a3 bOBB5RWOFOP 8. 4345402e- 00|
1. 0000000e+000- 1. 5131160e+000 5. 8400921e-001 // 1.7907148e-001

-23574553¢c-001 1...79€7148c- 001 1. 0000000e+000-1.5854796e+000 7.0937033e- Q01
Sclay gister Wid

7 Filter Coefficients are in Q15

L]
i .n.qct‘-n-at-u‘idt‘ttottita.t Falter l Sum [m:rpolauon & PTCCI.'HP"IESIS PrTT TS L LT D D DL L L Ll b fd
J# This filter 15 in Q15 formatl. (Q15 15 required.)
i The o' coefiicients in the last stage atc in Q18 format.
i
floccmmamcammm o (192 kHz Sample Rate) - ---«--==-==="

1 Max Delay Register Valug = 127.936 — —> 99.976% hcadroom

# Max Qutput Vahie =23.781 > §9.964% headroom
i

i

B0 bl b2 a0 al aZ

i
# -6.5033712¢-012 32117006e-002 1.3600689e+000 1.0000000c+000 -1.5758348e+000 6.2785060e-001
# 2.0305836c-002 9.3963698c-002 6 5186177c-002 1.0000000c+300 -1.5671917e+000 6.7399133e-001
# 116057526001 2.4121539¢-002 3.7646657¢-004 1.00000D0e+HI00 -1.5759558e 1000 7.6826398e-001
/ 48703374c-001 -4.5435961e-001 0.0000000=+000 1.00000006-000 -1.6429813e+000 9.11583852-001

"

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

{f Section Del. max Qutmax

/N —_— —

7 2.9273109932813 13 4026919779221
"2 127.93560639360639 22 7268252592786
"y 127.9360639360638 17.949693461 7571

ia 127.9360639360638 23,7933114009230 )

i

[ SesamssreansrRaTTsEakIstRas Filter 2 Sum Lowpass PP LT YL AT L e L S
I This filter is in Q15 format (Q15 is required.)

I The b’ coefficients in the last stage are n Q17 format.

i

| i (192 kHz Saemple Rate} - -« -v--eemmm

1/ Max Delay Register Value = 268666 -.—— 99.94%% headroom
{1 Max Cutput Value = 4,086 ———-> 96.997% headroom

#

14



/1 3.0401514e-001 4.9151080e-001 3.0401514e-001 1. 000000&+000
-1.6621327e+000 84198754e-001 // 3.5735700e-001 -6-0794041e-001 3
5735700e- 001 1. 0000000e+000, -1-7107429e+000 9. 25583920. 001 //
2.6136244e-001 -0.5235123e-001 2.6136243e4101 1. 0000000e+000-1. 7366273e+000
9. 6885152e- 001 3. 3644153e-001 -5.856421Cc-001 3. 3644153e-001

1. 0000000e+000- 1- 7519173e+000 99157326¢c-001 /I Magnitudes are relative to
the systeminput, not necessarily the filter input. // Section Del. max
Quinax [/ --- -_ [/ 1 14.1857578314703 28-6215210505942 /12
255. 8721278721279 30.6443142809810 //3 255.8721278721285 24.9683823108847
114 255.8721278721286 16.5118593417196 5 255.8721278721297 6. 7174330372509
6 255. §72§,278%2125%: 3. 8830360421587 " Filter 10 SAP Interpolation &
Preenphasis . .... ————/ This filter is in Qy fonut-
(QL5 is reayred; ! o dodaloGioaBisBeoko E@nlcast Stage are in QL2
format.” *7 %M&qmzs‘ﬁ Aion U 5‘4{9‘4]‘05 iﬁf&&%%ﬁh@%ﬁbmﬁ%e) -------- Il Max
Del ay RebPeYEPTvATHR-2137¢58 1005 g aﬁ%?&%ﬁﬁ%gﬁﬁﬂﬂblff Max Qutput Val ue =
79. 936 « 3wBsIGE SISYRHRGHIEERT 100 b1 b2 20 2 28 |f

- 1. 8231122650808 <PVPBEUOTEE MY 1 PRSI ITEG Y ‘8‘3‘6’@00%000- 9. 7203440+- 001
1. 0899437 @NDik-00t /4/5238 138682783000 OBIPFFPFFIEE- Y%7 498386 2e- 002

1. 000009980000 s FOB30N DGR 7RBREHEEHISOTE00/9PISEETV051 a- 002
2.7399;@96-002 1.8184569e- 003 1. 0000000e+000-1. 7179059++000 7.6872240+- 001

/1 9.5595731e-002 5 6899673+ 004 .R0Q000e+000
1. 000000HFELIDT L ’7‘21%%'978%000 8.388294| e- 001 1.0900737e+001- 2. 0903005e+001

1. 001226500 P1™0000008%$000- 1. 8173075e+000 9. 4015130+- 001 |f Magnit udes
are relat+ve to-the systeminput, notnecessanly the filter input. //
Sect i onrDel isspredr2@t MRAPOSHTOLLL - // 1 22028060429820 2. 9414955734591

iy 268.6657342657337 32.1765299950301
#3 268.6657342657345 26.2168014264289
74 268.6657342657350 17 3374523088056
s 268.6657342657346 7.0533046891134
R 268.6657342657326 4.0876878442666

I

" reneseerwe Filter 3 Diff Interpolation & Preemphasis rous
H This Gilter is 1 Q15 format {Q15 is required.)
1 The b coefficients m the last stage are in Q12 formal.

i

Heoomvanmoomnn (192 kHz Sample Rate) - -« --c-=-v---

#f Max Delay Register Value=255.871 > 99.951% headroom
/f Max Qutput Value ~ =259.440 S 99.954% headroom

I

if

Ho b0 3] b2 a0 al a2

i
/1 -1.2723363-010 4.8662511£-002 3.5810704e+000 1.0000000+000 -9.7203440e-001 1.0899437c-001

/i 7.26825332-003 4.9327184c-002 5.0728513e-002 1.0000000c+000 -1.5758348e+000 6.2789060e-001

I 1.3165964e-001 5.69609612-002 3 6425943003 1.0000000e+000 -1.567191 7e+000 6.7399133e-001

H 2.4084812-001 1.3833431e-003 0.0000000c+000 1.0000000c+000 -1.5759558+000 7.6826398¢-001

/I 9.4429177+000 -1 8107524e+001 8.6732681e+000 1.0000000e+000 -1 6429813e+000 9.1158385¢-001
i

# Magnitudes are relative o the system input, not nccessarily the filler input.
it Section Del. max Qutrnax

 p— — J—

I3} 4.4056120909651 122436103711271

"2 255 8721278721281 27.3647542209154

i3 255.8721278721284 49.1968802729879

"4 155 8721278721282 £1.9802894946887

s 2558721278721280 259.5699347572192



112 127. 9360639360640 6.5017997596439 1/3 127.9360639360640 11

5065707750231 1/4 127.9360639360641 12-3029392557771 /f5 1279360639360646
79. 9758599046644 ts. . UttUYUTUOTLoLLLL. “.e.s....e Filter Il SAP Crain Ctrl

Bandpass ....................... [l This filter is in QL7 formal (Q7 is
required.) The b' coefficients in the |last stage are in 21 fonent 192 kHz
Sanpl e Rate) // Max Del ay Register Val ue =13051.591 > 90. 042% headroom 1/
Max Qutput Val ue = 1.984 99. 903% hea#t oom// bo bi 1,2 20 al a2 //

3. 3052890e- 002 0. 0000000++000. 3. 3052890e- 002 1. 0000000++000- 1. 9327087e+000
9.3278529+-001 // Magnitudes are relative to the systeminput, not
necessarily the filler input f/ Section Del. nmax Qutmax /11

13051. 5913591675250 1.9854692931948

)29 ¢ hahesedferr s aSEESRES + s s s s sk ks /1
L0, .. Hpgggrereseesesesessniens Fher 4 Qi Gap CM e \BVCRTN QY | I ntegrator 1/ This filter
i s in Q/3niorwafl? mO@3Bstwd equi red.) // The Wcoefficients in the | ast

St age aremd vtocfRBBis if @:NBebe are th Q21 fosmat- - - - - - - - - (192 kHz Sinple
Rate)---5--------- /'l Max Del ay Register Val ue =1499902.076 --> 28 479%
headroom | f NMax_ QuhpulmMahue.=225.000 --> 12.109%eadroom /1 // /] DbO bl
132 a0 al a2 Y 215 Vljﬁé 204239925002 nedirosr042399¢- 005 0. 0000000e+000

1. 0000008& 100 ¥ E3818936 001 00000000c+003 /1 if Magnitudes are relative

to the sKPxemMiput’ *Rot necessarily the filter input // Section Del. nax
Qunrzx #

i

/B bl b2 a0 al a2
1S
£ 3.30528902-002 0.0000000e+000 -3.3052850¢-002 1.0000000e+000 -1,9327087e+000 9.3278529e-001

n

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

## Section Del. max Outmax

I e e —

iy 13051.6450743394510 1.9154790026336

i

]f o T T YIS T S S LI L L) Fi“er 5 D.lﬂ‘Gain Ch" ]nlcgralor ‘..d“ti...ttt‘tt‘.‘ltﬁ.‘t.
I This filter is n Q13 format. (Q13 #s required.)

17 The o' coctTicients in the Tast stage are in Q28 fonmat.

4

Heweocaomcmaan- (192 kHz Sawmple Rate) ~-«w-v=mm-wen-

#f Max Delay Register Value = 1499902076 ———--> 28.479% headroom
#f Max Output Value =225.000 —————> 12.109% headroom

/"

H

i bl b2 ab al a2

/"
# 1.50423992-005 7.5042399-005 (:0000000¢+00C 1.00000002+000 -9.9984092¢-001 0.0000000c+000
"

#f Magrutudes are relative lo the system input, not necessarily the filter input.

{ Section Del. max Quitmax

fF— — —

i 1499902.0762455594000 225.1124999993276

it

f‘f AT T TS Y LR L R I E R AL AL L Ll L] Fllle\- 6 DiﬁSpec C‘rl Bandpass L Lo L Ll Ll L b

{1 This filter 15 in Q17 format. {Q17 is required.)

{# The 'b* coefficients in the fast stage are in QI8 format.

7

7 (192 kMz Sanple Rate) -~ +=---===- ==
Jf Max Delay Register Value=39.333

-—> 99.970% headroom
#f Max Oumput Value =23.683 ———-—> 99.978% headroom



/1 f/1 1499902. 0762455594000 225. 1124999993376 // Filter 13 SAP Spec Cr
Bandpass ............ ... ... ... ... [/ This filter is in Q7 format. (QL7 is
required.) I/ The b’ coefficients in the |ast stage amin QL8 format. [/
(192 kHz Sanple Rate) #------------ /'l Max Del ay Register Val ue=60.285 ->
99. 954% headroom // th Qut put Value = 3 340 ----> 99980% headroom |/ if
/1 bODbl b2 a0 at a2 //------ -- - /] 8.6691012e-001 .1.7351060c+000
8.68196711001 1.0000000e+400 - 1. 7132@321+000 7.6815543e-001 // 3.3300661
c-0d 1.8508507e-004.33343983e-001 1.0000000e+000 -1.2652200e+000
3.3953192e-001 Magnitudes are relative to the systeminput, not

necessarily the filter input. // Section Del. max Qutmax /[!- -- [/1
60. 2854167958472 33663545412242 1/2 18.1337922344007 3. 3413388460805 //
[ ' /A r..... Uoooe e Filter 14 SAP Spec Cirl Integrator

...... a..w0. .. b re2. o/ Fhis Blter isin Q2 format. (QR2 s rédﬁired )
| F The”n_wanetLLCLean“Ln~Lhe—#as%ms%age-are in Q7 format. I/
I/

(1 9Re b6 o5 SADT Soobdabenor-r7a3232es000 768i5s30lbX  Del ay Regi ster Val ue
=1949. 451 2 ¢ AdL 0000, {c/ooo&@lﬁoo@ﬁsﬁéé&ﬂoyadmszﬁo@ 694 -->
31. 63391 3&8“‘0%% Pt /7 O bl b2 20 at a2 11 |.7543809e- 004
| . 7543809e- 004 0.0000000e+000 I.0000000e+000 -9.9954323e- 001 0. 0000000e+000

|1 # Magnitules arc relative to the system input, not necessanly the filter inpul.

Hf Section Del, max Outmax

I —— — -

i 39.3329526574003 3.7578420654186
2 . 14.8039499335385 3.6850497626675

I/

] weweseavkrnEresssnseokasetss Filtr 7 Diff Spec Ctd Integrator preyreeererrer P AT LT TR L L]
I This filter is in Q22 format. (Q22 is required )

// The 'b* coefTicients in the last stage are in Q27 format.

4

Hwemrmavmmmnmua {192 kHz Sarmple Rate) -----~-~--=--=

#f Max Delay Register Velue = 1949451 w—eeeer 52.406% headroom
{f Max Cutput Value =0.684 —e—> 31.633% headroom

I

"

l b0 bl b2 ) al a2

i
i

17543809004 1.7543809-004 0.0000000e+000 1.0000000e+000 -9.99543232-001 0.0000000=+000
1

J1 Mognitudes are relative 1o the system input, not necessarily the filter input.

/ Sechion Del. max Outmax

e —— -_—

I 1949.4512384999191 0.6840160013750

i

iR or ++ Filter § Diff Spectral Compression THesssasssessssssessnssuns

# This filter is in Q15 format {(Q15 is required.}
/f The 't coctficicnts in the last stage are i Q11 format.
"

R (192 kHz Sample Rate) - -+------==sx~

/f Max Delay Register Value = 4819.452 - > $9.081% headroom
If Wiax Qutput Value = 4880.066 ——-—-> 99.942% headroom

I

it

i b0 bt b2 al} al a2

i

i 38625515e+001 -3.8130535e+001 0.0000000c+0C0 1.0000000c+000 -9.8671384e-001 0.00060000+000
#




/! Magnitudes are relative to the systeminput, not necessarily the filter
input. // Section Del. max Qutmax 1/1 1949. 4512384999191 0.6840160013750

30 /f.. "U....uw.... Filter 15 SAP Speeral Conpression
“wowQ ... /] This filter is in QL5 formal . (QL5 is required.) !/ The b’
coeff|0|ents in the |ast stage are in Q | format. /I

-------------- (192
kHz Sanple Rate) -------------- [/ Max_ Del ay Regi ster Value =4819. 452 >

99. 081%headroom // Max output val ue’ '£4880. 066 > 99. 942% headroom // 1/
1/ bO bl b2 a0 al a2 //--- /1 3.86255150+001- 3. 81305350+001 0. 00000000+000
. 0000000e+000. 9. 8671384e- 001 0. 00000000+000 Magnitudes are relative to

the systeminput, not necessaril e filter nmput. Il Secnon Del. max

Qut max ﬂww@m§ﬁ52§9w@89§§@6‘ﬂé@ﬁ“é& 8858289840

Filter lB=GAP Powpass .o . . ... . . . /I This filter isin Q5
format. »(QL5 i-s—~required.) // The -a' coefficients in the last stage are in

Q5 forngt  Asisaszisssssesse- - - 4ss25058053@Po0kHz Sanpl e Rate) ----------- Il Max
Del ay gglster Val ue =127.936 > 99. 976% headroom WMax Qut put Value = 3.873
----~ 9 L“hﬁﬁdLQQﬂlb&ngﬁgamzOua+an~##uP"¢236972e 001 -6.1114088e- 002

. 42369726001 ooqo%g,mmggo .66815860+000 7.0166935e-001 //
1 729120 ImQE§§§é 7E"801 1. 7291208e-001 1. 0000000e+000 $. 7369812e+000
7.946731@@€0@QMWFTm%@ﬁfﬁ?§§38T601 -5 5024915e- 001 3. 0167936e- 00!

| . 0000000e+000 - 1.8076638e+000 8.9011358e-001 // 3.5737308e- 001
. 6. 6631149e- 001 -3.057A878680=001--1- 0600000€+000 - 1. 85114030+000

9. 486721 36: 80  repdef vade - 5233936~ BBL% 1er®257885€e- 001 2. 6223391c- 001
1.oooooog§“g%p . 87385536:+0001heat8/6206€- 001 |/

1.441867 "71512440+000 1. 4418675e+000 1. 00000000+000- | . 8862768e+000
9.941907%e-001 // Magni tudes are relative to the systeminput. not

necessarfly the filter input // Segtion Del. max Qutmax
# B0 bl b2 a0 al

/.
if 2.4345402¢-001 3.3105654¢-001 8.4345402¢-001 1.0000000e+000 -1.5131160e+000 5.8400921e-001
J1.7907148e-001 -2.3574553¢-001 1.7907148¢-001 1.0000G00e+000 -1.5854796e-+000 7.0937033e-001
I 3.0401514e-001 -4.9151080e-001 3.0401514¢-001 1.0000000c+00D -1.6621327e+000 B.4198754e-001
#/ 3.5735700e-001 -6.0704041e-001 3 5735700001 1.0000000e+000,-1.7107429e+000 9,2558392¢-001
It 2.6136244-001 -4.5235123e-001 2.6136243e-00] 1.0000000e+000 -1.7366273c+300 9.6885152¢-001
# 3.3644153c-001 -5.8564210c-001 3.3644153¢-001 1.0000000e+000 -1.7519173c+000 9.9157326¢-001

#

4/ Magnitudes are relative to the system mput, not necessanly the filter input.
// Section Del. max Outmax

Ft e — —

It 14.1857578314703 28.6215210505942

2 255 3TN 278721279 30.6443142809810

I3 255.8721278721235 24.9683823108847

14 255.8721278721286 16.5118593417196

Hs 255.8721278721287 6.7174330372509

e 2558724 278721255 3.8930360421 587

i

Jl sHreserearssntatntianEoesbts Filter 10 SAP Interpolation & Precmmphasis PP T T L S 2o L L
H This filter is in Q15 format. (Q15 is required.)

1/ The b’ coelMicients in the last stage are m Q12 format.

1

R (192 kHz Sample Rate) - - v oo r--o ==
/1 Max Delay Register Value = 127.936 ———> 99.976% headroom
#f Max Qutput Value =79.936 ——e—-—> 99.998% headom

i
"
4B bl b2 20 al a2

1.
H




/[l - [/1 300017134252655 6.7084273
. 462983 //2 127.
7.1340558588011 //3 127.9360639360641 5. 77148168683?806??260641

127. 9360639360642 3.8011918024620 31
: 11
1/6 127. 9360639360671 (3. 8749910462902 $ 127.9360639360640 15533507892725

_ 3. /'l nodul e SCS1 '
Start. it DRegC! ear, ii7Dat al nl . O 21 Dat aO i 7D;/t02|mn(2| Ak !
orl 9DataCut2, il 7Datal n3, Or25DataCuO, i 20Datal n4. ’

[ (0]

'Ofg%;?gno?” orggaogagugs, Or120Dat atn6, or20Dal Qul 6 irzgggi;fi%“l'

: 1 m ng, 29Da i " :

i 16Dataln9. orl8Dataoul 9. tacut8, i | SBOOS1 i18Bl1 OS, il SAl 08,

i -1.8231226¢-009 2.1884032¢-002 1721944 1e+000 1 0000000e+000 -9.7203440¢-001 1.0899437-001
/I 3.1584799-003 2.2857938¢-002 2 4903862e-002 1.0000000e+000 -1.7083043e+000 733256616001
I "6 07200516002 2.739973%e-002 1 81845692003 1.0000000e+000-1.7} 79059:+000 1.68722402-001
I/ 9.5595731¢-002 5.6899673¢-004 0.0000000+000 1.0000000e+000 -1.7487378e+000 $.3882041e-001
I 1.0900737e+001 -2.0503005e+001 1.0012267e+00] 1.0000000e+000 -1.81730756+000 9.4015130=-001
"

Jf Magmtudes are relative to the system input, not necessanty the filter input.

#f Secton Del. max Outrmax

i — e ———

i1 22028060429820 2941485573455

2 127.9360639360640 6.5017997596429

W3 127.9360639360640 11 5065707750231

4 127 9360639360641 12.3029392557771

s 127.9360635360646 79.9758595046644

i

[ svmenenasurasnnsvstorsonsass Filier | ! SAP Gain Ctr] Bandpess RSN D E SRR R REBRY

Jf This fikter is in Q17 format. (Q17 is required.}

/f The b° cocfficients m the last stage are in Q21 format.

#

Haoarmowmamecu= (192 kHz Sample Rate) ~--==--v--=-~"

#i Max Delay Regtster Value = 13051.591 c———> 90.042% headroom

/# Max Output Value =1.984 ~————> 99.903% headroom

i

i

# bl bl b2 ab al a2

il
2 3.3052890e-002 0.0000000c+000 -3.3052850¢-002 1.0060000:+000 -t 9327087000 9.3278529¢-001
i

1 Magnitudss are relative to the system input, not necessarily the filler input.
#f Section Del. max Outrmax,

W—- ——— _

1 13051.5913591675250 1.9854692831948

N

# reberasrinsutopansboasesssas Eilier |2 SAP Gain Ctrl Inlegrator P T LI LA L At bl
I Thas filter is in Q13 format. {(Q13 1 required.)

If The B coefficients in the last stage are in Q28 format.

i

Bomooaanmamcm- {192 kHz Sanple Rate) == --==~-=-----

Jf Max Delay Regster Value = 1499502076 o—-——> 28 479% headroom
— > 12.H09% headroom

# Max Quiput Value =225.000
i

"

[/ bl b2 a0 al az

y ‘ ——




il6Catalnl O or23DataCutl O i20Datalnl 1,

or22Datacut| 2. i 20Datal nl 3, orl 9DataQut1l,  122Datal n] 2.

or 20Dat aCut | 3, 123Cat al nl14,

or2
Lomialnls | wzsnledl|s Beoit’ s s iedis T ielaln
) . , | ; input ii Start; i it . !
[16:0] i17Datainl: output (20-01 0Iro2| Dat a0 Irt input it DRegC ear; input

, I nput 116: 01 -
output [IBA) orl9DalaCut2; input [1g:01 il 7Datal n3l;o out put (t24117([))?t alnz;

or2SDat aCut 3; input (1901 i 2QDat al n4;
) . ’ ; out put : . :
[21:0) i22Datal n5. output [21:0) or22Dat aQth s [ 18:0) orl9DataCut4; input

out put 1190) orzODat aQut 6; i nput 119: 01 i 20Dat al n6;
[ 71.5042399¢-005 7.504235%¢-005 0.0000000e+000 1.0000000e+000 $.0984997e-001 0 0000000c+00 ‘
1
}f Magnitudes are relanve to the system inpo!, not necessanity the fiker input
} Sectaon Bel. max Outmax
H—- e ——
n 1499902.0762455594000 225.1124999993376
i
I sessemseenrasnancisnstsssses Ciler (3 SAP Spec Cir! Bandpass SRARRES SR PY ERRRB R
# This filter 1s in Q17 format. (Q17 is requured.}
# The " coefficients in the last stage are in Q18 format.
i
Hoomemmmmmmmns (192 Kiz Sample Rate) - === === === "~
{f Max Delay Register Value = 60.285 —————> 99.954% headroom
1 Max Qutput Value =3 340 —oe—-> 59.980% headroom
I
i
/. bi b2 ad el aZ
7 :

N 8.6691012¢-001 -1.7351060c+000 2.6819671c-001 1.0000000e+000 A1.7132232¢+000 7.6815543¢-001
/1 3.3300661c-001 1.8508507¢-004 .3,3343983-001 1.0000000e+000 -1.2652200:+000 3.3953192¢-001
H

/ Magnitudes are relative to the system wnput, not necessanily the filter mputl.

/f Section Del. max Qutmax

i — —_—

n 60.2854167958472 33663545412242
2 18.1337922344007 3.341338BR460805

#

I’ .t‘.ﬁ“.t.-'-"t.‘!“il.‘it‘ Fill:r ‘4 SAP Spm Cu-l ln!emlﬂl' -“-t#ﬁ-i.“#.#.t“"‘t"tl-
} This fiter is m Q22 format. (Q22 is required.)

1 The B coefficients in the last stape are in Q27 farmat.

"

Hummanomermuns (192 kHz Sample Rate) - -~ -e-----="7 -

#/ Max Delay Register Value = 1942.451 o> 52.406% headroom

f Max Output Value = 0,684 —-——-> 31.633% headroom

n -
1

/) bl b2 a0 al a2

I
i

J 1.7543809e-004 1.7543809e-004 0.0000000=+000 1.0000000e-+000 -5.9954323-001 0,0000000e+000
b )

#f Magmitudes are refative (o the sysiem input, not necessanly the filler input.

{1 Section Del. mmax Qutmmax

If sr— i —_—

/A 1949.4512384999191 0.6840160013750



i nput 122:0] i23Datal n7; output 122:0] or23DataCut7; input 121:0]

i 22Dat al nB; output [28,01 or29DataCut8; input [17:0] ilSBO 08; i nput
[17:0) i118B1 08; input (17:01 i18A1 08; input [15:01 il6DatalLt9; output

117: 01 orl 8DataQut9; .input (15:0] il6Datalnl G output 12201
or23DataCut| G input [19:0] i20Dam nll; output (18:0] orl9DataCuttl;

i nput 121:0) i22Datalnl2; output [210] or22DataCutl2; input 119:01

i 20Dat al n13: output [19:0] or20Datd&Cut]3; input 122:01 i23Datal nl 4,

out put (22:0) or23DataCutl4; input 121:01 i22Catal n15; output (28:01
or29DataCutl 5; input 117:01 11860 t5; input 117:01 11861 15; i nput
[17:01 t18A1_15; input [15:0) il6Datalnl6; output 117:0] orl 8DataCutl 6;
mg signed (20:0] or2l DataQuti; regsigned [18:01 orl|9DanmQut2; reg signed
(24: 0) ror25Pat-aut S+ B 15 &4 Sy Frafsfo1 BTU1" 67 1"6Dal aQut 4; reg signed [21: 01
or 22 Dat,addheSs in o1 g RisgRGkaf 19. 0] or 20Dat aQul 6;

{f The b’ caefTicients in the last stage are in Q11 format.

I

R e ht bt {192 kHz Sample Rat) --------n-s=-

#/ Max Delay Register Vatue = 4819.452 > 99.081% headroom
#f Miax Output Value = 4880.066 ——-—> 99.942% headroom

"

I

# b0 bl .74 a0 al a2

1.
i

# 3.86255156+001 -3.8130535¢+001 0.0000000e+300 1.0006000e+000 -9.8671384¢-001 0.0000000e+000
I

#/ Magnitudes are relative to the system input, not necessarity the filler mput.

{f Sectign Del. max Outmax

i
IA 4319.4523948899350 4B82.5058955489840
"

” tooco-owntttt-‘-c-t.ttmiuttt Fﬂm ]6 SAP LDWPB.SS e T T YT LT Lo Ll il g

—— E——

4] This filter is in Q15 formmat. (Q15 is required.}

/1 The B coefiicients in the last stage are in Q15 format.

i

Hoanrmmra e mamn - (192 kHz Sarmple Rale) -~«-n=--------

# Max Delay Register Value = 127936 ——— 99.976% headroom
1/ Max Cuiput Value = 3,873 > 99.999% headroom

H

i

[/ ] bl b2 ab al a2

il
L4

o 1.4236072c-00t 6.1114088-002 1.4236972¢-001 1000000024000 -1.6681586¢+000 7.0166935¢-001
J 1.7291208e-001 -2.8858617c-001 1.7291208e-001 1.00000006+000 -1.7369812¢+000 7.9467313e-001
7 3.01679360-001 -5 5024915¢-001 3.0167936c-001 1.0000000:+300 -1.8076638¢+000 8.9011358¢-001
#f 3.5737308e-001 -6.6631149¢-001 3.5737309e-001 1.0000000+H30 -1.8511403e+000 9.4867213-001
4 26231393e-001 49257885001 26223391001 1.0000000¢+000 -1 B738553¢+000 9.7876206¢-001
# 1441867504000 -2.7151244¢+000 144186756000 1.0000000¢+000 .1 8862768100 9.9419075e-001
#

~—

# Magnitudes are relative (o the syster input, not necessarity the filier mput-

Hf Section Del. max Outrmax

n — ———

it 30 0017134252655 6.7084273462983
2 127.9360639360641 7.1340558588011
3 127.9360639360641 5.7714816868819

fia 127.9360639360642 3.8011918024620



reg signed [22:0] or23DataCut7; ,,S signed [28:0] or29DataCut8; reg
signed (17:01 art8DataQut9; ngy signed (22:0) or23Datauil O reg signed
[18:0) orl9Dai QUIIl; reg signed (21:0) O 22DataQutl2; ng signed [19:0)

or 20Dat aCQut| 3; reg signed (22:0] or23DanmCutl4; reg signed [28:0)
or29DataCutl S; reg signed [17:0] on RDataCutl6; reg signed 137:01

r38l nput Reg; reg signed [49:0] r50Addendl; reg signed (49.0] r50Addend2;
wi ne signed [49: 01 ws0Sum reg signe¥ [49: 0] rSOsum ng signed (34:0)
r35MulMout|l; reg signed 117:0) rlI8Miultlnput2; w ne signed (49:01
ws50Product; reg signed (49:01 r50Product; reg signed [49: 01 r50Produet Reg;

ng rl Shl ftRe Enabl e; r35Shi ft Regl nput; wre signed [34:01
W35D! ; PSR, S%SL%B%} (86:0] r87Dcl ayShi ft Reg34: reg [86:0)
r 87Del afiShl f‘ g@%%”ﬁ“" 6%‘?39‘8‘129"F87De| ayShi ft Reg37 reg (86: 0]

r87Del ayShift Reg3l; reg (86:01 r87Del ayShill Reg30; reg (86:01

r 87Del aya&h&s‘o‘srfvco@gzg., reg [ 86: 01 r87Del ayShl RReg28; ngy (86:0)

r 87Del ay Shi fsBgg27; reg [86: 01 r87Del ayShrf Reg26;

i1DRepClear,
117Daulnl,
or21DataOutl,
i17Dawalin2,
orl9DataQut2,
i17Dataln3,
or25DataQul3,
i20Dataind,
orl9DataOunid,
i22Dataln$,
ar22DataQut$,
i20DatalnG,
or20Daa0utb,
i23Datain?,
or23Data0ut?,
i22Dataing,
or29DataOut8,
1§8B0_08,
i18B1_08,
i18A1_08,
il6Datalng,

or! 8DataCut,
it6Datalnl0,
or23DataQutl0,
i20Datalnll,
orl 9DataCutl],
122Datalnl2,
or22Data0utl2,
120Datalnl 3,
or20DataCuti3,
i23Datalnl4,
or23DataOutl4,
122Datalnls,
or29Data0utls,
i18B0_l3,
HBBI_i5,
i1BAL_15,
i16Datalnlg,
orl 8DataQutl6);



reg 186: 01 r87Del ayShi ft Reg25; reg (86:01 r87Del ayShi RReg24; reg 186:01

r87Del aySht ft Reg23; reg (86:01 r87Del ayShi ft Reg22: reg 186: 01
rg7Dcl ayShi ft Reg2t; reg ' [86:0) r87Del ayShift Reg20; reg [86:0)
r87Del ayShift Regl 9; ng, [86:0] r87Del ayShifRegl B;' 34 ng (86:0)
r87Del ayShi ft Re917; reg [86: 01 r87Del ayShi ft Regl6; rag (86:0]
r87Del ayShi ft Regl5; ng [86:0] r87Del ayShi ft Regl4; reg (86:0]
r&7Del ayShi ft Regl3; reg 186-0] r87BklaySh[ftRcgl2; ng 186:01
r87Dcl ayShiftRcgl |; reg 186:01 r87Del ayShiftReglD; ng (86:0)
r87Del ayShi ft Reg09; reg 186:0] rg7Del ayShift Reg08; reg (86:0]
r87Dcl aySht RReg07; ng (86:0] rg7Del ayShi ft Reg06; ngy [ 86: 0]

r 87Del awshi f#®egOS; reg [86:0] r87Del ayShi ft Rcg04; reg (86: 0]

r 87Del am8ht f #Rexg03; ng [ 86: 0] r87Del ayShi ft Reg02; reg (86:01

r 87Del aypah' ninegdila; reg (86: 01 r87Del ayShi ft Reg00; wire

w Coef f [ Gi gt fokdanabl e; reg rl Coef ci ent Cl kEnabl e; wire signed (17:01

w SCoef ‘l’"g&ﬁ% o2ib&8u 3: 0) rdSectionState; reg (50] r6Sccti onNunber,

r
paramet i?pul 116:0] 117Dataln2;

output [18:0} orl5Datalut2;
wput [16:0) il7Datain3;
output [24:0) or25DataOul3;
input [(19°0) i20Datalnd;
output {18:0] orl9Datalutd;
input [21:0] i22Datalnd;
output {21:0] or22DataQutls;
input {19:0] i20DatalnG;
output [19:0} or20DataOuis;
input {22:0] i23Dataln?;
cutput {22:0} or23Daa0uth;
mput [21:0§ i22Datzing;
gutput [28:0] or29DataQuwig;
input {17:0] il8B0O_08;
mput {17:0] i18B1_08;
input {17:0] i18A1_08;
input [15:0] i16Daning;
cutput {17:0] orl8DatzOuid;
input [15:0] i16Datall0;
outpul [22:0} 0r23DataOutlQ;
mput [19:0] i20Datalnll;
output {18:0) or19DataOutll;
input {21:0] i22Datalnt2;
output [21:0] 0r22DataOutl2;
input [19:0] i20Datalnl3;
outpit [19:0] or20Data0uill;
input {22:0] i23Datalni4;
output {22:0} ar23DatzOutl4;
input {21:01 i22Dataln]5;
output [28:0] or29DataOull5;
input [17:0] UEBO_IS5;
wput {17:0] i18BI_15;
input [17:0] 1i8A1_15;
input {15:0] i16Datainls;
output {17:0] or!8BataCuUl§;
reg signed {20:0] or21DataOutl;
reg signed [18:0] or19Datalut2;
reg signed [24:0) or25DanaOusd;



FI LTERO _LAST SECTION = 6'd3, FILTERO2 LAST SECTION = 6'd9, FILTERO3_LAST
SECTION = Gd14, F |LTERO4_LAST SECTI ON= Cd15, FILTEROS5_LAST SECTI ON =

6' d16, FLLTERO6_LAST SECTION = CdI'S, FILTERO7 LAST SEC710N= 6' d19.

FI LTERO8_LAST SECTI ON= 6' d20, FILTERO9_LAST SECTI ON= 6'd26, FILTER 1O

[ AST_SECTION= 6'd31, FILTERI | LAST SECTION = 6'd32, FILTERI 2

LAST_SECTI ON= 6' d33, FILTERI 3_LAS7 SECTI ON= 6'd35, F[LTERI a LAST SECTI ON=

6' d36, FILTERI S _LAST SECTI ON= 6' d3733 FILTERL6_LAST SECTION = 6' d43, LAST
SECTION = FILTERI 6 LAST_SECTION, //State Machine Sl ates paraneter |DLE =

4'dD, 35 WAITI = 4d6, STATEIA =4'd7, STATEL =4dl . STATE2 = 4d2, STATES3
=4'd3, STATE4 = 4'd4, STATES = 4'd5, LAST =4'd8; |/synthesis
t rans| atgsph fisoionforioat begin  r4SectionState = | DLE;
reg signed [21:0] oi22DataOuts;
veg signed [19.0 or20Dzta0utb;
seg signed {22:0] or23Data0utT;
reg signed [28:0] or29Da=0at’;
teg signed (17:0) orl 8DataOutd;
reg signed [22:0) orZ23Data0utl0;
reg signed [18:0] orl 9Data0ull;
eg signed [21:0] o122Data0utl2;
reg signed [19:0} or20DataQutl3;
reg signed {22:0) o0123Data0utl4;
reg signed [28:0} or29Data0ull 5;
reg signed [17:0] orl BDataOutlf
reg signed [37:0] r3BinputReg;
reg signed [49:0] rSO0Addend];
reg signed [49.0} 150Addend2;
wire signed [49:0] w505um;
reg signed {49:0] r505um,
reg signed {34:0] 35Muliinputt;
teg signed [17:0} ri8Multinput2;
wire signed [49:0} w50Product;
rep signed [49:0] r30Product;
reg signed [49:0] r30PmoductReg;
rcg rlShiftRegEnable;
TeE [34:0] ¥355hifiReglnput;
wire signed [34:0} w35D1;
reg signed [34:0] 135D
reg [86:0) 187DclayShiftReg34;
g [86:0) s87DelayShiftRegl3;
reg {86:0] r87DelayShiftRegdZ;
reg {86:0] r37DclayShiftRegll;
reg {86:01 87 DelayShifiReg30;
reg {86:0} 87 DelayShifiReg29.
g [86:0) r37DelaySmNReg28;
reg [86:0] r87DelayShiflReg2T;
g {86:0) 187DelayShifiReg2f;
Teg {86:0] r87DelayShiftReg25;
reg [86:0] r87DelayShiftReg2d;
teg {86:0] 87DclaySmfiRegI},
eg {86:0) 87DetayShaftReg22:
reg  [86:0) rB7DclayShifiReg?l;
reg ~ [86:0] rB7DclayShiflReg20;
eg [86:0) (B7DsclyShiftRegld;
reg [86:0] r87DelayShiftRegis;



end //synthesis translate-on assign

W Coet ficientd kEnabl c=r| CoelicientC kEnable ] il Start; Coef Sel ect SOSI VCom
Coef Selecl!l (.i1Cdk (ildKk), .iidkEnable (wlCoefficientCl kEnable),
.1188008 (11850 0S), AISBl 08 (i18B1 08), JIMO08 (ilBAt 08), .ilSBO 15
(118BOi5), .11831 15 (11881 15). .ilSAt 15 (ISAl _15), .orl 8Data
(W sCoefictent)); MJItSOSIVCOn Multiplierl (.135Multl nputl

(r35Mul tlnputl), .tlsMultinput2 (ri#BMiiWut2). .owSOPnduct (w50Product));
Adder SOCSI VCom Added (.i 50Addendl (r50Addendl), .i50Addend2 (rSQOAddend?2),
. owb0Sum (wWs0Sum) ); assi gn w35Di = (r87Dcl ayshi 8Reg34[ 0j .

r87Del ayshi f Reg33(Q, r87 DelayShi RReg32tO), r87Del ayshif Reg31(0),
r 87Det ayShtfsRegBBFOMRE 1 87Del ayShi f t Reg29(0), r87Del ayShi f Reg2B( O,
r 67Del ayShidsReg@iks@Rress: T87Dday Shi f Reg261QJ, r87Del ayShi f Reg25]0]. r67
Del ay Shi, Rigg@éodRinrestH
Teg [86:0] s87DelayShifiRegid;
g {86:0] r87DelayShiftRegl3;
rep {86.0] 187DclayShiftRegli2;
reg  [B6:0) 87DelayShiftReglt;
eg [86:0] 187DelayShifiRegl0;
reg {86:0} 87DelayShifiRegld;
reg [86:0] r87DelayShifiReg08;
reg  [86:0} r87DclayShitReg0?:
reg {86:09 87DelayShiftReg06;
reg {86:0] 87DclayShiftRegl5;
reg {86:0] 187DelayShiftReg04;
reg [86:0) 187DetayShftReg03;
reg [86:0] r87D¢layShiftReg02;
reg [86:0] r87DelayShliRegl;
reg {86:0] r87DelayShiftReg00;
wire wiCoefficientClkEnable;
g riCocfficientCikEnable;
wire signed [17:0] wl8Coeflicienty
TeE {3:0) r4SectionState;
reg 15:0] r6SectionNurmber,
parameter
FILTERC1_LAST_SECTION = 6'd3,
FILTERO2_LAST _SECTION = 6'd9,
FILTERD3_LAST SECTION = £'d14,
FILTERO4_LAST_SECTION = §'d15,
FILTEROS_LAST SECTION = 6'd16,
FILTERO6_LAST_SECTION = 6'd18,
FILTERO7_LAST SECTION = 6419,
FILTEROR_LAST_SECTION = 6'd20,
FILTERD9_LAST_SECTION = 6'd26,
FILTER10_LAST_SECTION = 6'd3t,
FILTERL!_LAST_SECTION = §'d32,
FILTER1Z_LAST_SECTION = 6'd33,
FIETERI3_LAST SECTION = 6'd35,
FILTER14_LAST_SECTION = §'d5,
FILTERLS_LAST _SECTION = 6437,
FILTER16_LAST_SECTION = 6'd43,
LAST SECTION  =FILTERI6_LAST_SECTION,
{f5tate Machine States
perameter

IDLE =40,



r87Del ayShi ft Reg23[ 0], r87Del ayShift Rcg22(A, r87Del ayShiftReg21 (0),
r87Del ayShi ft Reg20(0], r87Del ayShiftRegl 9(0), r87Del ayShiftRegl8(0L1.
r87Del ayShi ft Reg) 7[01. r87Del ayShiftRegl 6(0], r87DclayShiftRegl 5(0L1.
r87Del ayShtft Regl 4[] A, r87DelSyShiftRegl 3(0), rg7Del ayShiftRegl2(0],
r87DelayShiftRegl 1 [0]. r87Del ayShiftReglO1l0]. r87Del ayShiftReg09(0),
rg7 Del ayShi ftReg®8lI A, t87DelayShiftRcg07[01, r87Del ayShiftReg06[ 01,
r87Del ayShi ft Reg05101. r87Del aySht fPPReg04[ O), r87Del ayShi f t Reg03( OL,
r87DcdaySht ft Reg02[ 0], r87DelayShiftReg0l1 (0], r87 Del aySh i ftRegOO (g

); always @r4SectionStale or ilDReg Cear or w35D1 or wSOSum) begin if
(tl DRegCl car) begin rl ShiftRegEnable<= IM r35ShiftRegl npul < 35b0; end
el se begi"Wcas@® (r4SccbonStale) |DLE: begin '

STATEIA =47,

STATE1 =4&41,

STATE2Z =442,

STATE3Z =443,

STATEA =4'd4,

STATES =445,

LAST =4d8;

#fsynthesis transtate_off
jnitiat
begn
rdSectionState = JDLE;
end
Jisynthesis translate_ow
assign wlCoefficientClkEnable =11 CoefTicientClkEnable | il Stary;
CocfSelectSOS1VCom
CoefSelectl  (ilCIKk {i1CTk),
jICIkEnable  (wlCoefficiemCIKEnable},
J18B0_O8  (i18BD_03),
41881 08  (i18B1_08),
J18A1_08  (11BA1_03),
ii8BO_15  (i18BO_15),
ilgR1_15  (j18B1_I5),
JIBAT 15 (118A1_15),
origData (w1BCoefficient));
MultSOS1VCom
Multiplier] {135Multinputl  (FASMulitnputl),
118Multinput2 (r18Mulilnput2),
owSOProduct  {w30Product));
AdderSOStVCom
Adderl  (i50Addendl  (s50Addendl),
i50Addend2  (r50Addend2),
owS505um (w50Sum));
assign wiSD1-= {r87DelayShiflReg34[0},
¥37DclayShiftReg33{0],
87 DetayShiftReg32{0),
r87DelayShiftReg31(0),
t87DetayShiftReg30[0],
r870¢layShifiReg2910),
r87DelayShifiReg28(0],
187DelayShiftReg27[0],
18 7DelayShitReg26{03,
r87DelayShiftReg25{0],
t87DelayShiftReg2410).



ri Shi ft RegEnabl e C= | b0; r35ShiftRegl nput <=

35bXXXXTF ZXXZXaXXXSXXXXXXXXX" uxxxnt xxxxx; end STATEI A. STATE 1. begin

ri Shtft RegEnablc < |bl; r35Shi URegl nput <= wSOSunm(49: t 5 ]; end STATES:
begin rl Shifl RcgEnabl e <= Ibl; 37 r35ShiftRegi nput <= w35D; end

default: begin rl ShiftRegEnable r-- 1bGQ r35ShrfRegl nput

<=35bX: aaXXXXXXXX00Uut XXXXXXXXXXXXXXXXzXX; end endcase end end always
@r4SectionS(ale orr505um or r381lnpst Reg or r50Product or r50Product Req)
case (r4SectionState) STATEI A, STATE |I: begin r50Addendl <- r50Sum
r50Addend2 <_ ( (12(r381lnpuWRegl371)), r38lnputReg end STATE2: begin

r 5CAddendl <= r50Pnduct Rcg, r50Addend2 <= r SOProduct; end STATES: begin
187DelayShiftReg23{0],

v87DelayShiftReg22(01,

s87DelayShiftRep2 {01,

r7DelayShiftReg20{0],

87DelayShiftReg19[0],

187DelayShiftReg1 8[0],

r87DelayShifiReg1 7{0],

r87DelaySmitReg)6{0),

187 DelayShiftReg! 5[0,

1B7DelayShtftReg14{0],

B7DelayShiftRegt3{0},

37DelayShiftReg2{0],

7 DelayShifiRegl 1{0],

187DelayShiftReg10{0].

r870elayShiftReg03{0),
87DelayShiftReg08{0],

87 DelayShiftReg07[0],

187DelayShiftReg06{0],

&7DelayShifiReg050],

137 DetayShiftReg04{0Y,

¢B7DelayShiftRez03[0],

r37DelayShifiReg02(0],
187DelayShiftReg01{0],

BT DelayShiftReg00[0]}:
always @(r4SectionState or i1 DRegClear or w35D1 or wSHSum)
begmn

if (11 DRegClear) begin
ri1ShifiRegEnable <= bl
355hiNReginpul <= 35D0;
cnd else begin
case (r4ScctionState)
IDLE:
begin
riShifiRegEnable <= 1'b0;
r355hifiReglnput <= 35 DO KK XXX XA XIODOCOCHRHAX XKLL
end
STATEIA, STATEL:
bepn
rIShifiRegEnable <=t'bl;
1355hiftReginput <= wS0Sum[49:15}
end
STATES:
begin
r1ShiftRegEnable <= 1113



r50Addendl r- r50Sum rSOAddend2 <= r SOProduct end STATES: begin

r 50Addendl < r50Product Reg; r50Addend2 c= r50Product; end default: begin
r50Addendl <- 50bXxxXaxXpaxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX;
r50Addend2 <= S50BXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; end
endcase always @ posedge il k) begin r50Product <= wbOProduct; r
SMul tl nput2 <=wl 8Coefficict if (riShifiRegEnable) begin r87DeIaySh|fReg34
<= jr35ShittRegl nput 1341, r87Dcl ayShi’f Reg34(86:1 ]); rg7Dcl ayShifReg33 <=
{r 35Shi ORegl nput [ 33], r87Del aySh, RReg33(86:1]); r87DelayShiflRcg32 <_
(r35Sh1RRegl nput (321. r87Del ayShi f Rcg32[86:11): rS7DelayShifReg3 | S
{r35Shi ft Regl nput (31), r87Del ayShi Ni eg3l {86:1]}; r87Del ayShifReg30 <=

(r 35Shi f t Regl »iguiRrfnl8Gy v35P87Del ayShi ft Reg3( 86:1 ]}; r87Del ayShifReg29 c_
(r35Shi | t Regniput t 29) . r87Del ayShi f Reg29[ 86: 11}; 38 rBl Del ayShi ft Reg2g <_
{r35Shi Megl ppuit [ 281. r87Del ayShi ft Reg28[ 86: 1 J}; r87Del ayShrftReg27 <_
{r35ShtftReglpput[271, r87Del ayShiftReg27(86:1)); r87DelayShiftReg26 <=
(r358h|ftRegIQR“&%gglbv&87DelayShlRReg26[86 11); r87Del ayShi ft Reg25 <_
(r35Shi fi Regl é_ %%%%%%&§ 86:1)]; rS7Del ayShdt Rcg24 <_
{r355hi f t Reg| ﬁ’%ﬁl? Vi) aySa‘sugutl;c!RgeEEQZM'86 1)): r87Del ayShi ft Rcg23 <_
(r358hiftRegWhput[23) r87Del ayShi ft Reg23(86: 1] }; rS7Dcl ayShiftReg22 <_
(r35Shi f t Regtksiput (221, r87Del ayShrft Reg22(86:t1); r87DelayShiftReg2l c=
(r35Shtft Regl nput[21 ]. r87Del ayShift Reg21(86:1)}; rg7Del ayShiftReg2D <_
{r35Shi f{ Regl nput (20] . r87Del ayShi f | Rcg20( 86: 11};

always @(rdSectionState or 150Sum or riginpiReg or £50Product or r50ProductReg)

case {r4SectionStatc)
STATE1A, STATEL: begin
r50Addend]l <= rS08um;
(50Addend2 <= { {12{c38inpuReg{37]} }, r38InputReg }i
cend
STATEZ: begin
r50Addend] <= r50ProductReg;
50Addend2 <= 750Product;
end
STATEJ: beptn
r50Addendl  <=r505um,
150Addend2  <=r50Product;
end
STATES: begin
150Addend] <= r50ProductReg;
r50Addend2 <= r50Product;
cnd
default: begin
rS0Addend] <= SO BRI OOCK KX KKK KAK KK EEXX X K XRR XK IO IHR AKX
t50Addend2 <= S0 IOCOORRKK XK XX UCOOCOK XXX XX KR XXOOKERIAHK LK
end
endcase
always @(posedge 11C1k)
begin
r50Product <= wh0Product;
r18Multinput2 <= wi18Coefficicnt;
if (riShiltRegEnable) begin
r87DclayShiftReg34 <= {risShiftReplnput34}, 187 DelayShiitReg34({86:1]};
187DelayShiftReg33 <= [r35ShiftReglnpw{33], r87DelaySiftReg33{86:17)
187DelayShiftReg32 <= {r35ShiftReginpui32], r87DelayShiftReg32{86:1J}:
187DetayShiReg3! <= {r35ShiftReglnpuy 31}, (B7DclayShiftReg31(86:1]}:
137 DelayShiftReg30 <= (r35ShitReglnput{30), ré7DelayShiftReg30{36:11}:
187DelayShillReg29 <= {r355hiftReginputi29). r87DelayShiReg29i86:11}



r 87Del ayShi f Regl 9<=(r35Shi t Regl nput[| 9], r87Del ayShifRegl 9[86:1));

r Sl Del ayShi ft Regl S<_ (r35Shi ft Regl nput[18], rg7Del ayShi f Regl 8(86:1));
r87Del ayShi ftReg) 7 <_ (r35Shi fl Regl nput[17), r87Del ayShiftRcgl 7[86:1)};
r87Del ayShi (t Regl 6 <_ {r35Shi ftRegi nput[ 161, r87Del ayShiftRegl 6(86:1)),
rg7Del ayShift Regl S <_ (r35Shi ft Regi nput[15), r87Del ayShl ftRegl 5[ 86:1)};

r 87Del ayShi RRegl 4 r- {r355hi ORegi nput (1 4]. r87Dcl ayShi f Regl 4] 86: 111,

r S7Del ayShi ft Regl 3 <_ (r35Shi ORegl nffut [ 13], r87Del ayShi ft Regl 3[56:1));
r87Del ayShift Regl 2 <_ {r35Shi CRegl nput[ 121, r87Del ayShtfl Rcgl 2(86:1));
r87Del ayShiftRegll <_ (r35Shift Regl nput [1 1), r87Del ayShiftRegl 1(86:1));
r87Del ayShi fl Regl O<_ (r35Shi fi Re rnp B%10] r87Dcl ayShi ft Regl O( 86: 1] };

r 87Del ay ST PETBHAGPSp H%SSPWWE@‘%H r 87Del ayShi ft Reg09(86:1 ]);

r 87Del ay SlipfisREgD 8 @sshikeBBEH} #’Pﬁéﬁg“f‘*hﬁw IB) r 87Del ayShi f t Reg08[ 86: 1) } ;

r 87Del ay ShichisiRegs 7= (sshinkebiict ERegfhifsd%- 1B, r g7Del ayShi ft Reg07(86: 1J);

r 87Del aysgaj,cfa,tsﬂﬁgﬁ& @sshifindimaiist, Roghsmpr{i@)n: r 87Del ayShi ft Reg06( g6: 13} ;

r87Del ay$ Gussnilitesimneit, SloRegapidip] . 1 87Del ayShi ft Reg05t 86: 1 J};
rg;g: ayS 2iths Rﬁ\&égmss% éigﬁ Jsgggéhmgkgﬁﬂ] r87Dcl ayShi ft RegO4[86:1]);

r aySH

r 87Del ays'ﬁP“raiS RS } r 87Del ayShi ft Reg02[ 86: 1]) ;

?"}D mp ﬂ&;‘g) r87Del ayShi ft Reg03(86: 1)) ;

r 97Del ay SHPHh{SHRRep) F~ L5Shftfeegatptj. ‘P’PF% 1“%&%“ ¥'3, r87Del ayShitt RegOL[ 86: 1] )

r 87Del ay SkrbdatsRerg@R< s aBEBIo SREYMAFAUTEY:, r 87Del ayShi f Reg00[ 86: 1]); end
i f (il DReglilsatkg)s<bagimmraipdBoeteosiskati®ss= | DLE;, rl| Coeficientd kEnahle r-
160, r 356BufinASd0 isssvhbipRng sriegrasnssl’ dO  r50Sum <=50' dO;

or 2| Dat aogx,;,; STt i ODRIRGMRp 130’ dO  or 2SDal Qu13 <= 25' dO;

or 1 9Dar aQUtd €= 49 10, 1 O 2ADRHAMSdudy. 1O or 20DalaCut 6 m 20' dO;

r8TDelayShiftRegl5 <= {r3sShifiReginput[1 3], 187DelayShiftRegl 5[86:11};
1§7DclayShiRegl4 <= {r355hifiReginpui{14], rB7DclayShiftReg]4[86:1 ]}
587DctayShiftRegl 3 <= {r35ShifiReginputfl 3], r87DelayShifiReg13]86:1]};
r87DelayShiftRegi2 <= {r355hifiReginput[12), B7DelayShifiRegl 2{86:11);
157DclayShiflRegl1 <= {r355hiRRegnput{]1], 8 7DelayShiftReg11[86:1));
r87DelayShifiReg10 <= {r35ShifiReginput]10], 187DclayShiftReg10[B6:1)):
187DelayShiftReg09 <= {r3SShifiReginput{9], 187DelayShifiReg09[B6:11);
187 DelayShiltReg08 <= {r355hifiRegInpul[8], 187DelayShiftReg08[86: 31
r87DelayShiftReg07 <= {r3sShiflReginput(7], 187 DelayShiftRep07(86:1]};
r37DeIayShiﬂchOﬁ <= {r35ShifiReginput]6), vB7DelayShitRez06{86:1]}
187DelayShiftReg0s <= {r355hiftReglnput(3], 187DelayShiftRep05{B6:1]};
187DclayShiftReg04 <= {riSShifiReginput{4], B7DelayShiftReg04[86:1]);
r87DelayShiftReg03 <= {r355hiflReginput[3}, r87DelayShiftReg03{86:11};
187 DelayShiflkegh2 <= {r35ShifReginput{2], 187DelayShiftReg02[86:1]):
r87DelayShifiRegl] <= {r35ShiftReginputit], 157DelayShiftReg01{86:13}:
r37DelayShiftRegh0 <= {r358hiftReginputf0], 187 DelayShiltReg00{86:1]):
end
if (11 DRegClear) begin

r4SectionState <=|DLE;

riCoeflicientClkEnzble <= 1b0;

135D2 <=35d0;

r5QProductReg <= 30'd0;

r50Sum <= 50'd0;

ot21DamOutt <= 210,

ort9Datalul2 <= 19'd0;

or25Data0u3  <=25%0,

orl9DataOud <= 19'40;

or22DataCuls <= 2240,

0120Da0Outé <= 20'd0;

0r23DataOut? <=123d0;

or29Paautt <= 29'dl;



or 23Dat aCut 7 <=23' dO; or29Dataout8 <= 29'd0; 39 orl8Datalut9 <- 18" dbD;
or23DataCut| O <= 23'd0; od9DataCQutl | <= 19'd0; or22DataQutl2 r- 22'dO;
or20DataCutl 3 r- 20'dO; o023DatzQutl4 <= 23'd0; o029DataCuLi S <= 29' dO;
orl sDataCQutl 6 <= 18" dD; end else begin case (r4Sem onState) |DLE: begin
if(ilSlart) begin r4SectionState <=WAITI; rl CoefcientC kEnabte <= IDbl;
r6Secti onNunber <= 6'dO; r38lnputReg <((6(il7Datatnl (16j)).il 7Dam nl,
15b0); end end WAITI: begin r4Setti onSt at e <=STATEIA; r35Mil ti nput |
<=r 35D2; end STATEIA: begin r4SectionState <= STATE2; r35D2 ¢ w35D1;
T35Mul dnput | <= ws0Sun{ 49:15); r5DSum <= ws505um

ori8Dataluty <= 18'd0;
or23DataQutl) <= 23'd0;
orl9DaOut]] <= 1990,
or22Data0ut]? <= 22'd0;
or20Daa0utl3 <= 2090,
or23Data0utl4 <= 23'd0;
or29DataOulls <= 29'd0;
orl8DataOutle <= 184d0;
end else begin
case (rdSectionState)
IDLE:
begn
if° (i1 Start) begin
r4SectionState <=WAITT;
rlCocfficiemCikEnable <= 1'bl;
16SectionNumber <= &'dl;
r38lnputReg <= { {61i17Dauln1{16]}}, il 7Datalnl, 150 );
end
end
WATTI:
begin
rdSectionState <= STATELA;
r35SMultinput] <= £35D2;
end
STATE1A:
begin
r4SectionState <= STATEZ;
risD2 <= w35Di; \
F35Multinpatt <= wS0Sum{4%:15];
1508 <= wi0Sum;
cnd
STATEL:
begin
rdSectionState <= STATEZ;
r3sb2 <=wisDl;
rI5sMuitinputl <= w50Sum{49:15]:
r505um <= w508um;
r50ProductReg <= r50Product;
end
STATE2:
begin
rdSectionSiate <= STATEI;
r35Multinput] <= w35Dl;

r530Sum <= w505um;



end STATElI: begin r4ScctionState <= ST ;
/ e = STATE2; r35D2 <=w35D1;
r<§r52/UC]|3tl gput! <= wo0Sunf 49:151; r505um <= wSOsum  r50Pr oduE:LReg
<:v\BSDIr9 u?tS'OSurenng S\IQ-CI)EZ: bigl n 845ecti onState r- STATES; r3SMultinputl
= ; = urn; end STATES: begin r4SeebonSt
<=STATE4; r35Mul ttnputl <=r35D7 r = T beg
S orATEd: 135N <:ST2TES; 50Sum <= ws0Sum end STATE4: Dbegin

case (r6ScetionNunber) FILTERO LAS :
Dat a0ut| <= r50Sumi38: 181; FI LTERO® LAST_SECT? o Corl SDataoui2 G o

r50Suni 35:17]; FILTERO3 LAST_SECTION: or2

; - X 5Dat aCut 3 ¢ r50S X ;

::/IA\gEgM LAST SECTI ON: orl 9Dat aOut 4 e r50Suni 39: 21J; FlI LTE%%G- )
_SECTI ON: or22Dat aCQul 5 <= r50Suni 4928); FILTERO6 LAST_ SECTI ON

or 20Dat aQutse <=r 50Sunt 37; 181; ;
 SO8UNT 49: ks ;181; FLLTERO7_LST SECTION: or 23Dat aOut 7<=

begin
r4SectionState <= STATEA4;
35hMultinput] <= 35D2;
r505um <= w5DSum;

end

STATE4:

bepin
r4SectionState <=STATES:

case (r6SectionNumber)

FILTEROI_LAST_SECTION:
FILTER02_LAST_SECTION:
FILTERG3_LAST_SECTION:
FILTERO4 LAST _SECTION:
—~  FILTERGS_LAST_SECTION:
FILTER0S_LAST_SECTION
FILTERD?_LAST_SECTION:
FILTEROS_LAST_SECTION:
FILTERDY_LAST_SECTION:
FILTER10_LAST_SECTION:
FILTER}H_LAST_SECTION:
FILTER12_LAST_SECTION:
FILTER13_LAST _SECTION-
FILTER14_LAST_SECTION:
FILTERIS_LAST_SECTION:
FILTER16_LAST_SECTION:

endease

rtinputReg <= 150Sumf37:0):

150ProduciReg <= r50Product;
35Maltinpull <= w35D1;
end
STATES:

begin

or21DataCutl <=r50Sum{IB:18];
or19DataCut2 <= 1505um{35:17];
or?SDataOut3 <=r50Sum{36:12];
orl9DataQutd <=T1505um{39:21];
or22Data0uts <=r1508um(49 28]
or20Data0uté <=7505um{37:18);
or23DataOut? <=r50Sum{49:27];
0129Data0utE <= rSHSem{3%:11);
orl 8Data0utd <=v508umf34:17);
or23Da1a0ut10 <= r505um[34:12];
or19DataOutil <= r508um(3%:21];
or22DataOut12 <= r505um{49:28);
or20Data0ut)3 <= 50Sum{37:181;
or23Daa0ut]4 <= 1508um{49:27];
ar29Data0utls <= r50Sum{3%:11];
orl8Daa0utlé <= 1505um{12:15];

r6SechonNumber <= r6SecthonNumber + 1;

if (r6SectionNumber == LAST_SECTION)

begin
rdSectionState <= LAST,

riCoefficientCikEnable <= Fh0;

end

else begin
r4SectionState <= STATE!;
r35Multinputl <=7135D2;

end



FI LTERC8_LAST_SECTI ON: or 29Dat aOut O<= r50Suni 39: 11); FILTER0O9 LAST
SECTI ON: or| 8Dat aOU19 <=r50Suni 3497]t FILTERI O LAST_SECTI ON:
or 23Det aOut ] O<= r50suni 34: 121; FILTERI | LAST SECTI ON: orl 9Dat aOut! |
<=r50Suni 39: 21]; FILTERI 2_LAST_SECTI ON: or 22Dat aOutl 2 <= r60Suni 49: 28) ;
FI LTERI 3_LAST_SECTI ON- or 20Dat aQut 13 r50Sun(37: 18]; FILTERI 4 LAST SECTI ON:
or 23Dat aOut | 4<= oOSun{ 49: 27]; FILTERI S _LAST_SECTI ON: or29DataOut |5 <=
r505un{ 39:1 11; FILTER 6_LAST_SECTFON: orl 8Dat aCut| 6<= r50Suni 32;15);
endcase r 38l npuOl eg <=r50Suni 37:0): r50Pnmduct Reg F-r50Pnduct;
r35mMul tl nputl <=w3501; end STATES: begin r6SecnonNunber r6SecnonNunber +
I if (Gr EECdibO mmﬁ(‘;ﬁ"!’ﬁs-r (?ECTI 0\2) begi n r4{18§a;;i$;)2d8i ate ;_T_A_Il__élsT; rl Coef
ci ent nabl e <= , n e <= ;
r 35Mul t | nput | 5,6)%@??;,\5@%%3&31:33@%&%?ﬁ&lhi%acdquf)[[%ﬁq;g%a . J:LTERO) _LAST_SECTI ON:
r 381 nput Reg<= (FB3H-FBETAPY 21T 3#',%%?&1 apsnwg'. 15b0 ).
FI LTERO2_LST SECFROMST SIS yeHmBc (PP isht 4%, '?58 %),i17Datal n3, 151,0),
FI LTERO3_LAST _SEGETH.OM7_SEC3BH:npueReg- 02P=09ll 20pat 'aT° 4] 191} ), t 20Dat ai n4,
151, 0};  Fl LTERR#Ard: AST sSIGH:| Eibpure:38( (Pr3tPeReRpE 2§D 350k a| n5( 21 1.
t 220at al n5, 151, frekgs LadrlskeHBRCORumbu k= ShEERON0 1+ 3Bl nput Reg<=(
(3(i 200at ai n6[ Jp%%g}g&;}u&r_%%&l:w_’aﬁﬁﬂklgabQ)Zbatalns[zﬂ. 122Datalng, 1590 };
FILTERQS_LAST_SECTION: r38InputReg <= { {7{i16Dawin9{151}}, i16Datalnd, 1500 |
FILTER09_LAST SECTION: r3g8inputReg <= { {7{it6Dataln10[15]}}, i16Datainl0, 1590 }:
. FILTER10_LAST_SECTION: r3lnpuiReg <= { {3(i20Dawk11[197)}, §20Datalni1, 1550 };
FILTER11_LAST SECTION: r38iputReg <= { i220ataln12|21], i22Datalnl2, 1500 §;
FILTER12 LAST_SECTION: r38inputReg <= { {3{i20Dataln13{19]}}, 20Dataknl3, 15%0 IH
FILTERI3_LAST_SECTION: r38InputReg <= (123Dalaln14, 1500 };
FILTER14_LAST SECTION: r38lnputReg <= { i22Dataln15[21},122Datalnl3, 1560 ¥;
FILTER15_LAST SECTION: ri8hputReg <= { (7 {i16Dataln16(1 513}, i 6Datalnl§, 1580 };
endcase
r505um <= w50S5umm,
end
LAST:
begn
rdSectionState <= 1DLE;
150PreductReg <= r50Product;
end
default:
begin
r4SectionState <= 1DLE;
end
endcase
end
end

endmodule



FI LTERO6_LAST_ SECTI ON: r 38l nput Reg<= ( i2313=10, 1510 ); FILTERO7_LAST

SECTI ON:  r 38l npul Reg<= (i 22Datal n8[ 21], t22DatalnS, 1SM; FILTEROS _LAST

SECTI ON: r3SI nput Reg<= | (7(i 16Datal n9[15])), i 16Datal n9, 151, 0};

FI LTERO9 LAST SECI | ON: §38lnputReg<= ( (7(itéDatalnldI15])},il 6DatatnlQ

| 5b0 FI LTERI O LAST SECTI ON: r381nput Reg<= ( (3(i 20Dat al nl

1[191)),i 20Datal n11, 151,0 ); - FILTERI | _LAST SECTION: r3al nputReg <_ {

i 22Datal n 12[ 211, i22Datalnl 2, 15140 ); FILTERI 2_LAST SECTI ON:

r 381 nput Reg<= ((3 (i 20Datatnl 3[19]}}, i20Datalnl 3. 15b0 );

FI LTERI 3_LAST_SECTI ON: r 38l nput Reg c= (23Datal nl 4, 15bO ); FILTERL4_LAST

SECTION: r38lnputReg < { 22Datatnt5[21), f22Datalnl5, 15b0 };

FILTERI S _t AST_SECTI ON: r 3gi npul Rega ( (7(116Dat al nl 6] 15}}).

i t6Dat al nl 6, 151, 01; endcase r50Sum F ws0Sum end LAST: begin

r4Secti onState <=IDLE;, T50Pnduct Reg <= r5CProduct; end default: begin

r4Sect i oy3nat B GEAINDERISend endcase end end eadnodule 42 WHAT IS

CLAIMED I'S: 1. A television audio signal encoder, conprising: a device

conf i guiedAttgedsinn andiegignabepsedes|CORPATBS si gnal and a right channel audio

signal to produce sum si gngl ngd,t . . and right
G TR DAER o AR AT B RS S o o Hf il

audio signals frd s to produce a
di fference sigidkiznal B foduce 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 at least one set of filter coefficients to filter the difference signal,
wherein the set of filter coefficients is applied to the difference signal by a single

multiplier in a recursive manner to prepare the difference signal for transmission.

2. The television audio signal encoder of claim 1, wherein the configurable infinite
impulse response digital filter includes 2 feedback path to apply the set of filter

coefficients to the difference signal in a recursive manner.

3. The television audio signal encoder of claim 2, wherein the feedback path includes a

shift register to delay digital signals associated with the difference signal.

4. The television audio signal encoder of claim 1, wherein the configurable infinite
impulse response digital filter is configured to multiply a signal associated with the

difference signal and provide an output of this multiplication. .

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

impuise response digital filter includes a selector configured to select a digital input signal.

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

coefficients.



a configurable infinite inpulse response digital filter configured to

sel ectively use at |east one set of filter coefficients to filter the
difference signal, wherein the set of filter coefficients is applied to
the difference signal by a single nmultiplier in a recursive manner to
prepare the difference signal for transmssion. 2. The tel evision audio
signal encoder of claim1, wherein the configurable infinite inpulse
response digital filter includes a figedback path to apply the set of filter
coefficients to the difference signal in a recursive manner. 3. The

tel evi 9i opp@dlivisicii GIRY signdl caeddenof claih 1A, Avhevdim thsi selecke inded¢back pat h
includes a shift register to delay digital signals associated wth the

di ff er endtiplediegnal . 4. The tel evision audi o signal encoder of claiml,
wherein the configurable infinite inpulse response digital filter is
configured to nultiply a signal associated with the difference signal and
provi dg aRyuoulPkoRtudidbigndthéddet bE@biDN, whereiihtie teetfesnrablcoinfiaitedi 0 si gnal
encoder of claim1, where the configurable infinite inpulse response

di gi t alimpiuké eeponsodigicsd lta iseinfigired toqoeMidepulowdpasolilies| ect a digital input
signal. 6. The television audio signal encoder of claim1l, wherein the
configurable infinite inpulse response digital filter includes a selector
configured.,tao  sel.ec . i C LCIhe HhRE le finidide tel evision
audi o &'gﬂ:#qgﬁ%%%%u@ﬁﬁq%i%bﬁé \%tg?{é? rll’ tgﬁglfcgglhgct orgu?%cl udes a

mul ti pligxaise rpondd @pit# iRMiid@1Rs asidgie addegfakpeyiop therfiliof coeffwients1o  wherein the
configurable infinite inpulse response digital filter is configured to
provi dahadiffevenpesgnal injatreqursi® mapRer- t el evi si on audi o si gnal encoder of claim
1, wherein the configurable infinite inpulse response digital filter '
i ncludes a single adder for applying the filter coefficients to the

di ff er epyeensi @Rakioh Budlo LEFHERIME: SFEUMHAIL, whreid tie thietisivi sidinsiguti 0 si gnal
encoder of claim1l, wherein the television audio signal conplies to the

Br oadc agdmplel emheBoad@sSelenisiGo Systerh €omrBr@ABTSChstandert. 11. The tel evision
audi o signal encoder of claim1, wherein the television audio signal
conplies to the Near |nstantaneously Conpanded Audio Muliplex (N CAM
standard. ,.12. The tel.eyls] ' i Eiof halidsidnaiWher ei n t he
teIevisfbﬁrghﬁkgmgp§HQ?$E§%%%F?%§b€%§Eﬁgqﬂgﬁgﬁg??gﬁﬂgtandard%m13. The

tel evi SpaRy AN H B NeAkneREARBICotipatdediAndio Mulipee(VICAD stedadi si on audi o
signal conplies to the EIA- J standard.

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

complies to the A2/Zweiton standard.

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

compties to the EIA - J standard.

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

impulse response digital filter is implemented in an integrated circuit.

15. A television audio signal decoder, comprising:
a configurable infinite impulse response digital filter configured to
selectively use at least one set of filter coefficients to filter a difference signal,

wherein the difference signal is produced by subtracting one of a left channel and a



14. The television audi o signal encoder of claim1l, wherein the
configurable infinite inpulse response digital filter is inplenented in an
integrated circuit. 15. A television audio signal decoder, conprising: a
configurable infinite ippul se response digital fi'lter configured to
selectively use at |east one set of filter coefficients to filter a
difference signal, wherein the difference signal is produced by
subtracting one of a left channel apd a 44 right channel audio signal from
the other of the |eft channel and right channel audio si%qﬁl, wherei n the
set of filright choowd] hidic Serabirom thesdier affhe st chrangliapd BEUSRANERIHR] by a single

mul tiplier. in a recursive.panner.t.o prepgr | eRgfpskanal for
separ at i ng'8§Mb Whgrem ﬁ%?ﬁﬂ%gﬁeéﬁaefp?larﬁgls@ ahr?ﬁet{) &al?ztlk%&g?g%s? and a device
conf i gured;f 9. SARAS Lhechdit Shaenel pRpaerthgliifebrariinantdi o  signal s
fromthe g?%ﬁ%rencéﬁgﬁbnalcand a sun1si5ng[, wherein the sum si gnal

i ncl udes t fgaratinp thoRfcRirinelcind might channg] andivi signals; 2rdd t he ri ght channel audio
signal. 16. A television audio signal decoder of claim 15, erein the
confi gurabl e i ref davicesonfigurd @éei"’égﬁg‘??s'ég(ﬁﬁﬂpfﬂa?“df?ﬁ@g]m‘f’%calu}é@es a feedback
path to apply.the set filter f, &l drdihendifd ef:gnice signal in a
recursive ﬁ@#ﬁeﬁ?ml © d%%eée%cglm fﬂs?@ﬁg gﬁi sgﬁéliﬁgnalr "decoder ogfﬁ cl ai m 16,

wher ei n t he f sedhagk, Raldn duileysaf fgnabhidithe fighyiuneel andio dighdy di gi t al
signals associated with the difference signal. 18. The tel evision audio

si gnal decoder of claim 15, wherein the configurable infinite inpulse
response digital fiJter is cqonfigured.to jul.tinl I ' sociated with
the AP fele H@@“sﬁ“ﬁﬁaﬁ‘%ﬁ&e‘ﬁaﬁ/?g algh%u‘fﬁbeﬁ Mo fe' %rf}isgﬁ }rﬁjg{é?’%] % ication. 109.
The tel eyision i Btad | FRAin R EO I Fee@fack | RNl ppIhiaE e BE fianf i gur abl e
infinFT%PQ?H%B?ggqﬁégggggglﬁigital‘%ilte#ﬁinclupes a selector configured to
sel ecl,oansitk tchthe HifRtthceSdighabin.a re@kivekhanere| evi si on audi o si gnal decoder of
claim15, wherein the configurable infinite inpulse response digital

filter includes a selector configured to select one of the filter

coefficients, 21. The tel.evisio i i : i.m 19, wherein
the sélled®FISIGNES sﬁnalﬁﬁﬂ Frp?r}é:%grg .1&2"%!69{%}?33?%?2%???%?\“?33%? si gnal

d_ecpd%r.lif?r_g i6lePloMethd dipHNi bR abdd6ia©@ With e difidrendesighali t e 4 i npul se response
digita |1g1ter is configured to provide a |ow pass filter. 23. The
tel'evision audio signal decoder of claim 15, wherein the configurable
Pt 1t8.e The television audio signal decoder of claim 15, wherein the configurable infinite

impulse response digital filter is configured to multiple 2 signal associated with the

difference signal and provide an output of this multiplication.

19. The television andio signal decoder of claim 15, where the configurable infinite

impulse response digital filter includes a selector configured to select a digital input signal.

20. The television audio signal decoder of claim 15, wherein the configurable infinite

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

coefficients.

21. The television audio signal decoder of claim 19, wherein the selector includes a

multiplexer.

22. The television audio signal decoder of claim 15, wherein the configurable infinite



i mpul se response digital filter includes a single adder for applying the
filter coefficients to the difference signal in a recursive manner. 24.
The tel evision audi o signal decoder of claim15, wherein the tel evision
audi o signal conplies to the Broadcast Tel evision System Comm ttee (BTSC)
standard. 25- The television audi o signal decoder of claim15, wherein the
tel evision audio signal conplies tossthe Near |nstantaneously Conpanded
Audi o Muliplex (NICAM standard. 26. The tel evision audi o signal decoder
of claim 15, wherein the television audio signal conplies to the

A2/ Zwei ton standard. 27. The tel evision audio signal decoder of claim15,

wherein the tel evisi,o 3 to GRIRIe 85w bastiter. EI A- J standard. 28.
The teIeWW%FﬁﬁaﬁﬂﬁFglqmqqgfgg coder OP claimi5, wherein the confi gurabl e

infinite inpulse response digital filter is |nplenented in an integrated
circuit. ‘ . o

23. The television audio signal decoder of claim 15, wherein the configurable infinite

impulse response digital filter includes a single adder for applying the filter coefficients to

the difference signal in a recursive manner.

24. The television audio signal decoder of claim 15, wherein the television audio signal

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

25. The television audio signal decoder of claim 15, wherein the television audio signal

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

26. The television audio signal decoder of claim 15, wherein the television audio signal

complies to the A2/Zweiton standard.

57. The television audio signal decoder of claim 15, wherein the television audio signal

complies to the EIA —J standard.

28. The television audio signal decoder of claim 15, wherein the configurable infinite

impulse response digital filter is implemented in an integrated circuit.



