RELATED APPLI CATI ONAND TECHNI CAL FI ELD [0001] This application is rel ated
to the followwng U S. application, of common assignee, fromwhich priority
i s cl ai mewlo 2a0wb2849@ contents of which are incorporated lperaispoosn2dibei r
entirety by reference: "Digital Architecture for a BTSC Encoder/ Decoder
with SAP," U. S. Provisional Patent Application Serial No. 60/602,169, filed
August 17, 2004. [0002] This disclosure relates to processing tel evision
audi o signals and, nore particularly, to a configurable architecture for
use with encodi ng and decodi ng tel evision audi o signals. BACKGROUND [ 0003]
In 19881 ATED'APPLICATION AND TECHNIGALCFIELD t he Feder al

Communi cat 1 ons Conm ssion, adopted a standard for the transm ssion and

Focs. pult0of] Khlecsppdionn s 1ot fo e pPBtine I SepeRbey choiel 4P0ROY pe

Broadcast T 1S 1100 : e ' ' - MI'S

(wul tafs}%rheghﬁlér%%%e&i’ o?l}'tgﬁls Cg%ﬁln ’;ng ;féﬁe(gbnn\tt&?%%fgﬁqq %@?g?do%%or? {?gth%%égrsyst em
br oage "i‘ﬁ%ir EireN 15y Rlferdhict: DRI MRBARRARE For £ BITC EhdsliepDedodt Rl " channel
or 'signal of audi'o content. Stereo audio typically requires the

t r anSUFSUB) Pebvisivanl iPattapapsiationSetidl Nid 8076624 69 Afildd Pagastvg| s00apabl e of
detecting and recovering both channels. In order to neet the FCCs

requi rement that the new transmi ssion standard be 'conpatible' wth

exi st i nfpOABhBhisodiscosust aelatisole pracessing delevisinmt audim signalseandr more capabl e
of reproducing an appropriate audio signal fromthe new type of stereo
broad’é&&“}%’l)’t%ea R arq*yre@wgfwssyetwogﬁwgés@\ﬁaﬁ% X% approach
simlar.to FMradio systens: stereo Left and Right audio signals are
combiHe® ¥ % m t wo new signal's, a Sumsignal and a Difference signal.

[ 0005] Mbnophonic tel evision receivers detect and denodul ate only the Sum
Si gnmbamf the addition of the Left and Ri ght stereo signals.

St er ivers receive both the Sumand the Difference signals,
reconbining the signals to extract the original stereo Left and Ri ght

si gnal s[0003Ph6] 9FAothetUmtedrStates, andertthe awdipines of the! Federab Comymmibaitibat es t he
aural FMcarrier just as would a nonophonic audio signal. The Difference
chanrf&mmissigay adoptedsa stapdard ferdthiedrangminston and asepsiopcdrsteres avdiedeed 31. 768

kHz above, the_ aural carrier's.cen Jrequen he nature EM nodul ati on
is sdelRvisiont %&a@da@da coifiedin e FEe B mOR T ohpmd 3 a8 n&@fﬁd&e‘i ave, and
as a | t. begause {he. n ubcar ki er | ocat e ther. from the aural
carr iéeﬁ(zs gé?ﬂl@ﬁe'f ?‘8&8%&9&[/}%}% 1§1%r1e§§3ﬁr]r1%r ° %ﬁeesﬁg%gfc)’po%ldl ’tolrg%eal noi se is
I Nt 1 Q4¢8]FuIRannel Television Sound) system.

[0004] Prior to the BTSC system, broadcast television audio was monophonic,
consisting of a single “channel” or signal of audio content. Stereo audio typically requires
the transmission of two independent audio channels, and receivers capable of detecting
and recovering both channels. In order to meet the FCC’s requirement that the new
transmission standard be ‘compatible’ with existing monophonic televisioﬁ sets (i.e., that
mono receivers be capable of reproducing an appropriate audio signal from the new type
of stereo broadcast), the Broadcast Television Systems Committee adopted an approach
similar to FM radio systems: stereo Left and Right audio signals are combined to form two

new signals, a Sum signal and a Difference signal.

[0005] Monophonic television receivers detect and demodulate only the Sum signal,
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the Difference channel, and hence into the recovered stereo signal. In many
circunstances, in fact, this rising noise characteristic renders the stereo
si gnal towonolee3t9e neet the requirenents inposed by thecETSo0a0ebis® t he
BTSC system nmandat es a noi se reductiom systemin the Difference channel
signal path. [0007] This system sonetines referred to as dbx noise
reduction (after the conpany that devel oped the technique) is of the
conpandi ng type, conprising an encoder and decoder. The encoder adaptively
filters the. Dif 8 Sl ] PdOSqTbutd. OStefvocdapatilatreceinetsd t ude and
frequeﬁ%ryl%gl:gtoe{ntﬁ%ggﬁgﬂéggg?d%%%yaégt%{gmsk ) noise pi gked up during the
t r ans i §3iebdth WeESem ahlahe ELtetencesigmls tresorhtiiningrthe eignalbyo cxtacitherg t he

D fference signal to original formand thereby ensuring that noise is

audi bl yrighaksdrdoyldffendRightdigmabmt ent . [ 0008] The dbx noi se reduction system
is also used to encode and decode Secondary Audi o Programm ng (SAP)
signals, which is defined in the .BTS&, st]and%ﬂ as, an aﬂ%i onarl.ué'tg% ormation
channel aff®0p} For transmissicn, the Sampsignal direqHysRoHalfisiof gUian - ¥ dPhiat i ve

| anguage, reading, servicges.fo e i nd [ h Vi . Cost
is, of V&Jﬂﬂl§é?°‘%ﬂphﬁ?¥ﬁ§8‘8cﬁ%?i'n&pﬁqqéjfrgwesa%ﬂ %ﬁ%y%@%,ﬁ%i?%m%@&@é esul t of

el et 1 OREE B bR e BERLTRS KFERBCH AL AL il ¢ don T e gl y

esSpeci a I'evi st on products, can be vani shingly

smal | . Becausent BediRXIRGodeh thit bARRa0AAJ nBist iréabeby 8ideoibeb@E)\er

manuf adfUr érs are sensitive to the cost of the decoder, and reducing the
cost of,tfe. dREQFE rdsltabsranesther yevasaboaodrhishiotated arther o ethe frabncoder
is not located in a tel evision receiver and is _not as sensitive froma
profit @iadrtiuente frequsncylthenl topSemior weine signgl, pdditienal agise HaRtTPdRced By cost s
of the encoder also provides a benefit. SUMVARY. OF THE DI SCLOSURE [0010] In
accor dahe Differehceshanrgleand hencainto the Ecpyed stereq sighpb Jp JagK CHEERY a'é‘ie%)’nal

der_ incl udes a device, that . | iq. i ght
Channel inateg, g REEE SPUATEEE GHATS: Dhar e siape i) SRketRE 2, ¢’ One
of the | ehhedtls ihiita BYhO PRLInAl So TS By i GarlditeR aaiditeedudiohl er ence

si gnal . "RHECTBRY Incl'udes a configurable infinite inmpul se response

digital S)Ts'{nei,.ﬁsﬁ{%lg?ﬁfeéﬁ&ee&;ahyalsygnusﬁﬁhpne or nore sets of filter

coefficle ter the difference signal. The set of filter
coefficients is applied to the difference signal by a single nultiplier in
a recursi \eOOANTIAS systenpsepetimes hefented focasatbaaoisegndictipn (aftar sheseAmaRdnyn.
[0011] In one enbodiment, the configurable infinite inpulse rec? onse
di gi t al tHat ldeegloped the technique) is of the companding type, comprising an encoder an

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 to television manufacturers. As aresult of
intense competition and consumer expectations, profit margins on consumer electronics

products, especially television products, can be vanishingly small. Because the dbx
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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 regwetess/2et9del ay digital signals associated w t hpcimasdicsioerience
signal. The configurable infinite inpal se response digital filter may
multiple a signal associated with the difference signal and provide an
output of this nultiplication. The configurable infinite inpul se response
digital filter may include a selector that selects a digital input signal

or sel e&écsd&qselo%}neg*}&ﬁé t%{e@fsiqmsééi&é};,ﬁQﬁl?fa?tb&ré&gge&ﬁtws%@&;sﬁom@_
may 1 nc e a multi

sel ect or u pl exer. e infinite i npul se response digita
filter gRyddtearOniihag &t dot &F tRY HeWd¥RTsiaGiesedshtyl mdivgiwtikidoahsWaileh as a

| ow pass filter. The configurable infinite inpulse response digital filter
may al sheiencddetids aosloogled inddelevision mpgiver argl tshret fak |sewsitiveofrbini & pmofits to t he
difference signal in a recursive manner. The tel evision audio signal may
conpl y standpoint Bmyaksvelopmvet whick with dsyrease maos fasturingcopstepithe egcedeaalsa, t he
Near | nstantaneously Conpanded Audi o Muliplex (NICAM standard, the

A2/ Zwei ProMidss aRERafY, the EIA - J standard, or other sinmilar audio standard.
Theconfigurable infinite inpul se response digital filter may be inpl enmented
in an integrated circuit. [0012] In accordance wi th anot her aspect of the
di scl osure,.  a.teleyis] i i decoder includes a configurable

i nfini tsumﬂé&rééot%%&l-ﬁgaﬁger t hat sel ectively uses one or nore
sets of filter coefficients to filter a difference signal. The difference
si gnal i s [poxy]usiestcbidaticdivithCin agpeen of ahe alidchfstres hatebslisiom dudior sighdl channel
audi o signal fromthe other audio signal. The set of filter coefficients is
appl i edencodetiackidés 2devioethet spms a loft chawieh ghdiosignal and arightrchanned eudisi ve
manner to prepare the difference signal for separating the |eft channel and

ri ght chignalde presduce aspasigral. The maEdnaler suliteasts ofel afdas 1ol andmght apgigy
tes the | ef | and ri h | i 0 signals f th
G Ty chBasls A the Rihg Aol 4 iefracd danaf o e <PEPt e PRIED R ¢ ne
left ch | i o si Q) Sd . |
ert chai r}?gu{zﬁ)llléjln%n?t{e g@ﬁglgﬁgéip%@ rg}i@&?hu& steellecﬁvglk%séé G T‘{"?%%] n one

enbodi ment e con e i npul se response digita ilTter may
i ncl udeqprfk&eebitcienab ifep Rkt ehdeRi gl TAE sétidffaer aReldiéms RAbpliddrot he
difference signal in a recursive manner. This feedback path nmay include a
shift rggdffeenéesigedl by adingilé multiplignial axeansive nainaer toiprdpardithe diffdrencence
signal. The configurable infinite inpulse response digital filter may

mul ti pl sigaaldogtrasmass@ti ated with the difference signal and provide an
output of this nmultiplication. The configurable infinite inpul se response

digital filter. may inc]ude a sel ector af selects a digital. i nput signal
or sel ect S0BHU 1 onergmbadimgRt, dtseFnEHER L Ttfe SERAISE TR gm@ Hher

sel ecto rma%x\/cltilg'eczl Hsggba%k r];leftlhttg 81')1% e se’Er cbﬁil{err] I:ééﬁi&i%ntis @i’ﬁle%%férgr?c%%%%l %i gital

arecursive 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 may multiple a 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 (NICAM) standard, the

A2/Zweiton standard, the EIA — J standard, or other similar audio standard. The
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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 woehadr3@osi ngl e adder for applying the filter pcoafskoosioenvs to the
difference signal in a recursive manner. The tel evision audio signal may
conply to the Broadcast Tel evision System Committee (BTSC) standard, the
Near | nstantaneously Conpanded Audio Muliplex (NICAM standard, the

A2/ Zwei ton standard, the EIA - J standard, or other simlar audio standard.

The configurahle infi.nite inmpulse,.r Mol ' :

i npl emﬁﬂ?fg@r? eé’fﬁql t*E‘gPEFég‘}I)’E!P%%‘Uﬁ’?%%f 81?8’ b%dh]%l[led%éfkf]tﬁkd%ﬁ %‘% rated

advant ggsltand aspects of the present disclosure will becone readily
appare 0 those skilled in the art fromthe follow ng detail ed
description, wherein enbodi nents of the present invention are shown and
descri bedEooqjg]m{ AccBidaney with anbtheshdpatti afithetlistlosurbes televisien audio signhit ed f or
practicing the present invention. As will be described, the present

di scl osigeqier inchalesb kenfofuraiimfinite émplilsd rgspomse dighaldfiltes fhat selegiyeltuses ever al
details are susceptible of nodification jn variou bvi.qus respects, al

wi t houtondepaoré says of Bitercheffigpnts te fd@‘?ﬁﬁeﬁ?‘é@éfﬁnaﬁiﬁ& ‘bgtjé@?e HED i ngl y,
the draw ngs_and descriptio r 0 be regarded as jllustrative i nature,
and notPreduced hvtsa?ﬁrwng@w%%é@é&'ﬁ‘ﬁf&i\f &#ﬁ@%‘ﬁ@&sﬂlg% iﬂge a bl ock
di agram. r epresenting t ESLO ' £ kS &4 | S

confi gt anloc%%qu T\%cts%i ﬁ:gﬁ%f%&ﬁl ei ev}ss%p%ﬁéghédlﬁ{gcus}ffg%g{:@g%ﬂﬁr%. FIG 2
is a bl ' ' h@h® §i fRENSS sRASIORe epangingdrel i n t he
tel evi Ssl?r%e fsulug éﬁﬂ%ﬁﬁ%&&g’g%ﬁﬂgﬁggﬁbgﬁom [ nEeFI G %? FI G.p 3 i g a bl ock

di agr ankf; QRkGRE AL l?%hﬁ chaireV hedioRignaliei Vies dsopsiteabst lmdludes « devicgthatd t o
receive and decode BTSC tel evision audio signals sent by the television

si gnal gepaarstissiefchayst end Sgivwhannel FudD signalsifiom theidifferengesignaly
representing arrgort ion of a BTSC decoder included ip the {el e%iesig%n
recei vesunsgignalmlkeswn signakincludgs thesam thejleft chapnela tgnal gdetfie grehh
configurable infinpite inpulse response filter for perform ng operations of
the encddsrel gpdiogE8tber shown in FIG 2 and FIG 4. FIG 6 is a graphical
representation of a transfer function of a second-order infinite inpulse

SEPETS 1y MRl SR M eso

filter sh _ ( is a I agram of a portion of a BTSC
encoder mbAfcnided/TeddB IS AR K BplyPHRE set of filter coefficients to the difference signal in

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

am

associated with the difference signal. The configurable infinite impulse response digital
ﬁlte-r may multiple a 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 fCompanded 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.
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that may be performed by the configurable infinite inpulse response filter
showmn in FIGFIG 8 is a block diagramof a portion of a BTSC decoder that
hi ghl i ghtwoapevmsisons t hat nmay be perforned-by the confipgursbéos/oeads nite

i mpul se response filter shown in FIG 55. DETAILED DESCRI PTI ON OF THE

EMBODI MENTS [ 0015] Referring to FIG 1, a functional block diagramof a BTSC
conpati ble television signal transmtter 10 includes five lines (e.g.,
conductive wires, cables, etc.) that provide signals for transm ssion. In
particular, left and right audi g channe I & RLPVdideskue wiBSieetkeve | i nes
12 and 140014 W‘%‘?abr?ggaqtggeﬁr%& ﬁsé’ﬁgtﬁyéflsfh%e&fggn?nlv\hi ch the signal has
content to provi ddi &1 NGRS h thdoRbWatd ddiailed dgscriptibhevitatiny e
Iangua{féé‘?y8?@3“??%%%%%@@&]%% 18provi des a pgr of essi onal channe!ﬂft hat is
typi cal | aslinb&ltn Sieothownd and ldescribed, esimply bycwapafi es.

Vi deo griné?\%kﬁgqu?éf%?eggﬁged by a line 20 to a transmtter 22. The left,
right, ;jaRdaeAPoCtha Base hibdacentpinplatalefir practicify $€ peeReBIEY PN WgtWiHSpar es t he
audi o signals for transm ssion. Specifically @%ﬂft]e | ef t gnd r.i ght isudi o]
channelssciibed pheyraent dislesurmisrdapalile of piher agd differensempo m@f’&?& (e.g., L
+ R and a difference signal (e.g., L-R) fromthe. I L ypically
oper at sevesalodetailst are sustgpiable %é??‘gﬁﬁséﬁm YAOouP ﬁgﬁﬁggq%sﬁaﬁ% ’g{]ﬁg’i?%lﬁgl
processor (DSP) or_ sim]ar. hardwar cdi eghet &aliHgduat known to
one skidepaHng QfﬂéhérsP‘rﬁfOft&ﬁee?ﬁegﬁngn&%c&?ﬁg%)et’ ang ot é‘g%}§’si gnal prggcessi ng.
Once produced, sum.and diffengngast Hdnsre(dndehot atlimittied L - R) are
encodeﬂlef%‘rp?‘Ppéﬁestﬁibée&g%agéédla‘r%lgart|lctl ar. the sum si gnal (i.e., L+ R is
provided to a pre-enphasis unit 28 that alters the nagnitude of sel ect
frequency conponents of the sumsignal with respect to other frequency

g { BIGF LESGRIETION OF: THE DRIAMNGS 2 = opr cosed. or  the

alteration may be in a positive sense in which.the magni{. sel ect
frequency cdiiGonana blogk diagramnFrpEesentngcR i§levisn %gqq‘fgpté léglélﬁg%ﬁgﬁtm E}Jla?e., L -

R i i ded t BTSC. 30. . i filters the signal
O or 1o conaised SoamI iR BT Syl dioh g gL bR LSS, e and
f t. i se. i desinchidedinthe ar t

requency co @i@%ﬁﬁ?@ﬁ%’%ﬁ@ﬁsg GfhroH 6B TS@BACIdESnoRded ar to

the differe signal” i's provided to a BTSC conpressor 32.
An audi 0005/ aﬁﬁgﬁ . SRvth FIec ¢l ves the processed.sum si gnal,
di ffereﬁgegls/é%sagﬂa?%an %%&gﬁ g’fsé% . Additionally, signals fromthe

pr of essi onal priyanngl a Blekpdiayiatte defreseating @ tebeusion geceiteagysgm thahdst our
signal s are nodul ated by audi o nodul at or, stage 34 and ngr ovt'hd?% t.a

transm édriguil toMeoeige wnd Hecdde BTSE deleviginn landio sgnakesenb Pyt e IFH¥8 channel |
the four audio signals are conditioned for transm ssion and provided to an
ant ennasigal tmsmissignsisier shown in FIG. 1.

FIG. 4 is a block 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 a configurable infinite impulse response 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 2a BTSC encoder that highlights operations

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

5.

SUBSTITUTE SHEET (RULE 26)



systen). Various signal transmtting techniques known to one skilled in the
art of television systens and tel ecomruni cati ons nmay be inpl enented by
transm t two 28@/@Bdoant enna 36. For exanpl e, transm tter PRZ/UsRG05/029108
incorporated into a cable television system a broadcast tel evision system
or other simlar television system [0017] Referring to FIG 2, a bl ock

di agram representing operations perforned by a portion of BTSC conpressor
30 is shown. In general, the difference channel (i.e., L - R) proeessing
perfornmed by BTSC r.essor

co 0_iS_COonsi h€hi kdivast he sum
channel (i . .Q-Susabhfngﬂ%a%&%'a&g" %/n%@?ggnépﬁgés‘?ﬁs&rﬁnitgg?h%g addi t i onal

processin ovi ded i Fe R0 GRinste ampalse PEspomsedilieg sMSCinddfr essor
30, int eb%s?ﬁaf’lﬁg?f“\‘/ﬁ%w‘ggﬁp ﬁeértrlent ary procgssi ng provi ded by a decoder (not
shown) .receiving a BTSC signal, maintains the signal-to-noise ratio of the
di ffer%‘nce channel at acceptable |evels even in the presence of the higher
noi se floor associated wth the transm ssion and reception of the

di fference channel. BTSC conpressor 30 essentially generates the encoded

di fference signal by dynami cally conpressing, or reducing the dynam c range
of thep%m?LED?E'GERVPWOMGFtTHEEEM MENTSey be transnitted

t hr oug Imted dynam c range transm ssion path, and so that a decoder
recei ving the encoded, signa lagﬁa{,i@ﬁ LhYBBSC ddngpatiplean c
range in ORI LREIGITHS t%#@ehé%ﬁé’“&ﬁ%ﬁgf&%@yexpandi ng the conpressed
difference sianal) i n.a; L CHEAL ALY lih@SBigoRonduttisewirescableg @t the,  BTSC
conpreéeLIBY‘s‘ﬁﬁgﬁgH%ll%aﬁéﬁ tge?gelggcrti cul ar ?’S(S)(r r%oof an adaptive signal_wei ghi ng
system ‘%'c?\ﬁgé #ﬁ&i kd} thnSmisBioheM pavticulds, 5PasPhghtiandiorghannalearemyovidsder ence

her ei n,"an |cf1 I's known to be advantageous for tr,anzl}r%ihtéi ngn si gnal

havi NG @ rkgledivaliley 12 and)b4.dynaPsignahig eravidesi hyHing 16imubipndas ¥ aggf“h havi ng
a relatively narrow, frequency dependent, dynam c éan%gl. &J%QO%égZ%OS
[0018] chheenBiSAroSidenatiditipnal ginpelsinform@tion d& 8o (FICHANYS E{EGHSat 1'6n “of BTSC
encoder 24 and BTSC conpressors 30 a 2, L §d bYoadt e tdRhSorst andar d
provi defsutthansiépfowméﬁpERfESSéﬂﬁ‘ﬁy%ﬂa"ﬁ%?l@Zfsltxg‘ggﬁ%ége? %g operation of each
conponent_ i ncluded. e.qg., i.n BJ o) -@&@miﬁmtb@mgﬁmmefﬂmmions
are des%\di%@&til’jlﬁwf‘tgpﬁ’é’mg?mﬁsaﬁﬁg%ﬁ %(Eggl{&féz’prvelsent ations of idealized anal og
filters, Upan receiyi ok L5 R0Rd 16 GRTSC ieneoder R4 Rhatfpreparasethe i x 26,

t he si g’ﬁlé“'f Pe%aﬁ’gﬁg%%ér{g\%ﬁ)dée to aneel?nt erpol ati on and fixed pre-enphasis stage
38. In g&{;@sig},%g hﬁluaﬁlﬁﬁsi%ﬂcsapberf&any,hbe lefitandpighbeudion channglstard BiPViditi ce t he
sanple rate dand the interpolation nay be acconplished b I'i ear
i Nt er pojAd inafix Jsahalvalcutatesratsempugred (m,LGrR)aP“ﬂialdﬂ@?fe’Q‘@.%g.",a Filr R | mpul se

response (FIR) filter, an infinite inpulse response (J] e
i frofn the)audio signals. Typically operatiorxrlg of matnxsz% areé pe orm@d by utilizing a

digital signal processor (DSP) or similar hardware or software — based techniques known
to one skilled in the art of television audio and video signal processing. Once produced,
sum and difference signals (i.e, L + R and L - R) are encoded for transmission. In
particular, the sum signal (i.., L+R) is provided to a pre-emphasis unit 28 that alter; the
magnitude of select frequency components of the sum signal with respect to other
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 signal (i.e., 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
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filter, etc.) of n-th order. The interpolation and fixed pre-enphasis stage
38 al so provides pre-enphasis. After interpolation and pre-enphasis, the

di ff er encwo@mab4ons provided to a divider 40 that divi e#es/usb@sadediber ence
signal by a quantity determned fromthe difference signal and described in
detail below [0019] The output of divider 40- is provided to a spectral
conpression unit 42 that perforns enphasis filtering of the difference
signal. In general, spectral conpression unit 42 "conpresses", or reduces

t he dynami c range, of the differ L: | 4 AV ABR .havin

rel at ?’mewa‘l%wagﬁﬁﬁ RV (53 ﬂé?n%fog?sg é&%ﬁ‘g? %‘%‘éﬁ’s?‘g%ﬁgp hlagfllimﬁgﬂir gjl\gt iﬁg\?gll y lar ge

anpl it . Lns. lar€ proRided 36 andio AiddulaBrstagduces an
531, AR PO S P i ot

intern S gna e difference signal that controls the

pr e- enphastys/ Qe piAS afe hivallulatéd Bppluddmotlylatarastage, 34 padt pravidédipr essi on
unit 42 'dynamical 'y conpresses high frequency paortions of t?e dié.f erence
si gnal o RYenAReEam Uibngleithrine videb Signaliprowided by theadgo shannelethfi fIF 28¢18quency
portions of the encoded difference signal S@ectr | co Eoersa%i erHﬂi t 42

t hus psiguildase ectdiitionsdbr srapsmaissien At Pxidsd ORIt (G HEr T EGuency

portions of the difference signal., This | j nce
si gnal systera)s t\arigus §ignal FAnsmitting tashuARes }%?‘2%3?12"3‘%3%@?‘?%?3? %ﬁ:&gpect rum

When t he encoded difference si I khtld BySReshitér 22ddnder in a
decodeﬁ‘?‘e‘f@%éﬁt?’%I"'S‘/‘fitﬁecémgggépégir%%?% y ngﬁﬂgl‘fkto the spectral conpression

uni t of the epcogler 1983l ter 200may Beiifi€orpédated iafo & fvable-tBlesisimal i s
subst aAPieRM4 prgogeﬁx\e}g@fer%a%? gme pr%cessecfbby spectral conpression unit

42, the differen8EsblciRdion Syskhn 6t other similantetavisiomeydtdnat i on protection unit
44 and%'%%% ’-?Prrit‘?aﬁg uni t 4%'. Simlar to the other conponents, the BTSC

standard provi des suggested gui delines for the operation o ovgrb- nodul ati on
pr ot ect i o[0I7] Refefrigd Fiha; kibbicki diagramireprgeentiog P9FRAPYS p%&ﬁﬂ’-e i%i%ing unit

46 and a portion of over-nodul ation protection.,.unit 4 i ment ed
as | owpoatsen 6ff BTSE sompyessor Ads PR n‘?‘rﬁ"B?rétlﬂi‘eoﬂyfgWPPe glfsqg?{ls(gg’pie‘% s as a

th hol d devi that, ] im th | : ‘ ) ¢ |
e asehioy by By R I ool Saedashd paanc = ona

devi ation |evel, for | &Ll ' Qi PhssiP6ak DBEThi Additibeal Procebsing i gnal .
[ 0021] SPRbC}faQEEIb(éEkLg’ggﬁg%%gggl@yS}%ug}@h?ﬂcl uded in BTSC co%r essor 30.
Feedbac,pat in5thd REHEScIARANPddeHing BISContpaaseests i carisinati witat |
typi cal?y as relatively narrow pass band that is weighted towards higher

audi 0 g RIEREAES frecdRkiay pievidediona dedodst Groashdver) repiving & BEYwpieBdlsi on uni t

42. To condition'the control signal produced by spectr% rol _bandpass

filter fmaintdietheaignaptt-ioiSOragiosd the, diffgrruse ghanmel ptpqchgta gr(i%)vg rﬁvlead? ed to

SAnare Ehgiresence of the higher noise floor associated with the transmission and reception of the
difference channel. BTSC compressor 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 a 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 implements 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
known 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.
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signal provided by spectral control bandpass filter 52), an integrator 56,
and a square root device that provides the control signal to spectral

conpr essiwo 2000/2348. Feedback path 48 al so includes a baoupss@siediber

(i.e., gain control bandpass filter 68) that filters the output signal from
band-limting unit 46 to set the gain applied to the output signal of
interpol ation and fixed pre-enphasis stage 38 via divider 40. Simlar to

f eedback path 50, feedback path 48 also includes a nmultiplier 62, an

integrator 64, and a square root device 66 L4 hQCSnebdEr that is
provi ded [OQ)l%iT&ﬁﬂSQﬁ?ﬂ‘f%ﬁ?rw&ﬁbP?ﬂgf’ Sé%eg%g,gllagbﬁpg%k & agramis shown
that represen a tel evisjion . rgced B PECtshataldirbudestraisfeant enna 70
(or a %@%@Wéé CORPETRSS) Otagdrgég%p&girﬁg@éé conpat bl e bpﬁadcast F?isgnal s from
tel evi si op transnmi Ssi tigdhdQatisiheéach Bompenent incliedsi.ginbl BT3€cei ved by
antennﬁ"“‘f&%ﬁ%’%&c@ﬂfggef?a rel(;:ée}?ver 72 that is capable of detecting and

i sol at [ ng et 5 a1l StheNtridsfls finstionsn as destribed Howlewas | of; mathgmatical
arrangema?nts receiver 72 may receive the BTSC conpati bl e saiéﬁnal S M om
anot hegegrgletéliohst iddatjned arateg fiters Spmm reediWRE FRFAGHEE & &&iled in

the art of television signal 005/029 108 10 broadcasti ng. g nle, the
t el evi Sioanmainn26,shewignaemay beirgeydebta %‘bg}t?}@?ﬁgﬁn 89%%5‘1 Egerb?rgﬁ?ag%evi sion
systemor a satellite television network. T J Wi

tel evi stagn38i W,dlglé%@@ e“f?HE"Sn F{r}t%rﬁg{aﬁggig%].sf kg)?rpa?’ﬁcgﬁgéss%h ig:Ix{a{eére&

frequency scal es, etc.) .the sign SRRfRILon! pifabolidestepolniohs and t he
audi o @ngiheatemplatipn m ebeﬁcz%%g’%ﬂ@glaggngfagnalgﬁ The ‘\k/hiedeo content is

provi ded tga. a yid 4itthah ipfisipaingsilseresponse@Ront ent
cont ai P& f?lﬁert(%'g"\%ﬂ‘gg{gq@ﬁég{}gs@g?é gjrne{Zent ation on a screen (e.g., a

cat hodeg; [ aYerd Yon-t1éRen BreSaRiRilAibnwint fixed pra-ehphass stage’8AOREPVISFS t em 68.
Si gnal s " contail ning the separate audio content are prqvided to .a denodul ator
stage 7felehphadis. gAflerintemotatiantrad poctainabasis theshipeace denahés BAHEd QG ynal s at
tel evision transm ssion system 10. The dermdulrﬂa ed.aLédI_iro %eg‘yﬂﬁ Snt&- 9., the
SAP chadimider 40 that divistes the &ifarenenaignal by 2 qHanuiy Aelerginge IR& S T Ference
signal) are provided to a BTSC decoder 78 that appropriately decodes each
si gnal . signaé amhgeseribethid| defadl B ded a SAP channel decoder 80 and the

prof essi onal channel is provided to a professional channel decoder ' 82.
After separati th R channg i@ ra0diR6AI ddatpredsnnalit 42 that ,
denodul at i@@ﬁ%ﬁ ﬁ%‘%%(flcﬁgkﬁémﬁé 1@%@;@&3%{9? iﬁsé provi cFed to a de-enphasis
Fashi onPHRsRERARSS ERe Lo HENTILENS: S‘Fﬁ?‘?“%%*‘?!ﬁ?m’ﬁa‘?*n‘“‘é?%r?ﬁ'.@“ﬁﬁﬁﬁr ’

de- enphasingd ﬂ&e&s@@', PP eeducesd theahymemic minge,af the difference signal by amplifying

signals having relatively low amplitudes and attenuating signals having relatively large
amplitudes. In some arrangements spectral compression unit 42 produces an internal
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 a complementary mamlxer to the

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

substantially preserved.
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sum signal, the signal is provided to a matrix 88 for separating the left
and right channel audio signals. [0024] The difference signal (i.e., L - R
i s al so dsondediesed by denodul ation stage 76 and i s propCua$2as/020188 SC
expander 86 included in BTSC decoder §8. BTSC expander 86 conplies with the
BTSC standard, and as described in detail below conditions the difference
signal. Matrix 88 receives the difference signal from BTSC expander 86 and
with the sumsignal, separates the right and |l eft audio channels into

i ndependent signals (identified in FIG 3.as "l",and "1f Vei ggating the
si gnal s, [0089]1iQnsearaerssed: PYPecirRl qOmmTeSsion, i 42, |od§°§%n§|gss'%g°$ be

condi ti oned .and provid tg s . : od-lifhitidt Sni€4@NBimilarhoet h t he

| eft apr@videgdie 23 Qysrgne ?ﬂ?é’l%rg%?ég%rﬁ%l\tiage &![bgnda}] anmpl i fier stage 90 that
applies the s j.f dibfsvided saggdited lpaidetihesplior thre aperapienvi di ng

t he reéﬁ@&?rﬁggsﬁ%&sog{eﬁ'ﬁs?%?f ?o a spegglfgr 92 for broadcasting the left
Cha””e{ﬁédéi’-in?odﬁmbﬁ Brotadidn aRRMAGNd bpeklmitiRyuricdd. KrestrdsanddrpiiBE: i ght
channel” audi o content. [0025] Referring to FIG 4, bl o]%k d't%%réa}m

i dent i {hiea6908R pitidhef openatdubtion peateaioramillA BrECE IRBEMEBI S 0
condition the difference signal. In ,ggne{ al , BISC ex &ld &gi(%qﬁ%or s
oper at pardfiltdrat Oscremediipicrpratestion vy th&!sg PEFIMb s g‘gr orned by BTSC

conpressor 32 (shown in FIG 2),. | articul ar 2SS i fuller ence
si gnal limstspthevamplifude, of thg Sﬁ%ﬁ)deﬁafﬁﬁ&%cef g‘ﬁ’[‘%n?°c§hn§?’fé’§g?§gﬁ’t ﬁgergi gElaI , and

to two paths. 98 and 100. t hat efl/blV $orC itidaRitingansh @adio si gnal
to assmdulationyiso s ST EE P%@qﬁﬁ?e%gaa?gﬂsﬁgnal. To inil'?iglate t he

pr ocessi .t he . ifference signal is provided to a band-limting
uni t 1(5‘2&%3? 1Piaﬁ$équélgﬁﬁ%qggrrpr essed difference signal. The band-liniting
unit 102 provides a signal to path 98 to produce a control sigﬁr&gl and to
path 100 ;om] 68 T8 dBa@E athsi8ama |50 aRainbludedin BESC eerspmsyash. EcriPres
bandpass filter 104, a multiplier 106 (that squarﬁs t he i tvp t of“;he gain
cont r ol paasolprRRRics & bieetryl, coatrol bendpassifidier 12 that Gra Y bas A relatVE BN ce 110.
Signal path 98 al so receives the signal .from.band-|i.nl1 j and

pr oces sss bad thatgswrighied fiowardp B’@f‘?’a"}%qéfb%?‘}"ﬁflmﬁgﬁf 5%‘3‘? % F%dr* Qfﬁgﬂgé )

squaring device 114, -an,_integrator A 89kpaled] €mtrdl 8. Path
08 thersmﬂéalic%@feési%ﬁ{“ﬁﬂ?' f&ﬁﬂgﬁthnﬁﬁgbgﬁﬁfﬁgﬁ%%‘gﬁsi gnp‘--unit 120 that

perforns an operati qn t:hat maltiRlict b2 (papatd onsquerethe ned . hy..
spectra‘l’a"gB?Fﬁgﬁég%%ge#ﬁ?%‘ﬁgﬁgl\gﬁh?%%% 2. éll'ﬁ:e ggi n giiﬁgenal pr oduced byy'

path 109 i | A cBitrdlitahdsdss iker $2)adn integeiton¥, and 8 sqyae 1ot gnal
from spselg?égP&gé%oa S|prgﬁtrur?i t 120. %USI tiplier 122 provides d&)gc I')sart)g%r ally

expandegeHid el Sro¢ides the control signal to spectral compression unit 42. Fee
also includes a bandpass filter (i.e., gain control bandpass filter 60) that filters the output

signal from band-limiting unit 46 to set the gain applied to the output signal of
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.

[0022] Referring to FIG. 3, a block diagram is shown that represents a television
receiver system 68 that includes an antenna 70 (or a system of antennas) to receive BTSC
compatible broadcast signals from television transmission system 10 (shown in FIG 1).
The signals received by antenna 70 are provided to a receiver 72 that is capable of
detecting and isolating the television trapsmission signals. However, in some
arTangements receiver 72 may receive the BTSC compatible signals from another

television signal transmission technique known to one skilled in the art of television signal
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signal to a fixed de-enphasis unit 124 that filters the signal in a

conpl enentary manner in conparison to filtering perfornmed by BTSC

conpr essow0006/(2B49gener al , the term "de-enphasi s" nmeans Pciiasadoseeavs on of

t he sel ect frequency conponents of thm decoded signal in either a negative
or positive sense in a conplementary manner in which the original signal is
encoded. [0026] Both BTSC encoder 24 and BTSC decoder 78 include nmultiple
filters that adjust the anplitude of audio signals as a function of

frequency. In some prior art television transn ssi . Leception
syst enbroadeestingf Fernexafmple; ébestelﬂ"bs‘?‘hﬁg@ﬁiﬁ'%g’\ﬁ p[r?\‘%glgdgt@?%téééeﬁai og '

conponents. However, with e I igital signal processing, sone
BTSC eﬁ%@@l%"lﬂ%sﬁﬁe@@%ﬁ%ﬁ%g&ﬁ&g%}e% enented in the digital domain
with one or nore integrated circuits (1Cs). Furthernore, nultiple digital
BTSC encoﬁﬁgﬁdgr‘&l{ %Eei@ﬁxg%g EScVTBiYn isERAIEROEIREr I canditions| (e.gl, @mttifies.exanpl e,
encoders RBuer's y be incorporated into a single IC as a portion of
a VGWﬁHt@{sg‘freﬁﬁéﬂc? sbA1bE @EY fhersignlsSind spstatan the 0izp]signalsi it he @A porti on
of the'cosf of an"ICis directly proportional to the L{S))h}/sical si.ze of the
chip, RamhisColtast thet transaiissiorosignels. ' dhe'vidasr cemigntatst poxidefl 8. $¢Qyi ng part
of the chip. In some arrangenents filtering operati.ons r in digital
BTSC emecudssisg aystenl @4 dhatrpsennass e Véé@@c‘i?éléﬁ‘&g ﬁgﬁ%ﬁ eéé?a@}eaﬁ%?l%?g f{’n’{]gi t al
signal processors that are designed to execute : iaf 1visisd | ons and
oper at ipoersntatipe 98 DSPeEN(Frhed PENEC &Y ﬁ‘g{?e%{r%e)l %%?(\!}gﬁgg%rar Sgﬁgi e areas, and

are thereby costl o use.faor .inple ' Jxdio oaRde b iddgaeder s.
Addi t i GRENYS Styﬁté“%g% rﬁ?%sec%l%%@ﬁ {eﬁg%&g’g(egcuti ng ot her functions and
oper ati pns. shar.i LS T Gfie midiRldtioacaptiedp ther fudiorsignily at he DSP
may ovégwgggé%ﬁ%?t@*g%gwrﬁ%e ?)r ocessi ng@gf t he BTSC encoder and
decode rtefevﬁﬁidg%%?s@fén@?@é@ubp The dEA6@8hted nudiorsiznalsiasg tesARchaprec
encoders an ecoders may i ncor por at eeedgroups of basic coiﬁpsnenﬁrréé) reduce
cost. Rge professdml clginelp theofunmsighalp thi Eferenerisignal) arcpravded it & may be
incorporated to produce the BTSC encoder aﬂ_g gzﬁjo er -funct ivo 3 %ﬂ;\ever,
whi | e tdweoderclfpthatodpprepaiate)y derodes eagh SBRhoNEH IR fc{} a8 cat ed,
t he conponents represent signjficant, die.ar . t jcost of
the | C Crpne desosecd 8 GeTebsy e chaiy N pios Rt 4f Cprbfsbiofel Al TP
conmponent.s .used.to, L npl ement a.di gi Hac e brofedionhl ¢hgaREra [ 0029]
Ref er r i SRFOLEF gﬁG 56‘1!‘%{ qug&alg%gi g’%r gﬁ%hg;gggnfi gura le infinite i mpul se

fospons b dRhted ishih i gnb? &4 SLSh R\ ghdIRts provienablaedoémplesisounit A4 tirdl ti pl e
ypes O - . -
processes the sum signal in a substantially complementary fashion in comparison to
pre-emphasis unit 28 (shown in FIG 1). Upon de-emphasizing the spectral content of the

sum signal, the signal 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, separates the right and left 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, botil the left and right audio channels are provided to an amplifier stage 90 that

applies the same (or different) gains to each channel prior to providing the respective
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operations for a digital BTSC encoder and/or decoder. In particular,
configurable IR filter 126 includes a digital architecture that is capable
of perforwongoemasisous filtering, multiplication, and delray/usp@smabiions.
Regarding filtering operations, by pruavidingsel ectable filtering
coefficients, configurable IR filter 126 may be configured for various
types of filters and different filtering operations. For exanple, filtering
coefficients may be selected to provide a | ow pass filter, a high pass

filter, a band pass filter, or other type of f.ilter skilled

i n t hesignals tofa gpiehkes P2 derdiregscastipgdt 3W¥‘8?“°ia?%93?$t\?etl %}Bs al Fpsr?gﬁgér of

i npl enent ati ons of conf_!glﬁUéabl g 1Il:diR I]!'gglter 126 maybe used to provi de nost
or al | 9%forreadcasting the e chprnelfudio K encoder or a BTSC decoder. By
reduci ng the nunber of decoder and encoder filters, the inpl erreg ation area
of an ICchig d ugeer@! ang w iNBamr iduefiesosomesdsf tfe vprratBRSC
encoders [Qﬁ%ﬂo%%fg@ggs&) g%e?’ gn%mggllbr%%s of configurable IR filter 126 are
descri B L fbd 5P B aUxpRidRr il tb @ondition Rho didisineg sigmaby I garrAUBTICSi gnal s, -
U. S. Patent plication Serial No. 11/089,385, filed March 24, 05, which
i's i ncegppat 86ipdrforimsiopeations thet &k gompBOBTIarAte g qmeﬁ‘\‘oﬁ%??fgo"ﬁ’ﬁ

selecting filter coefficients, b%/ usi nglﬁl recursive et%ir{ﬁ@'grarllce%ri 'Hsecture,
t he NUBTSC afmmesspod(shewnityFiGe 2). I neeicwlar g SAMPTHS EXEiprary desi gn,

configurable IR filter 126 includes a fee k aRReS
di gi t alpravidashtos igRahPaid QLR JRTCOPRITHBR tﬁ? ggﬁ%’ ar ¢ :}twé)cz:% a}?s?’lt@t %ﬁcorrponent s

for further processing. B S oH iab @0 eHedifférendeg h
feedbaélkatQ&Q‘ﬁ‘ci%‘?sl’sglg’le&ﬁétr%&é%Qﬁgéﬁ%émﬁggiéssg %g mgylbe provi ded by
conf i gur abLe,Il 'R 't{ait(%]tﬂf% prbggsi)ngﬁj&h@é@fﬂﬁﬂe@sedfﬂiﬁ‘@ﬁ:hc@rs@al fsi proeided (te.ay. ,

ror i gher)  may

second-“H"4 r reali zed by passing signals through feedback

pat h 1%§nd11&9§n%1milt ok it filtend eieesongiréssed differermassigtiayi The banplimitiggnal s are

provided on 1 nputs of a multiplexer 130 that functions as sel ector. For
exanpl qiSioRpbadesRysigal ottt 98 tqroduceasestglsignabng ePatl I0RPRYYS: such as
BTSC conpressor 30 (shown in FIG 2): Interpol gﬁl og [{'imd flh'xﬁq I@E?-hg{’rphasi S
stage 3Bgaigaignalcdhath K0 ipakdpna gainicppiae! bendpass fiteh L4 AIUIERRE 8P W apass
filter 52 may provide digjtal sjgnals t | t] gt upon
appr opquaal@Sﬁlﬂfé’&HtPﬁﬁ‘,e%WHPL‘%&%pﬁéﬁggF%%{@é%ﬁgF}élggggd% processi ng an
appropriate jnput.signal.qel ' ISbadONmARE Wit 202 aiPut

regi st e46V1°§2i'3ﬁd§t&ﬁ‘éﬂP"?‘h % t#g? '?igéﬁf\ge%gge ?ﬁ%%m:?oan appropﬂgat e tine.

Mul ti pl exer A A0t At BRidp ARG lwr 12 dosquafing devaée Hey an nput

r egi ste?m‘l‘%siés:(gtg?gl.g?mn‘g@vﬁg%%ngat a) or gr eviously conputed productdata from
a singl &emulibi P, 8hd & 3§ud¥ kbt depitod18:t Puthgidsthen poyiles axguepl sigsl i 30
receives Input data froma nultiplexer 142 that is either previ ougl y

accunul gegdlaldaipansionmnit Konthat geformns dul HperaHan that is complemeniary JAatt ed t he

out put of adder 136) or product datag from ) L
P operation perform)ed by sgectral compression unit 42 shown in FIG 2. The gain signal

gnents for

produced by path 100 is provided to a multiplier 122 that receives an output signal from
spectral expansion unit 120. Multiplier 122 provides the spectrally expanded difference
si gﬁal 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 na qomplementary 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
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mul tiplier 138 (preferably provided through product register 140 and a

regi ster 146). [0032] To provide the digital input signals for processing
and recurwoveoqgnsemessi ng for previously processed si gnalpsT/Use@dloaaks pat h
128 provides the output of adder 136 20 nultiplier 138. In particular, the
out put of adder 136 is provided a nultiplexer 148 that provides an out put
signal to a shift register 150. Either the output signal of adder 136 or a
del ayed version of a signal (output fromshift register 150) is provided to
the input of shift register 150. incl udin i L S§i%ftall 8@nAaIn

f eedbawkthp dissreio gnaleg; coRPUERLy ri%s”eﬁ'gr’a‘f{p i ed’ap %Jntéel{élg g%lt alg{gi g%la‘tl prior to
processi ng by nul tipld 1 i b Melimpldn®inted inith@digithlay s
introdﬂi%gss‘b%g@ﬁw rge(fgaénsc g%sécgﬁn’ﬁg?%eg use(rj]ﬁ?or fiil%pl enenti ng hi %kcl:rer or der
filterg (8O OFf e Rftdishtellicirk it (ICE)0 OREthefhere utuitiple digishBISCr egi st er
150 isaﬁ'ﬁlglvr?%tg%('gs #&i}%i oﬂ%d eabove) (to the input of multiplexer 148.

Feedbagk  fRtdankié d¥eddrd afydaiplenientaduor a pingter ICL 3Bor ¢xaBpdh CACOHFS I exer
152. In particular, digi ta?, signals may b e feedback di

regtly over
conducigeéodebemby baririchmort¢dinto Dfingld 36 as 2 Bertion;of AL IALee Sﬁffig H}{f%atf%‘ed back as
provi ded by the output of shift register 150 or a del ayed version of the
out put (WILS$hsystenr.egi ster 150 (via a register 156). External multiplicands
may al so be provided to the inputs of nultiplexer 158. As shown in the

figure, external .daLa my_ .be QVi i } icdp8 of
mul't 1 pl ex 027bk gt Pyt Burtpn pEcoltEe b e Yfucklty BBl thé poRic

mul ti pl exer. 152 .in_pr. QL : b | g thé aétivenndpasKaging|paetrof I8, [ 0034]
Dat a sUy4f sﬂll?W’Pe?ﬂ‘églgﬁfgﬂlegs%i&?ﬁﬁgihé’f(iﬂxted otr vgri gbl gg\?glpueso) may be

provi de%éé Omgéame AtinaBhentt ERerifd bpeitichd peffymaedninldigitll BISC argders and
parti cul , data representing filter coefficients may be provided to
mul ti pl gxgderd 6Ray beNeieomsd usinpe gerietdl. plEpossr digitamsignah PrRCAHEE b ¢ so be

provi ded by input lines 164. Al ong w th bei n(tzl suppl i e ter na%l

coef f i cdeaiinedto execuiepl rangenfD SR fangtonsrandiopeRtipns. r{ﬁ‘reﬁ’ &Sg’xf&g‘“f% “§§° a

register 166. Simlar to nultip]exer 152, | tiplexer. Qyi data to

a ?Iegi shaye rﬁwv:?lb{dﬁ@aﬁiﬁtaf@ﬁs "If‘@lra%r%ﬁeg}' r’?ag%hg ﬁ%ﬁ ié?gg\%@nﬁ?%%g: er  138.
0035] Since feedbac at 8 I8, lhac i, R .C I CH AT ileker 126,

g Si n]gl encedersi P °??r.g'e.gd‘#ﬁ?ﬁ1§'l #hgrbﬁggﬂa%&? (gégiaia%go%ggfeactl EeE Iof)ﬁepr ovi de

the mul Lipl.icati,0 00 Wt j BRdtel diforinel by the B§P
i npl erreﬁﬂgh%nstwidso%glltaﬁgﬁgé %F%&?i@?fl’%gﬁg%el nt egs;“ggt%d Ci recll??t er]zgl estate

maybe consesyerl@ntldinRefeld wihOMedprootssing diitint BIISAl etgodeFand skaedsie, a
series of “output registers nmay be I nplenented to directly provide the
out put fincRbAPAdlopergions.er 140 to external devices and conponents.
Additionally, due to feedback path 128, a single adder (i.e., adder 136)

rovides the addition functionality to inpl nt .
P [0028] In some arrangements, BTS&I encoderr;p aneér?écoders 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 impulse
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 IIR filter
126 includes a digital architecture that is capable of performing various filtering,

multiplication, and delay operations. Regarding filtering operations, by providing
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various types of IR filters. Again, by using a single conponent, in this
case adder 136, additional chip real estate is conserved for other
conponentwo 2b@vo2ewanpl e, a series of output registers 1P2TIEsgo0sm29108

i npl enented for directing the output Bf adder 136 (via sumregister 144) to
external conmponents or nodules that are | ocated on the sane integrated
circuit or on an external device. [0036] In addition to providing a

mul tiplication function (with outputs provided by output registers 170) and

filtering functions (wi.th outputs provided by output r is(i rs 172),
conf i gselegsrlle filiring coefficients, Gopfisurabls LR aﬁ%mw °8‘?e‘i?§§e g’ﬁé’f‘?% " For
le, th t put hi f.1 ister 1 d/ . j st 156
may be OipsB At (e Berer U R AP OBY of D b SNrith SOty & O
i ded t.o t j St | k 26 t
provi deg ﬁﬂg?tf,gfo eﬁft%%‘%é?‘é‘? p?s{sl%@é@a high gésk ﬁch?Q'Bgﬁcﬂ;de@mti@r, bRothér tyé 0l 26 t O

perfor ering-operations, the nmultiplexer 130

cont r OlggMitilbvd RPBhe Bifled APfeaD: bNRAlter Sésiinl ThidyioRe o nOrebrtivelyl smalb FI G 2,
some of the Inputs to multiplexer 130 naybe connected to provide input

si gnal ufrber 68mkplerherithton iof t@ifl gugabdpERAlter 126 preayfberusedi torpromide nBFSOr
conpressor 30. For exanple, the input to %ai n control bandpass filter 60
may be atl@filkee fikeirndedpofia BTSGWW(%F exeBTBS0lecaileri Byrrpducing,tenymber ¢ o
spectral control bandpass filter 52 may be caqnnected.to.anagt her i.nput of
mul t i plofdesodesand epgader filigrs; ths P*@REFIG&}%%&SF*‘&@H‘E f‘gfhlm r@ﬂucpeﬁra?qn&w ‘gf
filtering operation is _perf d_by.confi.g le |1 j : r
exanpl dh dﬁg‘?‘fﬁwﬁn‘éosi ioﬁetgﬁeé]f%(g,e’}cﬁgergpaﬁfi o%%f‘@f”g i r%%lj %%1?5%%1?623 Egt ed and

configurapl e i . G i : PPiddBsst ddvidiet | Ng
functi d’ﬁnggmééieriﬁ%ght ?E%Gj%gcrll pags |ﬂ%fél¥ig%%.6%hﬁelg?rqgt anotshﬂegrerti e peri od,

mul ti plexeh sh3iseYy. HePAsRA S licasbe Strianes NEW089FBS, filed Marloe4) 2008, f f er ent
filtering operation. Along with selecting the other input, configurable IIR

filter wig6h @chportedBspiendicadkneiconfi gured to provide a different type of
filtering function, such as the filtering provided by spectral control
bandpass filter 52. [0038] In order to perfor ltiple filterin

oper at i on§00303 Aloggpwith BIEE cOmPPRYIES for é?le‘émg%@lre Gents, RYifiFutabl e 11R

filter 126 operates at a clock speed.substanti all n ot her
por t i orf§cysiveigits! grahypctus P&E@Fr of COPORSRS maY, %’%@%g{efl%k%at&gﬁ Faster
cl ock speed, conpfiqurabl e [ rok2: Ll tering
W t houté)"(?gng‘i‘rPf G ‘[gﬂe?ong{;%"raéﬁ onsﬁ% kzﬁéﬁ (c:jliﬁg%lst %Féegg%r@gg?ggﬁa tceiiasf)%gder to

be del ﬁ%ﬁ?g?ﬁ 5@@5?@@'@( °§%’g§§?ﬁ | §OtHeOREhieientb!t6 ddMponkiterfod Fartiak a

substa the architecture may first be configured to
per f or mybibdshig By fa9singploBesseidipival sihalinhmagl fdetlbackGathi 28y wariowstypes ant i al |y
del ayi ng the execution of the next filter configuration (e.g., filter

oper at | ehgechsivesprocdssiag naynbe providteddyyaeanfigurable %Bzﬁl.ter 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 of a
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 either input register 132 (e.g., new input data) or previously computed product
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[0039] In one arrangenent, configurable IR filter 126 nay be inpl enented
as a second-order IIRfilter. Referring to FIG 6, a z-domain signal flow
di agram 1we 20&/pe@sent ed for a typical second-order | TRpCiTluSesos/029108 nput
node 176 receives an input signal identified as X(z). The input signal is
provided to an adder 178 that adds the signal to a processed signal that is
descri bed bel ow. The output of adder 178 is provided to a gain stage 180
that applies a filter coefficient ao to the input signal. In sone

licat| he filter coeffici has. | lue Similarly,
PPt or Cetsaromcs Snelesuiiinlet yam Gt T e eapdr (aPby NS00 kel 10

del 84, | .- ' 1
s appiat e o 3 ARG g hablscfver HERpERTALARURL REIORTEN 05 1, 11,

and fil hit i ' Her' B%) OF protRicO@ith fivhges 186
and 18&5‘?’35{8‘;2%{)&%& g?’%?“?‘?@e@,“%“% ﬁ]iegd%gl%odgﬁ?gg ?art dZI ag st;ge 190 for

pr oducimgtibhié 38ereer@blyl gfovidyd thedughbrddukt register440and b régigter BIGRS fi cients a
and b2 are applied at respective gain stages 192 and 194. Respective adders

196, 198, and 200 add signals fromthe gain stages and the filtered signal
i s provi dpad32d Tapravidgthe digitdkinparsignatshfor hepcessingand requgF4e Processingor he
determ ned fromthe transfer_ function I—gz) of thtﬁ setcpoznd-fordger Léé lter 174,
as des@réviewsly progessedotignals, dgadback path {48 provides the utppt pt adgery 196 19 50 4
1 a2 [0040]..Ea the coefficient | . o] [ az2)

i ncl uddpuly 1‘%& (r)E‘a‘rEafté‘iufafru Stolukt?r‘iu @%‘g‘%éqégégg‘?é’ Sélrl%llulé ;leé(F P\’f;% g{ég to
produce_a .desired ty fd . l50E ¥ "y Lt ishHl BF addRk W1S6 ofRY be
assi gné’do‘f1 e%ﬁ‘emg%%tfs?%%gf%n %ﬁéger%srtorguge a ovv?ga ) fllg?gt erf1 a hi gh- pass

filter ‘qefiyed vRRr i3Sl (dufput frdfrCshifl Apister N5 Opisprovdiedtoltheinpnpofapitt at
(0}

val ues each coefficient, the type and characteristics (e.g., pass band,
rol | - of ggisk 15008yt includiag @hift mgibesr 1f501ih decdivagk path d@Bfa timeattlaymiay be
re-configured into another type of filter (dependent upon the application)
with a apiplié tendigitalsigrfal preritd processing bywultplien i 38. ot @@naéeml%qa eas; o
second-order filter, in other arran errené)s an Eéh-o der filter ma% be
i npl emetime delays intwoduegsl by shft gegister f bmay degiseq for 1D ‘,ngfhbﬁpf REST der |

etc.) filters or lower order (e.g., first-order filters) may be
i mpl e ?ﬁ(e'ﬁ'u?f?fé’\ﬁﬁﬁ?rr fg‘ﬁS‘f)' sone applications, the recursive digital
architecture of configurable Il Rfilter 126 may be cascaded to produce

nt h-or der rhid i oulfivdfihi FRlpRidri180 46 ¥idb (dsinientionsd ARTMb UL ikpiie

mul ti pl exer 0 select a particular
multiplexer 148. Feedback path 128 provides data to multiplier 138 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).
External multiplicands may also be provided to the inputs of multiplexer 158. As shown 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 IIR 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 input lines 164. Along with being supplied
externally, 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
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input for configurable IR filter 126, the coefficients used by the filter
are selected to inplenent different types of filters and to provide

parti cul awvofédies49ehar act eri stics. For exanpl e, coeffi cipemtis200ap29168
selected to inplement a |lowpass filt®r, a high-pass filter, a band-pass
filter, or other simlar 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 nay be sel ected by

mul ti pl exer (152 and/.qr | tipl exer. 162 y selecting different coefficients
f or diPﬂeé%féH?nf‘gd\E?‘ggv’@qﬁ"téartg{q ’BH@‘P}:‘%P{SEUS filters may be inpl enented. For
exanpl e, nultiplexer 162 nay be controlled to select a filter coefficient
(e.g., a gifd . t . ﬁ}dgg iMichhfi Guriie O ferl @26 fd bigle. Then,
for the ﬁgg)(?ﬁi?géeaﬁ%g%?&rﬁ%lﬂ% r‘%ﬁ*’ggif 1 1rngl:y é%rect anot her fil terg

coef fi ¢ &flier BYe. RhQYibHENG 8) HAF Be Htlosdrated & sroeideited rultiplivatianefanction
configﬁ{rua heerFil'eF\’ fi IlPer 12 mgy be ?Bdrﬁfigured to provide filters for both
encodi pehiNdord P meatiND eicafiltens ByUpmplementig this ginghe niuliipléari sehemer
oneapplication (e.g., gain control bandpass filter 60) for in. a ‘gecur sive
manner integthted pireniereall Stateraypy boeonspeved wdit%p@vwgt@qré\mt@ngr%v ¥e i nput
signals for another application (e, 0., ,spectral . control éj)e d s fdlter
52). Bgxaepleca semgs OhPUPRLTBRISErsTRAY by inkplemhenied f3 direstly Brovi 3@88@%@; ed by
mul ti pl exer 162 and/or |t plexer 152 Vi da: IS WAbadd | ter
type aREPdurt fe&s“ifpélpal&eggf%# |HS‘§I°?1Sea§‘ e‘ﬁ’"ﬁp%ngétg'f c“)x(rarqﬁlttoﬁgngﬂut er ?éng For this
next applicat i on, i e) 1S 6 P¥RITICE tHel dditiohahdionRlifyt&ifiplement | gur abl e
1R fi Egé’r&%%g?lg%%néz%ﬁ?g%&éf?or 1jlfﬁ‘s%ecgnd-eorder filter, tlF?owevrér, some
encodi Q,qqiaﬁd{ £s SEaRGiIRGs.  Ab4i) bygsingRlsinghs dovmsonenty ircalid cdsemdderdgher or der
filter. To provide higher order filters, additional recursive iterations
may be Jp@itibaalnatdp téul esigle it eentencd forbthet 28mp@yentssi Fay exampleadisaekobat h,

signals may pass through the HR filter .rrul,tiﬁ,lﬁe times Hilg the sanme (or
di f f er entput Fedisters 178andy g waplementrd §or directing ePudp oL AAGSK V'%¥her f or med

wth a single nultiplier (i.e., nultiplier 138) and a.single. (i.e.,
adder xegyter df4)tar alicoppengts p§ F‘PQ{;@S ﬁﬁﬁ a‘f’g‘PF%ﬁ‘g 3 Fl&ee‘?ag% lln?e g?a%d

i npl enentations. To illlgstrate the iterations that are perforned by

conf i gFiTEHIt & PR FKEER $0Ce huneri cal indicators (i.e., 1, 2, 3, 4, 5) are
shown to represent the individual clock cycles in which each function is
execut ed. | Sdditi ; thesliidat fuftifonepvdgubepits providgliByice of :

1, 2, 3, Lfddggﬁ mag@&?%gﬂ%’?g@ acxgclgs are needegm'?o co?rputpzoan.oﬁ?put for
the secqshtGegisters 170)eind Metlingi fanietidng, (Withi cutmes) pervideddy estpoutegitdrainct i ons
may be repeated in a periodic manner (e.g., 1, 2, 3, 4, 5, 1, 2, 3, 4, 5,
etc.). 17)43hfigambluiR fitehiZi6quasalsmprovidepdineadelaydvooion: Fosgsampleithed in the

art of electronics and filter design nay be,usegiéco ir@l enré;}t thed
mul t i pleseutsof] shify register t15p aaer thesguitpytof reggger KRG may Yeopseg, g puce
mul tipl t?;ﬁg-rdeljéggd U‘.;-%’iog%f'm@ l)re rggxnetcﬁgitaQ%ig%Qﬁ provided 1 the registers.

[0037] To allow configurable IIR 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
example, the input to gain control bandpass filter 60 may be connected an input of
multiplexer 130. Similarly, the input to 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 IIR filter

126 may be configured to provide the filtering function of gain control bandpass filter 60.
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mul ti pl exers to select anong the inputs. Besides nultiplexers, or other
types digital selection devices nay be inplenented to sel ect appropriate
filter combfp@iestos. Various coefficient values may be wegdstasoends gure
I[IR filter such as IR filter 174. Fore exanple, 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 sone arrangenents, the
filter coefficients are stored in a nmenory (not shown) associated with the

BTSC encoder or decoder and are retrjeved t he ap opri e rrult{dpl exers
at appribpni &t anotherdine pered anyiiplexer, Eb:H’@Vf echeeh e % cﬁg?roplggt In a
menory chj .4g., random access Y . s - Y, ROM ,
cre.) srtafeerifery ARGRE e GAlgs AETesH Sitine iRPhe il RN, T .
associ ' ﬁ%ﬁfe IroviBE a APdrbntGv b B filtdingal SO be
stor edﬁbﬁ%\l}g ?%u@ggg?}\ﬁgfg’%?gg@tﬁ{nes sggﬁ pggﬁg@fogﬁéj up ?gégl e, or ggt her

si i | arg SlioHCudh@s tHeORtdhe pasvfiddlypdpectrdllcBnfrol badpas Gltat S2 i ncl udes a

si ngl e adder 136 al ong wi ?h the single multiplier 138. Various techni ques
and/ or conmponents known to one skilled in the art of electronic circuit
desi gn anp0dBpir erderde pexformmmltipte fikerthgtaperatipheergn foradieYC q@BPISFHAT Phe
multiplier 138 included in configurable IIR filter 126. For.. |l e, logic
gat es suBFSGexpanderponfisueableiiyfilies d 2aopaaatenat 4 Glpg ?ﬂ%@sﬁgtléi&gﬁg@f t he

multipliers. To introduce. tine delays, various iechni . / nponent s
known tthame ather H°é'é°‘?sn°‘fth% déﬁ“laiifi?méﬁe@ S rﬁxgmbdlteF‘cuP’ to%ggagllngnnaqaag%‘c’tgﬁogi t al
desi gn be i npl t ! ' j WihaWRahdind ! G 5)
and prﬁ‘?%épa%“’g@‘}f?%‘?ms‘?gﬁfﬂ&ﬁ%@“ﬁmﬁgﬁ?ﬁg%?té’?ﬂ%@ggi nput gi énggl val ues
for an I RF A WS Ei A fcoflpPEsorC ot @anddr A6 2] deldyed.hiFor examnple by

confi guoﬁgﬁl(g’%ﬁt%hﬁo?t er 56 cios i nmpl errerﬁgl W th haerdgware conponents,

howev ergpetdiing QOB gurtBle JERHilles 1 DM at 0 substneialby éast tlook apeedotitei ayeisteofure he
architecture may be inplenented in software. One exenpl aré | isting of code
that peniypfirs belvenfiperedito paort fidisring forr gain sontrgd bandpass fiites 60 vigholkent ed i n

appendi x A. The exenplary code is provided in_Verilog, ich, in general,

i s a haubviantallycdedaying the sxecutign of thernext g‘t? ‘iﬁ’é‘g&“"@f}"’é&e%}tﬂlgh?ﬁ PR ners t o
descri be and desi gn, chi ps d stens prior to fabrication. This code may
be stor@asﬁﬁ?“émn?rél??@géfﬁq—ﬂﬁeﬁﬁ)a storage device (e.g., RAM ROV
hard-drive, CD-ROM etc.) and executed on one or nore general purpose
processor kor .glized bl R SiieP 126 ay 86 iimplenitniddPas 4 0046]
Ref erri ngi(t)(gﬁill‘%o??pagﬁbg%géﬁﬁf%ram o‘? BTSlc conpresygor l3 i snpro?/si ded in
whi ch pQEbARDRIEPTTR hdtefi ReFAMANRS HIGIB] b ghd@flainGsigral Wlvtw diagranunddiions t hat

may be performed by a single (or multiple) inplementations of configurable
| IR filpresenicdfor h eypixaal sécond-arder IIR filter. An input node 176 receives an input signal

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 a5 to the input signal. In some applications the
filter coefficient ag has a unity value. Similarly, a filter coefficient by is applied to the input
signal at gain stage 182. At a delay stage 184, a time delay (i.e., represented 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 b, 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 a, 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 function H(z) of the second-order filter 174, as described in the following
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filtering performed by interpolation and fixed pre-enphasis stage 38 may be
performed by configurable IR filter 126. For exanple, an input of

mul ti pl exwo 20@8028m9be connected tothe appropriate filtercrrgsatosweding n
interpolation and fixed pre-enphasis stage 38. Correspondi ngly, when this
input of nultiplexer 130 is selected, filter coefficients may b e retrieved
fromnmenory and used to produce to an appropriate filter type and filter
characteristics. Simlarly, gain control bandpass filter 60 may b e
assigned to another input o f nmultiplexer 130 in digital configurable IIR
filter Enpatigthd)spectral control bandpass filter 52 may be assigned to still
another input o f nultiplexer 130. Band-limting unit 46 may b e assi gned
to another input o f nultiplexer Joisq,bléo;ug?h of these selectable inputs,
corresponding filter coeffil_g%)e_gts dre’Storefl (e.g., in nenory) and may b e
retrieved b y nultiplexer and/m aq,th-i ng?(er 162 o f configurable IR
filter 126. In this exanple, filtering assoCiated with four portions o f
BTSC conpressor 30 is selectively perforned b y configurable IIR filter

126, home[o@mo] Enctpé e cagificieae(Reat By, agdy £a0by,land ;) intluded imthe pransfer ons  of
the conpressor may b e performed b y the configurable IIRfilter.

Addi t i dardtion, mayde dssjignatpaetiduldr vialues trprodeceal desirgd ype ablilter. Konexapipleat i on
function via nmultiplier 138 and output registers 3170 gahovvn in FIGD5).

Ther ebypartidular opadiest may derssigned to she speffigents e produes, 2 dawrpass diltSh &/i ded

S hEBhSs 4 St o9 5 Rl P LR 1, L
perforned b e Or cond | . 8 o | hhd€ t _of Y ith@!| enent ed
i th”cgnrh goe BRFeat 48 e ity utadBn e e, bt e o, B it
band- | ig&tédaﬂ&deﬁiﬁﬁml%ﬁa Bngied f MaRARigarafl ingdiaabher typgs 6f ifliter 126. In
particular, an i1 nput of nulti p%exer 130 may b e assigned to band-limting
unit 1Qdescndbnttupadh thdrgpplication) myitht a diffesank settofdpetiippntsp rWhilethis é¢xapmleg

coefficients are retrieved and used b y configurable IR filter 126.
Si mi | ardegeritieis| & esecomgl-asisndilter,eén withér ganngensnis 6h Bantisasiltar mag, b oy

i dt th i t of | t.ipl . 130), tral trol band
i i 'e?”iipzelﬁqsgcf gféé e{‘ggéﬁoﬁﬂ’é%:?rﬁlﬁﬁffé?fm&ﬁﬂr%ipf BBrorderoste) filers o 22 zz)ss
e- enphasi s uni assj gn 0 a stil.l anothey i sgle is
consglp i IQ%ER #TH5t 6o ?té’ﬂ‘iegbﬁlgerﬂ R %’? é?lp%fge.nt%ldi?%%%ﬁr?’, ?%fugér?% its
DI b AL AR . Tt (
il ¢ 1 i FEERpAcRhs; WA Bive BAUICHERRRet |dF CantiaffabHRTBUEBN by BT )

[0048] Mbidded kdsroahcnRbRieLiRgB] € described using configurable IR filter
126 wi t hBTSC encoders and BTSC decoders, encoders and decoders that conply
w th television audio standards may inplenment the configurable IR filter.
For exanpl[@)413 Refeteing baskdo 6IG.de elodg mathasingainultiplexe 130 to beledtia particular

| nst ant aneousl y Conpanded Audio Miultiplex (NICAM, which is used. in Europe,
may i ncieppofoatconfgerable IR futer da6i thereosflicients psed; y 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 low-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., ao, bo, a1, b1, etc.) associated with a second-order filter. Then, for the next
iteration, 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
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such as IR filter 126. Simlarly, encoders and decoders inplenenting the
A2/ Zweiton tel evision audio standard (currently used in parts of Europe and
Asi a) or wbeoddestononi cs | ndustry Association o f JapanPCEUA20058)918% andar d
may incorporate one or nore configuratd e IIRfilters. [0049] Wile the
previ ous exanpl e described using configurable UJR filter 126 to encode and
decoder a difference signal produced fromright and | eft audi o channel, the
configurable IR filter may be used to encode and decode ot her audio

signal g, lgcgé%r?geﬁggggn @ﬂﬂéf t?a%gé%k %4& Bo§ kdrlifira tbRfrsinimet RdtipRx@ncode

and/tor B channel, prof essi onal channel, a sum channel, or one
or Nor §30h{ae thdr 6l plhcbdah a PbsiGORTR) previde Yiiprs sighals érembthiepapplication @gannel s.

[ 0050] A nugber o} 9‘4 I mpl e%ent ati oﬁr:rg have been described. Nevertheless, it
wi || bepésadpscitodbaridpass fileer 52 B ynseiicting shtis tpait, may Bisr peefbcicpis mamydengl y,
other inplenmentations are within the scope of the follow gg

cl ai s sABRENDY XoNeratile2 and/er rrultiplexer F52¢tp providg fhe particular Alter typeand; ¢
ffffff > > fff > fff * * Thi s dule.is.the cascaded.,direct-forml]l

i pl emdilenehaspeteristiss aeesied Fﬁi?eé%oﬂlingg? gitﬁmﬁg f?éktlli“F PF’étra?Pﬁ‘fatnoPs actually a

si ngl e second-order section that can be "recycledl. * * F* FFFF* FFFF* *F*
FFFFF* FREE f_ % *x% [xxxx [ * * ¥ F ¢ MIRFERE 19686 cbhfioured

Par al | el S@Qﬁ%l %%W&’t‘%‘rn.uﬁt{%%d:&%%gl g%gfgﬁg%:lw: 29 [/ }3/ E)el agyr Regi st er
Wdth ] IR SolWe e e @h@dink £d/& ddcoding Tiltering applications

F* FFF*EQIE—%’§4!I9BE*0H:%*}:* ’er0 I‘3 Sum I?\terporlrgation & Pr e%rrphas%s RAREE L FEAAAA
'l Thi §ndy EdiEfor ShigherBef ARértTo pfakddd igheqender ltrs/ ddditienal/recuesive ci ent s
in the last stage are in Q@ 8 format. // // (192 kHz Sanple Rate) // Max

Del ay Regitihe majabel perfd@iedaBough Jeedback/pabalito oBy /usingsthe derdback pathye =

23.781 > 99.964% headroom // [/ [/ bOb | b2 a0a | a2 .
signals may pgss through the IIR filter mult%le times us&g tﬂe same (or different) filter

coefficients. Thus, filtering operations may be performed with a single multiplier (i.e.,
multiplier 138) and a single adder (i.e., adder 136) for various types of filters and various
ofder filter implementations. To illustrate the iterations that are performed by configurable
IIR filter 126, numerical 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, 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 (e.g., 1,2, 3,4, 5,1, 2,3,4,5,etc.).

[0043] Various techniques and components 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
multiplexers 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 IIR filter such as IR 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 IIR 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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/1 -6.6033712e-012 3.2U7006e-002 1.3600689e+000 |.0000000e+C00
-1.5758348e+000 6.2789060e-0A // 2.0305836e- (002 9.3963698e-002 6
5186177e-wW02006/2800000e+000 -1.5671917e+000 6. 7399133e- ®QT/USL005/029108
1.1605752e-001 2.4121539e-002 3. 7646667e- 004 | . OOO0O00Ce+000 - 1.5759558e+000
7.6826398e-001 // 4.8703374e-001 -4.5435961 e-0C0d O OOOOOOCe+000

1. 0000000e+000 -1.64298] 3e+000 9.1 158385e-001 // // Magnitudes are
relative to the systeminput, not necessarily the filter input. // Section
Del. max Qutmax // //1 9.9273109932813 13 4026919779221 111

127. 93608a9i86B6 3ocfiTicngmsbe soredan 3 memory up 6880 8T EF NYRGY 4617571

{:/4 127. 9380?%9330%?8 23. 79%&&)}&90 %38‘;'«{@1/11(2 @Rb;*ﬁzgfg&?gﬁe‘?ﬁgggﬁ, RFFFF* F*

['ter is in

d o T OBl /(;15-1}6P/{ B:CLN ﬁgo%atéé i e CBESE chelthp drndidd@ed asmest age are

m QL7 | e Rate) Del ay Regi ster Val ue =

268. 66 in Mﬁéu@sﬂfﬁ#ﬁr Yahétgr sﬂc}D&ﬁa TooRQ1pAaBI) dreadr oom
/1 ///? gfgggpg%%%gggfeggga d;/ /18, 4345402¢- oofs 3. 3105654e- 01

8. 4345402@ silar 5rORGR000e4000 - 1.5131160e+000 5 840092l e-0Q //
1.7907148e-001 - 2. 3574553--001 1.7907148e- Q01 | . 0000000e+000
-1.5854796e+000 7.0937033e- 01 // 3.04015He- OO -4, 9151080e-OQ 3
0401514e- 02411 Conligoage 100 dilter) 126 253 Aneudesoa Sm&m@ﬁfmé?’%kmﬂ/w“h the

7171 Chimemalipls: bYsougs e AeTN T o REnett RS PSR R O 1
?’22‘8‘22&%%@%%‘39%‘%%%?&%%@%@@@?5é%%a?ﬁ%ﬁ&%%%*ﬁé%g%%z@&%%w Hoser oot
579200 PPyt FAFPEbMESR S ! o s sogic mck

one or more “AND” gates may be implemented as each of the multipliers. To introduce

time delays, various techniques and/or components known to one skilled in the art of

electronic circuit design and digital design may be implemented 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 IIR 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 IIR 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 multiplexer 130 may be connected to
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[l _ _ 11\ 14.8950457230439 30. 0525971031239 111 268. 6657342657337
32.1765299950301 /1i 268.6657342657345 26.2168014264289 //4

268. 66573%DABIGARBMYLT7 3374523088056 //5 268. 6657342657340CTNB32B3044
/16 268.6657342657326 4.08768784426660// 11 **************;‘**"*?"*’?Qéil?fer

3 Diff Interpolation & Preenphasis ***"*x*x x* [/ This filter is in 5
format (QL5 is required.) // The V coefficients in the |ast stage are |Qﬁ Q

2 format. // [/ - (192 kHz Sanple Rate) // Max Del ay Regi st \Y; =
255. 872 -> 99.951% headr oom // Nax th) y Register Value

gegglr %grgfpggnatﬁ fltery inpup pviglgn gintegpolafion @37%@3&%@%@1&8'@%@8 883%
e+

e bk ks s e

- e+

642500 BOBEAL AT R ygisS o%f‘ e e e 461

2e-001 e
i R s s
| COOORERR1AAEKer 130 ARSI coeiZdib O LIRilfB 336 endiribettdl contralbgndpassiflicrar e

relative to the systeminput, not necessarily the filter inpput. // Section
Del . B2 nytbemssiphed to'still andtheninpiit 46 EBItIeEo 650 Bandslrmymgamit79 may b

255. 8721278721281 27.3647542209154 in 55 8721278721284 49. 1968802729879 I
255. 87 2sdgEH2t snothar, TRYL 96 MubBlRen |3 G585 195 555, SgotabIE P,

259. 5699347572192
conespondi]flg flxl/ter coefficients are stored (e.g., in memory) 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 IIR filter 126, however, in other arrangements, more or less filtering
operations of the compressor may be performed by the conﬁgﬁrable IIR filter.
Additionally, configurable IIR 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 IIR 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 IIR 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
TR 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 still another input of selector 130) is consolidated into configurable IIR filter 126.
Additionally, due to its multiplication function, configurable IR 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 IR filter 126 with
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R Rk gk kxR nxnxnnkx Eilter 4 DiffGain Crl Bandpass ** // This filter is
in QL7 format. (QL7 is required.) // The t>" coefficients in the |ast stage
are in QMofotemas490// // - (192 kHz Sanple Rate) // NMaxprDelusgooRegiiss er

Val ue = 13051 . 645 > 90. 042% headroomt / Max Qut put Value = 1.915 > 99.907%
headroom // // [/ b0 bl b2 a0 a | a2 // 3.3052890e-002 O 0OO0000CCe+000

- 3. 3052890e- 002 1. CO0O00Ce+000 - 1.9327087e+000 9. 3278529e-001 // [/

Magni tudes are relative to the systeminput, not necessarily the filter
input. // Section Del. nmax Qutmax // 1 13051 .64 07433?491 9154790026336
/1| .BTSC, encodersand BTSC decodersgngaders apyl decodgrs{ha ompiy, pagy, tgieyision «

st soude Lgkémhgn%ﬁmia&%%‘é% theppnigural St B ESFor pramilf R BA T, "

Regi v = 1499902, 84799 u =

228, 85 29"‘%&“9%6?&‘%%@2&?@%%?&7% Hszﬁ’g&gﬁaﬂgogg}"gé?&égé A/q/dw?).qgog 4996 005

7+ 50422308 D0 PR XL HAfDema P BRERNARE SR oPmBREATIErBRIIR AERD00e4000
grilt utdes are relativé to

11l he system i nput, not necessarily the

filter g&gaﬁ IR/ filR8 060 SiRRlarly, ot BRK dédoders iinpletHEBInE. thy G2458681000 225.
1124998993376

television audio standard (currently used in parts of Europe and Asia) or the Electronics

Industry Association of Japan (EIA - J) standard may incorporate one or more

configurable IIR filters.

[0049] While the previous example described using configurable IIR filter 126 to
encode and decoder a difference signal produced from right and left audio channel, the
configurable IIR filter may be used to encode and decode other audio signals. For example,
configurable IIR filter 126 may be used to encode and/or decode an SAP channel, a

professional channel, a sum channel, or one or more other individual or combined types of

television audio channels.

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

are within the scope of the following claims.
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[ 1] mx x* 0" R, ok Rnk xxk - Eilter g oiff spec Ctrl Bandpass ***
kunxk o x% /] This filter is in QL7 format. (QL7 is required.) // The V
coef fi ci emD00a284%8 | ast stage are in Q 8 format. // [/ PCT/US2@B/0kHAS Sanpl e
Rate) // Max Del ay Register Value = 32.333 > 99. 970% headroom // Max Qut put
Value = 3.683 > 99.978% headroom| Il Il bOb | b2 aOal a2 // //

8. 66910l 2e-001 - 1.7351060e+C00 8.681 967l e-0A 1.0000000c+000O
-1.7132232e+000 7. 6815543e- 01 // 3.330066le-00d 1.8508507.-004

- 3.3343983e- 00 | .000000Ce+000 - 1.265220Ce-H) OO 3. 3953 192e-001 // [/
Magni tudes are relative to the systeminput, not necessarily the filter
input. // Section Del. max Qutmax /1 | 39.3329526574003 3. 7578420694186 11
1 14.8039499335385 3. 6850497626675 // 1| . " mxE kv ok L L X¥RX ¥
Filter hDiff spec Crl Integrat o ppERDIXHN ** " * // This filter is in Q2
format. (QR2 is required ) // The V coefficients in the last stage are in
@7 format. // [/ ( 192 kHz Sanple Rate) // Max Del ay Register Value =
1949. 451 > 52.406% headroom // Max Qut put Val ue =0.684 > 31. 633% headr oom
[ 1 1 1 [ bO bl b2 a0 al a2 // 1.7543809e-004 1.7543809e-004

O C00000Ce+000 1. OO000CCe+000 -9.9954323e-001 0. 0000000e-K)YOCO /1 11

Magni tudes are relative to the systeminput, not necessarily the filter

i nput .
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/1 Section Del. max Qutmax // 1 1949.4512384999191 0. 6840160013750 // /
wrEEm a2 " F)Uer g Diff Spectral Conpression "* [] This
filter |swor20@1(534f9ornat (QL5 is required.) // The V coefCiraisesism29108 t he
last stage are in Q 1 format. // // 13192 kHz Sanple Rate) // Max Del ay
Regi ster Value = 4819.452 > 99. 081% headroom // Max Qutput Val ue = 4880. 066
> 99. 942% headroom // [/ [/ bO bt b2 a0 al a2 // 3.862551 5e+(01 -3.81
30535e+001 O. OO0O000Ce+000 1. COO0OO0Ce+000 -9. 867 1384e-001 O COOOOOCe+000
/129108 27 // Magnitudes are relative to the systeminput, not necessarily

t he flﬂzfgﬁehdbdm /1l Section Del. max Qutrmax |l \ 4819. 4523948899350 4882
5058955489840 // . *,"..* v ovxox oot ", Filter9 DifFLowpass *"" *x* "

* /] Thr's"f'r*r*r'er"*r's"r'rr"qms rUt ‘ﬁﬁt"‘“(q 5is required.) // The V
coef f i Gihenhs siecatchi@ dkeasdm Ist@gpewene in QL7 format. // // ( 192 kHz Sanple

Rate) // I\r/nb}mdlggg,L@,%f;ggg,l,gg,gﬁya\j@gl,eue = 255 872 -> 99 951% headroom // Max
Qut put Val e = . 891 9d,997%headroom// [l /] bO bl b2 aO0al a2 //
8. 4345462‘&*”66?““3‘3%6‘56%”&% 001 8.4345402e- 001 1. 0000000e+000 - 1. 513U60e+000
5. 8400F 21 B O I YO T A e YT Y 3% 74553e- 001 1. 7907148e- 001
| . O0000QQ@6 DB ParidsSSHAFOS@m k) 0)Hn-PI8F2033e- OO
1

// Delay Register Width = 35

// Filter Coefficients are in Q15

J] #esesnsansnenisrrssasnsnsnss Eilter | Sum Interpolation & Preemphasis EAEERRRRSAESNREE SRR P ERES NN
1/ This filter 15 in Q15 format. (Q15 1s required.)

// The b’ coeflicients in the last stage are in Q18 format.

! .

/TR R TR TP (192 kHz Sample Rate) - ~--=------~--~

// Max Delay Register Value = 127.936 ------—- --> 99.976% headroom
// Max Output Value =23.781 ——ceermemms > 99.964% headroom

i

"

i/ bo bl b2 a0 al a2

/I
!/ -6.6033712e-012 3.2117006e-002 1.3600689¢+000 1.0000000e+000 -1.5758348¢+000 6.2789060e-001
/I 2.0305836e-002 9.3963698¢-002 6 5186177e-002 1.0000000¢+300 -1.5671917¢+000 6.7399133¢-001
/I 1.1605752e-001 2.4121539¢-002 3.7646657¢-004 1.0000000e+000 -1.5759558¢+000 7.6826398¢-001
/I 4.8703374¢-001 -4.5435961e-001 0.0000000e+000 1.0000000e+000 -1.6429813¢+000 9.1158385e-001
1

// Magnitudes are relative to the system input, not necessarily the filter input.
/1 Section Del. max Outmax

I a—emee —— ———

/A 9.9273109932813 13 4026919779221

"2 127.9360639360639 22.7268252592786

3 127.9360639360638 17.9496934617571

/4 127.9360639360638 23.7933114009230 )

/"

/] *e »e#*+ [Cilter 2 Sum Lowpass *** .
// This filter is in Q15 format. (Q15 is required.)

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

/"

7 (192 kHz Sample Rate) - - - = - == -==--=
// Max Delay Register Value = 268.666 ---+---—--- > 99.949% headroom
// Max Output Value =4.086 -——-—---> 99.997% headroom

1/
/"
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/1 3.040l 514e-001 -4.915108Ce-0d 3.0401514e-00I 1.0000000e+000

-1.6621327e+000 8.4198754e-001 // 3.573570Ce-00 -6.0794041e-0A 3

5735700e-W0I20d6/028080000e+000. - 1. 7107429e+000 9. 2558392e- @01/USL005/029108

2.6l 36244e-001 -4.5235 123e-001 2. 613243e-00 1. 0000000e+000

-1.7366273e+000 9. 68851 52e-001 // 3.3644153e-001 -5.856421Ce- A

3.3644153e-001 1.0000000e+000 - 1.7519173e+000 9.9157326e-001 // [/

Magni tudes are relative to the systeminput, not necessarily the filter

input. // Sectjon Rel. mpx Oygmax b . // 1 14.1857578314703

28. 6215210505942 i n" 255.'8721278721279 30. 6443142809810 // 3

255. 8741278721285 24 96838231T08847 1/4 255. 8721278721286 16.5118593417196

11 5 2B34BPZEHTITOBABP! B43751074083HBPIBTY0 1 R31BEE0 8 ¥IPVYRY 21055

3. 8930360214801 -213374553-00T hirsw7143k-00€ 1.000000¢+P0 TFBSBIFHOTABIEN 5 is required.) //

The V Qé%ﬁotél&bmkﬁmkdao& ResolsASor $600@@e+600 .6421270 sfaoeromador // // (192 kHz
at e

I\S/ggpbje ¢ p; Xreh é{m{}l é'ﬁ%@lg.%égéng&)ggﬁ gg’g%%\{ﬁgoggjﬁumo()%@s}hew' 976% headr oom //

[ / / 0 bl b2 a0 al a2
/-5 ozgfaﬁuﬁgnﬂﬁnﬂikﬂ%§i§§6%@bOQW%WTgﬁﬂﬁggggﬁﬁi&%?fgfg44 | e+000 1
O00000DE3561@1B3e-08 -5BHBH-NIDS 3ED3e-101 O F0BS N -1 GPY 300D TRV 9 - 003
2.2857938e- 002 2.4903862e- 002 1 . 000000Ce+000 - 1. 7083043e+000
7.3325661 e-Ox /[ 6 0O - 002 2.7399739e- 002 1.8184569e-003 1
.ooooo%%%%‘r'tﬂgg“”- i{'%”??g(?fégg@o“g’o@sg’. %87224%5:-00 /1 9.559573 | e-002
5. 68996 7sE" 00X (FOO00OEHF 000 1 . C000000e+000 - 1. 7487378e+000
8. 388294ke- OO—+/ 1. 0960737e+001 -2. 0903005e+001 1.0012267e+001
1. OO00RP0e +Q@B04s713084 73 FFHES+0G039. 4015130e- 00 //

2 268.6657342657337 32.1765299950301
3 268.6657342657345 26.2168014264289

/4 268.6657342657350 17 3374523088056

s 268.6657342657346 7.0533046891134

6 268.6657342657326 4.0876878442666

"

[/ #*+¢ Filter 3 Diff Interpolation & Preemphasis b Akl

// This filter is 1n Q15 format (Q15 is required.)
J/ The o' coefficients m the last stage are in Q12 format.

"

R L R (192 kHz Sample Rate) --------=-----~

// Max Delay Register Value = 255.872 -—-——---> 99.951% headroom
// Max Qutput Value =259.440 -———---> 99.994% headroom

/"

/7

/I b0 bl b2 a0 al a2

/
/1 -1.2723363¢-010 4.8662511e-002 3.5810704e+000 1.0000000e+000 -9.7203440¢-001 1.0899437¢-001

/I 7.2682533¢-003 4.9327184e-002 5.0728513¢-002 1.0000000¢+000 -1.5758348e+000 6.2789060e-001

/I 1.3165964e-001 5.6960961e-002 3 6425943¢-003 1.0000000e+000 -1.5671917+000 6.7399133e-001

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

/I 9.4429177e+000 -1.8107524+001 8.6732681e+000 1.0000000¢+000 -1.6429813¢+000 9.1158385¢-001
"

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

// Section Del. max Outmax

N —eeemme e ——

mn 4.4056120909651 12.2436103717271
2 255.8721278721281 27.3647542209154
/13 . 255.8721278721284 49.1968802729879
/4 255.8721278721282 61.9802894946887

s 255.8721278721280 259.5699347572192
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/1 Magnitudes are relative to the systeminput, not necessarily the filter
input. // Section Del. max Qutmax // // 1 2.2028060429820 2.9414855734591
[l 2 127.W880&3R3B0640 6.5017997596439 // 3 127. 9360639P60A%0005129108
5065707750231 // 4 127.9360639360641 1% 3029392557771 // 5 127. 9360639360646
79. 9758599046644 [ "U*x*k tkxkxskk kxkxkxkkx Ei|lter U SAP Gain Crl Bandpass
*FRxxmxk o xx xx [/ This filter is in QL7 format. (QL7 is required.) // The V
coefficients in the last stage are in Q1 format. // // ( 192 kHz Sanple
Rate) K/ WMax Del ay Regi ster Value = 13051.591 > 90. 042% headroom // Max

Qut put ,ValoleemsedsD84 e 90 ANBIARORHIRE Mstroshosdsfesshshasy@h) | b2 a0 a | a2 / /

3. 3052890e-0 3. 3052890e- 002 1. OOOOOOCe+0O0 -
1. 93276%@1@05508( ;ééféeéu"%ﬁ) /1 /1 Magnitudes are relative to the system

i nput , /At crsBeEsE delisspee tHE? PTM'er jnput. / / Section Del. max Qutmax // 1
13051. $913591675250 1.9854692831948 // [ ..."".." ™, """ " opi |

ter 12,SAP..Galn. Qofiz aRfi@ghat-or-- 2120 x> sxnxxxxxx [ This filter is in QL3

f or mat de N =To (VNN -To My ___/__[____JQQ,42th‘aQ§,f,,fl cients in the |last stage are in
@8 fo ”M(aql 7 ‘? éoﬁ ; 9”%7/ te) // Max Del ay Register Value =
1499902”6*7%""5"“2"8 4‘7‘§6fﬁ adroon I'1™fax Out put Val ue = 225.000 > 12. 109%

headr o@m
17

/I b0 bl b2 a0 al a2
1
/I 3.3052890e-002 0.0000000e+000 -3.3052890¢-002 1.0000000e+000 -1.9327087e+000 9.3278529¢-001
/"

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

/1 Section Del. max QOutmax

M meemee —meomeen —

n 13051.6450743394910 1.9154790026336

"

] wwberrs * Filter 5 Diff Gain Ctrl Integrator #**%** b

// This filter is in Q13 format. (Q13 is required.)
// The b’ coefficients in the last stage are in Q28 format.
/"

lococaacencnnns (192 kHz Sample Rate) -------==-----

// Max Delay Register Value =1499902.076 —-—----—-> 28.479% headroom
// Max Output Value =225.000 --—emmume- -—-> 12.109% headroom

"

1/

/I b0 bt b2 a0 al a2

" .
/. 7.5042399¢-005 7.5042399¢-005 0.0000000e+000 1.0000000e+000 -0.9984992¢-001 0.0000000¢-+000
/

// Magmitudes are relative to the system input, not necessarily the filter input.
// Section Del. max Outmax

R —

"1 1499902.0762455594000 225.1124999993376

"

/i shANnneshsonshbnbnkinst kbR Oijter 6 Diff sPec Ctrl BandpasS "k xR ee

/I This filter 15 in Q17 format. (Q17 is required.)
/I The b’ coefficients in the last stage are in Q18 format.
/"

flaemmmmeceae e (192 kHz Sample Rate) ---»----------
// Max Delay Register Value = 39.333 «---—w---> 99.970% headroom
// Max Qutput Value =3.683 -————mmn- > 99.978% headroom

SUBSTITUTE SHEET (RULE 26)



[l 11 1] bOb | b2 aO al a2// 7.5042399e-005 7.5042399%e-005 O 0OO0000CCe+000
1. 0000000e+00 -9.9984992e-00 0 OOOOOOCCe+00O0O // /1 Magnitudes are rel ative
to the sywDemdmnpish, not necessarily the filter input /PcBastesnzides. max
Qutmax 11 \ 1499902. 0762455594000 225261124999993376 // [/ * * Filter 13
SAP Spec Cirl Bandpass * ** "* /] This filter is in QL7 format. (QL7 is
required.) // The coefficients in the |last stage are in @ 8 format. // [/
- - (192 kHz Sanple Rate) // Max Delay Register Value = 60.285 > 99. 954%
headropm // Max Qutput Value = 3 340 > 99.980% headroom // // [/ bO b | b2
aOal a2 jI ...__.". . ."_-_ 1] 8.6691012e-001 -1.7351060Ce-K) OO

8.6819671 e-00 1.0000000e+C00 -1.7132232e+000 7.6815543e-001 //

3. 330066[%e- OO/®1 1. 85¥B507&- Q04! - 3. 3343983e- 00 1. 0000000e+000

- 1. 2652200e+000--3--3953-192e--001+—++—++—NMagni t udes are relative to the system
i nput , , RQIo1oi6d S I B lobdk-oot slasostii-boi @voodotwpram -1.713¢23 5@t icFs4RN. max Cut max || 11

PP 2 IASPRR ] 2 ety R PRAMARS Fnboboosond B BBARRABATROR 8. 3B
** [| fhis filter is in Q2 format. (@2 is required.) // The V

coef f i gMenitugs arerplativiie thf szt iy ratgeseswPleha i 7 format. / / // (192 kHz Sanpl e
Rate) /section  Del. max Outmax

fooeme e S

/s 39.3329526574003 3.7578420694186

2 . 14.8039499335385 3.6850497626675

"

" s bbb #3+ Filter 7 Diff Spec Ctrl Integrator ***

// This filter is in Q22 format. (Q22 is required )
// The b* coefFicients in the last stage are in Q27 format.

"

J[eemmemcecnnan- (192 kHz Sample Rate) -------<------

// Max Delay Register Value = 1949.45] ---—eum- -> 52.406% headroom
// Max Output Value =0.684 ---—-—---> 31.633% headroom

"

"

/1 b0 bt b2 a0 al a2

1
/| 1.7543809¢-004 1.7543809e-004 0.0000000e+000 1.0000000e-+000 -9.9954323¢-001 0.0000000e+000
/"

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

/] Section Del. max Outmax

/] —eese ——— ————-

1 1949.4512384999191 0.6840160013750

"

[/ *+ Elter 8 Diff Spectral Compression ke e

/! This filter is in Q15 format. (Q15 is required.)
/I The b’ coefficients in the last stage are n Q11 format.
/]

flaemeaeccneenan (192 kHz Sample Rate) --=---=--=<---

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

/"

"

/I b0 bt b2 a0 al a2

i
i/ 3.8625515¢+001 -3.8130535¢+001 0.0000000¢+000 1.0000000e+000 -9.8671384¢-001 0.0000000e+000
"
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/1 Max Del ay Regi ster Value = 1949.451 > 52.406% h

Val ue = 0.684 > 31.633% headroom// // /] bO b | bgagroogn}/gzl\/ﬁ( ?/Jt Put

1. 7543809 0Q0¢L/02340643809e- Q04 O OCOOO0OCe+000 | . COO000Ce POIWS2@509HAB823e- 001
O C00000Ce+000 // // Magnitudes are refative to the systeminput, not
necessarily the filter input. // Section Del. max Qutmax Il \ ’
1949. 4512384999191 0. 684016001 3750// [/ *...". *. ."" oLt Fj Uer
1 5 SAP Spectral Conpression ""** ** [[This filter is in Q15 "for mat . (QL5

; }s ;/qul“?r etglc{( mre(m;rpges}gte%,ggg,Iollln/ggl\s/ﬁ}xugilmnnpt“ge Ia;st s{/ a?e are in @ 1 format.
ay Register Val ue

99.081/§°ﬁ‘é'adr88m3’7/ Max “Blt put Val ue —28809066 > 09. 942% ﬁgaé?ogﬁflf 1111

b0 bl b2-a0 at—a2 // 378625515e+001 - 3.8130535e+001 O. COOOOOCe+000

| OOO0D00e +313@5239@3BBY 1 ISAWs3YYR%O. OO0O00CCe+000 // // Magnitudes are

relatiye to the systeminput, not necessarily the filter input. // Section

D,?,', ;N ,,.....%.rmzs .4/....’1...4.8JF%e,61@,2@3@3899350..4‘883—-5068955489840 [1 1] % e

lter 16 SAP L ass Lottt % [/ This filter is in 5 format.
(Q 15 (’@'MéﬁﬁPPB(‘P"T‘ SQ)S"”Fﬂ“é’d\)/ coefficients in the last stage artel n errSm
f or mat //ie vicpemcent ib @lasiciplr arSpRPfomatRat e)

i

Joommmoceoacnan= (192 kHz Sample Rate) -----------=--

// Max Delay Regrster Value = 255 872 -—-me > 99 951% headroom
/I Max Output Value =3.89] —--erm-ee> 99.997% headroom

"

/"

/I b0 bl b2 a0 al a2

1
/I 8.4345402¢-001 3.3105654e-001 8.4345402¢-001 1.0000000e+000 -1.5131160e+000 5.8400921e-00]
/I 1.7907148e-001 -2.3574553e-001 1.7907148e-001 1.0000000e+000 —l.58§4796c+000 7.0937033¢-001
/I 3.0401514e-001 4.9151080e-001 3.0401514e-001 1.0000000e+000 -1.6621327¢+000 8.4198754e-001
/i 3.5735700e-001 -6.0794041¢-001 3 5735700¢-001 1.0000000e+000.-1.7107429¢+000 9.2558392¢-001
/| 2.6136244¢-001 -4.5235123¢-001 2.6136243¢-001 1.0000000¢+000 -1.7366273e+000 9.6885152e-001
/l 3.3644153e-001 -5.8564210e-001 3.3644153e-001 1.0000000e+000 -1.7519173e+000 9.9157326€-001
"

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

// Section Del. max Outmax

/- ——— —

1 14.1857578314703 28.6215210505942

72 255.8721278721279 30.6443142809810

/3 255.8721278721285 24.9683823108847

4 255.8721278721286 16.5118593417196

s 255.8721278721287 6.7174330372509

6 255.8721278721255 3.8930360421587

/"

// > LI lL 2] * Flhcr lo SAP lnterpolation & Pree]-nphasis ‘.#‘.t‘“‘#.#“.“‘.“.“t‘
// This filter is in Q15 format. (Q15 is required.)

// The '’ coeflicients in the last stage are in Q12 format.

Ui

Hoeacoomncnaennn- (192 kHz Sample Rate) ----------=---

// Max Delay Register Value = 127.936 ——=-—==---> 99.976% headroom
// Max Output Value =79.936 —-——> 99.998% headroom

"

n

/I b0 bl b2 a0 al a2

I
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/1 Max Del ay Register Value = 127.936 -> 99. 976% headroom // Max Qut put
Val ue = 3.873 -> 99.999% headroom // // [/ bO bl b2 aO al a2 //

1. 423697 280Q0ds5/026490114088e- 002 1. 4236972e-001 1. 0000000e€®@032005/029108
-1.6681586e+000 7.0166935e-001 // 1. 7&91208e-001 -2.8898617e-001
1.7291208e-001 |.0000000Ce+000 -1. 73698 12e+000 7.9467313e-001 //
3.0167936e-001 -5 5024915e-001 3.0167936e-0d | . 0OOOOOCe+000
-1.8076638e+000 8.901 1358e-001 // 3.5737308e-001 -6.6631 149e-001

3. 5737309818000 121 X0 500R 0000 10086dbe+iod O301POG 9082BBFR! 13e- 001 //

_2 16352@3 4752’0%06 @5%%%%2§@@869¢Q)&2 Poodaeddedodh Rs36dad+o0b 7.3636XIR0Oe+000

06e-001 44 + p1244e+000 1. 441
8675 e+06072905 epR A PYRes- 90 8! 845% o%gtéoyé)g - +% gﬁ 1 gs%eé%g 96372340201)

01 // /Il Magnitudes
are r el asselc-pw SEHIBTISIPS PUPPPFIIR I 00RYE N A LEE LR 8?&% &% ter | nput. //

Sect i O 1 BRb737X2.000doskE0R1 1.0D12267¢BON 00@@%&&25969@*@0?6@%??@462983 |
127. 9360639360641 7.134055858801 1 // 3 127. 9360639360641 5.7714816868819

Il A 127.9360639360642 3. 11918024620/ / 5 127 9360639360640
153350 cpyve At T?? 5%%%%3936%%31 §y8749910462902 Il nodul e SOSI VCom

(il Clkseeton | Selawr | | M¥EYA ear, iHDatalnl, or2lData q utl, il 7Datal n2,
orl 9Daya--g ut2—il 7Dat-al n3, or25Data q ut3, i20Dataln4, orl9Data q ut4,
or22Da},@ O beosos20820  2.9414855734591

2 127.9360639360640 6.5017997596439
i3 127.9360639360640 11 5065707750231
/74 127.9360639360641 12.3029392557771
75 127.9360639360646 79.9758599046644
/"

Y/ P T TP TTI T LS S Sl L i dd Filter 11 SAP Gain Cu-] Bﬂndpass L 22

// This filter is in Q17 format. (Q17 is required.)

// The b’ coefficients 1n the last stage are in Q21 format.

/"

ecermooaonmann (192 kHz Sample Rate) ----------~----

// Max Delay Register Value = 13051.591 —> 90.042% headroom

// Max Output Value =1.984 - > 99.903% headroom
"

n"

/I b0 bl b2 a0 al a2

/"
/I 3.3052890e-002 0.0000000e+000 -3.3052890¢-002 1.0000000e+000 -1.9327087e+000 9.3278529¢-001

"

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

- —————— ———

mn 13051.5913591675250 1.9854692831948

/"

// SV NRESREBAE SRR RSP RS RS Fi“er 12 SAP Gain Cu;] lntegator (I LR LS »
// This filter is in Q13 format. (Q13 1s required.)

// The 'b' coefficients in the last stage are in Q28 format.

i

Hoommeaaaaannen- (192 kHz Sample Rate) - --~==--===---~
// Max Delay Register Value = 1499902.076 -—----——> 28 479% headroom
// Max Output Value =225.000 -—> 12.109% headroom

"
/"
/I b0 bl b2 a0 al a2
"
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| 20Dat al n6, or20Data g ut6, i23Dataln7, or23Data ut7, i
or29Data q ut8, il8BO 08, il8Bl 08, il8A 08, . l'6Dat al nog, Zgﬁal nggtBéq ut 9
116Dal al rwdQ@posr22BBat a q utl O i200atalnll, orl9Data q wechrius2e0388Baval nl 2,
or22Data q utl2, i2CDatalnl3, or20Datm q utl3, i23Data!nl4, or23Data g ’
utl4, i220atalnl5, or29Data q utl5, i18B0_15, il8BI_I5, i IéAI 15
i 16Datalnl 6, orl8Data g utl6),input ildk; input i T Start: input
il DRegCl ear; input [16:0] il7 g atalnl ; output [20:0] ot 21Dat aq utl
J 7.5042399¢-005 7.5042399¢-005 0.0000000e+000 1.0000000e+000 -9.9984992¢-001 0 0000000+000
/"

/1 Magnitudes are relative to the system input, not necessarily the filter input

// Section Del. max Outmax

7 —

" 1499902.0762455594000 225.1124999993376

Vi

[ wenns * Filter 13 SAP Spec Ctrl Bandpass * sevens e

// This filter 1s in Q17 format. (Q17 is required.)

/I The b’ coefficients in the last stage are in Q18 format.

"

fammecmmmmmanee (192 kHz Sarmple Rate) - == --==-- ===~

// Max Delay Register Value = 60.285 --> 99.954% headroom

// Max Output Value =3340 - > 99.980% headroom
"

/"

/I b0 bl b2 a0 al a2

u" :
J/ 8.6691012¢-001 -1.7351060e+000 8.6819671c-001 1.0000000c+000 -1.7132232¢+000 7.6815543¢-001
/| 3.3300661¢-001 1.8508507¢-004 -3.3343983¢-001 1.0000000e+000 -1.2652200e+000 3.3953192¢-001
"

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

// Section Del. max Outmax

/] —— Bt ——

n 60.2854167958472 3.3663545412242

72 18.1337922344007 3.3413388460805

/"

Y7 Reaensasntnunkshsesssssnner Lijter 14 SAP Spec Ctrl Integrator " oy axn ; hak

// This filter is m Q22 format. (Q22 is required.)
// The b’ coefTicients in the last stage are in Q27 format.
/"

H-eooamsaennan- (192 kHz Sample Ratg) -----<--~c=---

// Max Delay Register Value = 1949.451 -—--mr> 52.406% headroom

// Max Output Value =0.684 ——---—-> 31.633% headroom

" -
I

/I b0 bl b2 a0 al a2

i

// 1.7543809¢-004 1.7543809¢-004 0.0000000¢+000 1.0000000e+000 -9.9954323¢-001 0,0000000¢+000
I ’

{/ Magmitudes are relative to the system input, not necessarly the filter input.
// Section Del. max Outmax

Hommoon  eeeene —_

"1 1949.4512384999191 0.6840160013750
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input [16:0] il7Dataln2; output [18:0] orl9Data gq ut2; input [16:0]
i | 7Datal n3; output [24:0] or25Dalaq ut3; input [19 O] i20Datal n4; output
[18: 0] orweDateags4sv4; input [21 :0] i22Dataln5; output [P2I/UsejoseedBDat aq
ut5; input [19:0] i20Dataln6; output $019:0] or20Dataq ut6; input [22:0]
i 23Dat al n7; output [22:0] or23DataCut7; input [21 :0] i22Datal n8; output
[28:0] or29Dataq ut8; input [17:0] il18BO_08; input [17:0] il 8BI_08; input
[17:0] il18A _08; input [15:0] il 6Dataln9; output [17:0] orl 8Dat aQut 9; i nput
I[%ng% ,,: : l6Da| al Fpﬁ.tc.) [.OUt put [22:0] or23Dataq utlO; input [19:0]

..D.‘". ,,,;“.Qu - b 1 ; el tgl%;pﬁ 101 ItLth;mnitn' L ‘2‘1“: 0 | 22[)at I n ;
out put ﬁ[ 21:0] or22Dat aQJj?eflglsAP?Ir;]%)ut [18:%] i 20Da?:} nIE 3; ou]t put [19?0] 2
or 20Daf’§t1ﬁl‘ft'f‘3?‘5f°ﬁb‘d?‘5[522‘3”6-i i 23Dat al nl 4; out put [22:0] or23DataCutl 4;
i :’lglé’:) 5:?1»-; iciguOPBelistatbanitn QBT HuUt [ 28: 0] or 29Dat aQut| 5: input [17:0]
i : )

/R (192 kHz Sample Rate) ---------=-=---

// Max Delay Register Value = 4819.452 —---omer> 99.081% headroom
// Max Output Value = 4880.066 --—---——> 99.942% headroom

"

/"

/I b0 bl b2 a0 al a2

1
/| 3.8625515¢+001 -3.8130535¢+001 0.0000000e+000 1.0000000e+000 -9.8671384e-001 0.0000000e+000
/"

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

// Section Del. max Outmax

B ——

n 4819.4523948899350 4882.5058955489840

/"

/" #++* Filter 16 SAP Lowpass b *s

// This filter is in Q15 format. (Q15 is required.)
// The 'b* coefficients in the last stage are in Q15 format.

/"

| (192 kHz Sample Ratg) -----=--------~

// Max Delay Register Value = 127.936 -—-———-> 99.976% headroom
// Max Output Value =3.873 --—eem-—-> 99.999% headroom

"

i

/b0 bl b2 a0 al a2

I
) 1.4236972e-001 -6.1114088e-002 1.4236972¢-001 1.0000000e-H000 -1.6681586¢+000 7.0166935¢-001
/ 1.7291208¢-001 -2.8898617¢-001 1.7291208¢-001 1.0000000e+000 -1.7369812¢+000 7.9467313e-001
/' 3.0167936e-001 -5 5024915¢-001 3.0167936€-001 1.0000000¢-+000 -1.8076638¢+000 8.9011358¢-001
/I 3.5737308e-001 -6.6631149¢-001 3.5737309¢-001 1.0000000e+000 -1.8511403e+000 9.4867213¢-001
/I 2.6223393¢-001 <4.9257885¢-001 2.6223391¢-001 1.0000000¢+000 -1.8738553¢+000 9.7876206¢-001
/1 1.4418675e+000 -2.7151244¢+000 1.4418675¢+000 1.0000000e+000 -1.8862768e+000 9.9419075e-001
/"

=

/1 Magnitudes are relative to the system input, not necessarily the filter input.

// Section Del. max Outmax

I e c———meees

/A 30 0017134252655 6.7084273462983
2 127.9360639360641 7.1340558588011
/3 127.9360639360641 5.7714816868819
4 127.9360639360642 3.8011918024620
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input [17:0] 118BI_15; input [17:0] il8Al _15; input [15:0] il 6Datal nl6;
output [17:0] orl8Data q utl6; reg signed [20:0] or2l1 DataQutl; reg signed
[ 18: 0] orweDRadc2e490t 2; reg signed [24:0] or25Dat aq ut 3; Peg/ise@sae1pd 8: O]
orl9Data q ut4; reg signed [21 :0] srd@d2DataCut5; reg signed [19. 0]
or20Dataq ut6; reg signed [22:0] or23Dataq ut7; reg signed [28:0] or29Dataq
ui 8; reg signed [17:0] orl8DataQut9; reg signed [22:0] or23Dataq utl G reg
signed [18:0] orl9DataCutll; reg signed [21:0] or22Dataqg utl2; reg signed

[ 19: 0] nor 20bBbeadosbtbd 3; nepssiogmed [ 22: 0] or23Dataq utl4; reg signed [28:0]

or 29Daf a0 U] o9s0e38:808h S| I0Seboibabbe:0] orl8Data q utl6; reg signed [37:0]
r381lnput Reg; reg signed [49:0] r50Addendl; reg signed [49.0] r50Addendz;

wre sf’gned [49: 0] wb0Sum reg signed [49:0] r50Sum reg signed [34:0]

r 35Mul m4dpigiPBIVComr (k- si gned [17:0] rl8Multinput2; wire signed [49:0]

W50Pr oductisereg signed [49: 0] r50Product; reg signed [49:0] r50Product Reg;
reg rl Shifidgeglnabl e; reg [34:0] r35ShiftReglnput; wire signed [34:0]
wasDl , i17Datalnl,
or21DataOutl,
i17Dataln2,
orl9DataOut2,
i17Dataln3,
or25Data0Out3,
i20Dataln4,
ori9DataOut4,
i22Dataln$5,
or22DataOuts5,
i20Datain6,
or20DataOuté6,
i23Dataln7,
or23DataOut7,
122Dataln8,
or29DataOut8,
118B0_08,
i18B1_08,
i18A1_08,
il6Dataln9,
or18DataOut9,
i16Dataln10,
or23DataOutl0,
i20Dataln11,
ori19DataQutl1,
122Datalnl2,
or22DataOutl2,
i20Dataln13,
or20DataOutl3,
i23Dataln14,
or23DataOutl4,
122Datalnl5,
or29DataQutl5,
i18B0_1S,
118B1_LS,
i18A1_15,
il6Dataln16,
or18DataOutl6);
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reg signed [34:0] r35D2; reg [86:0] r87Del ayShiftReg34; reg [86: 0]
r87Del ayShi ft Reg33; reg [86:0] r87Del ayShi ft Reg32; reg [86: 0]

r 87Delay SNOf200ka3®p reg [ 86: 0] r87Del ayShift Reg30; reg [P8®/USR005/029108
r87Del ayShi ft Reg29, reg [86:0] r87DelzmyShiftReg28; reg [86: 0]

r87Del ayShi ft Reg27; reg [86:0] r87Del aySh iftReg26; reg [86:0]

r87Del ayShi ft Reg25; reg [86: 0] r87Del ayShi ft Reg24; reg [86: 0]

r87Del ayShi ft Reg23; reg [86: 0] r87Del ayShi ft Reg22; reg [ 86: 0]

r 87Del aysohi fidieg21; reg " [86:0] r87Del ayShiftReg20; reg [86: 0]
r87Del gyshi fidlegl 9; reg [86: 0] r87Del ayShiftRegl 8;reg [86: 0]

r87Del ayShi ft Regl 7; reg [86:0] r87Del ayShittRegl 6; reg [86: 0]

r 87Del &96hi t {REYIE: reg [86: 0] r87Del ayShiftRegl 4; reg [86:0]

r 87Del aypSHIoP RPgd: reg [ 86. 0] t87Del ayShiftRegl 2; reg [86: 0]

r 87Del awhizd:d) Reghuaokn;; reg [86: 0] r87Del ayShift Regl O .reg [86: 0]

r 87Del qy»hiddf Reeiy; reg [86:0] r87D0el ayShiftRegC8; reg [86: 0]

r 87Del aXShb% ReQ0 7. ,.reg [86:0] r87Del ayShiftReg06; reg [86: 0]

r 87Del &Y8hi'TP BegOb. “reg [86: 0] r87Del ayShi ft RegO4: reg [86:0] r87Del aySh

i f t RegQ®ut [16:0} il7Dataln3;

output [24:0] or25DataOut3;

input (19-0] i20Datalnd;

output {18:0] or19DataOutd;

input [21:0] i22DatalnS;

output {21:0] or22DataOutS;

input [19:0] i20Dataln6;

output [19:0] or20DataOut6;

input {22:0] i23Dataln7,

output [22:0] or23DataOut7;

mput [21:0] i22Dataln8;

output [28:0] or29DataOut8;

input [17:0] i18B0_08;
mput [17:0] i18B1_08;
input [17:0] i18A1_08;
input {15:0} il6Dataln9;

output [17:0] or18DataOut9;

input [15:0] i16Dataln10;

output [22:0] or23DataOutl0;

mput  [19:0] i20Datalnll;

output [18:0] or19DataOutl1;

input [21:0] i22Dataln12;

output {21:0] or22DataOutl2;

input [19:0] i20Dataln13;

output [19:0] or20DataOutl3;

input {22:0] i23Datalnl4;

output {22:0) or23DataOut14;

input {21:0] i22Dataln15;

output {28:0] or29DataOutl5;

input [17:0] 118B0_LS;
[17:0] i18BI_15;
{17:0) 118A1_1S;

[15:0} i16Datalnl6;

input
input

input

output [17:0] or18DataOutl6;

reg signed [20:0] or21DataOutl;
reg signed [18:0] or19DataOut2;
reg signed [24:0] or25DataOut3;
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reg [86:0] r87Del ayShi ft Reg02; reg [86:0] r87Del ayShi ft Reg01; reg [86:0]

r 87Del ayShi ft Reg00; wi re w CoefficientC kEnabl e; reg

rl1 Coef fi cwenvdd/dekmvabl e; wire signed [17:0] w | Coefll ci entrjusceg/opar9]
rdSectionState; reg [5:0] r6Secti onNusber; paraneter FILTERO1 LAST_SECTI ON
= 6'd3, FILTERO2_LAST _SECTION = 6'd9, FILTERO3_LAST_SECTION = 6'dlI 4,
F1LTERO4 _LAST SECTION = 6'dl 5, FILTERO5_LAST SECTION = 6'dl 6,

FI LTERO6_LAST SECTION = 6'dl 8, FILTERO7_LAST SECTION = 6'dl 9,
FI LTERQ%M%‘EMSEQ};[ZQ\J = 6'd20, FILTERO9_LAST_SECTI ON 6' d26,
= 6U31, FILTER 1 _LAST SECTION = 6' d32, FILTER

FI LTER| S
2 LAST éﬁﬁf% %%L‘%s FILTERI 3_LAST SECTION = 6- d35,

FI LTERE&SPASP I e4$ = 6' d36, FILTER 5 _LAST SECTION = 6' d37, FILTER
6_LAST reSHGHI RN «23BWB: LAST SECTI ON = FI LTERL6_LAST _SECTION; //State Machine
St at es pagammbemobbbi = 4' dO, WAl T! 4 6 , STATEIA = 41d7, STATEl = 4'dl,

STATE2 re; s‘éedquol or18DataOut9;

reg signed [22:0] or23DataOutl0;

reg signed [18:0] or19DataCutll;
reg signed [21:0] or22DataOut12;
reg signed [19:0] or20DataOutl3;
reg signed (22:0] or23DataOutl4;
reg signed [28:0] or29DataOutl5;
reg signed [17:0] ori8DataOutl6;
reg signed {37:0] r38InputReg;

reg signed [49:0] r50Addendl;

reg signed [49.0] r50Addend2;

wire signed [49:0] w50Sum;

reg signed [49:0] r50Sum,

reg signed [34:0] r35Multinputl;
reg signed [17:0] r18Multlnput2;
wire signed [49:0] wS50Product,

reg signed [49:0] r50Product;

reg signed [49:0) r50ProductReg;
reg r1ShiftRegEnable;

reg [34:0] r35ShiftReglnput;
wire signed (34:0] w35D1;

reg signed [34:0] r35D2;

reg [86:0] r87DelayShiftiReg34;
reg [86:0] r87DelayShiftReg33;
reg [86:0] r87DelayShiftReg32;
reg {86:0] r87DelayShiftReg31;
reg [86:0] r87DelayShiftReg30;
reg [86:0] r87DelayShiftReg29,
reg [86:0] r87DelayShiftReg28;
reg [86:0} r87DelayShiftReg27;
reg [86:0] r87DelayShifiReg26;
reg [86:0] r87DelayShiftReg25;
reg [86:0] r87DelayShifiReg24;
reg (86:0] r87DclaySmftiReg23;
reg [86:0] r87DelayShiftReg22;
reg [86:0] r87DclayShiftReg21;
reg = [86:0] r87DelayShiftReg20;
reg [86:0) r87DelayShiftRegl9;
reg [86:0] r87DelayShiftRegl8;
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STATE3 = 4'd3, STATE4 4'd4, STATE5 =4'd5, LAST = 4"d8; //synthesis

translate off initial begin r4SectionState = IDLE;, end //synthesis

transl at eworro@zesgn W Coef icientC kEnable = rl Coefl ecenstoshrabse | il
Start; Coef Sel ect SOS 1VCom Coef Sel ectd4 (.il Ak (ildk), .i |1dkEnable (W

Coefiicientd kEnable), .i18B0_08 (il8B0_08), .il8BlI_08 (il8Bl _O8),

.i18A _08 (il8AI _08), .il8B0_15 (il8B0_15), .il8BlI _15 (il 8Bl _15), .U8A1J5
(U8BA1J5), .orl8Data (W Coefficient)); MiltSOSl VCom Mul tiplierl

(.1 35MiLt | pebitedrndaystarddlzt | nput 1), il 8Multtnput2 (rl8Miltlnput?2),

. i 50Add&nd ), .ows0Sum (w50Sum)); assign wdsDl =

{ r 87De 18y SHPHBBYEHE'S r 87Del ayShi AReg33[ 0], r87Del ayShi ft Reg32[ 0],
reg [86:0] r87DelayShiftRegl4;

reg (86:0] r87DclayShiftRegi3;
reg [86.0] r87DelayShiftRegl2;
reg [86:0] r87DeclayShiftRegll;
reg [86:0] r87DelayShiftReglO;
reg [86:0] r87DeclayShiftReg09;
reg [86:0] r87DelayShiftReg08;
reg [86:0] r87DelayShiftReg07;
reg (86:0) r87DelayShiftReg06;
reg [86:0] r87DelayShiftReg05;
reg [86:0] r87DelayShiftReg04,
reg [86:0] r87DelaySiftReg03;
reg [86:0] r87DelayShiftReg02;
reg [86:0] r87DelayShiftReg01;
reg [86:0] r87DelayShiftReg00;

. ows0Pr oduct ~(WaOBr aduct)); Adder SOSI VCom Adder| (. i50Addendl (r50Addendl),
%%-gr bhasa )

wire wlCoefficientClkEnable;

reg r1CoefficientClkEnable;

wire signed [17:0] w18Coeflicient;

reg [3:0] rdSectionState;

reg [5:0] r6SectionNumber;

parameter
FILTERO1_LAST SECTION = 6'd3,
FILTER02_LAST_SECTION = 6'd9,
FILTERO3_LAST_SECTION = 6'd14,
FILTER04_LAST SECTION = 6'd15,
FILTERO5_LAST SECTION = 6'd16,
FILTER06_LAST_SECTION = 6'd18,
FILTERO7_LAST_SECTION = 6'd19,
FILTERO8_LAST_SECTION = 6'd20,
FILTER09_LAST_SECTION = 6'd26,
FILTER10_LAST_SECTION = 6'd31,
FILTER11_LAST_SECTION = 6'd32,
FILTER12_LAST_SECTION = 6'd33,
FILTERI3_LAST_SECTION = 6'd35,
FILTER14_LAST_SECTION = 6'd36,
FILTERI5_LAST_SECTION = 6'd37,
FILTER16_LAST_SECTION = 6'd43,
LAST_SECTION = FILTER16_LAST_SECTION;

//State Machine States

parameter

IDLE =4'd0,
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r 87Del ayShi ft Reg31[ 0],
r 87Del ayShi ft Reg28[ 0] ,
r 87Del ay SNof200a326) 0] ,
r 87Del ayShi nReg22[ 0],
r 87Del ayShi f1 Regl 9[ 0],
r 87Del aySh i nRegl 6] 0],
r 87Del ayShi f t Regl 3[ 0],
r 87Del awshi fLRegI o[q,
r87Del a O?[ g,
r 87Del aééhta |ft 8904[ 0]
r 87Del ay¥fiF'f £ R8y01[ 0],

r 87Del ayShi f t Reg30[ 0],
r 87Del ayShi ft Reg27[ 0] ,

r 87Del ayShi f t Reg24[ 0]
r 87Del ayShi f t Reg21[ 0] ,

r 87Del ayShi f t Regl 8[ 0],
r 87Del ayShi ft Regl 5[ 0] ,
r87Del ayShi ft Regl 2[ Q,
r87Del ayShi ft Reg@@[ Q,
r 87Del ayShi f t Reg06[ Q,

r 87Del ayShi nReg03[ g,

r 87Del ayShi f t Regoq g }

i 1DRegCls®d2 grdxnw35D or wSOSum)

STATE3 =4'd3,
STATE4 =4'd4,
STATES =445,
LAST =4'd§;

{/synthesis translate_off
initial
begin

r4SectionState = IDLE;
end

/Isynthesis translate_on

assign wlCoefficientClkEnable = riCoefficientClkEnable | i1Start;

CoefSelectSOS1VCom

CoefSelect]  (.ilClk (iLCIk),

ilClkEnable  (wlCoefficientClkEnable),
i18B0_08  (i18B0_08),

i18B1_08  (i18B1_08),

i18A1_08  (118A1_08),

418B0_15  (118BO_15),

il8BI_15  (i18BI_15),

A1BAI_15 . (i18A1_1S),

.orl8Data (w18Coefficient));

MultSOS1VCom
Muttiplierl (135Multinputl

(r35Multinputl),

118Multinput2  (r18Multinput2),
.ow50Product  (w50Product));

AdderSOS1VCom

Adderl  (.i50Addendl (r50Addendl),
.i50Addend2 (r50Addend?),
.ow50Sum (w50Sumy));

assign w35D1.= {r87DelayShiftReg34[0],

r87DelayShiftReg33[0],
r87DelayShiftReg32[0],
r87DelayShiftReg31(0],
r87DelayShifiReg30[0],
r87DelayShiftReg29[0],
r87DelayShifiReg28(0],
r87DelayShiftReg27(0],
187DelayShiftReg26[0],
r87DelayShiftReg25(0],
r87DelayShiftReg24{0],

r 87Del ayShi ft Reg29[ 0],
r 87Del ayShi ft Reg26[ 0] ,

, I 87Del ay ShipCTRsSg®3[009108

r 87Del ayShi f t Reg20[ 0],
r87Del ayShi ft Regl 7[ 0],
r 87Del ayShi ft Regl 4[ 0] ,
r87Del ayShiftRegl | [Q,
r 87Del ayShi ft Reg08[ Q,
r 87Del ayShi f t Reg05[ Q,
r87DelayShi ft RegQ2[ Q ,
al ways @r4SectionState or
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begin if (il DRegCl ear) begin rlShiflRegEnable <=1 | ; r35ShiftRegl nput <=
35"b0O end el se begin case (rtSectionState) |DLE: begin rl ShiftRegEnable <=
I 1W; r 358bizbadRagdonput <= SSMXXXXXXXXXXXXXXXXXXXXXXXXXX PKXAIS20050291e81d
STATElI A, STATEl : begin rtShiftRegEnakdée < I TJI; r35ShiftReg! nput <=
ws0Sun 49: 15]; end STATES: begin rl Shifl RegEnabl e <= 11)1; r 35Shi f t Reg! nput
<= w35Dl ; end default: begin rl ShittRegEnable <= 1"hbq;
35 T.J XXHKXXXIIKHKAXHIXHIAKXK XXXXXXXXXXXXX;  end endcase end end al ways
@r4Sect i ongbal®in@EHSOSum or r38I nput Reg or r SCProduVt or r50Product Reg)
case “456%7-593';%%1&%%2‘?&], STATElI A, STATEI : begi n r50Addendl <= r50Sum
187DelayShiftReg21{0],
r87DelayShiftReg20[0],
187DelayShiftReg!19{0],
r87DelayShiftReg!8[0],
87DelayShiftReg17{0],
r87DelayShiftRegi6{0],
r87DelayShiftReg15[0],
187DelaySmftRegi4[0],
r87DelayShiftReg13[0],
r87DelayShiftReg12(0],
r87DelayShiftRegl1[0],
187DelayShiftReg 10[0],
187 DelayShiftReg09{0],
87 DelayShiftReg08[0],
87DelayShiftReg07(0],
r87DelayShiﬂRe_gO6[0],
r87DelayShiftReg05[0],
187 DelayShiftReg04(0],
187DelayShiftReg03[0},
r87DelayShiftReg02[0],
187DelayShiftReg01{0],
187DelayShiftReg00[0]};
always @(r4SectionState or i1DRegClear or w35D] or w50Sum)
begin
if 11 DRegClear) begin
r1ShiftRegEnabie <= 1'bl;
r35ShiftReglnput <= 35b0;
end else begin
case (r4SectionState)
IDLE:
begin
r1ShiftRegEnable <= 1'b0;
r35ShiftReginput <= 35 HXXOXXXXXXXXXHXXX XXX XXX XUXK XX XXX KXXXK;
end
STATEIA, STATEL:
begin
r1ShifiRegEnable <= 1'bl;
r35ShifiReglnput <= w50Sum([49:15};
end
STATES:
begin
r1ShiftRegEnable <= 1'bl;
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r50Addend2 <= { {12{r381lnputReg[37]} }, r38lnputReg }; end STATE2: begin

r 50Addendl <= r5QProduct Reg; r50Addend2 <= r50Product; end STATE3: begin

r 50Addendw 2065/2508um r 50Addend2 <= r SOProduct; end STATEAIS25@29108

r 50Addend 1 <= r50Pt oduct Reg; r50Addesrd2 <= r50Product; end default: begin
r SCAddend!l <= SCHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX;

r SOAddend2 <= SOMXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; end
endcase al ways @ posedge il d k) begin r50Product <= wh0Product;

rl 8Mul t1 nput dssrimmeiMptCOREd cient; if (rl ShiftRegEnable) begin

r87Del ayShi ft Reg34 <= {r35Shift Regl nput [ 34], r87Del aySh i ftReg34[86:1]};

r 87Del ayShl eg33 <= {r35Shi ft Regl nput [ 33] f r87Del ayShi ft Reg33[ 86:11]};

r 87Del ay Shi*ft'Reg32 <= {r35Shi ft Regl nput [ 32], r87Del ayShi ft Reg32[86:1]};

r 87Del ay Shi p¢ilReg31 <= {r35Shi ft Regl nputt31], r87Del ayShi ftReg31[86:11};

r 87Del ay Shi f tiRa@@fhase== {16:35Shi f t Regl nput [ 3Q], r87Del ayShi ft RegSO[ 86:11};

" 87Del ayShi f |.5agg.,5 <-isgmmmagu&x&g,alx r87Del ayShi ftReg2 ' 9[86:1 |};
r 87Del ayShi f t Reg2 Sh i ft Regl nput[ 28], r87Del ayShi ft Reg28[ 86 1]},
r87Del aySh fftReg27 <— {r358hi ft Regl nput[27], r87Del ayShtftReg27[86 1]},

r 87Del ay Shic#st Reg26 = {r 3SShi ft Regl nput [ 26], r87Del ayShi ft Reg26[ 86 1]}

end
end
always @(r4SectionState or r5S0Sum or r38InputReg or r50Product or rSOProduétReg)
case (r4SectionState) .
STATE1A, STATEL!: begin
rS0Addendl <= r50Sum;
rS0Addend2 <= { {12{r38InputReg(37]}}, r38InputReg };
end
STATE2: begin
rS0Addend]l <= r50ProductReg;
r50Addend2 <= r50Product;
end
STATE3: begin
r50Addendl <=r50Sum;
r50Addend2 <= r50Product;
end
STATES: begin
r5S0Addend] <= r50ProductReg;
rS0Addend2 <= r50Product;
end
default: begin
r5S0Addend] <= SOHXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXAXXXXXXX XXX XXX XXXX;
r5S0Addend2 <= 50HXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXX XKXXXXXXXAXXXKXXXX ]
end
endcase
always @(posedge i1Clk)
begin
r50Product <= w50Product;
r18Multinput2 <= w18Coefficient;
if (rt ShiftRegEnable) begin
r87DelayShiftReg34 <= {r35ShiftRegInput[34], r87DelayShiftReg34{86:1]};
r87DelayShiftReg33 <= {r35ShiftRegInput[33], r87DelayShiftReg33(86:11};
r87DelayShiftReg32 <= {r35ShiftRegInput{32], r87DelayShiftReg32[86:1]},
187DelayShiftReg31 <= {r35ShiftRegInpui[31), r87DelayShiftReg31(86:1]};
r87DelayShiftReg30 <= {r35ShifiReginput{30], r87DelayShiftReg30[86:1]};
r87DelayShiftReg29 <= {r35ShiftReginput{29], r87DeIayShiﬂchZl9[86:1 1}
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r87Del ayShi ft Reg2S <= {r35Shi ft Regl nput [ 25], r87Del ayShi ftReg25[86 1]},
r87Del ayShi ft Reg24 <= {r35Sh iftRegl nput[24],r87DelayShi ft Reg24[ 86 1]},

r 87Del ay Shof200a280<= {r 35Shi f| Regl nput [ 23], r 87Del ay ShiptTRsg@3/0d4G04 ] },
r87Del ayShi ft Reg22 <= {r35ShiftRe g l3sput[22], r87Del ayShiftReg22[86 1]},
r 87Del ayShi nReg21 <= {r35Shi ft Regl nput[21] t r87Del ayShi ft Reg21[ 86 1]},
r87Del aySh i ft Reg20 <= {r35Sh iftRegl nput[20], r87DelaySh iftReg20[86 1]},
r87Del ayShi ft Regl 9 <= {r35Shi ft Regl nput[19], r87Del ayShi Regl 9[86 I]).

r 87Del ay ghbeRisa giegz&-%s{,&@g'iﬁhtsf Bﬁﬁg,bmhgzz{[dsuis] r87Del aySh i ftRegl 8[86 1]},

87Del 87Del ayShi ft Regl 7[86 1]},
" 87Dol Zi%?f’% Ry [-3a “{R%'éhbg tsﬁﬁ%m%i%%i  87Dol ayShi f§R§8| 6%86 |H

npu
r 87Del aygw{sp@% =dussfiprginey(2). f"ﬁiﬂyg ‘H‘p% r87Del ayShi ft Regl 5[ 86 1]},
r 87Del ay SfDdafshifRegh 2 (REShifReFBUP): fo[Régv'Wﬁ%{l ilh] r87Del ayShi ft Regl 4[86 1]},

r 87De! ay Shibd:jsReghBmsshin@heien Regkisptrep4@)): r 87Del ayshi ft Regl 3[86 1]},
rg;gg: ay% ﬁa%sﬁﬁxggz2<.ﬁmsﬂlﬁa3§,§h[zi1 R&QJsﬂMi[ikZﬂ r87z[3)$|[)2?/8his];1 t $?9R| 2|[8|6[ E13]6} o
r ay f r ay Shi eg ,
r 87Del aysﬂPﬁl’a{Sﬂg‘e&é“é'”s r%é‘%?% SE'B ,ﬁLEhQ%ﬁ[ ﬁ r87Del ayShi ft Regl O 86 1]},

r 87Del ay%Pﬂl‘aﬂb@@@<‘d‘35s{’P‘S@3ﬁﬁz‘f]f stn { % r87Del aySh i nReg09[ 86 1]},

r 87 De 1ay S1bdiahIRerp28 <=3 sshinr3&Binid). tr%glrshf!ﬁa&zfl@]‘” r 87Del ayShi ft Reg08[ 86 1]},

r 87Del ay Shbdil RELEN <<m@sshrrdprptii ), reRegisnpreg1fiEdy: r 87Del ayShi ft RegO7[ 86 1]},
r870el ay Qb{gt Gk <_ﬁrass£laé§.§m[lg réﬁiﬂgkmyﬁdﬁi} t"7Delaysh iftReg06[86 1]},
r 87Del ay S {2 ngﬁ?ﬁﬂ sﬂB&él " r87Del aySh i f1 Reg05[86 1]},

r 87Del aysﬁPWﬁéﬂ%a”“—"f‘ Kigoiin N Tzf r8_7DeI ayShi ft RegO4[ 86 1]},

r 87Del aySﬁpﬂwwegem<<m5w*smmlﬂf i pE5')- r 87Delay Shi ft Reg03[86 1]},

r 87Del aySthnysnga@Z<<{Es$m@5ﬁ5hllSlirﬂe«yysnxpmlf[wv r 87Del ayShi ft Reg02[ 86 1]}.

r 87Del ay Shi, QJ&%Q 14 —m%srh;a@ékbmm}Raganamwtegnk[}smr 87DelayShi ft Reg01[ 86 1]},

r 87Del ayShlft <5 ,53&@% [ @iy, r87Del ayShi ft Reg00[ 86 1]}, end
if(il DRSY Bf'aéSh eg]b 35&10%%"}1' |]on L te E<l—[ IEL rl Coef ficientd kEnabl e <=

| TIO, r 3Hﬂ?el&zsh'ﬂ%"dﬁr”?'@ﬁfﬁl’%'aE]d‘?l?é‘é“ mReglZ(EH1

187DelayShiftRegl1 <= {r35ShifiReginput{11], r87DelaySh1ftchll[86 11};
187DelayShiftReg10 <= {r35ShiftReginput{10], r87 DelayShiftRegl10[86:1]};
187DelayShiftReg09 <= (r35ShiftiReginput(9], r87DelayShiftReg09([86:1]};
r87DelayShifiReg08 <= {r35ShifiReginput(8], r87DelayShiftReg08[86:11};
r87DelayShiftReg07 <= {r358hiftReginput(7], 187 DelayShiftReg07(86:1]};
r87DelayShiﬂch06 <= {r35ShiftRegInput{6), 187 DelayShiftReg06(86:1]};
187DelayShiftReg05 <= {r35ShiftReginput(5], r87DelayShiftReg05{86:1]};
187 DelayShifiReg04 <= {r35ShifiReginput{4], r87DelayShiftReg04(86:1]};
r87DelayShiftReg03 <= {r35ShiftReginput(3], 187DelayShiftReg03[86:11};
r87DelayShiftiReg02 <= {r35ShiftRegnput([2}, r87DelayShiftReg02[86:1]};
187DelayShiftReg01 <= {r35ShiftReglnput[1], r87DelayShiftReg01 [86:1]};
87DelayShiftReg00 <= {r35ShiftReginput{0], r87 DelayShiftReg00[86:11};
end
if 11 DRegClear) begin
r4SectionState <= IDLE;
riCoefficientClkEnable <= 10;
135D2 <=35'd0;
r50ProductReg <= 50'd0;
rS0Sum <= 50'd0;
or21DataOut! <=21'd0;
orl9DataOut2  <=19'd0;
or25DataOut3  <=25'd0;
or19DataOutd <= 19'd0;
or22DataQut5  <=22'd0;
or20DataOut6 <= 20'd0;
or23DataOut? <=23'd0;
or29DataQut8 <= 29'd0;
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rSOSum <= 50 d0, or21 Dataq utl <= 21'dQ, orl9DataCut2 <= 19'dO, or25Data q
ul 3 <= 25"dQ, Orl9DataQut4 <= 19'dO or22DataQutS <= 22'dO or20Dat aQut6 <=
20' dO, orwBDatcas9d <= 23' dO, or29Dataq ut8 <= 29' dO, or IP8DAlS2005/024198 <=

18" dO or23Dataq utl O <= 23'dC, orl9Dta q utl | <= 19'dQ or22DataCutl 2 <=
22'dO or20Dataq utl 3 <= 20'dO; or23Dataq utl4 <= 23'dQ, or29Dataq utl5 <=
29'dQ orl8Dataq utl 6 <= 18 dO end el se- begin case (r4SectionState) |DLE:
begin i f (ilStart) begin r4SectionState <= WAITI; rl Coeff cientd kEnabte
<= |'M; 6566t anbwnber < 6'd0 r38lnputReg <= ( {6{il 7Datal nl [ 16] }},

i | 7Dat al nl léLPQL end end WAITI : begin rtSectionState <= STATEl A

r 35Nl t | NFOTT oL F%@&Q; end
or19DataOutll <= 19'd0;

or22DataOut12  <=22'd0;
or20DataOutl3 <= 20'd0;
or23DataOut14 <= 23'd0;
or29DataOutl5 <= 29'd0;
or18DataOutl6 <= 18'd0;
end else begin
case (rdSectionState)
IDLE:
begin
if (i1 Start) begin
rd4SectionState <=WAITI1;
rlCoefficientClkEnable <= 1'bl;
r6SectionNumber <= 6'd0;
r38InputReg <= { {6{i17Dataln1(16]}}, i17Dataln1, 1550 };
end
end
WAIT1:
begin
rdSectionState <= STATEIA;
r35Multlnputl <= r35D2;
end
STATE1A:
begin
r4SectionState <= STATEZ;
r35D2 <=w35Dl;
r35Multinput] <= w50Sum([49:15};
r50Sum <= w50Sum;
end
STATEL:
begin
r4SectionState <= STATE2;
r3sD2 <=w35D];
r35Multinput]l <= w50Sum{49:15];
r50Sum <= w30Sum;
r50ProductReg <= r50Product;
end
STATE2:
begin
r4SectionState <= STATE3;
r35Multinputl <= w35Dl;

rS0Sum <= w50Sum;
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STATElI A: begin ri SectionState <= STATEZ,;

r35D2 <= .
ws0Sunf 49: 15] ; wesH ;

35Mul t I nput |
r50Sum <= wb0Sum end STATE : P

begin r4SectionStatc <=

<=

STATE2; nr86DRo623485D1 ; r35Mul t I nputl <= ws0Suni 49: 15p

; ; CTSe@SmHes Ws50Su
r 50Pr oduct Reg <= r50Product; end STAM82: begin r4SectionState <= STATE3; "
r§5IVUI t!nputl <= w35D; rSOSum <= ws0Sum end STATE3: begin r4SectionState
<= STATE4; r35Multlnputl <= r35D2; rSOSum = wSOSum end STATE4: begin

r4Secti onSt ate < STATES;

case (rdSectionNunmber) FIL .
or 21Dat aq uf ( ) FILTERO1_LAST_SECTI ON:

<= r50Suni 38: 18] ; FI LTERO2_LAST_SECTI ON: or 19Dataq ut2 <=

r50Sunf 35: 171+

begin
r4SectionState <= STATE4;
r35Multinputl  <=r35D2;
r50Sum <= w50Sum;
end

STATE4:
begin

r4SectionState <= STATES;

case (r6SectionNumber)

FILTERO1_LAST_SECTION:
FILTER02_LAST_SECTION:
FILTERO3_LAST_SECTION:
FILTER0O4_LAST_SECTION:

~  FILTEROS_LAST_SECTION:
FILTER06_LAST_SECTION:
FILTERO7_LAST_SECTION:
FILTER0S_LAST_SECTION:
FILTER09_LAST_SECTION:
FILTER10_LAST_SECTION:
FILTER11_LAST_SECTION:
FILTER12_LAST_SECTION:
FILTER13_LAST_SECTION-
FILTER14_LAST_SECTION:
FILTER15_LAST_SECTION:
FILTER16_LAST_SECTION:

endcase

r38nputReg <= r50Sum[37:0};

rS0ProductReg <= r50Product;
r35Multinputl <=w35D1;
end
STATES:
begin

or21DataOut! <=r50Sum({38:18];
or19DataQut2 <=r50Sum[35:17];
or25Data0ut3 <=r50Sum{36:12];
or19DataQutd <=r50Sum[39:21];
or22DataOut$ <=r50Sum(49 28];
or20DataOut6 <= r50Sum{37:18];
or23DataQut7 <=r50Sum[49:27];
or29Data0ut8 <= rS0Sum(39:11};
or18DataOut9 <=r50Sum(34:17);
or23DataQut10 <= r50Sum([34:12];
ori9DataOutl1 <=r50Sum(39:21];
or22DataOut12 <= r50Sum{49:28];
or20DataOut13 <= r50Sum[37:18];
or23DataOut14 <= r50Sum(49:27};
or29DataOut15 <= r50Sum[39:11};
or18DataOut16 <= r50Sum{32:15];

r6SectionNumber <= r6SectionNumber + 1;

if (r6SectionNumber == LAST_SECTION)

begin
r4SectionState <= LAST;

r1CoeffictentClkEnable <= 1'b0;

end

else begin
rdSectionState <= STATEI;
r35Multinputl  <=r35D2;

end
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FI LTERO3_LAST_SECTI ON: or 25Dataq ut3 <= r50Sunf 36: 12] ;

FI LTERO4_LAST_SECTI ON: orl 9Dataq ut4 <= r50Suni39:21 ] ;

FI LTERO5 WO30068B&MHON. or 22Dat aq ut5 <= r50Suni 49 28]; PCT/US2005/029108
FI LTERO6_LAST_SECTI ON- or 20Dat aq ut 64x= r50Sun( 37: 18] ;

FI LTERO7 _LAST_SECTI ON: or23Dataq ut7 <= r50Suni 49: 27] ;

FI LTERO8_LAST_SECTI ON: Or29Dalaq ut8 <= r50Sun{39:11];
FILTERO9_LAST_SECTI ON: orl| 8Dataq ut9 <= r50Suni 34: 17];

FI LTERLO LASTsSB&mpbepr 23Dat aq ut | O <= r50Suni 34: 12] ;

FI LTER 1_LAST rBEGH_QNy_sarriofDasiguikps & ( (6 (17Dasn2n §0 Sunda89 1524 ;

Ellt¥E§1§ tﬁg¥_ﬁ5ﬁy ¥r sEUT%ZDF%EI@GlRééEJ A6 (FDatbmAGH 78212 Slvo ,
FI LTERL4 LAST‘%E%H 8&' S'%équ%‘“eY“ R"&L" ‘33 "20”“‘“'%@%&2{0%'“%%”
FI LTER 5_LAST TH4ERRH-ET- SEFF@QDH?‘%%{R‘&?I (@22 YRR |

FILTER 6_ LAST | _ PRIEETS OINT_SeTio8 Detsier@Ret k6 mem@um)awdw@} i51’@}f'-|dcase t 381 nput Reg
<= r50Suni 37: Cdurero& RN et Ol RBgnpsRes £-XGBPaEY b ): r 35MUl t | nputl <=w35D; end

STATES: begl n ﬁL%PLAS?@MmeESIanEe L= {%Sataln ﬂ 'z'imﬁ:fs lg-'bO : i f (rf Secti onNurrber
= LAST_SECTI %{)entCI kEnabl e < |1 "bq;

S
end el se beg ?}D?ﬂz@g&’iﬂﬁﬁ%{o& g 8"'3"‘“31'A‘f'ﬁ|]60m'"9§§i\/u\%§ <= r35D2; endcase
(r Section Nu Mo FGROEMST SFRIPN] REPURECT {WD“P"SQPHMEQ%‘@}" W30 1
{6{i | 7Dat al n2[ FiGErR1¢ LAsT IsFDeNa F3ptapptReg STELN2YDataIn11{19)}}, i20Dataln1?, 150 };
FILTER11_LAST_SECTION: r38InputReg <= { i22Dataln12{21}, i22Dataln12, 1550 };
FILTER12_LAST_SECTION: r38InputReg <= { {3{i20Dataln13[19]}}, 20Dataln3, 15%0 };
FILTER13_LAST_SECTION: r38InputReg <= {123Dataln14, 1550 };
FILTER14_LAST_SECTION: r38InputReg <= { i22Dataln15[21},122Dataln15, 150 };
FILTER15_LAST_SECTION: r38InputReg <= { {7{il6Dataln16[15]}}, i16Dataln16, 150 };
endcase
r50Sum <= w50Sum;
end
LAST:
begm
r4SectionState <= IDLE;
r50ProductReg <= r50Product;
end
default:
begin
r4SectionState <= 1DLE;
end
endcase
end
end

endmodule
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FI LTERO2_LAST_SECTI ON: r381lpputReg <= { {6{il 7Datal n3[16]}}, il 7Datal n3,
151)0 ) , FILTERO3_LAST_SECTION: r38l nputReg <= { {3{i20Datal n4[19]}},

i 20Dat al wé,20d6b23d0} ; FI LTERO4_LAST_SECTI ON: r 38l nput RegTAars24osio2amat al n5[ 2
1], i22Dataln5, 151)0 } ; FILTERO5_LAST SECTI ON: r38lnputReg <= { (3

{i 20Dat al n6[ 19] }}, i20Dataln6, 15T)O } ; FILTERO6_LAST_SECTI ON: r381lnput Reg
<= { i23Dataln7, 1510 } ; FILTERO7_LAST_SECTI ON: r 38l nput Reg <= {

i 22Dat al n8[ 21], i22Dataln8, 151)0 } ; FILTERO8_LAST_SECTI ON: r 38l nput Reg <=
{ {7{il6Dataln9[15]) }, il 6Dataln9, 151)0 }; FILTERO9_LAST_SECTI O\
r38lnputReg <= { {7{il6DatalnlO[15]}}, il6Datalnl 0, 151)0 } ;

FI LTERLO LAST SECTION: r38lnputReg <= { {3{i20Datalnl | [19]}}, i 20Datalnl

|, 15 ol AST_SECTI ON:  r38l nput Reg <= { i22Datal nl 2[ 21],

i 22Dat 5‘&1‘&‘ '§5¢!§WE,DI 'LTER 2 LAST SECTION: r38I nput Reg <= {

{3{i 20Dat a -1 i 3 64]%&) .} ; FILTER13_LAST_SECTI ON:

r 381 npl?? Reé@égl% 3%1%@%&3%9@3%%%, X ; I% LTERI 4 LAST_SECTI ON:. r 38l nput Reg
<= { i22Datal nl 5[ 2&bvicé SRERLAKT Sum Bt hhnriel Fhdid BRnaPardASEREETAE
r38lnpul Reg <= { {7{il6DatalLnl 6[15]}}, il6Datalnl 6, 151)0 } ; endcase

r SOSum <= woifdiorsigraldo pa8ice damn sighilSant to auldiatt enesf thOldR, anda{Phe adllic| Reg <=
r50Product; end default: begin rtSectionState <= IDLE, end endcase end end
endnodul eWHAsighads &omi thEDthegof the 1oft tand enght $igmals tdprodu¢eyn diffesence dignal;

conprising: a device configured to suma |left channel audio signal and a
ri ght channe#t

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 a 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

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

6. The television audio signal encoder of claim 1, wherein the configurable infinite
impulse response digital filter includes a selector configured to select one of the filter

coefficients.
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audi o signal to produce a sumsignal, and to subtract one of the left and
right audio signals fromthe other of the |left and right signals to produce
a differeawoaomigaab; and a configurable infinite inpul secraspas®eoids git al
filter configured to selectively use gt | east one set of filter
coefficients to filter the difference signal, wherein the set of filter
coef f 7Ci TRE KelefisPRPMidS! sighal Bcoded bECRGES ShvEBRIn Be sel&dtdiRIuies i plier in
a recursive manner to prepare the difference signal for transm ssion. 2.
The t eluvdtiplsxen audi o signal encoder of claim1l, wherein the configurable
infinite inpulse response digital filter includes a feedback path to apply
the set of filter coefficients to the difference signal in a recursive
manner.. 3. The tel evision audi o _signal. encoder .of claim 2, wherein the
f eedbck LpartHerision Ao sigasl; meodegiselaim d o whereiy thy genfiigurahle ifiniteassoci at ed
with the 1di fferenﬁe .tnglnal.. 4. Th%[ttel evi si on aUdiﬁﬁ si gnal encoder of claim
1, whEPRYIRC {oRonse qigitel Fies 1% corfigursd '@ Provids & oW BESSWSE digital filter is
configured to nultiply a signal associated with the difference signal and
provi de an output of this multiplication. 5. The television audi o signal
encoder ghe atigiifioh, auditesigndlnéhc6 @i dfoslaiab 1 © whefdin ithe coifitrfe LERRRNSE
digital filter includes a selector configured to select a digital input
si ghaimpiise fiaportse dipitiakfiloer imtlades asirgphadddenfordpplyifg the Alten cheffiientseton t he
configurable infinite inpulse response digital filter includes a selector
conf i g‘m@ﬁ'eteoc%@%%tm dresursiverthaniier.l t er coefficients.7. The tel evision audio
signal encoder of claimb5, wherein the selector includes a nultiplexer. 8.
The tel evision audi o signal encoder of claim1, wherein the configurable
ilter con ed.to provide a | ow

The el evisi on a “encor . .

| nes " iby The g TSioh SRRRIGeY oot of bkt Wihefif eBleERidalie YRt 3 L1 ¢ he
3 GRS LR nafteitdifcr caPian afif 187 her o

C oy Sthphetoldic BYdifast FRYiSEn STSPANE M e BTSC) Mafifart S UED & o191 e.

recursive manner. 10. The tel evision audio signal encoder of claim1l,
wherein the tel evision audio signal conplies to the Broadcast Tel evision
Syst el Cohmittleesion Bi&iG)si gtah enarddr ofl dlainT He whetedy il tolevisioh audso gigaal encoder
of claiml, wherein the television audio signal conplies to the Near

| nst aprempheniolthe Nesrdastantancaysly Campangedudiny lexs (NMEarYIY standard. The

tel evision audi o signal encoder of claim1, wherein the television audio
signal conplies to the A2/ Zweiton standard.

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

complies to the A2/Zweiton standard.

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

complies to the EIA — J standard.

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

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
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13. The television audi o signal encoder of claim1l, wherein the television
audi o signal conplies to the EIA- J standard. 14. The tel evision audio

si gnal ernwoadess/B49el ai m 1, wherein the configurabl e infiPoirtus2e0spedise
response digital filter is inplenmented in an integrated circuit. 15. A

tel evision audi o signal decoder, conprisin

al g: a crg&{gaéagl e Lnf Lnite
i mpul se r aight phanngl aydiosigal fromythe offer of ihelsftichanne chanheraudio | oast one
set of filter coefficients filter di fferen ignal nejn the
di f f er encS'ERgYHICrsia ﬂberS(?EIBgégerb%?eéf‘fbetn?salétapﬁlbe@ﬁ(eiﬁ%al STITSE £ ig‘éf’ilat:’i‘?}n%l and
aright chapn 1,f..S| the t higfericBasipigl Bpd right
channel ausclflléié sl?%iﬁgﬁer kﬂgﬁg"{r‘]‘% heI;rlléz,{gl'Eé?g)‘;8 ?{eptgr_gr B%oef f ieE:i gnt%%i s applied to
the differgnesagss #Haata ManAelSindGight BRHhEIIIARY sifikld ah@Cur Si ve manner to
prepare the difference signal for separating the |left channel and right
channel audi o si gevits cordipiiredl Wescpamtecthaflefy chahel and eight ehannchaudief t channel
and right channel audio signals fromthe difference signal and a sum
si gnal , whegreils fiolre theudiffsrapoal signat land e surh esignaly wherejrefhe suarsignal audi o
signal and the right channel audio_signal. 16. A televisian audjo signal
decoder of ingludesithe sumtpecleichanned a%ﬂﬁigﬁ%r%‘ﬂltge T‘Qi‘ti cﬁ‘f“?’é"l ia\’r‘ﬁﬁ S€83 esponse
digital filter includes a feedback path to apply the set of filter
coefficients to the difference signal in a recursive manner. 17. The
tel evsi I3 & ifd! 189, Moner¥ehe! PdnkiPrabRERBARK Pat h

RIBHSIR FIEF HenbCRARREs 8F oB 15 M dMoE ontirbRoReR

i ncl udes regl s gital signals associated wth the

diff fR RisPORk- dikfal filer {RiRIekSA TRedbuel ali 9 aipptieaasiest of filleni m 15,
wherein the configurable infinite inpulse response digital filter is

conf i @erfdieritotoihk diffdrénca siinghiala racssiot ataadervi t h t he di fference signal and
provi de an output of this multiplication. 19. The television audio signal
decoder of claim 15, where the configurable infinite inpul se response

digital filter includes a_selector confjgured o select di gital input

o1 ohalT. D elisianeaudin SeaosadrEoLsIgnto BUEGHeredbrck it Btidh el 1t he
confiqgugabl.e infjnite .impulse response..diqi.t ilter.includes a selector
conf i gﬁéé‘?ﬁ‘?tﬁr @é*egaé'td?%}hg?‘(g?glf ﬁ%soﬁa?epé‘fmb%‘gfd#?ééfééﬁté. 1. The tel evision
audi o signal decoder of claim 19, wherein the selector includes a

mul tiplexer. 22. The tel evision audio signal decoder of claim15, wherein

the confiRutAR)isioh AhdiBisigHalBdoder bESRRASS, dilgidinkhd cdrfipfurdbse dfinitegured to
provide a | ow pass filter. 23. The tel evision audio signal decoder of claim

15, whngndéerdspenseodifita)ufiledz! ie donfiguiet etoi mpltiplee aregpbaswciited with thel t er
includes a single adder for applying the filter coefficients to
difference signal and provide an output of this multiplication.

19. The television audio 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 conﬁgurabl¢ 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
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the difference signal in a recursive manner. 24. The television audio
signal decoder of claim 15, wherein the television audio signal conplies to
t he Br oadwabosleBsvi sion System Conmittee (BTSC) st andardT/id20050k%eE 08

tel evision audi o signal decoder of clai m 15, wherein the television audio
signal conplies to the Near I|nstantaneously Conpanded Audi o Muli pl ex

(NI CAM standard. 26. The tel evision audi o signal decoder of claiml5,
wherein the tel evision audio si gnhal conplies to the A2/ Zweiton standard.

27. The teI evi si on audi decqder of. claim erein the tel evision
audi o SPHRLE TEPRPFG ‘Sg‘t‘fl ’lFﬁgs ‘Eglnﬂ cggaﬁr(%fdﬁalgg pa‘f%ﬁlt%\tgl evi si on audi o

si gnal decoder of claim 15, wherein the configurable infinite inpulse
response digital filter is inplemented in an integrated circuit.

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 Instantaneously 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.

27. 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.

SUBSTITUTE SHEET (RULE 26)



