WD 2005/ 094529 PCT/ 0S2005/ 009867 CONFI GURABLE FI LTER FOR PROCESSI NG

TELEVI SI ON AUDI O SI GNALS RELATED APPLI CATI ON AND TECHNI CAL FI ELD [ 0001]
This application is related to the following U S. application, of commn
assignee, fromwhich priority is clainmed, and the contents of which are

i ncor porate Il N their entirety by reference: " 1 L nfinite
- I npul se Rg‘slgggﬁ)gdéﬂfzfl R) Filter Section For Broadcast e(};fé@élzg?%gﬂm&ﬂdi o]
Application,” U S. Provisional Patent Application Serial No. 60/555; 853,
filed March 24, 2004. [0002] This disclosure relates to processing

tel evision audio signals and, nore particularly, to a configurable filter
for use with encodi ng and decoding televisi: i 0 _signals.  BACKGROUND
10003 1 196ONHE URARLEF U LR HaRPRACESSING TRIETRSIeELaDIO
Comuni cations Conmi ssion, adopted aSHEAA¥Sd for the transm ssion and
reception of stereo audio for television. This standard is codified in the
FCC s Bulletin OET-60, and is often called the BTSC systemafter the
Broadcast TelRELATED ARPLICATIRAN AND TELHMWEAMsEELD or the MS

(Mul ti-channel Tel evision Sound) system [0004] Prior to the BTSC system
br oadcast tel e0si1pmhaudipticsa RORRpdORI the follownn SUISNgpplcatdosi lt@nmon
"channel " or signal of audio content. Stereo audio typically requires the

t ransni ssi onawsignesadromit plepréeiy isslpdn el endilip eorientaeioviideast insprporaigsidistein of
detecting and_.recovering both ch | S. rder . to nmeet the E .

requi r ement ’[nhg'te”_teﬁlgrettr‘é\%g rF’%é%ﬁ‘l ?@}%@Bfé%‘fdaﬂq{ﬁ?ta DHEPYE fﬁoﬂfee(lﬁ ?Wer

exi sting NongRRBAKG; é:%k@c‘éét%’ef&@isﬁ%?ﬁéldid Aﬁalilcatlic!h?tuS”Px%@isfo‘ﬁ&@a‘(&% RPR?caﬁé’zPabl €

of reproducing an appropriate audi o signal fromthe new type of stereo
broadcast), Sl Boosussssts3TRleewiatiomn, 39et ens Conmi tt ee adopted an approach
simlar to FMradio systens: stereo Left and Right audio signals are
conbined to formtwo ~ new . signals, a Sumsignal and a Difference signal. i
WO 2005/ 094529 [8%] Unis 0@s9loem eciates G0 asgeehi Honten vy pigndh ande B s

detect and d L.at e onl ~signal ...consj St of ..t he,addi ti an of
the Lef ¢ and Rt osCes Seteh i BrdpE o AR E +llsbub e B L §8%o:
the Sum and ghgiD fference signals, reconbining the signals to extract the
original stereo Left and Right signals. [0006] For transmi ssion, the Sum
signal directly nodul ates the aural FMcarrier just as would a nonophonic
audi o si gnal gAEGROUNENCe channel , however, is first nodulated onto an
AM subcarrier | ocated 31. 768 kHz above the aural carrier's center

frequency. The[0003] In 1984, the United States, under the auspices of the Federal Communications
Commission, adopted a standard for the transmission and reception of stereo audio for
television. This standard is codified in the FCC’s Bulletin OET-60, and is often called the
BTSC system after the Broadcast Television Systems Commiittee that proposed if, or the

MTS (Multi-channel Television Sound) system.

[0004] Prior to the BTSC system, broadcast felevision 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 telev‘ision sets (i.e., that
mono receivers be capable of reproducing an appropriate audio signal from the new type
of sterco broadcast), the Broadcast Television Systems Committee adopted an approach
similar to FM radio systems: stereo Left and Right andio signals are combined to form two

new signals, a Sum signal and a Difference signal.
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nature of FM nodul ation is such that background noi se increases by 3

deci bel (dB) per octave, and as a result, because the new subcarrier is

| ocated further fromthe aural carrier's center frequency than the Sum or
nono signal, additional noise is introduced into the Difference channel,

and hence |n@gzhn%9ggpovered stereo signal. In nmany CIGC@EMQﬁg@ﬁUm7ln
fact, this rising nolse characteristic renders the stereo signal too noisy

to nmeet the requi renents inposed by the FCC, and so the BTSC system
mandat es a noi se reduction systemin the Difference channel signal path.

[ 0007] This system sonetinmes referred to as dbx noi se reduction (after the
conpany that devel oped the technique) is of the conpandi ng type,
conprising an efmodeMoanghonitacloveinn réchiyepnictdesndattapiiiel only the tSenssigriad
Difference signal prior to transm ssion such that anplitude and frequency

content, uporfoBEEHEE dighe Pﬁdéfé’n( of fac kefj aphRight prreR stengls: Shiea-srgallp geceivers
t ! id th
Dir ? P Z ;neﬁileo 2 i gcr»eg‘fe gh g}er% %I?é) ﬁmg ;Drﬁ a‘lggéet % gl ?&8%@3%%?%&13 Q?’% {11‘3 34 th a@gt €

audi bl y maskegig tiBeo r3fian@kighoat@mi. . [0008] The dbx noise reductl on
systemis also used to encode and decode Secondary Audi o Programm ng (SAP)

signals, which is defined in the BTSC standard as an additional
i nformation chalfféf] Emdrangnistienfhedyabignsl direglly modnleies freamebiivicagicr wstas

[0000] Cost MG FEBRPEEIS BRGTFIL ohDOrHe s “burByPer bR il SEAIPERs s
a result of g Vi Aé&%éé%%?%%afgé Y209 LQRRE e B%rgasﬁceﬁ&msﬁdeh%)%h@”d

consuner expect atl ons, prorl mar gl nS on consuner ctronics duct's

especi al |y t elagyd 5 B podduiidhsSs sieAnhD@aviaposdimogk ingemtd by Bae@andBmerd bx
decoder is located in the television receiver, manufacturers are sensitive
to the cost oftavheanddascodesilt, bevdusedlie @ewgsubpratieost logfted Fathde otethej ajra)

d 1t |, il th d i. t t
Lol evi of o r GeERver ol el oS piiroR Yol fodl P‘E‘Sé)‘g Blakiistiflo any
devel opnent 0
pr \(;w dgs a b\éeﬁry l%e%g{j\%ﬁ%{/e%aﬁ?ﬁ%q%{) %%L%@U%%d ﬁgl%%% Ttln acc %ﬁ@étagméet%h an
aspect of thén @hicschRSiNify néisd chaLattSisHO raideisohs isgral mg@ﬂ@@ﬁﬁ(ﬁisy ac lseesiea

matrix that suns a |eft channel audio signal and a right channel audio
signal to preduoenents inpsighathe s andise ithe B0 syitam magdasesonioissf rednion ef t

and right audio nal.s. fromthe oth o produce a difference signal. The
encoder al so SY$ Ub‘gg%égm?%fﬁfc yurkpee qul#ll nite inpul se response digital
filter that selectively uses one or nore sets of filter coefficients to
filter the diffiepencsisiyeRa son%ﬁibs%@flaﬁgé @tﬂs%bﬁ%B1s@fedﬁétldn%ﬁé‘r‘%ﬁé édnﬁ!aﬁ?t S

is associated with a unique filtering application to prepare the difference
signal for that developed the technique) is of the companding type, comprising an encoder and
decoder. The encoder adaptively filters the Difference signal prior to transmission such
that amplitude and frequency content, upon decoding, hide (“mask’) noise picked up
during the transmission process. The decoder completes the process by restoring the

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

signal content.

[0008] The dbx noise reduction system is also used to encode and decode Secondary
Audio Programming (SAP) signals, which is defined in the BTSC standard as an
additional information channel and is often used to e.g., camry programming in an

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

[0009] Cost is, of course, of prime concern to television manufacturers. As a result of
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transm ssion. [0011] In one enbodi nent, the configurable infinite inpulse
response digital filter my include a selector that selects one of the one
or nore sets of filter coefficients. The configurable infinite inpulse
response digital filter may include a selector that selects an input

si gnal fron1a i nput signals. One input signal fromthe

i nput S|gnaI§) Wpﬁﬂclude an out put signal of the confﬂéﬂﬁ§%$%mﬁﬁ?lnlte

i mpul se response digital filter. The configurable infinite inpulse
response digital filter may be a second order infinite inpulse response
filter. Furthernore, the configurable infinite inpulse response digital
filter may be configured as a |ow pass filter, a high pass filter, bandpass
filter, an eimprastampdtitbohand cetsemerltmpeaeati@s] profit Mbirgutseont ctdntuene:mﬁbmes ents
may based on a rate that the television audio signal is sanpled. The sets
of filter coBPAieenperiatyyiclssisonored s can henwpiphigelyi smal. BevnsedesAg04529

PCT/ US2005/ 0 7 e that is s ed in neno The t Vi si on
audi o si gnal 9??’8@ é%Jr?ﬁ"f‘f}/d P&H?Wi}ewsg}norg%%\%,tm &aé &P Bty Sg?%?éayntf’ ttefjélg
(BTSC) stand t pRan | CAM
st andard, thggc%7r2£m§|rtug%hs%ttgigﬁp%ﬁﬁfg%e&h% ISQH sﬁ%ﬁ%{%%éb Elerq#gllﬁér\rl] | ar
audi o st andaﬂhel enddier comdtiiguatedhh e ﬁelufnsmntrecmwpuh&a; nesponsetivedtrgh tagprofii | t er
may be inplenented in an integrated circuit. [0012] In accordance with

anot her as pe‘t?ftmdﬁf’mfa Héy dyvslopasitwhiclywilbiesyaasg A gsogn af the geesdaerso

i ncludes a confl infinite inpul se response digital filter that

sel eéctively Qfg‘é ﬁ @i’ nore sets of filter coefficients to filter a

di fference S|gnal. The difference signal is produced by subtracting one of
a left channel and a right channel audio signal fromthe other audio

Si _gnal . Each WWARWBﬁ?’HE"bI@éL@S@ fici ents i's ass_oci ated with a

uni que fllterlng appl 'cation to prep are he di fference signal for

separating the channel and nne udi o signals. The decoder
al go i ncl gdes Hjom% geopplapecs Braé‘t g*é’ecft {harqiscloshten dele eéfi'?&imr? siEhannel
audi o si gna'eﬁccic{epﬁ? J&? ?Mafrﬁ( tﬁ&% gélf‘éhaﬂﬂé‘i aﬁdﬁ‘é@n’?ﬁh&ﬂ%%@hﬁ anng‘p%' gnal

i ncl udes the sum anne 10 Si audi o

signal . [00%3hal 13 @oeiceaadisigat , Tﬁehﬁatﬁsaafsbgutsteéa{semb@ffmy 168 ahdBEhiSAdio
response digital filter may Include a selector that selects one of the one

or nore set §Ianﬁ18fﬁ¢methe odef ftp giredics .2 FHilrencosignglirEits] encbadri aisa éncludpulase
response d| sel ector that selects an input

fil | ud
signal fromd 1851’6 e m}tﬁﬁé&%cr&%’ggﬁe digitpd filtgpiet ssieghuply picsens ﬂ’em@?ecfﬁi? of
| nput. ST anald aefiPhelifchitds A0 @UkfHTenSL A0 @Jchts{;l@ctgbq Ly %y&%&' Setrllchfl t €

i mpul se response di gl e co urable |n I i

response di @ t&bcibiel te@ith E&Mm?@ ﬁlteﬁﬁ@%h@ﬁ%ﬁrtol Pepat te dﬁ‘f@éﬂﬁ%]grn@ﬁ panse
filter. Furthernore, the configurable infinite inpulse response digital
filter may b‘@n@@isﬁid:tgured as a low pass filter, a high pass filter, bandpass
filter, an enphasis

[0011] In one embodiment, the configurable infinite impulse response digital filter
may include a selector that selects one of the one or more sets of filter coefficients. The
configurable infinite impulse response digital filter may include a selector that selects an
input signal from a group of input signals. One input signal from the group of input signals
may include an output signal of the configurable infinite impulse response digital filter.
The configurable infinite impulse response digital filter may be a second order infinite
impulse response filter. Furthermore, the configurable infinite impulse response digital
filter may be configured as a low pass filter, a high pass filter, bandpass filter, an emphasis
filter, etc. The selection of the filter coefficients may based on a rate that the television

andio signal is sampled. The sets of filter coefficients may be stored in 2 memory or in a

3



filter, etc. The selection of the filter coefficients nay based on a rate
that the television audio signal is sanpled. The sets of filter
coefficients may be stored in a nenory or in a look - up table that is
stored in nenory. The television audio signal may corrply to the Broadcast
Tel evi si on t apm ttee (BTSC) standard, the Near y 4 WO
2005/ 094529%@@@%&;‘/ 009867 Conpanded Audl o Mulipl ex ?W&W‘%@hdard
the A2/ Zweiton standard, the EIA - | standard, or other simlar audio
standard. The confi gur abI e infinite inpulse response digital filter may be
inplenented in an integrated circuit. [0014] In accordance w th anot her
aspect of the disclosure, a digital BTSC signal encoder for encoding
digital |eft jabd—ripgitle thhnisR@kedditidhansy.glind Slesbidnhmtiot imabmaepdedpllyed the and

ri ght channel audi o signals can be subsequently decoded so as to reproduce
the digital Pepdcagindelpiigpn Sdﬁamnﬁpmamﬁﬁeo(lﬁsﬁmt@dwdt g Negy Bstsptapgpusly

audi o si gnal <CoeraHeacia MR, oA Ermitefth b8 at Bt BT g

and the rightgghanne} o@eldslﬁuﬁf GRS stBdRE OIS oRA SIS e iny }*afse rf@sg,eheé al so

subtracts one of the left and right audio signalS fromthe o produce
a di fference digita fittbr maihe iBpHteateddnled inddgsaed digitdes a confi gurabl e
infinite inmpulse response digital filter that selectively uses one or nore
sets of filter coefficients to filter the difference qnal Each

sel ectabl e set B101%] Ingaspordalias pyithaafther ppecof de HsckRsuif & felaViRion &ro pightler i ng

application t b onply
oPPh the BroctRlERBAtEaill Al AR SRl Bl WARPMA RO AN B
infinite i npwhser MORNLRYE filldickMcidnts! tb Elter M‘Yfeteﬁ@el SR, al’ﬁdf‘dlﬁ&teﬂcfe didial is

sel ects one of the one or nore sets of filter coefficients. The

confi gur abl e preduced bsesubrttp@tingemleﬁ pde ehfdmgl anglla fighit tcbamnhgldumﬁiglw droa the
sel ector that sel ects. an si gnal fr q%éoup of input sjgnals. One
i nput si gnal °fiiEbAY 1ﬂé1gﬂ?loﬁ?‘3 1361F‘ﬁ £ s&i Y qegco ‘S}ei}t%hql afeRcialid ¥ ﬁd‘F“qéngnal

of the confi gyr ﬁi?%ﬁgﬂlf&ﬁd%' t%)?pf g h%echff&gl? r%?%lapt %pgarat I lthgﬁeeft chedfel and o

configurable™n response a secon

infinite i ”%hﬁ&1ahﬁ@&@ﬂh%%1§da st €The (fédbcldﬂ%[sBQﬁﬁudds f'aem@t%ﬂfthﬁbbreﬁéi‘ht@s tRfilfi te
i mpul se response digital filter may be configured as a |ow pass filter, a

hi gh pass fi khamel dsdniphbemntiél laudip siganls drophts idsiferdrick signgl asd @. summ@nsbrl‘éetl on
of the filter coeff] C|e ts may based on a rate that the television audio
signal is safpPeEnaTmsiudes e spmrthe defi chagasl audioetienal pag terig sharpel qudo
menory or in %ﬁ ook - up table that is stored in menmory. [0016] In
accordance w anot her aspect of the disclosure, a digital BTSC signal 5
WO 2005/ 094529 PCT/ US2005/ 009567 decoder for decoding digital left and

ri ght channel go0i3 I8iog6@hmBodiivicht, klid §dnEig@blednthhisd @fpuiseesponse digital filter

may include a selector that selects one of the one or more sets of filter coefficients. The
configurable infinite impulse response digital filter may include a selector that selects an
input signal from a group of input sigrals. One input signal from the group of input signals
may include an output signal of the configurable infinite impulse response digital filter,
The configurable infinite impulse response digital filter may be a second order infinite
impulse response filter. Furthermore, the configurable infinite impulse response digital
filter may be configured as a low pass filter, a high pass filter, bandpass filter, an emphasis
filter, etc. The selection of the filter coefficients may based on a rate that the television
audio signal is sarpled. The sets of filter coefficients may be stored in a memory orin a
look — up table that is stored in memory. The television audio signal may comply to the

Broadcast Television System Committee (BTSC) standard, the Near Instantaneously
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of the signal content of the digital left and right channel audio signals,
includes, a configurable infinite inpulse response digital filter that

sel ectively uses one or nore sets of filter coefficients to filter a

di fference signal that conplies with the BTSC standard. The difference
signal is prp ; subtracting one of a left channel d channe
audi o si gnal ??@ﬁ@%ﬁ%’other audi o signal. Each selectablépgl$M&%ﬂ$&f
coefficients is associated with a unique filtering application to prepare
the difference signal for separating the left channel and right channel
audi o signals. BTSC signal decoder also includes a matrix that separates
the Il eft channel and right channel audio signals fromthe difference

si gnal and aCeumpasdegnitdio thépburﬁ*lé(ﬁzgwalstahm;ﬂuﬁiem}heeimmmﬁadl #ktEldhahnel
audio signal and the right channel audio_sig 0017] .1 n one enbodi nent,
the confi gur SBRE Tt SN AUEE T3 s@h%licﬁfi 1%&& s ulltﬁ@ve TRRNISS FEPUTdR a

sol e or (el o AR5 0R Aleble RS, e L8 hglp of 11 Ler coefflcients

ul'se response dirgital filter may include a
selector that selects an input signal froma group of input signals. One
i nput signal frfom4] e agioadspcoivith rputhes bgpal & the@jscionat ugdighal BUSEWigsi gnal
of the configurable infinite inpulse response digital filter. The
conf i gur abl ecnorfi¢rrpr encodipe iipatal le8 sod sightihghncd lbudip [sigapls ﬁ@aﬂlabélee@ﬂsmd Aeft or der

f t t F h f bl f t
| pul e r es pRHUEHP DA e FEpeF Cine Shoeguvy Ghredli€ stosde b fis ekl |
hi gh pass fijkehq i ?ﬂﬂqﬁﬁrﬁﬂ; addid Eigg als @rﬂh%m%‘o%mttﬁhbﬁ 9{] e gltgﬁal ARRnSEREL | i On

of the filter coefficients nmay on aratet e television audio
signal is sadipligideft IrErigtchantel hudié eignae fchides, anhstrivalat Bems tior ief chihnal
menmory or in a |ook - up table that is stored in nmenory. [0018] In
accordance widip signs ped 'fha§1|§bfdtha@1d ﬂ‘FFbO Qliggfdlf@ piadece asuebeipodle lhp nogbasso

Rhen© execur Stays Aol BETdh fla £l il Budls ofs kit er bkl
audi o si gnals;angd and B@@@ en&;‘a@:n:ﬂ@ m@fﬁ%soa édnﬁgﬁ‘[labfe(?nfﬂ{l@q ‘;nﬁls@re%ﬁgﬂsg f:lggr[’iﬁe | of t

Executed instructions al so cause the proce sor to subtfact ohe

and right aulied thdt gelattsrefyr wses bhe optoesr sdd ghfilterteficedisas filer WO &80RAO94529
PCT/ US2005/ 009867 a difference signal. Furthernore, executed instructions
cause the prgneksiachtsglesigblaceet ofidl tep cosfbeients de @swbiaterl| with acwafid Gltennss t o
filter the dlf .erence Si th a urable infjnite uIs sponse
i of tal 11 CRPICEER TP et paaii e s GRl e imisgen FrdPanmoti CRhe BIRE: bg

with a unl%ggd&h!terlng application to prepare the difference signal for
transm ssion. [0019] In one enbodi nent, the conputer program product
further includes instructions that, mhen executed, nmay select an input
signal from a @obdsignodnei enfhwtinsingriad sonﬁgtmm)jnﬁbne aﬁmdsajﬁe@mswdtgﬂtahﬁnémer
aspect of the disclosure, a conputer program product reS|d|n? on a conputer
r eadabl o medRAINSHGE SElicis Rt cEFEhenap Bh ONPIHOE)EIE ff Edfer coefficients. The

configurable infinite impulse response digital filter may include a selector that selects an
input signal from a group of input signals. One input signal from the group of input signals
may include an output signal of the configurable infinite impulse response digital filter.
The configurable infinite impulse response digital filter may be a second order infinite
impulse response filter. Furthermore, the configurable infinite impulse response digital
filter may be configured as a low pass filter, a high pass filter, bandpass filter, an emphasis
filter, etc. The selection of the filter coefficients may based on a rate that the television
audio signal is sampled, The sets of filter coefficients may be stored in a2 memory or in a

look — up table that is stored in memory.

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



by a processor, cause that processor to select one or nore sets of filter
coefficients to filter a difference signal with an infinite inpulse
response digital filter. The difference signal is produced by subtracting
one of a left channel and a right channel audio signal fromthe other
audi o si gnaly,,Thersghectabl e set of filter coefficients pspasspanaled W th
a unique filtering application to prepare the difference signal for
separating the left channel and right channel audio signals. Executed
instructions al so cause the processor to separate the |eft channel and

ri ght channel audio signals fromthe difference signal and a sum signal.
The sum signal includes the sumthe |left channel audio signal and the right
channel audi odecgilgye decqddndipital hefoad righbddine aedio sigeelewith %ttl@ror pe digioatmn

prodct, U ef 1S Ul 15 ok O1S,A 1S e Rt ey el
anot her aspe %on‘ﬁ%‘mjaﬁ@ iﬁhﬁtﬁ g@ﬁﬂg«?res@m%@ Jii%ﬁél%‘il@? tlﬁpgl&g%@ Nads BPCLHSTe sets

i ncl udes an input stage t recerves a secondary audi 0° progranm ng si gnal .

The tel evi siemileydosfisicgnad ARBCHARTeraaks 6ighd) GhaidempHeLRith gURBHE Qrahdhid.ni t e
i mpul se response digital filter that selectively uses one or nore sets of
filter coeffiThehiferenas stanptiepraduesd byewbhrpbing cauel olefrbymeharidrgigit giwahel Each

selectable set of filter coefficients. i ssocjated wt uni que .

{11 Cering.apgEatifth i %Pe%%i‘ea‘{dhoes aﬁor%égfgka&aﬁg st ggﬁﬁﬁﬁﬁ% Ciiyital
or transms : : . 00;

enbodi nent tsdﬁgg&(l:a(t)gr(lif i\gggrggﬁ{g&i%n li%%frit%g llépﬁgﬁfbge{or gg%%r?steﬂcd?éfl%%eg{:é]fsl ?1 erf?rmay

i ncl ude a selepiraingt hatlefsela@adlsandizhothdnhe AR HGnalOr BTSE tsinall ddebddr @liso
coefficients. The configurable infinite inpulse response digital filter
may incl ude dneledes@tropirix gas edpavates e leftshumesingrizght thapneleudiocigralfian et
signals. One jpput signal fromthe oup of input sjgnals i ncl ude an
output si gnaid Bt Stedifiod Pttt he iR Seval SR S 5n e R OREe) £ or
The confi gurabl e iRfddidig R S8iSEsRense digital filter may be a second
order ‘i nfini tgn 1| rlrlpu séérgsponse %Oif@er. [0024] In accordance w th anot her

aspect of the disclosure, a television audio signal decoder includes a
configurabl e i nfoOhT]tle doapuitedimens pbe senfigugbteainfihitd trapulichatpamed épitalv@lier uses

one or nore sets of filter coefficients to filter a secondary audio
progranmi ng $kayriatludegngalectas dhad selags enseithopng ormee selp of filter watfisions. The
associated with.a unique.filtering appl.i. i,on to. prepare the secondary
audi o progr ar?%%%u%leg% T gl}pugsctr_ %89%5{{”8%?&%8@?%?10@9%5 é_?he‘?’tflb%ﬁféf“ﬁ “Bne
enbodi nent,  the: GO ReMARLS JrMdudlikead. NS R 5iESReREENEbLp afinéﬁt'sigﬁﬁzs may
include a selector that selects one of the one or nore sets of filter

coef fi ci ent s mafhecludvonf dugputahynel ofithe nodfiputabfruineits egpdsesespdngd digital fillet. er
may include a selector to select an input signal froma group of input

si gnal s. One Thpsotfigragiainipite fpHee yeruse epitalniiar nadyghras gecond order infinite

impulse response fitter. Furthermore, the configurable infinite impuise response digital
filter may be configured as a low pass filter, a high pass filter, bandpass filter, an emphasis
filter, ete. The selection of the filter coefficients may based on a rate that the television
audio signal is sampled. The sets of filter coefficients may be stored in a memory or in a

look ~ up table that is stored in memory.

[0018] In accordance with another aspect of the disclosure, a computer program
product residing on a computer readable medium has stored instructions that when
executed by a processor, cause the processor to sum a left channel audio signal and a right
channel audio signal to produce a sum signal. Executed instructions also cause the

processor to subtract one of the left and right audio signals from the other signal to produce
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may include an output signal of the configurable infinite inpulse response
digital filter. The configurable infinite inpulse response digital filter
may be a second order infinite inpulse response filter. [0026] Additional
advant ages and aspects of the present disclosure will becone readily
apparent to Skl led in the art fromthe foll ow ng i )
descripti on}‘yﬁrg"!}?{é}?ﬁb enbodi nents of the present inventilgﬁ%%?@g@wg% and
described, sinply by way of illustration of the best node contenpl ated for
practicing the present invention. As will be described, the present

di scl osure is capable of other and different enbodinments, and its several
details are susceptible of nodification in various obvious respects, all

Wi t hout  depardiffarepck signalt Rertbpinoid, epfeutet dnspregsantade Sl ppsws®r tAcdertdnagl vy,

t he draw ngs and des?rkg)tio are tq be regarded as_illustrative in nature,
and not as | PRPHSEHET HECnipPBisiFsisde Alogh 19800881 H5h 6 FoRRE D OREEHE PTI ON
OF THE DRAW I 145, : C i am representing. a tel evision..signal
transm ssion's é eerr%p 4 #gtﬁgl?lsgf(t:%n??%lf?%é%ﬁg Séé(%ﬁ%ﬁ?%’\% @I%lepﬁés ﬁ@&%?(fe)‘flé]i‘/ si on
audi o si gnal ygiyaatliedrihg applfcatidh foSpréhapd @6 Kitkags Aohd @RS §Astipg a portion of
a BTSC encoder included in the television signal transm ssion system shown
in FIG 1. FIG_3 is a block diagramrepresenting a tel evision receiver
system that is [0¢8hin gicedmbedimsaei (he apwipeer ques BTSEradatieiighan irsbidieo

signals sent. by the teleyision signal.transn ssi system shown in FIG 1.
Pl e ais o Brgioh i S esPusl i Rges SoR SRrdion Sreeh QbEBte Rl uded
in the television receiver systemshow in FIG 3. FIG 5 is a

di agrammati c vig@eopin accefizhiwitbhR1eeaae: of eled@tcibdikd N E:@mwa%l%grm
response filter with selectable inputs. FIG 6 is a graphica

r epr esent at i wadwt residingangfcemphignctdadie roéditrh stoss dmirdctions wdléth, wha dxadutel

i npul se response filter showmm in FIG 5. FIG 7 is a block diagramof a

portion of aPYEEeCeSiRtFRuse thaRrocsrsghicisglseiong semats ssifof filtpaoctiipjentsdo HEer or ned

by the confi - OF I nfinite i npu [ espo filter .shown
T G o g SEREPE o BIHEE il B B TR L Rkt o

hi ghli ghts gpedrbd BPSubtiab@ty SRYoRElROhREIRM PicliNBaGRIBLGY rs%ﬁ&leﬁcﬁﬁﬁfé”d -
order infinite inpulse response filter shown in FIG 5. DETAILED

DESCRI PTI ON aer Rriio EABaDI MENTeSedi 00274t oRdiiter cofificierts Bl &Ssoclatedawittinciriiqral

bl ock di agr&g% of a I?,TSC conpatible television signal transmtter 10

i ncl udes fi JEIEHaRPlcalieq to rugpre dig dilfeipngcetianat 31 ssparating thy lefh ghannel and

right channel audio signals. Executed instructions also cause the processor to separate the

left channel and right channel audio signals from the difference signal and a sum signal.
The sum signal includes the sum the left channel audio signal and the right channel audio

signal.

[0021} In one embodiment, the computer program product further includes

instructions that, when executed, may select an input signal from a group of input signals.

[0022] In accordance with another aspect of the disclosure, a television audio signal
encoder includes an input stage that receives a secondary andio programming signal. The
television aundio signal encoder also includes a configurable infinite impulse response
digital filter that selectively uses one or more sets of filter coefficients to filter the
secondary audio programming signal. Each selectable set of filter coefficients is
associated with a unique filtering application to prepare the secondary audio programming

signal for transmission.



provi de signals for transm ssion. hi particular, left and right audio
channel s are provided on respective lines 12 and 14. An SAP signal is
provided by line 16 in which the signal has content to provide additional
channel information (e.g., alternative |anguages, etc.). A 9 W

2005/ 094529 yROT4,0b92905/ 009867 fourth |ine 18 prOV|des,Qqﬂpg&g§§*ppal
channel that is typically used by broadcast television and cab

tel evi si on conpani es. Video signals are provided by a line 20 to a
transmtter 22. The left, right, and SAP channels are provided to a BTSC
encoder 24 that prepares the audio signals for transm ssion. Specifically,
the left and right audio channels are provided to a matrix 26 _that

cal cul ates a sd%f}%?r]g}naxne(embgdlment mworéirgaiahlednﬁmléer BHugscgpyRate ¢ieity filter . R)

f th di f t f db
i1 2ing a "GaRade Sk UGF ke OB Fueter niTbik i Al SheirBRe IBF et o
 based t eChohaaskRMito lifl AREroRtntd egltmrm%mn@nhcigae hebeubs it Audi 0 and

vi deo signal processing. Once produced,  sum and difference signals (1.e.,
L + R and L inph) sigieg fremaggen offmputsngmmﬂcmsn@ut sifiml frpﬁd‘th& gub@sfingd eigsalm
signal (i.e., L +R) is provided to a pre-enphasis unit 28 that alters the

magni t ude of MeglipddetaneRiet cignelaripbneritiguiblet indnit impyisg nesponerdicitb Speet to

hi ah t he' gt babBrgre i g R Re T Brhed BRIl BR0EE ' o

the alterati %We%gngerm@l,pom tive sense in which the nagnitude of t he
sel ect frequency conponents are enhanced. [0028] The difference signal
(i.e., L- R is provided to a BTSC conpressor 30 that adaptively filters
the signal pri 90340 In penosieneswisin asnibdr aspreat ofivhe disdeswdettelevisensiugivadignal

O e o TR L onl SURR S8, oL TRERS Ul TR Sl 25 o
conpressor 34, d?%o%‘&‘tsoofﬁ@z%' ﬁ%%[gts% il a%éc%ggﬁai{&ﬁ 2 ﬁarﬁﬁﬂ%%‘%ﬁﬁd TEEO D ¢ he

signal, difference signal,

prof essi onal sefdrainnetet aif&ilféf @b’dzfﬂ&@nﬁs Qs mda@temm atudiqus tageng 3dptickhien four
signal s are nodul ated by audi o nodul ator stage 34 and provided to

transni tter @P2pardthersgeondety aptie prigieomiiggremblsiops toldveeah legeivdreysi¢meo channel ,
the four audio signals are conditi oned for transm ssion and provided to an

nown 1o one. sKIEPOI P ERS SRt RaRHar SHPG drbhE® Rponee Heikf Sl 11°°
t el ecommuni caty %ﬁld%%elk%&o} %) s%%ﬂto‘?xg oPheldnd s gi'o}é &ls &%ﬂ%ggocfﬁﬂ%lﬁ& Nep36.

For exanple, transmtter be incorporated into a cable television

system a br@aﬁgasbietxﬂﬁzﬁw iﬁipﬁl[i;e Sypbayd digital GlldeL mas iMathdr a bElbRoH 1B1s@RciSHSt em
10 WO 2005/ 094529 PCT/ 1152005/ 009567 [0029] Referring to FIG 2, a block
di agr am r eprieénignpdrope eatp ehispgeidalnae myui@@é}fmrg Hiec Omwp@bﬁmr% sor

30 i's shown. mzla,}p m%ﬁlgg%glohtpup glg%a'l fo];‘ %{eecr(])%ggu%‘gﬁg Tnegmlt% 1mpulse respons%: digital filter.

The configurable infinite impulse response digital filter may be a second order infinite

impulse response filter.

[0026] Additional advantages and aspects of the present disclosure will become
readily apparent to those skilled in the art from the following detailed description, wherein
embodiments of the present invention are shown and described, simply by way of
illustration of the best mode contemplated for practicing the present invention. As will be
described, the present disclosure is capable of other and different embodiments, and its
several details are susceptible of modification in various obvious respects, all without
departing from the spirit of the present disclosure. Accordingly, the drawings and

description are to be regarded as illustrative in nature, and not as limitative.
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processi ng perfornmed by BTSC conpressor 30 is considerably nore conpl ex
than the sumchannel (i.e., L + R) processing by pre-enphasis unit 28. The
addi ti onal processing provided by the difference channel processing BTSC
conpressor 30, in conmbination with conplenmentary processing provided by a
decoder (nogm§Q@$@hsﬁeceiving a BTSC signal, maintains ghe sidngds:t 0-noise
ratio of the diftference channel at acceptable levels even in the presence
of the higher noise floor associated with the transm ssion and reception of
the difference channel. BTSC conpressor 30 essentially generates the
encoded difference signal by dynam cally conpressing, or reducing the
dynam c range of the difference signal so that the encoded signal nay be

transm tted tBRYEFWDESCRIPFION OFTHE DRAWINGSM ssion path, and so that
a decoder receiving the encoded signal may recover substantially all the

dynam c range in of. 1. g Nal s di [ ..y _.expandi ng.t he
conpressed di fferEIa:'r[;tg'e3l S iag’?f%? dfa%kafg{ %@%g@gm ﬁ'?%(%m? asslﬁri’ agﬁr'a nslmr%%éoélr%smm that

arrangenent s is &h8gure€ @RS Mlith 3> BBS@tcRAISdnCHlR i FQAl fRfard he adaptive
si gnal wei ghi ng sgst em described in U S Patent . 4,539, 526,

i ncor porat ed by r&KeZéneblonledigpmam reprasentingdpdrgorkofanR T S@etederacbhatet aghous
for transn‘ittti nv? .a si@%al having a reLati v | arge dynam c range through a
transni ssi on PREHOHHFTH FROSTHEOR PHFEIFINR PHC: £ equency dependent, dynanmi c
range. [0030] Theg Sta L Oy 1. Qor. .defines.the desired, operat.i on of
BTSC encoder. 24 o B8 Dok MlkBf BRetiry ARG ST Fhphiidise

standard provortRarddriansdedre ardudetdcOBBS@NEEQL0R LIS |siA8S BRIyt (A6 1QBRSiaL | On
of .each conponent included e.g., in BTSC conpressor 30 and'the transter

functi ons ar &2¢8sEpinhedon systeoy thowofin Rt Hemat i cal representations of

i deal i zed anal og {j]ters. n receiving the difference signal (i.e., L- R
frommatrix 26, t]TF.1II§‘s1 ilsganstﬁPéB{)‘ﬁa%%\F?Pﬂ%gamfr@ aiortiqeead 2 BiSht desprea g uipd mghe

pre- enphasi si.&L A48 B&iver kbR vl HiFdly BTSC encoders, the interpolation is
set for twice the sarrp‘lieé %ate arﬁ@ﬁ%@ 3i'nt erpol ati on may be acconplished by

linear interpol atfigns ipardapedrfaticwiew peh abhffwat® s@ond L lob®F it imp@isd I NI t €
i mpul se response (FIR) filter, an infinite inpulse response (IIR) ?i I'ter,
etc.) of n-tissnongefilier pHth seleceblsobatts. on and fixed pre-enphasis stage 38 al so
provides 11 WO §5/ Q94529 PCT/ US2005/ 009867 re-enphasi s. After

i nt er pol ati on angFq r 813 Ayshapdicel rePFFéerﬂ"i‘tPPé%fé‘h'E"’é’sgf dirgtion ef hedgsardd erdem

di vider 40 tfat;idig ' r & gnal by a quantity determ ned from
t he di fferenlce ' srgjﬁgﬁ?h%%g%%{%ggqfﬁ%gt ail below. [0031] The output of

divider 40 is prauGoed ablook dspest 68 poe QM8 BIISObnbdtel A ehibRBhts REHLEAITS
enphasis filteri ng{wof the difference signal. In general, spectral
conpr essi on thatimay beperfomnghissthe sonfigorblesdumds- drive infmignimpulsangsonsefiltéhe

di fference sjgnal lg[#asnpl ifying signals having relatively |ow anplitudes
and attenuat’ &“gmg s having relatively large anplitudes. In sone

arrangenents speegidal ;s G Rk ﬁﬁaﬁlag{]oflﬁ%io ich 21 REILHGES, AP thiaﬂqtighrlpg%is operations

that may be performed by the configurable second - order infinite impulse response filter

shown in FIG. 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Referring to FIG 1, a functional block diagram of a BTSC compatible
television signal transmitter 10 includes five lines (e.g., conductive wires, cables, gtc.) that
provide signals for transmission. In particular, left and right audio channels are provided
on respective lines 12 and 14. An SAP signal is provided by line 16 in which the signal has
content to provide additional channel information (e.g., alternative languages, etc.). A

9



control signal fromthe difference signal that controls the

pr e- enphasi s/ de-enphasis that is applied. Typically, spectral conpression
unit 42 dynam cally conpresses high frequency portions of the difference
signal by an anobunt determined by the energy level in the high frequency
portions of a,w%og?fgg)ged difference signal. Spectral conpyEssdaRoabi 42
thus provides additional signal conpression 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 wth a spectral
expander in a decoder, respectively in a conplenentary manner to the

spectral conpPusklign unpHde professimelsderne! thaes bipipgHy usediby broadedstiglerigiono of

the L - R si (! bstantial | v.. d. [003 ; d
P b o St SR DAL WiBc skl 0058, Chce ot ercase b
over - modul at i-ap 10£,H 8¢ n8T ANiHanAds 2R 0ANG biBTEAYndHAEE 24 Brat g}ee rb@fhe! O

t he ot her conponents, the BTSC standard provides suggested gul I nes for

t he oper at i orsudfsigmels formodahativarSpesifitaiyf the tefilmid trighdarindcHaands b pidvideg uni t
46. Cenerally, band-limting unit 46 and a portion of over-nodulation
protection uﬁPﬁnWK“ﬁﬁVhﬁém6%§@Fﬁﬁéﬁs@ﬁﬂK%&ﬁ%éé@aﬂ@ﬁﬂﬁ%ﬁ@WGQM@ﬂ(mﬁdhféwion

i ' .50, per f h | d deyi imts . th
Bl i ude of 1oe (SRR TPRRER oBr R W E T 70 pou BETh oY Wb Ful |
modul ati on i Sigita@ KRR EIRRRMNEISP) sSiiRlis: e AL boshavel 8%%% é&%kﬁe@%wn an

audi o subcarrier in a television signal. 12 WO 2005/0

PCT/ 1JS2005/ 06 886skilli00 8] arflafuelbecidh acdio pad Misled 8 gan hr@Bssiige Omelpusiibed, n
BTSC conpressor 30. Feedback path 50 includes _a spectral control bandpass
filter 52 t hﬁWt%iléi%%?l‘Plgﬁerﬁa@aE @& dt Vergd har Rovire pegodehfndranbaissips In

wei ghted to i io.fr ci es. rovi de.a .con i.gn for
spectral co %%@%@%%Eék?gﬂgﬁf@fbEgﬁﬁpsPthegﬁ aB@ﬁ?ﬂﬁﬁaéPﬁ%gghﬁf%gﬁgga by
spect ral Conﬁr[a?hitud@?d‘fd&?e%ﬁ fleghdiRy Rdpoh8edbAGe Rab NigQr 380 ke lééi%fhe@

mul tiplier 54 (configured to square the signal provided by spectra
control bandpeagsnty ¢dngron&ay., Tlxnlierdtiog nay be ibbnegativt @nSqH uhechripOhagiRué ce
that provides_the control signal to spectral conpression unit 42. Feedback
path 48 al s8f ihgeslerd dsquensy aappensnisiare wippressed, or thmalisrationtna beandypsise

filter 60) that filters the .outp signal fromband-limtin nit 46 to
set the gai npeg‘f)%ini“é]aaf %ﬂ P}‘?ém%{ﬁeﬁgillesgﬁf&%;tf%qlﬁ?ncyiGWB?r&B}S?H‘f ‘Em‘ag??g' fixed
pre-enphasis stage 38 via divider 40. Simlar to feedback path 50,
feedback path 48028) $8e titeldidesighalMié.t L P/ R)BE phRidedNo LB BHT 84Rbre&dy 3@ @
square root device 66 to condition the signal that is provided to divider
40. [0034] Redapiivdlndilters B¢ GgBal pridyl tockandimmgion rmuils tishovien tdeadded e essanl s a
television receiyer system 68 that includes an antenna 70 (or a system of
ant ennas) t o* PRI f\ﬁéldﬁéé%m&S%Qtisw@e%ﬁe%&a@se%ﬁgﬁa tganpmispior e Pianilas ton

transm ssiongs ﬁﬁ%e%ﬂcg‘glg(‘@b%%m si@wﬁl is %Po‘vided to a BTSC compressor 32. An audio

modulator stage 34 receives the processed sum signal, difference signal, and SAP signal.
Additionally, signals from the professional channel are provided to audio modulator stage
34. The four signals are modulated by audio modulator stage 34 and provided to
transmitter 22. Along with the video signals provided by the video channel, the four audio
signals are conditioned for transmission and provided to an antenna 36 (or an antenna
system). Various signal transmitting techniques known to one skilled in the art of
television systems and telecommunications may be implemented by transmitter 22 and
antenna 36, For example, transmitter 22 may be incorporated into a cable television

system, a broadcast television system, or other similar television system.
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The signals received by antenna 70 are provided to a receiver 72 that is
capabl e of detecting and isolating the television transm ssion signals.
However, in some arrangenents receiver 72 may receive the BTSC conpati bl e
signals fromanother television signal transm ssion techni que known to one
skilled in the,Rkdes9b television signal broadcasting. ﬁQﬁﬂ%%ﬁHB&%f?the.

tel evision signhals may be provided to receiver 72 over a cable television
systemor a satellite television network. [0035] Upon receiving the
television signals, receiver 72 conditions (e.g., anplifies, filters,
frequency scales, etc.) the signals and separates the video signals and the
audio signals out of the transm ssion signals. The video content is

provi ded to a VPR Refmdustosiing2.syblodmiizgramhmpressdipa opsatidns peifdencdciong ent

contained in the vij signal s [ resentati on on_a screen ..
cat hode ray PUpe? Oggigﬁj © E’E‘f&ﬁoé{;@if A neigf &4 ‘Eﬂ%‘ﬁ“cer‘“gé@}ei/gr&%y“sﬁ}em 68.

Si I t ai.nin: Q.. t i
500, 054896 BETERS SBsRER B ESC PSRN BN SBAGIARY LR o ubi A6
modul ati on agph tieenéiqi.t.NE +RIAir6cesdigRY Sre@inphhfl Bt 38.0Thd JARANPARISTHRBsISY St em

10. The denodul ated audi o signals (e.g., the SAP channel, the professional
channel , t heprovidedbyialdifarenee dhdmhelaersesing GRAC rompresyor 8410 eanbipationBTSC
decoder 78 that appropriately decodes each signal. The SAP channel. is
provi ded a s‘??ﬁlpleﬁgﬁﬁglpﬂ?f% Segethe ?Fé?dﬁr(g‘f)fe%’gwa?aqcm&w&ﬁ%gf gigptlovi ded
Lo 2 Prof es Shonfhn hanath0 ASSORR B2 ARbERSARAIAL) DA, FARKHANTE! | and
t he professional channél, a enodul at ed sum si gna I.e., P signal) is
provi ded to thc fRs@PbA%E Bighet doisB MobiabocidddsBs §:8 Srah M@ sSdHArA r@Rplion oF ik
substantially conplenentary fashion in conparison to pre-enphasis unit 28
(shown in Fldferpyce dponelddidipramiiredson3@ hesestppdlyt geatratee theeeitcoddd differengum
the left and

1o chamets LB aR g S5 el e e s an SRR e i 7 o
al so denodul gt | at.j - and.d r OV g BT
ex;ander 88E?ngﬁhg%ﬁ%ﬁﬁgggé%%gg@ggéﬁg?gm%g¥%g g%%%ﬁdgﬁhgﬁg g@ﬁ%P?ég%ﬁ th

the BTSC st apganidsiod o Snd&sChiibe dickdtict @tdiind BlcO¥ico8aNdighi] ORGy t&Rver

difference signal. Matrix 88 receives the difference signal from BTSC
expander 86 sabdantiplly lltthe dguamisirgealin the pagankdiffeteece bightl tynekpheditg shedi o

channel s into i ndepepdent signals identified jn FIG3 as "L" and "R"). By
separating tcﬂjélpgqsbeﬁéﬂ&?m‘ﬁ%eglg%ﬁ@ﬁﬁ “(T&%ﬂ?e‘??”&ﬂ’ ?ﬁmﬁ’n- Ineomesngarenti 8o C
signal s may kb : I rak g . r Ln

xanpl o, Dot B PRen 2p HAREAE e R SIS g LS
anmplifier stagat 30. 40,528 pplobHSratddch ¢ asferched hehefdf enenidiclyad Reows tearh
channel prior to providing the respective signals to a speaker 92 for

br oadcast i ngdtdnéageefstiorhiansmelting a digoaldemingratrelativelpiogdhdmaspeakgy thr@dh faor

broadcastin%:the r.i ght fhannel audi o content. .
ansmission path having a relatively narrow, frequency dependent, dynamic range.

[0030] The BTSC standard rigorously defines the desired operation of BTSC encoder
24 and BTSC compressors 30 and 32. Specifically, the BTSC standard provides transfer
functions and/or guidelines for the operation of each component included e.g., in BTSC
compressor 30 and the transfer functions are described in terms of mathematical
representations of idealized analog filters. Upon receiving the difference signal (i.e., L—R)
from matrix 26, the signal is provided to an interpolation and fixed pre-emphasis stage 38.
In some digital BTSC encoders, the interpolation is set for twice the sample rate and the
interpolation may be accomplished by linear interpolation, parabolic interpolation, or a
filter (e.g., a finite impulse response (FIR) filter, an infinite impulse response (IIR) filter,

etc.) of n-th order. The interpolation and fixed pre-emphasis stage 38 also provides
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[0037] Referring to FIG 4, a block diagramidentifies sonme of the
operations perfornmed by BTSC expander 86 to condition the difference
signal. In general, BTSC expander 86 perforns operations that are
conplementary to the operations perfornmed by BTSC conpressor 32 (shown in
FIG 2). In\pa@hdsmeskar, the conpressed difference signalpdsysiisaussged to a
signal path 96 for un-conpressing the signal, and to two paths 98 and 100
14 WO 2005/ 094529 PCT/ US2005/ 009867 that produce a respective control and
gain signal to assist the processing of the difference signal. To initiate
the processing, the conpressed difference signal is provided to a
band-limting unit 102 that filters the conpressed difference signal. The
band- | i mi ti ngPregPhasio Affer sysraelstion A prrapmplysisdba digirenge sigwd ifguowdeddaer ol

signal and to,.pat] o.produce a i Lgnal.. Path.100.inc¢cludes a gain
control bandp&a@gmﬁoﬁtggr&%% tﬁ%Hﬁ@eP?epﬁq&l él? b%g“ t%?&ergﬂ’ﬁ?%féoén ﬁﬁe&gﬁ?lﬁﬁt of
the gain contgol fANARESSd f dekBIYeiowdn I Ntegrator 108, and a square root

device 110. Signal path 98 al so receives the signal fromband-limting unit

102 and processes the signal with a spectral control bandpass filter 112,
a squaring devi B@311%he enputiaftdegdat4dris Pr&idedrid saspsqurd reempossion evit ¢ thal 8.
Path 98 then provides a c Ptrol signal to a spectral expansion unit 120
that perf or g HRTBERAEIEH ROt G@%ﬁﬁ?@éﬁl@ﬁﬁla#@fé%l@rql:weect%mrﬁwn unit

P oduced by’ fat RoppBeE” BP Gl WlkiCiRaBEiint Bifbhors Sendl1S: ERuRBL "
out put si gnalsighei®iuvispeehtivly Bpanslitedes Wnl tatdndQtindVbilchd1Phivehg dedadivBlyQ¥igdes
the spectrally expanded difference signal to a fixed de-enphasis unit 124
that filtersampétudegnél sime arrgeperinsptcael compmsion wit ddppeiuisom nEmal

" de- enphas! s THELRETEOTHbE SLARG B ACsbPs B T Cioy eSS of

t he decoded lignaks i j (1 : [

corpl ment ar § veanayb Pl el oRBRBAY uts BRSldaHF SR el Ssauey ooy

BTSC encoder padioansk 1B SiFcttecosighial B9 ah Bebuid @eidtthink®b e tel dnbigh Sevbhiatine @gh ust
the anplitude of audio signals as a function of frequency. In sone prior
art tel evi sfioguenganefireseiothe sysdedrdifigraice sigegdt iSprctsy) sompwssicaotit 47 thube
filters are inplenented w.th discrete anal c onents. However, with
advancement sPINIGH GREAPal T <oBpretes FEE Jimd BToE aHasU JPaoan ! BSC
decoders may o : nt i Ll Eal e [ of .
't ogr at ed o PEurPE SEFRL) A s hB el b i ctOiER ol |p PR huhor IR e
and/ or decodpigBerTRyuéEp peARRALEheGPechuti W th&encb@sd ERaRMIRiENe asusds and
decoders may be incorporated into a single IC as a portion of a very large
scal e i nt egr #with erspe¢ixdl Skpandps inemdecdBen\BsPBO5¢10 94 529G S 08H5NO 00 8By
speciral compression untt of the encoder, the signal — to — noise ratio of the L ~ R signal is

substantially preserved.

[0032] Once processed by spectral compression unit 42, the difference signal is
provided to an over-modulation protection unit 44 and band-limiting unit 46. Similar to
the other components, the BTSC standard provides suggested guidelines for the operation
of over-modulation protection unit 44 and band-limiting unit 46. Generally, band-limiting
unit 46 and a portion of over-modulation protection unit 44 may be described as low pass
filters. Over-modulation protection unit 44 also performs as a threshold device that limits
the amplitude of the encoded difference signal to full modulation, where full modulation is
the maximum permissible deviation level for modulating an audio subcarrier in a

television signal.
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[0039] A significant portion of the cost of an ICis directly proportional
to the physical size of the chip, particularly the size of its "die', or
the active, non-packaging part of the <chip. In sone arrangenents filtering
operations perfornmed in digital BTSC encoders and decoders nay be executed
usi ng gener a| digital signal processors that ar i d fo
execute a rgﬁbgﬁggﬂﬁéP functions and operations. These %§Bq§%ggﬁg§6{end to
have relatively large die areas, and are thereby costly to use for

i npl ementing BTSC encoders and decoders. Additionally the DSP may be

dedi cated to executing other functions and operations. By sharing the this

resource, the processi n%hﬁ)erforrred by the DSP may overload and interfere
with the proces&i0a3 Byo apTstheAScod 8P amnuclyied arBTSC omptesson30.alfrtdback

ti . [O . , S d d decod
"hoorporate SrduriBiS R B Sritrantder B o oL otely P R rezg! oups
of nultiplieksss RLEBESs w@ﬂﬂtedmarr&aq{igﬁ%‘?%§di%¥qt¥?ﬂﬁci‘e%%c§9§% &b P Rl.peuce

t he BTSC encoder and decoder functioRs. However, e groups o

near |y i dent ispatralonpossent snitd Toecoadisioh thefcahitd ehaigrodubel bEpeN 8t
represent si %nifi cant die area and add to the total cost of the IC. Thus, a
need exi st sPewirasdilieest ledpskipaib Sorlsgupiludeas avltipliecif (conftanpicneqtase thised t 0

i mpl i.tal . SC d d/ . .[0041] _Ref i FI G
5 e bl ock dF BT A1 BTG PE] O ifc 3B S8 cf SR ecae P!
filter 126 i goahomm priadesitse GRARERYSaPh PEC a@Edé}'lé}gss@h&lh%?gLéc{b%az Liag

operations for a digital BTSC encoder o ecode provi ding sef ectabl e

filtering cale6 frichident bandpms ftiligrifi ablgeinlcbfRrdlivah@iasslRifer BBy thRefie@O feufRe f or
various filtering operations. For exanple, filtering coefficients may be
sel ected so A% EYRfhagdiigptieg ppiR 46 Iiq set iEegrinpwphckdo dke auipoty sigash of
filter, a hi filter, a band.pass filter,, o ther type of filter
known to oneglg| rﬁﬁ%@% ap%¥1§%deprg-Fp1pg§s1§ﬁ%Tg(eg&$v @V‘&?ﬁiaf%ﬂ?ﬁaréﬁéeg?acg PRES8t i vel y
smal | nunber fe@dbacle pith 48 Wisa B tudel Rufiibi st 82 o or
all of the fiel téﬁ?i gg neeo?s of g BTSCIIIJ encdgig?{ntggra%?E%géa&%gg%%r .O‘Eg‘%e
reduci ng t hettiorcheditiaf thd eignalehat énstoeidedraiiviiéd4oer s, the inplenentation
area of an I1C chip is reduced along with the production cost of the BTSC

16 WO 2005/ 094&%&5}%7 | JS2005/ 009867 encoders and decoders. [0042] To
al | ow confi gur P | 10 ilC1 362 ek etipgptn ifnshewp that epsessntsfa telaviséan ng

oper ati ons, E%g;vfris i 9@ n .| t | ector 128 t hat contro:B ﬁﬁni ch

input (e.g. J npeutﬁ_)S 6%6$ ﬁ%t’ltd ﬁesaanan%ﬁﬁ%a(ffws S?%P %gené’ﬁs)itﬂbﬁf’wg' éﬁ to

the filter. cBebefitls B@abedselibald BokliGedsion WRsmisfiord {8tk M EsBol R i RIGGhor 128

may be connected to provide input signals for each’of the filtering

oper ati ons péefagnrisdrendivdd by BiiSMhe 60mure poidedlo dmreiesanphiet id beabrpstt to

gain control, bandpass fi]ter 60 nay be connected to input 2 of selector

128. Simil a,dpg;g:ln}ghémd 1solating the television transmission signals. However, in some
arrangements receiver 72 may receive the BTSC compatible signals from another
television signal transmission technique known to one skilled in the art of television signal
broadcasting. For example, the television signals may be provided to receiver 72 over a

cable television system or a satellite television network.

[0035] Upon receiving the television signals, receiver 72 conditions (e.g., amplifies,
filters, frequency scales, etc.) the signals and separates the video signals and the audio
signals out of the transmission signals. The video content is provided to a video
processing system 74 that prepares the video content contained in the video signals for
presentation on a screen (e.g., a cathode ray tube, stc.) associated with the television

receiver system 68. Signals containing the separate audio content are provided to a
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i nput to spectral control bandpass filter 52 nmay be connected to another

input (e.g., input N) of selector 128. Then, selector 128 may control
which particular filtering operation is performed by configurable DR
filter 126. For exanple, during one tinme period, one input (e.g., input 2)

may be sele l.qonfigurable IR filter 126 is confi SR oVi de
the fil terﬁ&]gqgogmn%f?)on of gain control bandpass filter %g/ﬁ%ﬁe:’n)fj z(it

anot her tine period, selector 128 is used to select another input (e.g.,
input N) to performa different filtering operation. Along with selecting
the other input (e.g., input N), configurable IR filter 126 is also
configured to provide the different type of filtering function, such as the
filtering prolamedlatdyystagpdétiiale.coontpots thanddaktod epilied 6 e fudB4ggndlnator der

to performmultiple filtering operatjons e, g.,, for a BISC conpressor or a
BTSCt ex {)_an :j F rl‘?ie@ﬁ‘ﬁflitrﬁﬁ?ﬁﬁﬁ“@l Sg' Ftﬁgfj:;:e#h? Q?Q%d“g%@r 5&‘@5‘591%’@3 “& Hg%@p%éhﬂei
substantia : o) : r ital. r or
expander. By%%%)gl%gfslglﬁlgﬁla? .5}31% z%et er _glgﬁ%(;’ct&lg gg@%ﬂ{"e tg%ﬁ?l?é%r%ﬁlg%o{gpﬁ{ E???er 10
may perform areodsy P8 110k afrdprRidingecotiésh@dh sigaAlS IThY SAPLdhefincd Resatidans sapb t he

digital conpressor or expander to be del ayed. For exanple, by operating
confi gur abl e chirRe} dédoder S dathe grofedsonalnehianndl yis pragided toe prefomenial thaendti | t er

may first be configured.to performfilterin or _.gai n cgont.rol bhandpass
filter 60 witHh fsfg’bstfg%?ri 5‘1%?5?{1“%13}1%;/4*}% C:“Pﬂgwieféégﬂﬂfeowogeﬁsl?% QR 7l t er
configuratio flt rati : : ral .

PPt P 55y ! O st lated Slupl BmaD S 3 b 30316h 1EBEAT o AtBURMGPERIRE

126 i s inpl efedeads @i fum SRRONGE a stist@tially BorhbletefitaryRREE6H iMGofPadtb 16, a 2z
- domain signal flow diagram 130 is 17 WD 2005/ 094529 PCT/ US2005/ 009867

present ed fopracnyipisicanitgdhaun in BiCaé)r FpdR dedntpdpsizing therspedtrahouhéent 80the

' jdentified as X)%% The input signa
Garse

recei ves an input sjgnal |. i s _provided
to a gain ot 358 AL A aemabsprave T pries Rt Bl N vt AR

signal. In 591?& liications the filter coefficient so has a unity value.
Simlarly, a i T{&r coefficient bo is applied to the input signal at gain

stage 136. At a delay stage 138, a tine delay (i.e., represented in the z
- domain as z' 1IP0I Tapplifiechcasighdidi.c.i hpu) is hgadbmeniigesvy hembddulmionstage der

portion of the filter and filter coefficients al and bl are_BTaSp lied at

respective gap andis Rywided dpr BRIC eypnde 8§decdpied drePAGC dpeoder, 782 exapisier ed at
del ay stagey,l144 for pr.oduci t he,.second - order .paortigon of filter 130 and
filter coeff ?%icce”ﬁ] fsla'esa‘glth gﬁ’gé’g% 3?‘8‘135%&“1%@& deporfoed ﬂg%ﬁa\}g’e&é{”ﬁ’ ﬁ°%415‘§§st%346
and 148. Thegfifldiet §9ndl anRix | QNd : e hat
out put si gnal1 \e(( zl) rrg?/ be dé}% g??néeﬁlgﬁé ??gﬁ?%ngégﬁggﬁs% Bﬁ?ﬁ,‘;’g@?@dﬁﬁ?%& of
t he second - withder sufn biged, skBatenthedRAic mdlett dutiotdhenret ihvintgetinaticodls (1)

bo + blz-1 + b27-2 I_—I(Z? a0 + alz_1 + a2 z-2 [0045] Each of the coefficients
(i.e., bo, addengified imFIGy3 as glhgargD R).n By weradating thhaigeals thefladividual right and

left channel audio signals may be conditioned and provided to separate speakers. In this
example, both 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
signals to a speaker 92 for broadcasting the left channel audio content and another speaker

94 for broadcasting the right channel audio content.

{0037] Referning to FIG. 4, a block diagram identifies some of the operations
performed by BTSC expander 86 to condition the difference signal. In general, BTSC
expander 86 performs operations that are complementary to the operations performed by
BTSC compressor 32 (shown in FIG. 2). In particular, the compressed difference signal is
provided to a signal path 96 for un-compressing the signal, and to two paths 98 and 100
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functi on maybe assigned particular values to produce a desired type of
filter. For exanple, particular values may be assigned to the coefficients
to produce a low - pass filter, a high - pass filter, or a band - pass
filter, etc. Thus, by providing the appropriate values for each

coefficient and characteristics (e.g., pass band, of f,

etc) of the“g)ggﬁg%ggorder filter may be configured andl?g”@%%?WB@Ped into
anot her type of filter (dependent upon the application) with a different
set of coefficients. Wile this exanple describes a second - order filter,
in other arrangenents an nth - order filter may be inplenented. For
exanpl e, higher order (e.g. third - order, fourth - order, etc.) filters or
| ower order {hatgroducefairespctive@bites! ahil lzhie kizhalrayssie tHenpb@pang etthe Hifeiches nor e,
for sone applications, filters of the same or different orders may be
cascaded to HEWduCE wiak Hi-propageingf e tCéWPYGF@G@IfﬂR@ﬁ@ewEm%gS pevideddorR G 5,

cont gur abl OB FTTEERM 387 TPhaTEaa FETERIE) (LGB SR A EPsrie

selected to gﬁgn i r I cul ar
filter chara%?gBP t &%QS%&%tSE&hbX@%%o?%SESE% %f?%%§%§§¥%8§%§§P9§§§%p|e
coef fi ci ent sa gay bigndePemtiod idduderpleeirenhird batdpasPilss 101, 4 @ultipRerhioglithatpass

filter, a band - pass filter, or other simlar type of filter used to
encode or dewsaes B SUPHLRSithe sai @?ﬂéﬂoébanldnasﬁ Fiiter), emahfpgfétor 18% gad e sqperesebtect or s

152, 154, 15 dt t f t th
second - or d&" 8q391gﬁgﬁgﬁ@'r??ugngfgmg eé%%%ﬁ%wéb L@%&%ﬁ915&3r3p05|des
the ao coef fﬂr@ée@@s t}Rafﬁén}ﬂf’wﬁﬁﬁ@?éihapéoﬂﬁB fahli 88 & t&oﬁb)a% Q@%g&meqm an

coefficients (1.e., ao(o ent upon the

filter type iawrgraforlit§rant hageat erdt devies] 18SimaiH 98 thyr prosadee ateotiisol kiphatkto 162

al so select fromrespective oups of coefficient values to inplenent the
filters. By S9p@ia] gkpfgsiphamd g?& et peyfame gaf dricttionttbatvial cgewlentsoity duitebl e
[TR filter 126 .ma ure rovide l.ters encodi g and

f
decodi ng opéwgﬁPﬂhﬁﬂ<“ﬁ8€3?#3%@ﬂ?8“9 Sﬂﬂ%ﬂﬁt%éﬂ@%ﬁﬁﬁﬁﬁézf?&Q%E%EP@PaIZB is
placed in a positd g’y pétﬁ’ 15686 bvibaPIL xﬁuluﬁahez%zzz thdl SedelVRL bin E%u%ﬁl £oRtrol

bandpass filter 60 sel ectors 152 - 162 sel ect the respect

coef fi ci ent spéetrahexpanaddronit bar OI)/Iult@lhélODZZ frovidgs, thb gfee)rallp@ipandedsdifférbiede ER
filter 126 is configured into the appropriate filter type with
char act eri stsigssl to 8 fised dopmplesistuni 1ghat Gisme thosighalrin pagwpieimentery marpoin

conpleting the filteri sel ect or t hen be aced in S|t|on to
rovi de o GREPESE deehBirki PRTCA PoRLony feH BT ) Rt Pea Boleag ) |

using the preyLaus&XaWhEme Bl D Al s%@b@ﬁéq%%n{;z&n@e&%%h{éed&%d' nput

signal destined tor spectral control bandpass selecting this

i nput, new bighileih cithef  nejwint 91 payitibeseet ach eImpRnRARW ﬂﬁmﬁéiifin vaad fheul ar
filter type and filter characteristics needed to performthe filtering of
spectral conginalsignahidsaesiedi | ter 52. To provide this filter and filter
characteristics, selectors 152 - 162 maybe respectively select filter

coet 11 ents 5oy 94 BB 24 i wabe AL B e
filter 52. adjust the amplitude of audio signais as a function of frequency. In some prior art
felevision fransmission systems and reception systems, each of the filters are implemented
with discrete analog components. However, with advancements in digital signal
processing, some BTSC encoders and BTSC decoders may be implemented in the digital
domain with one or more integrated circuits (ICs). Furthermore, multiple digital BTSC
encoders and/or decoders may implemented on a single IC. For example, encoders and
decoders may be incorporated into a single IC as a portion of a very large scale integration

(VLSI) system.
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[0047] In this exanple, configurable IIRfilter 126 is a second - order
filter, however, sone encoding and/or decoding filtering applications may
call for a higher order filter. To provide higher order filters, in this
exanpl e, one input of selector 128 is connected to an output 164 of hR
filter 126 n.a.feed-back path. By providing the o obde. 11k
filter backaﬁ%&@%gh?%put, filtered output signals may pggg%%ﬁ&%@gﬁg{he IR
filter multiple tines using the same (or different) filter coefficients.
Thus, signals may be passed through the second - order IIRfilter 126 nore
than one time to produce a higher - order. In this 19 WO 2005/ 094529

PCT/ 0S2005/ 009867 particul ar exanple, a conductor 166 provides a feedback
pat h from out puf002&UA efgnifican bogion abthe codt Bf 41 ICtie dirdc@l§ ptapoitiymal to thegthysedlect or
128. [0048] Various‘gﬁﬁhnLques and_conponents known to one skilled in the
art of el ectt%5m & uy PRiicYlary tesizgpt ﬁfay‘ﬁ@: 54 2616 Ap-BIkATg BREet OF 128

and sel ectors; 152 - . ‘ e LApl enent ed by
and el oot O S sork v ERL P XAM AL A B 26 Y PRI EIERLES D

| nput 2, ... debdtRrst mbl .beMiebihtpd %i@l‘?gsg&éraptphgfosé RSS! sighsll idkess@t aGlti 40
devices may be inplenmented as one or nore of selectors 152 - 162 to sel ect

appropri at e fdesigead te oichile girarges! DiRrfhogioncodfdperiiont ThatdipSP argndsdendsed t o
configure IR filter #26. For exarrgl e, _COﬁffi cients described in U S
Patent 5, 796 8O VR iAEe dieeh and afefhaieRY cARlT SorstiRn IBRlopelBediEC may
be used by c L.qur.ahl fi I raan ts, t.he filter
coefficient s%{zg(tfdgglgt%?e C%}C}]e%é %&ﬁﬁoy&%ﬁ&e gﬁgvgﬁ gggg%?%%ggg e\}/{\f RNk eheBTSC

encoder or deeRdels MadpatodseBsi @Mafg i Bieh&64108,3hd Prdcessih® DeAbmRRNYy0RE | at e
times. For exanple, the coefficients may be stored in a nenory chip (e.g.,

random acces$SPreabeyerloRAN), intepfare witlo theyproessoing of RO TS @ bwo)leromdakotdeer
type of storage device (e.g., a hard-drive, CD-ROM etc.) associated with
t he BTSC encg‘g\@flm@rang%%ﬁfé}n?' The coefficients may al so be stored in
various software structures such as a look - up table, or other simlar

t t . [00 ' I | j d
A v 1 (i

confi gur abl eoflBiRid ¢dnypeheri? 6o addung cwdtt IFor rudhplp)| grotss dAF7@ultibB6ks, ddes, 18%, 186
and 188 that anIy the filter coefficients to signal values. Various
t echni ques aWdIHICXEpRYNENIRSoIRAIGIH to drasiies BRIATISEdericaderhied glegodst fuakéartsr oni ¢

To6 s 176 antOwRlit ol B soThe IR iR G eub e el SorrHER e o
126. For exagghfmelt@fhfesdRtBificotH #8a Q@gad@&o eﬁgfoga1%6é¥%mge%gm§g§at

i npl enented as each of the nultipliers. introduce tine delays
correspond teideloayhst dgesmb3Bofalnglidde dishiesdnipdnrtused Yo impla@gés b @fstall 90
and 192 provi de delays by storing and holding the digitized input signal
val ues for aRTappr@ge aader Adeapder of clock cycles during the filtering
process. Additionally,

[0041] Referring to FIG 5, a block diagram of a configurable infinite impulse
response (IIR) filter 126 is shown that is capable of performing multiple filtering
operations for a digital BTSC encoder or decoder. By providing selectable filtering
coefficients, configurable IIR filter 126 may be configured for various filtering operations.
For example, filtering coefficients may be selected so that configurable IIR filter 126
operates as a low pass filter, a high pass filter, a band pass filter, or other type of filter
known to one skilled in the art of filter design. Thus, one or a relatively small number of
configurable IIR {filters may be used to provide most or all of the filtering needs of a BTSC
encoder or a BTSC decoder. By reduncing the number of decoder and encoder filters, the

implementation area of an IC chip is reduced along with the production cost of the BTSC
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20 WO 2005/ 094529 PCP/ US2005/ 009867 another register 194 is included

configurable HR filter 126 to initially store input signal values. [0050]
In this exanple, configurable IR filter 126 is inplenmented with hardware
conmponents, however, in some arrangenents one or nore operational portions

of the fil tquoﬁgi}%da%ﬁei npl emented in software. One exer’rq,!(a}il}eglz&iﬁ%}ix??g of

code that pertorns operations of configurable IIR fi1

presented in appendix A The exenplary code is provided in Verilog, which,
in general, is a hardware description | anguage that is used by electronic
designers to describe and design chips and systens prior to fabrication.
This code naybe stored on and retrieved froma storage device (e.g., RAM
ROM har d- dr fweders @t ROMlerst c. ) and executed on one or nore general purpose
processors and/or specialized processors such as a dedicated DSP. [0051]

whi ch porti ons 1642 e Pucrh kRt AR Mg e PNttt Sopunt OGRS t hat
may be per f of0@d;iondYndeig: E}Qhﬁieéé}finﬁﬁ’t'sEﬂe&BF?ZSCtHﬁch;?&lﬁ@Qhﬁh by fel . biEHT 1SUCh
glfg? fi é’ r hsig%y

as configurable HRfilter 126. In " particular, tering peéer

i nt er pol at i ompary . f,ibyed N) peweiep hambe: stdgnape (135S iR YR dIering 0riéDyF 18UGIPY some
configurable IR filter 126. For exanple, input 1 of selector 128 may be
connect ed t oo% the i topeicatoe 148 meg beicaprectedite Rrayidennpytsiguatsi foneashodfftheced

- hasi t 38. Co [ wh [ f | 128 i
el octoq. 11 FRGREaaeRrPE BRoE Ly B85 S FPEver™F FBm SEAERyP arile 58T o
produce to a@i%ﬁ%%dm@ﬁfg bilebt@rmd R iddlth %/I’EJE)HL 2 5RRIRLE g%.sﬁihﬁ' 2 1y, tt&c of

Simlarly, galin control ndpass filter 60 may be assigned to I npu

sel ect or 128nput te guretirg worhi] bardpBsfiiltet £ midPke c@abectdaas bid@her Gt (., iBANTPaSS
filter 52 may be assigned to a third input of selector 128. Band-limting
unit 46 maybd salssionhddl fbem splgeipt k28 mapgontsrl vdutheparbeularo@licrimgropeation of

t hese selectable inputs, corr ndi ilter coefficients are stored
(oo, STne netttehy e Ot Fohts Tou TAPRIEVEE By dhubofiioe Sshie pBifone Rbt
conf i gur abl e ol bRyt b 6F bd@fbotchAnd B BXAIIIE fiki 17688 | i th
four porti ogg g(Sflﬁ)lf%lT C %’(v)rrpresseorn 30 1iggl\‘(dsel ggtli \;éZ&‘?%’é:{?}%gr@%gg&%@bﬁgtﬂ&
confi gur abl &illeWiRs fiinktiar oflgadt, contwenefdpass Alt@tEDE Thed, LEAPESFE S peridh) 6&edddr | €SS

filtering operations of the conpressor may be perforned by the configurable
21 WD 2005/ 044 sowepiumelosrmoticonosia?.2. iput N} ol nefprm p 008240t BEt1dng dpetgtion FI G

8, portions gf BT expander 86 are highli dtg identjf filterin
opePat i ons th3te Ha Sﬁfégtﬂjegr ?‘Srﬁ’%}f& ”BWE ’ Hﬂ’g{:}&ﬁé%ﬁ%‘f’f&gaﬁﬁ‘o@ﬂ| Hﬁt ‘Isia;lﬁogr s

ch as confj LR L b o . ; | ' i ated
o th bando )+ pi PEERe Bl b bibfon G of Plor MR, shorl e PR ARDRUANCE,
126, |n par biyepdcatl canbplbandpt fiked 2ct or 128 may

[0043] In order to perform muitiple filtering operations e.g., for a BTSC compressor or
a BTSC expander, configurable IIR filter 126 operates at a clock speed substantially faster
than the other portions of the digital compressor or expander. By operating at a faster
clock speed, configurable IIR filter 10 may perform one type of filtering without causing
other operations of the digital compressor or expander to be delayed. For example, by
operating configurable IIR filter 126 at a substantially fast clock speed, the filter may first
be configured to perform filtering for gain control bandpass filter 60 without substantially
delaying the execution of the next filter configuration (e.g., filter operations for spectral

control bandpass filter 52).

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

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



be assigned to band-limting unit 102 such that when input 1 is sel ected,
appropriate filtering coefficients are retrieved and used by IIR filter
126. Simlarly, filtering associated wth gain control bandpass filter 104
(assigned to a second input of selector 128), spectral control bandpass
filter 112 o0 a third input of selector 128), g

de- enphasi s(‘ﬁ?]?(tﬁg/n% )( assigned to a fourth input of sel e]ik;’{%ﬁzlidzﬁg)ﬁt)sl(s
consolidated onto configurable IR filter 126. [0053] While the previous
exanpl e described using configurable IR filter 126 with BTSC encoders and
BTSC decoders, encoders and decoders that conply with television audio
standards nmay inplenent the configurable IR filter. For exanple, encoders
and/ or decodmssnfa@%eit}a?ﬁ@tlsmbmdn—@ﬁe INeAlter] ﬁslifam roed 33 bogeiCorppaniesigiaidi o
Mul tiplex (N CA h used | Eur o j ncor pgor.ate one or_nore
configurabl e 11““@1%%"? Pt &f 7§ %d?ﬁ"’éélgp?ﬁspfqvﬁgfl t‘i?@amsﬁt?ﬁel ]éﬂltba t sgpltssdelider and
decoders i npl; t & ntly
used i n part SoaroiEna s IE ) IR Beon rBHL AR R R RHRL e ST o
of Japan (EJAatue FinSitaelpChofiletr 0BYFfiEiB00L RQbAlicd 0 0R iDfut BRAE at g@ﬂéta w@blagal I R
filters. [00541] VWil e the previous exanpl e described usi ng con i gurable HR
filter 126 t clelapniced 3% adineddeed cardisturbhndse ¢i-ghalaipotdeeppliebas the ght

and | eft audi.o h nel con bIe IR filt used t o, encode
and decode ot flegfewsit E‘?mgfs T ‘If%'? tg I%t?ioaﬂfﬁfﬁtﬁ’i %f%%giqnfsl:@*@il b‘f’relZG

may be used p
ch;nnel a s%ﬁ?l%ﬁggngqéﬂ%g%%%g%gqﬁ%?@ %?hégé%hgﬁi\ﬂagala? o]?flse%ﬁr{n nege]ﬁ/[pes
of tel evisi Qg fr pRanGial She 22ond0. FAOSIRRABXNIRCTAD I8P A0S/ BOFBRts af 0055]

A nunmber of inplenentations have been described. Nevertheless, it will be
under st ood t laagd baeae nplisd mmpﬁcf@@taamﬁgﬁawﬁlﬁ@d rfé&leTheﬂl‘éi@mdﬁlgrg[ i proptidedrto
i npl enent ati ons he sco of follo 23 CLAI M5
A el evt s Abguibsiost 5t sheh it GHBRE S @emHEL ity bod ey Lt g‘Eﬂ“é o
suma | eft CRaghel noyet feslanal o afel 3o g gl
produce a sum s?gnaflt)I to suoﬁéaclteolr?g c?fd%gﬁm? tfﬁggdr% ég dﬁ&
signals from the other of the left and right signals to produce a
difference signal; and a configurable bpnfibmtebi,zpul se response digital
filter configured to selectivel yll@ise —ome or TorE; sets of filter
coefficients to filter the difference & Al , "Rt ei n each selectable set
of filter coeff|C| ents is associated with a unique filtering application to
pr fepglr Ce 1 (OO BAGEo e DR m LS (1AM W5 O e, MhELS Rabdl i U LBber ! ©
function may be assigned particular values to produce a desired type of filter. For cxample,

particular values may be assigned to the coefficients to produce a low — pass filter, a high
pass filter, or a band — pass filter, etc. Thus, by providing the appropriate values for each
coefficient, the type and characteristics (e.g., pass band, roll — off, etc) of the second -
order filter may be configured and re-configured into another type of filter (dependent
upon the application) with a different set of coefficients. While this example describes a
second — order filter, in other arrangements an n™ — order filter may be implemented. For
example, higher order (e.g. third — order, fourth — order, etc.) filters or lower order (e.g.,
first - order filters) may be implemented. Furthermore, for some applications, filters of

the same or different orders may be cascaded to produce an n'™ — order filter.

[0046] Referring back to FIG. 5, along with using selector 128 to select a particular
input for configurable IIR filter 126, the coefficients used by the filter are selected to

implement different types of filters and to provide particular filter characteristics. For
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digital filter includes a selector configured to select an input signal for
said configurable infinite inpulse response digital filter froma group of
i nput signals, and wherein one input signal fromthe group of input
signals includes an output signal of the configurable infinite inpulse
response digital _filter. 2. The tel evision audio signal r.of claiml,
wher ei n theg%%ﬂ??éﬁ?zble infinite inpulse response digﬂ%ﬁwggﬁ?@ #%% ncl udes
a selector configured to select one of the one or nore sets of filter
coefficients. 3. The television audi o signal encoder of claiml, wherein
the configurable infinite 1inpulse response digital filter includes a
second order infinite inpulse response filter. 4. The television audio

si gnal encodexample,coafifitichts nvyde gélactede impRiuegLl lall -epdsfiltad] 4 I gh +- P lfiser,
response digital filter is configured as a low pass filter. 5. The

t el evi si on aadiaed sipgvidilice vE other sishlativap af flteniised i sncedreorcdsaddegiF b pedio

infinite inpulse onse.digital filter ] f.Logured a high SS
filter. 6 TRERRdUr SrBGIaPE P IS el op BPEN & Toheds fFiehe
confi gur abl e gjdafdoBistRat folpdl e T itht e fi s a
band pass fif%gf# 54 %% gﬁ%S?%ng?%?%§&g§%?%&€$%%§F&eﬁggégﬁggféc g?ﬁf%,
wherei n the poridegtheablceffiohdit of thesecompubrder ffles pomazraipgiftat cdeffidiens .8.,

configured as an enphasis filter. 8. The television audio signal encoder of
claim 1, whetwhogdb@ct i Amspedentanen te fifiitype anstigtengharsdarishose Snilartd ent s

i s based t tel eyisi di 0 signal i led.. 9, Th
Lol evi ot on alHGC] Hial SERGLURT BPPUPRERIE SRe PR rre LT BN By mplrtgr

coef f i ci ent SinealiRysS MY fidvidhgane @Ql%&‘tabl%g?efﬁa&tg %ﬁ%@' o P Or SHIQP M6

encoder of claiml, wherein the sets o ilter coefficients are stored in
a look - up maplte. cdifiguiEdetot plosides ibers afoelitotis iegttafinge aad dRtoddg Ohakdnk,
wherein the tel evision audio signal conplies to the Broadcast Tel evision
Syst em Cormi Reteginesy 8o preyigpiorrapiples I scivpier 18| iaplagsdoin amesition & epfest inpwichder

of claiml1, ereiLn e tel evi sion, audi ignal ¢ ljes to the Near

| nst ant aneou 'F}’/gh&?ﬁggﬁoégﬁmﬁﬁﬁfogIbﬁfﬂp?‘%ﬁgf?r %;Qt ﬁ%@i‘”%fﬁgﬁ""diaq%cf?fwf © rogfppgtive

tel evi si on aydiRistanal coder, of, ¢l gi m WghemR | B di o

si gnal conpliesltég?%éaﬁgf%g’fW%n1§¥a%ﬁ§%g? 14.§¥ﬁe %§E%€%§¥%ﬁégﬁyﬁ%

si gnal encodge amgfropelasd fittet fypafethehmatthesticetomet Bin Bs @b giin coiiEN BindpsR e, €S t 0

the EIA - J standard. 15. The tel evision audio signal encoder of claiml,
wher ei n t he Erqoguneimiedhs ffteriig eclediorpl 28 ey bispbaskacet iyi a positfan tp grovide

decoder . cortiPrBrRIPERant Ryt patler i rle’ oS DetPedaneatintarra
filter confiygyi&biseesitt BRUhYIYvidSBe input signal destined for spectral control bandpass
filter 52. By seclecting this input, new filter coefficients may be selected to provide the
particular filter type and filter characteristics needed to perform the ﬁlté;'ing of spectral
control bandpass filter 52. To provide this filter and filter characteristics, selectors 152 —
162 may be respectively select filter coefficients (e.g., aoa), boay 21y b1y, @2¢) and bygry)

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

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

the second ~ order IIR filter 126 more than one time to produce a higher — order. In this
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one or nore sets of filter coefficients to filter a difference signal,
wherein the difference signal is produced by subtracting one of a left
channel and a right channel audio signal F-om the other of the |eft
channel 25 and right channel audio signal, each selectable set of filter
coefficient ogiated with a wunique filtering appl prepare
t he dlffereﬁégﬁgﬁgﬁa for separating the left channel 'kgﬁ&h&ﬁM&% annel
audi o signals, wherein the configurable infinite inpul se response digital
filter includes a selector configured to select an input signal for said
configurable infinite inpulse response digital filter froma group of

i nput signals, and; wherein one input signal fromthe group of input

si gnal s i ncl patisulan egarpielt a soghator af6ot frevidenti fpaditabl eatbnfriomi deputi bpulse
response digital filter; and a matrix configured to separate the left
channel and FW&HP“@H&W%@ﬁ@aﬁﬁﬁﬁ”@th%ﬁ%**?%g¥&the di fference signal and a
sum signal, wherein the sumsignal includes the sumthe left channel audio
signal and the ty, i s Qg%[ Y/ et .9 §Fgnal
decoder of claﬁb@%@ a&ﬁ&ﬁ%ﬁ%m?ﬂ% %gh %égpﬁgiﬁﬁ?gg%kﬁk@q%gﬂgég%oﬁse
digital filteectisddsud@sine dedbeahpbe wodidigipleatnt 1@l eLs atineleotstiie - osre or
nore sets of filter coefficients. 18. The tel evision audi o signal decoder
of cl ai m 16, Fathexasipte, stlectern 38 gay &blimpienkitad by otk mpuhere puddperesetodiedfict al

filter includes econ infinite ulLse r spanse filter,, 19. The
Lel evi i on oS GPQRaH 188 Bde Y Lc ki1 IHEDD: HAREeHRC Blieatbe

finit tals
' nti ni e2 0'- ”@H,ltﬁese{e &OHQ’?O&QE b@lm lerfeﬁ{?d'ﬁ gg@I H:{al m?e%to?s V\%Nr RE> %

filter. e television au o Sl eco eln the
confi gur abl esdldet kppréiatd Ml les&fisiespovatondicoiffisibntivaluiee nal He asudfto gotigras a
high pass filter. 21. The television audio signal decoder of claim 16,
wherein the Ii&rﬁlteg dRéblFer pxeink, tceefﬁpuq’@taldg@rub@cg poHs® Paiegi §.dP6,842 toelaning,

fi d 2. Th dj o I d
R L g R B
filt eﬁmlp I
d 13 co gtra r ! zf ‘ g%bfg}e%gf ggen\?ﬁ%%g} 6n se ?iégtﬁ (iu%)ﬂr% é %)I? rs%oﬁ%f’lg naelgngﬁéger{ﬂeSﬁg\g@sﬁof Ep?%qs ![ g p 2

coef fi ci ent switls tHedSESt @ftoder bati&olidiahd blkectiiel @My RBtoAUGR0- 1Al pro@Hiate
sanpled. 26 24. The tel evision audi o signal decoder ofclaim16, wherein
the sets of tin¢d dior 6?€ﬂéi@fl¢,|ﬂt§| contfisicais enaythgstogied in aanaveary Fiip (@8, raWfen petessi si on
audi o si gnal of f| ter coefficients

deco f clal 16, wh e set
are stored iH"8P 134T 4B yéne%y%(ﬁ%{]’teé‘f‘ inaQP%ﬁrté{mf? SigiggAaY e tfchder of
clai m 16, Ry edl?k@)‘lﬂks%%g é?&b@la%dsbvgcgatlhe BRI chEstel Qr tdiEo B 0afigast

Tel evi si on System Conmittee ( andar
coefficients may also be stored in various software structures such as a look - up table, or

other similar structure.

[0049] Configurable second — order IIR filter 126 also includes respective adding
devices 168, 170, 172, 174 and 176 are included in configurable IIR filter 126 along with
multipliers 178, 180, 182, 184, 186 and 188 that apply the filter coefficients to signal
values. Various techniques and/or components known to one skilled in the art of electronic

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

values for an appropriate number of clock cycles during the filtering process. Additionally,
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27. The television audio signal encoder of claim 16, wherein the tel evision
audi o signal conplies to the Near I|nstantaneously Conpanded Audi o Muli pl ex
(NI CAM standard. 28. The television audio signal encoder of claiml16,
wherein the tel evision audio signal conplies to the A2/ Zweiton standard.
29. The tel gyisi.on . aldi o signal encoder of claim 16, whele] lel evision
audi o signaﬁ“ég%%EJ?gs to the EIA - J standard. 30. The%%§ﬂ§3%§ﬁ%ﬁggudio

si gnal encoder of claim 16, wherein the configurable infinite inpulse
response digital filter is inplemented in an integrated circuit. 31. A
digital BTSC signal encoder for encoding digital left and right channel
audio signals so that the encoded | eft and right channel audi o signals can
be subsequenttothadeegiced 945 imsuded codpuaBlcER tihier d2@id altialleklorainguirdigat
channel audio signals with little or no distortion of the signal content
of the digit#u¢seft and right channel audio signals, the encoder
conprising: a matrix configured to sumthe |eft channel audio signal and
the right chan i i I S . Si |, .and. subt ract
one of the IefE&%wg%?Pg%?ig%ﬂgéméﬁaﬁgﬁgqﬁ?éﬁ?‘ ‘i“b#ﬁﬁ%n%¥§%W£ﬁﬁb “hd
right signal sorbpanBiit9 6y, iflishheseneemeitgo@l or nadte ofer@nbl iR bethe Hidei t €

i npul se response digital filter configured to selectively use one or nore
sets of filtmrybechiplaieatedsint itiale e One aenplafie tighgeoSimieathat pdrérme theach
selectable set of fjlter 27 coefficients is associated with a uni que
filtering apPloraiens orop mﬁﬁ@ﬁ%%%éﬁﬁﬁ?éﬁ@ﬁ%@ PPgar S (18F 1’y on
and conply w - ha . Bl - er.ehn. I iL0f NI

i mpul se res\pl)\%ﬁ#s.bevE Iﬁéﬁ%ﬁoéﬁa@%ﬁnﬁgﬁ% ud{esg hgl dg'tegl ee%eg %ﬁpt@ﬁ%@%%rez@t lsél Sée Yect an
i nput  si gnal elédonicSibign&o i E@URRDAR deBich RhiHe ahdBRten® frRS RO RSScaliodl s
filter froma group of input signals, and;, wherein one input signal from

t he group ofcoadapuy bsisgnall a and cétucied fmm paidpyt deigrals., AN NROM; badidyveabl e
infinite ingﬁlse response digital filter. 32. The digital BTSC signal
encoder of cHAIIMy etiphapdiscquie eBrinegtt AMTe SAFRHPEWOSS BIFESers d4fomse

digital fil tS%Fffi%ﬂE%!riBgO%é IS%Séhe%tsa?‘{e@?g%grPgw ed to select one of the one or

nore sets of coetfficren digital BTSC signal encoder of
claim 31, wherein the configurable infinite inpulse response digital

filter includefodlsReforthgas GG, 1, aftloukt @adripWr BETIEsRORSRf 30 {sqfrovida#in The
digital BTSC signal encoder of claim31, wherein the configurable infinite
i npul se r espdrgEratigstod thefdiagram are bisghb plftedyior Bubtrats fandtions thalgsayfbielpefprmeds. The

o5 o ETSC.o gngl enceter, o €L Aot L conl gt

The di gl tal jtfias! fiahe BATANRE vl infehRldfor hnd WREA Bl ifsi6 9AEL 95 LANIR
performed by configurable IIR filter 126. For example, input 1 of selector 128 may be
connected to the appropriate filter input within interpolation and fixed pre-emphasis stage
38. Correspondingly, when input 1 of selector 128 is selected, filter coefficients may be
retrieved from memory and used to produce to an appropriate filter type and filter
characteristics. Similarly, gain control bandpass filter 60 may be assigned to input 2 of
selector 128 in configurable IIR filter 126 and spectral control bandpass filter 52 may be
assigned to a third input of selector 128. Band-limiting unit 46 may be assigned to a fourth
mput of selector 128. For each of these selectable inputs, corresponding filter coefficients
are stored (e.g., in memory) and may be retrieved by selectors 152 - 162 of configurable
IIR filter 126. In this example, filtering associated with four portions of BTSC compressor

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

more or less filtering operations of the compressor may be performed by the configurable
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i mpul se response digital filter is configured as a band pass filter. 37.
The digital BTSC signal encoder of claim 31, wherein the configurable
infinite 1inpulse response digital filter is configured as an enphasis
filter. 38. The digital BTSC signal encoder of claim 31, wherein selection
of the one aSets of filter coefficients is based, <@k hat the
t el evi si on §&%?§&§¥aﬁal is sanpled. 39. The digital BTS%tgﬁgﬁgF%gﬁg%der of
claim3 1 , wherein the sets of filter coefficients are stored in a
menory. 28 40. The digital BTSC signal encoder of claim 31, wherein the
sets of filter coefficients are stored in a look - up table. 41. A digital
BTSC si gnal decoder for decoding digital left and right channel audio
signals wi thIlR fitdre or no distortion of the signal content of the digital

| eft and right channel audio signals, the decoder conprising: a

cel ot vel y. usaO0BHe e RbIEISLE OB o BASC SBBFNFLILHE B AUEH T ekt
difference s 'ﬁgt@%g 6&%08%94 %%e%ée&%ﬁ%y (ﬁg%pnﬁﬁ%qﬁéﬁ‘a?};é@ﬁ{ ﬁlit&ls E fi as

di fference sign I'S produce act’ing one o e channel "and a

ri ght channelsogip1siR mak: f260 Mot Bemgild) eitethy dsteridiaf #itk Bamughiran dnft i1ght
channel audio signal, each selectable set of filter coefficients is

associ at ed wintaly ba penfiirqaé by cdntigniahly IR piriléat Ingnrticolapiapdi ef tefmetod il 28 mrence
signal for separating the hett channel and right chanpel  audio signals,

wherein the CHAFTFATH ADIPARG-HItRe Wi§ H%PUcE SRS EPY it s71e5% PRRTOPIE udes
a selector . ] : [ j |1+ O&:._Sal. '

ot ini te | mp Rl ERich aREEo A T SRS RY il BUIARLE
and wherein o chitRuhirdibgidass flM bh@sgEdio Oecohdpipht Fisgloabs1IgNGhadRs an
out put signal of the configurable infinite Lqﬁulse response digital

filter; and eoniml rhandmpemfiltgurléd (essighepde aa éhirchanpuefod ssheatonel 28hnahdr ifiged

channel audiq signhals from the difference sigpal and _a sum signal, wherein
the sum si gnaf-ePRsEdEY %%éagswg {2 2 ¥ TBRL AR & @%@1%@??& R
ri ght channe qﬂg@ St 1»42. The digital BTSC signal decoder of claim
41, wherein %%% cgﬁkﬁggggrﬁgéinfinite i npul se response digital filter
i ncludes a selector configured to select one of the one or nore sets of
filter coeffi ci[@33 WHR.thdhevidugetalpBdStHsddgnale datgdeable AR Glial ID64dlith
wherein the configurable infinite inpulse response digital filter includes
a second or dBEFSE gneadeseni PIpCseeopdasp saeasiorsi qnd decoder4hat ThEpli with tlevBTSC
si gnal decoder,.of claim4l, wherein t conf.i able infinite inpulse
Feaponse  di gf i prins ey EngliteOhe et pu SRR £ il SSodg RRIET
digi tal BTSGih@na!asdRradehviftl o5 aldht dhsathflofl) ERGp&RRET AHEALMRILI ni te
' (NICAM), which is used in Europe, may incorporate one or more configurable IR filters
such as IIR filter 126. Similarly, encoders and decoders implementing the A2/Zweiton
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.

[0054] While the previous example described using configurable IR filter 126 to
encode and decoder a difference signal produced from right and left audio channel, the
configurable 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 chammel, a
professional channel, a sum channel, or one or more other individual or combined types of

television audio channels.

22



i mpul se response digital filter is configured as a high pass filter. 46.
The digital BTSC signal decoder of 'claim4l, wherein the configurable
infinite 1inpulse response digital filter is configured as a band pass
filter. 47. The digital BTSC signal decoder of claim41l, wherein the
configurabl g4 nf L. i mpul se response digital filter igs. I as an
enphasi s fi??%?ﬁggg%ﬁThe digital BTSC signal decoder of}§ﬁ§?%§h%Ek§ﬂerein
selection of the one or nore sets of filter coefficients is based on a
rate that the television audio signal is sanpled. 49. The digital BTSC
signal decoder of claim4l, wherein the sets of filter coefficients are
stored in a neq§6%% 2?. The digital BTSC signal decoder of claim4l,
wherein the set iuder eloamienaqnigiions hayedeean desedbadn MNeviedladtess, itpilt bl e.

51. Atelevigj , i i gnal coder, conprising: an, input, stage
configured t gﬁdr%gs é%la\clhéﬁggl sec %ﬁ%ﬁﬁ%ﬁgg{ﬁﬁ%}’ %ep‘gﬁclea rﬁﬁ%ﬁréhrﬁ% Aer implgnentations

confi gur abl eadeRfithiti the sdopp Yl 88 réIesRenssntt gital filter configured to
selectively use one or nore sets of filter coefficients to filter the
secondary audi o programm ng signal, wherein each selectable set of filter
coefficients is associated with a unique filtering application to prepare
the secondary audi o progranm ng signal for transm ssion, wherein the
configurable infinite inpulse response digital filter includes a sel ector
configured to select an input signal for said configurable infinite

i mpul se response digital filter froma group of input signals, and,
wherein one input signal fromthe group of input signals includes an

out put signal of the configurable infinite inpulse response digital filter.
30 52. The television audio signal encoder of claimb51, wherein the
configurable infinite inpulse response digital filter includes a selector
configured to select one of the one or nore sets of filter coefficients.
53. The tel evision audi o signal encoder of claim51, wherein the
configurable infinite inpulse response digital filter includes a second
order infinite inpulse response filter. 54. A television audio signal
decoder, conprising: a configurable infinite inpul se response digital
filter configured to selectively use one or nore sets of filter
coefficients to filter a secondary audi o progranm ng signal, each
selectable set of filter coefficients is associated with a unique filtering
application to prepare the secondary audi o progranm ng signal for a
tel evi sion receiver system wherein the configurable infinite inpulse
response digital filter includes a selector configured to select an input
signal for said configurable infinite inpulse response digital filter from
a group of input signals, and; wherein one input signal fromthe group of
i nput signals includes an output signal of the configurable infinite

i mpul se response digital filter.
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55. The tel evision audi o signal decoder of claim54, wherein the
configurable infinite inpulse response digital filter includes a selector
configured to select one of the one or nore sets of filter coefficients.
56. The tel evision audi o signal decoder of claimb54, wherein the
configurable infinite inpulse response digital filter includes a second
or der infé@ e i npul se response filter. 31 WD 2005/094529 PCT/ US2005/ 009867
APPENDI X ‘ALAEM8 2005/ 094529 PCT/ US2005/ 009867 Exhibit | /. ... .....
(These conments are generalized for any of the tilt nodules.) This nodule
is the cascaded direct-form Il inplenentation of one or nore discrete-tine
filters. 1.t isAa@UﬂabhyU@0§kn@l@Kmé@comdpnﬁdgr section that can be
'recycled up to eight .times, 1t .can inp nt a.s t h- o der filter,
el ght  2nd- or det M PR GR tiyh d R hEFRLINEL vefHanan et SBrel Aliwer o
2nd- or ders%ﬁ@%}bi@ﬂ&c@@ﬁn fiohalexteeduBracldge Mﬁﬂllchélgaﬁpﬂehﬂaﬁdﬂﬂsil%@é fre@l | y
gener at ed rogran1mh|ch allows the filters had théir coefficients
be i nput mRéThé’r Of‘@CBﬂ‘OS@l Bl sienBiség parscpplifaenaeseesl ssk di agram  of the
general formao |gna
YKhs192 That r%gotél?l ’[KE&H qu, 1;”;\ Lﬁscﬁ%%ntgb dgjetdf'ﬁ]\tll\%actoﬁﬁ lB‘¥d tt(b%lﬁc@l%@yqi s8
t he firstonsecti@asets Eﬁﬁlielﬁﬁefﬂcﬁmm fousl tdr Shdibi€drdnbe nggdﬂpuhcﬂf,hecd@ibdelhﬁalbi@
control onsg} which allow the Qﬁta fron1th§ specified section tqg be used
in the caft é@ﬂqr&ﬂgﬁlclcn@éé@wﬁrm Y&} a yaiqEe %fe’tl%alaﬂlﬁ%?ﬂfi%ﬁ@fﬂﬁﬁl&t to be

used for 4ijdahé signaMib thn%énstsfb? mhﬂ@x‘éﬁn e cB{g‘f?vTuﬁl%‘iAfﬂﬂtc 1511%%?%8%% come

either from an oﬁt5| e | nput en a new ter begins m t ho out put
of the pliguldiisr sebtlcon 6@60‘3(21) confitreredao 4¢tlhcton: ihpghemabfod emdfqohﬂgm &b]s

conmputin ection other a first sectd.on. .

colbor 1ttt G250 T gt et piedtard Vidtief it o
the nul tisplafBbmARS gRfuplofen P siplhls AL aﬁ%guﬁ& &it; ﬁﬁdl om@e EhiitRdl Sl EShSnAE €

| ong shift registers containing the data f eac the sections in

sequent i ampelsdegspomsrdigicdmple, at t he tlne a new cycl e
2. 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 one or

more sets of filter coefficients.

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

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

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

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

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

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

0. The tefevision audio signal encoder of claim 1, wherein the configurable infinite

impulse response digital filter is configured as a band pass filter.
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isinitiated, the data in dNwill have the section 1 data in its |east
Significant bits, followed by section 2 in its next nost significant bits,
etc. For each Section the bits are arranged in order such that the 15b of
the data is located in a less significant bit than the nob. So, as the
shift registers shift down, nore significant bits are multiplied by the a

and b coeff|C|ents Each of t.hose products is sumed and nulated in

the accl and at!clgidray sipy ﬁwi%%déum?o\fv w&dhbf@“icé”@?iﬁ BS each

accumul at,ﬁ{mkh&u@ﬁd ous m@t d,ecodﬁx xtuh@ AGEULALOfik,S divided by 2 to give

the proper melg tlng each mul t|p ication. The primary Puritan of the
‘lastent’ signal is to handle mul tiplication by a negative nunber.

‘Laetent' is hj when th

invert tHe bi tt%‘h@“ A “albgiPé*tz‘ "{Jﬁ‘“”g "gp‘ém Sgitﬁd%?#‘ﬁéﬁf‘“ PLaif

t he accungdtsafanicy EQritibgs a88aL08bALkte 1AR RCIcRY BEbIM U 88641 ifsalnpled. added
sinmul taneously with this bit-inversion to give a 2's conplenent result. an
approximation i used on the S|de aSSOCIated with acct where is are added
in every Qaddit4 cept r n. t is
that 0. 119_:’[111 'filcr16@51b?oo audpo 31 (gj‘ngoq {5\4{](9 m :l 6\?[]?8%% thé §ot?%§f1ﬁ(}ﬁﬁ%§iﬁﬁ?¢§l@ve

cl ose andn&hb&daﬁpﬁmﬁﬁ@ysaves sone resources by using the sane input to
the adder for adding the value 'indata' and the |IS. There is a doutp
register for each of the distinct filters that this nodule inplenments. The

data in agct g 1Wc‘2évt1§{>11e tQh&IQ%nQ]O(fncgq?d?%@ghﬂQ E'ltui{ ﬁg'sé&%ﬁil‘f\’@ﬁ&c’qm&ns

filter's cycle In co ect1on han hat functi on.

... +.uo. fu@ﬂouﬂlndlmﬁ&~upuﬂﬂq. ...... +o.. . + Gbnerated by
SoSFiItereenerator.n1on 18- Feb-2004 09, 21,24 Delay Register Wdth - 32
........... Filter 1 Gff Gain Ctrl Bandp... ++++......... This filter is

in Q17 f qr mat . TH@Evisfonl LA &8kl kncoder of claim i whdrdi®dhKiehs/ishh i8R0 %n,nzli - -
- - - [/ Max Delay Register Value - 12066.680 ------------- 20. 20) }

headr comchOpbies b Breddcas TehE3B2800% CHRIicOIBOBORE+EHEL.- 2. 305 2890e- 002
1. 00000000+000 -1.93270670+000 9. 3270929e-001 Magnitudes are relative to
the systeminput, not necessarily the filter input. Section Dal. max out nax

-------- 121 - - “Fhe television audio signal encoder of ¢laim 1, wherein the television audio signal

complics to the Near [nstantancously Companded Audio Muliplex (NICAM) standard.

13, The television audio signat encoder of ¢laim 1, wherein the television audio signal

complies to the A2/Zweiton standard.

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

complies to the EIA - J standard.

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

impulse response digital filter is implemented in an integrated circuit.

16. A television audio signal decoder, comprising:

a configurable infinite impulse response digital filter configured to selectively use
one or more scts of filter coctficients (o filter a difference signal, wherein the difference
signal is produced by subtracting one of a lefl channel and a right channel audio signal from
the other of the lcft channel
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18, The television audio signat decoder of ¢laim 16, wherein the configurable infinite

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

19. The television audio signal decoder of claim 16, wherein the configurable infinite

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

20.  The television audio signal decoder of claim 16, wherein the configurable infinite

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

21. The television audio signal decoder of claim 16, wherein the configurable infinite

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

22, The television audio signal decoder of claim 16, wherein the configurable infinite

impulse response digital filter is configured as an emphasis filter.

O]

3. The television audio signal decoder of claim 16, wherein selection of the one or
more sets of filter coefticients is based on a rate that the television audio signal is sampled.
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29. The television audio signal encoder of claim 16, wherein the television audio signal

complies to the EIA - J standard.

30. The television audio signal encoder of claim 16, wherein the configurable infinite

impulse response digital filter is implemented in an integrated circuit,

31, Addigital BTSC signal encoder for encoding digital left and right channel audio
signals so that the encoded left and right channel audio signals can be subsequently decoded
s0 as to reproduce the digital left and right channel audio signals with little or no distortion
of the signal content of the digital left and right channel audio signals, the encoder
comprising:

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

a configurable infinite impulse response digital filter configured to selectively use
one or more scts of filter coefficients to filter the difference signal, wherein each selectable
set of filter
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35, Thedigital BTSC signal encoder of claim 31, wherein the configurable infinite

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

36.  The digital BTSC signal encoder of ¢laim 31, wherein the configurable infinite

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

37. The digital BTSC signal encoder of ¢laim 31, wherein the configurable infinite

impulse response digital filter is configured as an emphasis filter.

38. The digital BTSC signal encoder of claim 31, wherein selection of the one or more

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

39, The digital BTSC signal encoder of claim 31, wherein the sets of filter coeflicients

are stored in a memory.
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nodul e decfiltl 0i 1Ak, ilnxeset, i1DRegclear, ilstart, i2coeselect,
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41. A digital BTSC signal decoder for decoding digital left and right channel audio
signals with little or no distortion of the signal content of the digital left and right channel
audio signals, the decoder comprising:

a configurable infinite impulse response digital filter configured to selectively use
one or more sets of filter coefficients to filter a difference signal that complies with the
BTSC standard, wherein the difference signal is produced by subtracting one of a left
channel and a right channel audio signal from the other of the left channel and right channel
audio signal, each selectable set of filter coefficients is associated with a unique filtering
application to prepare the difference signal for separating the left channel and right channel
audio signals, wheyein the configurable infinite impulse response digital filter includes a
selector configured to select an input signal for said configurable infinite impulse response
digital filter from a group of input signals, and wherein one input signal from the group of
input signals ineludes an output signal of the configurable infinite impulse response digital
filter; and

a matrix configured to separate the feft channel and right channel audio signals from
the difference signal and a sum signal, wherein the sum signal inclades the sum the left

channel audio signal and the right channel audio signal.

42.  Thedigital BTSC signal decoder of claim 41, wherein the configurable infinite
impulse response digital filter includes a selector configured to select one of the one or

more sets of filier cocfficients.

43. The digital BTSC signal decoder of claim 41, wherein the configurabie infinite

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

44, The digital BTSC signal decoder of claim 41, wherein the configurable infinite

impulse response digital filter 1s configured as a low pass filter.
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riFiltEnmy; reg (2,01 r3Section; paraneter SEC1 . 3'b000, SEC2 -
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O(posedge il Ak or negedge ilneeset) if (-Sinxeset) begin r6SoSCnt c= 32;
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impulse response digital filter is configured as a high pass filter.

46. The digital BTSC signal decoder of claim 41, wherein the configurable infinite
impulse response digital filter is configured as a band pass filter.
47, The digital BTSC signal decoder of claim 41, wherein the configurable infinite

impulse response digital filter is configured as an emphasis filter.

48, The digital BTSC signat decoder of claim 41, wherein selection of the one or more

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

44, The digital BTSC signal decoder of claim 41, wherein the sets of filter coefficients

are stored in & memory.

50.  The digital BTSC signal decoder of claim 41, wherein the sets of filter coefficients

are stored in a look - up table.

51. A television audio signal encoder, comprising:

an input stage configured to receive a secondary audio programming signal; and

a configurable infinite impulse response digital filter configured to selectively use
one or more sets of filter coefficients to filter the secondary audio programming signal,
wherein cach selectable set of filter coefficients 1s associated with a unique filtering
application to prepare the secondary audio programming signal for transmission, wherein
the configurable infinite impulse response digital filter includes a selector configured to
sclect an input signal for said configurable infinite impulse response digital filter from a
aroup of input signals, and; wherein one input signal from the group of input signals

inciudes an output signal of the configurable infinite impulse response digital filter.

30



rlse a and el se basic rlLaetCnt . (r6HGCsCnt 3); rlriretCnt rlLaetCnt;
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1: //176.4 kHz Stereo

54, A television audio signal decoder, comprising:

a configurable infinite impulse response digital filter configured to selectively use
one or more sets of filter coefficients to filter a secondary audio programming signal, each
selectable set of filter coefticients i3 associated with a unique filtering application to prepare
the secondary audio programming signal for a television receiver system, wherein the
configurable infinite impulse response digital filter includes a selector configured to select
an input signal for said configurable infinite impulse response digital filter from a group of
input signals, and; wherein one input signal from the group of input signals includes an

output signal of the configurable infinite impulse response digital filter.

55, The television audio signal decoder of claim 54, wherein the configurable infinite
impulse response digital filter includes a selector configured to select one of the one or

more sets of filter coefficients.

56.  The television audio signal decoder of claim 54, wherein the configurable infinite

impulse response digital filter includes a second order infinite impulse response filter.
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| n 031 Thic module is m:.r.;ar.ed by the enable signal 'khz192'. That resets

the 'section’ bus o serl which beging the cyecle a2t the first secrtion.
The ‘secticn' bus is used throughout the module to conbrol muxes which
allow the data fxom the specified section to be used in the calculations.

‘Section' first selects the appropriate inpud to be used fory 'indaral,
which is the input to that section. ‘'Indata' can come either £rom an
outside input {whem a new f£iltexr begins) or from che oubput of the

previous sectienluce2}, when & 4tk or higher owder f£ilkex is computing

a section other than ifs first section,

'Section' will also select the appropriate al, a2, be, bl,and b2 coetficients
to be used for the maltiplicaiions of the 46, Al and 482 registers. The

d registers are long shift reglsters centaining the datz for each

of the sections in sequential order. For example, at the time a new cycle
ig initiated, the data in d# will havye the section 1 data in its least
gignificant bits, followed by section 2 in its next most significanc

bits, etc. For each gection the hirs are arranged in order such that

the lsb of the data is located in a less significant bit than the msk.

So, as the shifs registers shift down, more significent bibs are wultiplied
by the a and b coefficients. Each of those products is surmed and
accumuiated in the accl and acc? registers. Each bime a sum of productks

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

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

by a negatlive nurmber. ‘Lastcpt' is high when the sign bit is being
vultiplied. ‘'Lastent' will invert the bits of 'asuml' and 'bsumi‘ to

give 2 1's complement result in the agcumulager. Fox the accurulator
asgociated with acc2 a } is added simultaneously with this hit-inversien

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

There is a dout# register for each of the distinet f£ilters that this
module implements. The daka in acce? is written to the corresponding
dout register when that £i).te.r 5 cytle it complete, ‘'Section’ alse
handies that Ffunction,

LR LA RS SR R R e R e A L A e AL S E e Rt i Ll s v

// Generated by 5OSFilterGenerator.m cn 18-Fehbn2604 0%:21:24

/
// Delay Register HWidth » 32

J{ vervvanssbansiatesrehsantren  Filbey 1 DLEL Gain Ctrl Bandpass Feeswwsskiedeirdaictiataves
// This filter is in Q17 format. (Q17 is required,)

A R R L R {192 KRz Stexen) - « « v n v o v a e w v ow
// Max Delay Register Value = 13066.680 +--s=vecvoecw= > 20.247% headroom

I 2.3052850e-002  £.0000000e+000 -1.3052890e-002 1.000000024000 -1.9327087e+000 5.327B5292-00L

// Magrirudes are relative to the system inpukt, not necessarily the filter input.
ff Ssetdien Del. max Cutmax

il 12066.6758990645000 1.8655542250264
O R I L [176.4 kHz Skexso) =« = = = = u = & & o o o 2 -

// Max Delay Regicher Valug = 11062.425 ~-w-----vw-- » 32.480% headzoom

17 3.5865202e-002 0.00000002+000 ~3.5869202e-962 1.0000000e+000 -1.9269677¢+000 9.2705018¢-00)



end -2.357455e-001 in @B1 SECA4 begin r340A2

r370HL 37' h1FC1162008; end

= 34' h3e9867756; // -9.255839%e-001
begi n

r37001 371h1751031121,
34' 3039439C091; -8.4195755-001 in 031

-4.915100e- 001 in B1 5EO05 begi n r340A2
end -6.0794045-501 in @B1 SEC6 :

in 031 r37091 37 h1F822F0237

r34GA2 34 Qf&% -9.6085155-001 in CBl 07081 = DF; end
-4.5235125- 8g§§§h %’ SEQ7 : begin r340A2 34151381142% ﬁiEgﬁé%%?é35 001
in 031 r37051 = 37" h1550935053; end -9.3702745+000 in 031 default, begin

r34GA2 0; x37001 0; end endcnse 1, //176.4 KEn Stereo case |r3Section)
5E01 begin r34GA2 34' h389562859; // -9.370582e-001 in B1 r375B1
371110000000@@;@;:@@ hksrlho i vQB BB E02recb@gimer:8409n2  34' 55355530145; 1/
- 5. 5557240- 00 qg 1 =%7001 = 37°HB00405190A; end 3. 7570125-002 in 031
SEC3 begin r/éheAz T BSRYBEA0S7, & EOET72e- 001 in 031 r37051

37' h1FE3000030; - end- / /- -.2..1982626- 001 i.n -031 . .SEC4 : begi n r34GA2:

34' h3950FFDAS ™ "’ﬁ’ 3007845 5611 i 031 r*370&1*]" 37' 551503025A39; and
-4.7013168-001 in 031 SECS begi n r34GA2 a 34' h38A43EGDC;, -9.190020e- 001
in @Bl r3708T:532m kil FS9A00ABR L Bnthy 1onb. 933760500 L 5#:031 5E06 begin
r34GA2 3413338440200kl f we 9.:6539456e001:,i:0 BLk37081 371551FC70E3063;
end // -4.39507Tk-001°F:4>031 SEC7*H&gi n r34GA2 a 34' h3812A24P0; //
-9.9090145. G01 i n O r370581 37'1588ﬂfe?f%o|=055: end -7.8327355+000 in 031
defaul t: bedjn.r34GA2 . Q;. .r37091.a Q.. .end .endcase 2, //192 kHz SAP case
(r35ection) /SECHbegin " H34m2 34 H3BOIATOMB™ 9. 3270535- 001 in @B1 r37081
37' h0000000G50; gnd // Q,in @1,SEC2 begin r34GA2 34' h3Ae2FB2nC,
-7.615694e- G010 LR 1 uozsﬁzQﬁnl';";;;b‘mm15§§Q§5A79%95%£19t0 /g/mm‘sé §127852€ 002 in
031 SEO03 befi.p;.L34GA2. .. 340N39A: MQZQQQEMZWQ 6.(:310;.00

// Secticon Del. max Dutmax
AR -

f70k 11062.4247708884870 1. 8855575579155
Ll

ttttttttttttttttttttttttttt

[ treRremsactas ¥Eryrekrrtreakd Piltar 2 Diff Lowpass
H This filter is in Q25 format. (Q1B ie reguired.)

H -------------- (192 kHz Stereg) - - - - - = = = = - - - o -

i;’ Max Delay Regisber Value n 31.9B4 e-v-um~ree-- » 50.025% headroom

/!

I bo b1 bz ab al a2

J o e e e e e e e AR o r AR e R = e kS e e m e
// 5.2715876e-002 2.0651034e-002 5.2715876e-002 1.00000006+000 -1.51311602+000 5.8400521e-001
// 1.7307148e-001 -2.3574552@-001 1.7907148e-001 1.000000084000 -1, 5864796e+000 7.0937033e-001
// 3.0401514€-00% ~4.51510808-001 3,0401514&-001 21.0000000e+006 -1.662132984000 5.4198754e-001
4/ 3.5735700e-001 -46.07594041e-001 3,5735700e-081 1.0000000e+000 -1,7107429e+000 9.2558352e-001
// 2.61362442-001 -4.5235123e-00% 2.6136243e-001 1.0000000e+000 -3,7366273e+000 5.6B85152e-001
;’I/, 5.3B30645e+000 -5.3702736a+000 5,3630645e+000 1.0000000e+000 -1.7519273e+000 9.8157326e-001
// Mognirtudes are relative to the syStem input, not hecessarily the filter input.

// Section Del, max Oubimax

S oeeereer imcesse emeen

/o 2B.3715156629407 2.5716901313243

112 33.9840155840160 3.B308352851226

/3 31.9840159840161 3.5210477888608

/74 A1.984015984016) 2.0839824177149

/5 31.9840158840161 ©.8396791296564

}':" 5 31.9840159840157 7.7860720843172

1

P AR L {176.4 kHz Stereo) « = = = = +« ¢ « o 0 o . o .

// Hax Delay Register Value o 31.984 «vermmccoemcny 50.025% headroom

/

/

/7 bo b2 b2 a0 al a2

J e e et e e e . m e h e Ao e R S e ————
// 6.TLB2569R«002 3.7570123e-002 6.715256%e-002 1.0000000e+00C -1.47281898+000 5.5557235e-001
J/ 1.81E46B4e-00) -2.19826208-001 1,8164684e-00) 1.0000000€+000 ~1.5434407¢4000 6.8851917e-002
/f  3.0315457¢-001 -4.7013161e-001 3,0315457e-001 1.0000000c+000 -2.61875692+000 #.2007541e-001
//  3.58757480400) -5-9137596&-001 3,5875746e-001 1,0000000e+000 -1.6668321e+000 9H.180280e-002
// 2.61391x7e-001 -4.3950708&-001 2.6119117e-001 1.00000002+000 -1.69264238+4000 9,6639480e-001
5:: 4.62303368+000 -7.8327350c+000 "4.6230336e+000 1.0000000€+000 -1.7081551e+000 $.%090135e-004
/f ¥agnivudes are relative to the system input, not necessarily the filter input.

// Section Del. max s Outmasx

Fl ommemee bemrwame auesas

1R} 24.1079463328329 4. 1771247459416

/2 31.9840159840160 4.4855401597618

/3 3%.9840159840160 3,6514564876954

L] 31.8840159840160 2,4096818625693

/18 3L 9840158840260 0.95803587530679

/6 32.5040255840163 7.8035183748296

I

I

[ A (192 KHz SAP) « = v = w = w = o = o - - &

,If,,{’ Max Delay Register Value = 63,968 =rv-wmwuaur- s 0.050% headroom

{7

ﬁ bao b1 b2 ad al az

//  3.559243D6-002 -1.527852Z&-002 3.5652430€-00%2 1.0000000e+000 «)1.G681586e+00D 7.02669356-001
/Y 1.7291208e-pol -2.88986176-001 1.7201208e-001 1000000024000 -1.7359812a4000 7.%467313e-~001
// 3.0167536e-00) -5.50245915e-001 3,0167936e-001 1.000000024000 ~1.B076636e+000 B8.20113582-001
//  3.5737308e~001 -6.6631149e-001 3.5737309e-002 1.00000008+000 ~1.85%1403e+000 9.4867213e~001
//  2.6223393¢-001 -4.3257885e-001 2,622339)e-001 1,0000000&4000 ~1.87385556+000 9.7876206c~001



r370el = 371h150e028052; end // -2.5898600-001 in @B1 SEC4 begin r34GA2
34155355100220; -5.901136e-001 in 031 x37081 37'h1589916598, end
-5.5024925-001 in B1 SEC6 begin r34GA2 34' h38691E96A; // -9.4867215-001
in 031 r37G1 37'h2FA5864E14; end // -6.653115e-e51 in 031 5506 begin

r 3405i 2 34' @6%5%%;_&-987 /] -9.707621e-001 in 031 r37061PC'I/U8200-,/()0)86

37' 211FCOk- 32036; end -4.925709e-001 in 031 SEC7 : begin r340A2

34' 55390550590; -9.9419075-001 in 031 r37051 371551A910835BC; end

-1. 0560505+001 in 031 -default: begin r34GA2 - 0; r370el - 0; end endcase
3. [1176. 4 KRr::50Re00Ca5@skeled SELLLAR) 19004, BLG17:3h032:50,34, 3, 309562€59;

-9, 270582e- (JQkniiuhs Q3:lrcsk 34B L. 34, 3. RQRNQ0A00Q.. .end 0 in 031 5E02 begin
534032 341%3‘?\9&40353"‘}_-%795650e ()’E}T’w n @B1 x37081 + 371h17PEO4E300; end
-1.1568695- (JG2 i n CRELEENSEC3 . begiurE3%GA2  34' h39C5086AF; -7.7079255-001
in @B1 r37G8% 37 lj;_;‘—mﬁﬁgg;gm& a:rggt;;gg 11B03767e-001 in B1 SEC4 begin 534032
34' 553e5342(JG0; - 8. Z1Z2a28- 001 ixA3%es WO 2005/ 094529 PC P/ 0S2005/ 009867
r37GBl1 . 37/hl FaAB7DSF1; end // -5.412648e-001 in B1 SECS begin r34GA2 .
34' h357195752;; ;29:445334e- PDE £ QB L BTCR2 ~ 37" hi pAEBEFCA4; end
-6.552341e-09D1 in B1 SEC6 begin r34GA2 344h3a2F7A534; -9.758175e-UD1 in
031 r37GB2/ 37"h1FECLDF2549; e _rJ.’@i_..l_!__-:,.4_?9_5_3.?.3.5_<?_fo9l.--!-n_-i(?lil.-_ SEC7 begin
G S I BRI L % DREADK: QO O i B OF T NIBODASIESD;  and
-9 1432136+ 0@ 233:05::01 2;;234 fl}l 3t01955 e 1. Dm 9;2:3928&-000 9445333;: %Pd endcase
endcase endH esehead 837 nézzfﬁiiis o: @fpooge u@e’&@ceps@n§e+ooo LG4 Fpe- 002

0551&+000 }l14321 DDO 4.910546e+000  1.0000000e+000 ~1,866166%e+000 S, EEITBQBG 001

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

/:: Sectien Del. max Cutmax
2
/71 51.,2422058500253 31.936951B486068
/2 §3.9680319580320 4.1915004156462
/73 £3.9680319680319 3.3384719L009638
74 63.9660319680317 2.3445117940875
/5 63.5680319680315 G.9126165355003
i/ 8 63.9680319680338 7.7522411080682
174
medueie decEiltl (I1C1k,

ilnReset,

iiDRregClear,

ilStart,

iZ2Coefseleck,

il8Datalnl,

orlShatadutl,

iz7patain?,

or29Datadut2);
inpub i1clk;
input ilnResek;
input ilbRegClear;
inpug ilStart;

input [1:0) i2Coeffelectk;

input {17:0) 4ilbPatainl;
output [18:0) oxl19DataOutl;

input  {26:0} i2YDatainz;
outpur  {28:10] or2SbDataCuts;

reg [31:0] x32D0OMSBs;
reg {191:0] riszpo;

reg [223:0] zz224mD);

reg [223:0] x224D%;

rag {28:0) =r2opatalnReg;
wire 133,0} w34IMuxl;

reg {33:0] r3aGal;

reg [33:0] x34GAZ;

wire [33:0] w34Asumy;
wire [3210) w34ASumin;
reg {3310} xr34Rccl;

reqg 13610} r37G80;

Ty [36:0] r37G81;

rey [36:0) r37GB2;

wire [36:0) w37BSumi;
wire {36:0] w37BSum2;
wire [36:0] w37RSum2n;
reg {36:0) x3TAce:;

reg [1B:0} ori9Datadutl;
reg [28:0] or2spatacutz;
reg [S:10] #6S0SCnt;

reg riLastCnt;

reg rifirsecnt;
reg r1FilbEn;

Tag r1FiltEnDly;
reg {2:0] x3Section;
parxameter

SECL = 34ba0o,
SECZ = 3'b001,
SECI = 3'bOLO,
SECA « 3'honi,
$ECS = 3'b100,
SECE = 3'bioL,



el se begin case (i2CCefselect) 0: //192

if (r224D2t01 |'ba) r37GB2 0;
37' h2FFBCAEC44,; -3.305289e-002

kHz Stereo case (r3section) SECS r37Q02 .
in @Bl SEC2 r37GB2 37' h00066F6402; 5.271588.-002 in 031 SEC3 r37GB2

37- hool GEBD073; 1.990715.-001 in 031 SECA r37082 . 37' h0026590705; //
3. 046151. - 0Qdy bds/68he SECS r37G82 . 37 h002DBDOFCB; 7359965901 in B1
5506 r 37052 0 4 b0021745300; 2.6136246-001 in Bl sect s

37' h0251084239; 5.3530656+000 in B1 default: r37G82 . O; endcase 1
/1176.4 kHz Stereo case (r3section) SEC] r37G82 . 37" hlFF065A354;
-3.586930e- 002 in (B1 SEC2 r37052 375b0008987496; 6.7152576-002 in 031
5503 r37G82 37' hGB17A483424; 1.016468.-001 in 031 5504 r37GB2 = 37
h0026CDCAEL; 3. Gﬁiﬁﬁﬁ&mQQﬂoiﬂwQSLMHSECS r37GB2 = 37' h002DEBC3AC;

3.587575. 001 i N° GEER"SECs r37082 = 37' 310021555658; 2.611932.-001 in 031

b504d535; 4. 623034e+000 i n @1 default: r37GB2 . O;

37" B .
r37GB2 37' h1FFBCAEC44,

SEC? r37GB2

endcase 2 //192 SRESAR ) case (r35ection) SEC3: .
/1 -3.305299e-00% ?ﬁéﬂBl%mSECZ - r37GB2 . 37' 3t 00048E4AF2; // 3.559243e-002
in 031 5503 ' r37CHZE37-HO01621F5A9, // 1.729121.-001 in 031 5504 :

r37052 37' h00269D6I3LE. 3::016794.-001 in 031 SECS : r37GB2 .
37' hOOZDBEGGBD; 3..5%3731e-06D3 in 031 SEC6 r37052 . 37' h002190E183; //
2.622339e-001 in QBIHNTECT =3 7@EB2 a 37' h02E23C76A5; 5.767410e+000 in B1

rllast
risection;

. x3Section <= rllastCnt ? r3Section + 1 :
def aU| t . r 37(332 ¥y1FiltEn <= (riLastCnt && (r3Section =» SEC?}) ? 0 i x1FiltEn;
x1FLltEnDly <s riFilkEn;
r&508Cnt = {r6S0S8Cat ew O} ? 32 : ré505Cat - 1;
end
end

always @{ri52D[6] oxr x3isSection)
begin
if (r292D0{0) we 1'b0} begin
T34GAL = O;
Y3TGBE = O;
end else begin
case {i2CoefSelect)

ds /7192 kHz Stereo
case [r3fection}
SECL : begina r34GR1 = 34'hOF762FFB7;
r37GBC = 37'hGO043BL3EC;
SEC2 1 begin £34GAY = 34'hOCIADCEDA:
r37GBY « 3IT'hDDOEBFEAD2;

// 1.932709e+000 in Q31
erd [/ 3.30528%e-002 in Q31
// 1.513126e+000 in Qal
end // 5.271588e-002 in Q31

SECY : begin r24GAY o 34 'hOCAFOFF18;

// 1.585480e+080 in 31

r37GE0 x 37'h0O0LEEBDO73; end // 1.790715e-001 in Q31
SEC4 : begin r34GR) = 34 'hOD4COCIES; F/ 1.682333e<000 in (31
7GR0 = 37'hU026ESTIDF; end // 3.040151e«001 in Qa1
SECS : begin r34GAL ~ 34 'hODAF$9F49; /7 1.7107432+000 in Q31
r37GBO = 37'h002DBDDFCY; end // 31.573570a-D01 in Q31
SECS : begin r34GAY « 14 'hODE4SCDAD; Jf 1.73662Te+008 in Q31
£37GBO = 37'h0021745304; end [/ 2.613624e-001 in Q31
SECT : begin r34GAl = 34'hOB03ED3I78; // L.751917e+4000 in @31
T37GEQ » 37'he2B10843F6: end // 5.383065e+000 in Q31
defavlt: begin r34GAL « 0; r37GBO = 0; end
endoase
Ly /f176.4 kHz Stereo

case (risecticn)

SEC1 1 begin r34GAL =~ 34:hOFGAGEOFA; // 1.926968e4000 in Q31
T37GBO 37'hO00457Y5CAS; end f/ 3.586920e-002 in (ai

SEC2 4 begin r34GAL 34'h0BCB55431 £/ 1.472815e4000 in Q31
r37GB0 37'n000BIBY454; end // §.71525Te-002 in Q31

BEC} : begin r34GAl A4 hIC58F76D4 // 1.543442¢+000 in Q31

SEC4

SECS

r37GBD

r37GB0
begin r344al
TITGBD

-
=
"
1 begin r34GAL
o
=
=
x

3780017403434
34'heCFI36CF8
37'h0026CDCIEL,
34 thODSSACLIEF
37 'h002DEBCIAC;

end // 1.816468e«00% in Q31
/7 1.618757a+00¢ in 031

end // 3.031548e-D0L1 in Q31
7/ 1.656832e<000 in {3

end // 3.587575e«00L in Q31

SEC6 : begin x34GAL ~ 34'hODSABSLIS; /7 1.692642e4000 in Q31
£37GB0 « 37'h00216EB65B; end // 2.611812e-00% in Q31
5BEC? : hegin r34GAL » 34 'hODRAG232E; /7 $.708195e+000 in Q31

r37GBC « 37'hG2AFBF903E; end // 4.623034e+000 in Q31
defaults begin r34GAl = b; r37GBO = 0; end
endcage
21 //192 kHz Sap

case (riSection)

SECY + begir £34GR1 = 34 'hOF762FFDT; // 1.932709e4000 in Q31
Y37GB0 = 37'h0004381IBC; end // 3,385289e-002 in 31
SEC2 : begin x3406A1 = 34'R0D5SB63083; // 1.66815%e+060 in Qa3
r37GB0 = 37'h0HGABEL4AF2; end // 3.559242e-002 4n Qa1
SEC3 r begin r34GR1 = 34'hODESS6600; // 1.736981¢4000 in 031
rI7GBG = 37 hOO1E2LEBAY; end // 2.729121e-00L1 in 031
SEC4 : begin r3dGAl = 34'hOKYE1B705; /7 1.807664e+000 in 031
TI7GB0 = 37'hOC2GE0EODE; end // 3.0167542-001 in Q31
SECS : begin riaGALl = 34'hOECF22A52; /7 1,8512408+000 in Q31
r37GB0 = 37'hDOZDBESEAD; end f/ 3.573731e-001 in (31
SETE 1 bagin ri4GAl = 34 'hOEFDATDAD; Ff 1.8738552+000 in Q31
£37GB0 = 37'h002190E1A2; end // 2.622339e-001 in Q31
SECY : begin r34GRAL = 34 'hOFL718472; // 1.886277e+000 3in Q31

£ITGEO =

371h02E23C74EB;

end // 5.767470e+000 in Q31

defaulb: begin ¥34GAY = 0; x376B0 = 0; and

endcase

I F7i76.4 Klz Sap
case (riSection)



redcase 3' //176.4 kwz SAP cash (r3gadtion) SECS : r370B2 .
37' h1FFB6BA354; -3.5865200-002 in 031 SEC2 : r37GB2 - 37' hODCSAe7C57,
4.420432.-002 in @B1 SEC3 : r37002 . 37'h001637EF23; 1.735820e-001 in 031
SEC4 : r37082 . 37'h0026A6D964; // 3.019660e-001 in B1 SECS : r370B2 -
371h0e2DCACS3 6 20dshoo32H77506e- 001 in @Bl SEC6 : r37GB2 . pdibdaoRds6824B6;
2.6147900-001 in @B1 5507 : r37GB2 - 37' h02749DSF5F; // 4.911055e+000 in
031 default: r37G2 . 0; endcase endcase end and assign W34ASUML r 34GA2
\:leiﬁ/u@i asisi gn W34ASumiln - rlLastCnt 7 -w34ASUnl : ' 434ASUnl; assign

x1 . rllLastCnt_7 al.nRe )o)en [ a90at al nReg 1;  assign
w37DSUnl - r37GB2 + T 37C ﬁ?%éﬁ‘&%@ %qgﬁl&&m%égum + r3gGBO assi Sn
w870SUai sn  ri Lastent ? = MEE,B TRLeTBINEL mleys m(posedge 101k or
negedge ilnseset) if {:[Thies J:::ﬁyggvén“% JETeD; 137AGe2 c- O
r32DDVBBY c- 0; r2dbatal “Jﬁa@g‘ & mohranaci o fa@gegs Oyt e~ 0;  or 29Dat aOue2 c. O0;
end el se begin if (rifFi Tf‘S”a%a}aoE)é MOFRAFSFF: ¢ mrj ggééqnngépegl n r32DOMS5s -
r34ACC3; r34ACC3 07 ' FITAGE2 ol Baser CEGHED i

SEC7 : begia ¥34GR) = 34'hOEEDESID 56166e+000 1n Q 1
X3ITGBO w 3?'h02719D7JCC| end /f 4 9110554000 in 031

default: begin r24GR1 = 0; r37GB0 « 0; cnd
endease
endcase
end
end

always ©[{r224D1{0] or r3Section)

begin
if (x224D1{D] == 1'b0} begin
I34GA2 = 0O;
TI?EBL = O

end else begin
case (i2CoefSelect}

0t /192 kHz Stereo
ecase {riSection}

SECL : begin z34GAZ = 34'h38BOAVDDE; J/ +9.327B53e-001 in Q31
rI7GEL = 37'h0O000Q0C000; end // & in Q31
SEC2 ¢ begin r34GA2 = 34'h3BSIFIFA4; ¥/ ~5.840092e-001 in {31
£37GBL = 37'hODOZAG00FB; end // 2.069103e-002 ip Q32
SEC3 : begin r34GR2 = 34'R3IAS3IIS5A60; J/ +7.083703e-001 in Q31
¥A7GBL » 37'MAFELIDILT21; end [/ -%.357455e-001 in Q3
SEC4 1 begin r34Ga « 34'hi94300081; // -B.419B75&-0¢1 in Q31
r376B1 » 37'h1EC1362C88; end // -4.515108e-00% in Q31
SECS : begin r34GA2 = 34'M3B9BE7TSE; f/ -5.255839e-001 in Q31
r37GE)} = 37'h1FB22F0237; end // ~5.078404e-001 in Q21
SECE : begin r34GAZ » 34'h3IEAFCACES; J{ -9.888518e-001 in Q33
r37¢81 e 37'h1FCEL95ADE; end // -4.523512e-001 in Q31
SEC? : begin r34GA2 v 34'h3B11420R7; /{ -9.915733e-001 in Q32
r37GBL ¢ 37'RABSOIAEDS3; end // -9.370274e+000 in Q31

defaults hegin r34GAZ = 0; r37G81 = 0; end
endeaze

1 //376.4 kM Stersc

case [x3Section)
34*h385562855; // -9.270582e-001 in Q31

SECL : begin YI4GAD =
TI?GB) = 37 ho0C0000000; end // O in Q31
S5EC2 + begln ¥34GA% « 34 hIBBE3I0OIE; /! -5.555724e-001 in Q31
tIYGBY = 37'hOO04CFiS0A; end // 3.757012e-002 in Q31
SEC3 : begin r34Gh2 » 34*'h3ATDEABST¢ // ~6.885173e~-001 in Q3L
¥37681 = 37 hiFEIDCBCA0; end // -2.188262e-001 in Q31
SEC4 1 begln r3aGn? = )4'h3SSBFFDAS; J/ +8.300764e-001 in 031
ri7GBLl = 37'hiFCIDIBAIB; end // -4.701316e-001 in Q31
SECS 1 begin r34GR2 = 34 'h38R43EEDC,; /f -3.198028¢-001 in Q31
rI7GBl « 37'h1FB44DCARF; end [/ -5.9237602-001 in Q31
SECS : begin r34GA2 « 34'h3644D2CDF; ff -9.6635486-061 in Q3L
r3ITGBL 4 37*hAFCTREIRE3; end // -4.395071e-001 in Q31
SECT : begin rlaGAz « 34'h3BL2A24F8; /7 -9.9090146-001 in Q31
r37GB1 » 37'hACASGEFOBS: end [/ -7.832735e+000 in Q31°

default: bagin x34GA% = 0; X37GBl » 0; end
andcage

2r /7192 XHz SAP
case lx3Secrieon)

SECL : begin ridGA « 34*h38BSATDDE; /4 -9.327053e-00% in Q31
r£37GB1 = 37'h0000000000; end // 0 in Q31
SEC2 + begin ri4GAZ = 34'h3IAGRFB2DC; J/ -7.018684e-08% in Q31
37GB1 = 37 'hiFFEGBSATE; end // -1.5298526-062 in Q31
$EC3 : begin r34GAz « 34'h3SA482636; /7 ~7.846732e-001 in Q3L
r3i7G81 » 3T'hAFDBG28052; end // -2.8B5862e-001 in Q31
SEC4 : begin r34Gh2 = 34'h3SELECR20; // -8.9011368-001 in (21
xa7GBL = 37'h1FB3916F58; end // -5.502451e~001 in Q31
SECS : begin r340RY « 34'h3BESLEIEA; /f -9.4B5721e-001 in Q31
¥I7GB1 = 37'h1FRRHE4EL4; end [/ -6.8631152-001 in Q31
SECE : beghn £3aGA2 = 347h3B2BTECET; /{ -9.78762%ev001 in Q31
37GBY = 37'h1FCOFI2DIS; end // -4.92578%e-001 in (31
SEC7 1 begin ra4GA2 ~ 34'h3BORESBSD; /l -9.54190%7e-001 in Q31
rI7GBY = 37 'WIAYADBISREC; end // ~1.08E050e+001 in Q31
defaplt: begin r34Gh2 =~ 0; x37GBL = 0; end

Endcasc

£f176.4 kHz SAP
cace {risectioen)

SECL : begin r34GAZ = 34'h3BI562B5Y; /4 ~8.2708028-003 in 033
r1GB1 ~ 37¢h00DDOCO000; end // 0 in Q31

SBECZ : bagin r34GA2 = 34'H3A904035x; /1 ~6.7956500-001 in Q31
17681 = 37thIFFES4EADO; end // ~1.156B68e-002 in Q31

SECI : begin xJ4GA2 = 34°h35CS0BGAF; // ~7.787925¢-001 in Q3)
¥37GB1 ~ 37'hiEACLCIDI3; end // -2.803767¢-00% in Q31

SECH : begin x34Ch2 = 34'h38F242B0D; /7 -8.812202e-001 in Q31

L



SEC3 : r29DatalnReg c- ( (11(ileDatalnl (17))), ilODbatalnl ); WD 2005/094529
13CT/ 1JS2005/ 009867 SEC2 : r29Datal nReg <. ( (2{i230atal n2(261)},

i Zv-ateln2 }; default , r29Datal nReg ¢c° r39AC02128,0); endcase and el se
begi n r3200MsSS ¢' (1'60, r32DOVB6s(31,11); r34ACCL wW34ASum n + (

r34Acc11331 yd AL 33: 13 } r wW341IMKI; r37Ae2 <.: w3 Rosodks
r 39ACC2( 363, 1 39AcC213G 1) ) + rllastCnt; and and if (il’tligjlglgt EnBY &&

rlFirctCntl case (r3Section) SEC2 : orl9DataOutl ca r32Acc2fls, O ; Seen
or29DatsQut2 c. r37ACC2(28:0); endcase end //Tns follow ng |ogic was
separated fromthe above procedure because //the Synplicity tool could not
recogni ze these as SRil; 168 oibl kebhwe | Hi-ha 3533@51"5%‘ cannot have a reset in
Virtex and Virteas past sb.egirS”EilIﬂﬁ%ﬁ?ﬁ?ﬁﬂ‘\f@;‘fi?éiiﬁﬁé?lsﬁ%%lt akenly not all ow ng
these registers to use SEgLJf : DBCAUSEY THlnEelabed Fegi sters in the same
procedure had reset s....&reatinig: L. soparate TProécédiire works a and the
probl em al ways Q4i3%&dge il k) begin if (ilDRegd ear) begin r192D0 <_
(1'bO, (1920QLr91:11): r22401 {{(19200)0), (224011223:1)); (22402
(r22401(0), r224021223:L3)i.end else if (rn & -(1lFirstCnt) begin r192D0
(r32D0 cc 95,74 ...x19200(,191: 13}; r224D1 cc {r192DM92D0101,

r22401(223111) ;,,.” 22462 ((2290110), x229-2 (223 :1J}; and end

case (izZCocfselept)

or //192 kHz Stereo

case (r3Section)
SEC1 : r37GB2Z = 37 'hIFFBCSEC44; // -3.30528%e-002 in Q31
SEC2 : T37CGB2 = 37°*h00J6BFE4DZ; // 5.2715882-002 in Qi1
SEC3 : r3YGB2 e 37'RMOOLGEBDOT3; // 1.7907:EBe-001 in (1
SEQ4 : Y37GBZ = 3IT'hOU26EOF7DF; // 3.040151e-001 in Q3L
SECS : T37GBZ = 37'hOOZDBDDFCB; // 3.571570e-001 in (31
SECE : T37GB2 = 37'hH0023745300; // 2.613624e-00) in Q31
SECT7 : x37GB2 = 37'h02B1084239; // 5.3830658+000 in Q32
default: wITGE2 = 0

gndeasge

s Jf176.4 KHz Steres

case (xiSection)
SECL : r37GB2 = 37'hIFFB6BAISE; // -3.586920e-002 in (32
SECZ 1 r3I7GBZ = 37'h0008987484; // €.715257e-002 in Q31
SEC3 ¢ ¥37GB2 = 37'h00XT7403424; f/ :.816468e-001 in Q31
SEC4 1 ¥37GBZ = 37'hOO2ECDCAEL; // 3.031546e-001 in Q32
SECS : ¥376B2 = 17'h002DEBCIAC; // 3.587575e-001 in Q31
SECS s YIYGE2 = 37'RO02LEEBSSE; // 2.611512e-001 in @31
SECT s TITGB2 = 37 hO24FBEHOIB; [/ 4.
defaulb; r37GB2 = 0;

endcase

§23034e+000 in Q31

2: /7192 kHz SAP

case ([riSection)
SECL : r37GBI = 37'hiFFRC4EC44; // -3.3052892-002 in Q31
SEC2 : r37GB2 = 17'hODO48F4AF2; // 3.559243e~002 in Q31
SECE : ¥37GB2 « 17'hO0AG21FBAF; // 12.729121e-001 in Q31
SECQ4 : rl7GB2 = 37'HO0269NGLDB; // 3.016754e~001 in Q31
SECE r ¥37GR2 = 37'hO0ZDBRESHD; /f 3.573731le-0D1 in Q3
SECS : 7ATGR2Z w 37'h002190E183; // 2.62233%e-001 in g3i
SECT : r3TGB2 = 37 'h02E23C76A5; // 5.767470e+000 in Q31
defaults: z37GB2 = 0;

endcase

3r //276.4 kHz SAP
case (riSecticn}
SECY : ri7GB2 = 377hlFFB6BA3S4; f/ -3.586920e-002 in Q31
SECZ : Ti7GB2 = JT7*hODOSABTCEY; [/ 4.4204322-002 in Q31
SEC3 + T3?GB2 = 27'hOOLE37EF23; // 1.735820e-00L in Q32
SEC4 : r378B2 = 37'hD026AREDSE4; // 3.019666e~001 in Q3
SECS 1 ¥Y3170B2 = 37'h002DCACE36; // 3.577508e-001 idn Q31
SECE 1 r37GBZ = 37'h00217824B6; // 2.614750e~001 in 3
SEC7 1 r37GB2 = 37'h02749DEFBF; // 4.211055e+000 in 031
. default: TI7GEZ w 0;
endcass
engcase
end
end

assign wI4ASuml = r34GAL + ra4GA2;

as6ign wI4ASumln » rlLasbCnt 7 -w34ASuml 1 w3i4ASumd;

assign wldlduxl = xiLastCnt 7 { {5{xz9batainReg(281}), r29Datalnkeg } : 1:
assign Wl7BSuml = r37GBZ 4+ X3I7GRL;

assign wi7BSum2 = w3?BSuml + x37GHO,

assign WITBSuuIn « xlLastCnt ? ~w37BSum2 : wI7BSum2;

always @(posedge {1Clk or negedge ilnReset)
if {~ilnReset) begin

r34Acel <= O;

T3REE2 ¢= 0

ZI2DDMSBS <w D

¥2iDatalnReqg «w 0;

oxldDatalutl ew 0;

or25Datadut2 <= 0;
end else begin

1f (ziFiltEn) begin
if {rlFirstCnt)} begin
riI2DOMSES  <n x34hccl;
rishccl <z 0}
r37hce2 <u G
case {riScctipn)
SECL : x29DataInReg <~ { {11{i1aPabaInli{1?})}, ilsDakaIni };

7



endnodul e
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SECZ : r25DatalnReg <= { {2{iz7pataln2(26]}}, i2¥pataln2 };
default : rasDatalnReg <= r3Tacc2(28:0];
endcase
end else begin
r3ZDOMSEs <» {L1'hO, r22D0MSBs[3111)};
TR4Ace] <m wldASumin + { r34Accd{32]l, r3dAcciiid«ll } + w34srmaxl;
I3TACCZ <o wITBSumin + { r37Acci36), x37Acc2(36:1) } + rilastcnt;

end

end

5E (r1FiltEnDly &5 riFirstCnt}
case [r3gSection)
SEC2 1 orlShatasOutl <= raTRec2[1B:0};
SECE : Or2%batalub? <= r37Aocez{28:0};
endcase

end

//The £ollowing legic was separated from the above procedure because
//the Synplicity teol could not recognizZe these as SRLIEs. IL is true
//that ERL16s cannot have n resek in Virtex and VirtexE parts. Synplify
//vE.1.3 wag migtakenly not allowing these reglsters to use SRL1Es because
//unrelated registers in the same procedure had resets. Creating a sepavate
//procedure works around the problem.

always @f{posedge ilClk)

begin
if (ilDRegClear) begin
19200 er {1'b0, r192D0{151:11):
#224D1 <m irlSZDD[O}, r224011223:2));
22402 = {r224D1{0), r224D2{223:1}};
end else if (rlFiltEn && -r1FirstCnt} begin
r102D0 <a (#32DOMSBs(0), rl192D0{151:131};
122403 - {r192D0101, z224D1(223:11}:
r224D2 e= {r224D1[D}, *r224D2{223:1)};
end
and

endmodule




