2%06743 - 1-"DI @ TAE STGNAC DEMODULCATOR - THi S inmventiomr Tetates—to—dtgr ta:
signal 3d€npd- ulators such -as can be used in a teIeV|S|on receiver

whi ch the detected video 'signal is processed by digital CIrCUI 9 3
provjde filtered denodul ated col or signals. For reasons relatlng to Tact rs
such as bandw dt h, .speed and conpl exity, television signal processing
circuits are conventlonally constructed in 1% anal og form However,

recent advanges in analog to di IGBTABOSﬂGNABrDBmmmmtxmmhIarge scal e

integrated circuit technol h de tﬁ 1 0 of teIev si o
AGDEIOEHIE I L AU Al it
r equi r ene atersnsuobecasedan ,emea\ elev rcyre:se r in
constralned to u o) r

o ocesel ng i s s ERELh Ehe e tde 08 Pals Eloltt DOSIRILIN A
receiver, th8é de@b%@%ﬁtVYdebongﬂaid$sf%kﬁﬁQ#¢e@Bde%J%ﬂiﬂthlqwgpmgniwsan
20 analog to digital converter, which sanples the video signal at a rate’

greater than or equal to the Nyquist sanpling rate for the video signa
bapnd (e.g., the NISC V|deoForgnahsoﬁs4r€1$tkngueo ﬂectamsﬂsnbhias frequency

of at least 8.4 iz I n be Nyquis
sanpling rate preventsé?ﬂg éggegn?&&aéémk?égfg§tgé?ge sanp |ngjgltl rocess. The

digiti zed vi deo BF@assingt abrcubperaredconyentionabhy cconiteieted nbitice

conpapent s BY di ghabgf EbLRLI NBewevesn, afeéeﬁttaavsﬂeesfiﬁtéﬁaxug tdhe
| um nance and ch on1ga ce conE nent s g %t en be roce sed separate
I

digirtal signal pat%EtatofitRYE Baiﬂe? ﬁr$%rﬁ?a \lomus %%5%#%%d in a
mat ri x to'producelredltR&ecbmebogyChauedmadeethén1m@tﬁm¢ntatmomhefk|nescope

in-the receiver. EfévaiBH‘Effgﬁlﬁgnﬂgﬂﬁgddféltﬁf EQE@B@%%@gva§Plééﬂfé'

conprises a quadrature a resse Fier gﬁ
Two col or repreé@“?aﬁ?v%agﬂﬁhéﬁb reqyirements, (televwisiancintemedi

anpl i t ude m3dul af?e&ﬁéndyadiﬁéﬂiﬁrfhﬁ§e§e@fcéﬁﬁtﬁﬂbﬁéﬁrt&coné'ﬂ*@ct:.cn in
analog form, but baseband video signal processing is
susceptlble to digital techniques. '

In a digital baseband recelver, the detected
video signal is converted to a- dlgltal signal by an
analog to digital converter, which samples the video
signal'at a rate greater than or equal to the Nyquist
sampling rate for the video signal band (e.g., the NTSC
video signal of 4.2 MHz must be sampled at a frequency of
at least 8.4 MHz). Sampling an analog signal at or above
the Nyquist sampling rate prevents loss of information
due to the sampling process. The digitized video signal
is then separated into luminance and chrominance d
components by digital filtering, such as-digital comb -
'filtering. The luminance and chrominance components may
then be processed:in'separate*digitalfsignal ﬁaths,
converted back .to analog form, and recombined in a matrix
to produce red (R), green (G) and’ blue (B) signals for
the kinescope in the recelver.

20
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The chrominance component of the composite
v1deo s1gna1 comprlses a quadrature amplltude modulated,
suppressed subcarrler signal. Two color representatlve
31gnals (e.g., I and Q in an NTSC v1deo signal) amplltude
modulate the quadrature phases of the subcarrier. (The

35



.-2- subcarrier has a frequency of 3.58 MHz in an NTSC video 5|gnal) A
phase reference is also transnmitted in the conposite vi deo signal and is a
burst of subcarrier having a predeterm ned phase (e.g., -(B-Y) in an NTSC
video signal). Thus, to derive R _g.and B information fromthe chrom nance
component, the conponent nust be both denodul ated and filtered. In the

chr ohi naama:ﬁﬁrmelhagraeﬂﬁ ichloy 08 . SBIMRLS 1" BndRPsEaligeanpl i fied and
bandpass filtered or The, col or signals

“are thef UIafb&mEFeééi 8?5&°§h&§eagﬁﬁl§§aBFm?hgeéo}Brt§ﬁbcarrler

si gnal taompasdtee wWiddoesilgnald aQdcdlsoa buxstr efssgbahsrberR- Y and B- Y. col or
m xture e Iﬂ%ﬁ? elak:! ergdyl at edgcohor t S|gnals, e

t hens 15 t{1,45‘U I%%ela?ere et%o re%\t}e-{;ﬁgs‘é ;(B éuéncg .ngbs%nm?é H?ﬁe gnal §_J; I n
the i nst'@fig? Figqnad )- aﬁ'@ue'sft@néle§1"?h | GspgfaB h§§°§m9§-'h@mn dth of 1.5

MHz ard ﬂﬂum<1h§(ﬁhﬂoﬁiﬁﬁﬁteb@ﬁﬁprEthftﬁeﬁckhganBE_??éﬁrbélfferenfe 20
- signa S]Q@ﬁh e color difference signals
can then | ne r%t%\ﬁ %%%h(sj&g'%tteﬁgdGY difference signal, and all three
di fference S|gnal§nﬂ§PQJQQIqm@n@OG¢eChenneé.ahaeoglgmtai €oloered to renove
sanpl i nasfgraauenae GeHReR amg&qf&aar bh80pYhl Baaaefiﬁﬁbgégcsrs' gnal (Y) -~

In the 25 case tered I and Q

to. p00duce th d
si gnal sP ﬂ'&‘gpﬁ %Q ggﬂlﬁqé&’r\‘?@rt edhBoCNIFFLIBRAF RAFELERRR to renove
sanpl i ngidnmiqua‘ngd ahselected phﬂseaangx_e_d wnft bheéheoXosi gnal to produce

. St
TESeﬁtlgrﬁl%rﬁgr%rzgnﬁgk% %a;p‘i?f‘}@? CBipheR f0gofh ”gb%fs‘afi‘tﬁs?%r?ggpres t

.digital sillﬁftﬂflr?atq%#‘@em& §RAPE. m:ﬁugea(%ﬁg@ﬁemebs in a system
i ncl udi rignaAer cahef dembdulatedNcbeaki Rixtuskt 8 Wgﬁa%ahﬁet%éﬂ denodul at ed

S e b S T SLRBRRESbATER iyl ve o P eceter e
signals. In the 1nstance of the I and Q 51gnals, the I

signal has a. bandw1dth of 1.5 MHz and the Q signal has a

bandwidth of 0.5 MHz.  The color difference signals both

have bandwidths of 0.5 MHz. The color difference signals

can then be combined to produce the G-Y dlfference

signal, and all three_dlfference signals may then be

converted to analog form, filtered to_rembve sampliﬁg :

frequency components, and matrixed with the luminance

o signal (Y) to produce the R, G and B signals. In the -

: case of the filtered I and Q signals, these signals can
be convertedfto_analog'form, filtered to remove sampling
frequency components, and matrixed with the Y signal to ,
produce the R, G and B signals. ' _ -

In accordance. with the pr1nc1p1es of the

20

30 present invention, an arrangement is provided for -
demodulating. an_d: fi‘ltering:. digital information-bearing
signals. This arrangement. is i_n a sy_stem' including a
source of information-bearing d'ig_ital' signals to be

35 demodulated and filtered, and a source of referénce

signals which have a predetermined phase relationship
with the info'rmetion-bearing signals. The arrangement
includes a means responsive to the reference signals fer
producing a clock s:.gnal w1th a predeterm:l.ned phase: |
relatlonshlp to the reference signals. - The arrangement




includes a neans responsive to the reference signals for producing a clock
signal "'with a predetermnined phase relationship to the reference signals.
The arrangement -3- also includes.a digital filter with inputs"
responsive to.-the digitaiisignals and the clogk signal, which devel ops t he
denodul ated and filtered information S|gnals its output. In one

enbodi ment aof the ﬂs%s%‘fcl'd&é%ma gq_gl%g %5_% I_,]{-_flel] g{t}EJ_; Sfeéﬁéﬁ)ﬁ\gs 2 he

(FIR) filter arraggfnent -pr.QVI enDdu es an
col or mixture sigrii®s 4 %9%$aﬂeﬁéﬂp§ﬂ§naPéc&h#eF1°Sﬁcﬁ1§nﬁl}t@hlﬁhndﬁﬁﬁkﬁﬂﬁer

an input jtap wei ghitfd dedodtil ateldPdndt F1trevelififbeslatibangeghals at nitdi s
enbodlneanei the | lon, an-output tap weighted FIR is provided wherein
sanpl es of the se ‘ﬂﬁ?ﬁ digital chrom nance signal are clocked into first
and second reg?sters such t Hat omlec efbodtimenyi sfetheopresentsimpéntiont, aa

first color m Xxturg gyl 91‘1@41@(1@%%%‘3%%@0{1@&' %E‘?ﬁ Cgﬂiééfsaf yéret 2

second col-or m xture sug?a s are connected _befween t out ut s
of various ones oft% R¥ gemgayl §E€§nﬂn¢e§+§F%¥§ color
wei ghting functi omicttruns tss.gn“als \dml ghﬂ:lengvﬁ.umohl geceivedlt ssashoai firce?0

with each regi stercl qd N{UdL SRS 2625808 EYS, | BUUEL dRuRCkea”

adder s 1§0nbi ne e ‘wel ghtéd“srgnal S0'as"’to
oyt put stage adderwelghtsparrangspente char &B@ér B@bpélmnﬁhofs%proprl ate

flor @3 reSItoect I Ve.l.rﬁférﬁilddﬁ Xla %t ; tE:altapThéléﬁtEHDF@RQiéabré@ﬂéé&%ﬁefé:ﬁn -
aligned in time in accorda Wi eir ul se_respons

cha?act eristic to ﬁﬁ“&@tﬁ% qrf% (§(?p@t'ﬂa&edn§i'gﬂrié Faﬁgﬁénﬁcﬁ f)£ f ¥ Fred

rel ati onshi.p. The cdlamted;ugmd Siwsitc lando sécond regm‘sters nsucBOthatethe _
registers are in ﬂé"zdcto‘n'?al'h%' %Eh@'i? Ef AN fEEVQ@fgf mi#.mfae

further aspectgof fhe presen I nvent 1 on, are derived
a phase | ocke IcxﬁiQHiﬁuﬂndMﬁhﬁ1ﬁQQ§@@b6@9&5§P§n&Pnﬁﬁiﬁﬁelaﬂhlﬁﬁa%§ 20 the
col or burst. signalseddsd o nficitde @dgnal. Output taps are connected

between the outputs of various ones of the stages of the
first and second registers-and weighting function
circuits. The weighting function circuits associated
_with.each register are in turn coupled to respective
ladder networks of adders, which combine the weighted
Signal-samples so as to exhibit, at an output stage -
adder, a lowpass respbnse characteristic which is
\ appropriate for the'respeCtive color mixture signal.  The
25 two digital registers are aligned in time in accordance
‘with their réspectiVe impulse response characteristic to
-produce filtered color mixture signals in a proper timed
relationship. -

.20

The clock signals whlch load the samples into
the'registers are in a predetermined time relationship.
In accordance with a further aspect of the present _
1nvent10n, the clock signals are derived from a phase
-locked loop-51gnal which produces a signal aligned in
phase to the colbr'burstdsignal. The phase locked loop
signal may be controllably shifted in phase by a tint
control circuit, then phase-shifted by a given delay to
‘align the signal with the desired nominal demodulation
angle. The phase-shlfted signal is increased in '
frequency to a multiple of the subcarrier signal, thereby

35



35 signal may be controllably shifted in phase by a tint control circuit,

" then phase-shifted by a given delay to ali‘gn the signal with the desired
nom nal denodul ati on angl e. The phase-shifted signal is increased in
frequency to a nultiple of the suhcgarrier signal, thereby -4- produci ng
a sanpling 'signal for the analog to digital converter. The mul tiple

subléarr Qbﬁﬁéﬁﬂqeﬂcyaﬁpm marmlfomlﬁe:mimag red e iR perl od as one
cycle of the

i ft Cert ai cl es_of .the tiple
subcarngPv?Fgﬁﬁenc ?lﬁ%gf %ﬂﬁ?ﬁf%ﬁﬁrlifééﬂ?Qﬁ Yoistge nﬁ?@
arrangemabtiplet cybtesoinrthebsame iperiod@srnong dywlee afsadieas t he clock

S gnal ophakeL b1 EHBACRl ghall X! hSe 0N TRHIGE Qe uhi) el Ir AWt nos L0

ustrates In ock, di agram form a portion _of t el evi si A
r ecel veFuPﬁéFﬁaPﬁgfﬁeﬁil@“Flél s AE Jafrd Podsdde @é-ﬁé-ttlat}ct ed in
accor dagge@tekrt Arirfgenent) paestité ¢dbompragsrdrivte frefuencyGUte 2

|IIustr tes ar y y In schematic

di agra Fo}’lﬁ]ea % g{.‘é g% ga%)f%n%% an%lg%?%néﬁ rEQg]]%g_- L‘Jlff? in the

t el evi sEdgnAdcERgEELOESFI GURE 1 and constructed in accordance with the

principl es of theIﬁrgﬁgnaréa ﬁiﬁlon FIGURE 3 illustrates, in schematic
Pireafee

diagram 20 form ogic gcircuitry. suitabl for use in the
cl ock generator of? Eﬁ@ll?g ki &) Jr‘?l%s‘?%tdé'sagqarm Bk &i agram form_ a,

d|g|taIpomtmbnsognaltdbewﬂsiehorecembérIinnluﬂmngraudxgitai accordance Wit |

the pri o] §%%# rqga*g; es a col or
denodul gtggrgbgﬁgs%% | ag fégglg—f%g@% ceed wav et or s #ﬁst rating the
operatl&heoPrFﬁglalﬁﬁnﬁénﬁh?SP€$S?¢¥1}§¥?D oR; 30 - FI GURE 7
illustrates, in bt@ghgﬂlgginnméafateg}mpagﬁigmlyuiﬂtyyaUkpn and adder | adder

netagor k Of the g%%h'%ﬁé par€l§}{$51n schematic- dlagram form, a
clock generator arrangement suitable for use in the
television receiver of FIGURE 1 and constructed in
accordance with the principles of the present invention:;

FIGURE 3 illustrates, in schematlc diagram
form, I and Q clock logic c1rcu1try sultable for use in
the clock generator of FIGURE 2; _

. FIGURE 4 illustrates, in block dlagram form, a
digital color signal demodulator and filter constructed _
in accordance with the principles of the present ;;}
invention;

FIGURE 5 illustrates a color demodulator phasor

20

25

diagram; :
FIGURE 6 shows waveforms illustrating the
operation of the arrangements of FIGURES -2-4;
FIGURE 7 illustrates, in block diagram form,
the weighting function and adder ladder network of the Q
filter of FIGURE 4;
FIGURE 8 111ustrates, in block diagram form,
the weighting function and adder ladder network of the 1
35 . filter of FIGURE 4; : _
_ FIGURE 9 illustrates, in block dlagram form, a
more detailed arrangement of the signal averaglng :
circuits of FIGURE 4'
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Fr@oRE—g TTTUuStrates, 1n block diagramform the weighting function and
adder: | adder network of thé 1 filter of FIGURE 4; FIGURE 9 illustrates, in
bl ock di agramform a nore detailed arrangenent of the.signal averaging
circuits of FIGURE 4; -5- FIGURE 10 illustrates the anplitude versus
frequency response of the Qfilter of FIGURS=4; and FIGURE 11 illustrates
the anplitu Ver sus frequen response of the | filter of FIGURE 4. In

FIGURE 1, a television sidiét ddilnstaates tHhe anpdityden yerisiessi vel v
processed. by a tgfefuehby Iﬁs@fdm Y tHeQeriatedd PRIRIGURE AN Vi deo

detector 16, which are co a _gonventignal The det ect ed
vi deo sigihal at the out put dgéhg'qdé‘tqel& raftes J a@p‘&l ude (VELSHS | nput
of an an‘Krog t o fiegiuexicy Aedparses erfl ethe2 (X fiﬂt‘EerImek. 20 sanpl es

the video si§gnal at a rate,g ]]‘OLg td1RS Cég_‘_.e{a Stitg:qrédﬁq_ved
frequency (4f and pro uces | gi tal sarrll t he cil'eo signal at t
rate. Each di gidtanggma 1¢ ra%re‘dlccgsw I\f:cﬂﬁﬁqeﬁéeé &Y adnex lé-ght
bits produced i nnemiddiate |fr dhtcitduitistion dde ardldeb \detesetsognal

wi |l be quantiz of__two- hundr nd fift di s rete Ievel The
LERR) sanp! | ng. e R (R m&%%wéﬁirnz SRRSO BARReH -ocithe
generator 20 22 deteatedrvidiersidralsiandhe roytmee osﬁd:lfer edqmmﬂ;or 18 is -
synchroni smau t &P

pfovi ded by t hehd I"”deo- de?{ect?%)gr Sltfgﬁh% cfmgl t z \a/ljl'dégio naI |5r o’duced by

t he™¥ D convert &onverter )i eFhe 1‘bs/rp iGARVerker 24 gﬁ%“ml%rﬁ%‘ezylquq er 24,.
whi ch may be corﬁtqnemt et aes fé'tih(\ﬁe 1 Reo afduxe | €imdd Gitied| collRd e i cuxtigage

Enhancenent” by John P. TE aé 545-51 ( %74 he co fllter
24 produces a s ef%‘feé'bqfu A@ luces, digit 5&5‘?11
| um nance si gnalvigtexz esignakat tlihls mteumﬁaml:eimmﬁéswﬂ&d spr word,
responsive 19 a r:\’é:?"@émpf:fsg rofélecg%f@stew rﬂtss'mu&!w {3 oduces a
- parallel. In an eight-bit system, the analog v1deo
signal will be quantized to one of two-~hundred and
fifty-six discfete levels. The 4fsc ‘sampling clock for.
the A/D converter 20 is developed by a clock generator
22 which ‘produces the s:.gnal in phase and frequency
synchrom.sm with the color burst signal of the analog -
video 51gna1 ‘provided by.the video detector 16. .
o The' dlgltlzed v1deo signal produced by the A/D
N | converter 20 is applied. to an input of a digital comb

25 filter 24, which may be constructed as shown in the
article "Digital Television Image Enhancement" by
John P. Rossi, 84 SMPTE at 545-51 (1974). The comb
filter 24 produces a separated lumlnance signal, Y, which
is applied to a luminance signal processor 26. The
luminance processor'.zs is responsive to a viewer.
coﬁtroll_ed contrast _control_-signal and produces a
processed luminance signal, Wh:_i.ch is applied to the’
inputs of a digital to analog (D/A) converter 28. The
luminance signal, now in analog form, is filtered by a
lowpass filter 30 to remove sa.mpl:.ng frequency
components, and a processed lum:l.nance signal Y' is
applied to one input of a m_atrlx arrangement 60.

20
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.processed | uninance signal, which is applied to the rnputs (o) - grgrtat—-to
anal og (D/A) converter 28. The lunminance Signal, nowin analog, form is
filtered by a |lowass filter 30 to renbve sanpllng frequency conponents,
“and a processed |lum nance signal Y is applied to one input of a-matrix
arrangenent 6..0. -6- The conb fidler 24 also produces a separated
chron1nance signal C, which is applied to the input of a chroma anplifier

32.1 The Chrorm angid fdcﬁﬁb 38 poayt 144 %:Lé&qaf&uﬁaéla@%ﬁaﬁﬁdl n response to

ot T AR LA, AR, BB LBl S 5210

The chrahmmzeadmslﬁh.els 3e di grhealcﬁrdmaeramﬁimemcaz |aqsliﬁesasponsgd

conponcals Hrofitilitd iqHat i SRR o4 fludy ooy efB TT
ci rcui teplioxr SWQW@ eentral fsmﬁcyﬂ&rm tegcbReal 1y | ocat e t he

col or Séiﬁiﬁ:?ifié& éﬁmmc@rsi owrtﬁé yofla)p& tame .
passbanq au5| t he, col-qr, si ebands xrg I a.l ff of 6dB per
‘oct ave. é% er o cause the

chromIﬁhﬂxern@hmdhtmndminéstthelrespnmseﬂ¢hafdetermst1¢ude ver sus :

f t 4 d
Cosan S ERASEy e [ Afinbnaded MLl W ETMLERANEE 40 PIOT S Tl
“the chrmm@ Mnﬂ}ebﬁe$m%e‘éhwa‘at%¥ﬂ=%‘ﬁ$b%ﬁd&$s filter with a .

reSDOH%ﬁmé’&i@E@ﬁéq&aw&e&Msti@ cotré Enbephédpatd r equency. Thé’
peaked pr band assed ch om nanc als 25 are t ?5.%®9I|ed to an input of
t

an 1-Q ) G ﬁTﬁF?ef? %P%rt%%ﬁﬁ CHEELFT oni nance
si gnal fIEquemsybaseﬁbmdl¢wendff9qugne& shoponefitthe ThE. denodul at ed

legggln c}iﬁ%ﬁ’ﬂd?%é@s%'ﬂ%’tc@iof%ideﬁﬂ&§ tarekifpiesponse (FIR) filter
rolloff of 6dB per octave. The chroma peaker 34
compensates for this rolloff to cause the chrominance
signal to exhibit an essentially flat émplitude versus
frequency response. If the I.F. circuits 14 are designed
to provide an’ essentlally flat amplltude versus frequency
response for color signals, the chroma peaker 34 may be
replaced by a chroma bandpass filter with a response.
characterlstlc located about the color subcarrler ) _
frequency. : - : S

20

The peaked or bandpassed chrominance 51gnals
are then- applled to an input of an I-Q demodulator 40.
 The I-Q demodulator demodulates the chrominance signal
into its baseband I and Q signal components. The .
demodulated I signal is applied to an input of an I
finite impulse response {(FIR) filter 42, and the S s
demodulated Q signal is applied to an input of a Q FIR
filter 44. The I filter has a passbapd extending from
zero to approximately 1.5 MHz, and'the'Q filter has a
passband extending from zero to 0.5 MHZ . The I and Q
filters remove high'frequency noise. contaihed in the
color signals by reason of the broad bandwidth of the
preceding processing c1rcu1try.

25
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30 denpdul ated Q signal is applied to an, |nput of a QFIRfilter 44. The |
filter has.a passband extending from zero to approximately 1.5 MHz, and‘the
Qfilter has a passband extending fromzero to 0.5 Miz. The | and Qfilters
renove high frequency noi se contained in the=gelor signals by reason of the
broad bandw dth of the preceding processing circuitry. -7- The filtered

| and Q signals are convert@&ﬁniiiﬁ&keg'iigndIQ bygbals cane ecorverted aral

48, respectively, g dd %15239%'1%9F| ng ! Eoﬁb@r&ggg b Eﬁ&eﬂebyré%@@éfvely,

filters 50 and 52 to_renpve sanp re uenﬁé onents
resul tant, L' and @R&itdifalanadiog Signeds ase eﬁaﬂ‘-?‘ﬁeﬁﬁiﬁiaﬁ%eﬁwaﬁ wher e

tﬂey are’ \m‘*m xed fHIdensh&0Y ands isgna &embﬁeduamp&ng ghdqitently put signal s.
Terratrlx arrange { CcO a n

Coroimi ng oty ol it e, TeshdiaBE TR Bnalol S8 5hLYS 20" Hp1iea
shown in further tha ditle mtlmwngrgngemtvﬁeeowu@rectbeylsraptpatweae

detected video S'Gﬁﬂhxﬁﬂm@YSYQﬁ@hﬁﬂ'%@tb96d§b8n§| éeaﬁaaéoéugpﬁtaﬁﬂbﬁhls
chroma bandpass filter 202. S%parate synchu ses . and i gna S 0
chg om nance 15 fﬁéﬁh GRGEment, WAy, GORPLE Sg . o LoT ngXarp ﬁft3204

whi ch gates the<ureslémmvﬁ smgyaﬂ qmmblndnq mptrihe.chroma bandpass filter
202 to a phaseg,det ector 212 0h 2 pled.i hase
) & F R SRnlgpBEL 2g 08 FRGHREDL Er) ndil)

| ocked | oop 210 with a fllter oscrTlator
to 20/ cause the cEHﬁﬂhQH(ﬁeQRH§1%§ FAGYREC 2a r Bher whdeosAghartar 16e col or
subcarri er frequeruppmsch;né @ﬂe@ﬂ.@d videbagegnkalilhtbhe sghehrénisatsognal .

The col or reference siagn [ to.a_ti control, cLLC 220 ich
i s capabl e of shlfﬁﬁqﬂ§i|ﬁ§3ﬁfﬁﬁﬁj @%§faPﬂe bt gPQﬁcéa Fﬁﬁgf ?ﬁigsfo?%%ﬂce
with the setting dFepans tede synsn pudisiesd andnisigoalsobf22Re Thromihaneece
signal, as adjy Stefkééyeﬁdf“aré5%p%ﬂﬁ%ﬁ?%otgn u%QUBE'Qggﬁtiﬁﬁ'élfgﬂlt“@bih

|ncludes a capaci tar, cofmpar at or- 228. e_capaci C._ coupl es
the 30 reference ifthgaEDhide qderopPurRd ééﬁﬁéianPvééﬁ thcﬁhe ‘chroma

bandpass fllter 202 to a phase detector 212. The phase
detector 212 is coupled in a phase locked 1ooplw1th a
filter 214 and a voltage controlled oscillator 216 to
20 cause. the oscillator 216 to produce a reférence signal at
the color subcarrler frequency which is allgned in phase
with the color burst s1gnal.
~ The color reference 51gnal is applled to a tint
&/- control circuit 220, which is capable of shifting the
' 25 phase of the reference signal in accordance with the
setting of a viewer controlled tint control 222. The
reference s1gnal, as adjusted for t1nt is applled to a

< ' squarlng circuit 224, whleh 1n¢1udes a capacitor 226 and
o _ a comparator 228. The capacitor A.C, couples the
< - 80 reference signal to. one input of the comparator 228 which

- swings the signal about a.reference voltage level
(ground). since the second input of the comparator is -
coupled to ground, the comparator will produce a
‘square-wave replica of the reference signal.

'35 ' The output'of'the squaring circuit 224 is
coupled to the input of a delay element 230, and to the
input of control logic 250. - The delay element 230 shifts
the phase of the reference signal by 57° for demodulation



swi.ngs the signal about a reference vol tage level (ground). |, Since the
second input of the conparator is coupled to ground, the conparator will
produce a square-wave replica of the reference signal. 35 The

- . output of the squaring circuit 224 is coupled to the input of a delay

el ement 230, and to the |nput of coi®T ol | ogi ¢ 250. The del ay el enent 230
shifis t 12 e 57Q for dul ation of the
col or sﬁSﬁ ﬁbal'%hgg)f he q'&ag'h %P%i %‘egrﬁﬁél%ér%sg‘ S&hi 1 1 reference signal is
t hen apmheole-tsmfﬂeed rpefexsnce e lddise dthen 2ppldfeda toh&be- | ocked | oop
\Z/gPt a-glg-gezL troll edk%g%l I Q?ﬁ or &%@%ngﬁ:la b\ﬁ%?rﬂ%eaglb%er 244 @
val t gge- %‘g&t r ofre PR TIofkFI Rrvlq"l tarﬂfis"- "é:g'h’ﬂﬁsnﬁ Si gn’gﬂ"fét a
frequencﬂlbtefomm,t masoltaagé-ecfmtarmed @l e 2a6 ,[ BRE] awhi ch is
al i gned th f | hied to the
phase de ec %‘gé ﬁ?{-&f@é’ c‘ﬁa}%gltelhe re eré‘r#éqjmzé%algﬂﬁ%s a
f r equencttres Br@@uquza sanpling ﬁl@aﬁarﬁﬂ i Fragiency BRfourhas a frequency
2s sh BZtM“‘SFFH%E‘jf““W signdl B eé*t S8 e’d‘**?d}\ﬂ%w ces 252 and s
.as shown_jn ] | e S 0 es an ¢
254 ?s s %W? B ’fﬁ?&ﬂ lﬁf tg’(?nt’:%}lﬁ a;'r al so
coupl'ed appligdt o othe\\ihase edemﬁﬁtmczw tIm @Ieemce(smsd:emes of the -
sanplin g I The control- “
Jehe Péfe%é&ssi dl%hds 4 Aﬁ%gél&éj szeanc?%m are S I n furth'e)r

| ogi ¢ 250 and_Its connec |ons to tes 2 Qwn
“detai | iFbwsche sampling signak |44, &I R ﬁf?&:ﬂqec‘%cybqfddﬁaﬁzl nput coupl ed

to a | ogiEal "The vohtpling wiqeal adfl | tis Gppdieek)td he A/ coupled to

Ciroy L SUVERREE RO shifh B RURSTED SN L d B0 KB S0

t he AND apetssof AR gakesit2%3 fmﬂb& agphawn ¢deudI&YRE Z.-he cl ock i nput
of a JK 6ut§uté OPremSehd F&dtfdmtoﬁ‘ f390-ddePRu1ARP doupaedhed to the

: 1 ogi cal 1puts og gEND gates 252 and 254 to gate selected ones of
the sampling signal- pul-ses to the I and Q FIR filters 42

and 44.

_ The control logic 250 and its connections to
AND Gates 252 and 254 are shown in further detail in
FIGURE 3. A "D" type flip-flop 256 has its D (data)
input coupled to a logical "1" voltage source, and its N
C {(clock) input is coupled to receive the square wave . 'Q;
3.58 MHz reference signal produced by the'squaring
circuit 224 The Q output of the flip-flop 256 is

;coupled to an input of the AND gate 252. _

The output -of AND gate 252 is coupled to the . §
clock input of a JK flip-flop 258. The J input of ' '
fllp-flop 258 is coupled. to the 1oglca1 "1" voltage *
source, and its K input is coupled to a logical "o
voltage source. _The Q output of”fiip;fiop 258 is coupled
to an ihput'of the AND gate 254, and the Q output of the
flip-flop is coupled to the reset (R) input of the "D"
type fllp-flop 256

The output of AND gate 254 is coupled to the

- clock 1nput of a second JK flip-flop 259. The J input of
flip-flop 259 is coupled.to the logical "1" voltage.
source, and its K input is coupled to the logical "O"
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source, and its Kinput is coupled to a l,ogical "0" voltage source. The Q
output of flip-flop 258 is coupled to an input of the AND gate 254, and the
Qoutput of.the flip-flop is coupled to the reset (R) input of the "D' 35
type flip-flop 256. The output of AND gate 2.54 is coupled to the clock
input of a second JK flip-flop 259. The J inpat of flip-flop 259 is

coupled to thello . age Ul=C n |

t he | ogical."0" Q}oc,@éa%el s[o\éﬁleéesourlg% ?’%‘@8 #sp lgf %l#’? §Tr’§ Bpjg §gu£>fed ,
coupled to the resea ¥R Hﬁﬂ:ﬂk dRof imparteK off] |t|bef Ulip§12§8f&99523§8 ahd 259.
opelratlog‘-gf thfe clock genergid reﬂ;e%rartgmﬁ%eﬂtchfef c&b@réRESngraeﬂﬂa iI's f

expl ai nethy~referring to the phasor di agram o t he ve orns
oprI GURE 6. The ;ﬂﬁ"s%‘ ng qp’g&}‘;}’f@ Gde3 s e#e#eﬁeegsbgnaﬁ PERIRI

| ocked i n phast antb ftlmr@ra:gomdﬂagﬁm of MIGURESS angn&heawavefioemgnb€ed by
wavef orm 260 of FlI ﬁ@? t I ren S
10 -(B-Y) and B- e Tecove e%%]qg%ﬂegallg%)? 29'8 gEoﬁr %%gngnggfgkgﬂé% '
at- 0 to [ERR| wtrﬁ#@sﬁiecﬁsé c;qqif@do&rsrpha@@«éedr érreeeﬁeestgﬁar t{'*ERRlerhe
RY and - (RY) colmirsk f$iapmilc asispeseited by’ %%%Qﬁl bsodam)émbmng

the chromi nance signal I’:%Itﬁﬁ&p%n ﬁd -9Q0 wit res ect 3 t he has
the reference,gign e Lgﬁﬁs gf" FSHEB"& ?E
1
i s;’shifted by ?ERR}(&sYbyartdalw ela@nm r?;:e@vetrled byardemo&u&eltmngrrtheure
si gnal's may be recayEs; ot ® C gl +8 and
nal hgsigﬁr}él“ fte ke §Rb ) §e§§€3 g e

[ERR] with respect to thrs reference 0 si arly

the Q and -Q col orPYESETherkaed) ke Lenanre, & iabady dged b?hﬁeﬁfﬁguﬁﬁfir néRﬂ‘Té
chrom nance si gnalcalor 3l £ffetdrideRls iwindls apgede recolrerplaby- dembiallating

i zr?rzikzagggieéez&groger%ﬁ% 35 R SR eliato
present exanpl e,  ith¢iphagg of the reference signal f When the phase of
the reference signal f is shlfted by 57° as by delay
element 230, the I and -I color mixture s1gnals may be
recovered by demodulating the chrominance signal at 0°
and 180° with respect to this phase-Shifted'reference
signal. Similarly, the Q and -Q color'miiture signals
may be recovered by demodulating the chreminance'signal
at +90° end.-90° with respect to the-phaSe-shifted_
reference signal. These demodulation phase angles are
e | : .indicated on the burst-locked reference signal fsc of
25 FIGURE 6a. -

_ For purposes of the present example, it will be

assumed that the tint control222 is at a setting such

that the reference'signal f' undergoes no phase shift in

" the tint circuit 220. The f reference signel is squared

20

® 80 by squarlng circuit 224 to produce a waveform 266 as
-shown in FIGURE 64, and indicated in FIGURE 2 by the
' circled letter "d¥. The square wave reference signal 266
is .applied to the delay element 230, which produces a
5 phase-shifted square wave 268 as shown in FIGURE 6e and

1nd1cated by the circled "e" in FIGURE 2. The
phase-locked loop 240 w:r.ll produce a 14.32 MHz sampling

_ s:.gnal as shown in FIGURE 6c and indicated in FIGURE 2 by
the circled "c". Since the reference signal was
phase-sh:.fted to the I axis by delay element 230, the



-assuned that the tint. control222 1is at a setting such that t he e erence
“ ' signal [ERR] undergoes no phase shift in the tint circuit 220. The [ ERR]
~reference signal is squared 30 by squaring circuit 224 to produce a .
"waveform 266 as shown in FIGURE 6d, and indicated in FIGURE 2 by the
circled letter "d". The square maveloeference signal 266 is applied to the
.deI y el ement 230, which produces a phase-shifted square wave 268 as shown
glcxﬁﬁl$esamﬂ e 4ﬁ csﬁmpﬂimgthrgnalcﬁeﬁl"hé abDigh&RE0 2. The

EP%EEEJ%E*%%%llndlcat d |n gﬁﬁlggeif%&4%%e C|rc$6%pi% ﬁIéggﬁaé ?ﬁeshomn "

r ef er er®k %lﬁﬁ%?rﬁﬂgepﬁ%sﬁh%HW¢Y%ﬂ°¥% 26Q of RIGURE 6al ayIflthent 2§%P,the
‘10 DUi§e§e§iré@et&Eﬁﬁﬁoéﬁﬂ@tenﬂhélQﬂﬁorwﬂifféfeﬁcéQQE hpssanmpl e %

c_wWi.th referente to the waveform
260 ofagbﬁlééiﬁg a#?m??t ggﬂﬂgapégeﬁgeﬁa duFEPR the aprangemenrtrence
si gnal sQf t REGURE a3/, ed:mms:mmzmectaﬁ esmpbimj éimthmgbéangerrent of f
FI GURE i nal,_40 p ecovery o
the - m?%w8£%°$ ;ﬁz&s g@?g a%s{'shoﬁ% AR, &U%Eng The [ ERR]
refere Hal 2968hewn applied to the C |nput of "D' type ;
flip-flop 256 of flhélRE &esar@nee Htgﬁailwaféfpp*t@meé on.the

: f m 26 b se 270 in -
L £ A B B b 2O B e Yo 2 270 D - -
gat e ZEEIGHEEemab¢em$1ngnuhi$eflfp#ﬁlbgate ﬁseﬂmcegoﬁntnutput Fuls§7gorA€ﬁ%
d I t ul se
Thetenieinidiicd OF 8€riding WNAE E PavPEl 26T L hnlm A OF
Cflip-fIRptesa2TR JemeFI‘EIéREc%ﬁdu tWaen thespruqasm@ﬁ vagefors, 264s Q out put
goes "dcois, aso’sliﬂoﬂwpvbus ot SANIZ /gatd ﬁ%%ab&&ulaﬁa ly, the Q

uPut Al bdos hoBagoks 95 Soh Bl SRELY) P LR, diPR-E50 0P '%232?2?% 254
occurs, I rnksenpas slmdlcba\t?e@dm e shadedaditea, ofhpulserzroces a Q cl ock
pul se At the end of the I pulse, the I clock pulse terminates;
which clocks fllp-flop 258 to the "set condltlon" As
' fllp-flop 258 sets, its Q output- goee'?hlgh“, as shown by
pulse 272 in FIGURE 6g. simultaneously,_the Q output of
flip-flop 258 goes low, resetting'flip-flop:ZSG as
indicated by the termlnatlon of pulse 270 in FIGURE 6f.
When the Q pulse of waveform 264 occurs, both inputs of 7
AND gate 254 are enabled which produces a Q clock bulse
for the duration of the Q pulse, as 1nd1cated by the
shaded area of pulse 272. When the Q pulse of waveform .
- 264 terminates, the Q clock pulse goes low, setting
'fllp-flop '259. and . cau51ng its § output to go low, as
- shown by pulse 274 in. FIGURE 6h. The low-901ng_Qhoutput
of flip-flop 259 resets flip-flops 258 and 259, as.
- indicated by the termination of pulses 272 and 274 in-
FIGURES 6g and 6h. Thus, AND gates 252 and 254 produce -
pulses at the. frequency of the fsc reference signal and
at the proper times for recovering the I and Q signals
from the digital chrominance signal in the artangement of
FIGURE- 1. The clock generating arrangment ﬁ? deiﬁﬁkasd
in further detail in our co-filed appllcatlonk .

20

25

»

30

'35

based on U.S. appllcatlon number 298,270, entltled "CLOCK
GENERATORFOR A DIGITAL COLOR TELEVISION SIGNAL RECEIVER"



for the duration of the Q pulse, as:indi.cated by the shaded area of pulse
272. When the. Q pul se of waveform 264 terminates, the Q clock pul se goes

| ow; setting flip-flop 259 and causing its [ERR] output to go |l ow, as shown
by pul-se 274 in. FIGURE 6h. The | ow going FERR] output 30 of flip-flop "
259 resets flip-flops 258 and 259, as indicated by the term nation of

pul ses 272 and 274 in Fl GUREGS &g-garaénﬁldnlafbms40ANE&1ga1[eEIRSfihne|r2521,

P oper t1mes Tor LIS e i e 94 BE kIFBRE T8 SLfEkratted 1A NE
chromi nance S|guuﬂccordanﬁeaWﬂaﬂgémsnpr@ncﬂpégﬁEoﬁ thenpreseak g@ﬁ%ﬁﬁ}?ﬂg
arrangmeqi-s de 'éaﬁfbd N WiduEsdal a7 Ji gUr Rerbirkedgapsl FrauRE No.

8223986 baseds on U. Ilcatlon number 298, 270, entit 8 b"C%gCK NERf
FOR A DI G TAL co_"ﬁlir@mL i chreuanance-sygpal prodyfgd, by dhFLER
40, the | FIR fildlarom pandaﬁ ) dela‘ﬁpf].lﬂetcbn.n4@am'hlEdeURE twar shift
-constructed in ac 4 R egen I on as
“shown in FI GURES ]%%:71 ang gzt I5 l;er‘%dnwﬂ F%é%Rgraggbe%esgé k@i‘.ﬁﬁ&
chromi nance si gnagightodideasds he (dingithe remadndngeEIEPRES | @ﬁpBFPéﬂ in

parallel to two Séltﬂ & bt ) rdivtebthtvitiultiple papabllelofinbsfbing
ei ght-bit woggs. |J1%i] anIBIn FIGURES t he broad stripe connections
represent multipl ?kﬁ “ho digital i nf or mat i on. ) The eight- b|t
wor ds: of thé chroninance siTheleiaght-didckeddsniof the chromisange FEERRlof.

the™ register 4t2%gy ihSedg o ﬁé‘llﬁ A Shagld Tt s Tolgetw@rQSrhaﬁ_gugb the

regi ster 420 to e | ast sta neM/dat%Gﬁﬂr is.lo t he
first stage [ERR]4%IQ|r1PY|gt1EQ/e€>F ogky shigh mlggrs S\M#’?n voZ &g 39 hase.
angl e of [ERR] Wtﬁermmteﬁ 2theceding lustststsigenal; of W GeREd8&a Whed
GoL2 s 208 {1V UESEECL ORI Sell ', Yortnd, sk 1 itae”is
ei ght-bit out put ROGUREf&e, \whigh i q@ﬁmrﬁl%mhﬁ%lﬁﬂ@-%m at WA3R  Each
of the melghtlng respect to the color burst signal of FIGURE 6a. The I
data words are thus clocked through the register at a
'3.58 MHz rate.. .
| "The shift reglster stages 1., through T,9 are
tapped:to provide eight-bit output words- for weighting
function circuits shown at 422. Each of the weighting
function circuits multiplies the tapped shift register
\ | signal-by_weightingfcoefficient shown in the respective
25  plock in FIGURE 4. The.weighted_tap signals are then
applied to a summing network 424, which combines the
weighted tap signals to produce a filtered I signal. The
“ filtered I signal is then applied to the input of a
' 51gna1 averaging-circuit 426, which will. be descrlbed
L o 30 subsequently. .The signal averaging circuit improves the
| | - signal to noise ratio of the applied 51gnal,_and its
output is coupled-to the input of the D/A converter 46,
" which reproduces the I signal in analog form.

. In a similar manner, Q signal samples are
clocked into and through the Q register 440 at a 3.58 MHz
rate by the Q- clock. Stages th and tQ2-of this register
provide delay prior to tapped stages tQ3 through tQ7
Output signals from stages tQ3 through tQ7 are applied to
weighting function circuits shown at 442, and_welghted
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function circuits nultlplles the tapped shift register si gnal by wei ghting
"coefficient shown in the respective 25 bl'ock in FIGURE 4. The wei ghted
tap signals are then applied ta a sunm ng network 424, which conbi nes the
weighted tap signals to produce a fi{jered | signal. The filtered | signa
is then applied to the input of a signal averaging circuit 426, which will

be défcrtbﬁdsﬁgna§?b§€8$€?%hYCOmBIEé&'£Hﬁﬁ S Y {Hbﬂwi?kﬂ§44 ”DFOVFSdtPe
si gna noi_s ati,o_ o e, a - Si s output is couple 0
the i npu&hﬁf ffﬁﬁeffg\ goﬁ%%??JerQQGéh?\h‘?‘b&‘?"e €}§tee 9 signal in anal og
form | nnatwonkl 444nnaneppli}é|gmaa secquickss:egxm]claxémgmngo and through

th 4 t 3 RR] ~.42nd
| ERRR of CLRr o Fouhel chonr SarHeT cof nry o (o0 s lﬁﬁts%‘é‘%‘?’?’@&% Baugh

[ ERR] . CB?pB(AsF@HHP§t¢Foﬁ$sF%g%%nYﬁ}Fﬂth¢w§ikﬁ¢{ R sk®apfid ed to
meightlngnfuﬁalbgnsggﬁgths shown at 442, and melghted -12- tap signals-
are then conbi ned g, et The f nal at the
out put of the surm#ﬁ ﬂ %‘?g b4 %‘\Déagbﬁ' aﬁ.éc%‘ﬁ{?ﬁ%%d#ﬁn%veragl ng
circuit 146ndtﬂedemo¢ulabionm@uh te tbmp¢kmbkxngfﬂf|rqgmstﬁra)42030nverter
48 to coaﬁarrmbhsngf th&efegn@ Q'sra&k%o AL O B IV icHl dhidigi tal | and

Q fidgters of FI form|. and nodul at | on due to the cl ocking of
registerd ﬁ?gnéﬁdsﬂﬂblﬁﬁ %HE°It%ﬁdICF%$%ﬁ$§F 420 g i Q F3gnahi ch shift | »
si gnal ssampiesi hihtot thel Qr eggisrer 4240 andsihce gtiee sanples into the Q \ﬂ#

e

(o0 o o Bhnita BErACRISLEAS B Sa00lAn NS gy 1 T

lays for roper-p he
denodulaféétgrgnaﬁblbaﬁdeguﬁéeg¥ﬂﬁp oF tprapeRRhARIngG dfinctions are
synmretri eake aaﬁuaulheeaegigﬁalgpsma éi\@cév\mélxlrauaiés dfecHd I ters will
exhixdgt || neg 8 a Earacterlstlcs JThe | fllter 42 aHEenuates
frequenci redg B’Ej g ch lgnﬁ/kﬁrﬁpwm?Fléﬁ%%c@b% tme Ic?ffcﬁ‘Fal ap?fssband to

ellnlnatefhtgb twogfithteraoi the: filhepd will exhibit linear phase
characteristics. The I FIR filter 42 ‘attenuates
frequencies above the 1.5 MHz upper frequency of the I
signal passband, 'to eliminate high frequency noise, such
as white noisé; from the color mixture signal.
Similarly, the Q”FiR'filter 44 eliminates noise above the
0.5 MHz upper frequency-of the Q signal. 1In the-
illustrated embodiment, the I FIR filter has nine
weighting function circuits 422, and the Q FIR filter has ~
five weighting function circuits 442. The number of
weighting function circuits shown has been found to
provide desirable résponse characteristics for the I and
Q filters using ihverse power df two coefficients without
excessive circuitry requirements. Lesser nunbers of
weighting function circuits was. found to provide
unsatisfactory response. characteristics and greater
number of weighting function circuits were found not to
provide a significant -improvement in performance. -
In addition, the proper phase relationship of
the demodulated I and Q signals is maintained by aligning
the FIR filters in time in accordance with their impulse
response characteristics. ' The impulse responses of the
two FIR filters are centered about their center taps:
ta_lpped'stagé't15 of the I filter 42 and tapped stage Tt
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as white noise, frromthe col or mxture signal. Simlarly, the QFIRfilter
44 el imnates noi se above the 0.5 M1z upper frequency of the Qsignal. In.
the illustrated enbodinent, the | FIRfilter has nine weighting function
circuits 422, and the QFIRflIter has five weighting function circuits
442.  The number of weighting function CI rcui¥3s shown has been found to

provide deS|r§bIe onse_charac er| r the_l, an filters,using

i nver se power ?#\Dég%eéf?%ﬁﬁﬁ 4t' réi&?estﬁ Adigny ey tARguiPenent s.
Lesser nunbers oftﬂﬁe wetades carecwdxm]smb aheaxdd offo tappeddQ
unsatisfactory regpppse ”Q%Q& q greater nunber of weighting

o) pro

‘functi on\cireui t s"were foun eQi7 'significant inprovenent in
performance. [n addition, HHd ¥ @@dlogeup delays @&ndhgl at ed

| anddQ Si 'gnafﬁ It SnaBog! R fmi QYkajﬂaGlné liﬁhrddiﬁ:tda Byf Id/mee%nwertle&e 48 and
accordance w i (.1 Npu es se_characteristics.

responses of the %ﬁ(}gﬁ &RH!??% Cg&%_y ce‘?ﬂsr%r%ff b‘%wﬁ’@isls %&Pingfs §Bsand

t apped stage [ ERRP2otothave substantiald eqyaledesvapse ERRracteristigs.t he
Qfilter 4. |0 grese £91ebidNidonted A elrinhﬂ’a%e w1aeas difgREl and [ERR)
are coupl ed ahead_of fllter st a hro

‘substantially equf Feg%'g‘gl e He- &) ag’ﬁ’gkﬁ‘FéjeEPGGUEBﬁtby
DL,A converte 46aa'adnd8tarsn.<_m?a1§ ashechd)3 (HmsllecIt Iam@l Qownask Bighals 50

and\32 to have subslanlially BURlafERoNSs. YPIARLOI O arclfBate fhe

filters are used ate ¢l o Sigrfal™ T requencri es
signals, and theribst pukhamponic cfipguenagynf the alieeks fssqmzzcw,aﬁé Q

cl gﬁk si gnal ffreqyemyrmin aﬁmng thfltéré 8.301%31&692' %ﬁeoe%az_e}ﬂé%&@nblhtetﬂ r;g
subhar noni c requ Cl OC rrequenc, ers
and 52 are eggh d §Y n@d3 ‘ggr%%“% :'f:na%% H}Jﬁ"iﬁ ﬁé‘g\%wcu’zrﬁotg’ §f 25 t0'1.6
MHz. 15 The wei Tine i weidhining ofure tricu tqanuﬂmndtlizhandurﬁmng
net work_444_of théu@nfhg hbthStk Odad| SPRERS R Yk oFf $30BRETE Ak | 1

FIGURE 7. The wel
shown in greater: detail in FIGURE 7. The weighting

function circuits and summing network are configured in a
shift and' add adder tree arrangement. The eight bit
lines from the shift register 440 are identified as
27...20, from most significant bit (MSB) to least
- significant bit (LSB). The weighting function values of
o "~ circuits 442 in FIGURE 4 are all seen to be multiples of
(% inverse powers of two. Thus, the 8/64 weight, for
2 instance, may be produced by shifting the eight-bit word
from the shift'register to the right by three places, so
" that the 2’ input is in the 24 output bit location, the
) - © input bit is in the 22 output bit location, etc.

20

2
‘Furthermore, shift registers are not needed to perform
this shift. 1In practice, the same effect is achieved in
the arrangement of FIGURE 7 by applying the 27 bit of the
output of stage Tg3, kO the 2% bit input of an adder 470,
the 2% bit to the 2° bit input of the adder, etc. The

weighting function circuit 460 in FIGURE 7 connotes this

C6up1ing, as. do weighting function circuits 461, 462, and

463, which couple the outputs of stages tQ4, tQG' and tQ7-
. to the 1nputs of adders 470 and 472. :

In a similar manner, weighting function

circuits 464 and 465 divide signals from stages tQ4 and
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" FUnction CiTouits and summ ng et wor k .are configured h & ShITT and add
adder tree arrangenent. The eight bit 20 "lines fromthe shift, regi ster
440 are identified as [ERR], fromnost significant bit (MSB) to | east
significant bit (LSB)y. The weighting function values of circuits 442 in
FIGURE 4 are all seen to be nmultiples of inverse powers of two. Thus, the
8/ 64 weight, for 25 instance, may be produced by shifti ng the eight-bit

Hf t s th t the
\[MI;rRR] toh ﬁf fé‘)éé l§e1’e %éﬁ{hﬂﬁ p%lggbél%&fg%iﬁ%&nr%& ER I nput ab| t isin
t he [Emiqgltﬁlt%ttftﬁJtrI%’dR g @ thednpbs e anmdder 4f4cers are not
needed weiqret£1§ rmﬁibﬁibzs @ﬁé\iltlzzwr@gwm@s the stgmabifesi is achigved

in the rran rre RE 7 by _a n Iheil%RPR] b|t of { outpu‘f of

st [ tg'cQ [4%1%4054? ‘89? é?Fg%’c@ t to the

FI %REbo?nelph:teointctmmmmg l’etbo éiinead@e:gf&?&g functlon circuit 4?0 |421
connot e i Q ion circuits

462, and 463, vmfﬂ#.'c%u gt Olr}ﬁ)u 'g‘? gﬂges [r%ﬁw&%ERR] and [ERR] to

the i nr}iﬁlsglb?’e HR¥Fds 45‘93 SHZthﬁih H‘%lﬁﬁ&aﬁm §hting function

ci reui tz"464 Bies 466 Teasele §iaﬁ@f§céﬁ@m st@gest [R3. and  -14- [ERR] by

16/ 64 by shiftin he signals two, o t .t 'in their coupling to

thciol nput s -of angﬁéd’@ ﬁ%" %?’éh’f‘?rgfm# ﬂ‘%{r%?ﬁt vides the .

s: gnal from sll;a;geas[ Gedrdywebglited oy m,éﬁgnal'rhmt 2$4r| ggt 4% eng
ace i an

Ir[.)ecei ve‘pevxg ght -igga\/\%éldsees%grg SO #&? Eiﬂ@ f‘%ﬁs F %g%f Q4RR]. Bits of

| esser ¥pd n?% ¥/ 64 camdt 16484 DY 1cixcwits 4&kn 4@4FI‘€§?@E adhat the -

si ghal 449, fespectieeby[ ERfe caddiERbh &F cthesqhtws Xbé’lfﬂ &d. This weight

13,05 B, AL 0008 LR Lkoflell "PEaLETRGa T B B/ 02 20

e addition of
these tweiglhtedt oy 24(/%| in| the hEinalieoutprt. pr oduces si gnal conponents 15

wei ght ed by 24/64Iﬁ”thgeaédéfltPHéPu$utputs of adders 470 and
472 are coupled to inputs of an.adder 476._the output of
which is coupled to an input of an adder 480. The
outputg of adder 474 is coupled to a secohd input of
adder 478, the output of which is .coupled to a second
input of adder 480. A ten bit Q signal (2 .o ) is
used by the signal averaglng circuit 426, Wthh 1s
constructed to receive eight bit data words. The Q FIR ;_;_
filter, when constructed as shown in FIGURE 4 and 7,
exhibits a response characteristic as,shown_in FIGURE
10. The characteristic is seen to exhibit a secondary
response between approximately 1.25 and 1.6 MHz, which
will contain noise, but is attenuated by at least 30 dB
relative to the Q signal in'the band .of 0 to 0.5 MHz.
The noise components: will be even: further reduced by the
signal averaging circuit 446. .

The weighting function c1rcu1ts 422 and the
sﬁmming network 424 of the I FIR filter of FIGURE 4 are
shown in FIGURE 8 in further detail. As in the
arrangement of FIGURE 7, the weighting functions used are
all multiples of inverse powers of two, permitting the
use of the shift and add techniqueifof signal weighting.
Signal weighting is again accomplished by apphing
selected most significant bits of the data words from the
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In the adder tree, outputs. of adders 470 and 472 are coupled to inputs of
an adder "476, .the output of which is coupled to an input of an adder 480.
The out put of adder 474 is coupled to a second i nput of adder 478, the

out put. of which is coupled to a second i nput adder 480. A ten bit Q
signal (28 ...2l) is used by the signal averéglng circuit 426, which is

const ruct ed 1B T ogel v SOl AP WOt TS FLR Lkl sihes

constructed as shown a“respon

characteristic asa@mntmﬁ Fame}r@ntrhéncnrm &hesLEB hgsSeeﬁail@eeQﬁu bi t
a secondary requﬂ§b bet ween approximately 1.25 and 1.6 MHz, which w |

contain nmkse but is attenuat t st 30 dBrelative to the si gna
in the band of 0 to 0.5 §%Q“E¥hgﬂmﬂ Bﬁﬁﬁﬁn FoR Frpgefet eyeﬁ§$uFIher
reduced by th S|§weuwenghtqﬁrhy(mﬁﬁnnhy'é@@lYIhg whieglthireg faostt i on
circuits 422 and 0 FlLBef 1 of, £F

are shown in Fl GWW t}'fw}'erémgﬁt< éﬁée fwotljagt h:g ?{? hhgﬁl&gnéﬁt L%EE?%I;{JRE
7, the weighting $4hctapnndicared oyaWeighting é@néﬁlpﬁvéi§§kﬁo§9?saéﬂ t wo,
permtting the usso®f tERocHE fSo@anthddbd dndicate f’chl’atsbﬁﬂiha!ﬁ‘wahbhﬂﬁ

Si I ht hed | | ected

p Rl oo e (P TLEE GUHASY Vordl, 200 sB0aRE 50 Pl T, wBioRo

t t;e f irst ran ofawcmm:ed o ddgures rofe amr addean Sl | SlWhilelehedESB ‘has
ue of 2-1 | nyGtddREdh éi?ég%é"’@l:r ds afr{d)'{‘ St %%SWEE BRkeqaBy LFBEl agre

PRI TRyt e badesant v =T
502 and 504. Bl ockspWts afichrb. alﬁiemcHMt e that si m I ar wei ghts are applied
to data words from stages | EQQh ?@ anI|§F to inputs
of an adder ?ﬁ Sinmlarly, data wor ro age §2 a8d°TERR] are
wei ghted by 1764 %1glhfé¢%ahléc2/fﬁ74 B?Sbmmgaﬁ@%fgurams& §1§BBIEP-€§11’FO
bits of these words to 1nputs.of an adder 542. Data
words from stagés_t14'and't16 are also weighted by 2/64
and applied to inputs of an adder 545.
o Data words from‘stages T3 and 317 are'weighted.
by 8/64 by applying the sik most significant bits of
words from these stages to the inputs of an adder 543.
. Data words from stages tI4'and't16 are weighted by 16/64
by applying the seven most significant bits of words from
N\ these stages to the inputs of an adder 546. Finally,
25 data words from stages IIS are weighted by 32/64 and
16/64 by applylng the eight and seven most significant
bits, respectively, to inputs of an adder 547. The adder -
547 will then produce data words of stage IIS weighted by
48/64 whlch is the des1red weight for words of this
stage.

20

) The 6utputs of;addérs 540 and 541 are coupled
to inputs of an adder 550, the output of which is coupled
to an 1nput of an adder 562. The output of adder 542 is
coupled to an input of an adder 552. The outputs of
adders 544 and 545 are coupled to inputs of an adder
554. The outputs of adders 546 and 547 are coupled to
inputs of an addér 556;'the'ontput of which is coupled to -
‘an input of an adder 564.
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inputs of an adder 544. Data words fromstages [ERR] and [ERR|] are 15

wei ghted by 2/64 by applying the four nost significant bits of these words
to inputs of an adder 542. Data words fromstages [ERR] and [ERR] are al so
"~ wei ghted by 2/64 and applied to inptl&-of an adder 545. Data words from
staggs [ERR] and [ERR] are weighted 20 by 8/64 by applying the six npst
significant bits ofRWOFEURE rdm ihcke sgemdthab ddta wendss fafoman adder 543.

Dat a wor ggagesnt si agers {EF@;@%i-cﬁERd BY MBI Ak by T Gd s appl ying

t he seven,npst s nlflcgggyblts-of mprqf fr%gilhese st,ages to the inputs of
an adder 5598, 15 PRRFHGE YR DT ¥ SRR iag rﬁéﬂ% t8% dadidght ed by
32/ 6g anfirel/ tlebg shages ngitietive mhmmmmmtirﬁg@ﬂ;mu ?Rt bi %\
resp@cti ygl ' Sa£1 +13he er v/ ' er Wi en prgtduce
datg vvorég %? é?%%ﬁgf&ﬁf{m- ﬁf‘g’d éd&f@%?&/ﬁsldg%ax gbe,[ he desired wei ght
for wor d§UBFraRFively sceminad oy addi blvslndwmsirgsy dhe 541 are coupl ed
to i n-putﬁeg&tﬂﬁeadﬂethéfﬁigiﬂ@l Qﬁ&zﬁl.t Cﬁidﬁ}ﬂé&hﬂo&‘d‘@!&l‘é?@g}%ﬁaﬂg ggggﬁ g‘;zan
adder 56 e N er 242, 1s coupled t.o an i Q .
The out péYsIQf °§§%§?§s‘°§4ﬁ§gﬂ%‘§5 o ot ec%'gﬁl?ﬁ“ﬁ“’tJG‘Q‘an{]‘gl{ﬁP & adder 554.
The out pgepéementiea sdbabtahivend the il that nfigitadf wordadder 556,

t he Mut puteofnvbieda] Sak@up! Bthd Sy o i Nie Pt s -16- In

FI GURE 4w '& |-f§1 see%hat data words-from stages | E and [ERR] are
wei ght ed"BY°#/i ht&™moF8as

7

e THEO nFIRR anrgyfsiohhed by BA8% afbrthectivel y oo
conbi ni ngutpughofdadden 34Dm titesse Siags avd ftide Siiﬂiﬁfadﬁ%l\wr?isviar -
corbi ned PeoLASI W ELR ML AL Tk it ddlins B2 I BB P a. D g tal
moggﬁ ar QuHRYht datHy0 h?@ﬁﬁ#e§4_ri%xﬂWQﬁFtﬁﬂ?ﬂ}ﬁﬂﬁﬂﬂaﬁnﬁaﬂ ng. To two's
conplemestibbraction! bypr fikde, binvertindall digdideloahd Hata in
inverting circuit 534, then adding a "one" to the
inverted data by applying a logical "1" to the carry in
input of adder 552. The output of adder 552, including
two terms weighted by -(8/64), is coupled to a second
input of adder 564. - - _
similarly, the output data produced by adder
554 is-subtradtively'combined with the rest of the data
in the adder tree by inverting all'bits'in'an inverting
circuit 536,_then'app1ying the inverted data. together _ ,
with a carry in iogical "1" to a second input of adder b
562. The outputs of addérs'562 and 564 are coupled to
inputs of an adder 560, which produces'the filtered I
signal. 1In adder 560, weighted tap values of -(8/64)
coupled from stages'tI3 and Tiy by_wayiof-adder 564 are.
combined with weighted values of -(1/64) from the same:
stages by way of adder 562 to produce the desired
weighted Value'of -(9/64)_of_theJdata.from stages_'cI3 and -
Tig in the final output...similarly,'the final adder 560
combines weighted_values of -(2/64) from stages Tig and
T16 with weighted values of (16/64) from these stages to
produce the desired term of (14/64) of dgta from stages
fI4_and tIGIin the final output. 'The frequency response
characteristic of the I filter is shown in FIGURE 1l.
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are inverted, and.a b|nary ‘1" added to the result. Wrds fromthese two
taps are’ melghted by 8/ 64 at the output of adder 543. These words are then
subtractively. conbined with wei ghted data from adder. 542 in. adder 552.

Qut put- data of adder 543 is two's conpl enented for 15 subtraction by,

first, inverting all bits of the data in inw@7= ng circuit 534, then addi ng
a "one" to th@ I nverted data by appIyW:? a logical "1" to the carry in
|nput of adder 552. The outButhag hean adicegtaip amprbtwefghing

t (;3/ 34{ s goyal p%%dsa&@%zdle?& Iaﬁmﬂg ?fma;ﬂ%e&@%osbahuél lﬁetﬁéén
ou ut data produ adder i S i.ve e_res

of The dasart n_t HERG RemSiEt cinal SR o i), SaiqL5ie, SR TS, Row: kg eFFaY;
536, then applyingnt@ethmvtappnﬁcktag&sxpﬁlshleSreglswexscézﬂyand #aQi cal
"1" to a secofd q8gh§ d 2 4 e
coupl ed tg |nputgpgyéan adder ‘% %M?Gﬁ% produces gf?P%8§@ s?&ﬂaﬁg ?Eé

I n adder 560, weiBF® ?%@Va%?‘%ﬁl’u?%/‘lﬁl)a%ﬁ é@of A EHCYREgd3 FE%RF 6dnd
[ERR] by way of adﬁmuﬁﬁﬁlewe TR seact Mirldh thigdeglilsea@. \f@h@ﬂ:&oﬁf of(the4) from

th t b 562 d I
P (67 6a) of "t neuPd Pog SYRAR ot i el sl et s POl oA
SI mlarly, the fihbé¢ mgmm(ﬂﬁimsﬁ:ms;mﬁacthmlamrﬁf - (IQ/ ad;hmgm. '
stages [ERR) 1and 5eFERile Wi dnapi i syt lon ) @Apibrany! e8senpl ages
éﬁ%@e

to Rreoduce the deg ied term data fron1sta €s EERR and [[ERR] -
in the final outpftiteqRUERY e ladSer i REer 7 ter
is shown in FI GJREuélwelghtJ‘]ﬂg fundlamrb&arrdlmméndlzﬂdnrcé.laﬂdem' arfou:he Qf

that the I and O EroERt of FIURE 7 S itd Siceds Rl vo o> Pales fnraf BRY

shift registers 4§@°aﬂ@dﬂnﬁ (H19wd 4 0%uﬂ?tﬂh9lﬁb@@ﬁ@-¢ﬁa 53#@96utput

Si gnal S are F"ﬁOduﬁﬁﬂpﬂt tﬂ@eﬁéﬁétﬁﬂ Cgtl%id%ﬁgrﬂa&% (nﬁls@JBESE) taduahlthree
adders. During the time required for the tapped 31gnals
to pass to the outputs, the filter output signals are
unreliable and can produce ripple in the output signals
as the filters settle. To prevent this ripple from.
.disturbing the oﬁtput'signal, signal averaging circuits
426 and 446 (FIGURE 4) are used at the filter outputs to
'latch the output s1gnals during stable time periods, and.
- to average consecutive signals to provide a 3 dB )

" improvement in the signal-to-noise ratio of the I and Q .
signals. ' o

| _Sighal averaging circuit 446 is shown in
greater detail in FIGURE 9. Signal averaging circuit 426
is constructed in-a-similat manner. In FIGURE 9, the
final adder 480 of the Q FIR filter has its output
coupled to the input of an eight-bit latch or storage
register 600. The output of eight-bit latch 600 is
coupled to the input of a second eight~bit latch 602, and
to an adder 604. The'outpdt of latch 602 is coupled to a
second input of adder 604. Latches 600 and 602 are
clocked by the filter clock, in this case, the Q clock.
- In operation, the Q clock transition that

o shlfts the Q data words through the shift register 440
"~ also latches the filtered Q signal into the latch 600.
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.(FIGURE 8). This settling tine is a function of the nunber of | evels, or
ranks, of adders in the trees and the propagation delay tines of the
adders. In addition, 10 different S|%nal paths fromthe shift registers to
. the filter -outputs- have different d'é'l ays. For instance, in the weighting

functio r s GQr F data words
from [E%éprgss %% %ﬁéeaﬂdwo Ad eys]%(e%& ttg 2%% E@?ﬁgl r path to the
filter o %u%dd%eﬁim &t M@\Bﬁ%l@ RAPS 1}§§§§tﬁﬁr beghushree adders.

During tfgetisBch Gl rébied e I@ﬁ%sslﬂaaie%eaogpaﬁ@nhm the outputs, the

filt t t bl d th t put
Si gngl s Bebie (FF ?%w%aiaeﬁqnéeeddriwp%&aw” g el G sianalt e 8 St ur Biyng
t he out psigsalrpteviouplky shoared)iiry latotui6d. 436sa.lmiltéﬁe©EBWRE 4) Fare -
used ol 1hechid ! Shed S 062 Al WA MUP o BBV NG StaDTe i e

peri ods, e Cconsecutive signals to provide a 3 dB inprovenent
in the s?‘@h%?cﬁ'él‘ﬁ%lges#%ﬁh luefy whikth @res apﬁlg—ﬁél g0 gdgdex averaging

ci rcw: S Iszrﬁéloy\?umegraww éi&jﬁzu-ibmdaz‘aétﬂiz Slzér)ahoave[]ag; ng |

ci rcui nstru ng simlar er i na _
-addgp 4863‘8?rt?1 Cl? ‘?@ ﬁé W WAk r%ﬂ: (?rc?gﬂ‘ﬁ ed In&nFﬁg :%nput of an ’
ei ght - bisultlawendor @mbya@mr@ggm: aos30 G i g imangubidis eifgithebi t | at ch 600
i.s coupl ggmtQotde(2PUi2%f &rs <?lcg.ptt-;oblﬂhé ¥/ah Bodrerdes, t0 an adder A
604. . The ug Ol)‘él atch 602 | second _i nput of _adder- 604. %
Lat ches 'ngeg ayeragingk %‘%&{{Wg‘?": 1*; é%°r8500k tﬁ‘rﬂ? 8Bcase, the Qu
cl ock. |signalatoemoisdeimprivakent a:rssmrom.ddahtbysltn‘:m stl.lgnaCD dat a words

t hr ough %bgré&:ir%% register 440 also latches the filtered Q signal into the

| at glg 600. new shift register data now begins to pass through t he
adder tree, but thBYceeRf |theciignal Avarasing sdnawd .ot Ras stored the

previ OUSfiltéﬁrsdd&Stﬁéléﬂha@'a!ﬁnosﬁ\sa thal VydlebYE ithesBQBEN@HENI S Q
signal, phe) Q31 B03Le PEEY SERLYe 5L Shighd A mANY ampi Ty LaReousty
latched into latch 600. This substantial settling time
period permits the use of relatively slow logic in the
adder tree. -Moreover, it is seen that only a single
clocking signal, the Q clock, is needed to clock both the
shift register and the signal averaging circuit. The
signal averaging circuits are described in greatei' detail
in United States patent application number 298,255, _
25 entitled "DIGITI_-\L VIDEO SIGNAL PROCESSING FILTERS WITH g
SIGNAL-TO-NOISE ENHANCEMENT" . |
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| at ched into Iatch 602 The | at ches now contain consecutive Q signal

val ues, which are applied to:adder 8 604. The | atches apply eight-bit

wor ds (2 ...21) to adder 604, which adds the two words to produce a
nine-bit‘lo sumword. Only the ei ght nost significant bits of the sumword
[ ERR] are passed on to the D/A converter, effectively averaging the |atched
Q words. A three dB signal -to-noise i mrdvenent is provided by this signal
aver agi ng. 315 CLAIMS By use of the signal averaging circuit, the Q

Loyt P9EL Lee oS STl f bR R kOB PEr HiRaGashack, bButEl o
substanntgk\senfIca@ptlxnfgmnnwﬂ ;&gmﬂls taaduaesoﬁrcelafldéb#talom/Ioglc
lgnal, the QSPEepiAREEe Elankis, o ERToL BloRR) ) adpbalTakor, 54 B rer
si gnal aveﬂxyﬁEFQﬂ!Qmﬁnt CoRp. Q#ﬂﬂ-averaglng circuits are described in

greater detail in Uni t etnedid Sfo p?ﬁmu@ |5afi9gtnemggk 39 n355ha9ﬂf\\g‘ | ed
"Dl G TAL VI DEO S] GNAL PROCESSI NG FI LTERS § GRIOF NT" .
e of

30 35 -19-, TAINAF phase a‘?’eﬂ‘é’b@%?'bﬂr@%@vﬁ?s!’?ﬁsl taa. gl
color r ef er enceefegarice sfgnhrqsource of digital chrom nance signals, a

| | denodul at d 5 0 [.Si.Ngs :
P oduc g o 1irer ol ock Medl 44 St Al 8 FaleRa Bibsk H1aER pktha
respect toldaial second rphase celatipnshiprwithfvespectiutbngaidseodnnt cl ock

signal having gékékéﬁgg e relationship wth respect to said color
ref erence signa I rst dlgltal filter_having |nguts resgon3|ve tosaid

digital chrominance sigriilfiFst Qigital filter having inputs
' responsive tosaid digital chrominance s;gnal and said

first clock signal, and an output at which a first
15 demodulated and filtered color mixture signal is produced,

including a first tapped shift register arrangement through
which samples of said digital chrominance signal are
shifted in response to said first clock signal; first
weighting means coupled to-taps of said first shift

20 register for weighting signals on said taps; and means’
for combrnrng said tap weighted signals produced by said
first weighting means and having an output at which said

N\ first demodulated and filtered color mixture signal is
produced; and
25 . a second digital filter having inputs: responsxve

to said digital chrominance signal and said second clock
signal, and an output at which a second demodulated and
,filtered color mixture signal is produced, including a
__second tapped shift register arrangement through which

30 gsamples of said digital chrominance szgnal are shifted in

' response to said second clock signal; second weighting
means coupled to taps of said second shift register for
weighting signals on said taps; and means for combining
said tap weighted signals produced by said second weighting

35 means and having an output at which said second demodulated
and filtered ‘color mixture signal is produced.
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first clock signal, and an output at which a first 15 denodu ated and
filtered color mixture signal is produced, including a first tapped shift
regi ster arrangenment through which sanples of said digital chrom nance
"signal are shifted in response to said first clock signal; first weighting
neans coupled to taps of said Lipst shlft 20 register for weighting signals
og{ sai d taps; ‘and means for conbi ni ng sai.d tag wei ght ed signal s -produced by
d first wei ghtdng AedTE2R98 RAY AGCIRISNEpEP SLadRi th ERFEReT st
dermdulcgingskﬁmdxlg‘ :cd i[sa\ﬁd:eCQEOl’anmlbbUerdébgéabnh$spﬁ.ﬁdmﬂedngaﬂd I25
a secon igital filter i ng ts_responsive_to ita
chr om rﬁﬂ?c%‘gﬁ T d‘r?(?aslal‘) S 83X8"° ?58ﬁu§f‘§¥al asaﬁﬁlgncﬁﬂ?gut at r’eh a
second- mmncaa ed.gnal f iandewbéredhosanidxsaunecei ghadligstat oduced, i ncI udi ng
eco | ngement through which 30 sarrpl es of
age d:%l{&fiﬂfaﬁm%h JilgraA9 & kﬁ.gfagag

rom nance si are shifted in response to said second
cl ock signal; se@%ﬂﬂsméﬁﬁﬁﬂlﬁgvﬁeé:ﬁs saisd|collon bupst otompbuesscond shift

regi steor fF lagssmgmahg eignald HaAPen a :E&iﬁ@néégrws%h' ning said
tap wej ht ed i\fﬂg ﬂ fg.r og sal d secong tin means _and having
an outfftit® FFubkFRE® sOF gt88C ﬁ'& ul°aﬁ e‘iP’aélcF‘? ?’t’e‘?\!ﬁsﬁoﬁégnﬁﬂ]-xture ¢

SI gnal is producand a gién phase relationship Asi€h'P@gpeest taccording to
source of -anal og video signals including a

co or %aur éé?%%aﬁag?{: bg‘gﬂgﬁ’frequency as said color -reference signal " :

and wherein said source of di gl t al chrom nance signals_conpri ses:

neans responsi vemednsarespons Vburbgt sadnh anaitod videodsigngls sanpling

i gnal ediaVd i Pikg CXEACKi¥ARER iR %é%éd&leu lsdile Sdmgiengy of said

. color burst an ven_phase lationship wt spet to 10 said
col or F%rﬁ!"’d%ﬁn@lﬁéﬁ&n?ﬁ@@q Signal samples: dewdsi gnal-s for

S Ilng sal d signals in_res onse to _sa A nal r oduce
d?%gljt al video sifnAT" SERPPRE- J'Xﬁdtffasa‘léj ds"gr?taﬂeg'ﬁég?éb%§ ve to said
di gi t Bamplie® £0x rntodgcing separated digital chrominance signals.

3. mn arrangement according to Claim 2, whe_reih said
sampling signal producing means incl‘udes méans for generat-

1ng a plurality of pulses during a time interval equal to
one cycle of said color burst s:.gnal'

20

said flrs; clock signal producing means includes

means for producing a clock pulse- -every color burst signal -
55 cycle in response to a first one of said plurality of samp~

ling signal pulses; and

‘said second clock signal producing means includes

means for producing a clock pnlse every color burst signal
cycle in response to a second one. of- said plurality of
30 sampling signal pulses.
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sanpl es for produgcing separated digital chrom nance signals. 3. An
arrangnment according to Caim2, whérein said sanpling signal producing
means ‘i ncl udes neans for generat- 20 ing a plurality of pulses during a
time interval equal to one cycle of said color burst signal; said first

cl ock signal producing nmeans includes _neans for producing a clock pul se
every col or burst signal cycle in ré@ﬁbnse.to a first one of said plurality
of sanmp- ling signal pdl Sesarrandersatcacorditg tb ghy of ghaimspl-<dduréregnnadds
i ncl udes neans.for . prLoduci Qg | ock .pul se every_col burst signal cycle
in response tofér§§C8ﬁ§1§ﬁ 53’-125 i &9 Eﬁ?ﬁqstftﬁl%ogé%ﬁ‘ﬁé A gﬁaﬁz .
pul ses. 735, tapped. shifir register somprdises t® plurality Wftsdria rein
said first digj I3 ' : I.R &+ ] t.er,,. said first,tapped shift
regi ster corrpr#égélé?p%gragﬁggehgﬁggé%éﬁ f-lc"ldéuﬁ)lse?%? aﬁ%@fﬂlffgiw Y& st
st-age coupl 2d saidedigital chryomimagceeaisignady maid stayes  ircludiiqons
(neluding a plBiaralyeg’ o2UbleputRapsiaishid Alx MRS Wl LA Wdins
conpri ses an adder tree arrangenent; "and sard-Tirrst welghting nea

i ncl udes meansCPHPTiSES| PRgadhes Sreg.pyrangementiand sadidl fixst weighting

afrangenent i nm@afbi ihcaadeslfebnBe £62 e%gﬂ s oF SR ps -
according to any of .cl al 1-4 wherein sai lgg{:%tr%r%hig‘?faﬁflé er-.conpr sses
2 FIR filter: 9% 8aidcBAderabres SFFRROPEGAL A0 dbri Lemand1add 4vRe of
serjally 151€ocphfilgatragéen.i ncluding a first stage coupled to receive said
di grtal chrom nance signal, said stages including' a" plurality of .output
taps; sai d second- nafedAn grtangenentnacgerdingtoi snyscf cleinmn d-haterein said

arrangenent ; agd.sikd 0 hgRLI | ncl S Cfors couplin
Moo ol sai o SecoRnTaz6ital ¥EAde: BoniRaNeS I MAEIRITALS d Yooaad |
second adder t¥a@pedrshiékeregintersppmprisesadd Riwmkity igfirserballg. An
arrangenent ace®apléd seages), Mific2idinklaMArst WGIfd Nesipred o Feéfve
filter exhibdts ag.éngu ¢ Lgsponse N - _
| sal igital chrominance signal, said_stages including ' a
' Plurality of output taps; said second-named combining means
comprises a second adder tree arrangement; and said second
weighting means includes means for coupling-ones of said
20 output'tags of said:seqond'tapped shift register to said
second adder tree arrangement in a shift-and-add type -
‘configuration. .

— 6.

An arrangement according to claim 4 and claim 5
25 wherein said second FIR filter exhibits an impulse response
concentrated about one of said second shift register
taps and a gréup delay betweeﬁ said input and said one tap
of said second shift régiste_r_.which is substantially
equal to said given group delay of said firs.t_ FIR
5p filter. | |

7. An arrangément accbfding to claim 6 wherein

‘the number of tapped shift register stages and

weighting function circuits of said first FIR filter
35 exceed the numbezf of tapped shift register stages and
- weighting function circuits of said second FIR filter;

A




concentrated about one of said second shift register taps and a group del ay
bet ween said i nput and said one tap of sard second shift register which is
substantially equal to said given group delay of said first FIR 30 filter.

- 7. An arrangenent according to claim®6 wherein the nunber of tapped shift
regi ster stages and wei ghting function circuits of said first FIRfilter
exceed t he nuhber of tappe‘d2 hift register stages and wei ghting function
c%r??its thsaiQ?aeﬁpgﬂefﬁFkiﬁﬂﬁgﬁ%iTfreéibt?rnof.saii seﬁ?&ﬁﬂ mhe{ein Zaid
shi regi ster of sajd.seco ilter include east one untappe
shifc FEf ERirel: ABELU0RS £ bettb e drntfRRAN ST S 9P sifod ot agos. 5
8. An gthgagesupledcbetdeen saidl mput aud safdirtdpped ammgesi.ng: 10 -
first processing neans coupled to the output of said first FIRfilter, and
havi ng an output for producing a first processed anal og col or signal; a
ferst lowpass filter coupled to said output of said first processing neans
and exhibiting a given phase versus frequency response characteristic;:
second processing neans coupled to the output of said second FIR filter,
and .havi ng an out put for producing a second processed anal og col or. signal;
and 20 a secorft. | dnperssndemerie accomding deat glaim 8 wuf/pfiurdfersai d second

pr oCessShhfly .and exhibiting a phase versus fregquency response -
charai?%@?g??gaahich is 'sub- stantially the sane as said given _— <
characteristic offiestl progessimgamweans| conpled o theaoutpminef aCcoqugg '
to clai i ue, A L 0 | ' y

subst ar#tgli;ﬁ I%"ﬁaﬁﬁ{]@iiéggf rgg%eﬁéyig? géi éatgggon?&as kg %ﬂéﬁd&?ﬁ'g " and

wher ei @ Fdinst iprocessed RVAIOY PPLIOS SilgNals are construct- 30 ed to
exhibit transition bands substantially bel ow the '

- _ a first lowpass filter coupled to said output

of said first processing means and exhibiting a given

phase yersus_frequéncy rgsponse-characteristic:

15

.second'proéessiﬁg means'cbupléa;té the odtpﬁt
of said second FIR filter, and having an éuﬁput for -
producing a second processed analog color signal; and

20 a second 1owpasé filtet coupled to said output.

of said second processing means and'exhihitipg a phase
* versus frequency responée characteristic which is sub-~
stantially the same as said given characteristic of said

25 first lowpass filter.

9. An arrangement according to claim 8, wherein the
frequency of said first clock signal is substantially
equal. to the frequency of said second'clbdk.ﬁignal; and
wherein said first and seébnd'lowpéss.fiiters?are-const:uct-
30 ed to exhibit transition bands substantially below the-
second subharmonic frequencies of said clock signal freguenc-
ies. ' '

35
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second subhar noni ¢ frequenC|es of said clock S|gnal frequenc- ies. 35
-23- 1 _ 0. An arrangenent “according to any of clains 6-9 wherein
the frequencies of said first and second clock signals are sub- stantially
equal to the frequency of said color reference signal, the number of tapped
shift register stages of said 5 first,,FIR filter is nine;, and the nunber of
tapped.-shift register $stages of sai d&acond FIR filter is five. 11. An

arrangenment accordi ng-jioQ CAribftatideméit &tdordingl t6 hirkt of ejabiseb-Diwhersith the
second FIR filter includes two.un- 10 t apped stages coupl ed between sai d
input and sai d feppeenciagest §EldAﬁ1§FFaﬁ§€n§ﬁF°§ c 61 Ockg signals rare sub-

wher ei N a-Sanné g i P0G e&ﬁaﬂuewan&ezﬂéqaaﬂcﬁab@ kaigl cblor Feferemey
clock sighal producl hg neans e conprised cl ock . si naI ener a

having an  nputSiERBbSEIE PURBSFJOZoFAPDPAr PeAte TERIRLET SURARE QR AIE
a}] whi ch. f]%lﬂ Sﬁlﬁah tnEIRI gmatersmr ﬁdnleedahavthe nambeirn o f) Wapred | skt |p
phase wi th the phase ectlve ¢ r ponents o

a received tel L% eglﬁﬁ s °§e585§ 86?8& g§§WkPéﬁe§él%'ﬁ & ¢l ock -
signal is produced hav i ngdpulaﬁe%g@]% J;q RPe12fim S Hh&r@TRORAARL S, and a

Seeon 5|gn

third out put at which sdi I's produced having pul ses
akigned with thﬁhnfheregissardotoﬁp@ﬂesesonQSFIR filter incjaides itwq un-

friter is an FlEabblhCheabachedBieahdtiken! saliaC nput And WA Whiiged !

i{s said otf put a ered version of sard one color representative
coﬁbdnent this $F8g@S-exhibiting a transition band over a given band of
f'requenci es; and 30 . said second filter is an FIRfilter

cl ocked by said second cl ock signal and producing at its sai'd output a
‘filtered version of said &2her Apoapoangenestiaceuudbing fid talraiaxif hhenegna

transition band over a bagdsghpiifguenghes #B&fbiﬁgln%’ﬂs Idhd TSAUEIGE dehan
said 35 Plven “band; sai d arrangement “furt I ncludin
and second clock signal produc1ng means are comprised in

a clock signal generator having an input responsive to
said color reference signal, a first output at which said
sampling signal is produced having sampling pulses aligned
in phase with the phases of respective color représentative
20 components of a'receivedfteleviSion signal, a second
output at which said first clock signal is produced having
pulses aligned with one of said éomponent% and a third
\ _ output at which said second clock signal is produced'
“having pulses.aligned'with.the other. of said components;
25 said first filter is an FIR filter clocked by
said first clock signal and producing at its said output
a filtered version of said one color representative
_ - component, this filter exhibiting a transigtion band over
@ o a given band of frequencies; and
30 said second filter is an FIR filter clocked
by said second clock signal and producing at its said
output a filtered version of said other component,
said second filter exhibiting 'a transition band over a
band of frequenc1es which is lower in frequency than sald
35 given band: said arrangement further including:

O VA



-24- L first processing neans coupled to the output of said
first FIRfilter, and having an output for “prooducing a first processed
anal og color signal; a first lowass filter coupled to said output of said
“first processing neans and exhibiting a given anplitude versus frequency
response characteristic; secongproce55|ng means coupl ed to the output of
said second FIR filter, and having an output for producing a 10 second

plocessed anal of1EBEOPTOCESSANT, MEARS SAWRLeD kR khe joukput R ed to sai d
out pusaidf £SRstd FER A0t eﬁ@smﬁan@e&m cUthwx idy tprstweingrai t ude versus

frequency, characteri,sti c.which substantially equal to said given m'
char ST RTQESs980  ana16y fojox, Btahal;

I sion col or signal denndulat 20

and filter ot nAogEERt s 'ﬂ'lk&f%&%@!%‘?@é%ﬁ&eé&&n?é ol th™

rgference to the acc ng dra
said first process;ng means and exhibiting a given amplltude

versus frequency response characteristic;

.

segond processing- means. ‘coupled to the: output

of said second FIR filter, and having an output for producmg a-
ig Second processed analog color signal; and . ' :

a second lowpass filter coupled.;é said output - \4
of said second processing means and exhibiting an amplitude |
versus-frequencf characteristic which is substantially equal
to said given characteristic. . o .

15 :

13. A dzgital television color signal demodulator
20 and filter arrangement substantially as hereinbefore
described with reference to the accompany;ng drawings.

25
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