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~2110496 1- DUAL OUTPUT DIGITAL FI LTER AND TELEVISICN RECEI VER INCLUDING S
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particuliar,-to digital filter networks JMhich produce two output signals
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jarrangenen fhe video Signal 15 tere a system
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the combed- lumlnance signal to prov1de a fully restored

o lumxnance s1gnal. In the NTSC telev151on system, the.
zéb chromlnance SLgnal extends down to about 1.5 MHz below
the color subcarrler frequency of 3. ‘58 . -MHZ , and the vertical
detall information is contalned in the lower 1.0 MHz of the
: 51gna1 produced in the chromlnance channelof the comb fllter
The luminance and chromlnance sxgnal components of the '
_ 25 .output signal of the chromlnance channel may be separated
; Kaf_ 'between the upper frequency of the vertical detall s1gnal,
' 1.0 MHz, and the lower frequency of the chromlnance 51gnal
'of approx1mately 2.1 MHzZ. .
_ " An arrangement for separatlng the vertlcal detall
30 1nformatlon and the chromlnance lnformatlon at the output
: of_the_chrcmlnance comb_fllter is shown in U.S. Patent B -
;4,096;5L6."Iﬁ that arrangement, the video signal is comb”
filtered by a saﬁplea data'system’comprising_a'charge
coupled device (CCD) comb filter. The combed chrominance <
36 signal at the butput of the chrominance comb filter.is
separated by two filters, each including lumped frcquenc/
selective fllter elements.i A lowpass fllter hav1ng a .
.Jpassband of 0 to 1.5 MHz separates the vertical detail
. information from the chrominance information, and couples




| d by two filters, each |nclud|ng Iunped frequency selectlve f||ter
2?2§;ﬁ¥§d X | owpass fllter havi ng .a passband of ‘0 to 1.5 MHz separates the
yertlcal detail .informtian fromthe chromnance information, and couples
~/£2- 1 the vertical detail ihforrratlon to the | um nance signal at the output
of the | umnance conmb filter. uflndpass filter couples bandpassed
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h This filter conprlses a ayln nmeans which is : i .
' §e§ b %fé“['%’c% For ke comhination widiy dernma shift
- regi stﬂgﬂmlnmgem tﬂielr\aidécy sigrayniad doms. fﬂ&@alm dalety frominput to
out put FRans also propuces t he |n¥ éguﬂ del ayed by at
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-and a bandpass filter output for the chrominance 51gnal.
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In. accordance with a ore’erred embodl.ent o
the present 1nventlon, ‘a dlgltal fllter 1s prov1ded whlch
'-processes an input- 31gnal and produces two output 51gnals
20 which have dlfferent response characterlstlcs with respect
" to the 1nput signal,  This filter comprises a delaylng
means which is respon51ve to the 1nput signal. The delaylng-
means comprlses a shift reglster hav1ng a plurality of
' s1gnal taps, and a given delay from 1nput to output. The
25 delaylng means also produces the input signal delayed ‘by _ -
at least half the glven delay of the shift register. The A“H
'.fllter also comprises a s1gnal coupllng means coupled to. ' -
the signal taps of the shift reglster. The signal- meahsr ’
welghts the SLgnals passing through it. - The fllter also I
30 comprises a means for summlng the tap weighted signals of
the signal coupllng means in cooperatlon with the Shlft
71 reglster._ Flnally, the filter comprises two SLgnal
.-comblnlng means. - The flrst comblnes the tap-welghted sum '
‘with the delayed 1nput s;gnal 'in one sense to generate
'_35 the flrst output 51gna1 The second - comblnes the tap~
,welghted sum with the. delayed lnput signal in‘a dlfferent
-sense to generate the second- output signal,

In a flrst embodlment an output tap welghted FIR



'reglster Finally,-the filter conprises two signal conblnlng means. The
,flrst conbi nes the tap-wei ght ed sumwi th the- del ayed i nput signal in one
sense to'generate 35 the first output si.gnal . The second conbi nes- the tap-
_melghged sumwi th the delayed i nput signal -in a dlfferent sense to generate
‘the second output.signal. In a first embodinent, an outputtap wei ghted FIR
1 1 i -3- filter _hs constructed L.n accordance W th
't he present |nvent|on to provide both a bandpassed 5 output signal for’
passing the chroni nance informati on, and a | owpassed out put S|gnal for

- passing the vefilcai ﬂ@tooﬁstfﬁdmé&ujﬂnhccdfuén@@cQmﬂtmnbod|nent an input

‘tap weighted FIR fjlter rranged. i n-accordance wt.h t esent

i nvention to prov ?ﬂ%s?nﬁ:’itlerf’v e1'1 n &R rﬁﬁm&{ﬁteﬁ%th Wgé%ﬁ%ﬁﬁ‘ngs

FI GURE 1 i Isl usewntpaes, sxgnaiciﬂxcpagﬁrngfthenchrmmiusmnewmhfbrmatdom;gnal :
processi ng secatﬁ@naoio@%aeéé‘d'éaég\fé SRS | f&ﬁr%téyﬁﬁgedtﬁ@ oidance with

‘the present inyentjon; ustrates, |agra orm- an
out pe"t apped #Wﬂlt%fméf%%’c?‘hct kR i3 SRR daRROGI RN E heariRRY B &RP of
“the present i nvehgheed FIHURD Ger |isisirniefed | ih MEskrdbhbgs amfior m and in

20 nore detail, a nDdificatl HR filter of E

illTustrates, in block di agram%]oé)"teé%’ﬁt |Jhrb entlonV%o g%rt‘% F\ﬂf‘?lflﬂzered
in accordafce QWEput signals. t he present invention; and Fl GURES 5,
6 and 7 illustrate respofBetl§ dramimgseristic curves uséd to explain the -

operation of the enbodi npaggref1 Fif}gg@%&t%groyghbfb?ﬁeéeré#gﬁ %858r$q§E 1n

t he baseband dhgltal sigpal processing section of a el 8vf
accor dance wi tp3seband digital 519naltﬁﬁQEﬁsﬁﬁﬁgeﬁ¢ctthnofoa tekev1sxon

'lliﬁstrated Inrétatkeﬂtacoﬁgtfﬁﬁféd in accordance with
' - 15 - the present invention;

: FIGURE 2 lllustrates, 1n block dlagram form, an
output tapped FIR filter constructed in accordance with
the pr1nc1ples of the Present. invention;

_ . FIGURE 3 1llustrates, in block dlagram form and in _'
20 more detall a modlflcatlon of the FIR filter of FIGURE 2; |
EIGURE 4 1llustrates, in block diagram form, an
input tap weighted FIR filter = in accordance =
with o the present. 1nventlon, and
FIGURES 5 6 and 7 illustrate response
95 characteristic curves used to explain the operatlon of the
embodlments of FIGURES 1 through 4.
.Referring to FIGURE 1, the baseband dlgltal
. . 51gna1 proce551ng sectlon of a telev151on recelver,
_' in accordance with . the
30 present invention, 1s 1llustrated 1n block diagram form.
Video 51gnals are supplled from a source- of video SLgnals 10
which ‘may comprlse, for instance, a video detector in . a
:telev151on receiver. ' The v1deo 51gnals are applled to

- . .an analog to dlgltal converter 12, whlch converts the analog
35 vrdeo signals to dlgztal 51gnals in the form of- succe551ve

“elght-blt words, for 1nstance._ In thls and subseguent
'embodlments of the present 1nventlon, the broad arrows
shown in the ‘drawing figures represent ‘parallel lines ‘of
dlgltal information which couple digital words of a plurality

-




tyided signal s are supplied from'a source of video signals 10 which may
_conprise, for instance, a video detector in a tel'evision receiver. The
-vidéo signals are applied to an analog to digital converter 12, which

_f@onverts the anal og 35 video signals to digital signals in the formof

successive eight-bit words, for.instance. |In this and subsequent

‘enbodi nents of the priesent invent4-on, ¢he¢br0ad arrows: shown:in the drawi ng*
figukes represent parallel lines of digital information which couple .
digital words of a plurality of bits fromone elenent to another. The

~digital sEgBats aremapabi 8dehéntheoi ARYEhEL.2 hel BakikaAb sfighkas 14, 5
whi ch separates.th | g gls.lntg.sgparate,Lun1nance Y) and ¢hrom nance (Q)
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descgibewhiuhtheparatebethéDéggﬁalsTehemiséparbt&g&uﬁﬁhah@enﬂmn" by. John P.

Rossi, 84.. s 0d47-53 (1 —_— e ar, Y-signal is
applied énéuggfg@&ggﬁéfaigglgéék?n%gtfé aﬁthS&glggaaﬁ;gﬁhgﬁaggf"The del ay
of fthe dé%a?aﬁlEﬂéﬁPnEGrP§t§ﬁo§@n°PGr§§BsP&nﬁ?épl}bﬁdtén tthe del ay 3

gncgunteaeééb¥ea"mggihsflTé@éahbiahgmah égghha$%e&é9§g$%@?aghnapQOWbinatfzn
anapass_and. | oypa : r n I’E . e conol nati1 on -
bandpass??ﬁﬁb&sé@féﬁ?%# ﬂgtaégk5éo?ﬁ§98

upl ed between the C output of the
compgfilter 14 and @heesepdranpdt Yobigddar i30appdipdotyc eyl ewpass filtered

vertical ,dgLaiLl, Lk then, . Thes r oghisnes shhe. yertical _det ai
infornat?oﬁégéénngﬁ%gﬁ 58_t°t%g ég- §d°.uﬁ§n§?€%§'3ﬁgnaﬁ eodS?SHUce a
rest ored 19Fi hBAcéedpynalement 261 i5t shegen $pgsubsitengiplilydmagcbne i nput

of an addére &d8layhenbeudpased! Bypaseetihital dethiicedphad &a gwpgky the
vertical detail Lnformation.to the jnpyt of .a 25 nonlinear detail signal\./
processoP*3% 3??%. YTRe %ﬁf?ﬁgé? p#ﬁggggﬁﬁ IAABRES ATASRF near |
trapsf ernétwerkodl0as ThewsomhifaGURE bandgadsgdowpedsofifages 12- 15 of the -
article néeibh PO0: 5! bbap1L8r beRkBEn T¥nEPECLUREUR Bl EReFRBABCCM™N: DY
T r'tficlgég"lgngngua second' in\o/gtuo”% adder 30 and prod |
_ sec ) produces _
lowpass filtered vertical detail information. The adder
30 combinés thé_vért{cal detail information signal with -
90 the combéd luminance signal to produce a restored
luminaﬂce;signalL The restoréd Y signal is applied to
one input of an adder 32, ' : -
.~ The bandpass/lowpass filter 20 is coupled to
subply the vertical detail.infqrmation to the input of a
o5 nonlinear detail signal processor 34 also. The nonlinear X
- processor. 34 exhibits a nonlinear transfer function - . A
-as shown in FIGURE 1 and described on pages 12-15 of the
‘arti¢le "A CCD Comb Filter for Color TV Receiver Picture
Enhancement: by D.H. Pritchard, énd.published'in Volume
30 '4; of the RCA review at pages 3, et.seq. (March, 1980)j
The nonlinear processor 34 operates to core-low-amplitﬁde
signals, to peak intermediate amplitude signals, and to .
pa:é, or“attenuate,ihigh émplitude signals. The nonlinear .
progessor-34lmay gomprise, for example, a random access -
35 . memory (RAM), with the transfer function applied to the l'
vertical detail ‘information being a function of data
~ stored in the,RAM_unQericontroi of.a processor (not shown).
. New data may be stored in the RAM by processor control of
-a read/write control line 38 and RAM address lines 36 |



1 30 41 of t-he RCA review at pages 3, .et. seq. (March,. 1980). The

- nonl i neaf processor . 34. operates to Core | ow anplitude SIgnaIs to peak
~ internediate anplitude signals,--and to pare, - or attenuate, high anplitude

; S|gnars The nonlinear - processor 34 may conprise, for exanple, a random
access '35 nenory (RAM, With the transfer function applied to the
vertical detail i nformation bejng a fyunctiron of data stored in:the RAM

- under control of a processor (not sho%n New data may be stored in the RAM,
.. by. processor control of a readIMW|te control | ine 38 and-RAM address l.i nes
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i nput of addélamkiag inteiwiadg s @ﬁaproqu’emwaé alﬁ-r@d-t%’@d- at the

out put of gaddey applied R it Utﬂeltrﬂl 0‘33 meﬁorme%slaﬂgae@mw try 40,
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 pro®dssing - madﬁel:t r3,2 4G iaprddeid de tlanna.manqwtsugmaé. rm:tqqesSEi@xg -The -
chr oni nance | eaker and
a col or mxt?re S|g 2 q?érmlvgﬁlcgltglr%y tl:‘reyd:(?}gcrlbe In UK Pat nt alpp I-c- ation
8223987 cor r &FHENTEFS ands contEastaof iths entitled
" EI G TAL4 &G_gioﬂéls@él ESI1GinaGye s@aymumgge% ,thfe |o@ﬂ:p%tgﬁ h;emhg The
¢hr om nance sj na 0Gessi N proqu ul_at c

m xture si gnac1 1}% 3‘3’5&5’1 5P d”ﬁeﬁe n&& &' E‘qﬁ S (I? gld‘ (6‘I§ CF | and
Q signal s. Theomipanste rdignek Frofepsing cireudpyl $@ day ccampeist)a @a:tomame@@er

The matrix 6Qnef QN 108 Sl & Yi GhalThidhdthl aftd hilric3aPaRasiR! Satelt RipEEe
red , green and bé?,é ol or-signals, which are then converted to _anal og form

by. a -di gi t aRtY® 822308 e 550 U5y Patsort RRligatics Mumber 4A7s S .
Ki nescopgs(n@htslul\a@ "DAGITAL COLOR TELEVIISION rsmmgmmrnﬁmnulﬂa@dﬁﬁ 1 t he

bandpass/ 1o i ok 120 rv at det ai
i nformati on, \Qﬁ a| r‘nleqﬁil%r r}?‘r‘iwq'lgiév]\'/ frgiue%glrtog %?lo%rr? osﬁ'in%ei gﬁ,r gduced
by the Chronpn;m@gtmmﬂ&&|gnq§uces demodulated color mixture SLgnals,

such as color difference signals (B-Y) and (R-Y) or I and

.Q signals. ' The color mixture 91gnals are applled to the
90 matrix 60. The matrix 60 combines the color mixture
" and luminance signals to produce red, green and blue color

signals, which are then converted to analog form by a
.;dlgltal to analog converter 54 for appllcatlon to a -

‘television klnescope (not shown).
25 - . In the arrangement of FIGURE 1, the bandpass/

lowpass fllter network 20 serves to separate the vertical
_ -detail: 1nformatlon, contained 1n the low frequency portion
'd’ - of the signal produced by the chromlnance comb filter,
' " from the chrominance 1nformatlon-conta1ned in the high
g0 frequency portion of the signal produced by. the chromlnance
. comb fllter._ The fllter_network 20 produces bandpass '
flltered chrominance Signals;'free of luminance signal
components, for appllcatlon to the chromlnance slgnal
'_proce551ng.c1rcu1try.~ The filter network 20 also produces.,
.- 35 at a separate output, lowpass. filtered vertlcal detail
information for the luminanceuchannel} free of chrominance
‘51gna1 re51due whlch could create “dot crawl“ on edges oﬁ-
.the restored Juminance 51gna1. ' )



) fron1the chr oni nance |nfornat|on contained in .t he hlgh 30 frequency '
.portion of the signal produced by.the chroninance -conb filter: The filter

. network' 20 produces bandpass filtered chrom nance signal's, free of .

i~ I4um nance signal conponents, for application to-the chrom nance signal

| processing circuitry. The filter “network 20 al so produces-, 35 at a
separate output, lowpass filtered vgxtical detail * inforjmtion for. the ;
| um-nance channel, free .of chroni nance signal residue. whi ch coul d create '
"dot. crawl " on edges of the restored |uninance signal. 1 N
-6- A bandpass/ | owpaksbandpassNOWRR &S Eyltebleetwwrhsesunt@hbeaf¢angenent

of Fl GURRde a4l ﬁﬂéséfﬁéﬁéehéﬂt5afaﬁf@ﬁﬂﬁnfeaﬂatBonstructed in . the
present invent i's,shown in FIGURE 2. The network of FIGURE 2 conpri ses

“an outPput 2ESHE '@ﬁt‘éﬂﬂal gital FIR filter, Fhe BUSAGRE {BBBREISHft
regi ster iﬂoshmemghmlmgGmEECZLonmnermet@crnoaf1ESGUBnd2aﬁomﬁﬂ£Seéree

arrangemepny Or”]%éqwelghted dj %ltif ﬁ*ﬁl¥$i€er ERSﬁuEEL ngnance

signal s |n t are applTed to the
first stagepzﬁdsﬁhiftr§§9%$eﬁrl Yﬁb%h§¥e@efénctﬁensﬁi¥GU1bg|ster 100 is

capabl e ofo2£1D9 aahd Yast A& ef@etéﬁﬁéﬁ lﬁeﬂﬁ #2901 8oof the chrom nance
each stage of ‘the shift

si gnal. under cont rol _of cl ock si )
regi Per 1 QO nunber®y %ﬁ% udﬁgﬁwﬁﬁtﬁhﬁﬂ@lﬁéﬂc§lﬁﬁFFﬁﬁéthIy hol d ei ght -
| bits. ThEherEétmreg;sf@r éfﬁmpk@;beighaeﬂftawofﬂsn1ahe applieaf the first

. stage to t f SygofU n nunber
- of stageségn %hgﬂ%?gq%%% S é? ?% fgﬁ%&£i§?3%8}60 gﬁAEﬁ ??Lg%h§ signal s :

" thr ough tﬁ%er%@+§§e¥eglﬁ¢ﬁia}¢ k- C%E%bléfoﬁltEMEPEaFﬁbYeﬁb@elognpndses a .
21-order FIR filter with t l.ed t o the output of stages one, \J
five,_ni ﬁgancﬁ%\fé% 29 A P& tbg\?gtg‘ r?D TSR rity2 ’b#e & wei ght i ng '
func?Fon anintoglt ©£1 @2 -clotk mrxaiupl dhusy tefaeﬂnuime tefhsthed st register -
100 and pyditlat iR ! AL EOWS thirddih (i ale Gogf fici ents |

s1multaneously hold- elght bits. The shift reglster 100
exhibits a delay from the input of the flrst stage to the

.-~ output of the last stage which is a function- of the
20

number of. stages and the frequency of the clock 51gna1
:iwhlch shifts the signals through the’ reglster. The arrange-
ment of FIGURE 2 therefore comprises a 21~order FIR filter
with taps being coupled to the outputs of stages one, five,
: o5 nlne, eleven, thlrteen, seventeen and twenty—one.

The welghtlng function circuits 102-118 are -
| cOQpled to the output taps of shift register 100 and - o
‘multiply the tapped signals by the fractional coefficients
'showh in the FIGURE. The FIR filter exhibits an impulse
- response which is relatively concentrated and symmetrlcal ,
30 about the tapped center stage eleven. Slgnals_from stage ~
 eleven are weighted by one-half in this example by weighgiﬁg
function circuit 102 and the tap-weighted signals are then
applied to an input of an adder 130, and to an input of
35 ' .a subtractor. 140. Slgnals from stages nine and thirteen;
both located two stages away from the center stage eleven,
are.welghted by the coefficient +(5/16) by welghtlng :

- L T



‘shown in the FIGURE. The FIR filter exhlblts an |npulse response which-is
_.relatlvely concentrated and synnetrlcal 30 about the tapped center stage-
el-eéven. - Signals fromstage el even are weighted by one-half in this exanple
by weighting-function circuit 10?7 -and the tap-wei-ghted signals are then
-applied-to an input of an adder 130, and-to an input of a subtractor 140.
Signal s fronlstagps nine and thirteen, both located two stages away from

the centerl stage eIeven are melghted—by the coefficient +(5/16) by

wei ghting - 1 -7- function-circuits 104 and 114

‘respectively, and a Iled to, in S al es five
and 5 seventhHCtbggthSEBfﬁﬁ gﬁ& %ﬁ% gg %g$r%&n% é%h éﬂq%?%%% are
‘wei ght ed by t ke dophtscoénad@ere6oby $£9§ﬁﬁ$r@F¢mwﬁxagﬁﬁ(ﬁ#YﬁuQEﬂ106 and -
116 respe %E en@ggnapﬂotﬁdloeatgﬂus§xOst@Geédgﬁéy]é¥bm he@drbdy Om
-'stages.on ocated ten_Stage 4 om t he, nIer 10 -
st ages_“are me?&ﬁﬂéd SyetﬁélﬁﬁﬁF@IEYeﬁPe+?ﬁ?%§&°b?nﬁer€%§ }mfxtﬂﬁiq
_%hrCﬁf¥S 108 iﬂﬁgtlSnrgiﬁeﬁltsGEVG and Bpel respéctively s aid sappikicesd 124 _
- The symetric i stri p st e V, Qﬁ%

t hirteen, sev%ﬁté@ﬁ %ﬁdg%mgn gdd g ggg th%9 %%%t?réglgt lgk?fgﬁi]values
~of this d|strmbanmynoaboubotheleeated teagetageseﬂngv%r@ml%h¢4¢@4#¢¥er

| i near pﬁ%ﬁe %Qaggcta&bSbéighIaa Qyteuésceéffﬂsféﬁtlaelﬁ@d)lﬁy-ﬁwfgrranged

to i nputs of i ch ig gﬁ S|gna% dg
“out put- coupl e§UPGLARN; AECUSESaH08ARE 128 roBPCRBLYSLY 2 g0 PR, %e i gnal s
produced by addeﬁn@aﬁswahansagders124OV|ﬂnd bymmetieicd20distdibasions

t t | ed t d 13 he t ap- .
o put egogf’gﬁgl L %afRe “E%Lgaa daﬂgerglég an gﬂehtgﬁ‘&fg%“’ﬁ%?%hfe Lap gnal

and exhi-bi ts sevensesn andt twensyponseand thar s¥mwetrsiral areighted: put.
Lowpass f5Ite%%QurgrbEC%hlgeaagteraeabﬁ &b@uthﬁﬁepé@ﬂﬁéﬁdsﬁ&géh@l@ﬁé@Ut of

adder 13 glve this FIR filter a linear phase characteristic.
The outputs of adders 122 and 124 are coupled to
inputs of an adder 126, which combines the applied signals
. "and has an ~output coupled to an 1nput of an-adder 128. 'i -
20 . Adder 128 comblnes signals produced by adder 126 w1th '
' signals prov1ded by adder 120, .and has its output coupled -
to an inputlof adder 130. Adder 130 combines the tap-
- weighted signals summed in adder 128 with .the center tap-
weighted signal, and exhibits a lowpass filter response
25  characteristic at its output. Lowpass filtered
( _ vertical detall 51gnals are thus produced at the output
|  of adder 130. | . o :
The comblned tap-welghted 51gnals at the output
) of adder 128 are also applled to an input of subtractor '
- 80 140, where _they are subtractlvely combined with the.
o we1ghted center tap 51gnals.' Subtractor 140 thereby
‘exhiblts a bandpass fllter response characterlstlc at
1ts output, whlch is a complement of the response
_ rit'characterlstlc at the output of adder 130. Bandpass
- 35: filtered chromlnance 31gnals are produced at the output
lof subtractor 140. Thus, a 51ngle filter is used to -
proylde_both lowpass filtering7and'bandpass filtering.



.+ applied to an input-of subtractor 30 140

"The conblned t ap- melghted S|gnals at the Ou&£Ut of adder 128 are -al so
ere..theyl are subtractively
conbined with the weighted center tap. signals. Subtractor 140 thereby
exhibits a bandpass filter response characterlstlc at: its output, which is
‘a..conpl ement of the response characteristic at the output of adder 13Q
Bandpass. 35- ﬁlltered chronrﬁance-3|gnals arie produced at. tpe out put of

subiract or 140. 512% nge tddotdetnén% bFeEnkO FRROi 4R BOLE | Owpass
filtering and ban pass d%ltl%tlerl ng m)rel de i | ed enbodi nments -

of thd& id i idrlustaadyd ve Lys ﬁhlqwi!!stllnatm\%ﬁpﬁz §how§lPﬁeFl RE 3. - Since
- the vRjeg! ﬂ]ﬁld Fidtdibn. @it fiicieing s0lo £ IFEGRRE? 2alall 1hkvagredenoni nators whi ch

are p s .of .two he.t apped signal b i ft-and-add
| technl%%‘é’maﬁatsorﬁﬁ/\n‘?’ WhFIa%%RI?o? %ﬁn ?nmad%:\h g:th t[%llg% neeégﬁorigcoeffl ci ent
 mul Bi mlayebe wedrghdbealnbye a lsénaﬁtseuﬁ-gwal $ehh@mqsieuf @asr ¢fiosmednst ages ni ne
and t Ar e f val ue of (5/16),
: -'-‘these@two SI g.rfaﬁwskﬁ%qugﬁ)na Psdé?%dtg% %‘aegff%l%glfttore wei ghting, as
shown il tApdIREs3. Hox eaemaieuh.bs%meégw Exoge #hdiffnal s  are each

“ei ght JRidistdt |fAndds dite AP Uhidtcrdderel Hoth Weikmtedibye-bit word. The 3

ni ne- b|t out ut of dder 120 i s diVvi y- |xtee as |nd|cated by bl ock
154, c&seqihd’ac]atee(?fbw R'Mt S ng of  adder

126°t onatjteae rua&eﬁ ofn auddeiddmm&&fdne dmgh;:lnn;,l tatmmhoor,n dinvi sion of a

'nunber wery Of Elg%%pl of e 20 deci rral.
poi nt - o]!r%%ah 1 git o 1 t?‘(]asgl e as tef t |tr%1§ H}f? (T%;I aP's"t“ti:’extehnunt)er one _
di gi t garh ighyhits Sinmll%qt)hr ithepiawhpptaaf lpddex, 12& wWidilopeof a nunber .~

by a ROWRInelp IMVGBALL Derid QUG- e RjddiRic & Hiddd n@d A binary point onad.
bit to the left, or as shifting the bits of the number 25 one bit to the
ri ggt dlvﬂh?@dnhyesomte@n.pms dnddgaded by block 154, and by four,

as indicated by block 156, in the coupllng of adder 120 to
the 1nputs of an adder 158. -
_ In decimal arithmetic, lelSlon of a number by
- a power of 10 can be thought of .either as shifting the
de01mal p01nt one dlglt to thé left, or as shlftlng ‘the
dlglts_of the number one digit to the right. Similarly,

- 20

in binary arithmetic, diuision of a number by a power of
" two can be thOught of either as shifting the'binary point
one bit to the:left;'or'as'shifting the bits of the number
one bit to the right. The nine-bit output of adder 120
. is divided by sixteen by coupllng only the five most _
: 51gn1flcant bits of the output to the low-order bit 1nputs
" of one input of adder 158 thus shlftlng the’ b1ts
four bits to the left and is divided by_four by
coupling_the seven most significaht bits to thellowera

25

: 30 -order bit inputs of a second input 'o'f adder 158 thus
| N shlft:.ng the bits two blts to the left. Adder 158
"adds these two words to produce an elght-b:l.t output ,
"-.-s:.gnal th.ch is the sum of (1/16) plus (1/4), or (5/16j of
_ 35.__the values of the tapped s1gnals.' ThJ.s is the des:.red _
:we:l.ght:Lng coeff:.c:.ent for s:.gnals tapped from stages nlne
' -and thlrteen. = ' ' '



”fIS dlvtded by 'si-xt een by coupling onIy the five nost- 5|gn|f|cant bItS of .
“the out put to. the | oworder bit inputs. ~ of one i-nput of adder. 158, thus
.-shlftlng the bits four bits to the ieft and is divided by four by 30
“coupl ing the seven nost significant bits to the | aower order .bit |nputs of a
.'.second input of adder 158 thus shifting the bits two bits to the left: '
Adder '1581adds © * these two words:to proalice an ei-ght-bit output signal,
which is the sum of (1/]1&;) aplsj,sm(lyﬂ)mangre 5/, | yes of
. tapped signal s.oqiHY the SI red vve| r§'| ﬁé%&%f.%ﬁ@g? # Bf‘lgl
tapped from stades n| ne A0t HitBe @R seVentgen arpasummadein adgaatl 322,

 tapped fromGnirich é@oﬁlmesstaagnmef—b\it olnd:p&(tvgm_;ﬁgm.ar PhaUBTRHGLD 8gdder
ad

122, 10 .whi ch ddqediqes 3 gni t SI nal . he output o 122
s divi de&@ by si Y f our. sah*&%l%?leg >9<’ een TPur B | PEgststean inoitaputs
- of an adder 160VPAns &hed thp Bhouks Qﬁzaanddaéé Lespesti YREYeatédgder

160 . produces | whi ch .is.wei.g dDb 5/64), with.
- resp Tt to thgo a%]péegdé s%%t%llgnds J%?resl? 3:[ sel drtal ng %é%l RYERYEESHy an
inverting circli St Rntpp isdgnad anlnlqmptst wefi ghdtedr by2G5/6dget her with

'd logical "1" wipEK Yrddpdditt toTltheS'tﬁ'ﬁed G gn a‘i“ﬂl 6%u‘t%:§:y ng t

~performa two' s conpl ene of, t hé ‘qut put o adde I nary

Carthmetid0 ef fJesctJanPqﬁFeriféV inyerting Gixeuidi 4 0 Agd ﬁl?@l\?o@figh@l ng -

coefficient. Sigriaiputt aq@edi&errorh%hl fogetfest i th! agesgaealamdrt wenty- one

are sumed in addgs_i124id, he Eg A ‘Qf*ﬂ\r%g-s g divi.d g four by
| can S ]angd

by si xt _
coupling the three most si‘gni out put %?ﬁr@’o¥f1he second.
i nput of addePif2@erform@ daods wpmplementdeg ofhéheubptipusf ofiddddet26 i s

cdtbl ed to onaemputhieh a.(ihdﬂlnh 3 a%'tﬂmtettfico@EE@EtQ@eing%BﬁgﬁglszﬁggU\%egh

to a secgﬁd |q&% of .adder, ghFr ﬁtl roduces an-o
i s the sbf of "Welgh é@n5|§ﬁgl Yetancing FHS f§arientegi ster taps except-
the 25 . g Slgnals tapped from shift register stages one and
twenty-one are summed in adder 124, the output of which is
divided by sixty-four by coupling the three most significant
output bits of. adder 124 to the .second. input of. adder 126,
‘as indicated by block 166. The output of adder 126 is
coupled to one input of adder 128, and the output of. adder
158 is coupled to a second input of adder 128. ~Adder 128
produces an output sxgnal which is the sum of welghted
signals from all of the shift register taps except the
- center ‘tap eleven. - S
L/ ' .- . " The output of adder 128 is coupled to one 1nput
' " - .of adder 130. The seven most significant b1ts of the’
signal tapped from center stage elevep are coupled to the
second input'of'adder 130, as connoted by block 152 Adder
1130 thereby exhibits a lowpass filter characteristic at. its
' output, at whlch ‘the vertlcal detall lnformatlon of the
,*1nput 51gna1 is produced. :

20 °

25

<) -

30

The seven most s:.gn1f1cant bJ.ts of the s:.gnal

35 -_tapped from center stage eleven are coupled to.one input of



center t-ap eI even. The out put of adder 128 S coupl ed to one input of adder
130. The seven nost significant bits of the' si. gnal tapped from center
rJstage el even are coupled to the second input of adder 130, as connoted by
?block 152. ~Addér 130 thereby exhibits a | owpass filter characteristic at
its output, at which the vertical dd®ail information of the input signal ‘is.

'produced The seven n|f| t f .t |
st ade 3 r]'@OCoun?‘t?d tu& afiﬁ%hitdgk ig? ik %oﬁfﬁaa tbagped from center

n adder 180. Th
out pUtséﬁor@ldmptﬂtQ&ﬁ sadd@tml%lbufoaa Q-@(YGKGlF‘HpGP-rGPlé?diggmo by an °.

i nverti royit 1732 gehher nwrctar - | g xis
th 1 ipgbad. "Irhecd dolbi bf The
| nverstﬁ%'%te % Re outp ds?'r gnal acder 128 : vm t h q_ carry-in 5 bit

provi dthen quwhkput (ﬁ?rqﬂ der 128. This
cause ]t[ %Mﬁg Si@ls @‘m?j, n]ta&g @ﬂoa:rﬁjbiut@aitedlfg!m ofe wei ght ed

cent'er nal 1n adder ‘cau b
filteraddam %- c LR 1324585 cﬂ'ﬁ Sk %Sp‘%u%q%% % pass 8:e(rfied(fig(c)iIoasS\- .
chrom E@FE@ & U O APt e D NErroim tHtes otga.ghtnﬂ,rcnﬁntﬁr itap (ﬁk%lﬁ iMe operati o'r’rvr

t he. enb
FesporRiith iy dateiAEiaides (e BeRB A L Hatigady tlsey 0e 1

i | | ust respansecchasachepi Stite at ks QR exﬁﬁ‘tﬂﬂae?f ;t‘d]tt??ere tput 15 of
. a_ddgé : esponseﬁ%é hen b1 54 eghelﬁ&y Spfkid)fd@ﬂ &y scd oBPW signal .

Thi aracteristjc 200 is: se I |
anpl i t ude vari at TRRsORSFRFLA PH S @?%‘e“‘e % %‘g% % névée?% ggl Si gn'al S
frg(TutC ggm% nﬁaﬁ(rjz?gﬁ@eﬂaeédshytgnel?mmgatte mml:esmqs%&hﬁmt%th signal s
p :

ésﬁ??geﬁt %P% put é) ?130 F’]ﬁﬁl% i b SR

1
FI CUREr8tT adder IS i s because the center tap

eleventhehréspenaefbharaqp$r%%decv%Q%u%xht%hﬂ%ﬂc? rERDOREEPYHhi ch has a
C0n§5a8E ‘adder 128, when the shift register 100 is clocked by

_'a 14 32 Muz 51gnal._ This responsée characterlstlc 200 is
seen to have substantially equal amplltude varlatlons'
'gbout a mldp01nt value of 0.00. . ‘ o
When weighted signals from the center tapped
20 stage eleven are add:.tlvely combined Wlth signals
' produced by adder 128 in adder 130, a response characterlstlc
' “as shown in FIGURE 6 results at the output of adder 130.
This is because the center_tap eleven exhibits a flat .

_ amplitude versus frequency response which has a constant
25 amplitude of one-half relative to the peak-to-peak ) .
- amplitude of the curve 200 of FIGURE 5. The one-half ' B k_)
: 'amplitude value results from the value of the center tap '
" weighting coefficient of one-half._ ‘Adder 130 thus _
_ - effectively comblnes response curve 200 with a flat response
';3°_characterlst1c of substantlally one-half its relatlve
i'amplltude, thereby ra131ng ‘the response curve 200 by
'h:one-half w1th respect to the relative amplltude scale
_:shown at the ordlnate of FIGURE 5. The result 1s response
o curve 210 of FIGURE 6, in which ‘the 0.00 value is now -
85 located at the bottom of the response curve. Response curve
210 thus deflnes a lowpass filter response from zero Hz. to-
. a six dB point at. about 1.8 MHz, and a highpass filter '
'~above approxlmately 5. 2 MHz, w1th a stopband 1nterposed in
_the 1ntermed1ate frequency range. However, 51nce the video




""25 arrplit.ude -of one-hal f - reI at|ve to the peak-t o- peak arrplltude of the

~curve 200 of FIGURE 5. The one-half anplitude val ue resul ts fromthe vaI ue o

of- the center tap wei ghting coefficient of one-half. ~Adder 130 thus

ef f ectivel y conbi nes response curve 200 with a flat ‘response 30
charatteristic of substantl ally -one-half its relative anplitude, thereby
~rai singiithe . responrse curve 200 by one-+Hdl4 with respect to ‘the relative
arfplltudelscal e shown at the ordinate of FIGJRE 5. The result is Tresponse.
curve 210 offHRIUGRCYs rangedine rhendT§CoFelgvieirs FYRten eKseRA&dtat the -

‘bottom of t hgn1edBvRE. 4.C2JIMI-&, thes hdyhpasisr perﬂant bifs tHef ragpoaskowpass
filter responsefromzero Hz...to a six_dB point Qg 5ea§ anda'

hi ghpass fi | TR ESHPAe Q) ST n\ﬁe{xlt anst £&PBosed in
the inter rgeohreadea‘iexequen@/ lowppss ﬂildme\zepors:rlme tthenvdeéenes fr equency

~range in theg%g% %\Q &%a’%\éﬁﬁf‘ﬂt@ge%ﬂ%&Qc‘&'i' k‘le%ﬁ‘ﬂt iffdriatiohhe

hi'ghpass por onse. contains _essentially no signal content in

the gl evi siHHIR se(?é?\ﬂ'é're outiput QfpAddem 139+ portion, then defines a

'- passbandf f o(rjdl ovvpass fwﬂérﬁftﬁfe wﬁpghals;@e;aal is) dfnfagg@&t 128 argnae'st the
out put of adder the output, .si gna adder are

conpl.enment eocqlﬁﬁ *ﬁ'fg& '#H‘ °@er‘i’l"«§‘ %%‘8 \%P&ﬁfe a?oWSrE‘WﬁSF'Q in
-adder 18Q ¢ ongmi)ls alat caddetn)1,8% henr esbtrse toaldo) or ithe creSDOnsé FI GURE 5

"is essenti aI Ef&fcﬁ% o Q¥ ﬁeﬁ@ solgoe\égle&e%?l'g%e &ggt}rtgat i on -of

t he tapped- sr gn rom e center stage, weight al t effectrvely

- rel ocates th@@@(ﬂ&él‘%iw fe 09 wialaiepot (T POMbANARd onn @& the taBPShse
‘charact eri stéfgn s SHM &né r&a%etew aGiedigh¥leldc b&zenef-hatreuRE 7.

Rasponse- char terist i'S se fine.a bandpas | .t '
characteri st?’g‘g veall' S%r?e?? g@pls&ﬁ]ﬁat V& a% & °§i"r8‘“5 2 MHz.
- Si nce thQ5crrr:Dntmran]asead)amkp?ﬁ;set e:hanwtm:mtmprasxrsmm pyd. 1 MHz, -

| adder 180 (of %Vé@}é&ﬁa&eﬂﬁ@o‘cm 20T sy 7O fRpenskonal. of @

tel evi si on rec and 0 proxi mat ely
characteristic 220 is seen to deflne a bandpass filter

characteristic with a passband between approx1mately
B ©1.8 MHz and 5.2 MHz._ Since the chromlnance passband
207term1nates at apprdx1mately 4 1 MHz, adder 180 (or.

' 'subtractor 140) will pass the chromlnance s1gnal of a
television: recelver in the passband of approxlmately 1.8
to-4.1 MHz. '

' The bandpass/lowpass filter network of the present
25 invention may aiso be configured as an input tapped FIR

. fllter, as shown in the arrapgement of FIGURE 4. 1In thls
- embodiment a twenty-stage shift register 302 is used in the
'FIR fllter, with adders 320-328 inserted between four-stage

_ segments of the shift register. Weighted input signals '

30 from the combed chrominance signal applied to the filter

_;input 300 are applied to the input of the first stage of the

Shlft register: 302 and to the 1nterven1ng adders. The Shlft

' reglster stages are clocked by a common clock signal.

_' - . The combed chromlnance input 51gna1 is applied
35" to the lnput of the first stage and to an input of an adder
"u'330 by welghtlng functlon clrcults 304 and 316 respectlvely,

~which weight the applied signals by +(1/64). Adder 330 has a

'-second_input coupled to thedontput.of the last shift regiSter'



"fFO'A,l-th.'The'bandbasS[lompass'fifter netmork of the present 25 .
" invention.-may al so be configured as an input tapped FIR filter,

" fhe arrangement of FIGURE 4. In this embodi ment a twenty-stage shift
~‘register 302 is used in the FIRfilter, wth adders 320-328 inserted

bet ieen four-stage segnments of - th? Shlft register. fiVeighted ihput .si.gnals
g

30 fromthe conmbed chrominance stgnal .applied to the filter input 300 are

- applied to the input of the first" stage of the shift register 302 and to

t he i nistagenitwgnddder Fhe inpushpignadgis: appiiagesoapd &PBBEeBLby a comon .

cl ock %frﬂ'&?derT@QOCOWPﬁ@hCH?OFb%@léa béf.ﬂbeﬁl gnaggl segmeheed 35 h:_o t he
i nput of the fjirst stage and to_an i 0 er ghting
funcyi &Fagescfour smd %ﬁ8e3lgyr@sﬁgéﬁggép§ f%ﬂFgﬁoﬁngﬁFuf%eggspl|ed
~sign Is&hy:i#ﬂhﬁ%ﬁgnbddds alGbasppliedotd anpinputupifednt addee 3dBput of

“the |agh S G ! <o gﬂé@roiigeE%h ﬁ%@QEr QE&& BtQ&gb”EE%t%bﬂnghd's applied

regi ster stages

to an.input o
f our euﬂﬁﬂﬁnh§enbyhd’Wemgﬁﬂmﬁgnﬂu @PFGﬂoﬁlFéEFPlGO§14TheWPﬁEHF1§BgnaI i S s

ISC en s

al S0’ amircad oo cﬁ'i-ddlfﬁét 3@f5 ‘amaaddar w%l%htvvl&heh 1h§u¢z0§libﬁdlb6byeen shi ft

t t g t ht t 314..
Vel ght A o B ICs 306 IRESR siteRg s Bl B D o' Ly O
rﬁafctdﬁ/m)-l-(S/ﬂlﬁé hypme:shgnalg funadignt edriopissf é@ﬂoandf +( 5/ 16) by

fac

Qﬁhg?ts'%%zf Wil ORA o g&%aS% Wpuedler Walehsanoocaual g6 0 | nputs of

I's coupl ed between shift

respectiv
© regi st iespagidyedivght %rnﬂ?@y igngonpded @?G"’P@%&Hﬁffédrﬁgﬂﬁééﬁ shift
T egi st eftajergEidieland arithd;hianide@ddek5 326 is' couplled begwkes response of

'reg

firs
" adder s FIGUREW A& pﬁﬂﬁ:édwmuwﬁ tdyunld fthe' g@irﬁitﬁrorﬁﬁif atdets, with the-

26

30

t he FIR f ter af FIGRE 4 | ncentr round the junction of shift-
s

% c?smtqe rar’ie‘d:aqegve ecT e ui di stantly between the
and Iast sﬂgﬁeémpuﬁﬁ%ﬂﬁﬁﬁ?Q¥iﬁuﬁ &fcunuiated in the

register stages ten and eleven, which is located
_equldlstantly between the first and 1ast stages._ Welghted

. ? signal. components are accumulated’ 1n the adders as they
20

pass through the. shift reglster and adders, with the
response characterlstlc of FIGURE 5 belng exhibited at
the output of adder 330. Signals at the output of adder 330
are applled to an input of an adder 340 for combination
“with- 51gnals prov1ded by a Shlft reglster 360. The shift
register 360 receives input signals which have been .
- weighted by one-half by weighting function circuit 310,
~and delays these signals by the same amount of delay time
"~ as.exhibited by the FIR filter from its impulse response
center at the output of stage ten to the output of adder 330.
Slgnals at’ the output of shift reglster 360 thus correspond

 to the center tap welghted s1gnals of the embodiments of
o FIGURES .2 and 3. Therefore, adder 340 w1ll exhibit the -
'jlowpass filter response characterlstlc of FIGURE 6 at 1ts '

_ésfoutput, at which ‘the vertlcal deta11 lnformatlon 51gnals

are: prov1ded.“~~' o . S . :
o Slgnals developed at the output of adder 330
are two's complemented for subtractive combination w1th '

'fSLgnals prov1ded by a Shlft reglster 360 1n an adder 350..

'_' The output of adder 330 is coupled to an 1nput of adder 350

-:7 by an 1nvert1ng c1rcu1t 352, with the adder 350 also

as shomn in

]

v“



*response characterlstlc of FIGURE 5 betng exhi bited at- the output -of adder

'330. 'Signal s at” the output of adder 330 are applied to an input of an adder -

340 for tonbination with S|gnals provided by.-a shift register 360. The
shift 25 regi ster 360 receives input signals which have been wei ghted by

- one- half by weighting function circuit 310, and del ays these signals by the
sanme anmount of delay tine as exhibited-pg-the FIRfilter fromits iinpul se

response genid¥eidfindia qwgalaalof"pt A ryeint B:ttthe Adkawt 396 gdder 330. 30
Si gnal-s at the qutput of shift I+ater 360 thus corres to the center

tap weighte® & the tq?é‘dé’t"f'ﬁddl Tes GPSPPGSREShEréﬁgeﬁls*FﬁQrQfore
- adder 340 WRIGUREhiDidt tits Iomupm—sbyi reasohesiohe shakaetéwesti c of FI GURE

62 LS O sl U 1ol LibatBihl LU ORe LI ouRE"
" conpl.enentsedaddar Sk3k.r active conbi nat ion with signal's.provided by a shift

-register. 360 in an addggle 3% £f Qhefddebe3eflel raQupted to an .
i nput~of adder 350 by aﬁ |nvertP%§QgF9%EFth§g 2,4 WF %ﬂe ﬁr g e# 350 al so-

©-13- 1 receu’xﬂ‘f?g‘t&qnoétaé'ﬁ comp legengary ﬁmest&fBéF%%Yt ResobkaLBeds t he
Bandpass fi |Byerserl@ijﬁﬂfe9 ref@rasalebifSthe efigﬁtsGuBEtKeat:ett;ﬁtngput by reason

f th f it t 360 and
1§ adder 3: 3GOSRII RER Y| AOR/ SR SR VREREL BF ChE BPBSER. OfnbRR PLRSALve

'conpleneﬂﬂampmmmnnng\Hmemenmwywhechbpapdadebyheebatputesmgnelsal Bbrt he :
signs of th%ﬁﬁﬁ & & GaRf id %hlgnb%prOgd‘ﬂg&?h%y_ﬁgsthgi:lBHeFESE§E818£tEhe

signal -10 -co enent s uce

exanpl e, if qqu?%ﬁqyi§soﬂoﬂhe1ﬂéugﬂpﬁngnﬂuﬁéﬂp AlGQOéiﬁle eRIGUBE gircuits
194, 106, 1Qfeand1libvekbdd,lbadel EBEURELL akaishk tR¥er&Rdpasdder 130

wil T exhi bi-t, th%u&%pd %racterlstlc and subtractor 140 will exhibit -
15_the lowpass response characteristic. If, in addition, the
senses of adder 130 and subtractor 140 are changed so that
adder 130 becomes a subtractor and subtractor 140 becomes
~an adder, the new adder 140 will exhlblt a bandpass -
_ response and’ the new subtractor 130 will exhibit a lowpass
20 response. However, ‘signals passed by the new subtractor
' 130 will now exhibit a phase reversal with respect'to the
'71nput signals of the.filter. As another example, if the
embodlment of FIGURE 2 is changed so that subtractor 140
B subtracts the welghted center tap 51gna1 from the signals
25 produced by adder 128, instead of the opposite as shown
| " in the FIGURE, subtractcr 140 w;ll exhibit a bandpass
response with a phase reversal of the passed signals'with
,respect'to the filter'input signal. These alternate

°

o

filter forms, in which signals at one or even both of the
hso'cutputs'exhibit a phase'reversal, may be desirable when:
one of the subsequent s1gna1 process1ng stages requlres
B phase—lnverted 1nput s;gnals. Analysis has shown that
ﬁ;at least twelve such complementary filter forms may be
- -obtalned for each of the illustrated embodlments. - -
35-]' ,' oIt may be apprec1ated ‘that the bandpass/lowpass
:fllter networks of the present invention have appllcatlon 1n '
C ftelevzslon receivers 1n which the 1um1nance and chromlnance -
' lnformatlon is not separated by comb f11ter1ng. Lum;nance

“-and_chromlnance signals can then be separated directly by_.}



“résponse characteristic and subtractor 140 wil | exh| b|t 15 the Iowpass

"-response. characteristic. .If, in addition, t he senses of adder 130 and’

- gubtractor- 140 are changed so that - adder 130° becoires a subtractor and.
-subtract or 140 becores .an adder, the new adder 140 will exhibit a bandpass -

response’ and the :new subtractor 130_will exhibit: a Iowpass 20 response.

- exanple, 1f t

HoweVler , " si gnal s passed by the new‘%&ﬁtractor 130 wi'll 'now exhi bit a phase

reversaéhém A)ﬁ{éﬁ%%?q%‘}r%n dehe fidr S anflsudl d eddilves, tndS anot her

t of FIGURE 2 is changed so that subtractor.140- «
subt r acYalyem ofithn seiaht ’é%gtféﬁl%‘?’j?ﬁ‘alcqer%qll%‘tﬁ Frtheoslackiuced by
| adder . 1ﬁfaqthé’l’$éy3&ﬂamfbé heed peed tiso a&mme ithd herddsdddir subtractor [err]
- wi Il exhibrt a band &ass r ponszf v&) %;}g_lase rever rsal _of the passed

s gnar? S W?W’P%’sepsec Jf%‘?’h M IR slnp gr?éf PO SR M %r nat e filter

forns, ¢chavittdrsities atta drugher dregusotdy of Irheth®0 NRGuts. . exhibit a _

- phase r e I si gnal '

P EVERIPAL 1 o By DS Sl‘.ﬂ:?]sg c?rd!?d’vélf‘?l n&éutlf‘cgﬁ'wﬁ]ﬁna WYY sig

-~ processing stages requi res se-1nverte Anal y5| s has s
shown t3RRrofimatety t \P@i%-uc nvwRRss filtey tQé*tH‘Err?é‘ ®#CMe obt ai ned

for ea%t&rﬁé\@géﬂéww&iw ﬁé@pchl s dg ﬁ@)&ﬂiﬁr&ﬁﬁﬁa&‘él ed that the .

bandf(gsi\é #\I{gﬁsr %Iter qiﬁ_’ﬁﬁ\&)rkshtof thelfﬁ{esent nt i on. a\rﬁgeapm‘ :)(rzﬁ;ta![ :)(r;n- ]

i's not ssgmaba anlf bfrepmndids eErony 3.2_UHz1am:etlmndzpyemrmMe signal s- can .

then be, vh%%t@{%d f||ter I n
‘ such a recel ver ﬂ %‘#‘%%‘sagf e vvel ghtin un |on coe ICI ents or the
cl ock fﬁleﬁﬂx%hc@r%rf—hﬁ G L%Qréfﬁlff@rl’ &l o FHRP 1?%1 HO SRR MPNY r equenci es

]gtfanSléfOIEhél)aﬂ?Eﬁeﬁ)‘Sléh?.rf&ﬁdéﬂlﬁﬁsﬁﬁ%%xﬁtﬁr@fdﬁlﬁdmk?é a hi gher . "/
reguen n el evi si.on system s crossover frequency wou

be a %’5\2‘?% hfﬁgr ’FHMS“%W% A Y%8h an arrangenent.
woul d pmepmspalsmdumhmmmme nhtﬂm;maiﬂ.dh Zsml‘érhzalsambu]fda beandpass fil ter
Output ﬂ%&ﬁ&%é&‘%@fkhe output exhlbltlng the bandpass filter

response.
20
25

'35_'.. :



5|gnals of f‘requenmes from 3. 2 MHz to the upper tinmt of the video

- frequency range. Wien the digital video signal fromthe A/D converter is

supplied.to the input of the filter, lum nance informtion signals would be-

15 prioduced at the output exhibiting thf5 | owpass filter response, and
chrom.nance information signals woul d D€ produced at the output exhibiting

the’ bandpasSLAIMSer response.! 20 25 30 35 -15- 1 CLAIMS 1. A digital

ey Do ve [0, 30 LD linle AP diTle A ¢ SEBRR £0DLbupus
~exhibiting @Wmﬁnmtyasd secoud evoyimious direquérsyi xanges nfior producidglfaysing
- means, respgpai k@ cbhds dudt gutP Wi (?ﬂag.@;alat RITPU S kB g T &ShSE Ehe HEYEPI

a pIura of signal taps, said shift register exhibiting a given tine

del ay beétvve ﬁ?SHeg‘ﬁﬁthéﬁ&%?rdtﬁtﬂﬁs FP™LAFdWI fayi ng nmeans al so produci ng
sai d input signal del @eadihcaimeladias r@spwmwte o tdatiRl etnpl t toidmea i, of

. said given tine delay; signal coupling nean coupled t s_of.said shift
: reghs(er for 15 weighting signals coupled QQ? dh ?HE re?i% Fed to

;a:jd Si gnfml hawipki agpﬁmmaiis:m!qfdisrignadamapwe.l Bpaidl shgiftl meegigteng neans
nd operati a lon [
-an ogt put gggkﬂlgﬁ%ﬂ% # I'S attslﬁ'm ?)ffeq ?1 wel g%g'J dgl gréﬁ é};(g% &91;8\51;

first s.%aﬁaeénépﬁaﬂg%mm\ﬁlﬁg Produsii ron i & iy $inak ddebaged d

Sum of tap-pgi gt edagitdad ardUhtd cTCEAME icRpid] AAMHAE E IRLAL Vi vah d
wei ght ed' del axed ||1put signal for adding applied signals to produce said -

first
51gnal coupl;ng means, coupled to taps of said

_\/i - shift reglster for
15 weighting signals coupled therethrough;
means, coupled to said signal coupling means
excluding | said delaYed signal weighting means and operating
iu combination with said shift register, for producing at
-an output a. 31gnal whlch 1s a sum of. tap—welghted 31gnals
20 " first signal comblnlng means having a first input
- coupled to receive said sum of tap-weighted 51gnals and a
second input coupled to receive said weighted delayed input
sipnal for adding applied signals to produce said first '
output signal, said first output signal occupying the relatively
25 low frequency o©one of said COntiguoué frequency ranges; and
R, © . second signal combining meaus having a first
1nput coupled to receive said sum of tap-welghted s1gnals
and a second input coupled to receive said welghted
delayed input signal for subtracting applied signals to
30 produce said second output signal said second output. 51gnal
occupying the relatively high frequency one of said ’
contiguous frequency range
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- . : _ . ..
. output signal, said first output signal occupying the relatively 25 | ow
. frequency one’ of said contiguous frequency ranges; and second signal
conbi ni ng neans having a first input coupled to receive said sum of
- tap-weighted signals and a second inp-tltG-coupI ed to receive said weighted
‘del ayeq i nput signal 5f or gs hi Hl v t p e
secondPout put , si gnal sal seyac Ol%tq ut! si 3%5? occﬁyl% 3{)?1 i gt?\fa‘g]‘
L hi‘gh fr equeGRPYinghEirst gnd mmé@ﬁmweu% frequancy Epnges @rag'oducmgeﬁrzst A
dirgital fihpar seb8RROBRILER L Q1Gh1s NP by aén%&tgﬂds%gméidénéh gyl second
i rst and Secohd outp

contiguous _frequency ranges for produ0|n signal s
at out put s¥ERARBRCY NG CEBRISEMEHELAF toT ORGPl Ehar act eri stics

conprising: 5 a shlftar.‘é@lfstterreﬁlaiirtlel"g v iiHpuan ddwte&owl ed to

. receive an_input signal and prodyci plurallty out ut t s signal s’
del ayed reFﬁFg§¥Fya o 3TPUE, § 1903 r&%ﬁ uced at
an interneduapettappbosagmdlmnﬁeﬂm&@mauelawﬁiqﬂynmdss3mhﬁnt&¢¢ 10 Souge
nmeans coup r gkl S
Top hav ntésiatevaagt mB}ﬂé %aw nga% S e .?.‘r?‘@ h X el &l %gég dtaagt
sai d pluralPepted tlaﬁsrmﬁéa—ﬁs‘-ec@?mde@lt"é'aééttd’ Mfté:rarmsdi ate tap for
wei ghtig@g 15 signal &eﬁ@x‘ép&%ptlw Qbh%ralmh,plfdrrasltlt%} @l e i g means ¢
coupled to_receive wei Bted skg§%§§ fromsaid-internedi ate tap_ and from. .
sai d wei ghB¥fi “Qﬁﬂgcﬁﬁg nitide 3teotaRadMRY 145 13T P AL R sf°%1nd havi ng
an out put oehghtﬁnggaadf icombiniplg sidmalar Seveddpdd et ancid IEBPEASELy
character|§¥ ggqupylng the relatively |ow frequency One of said
conti guous Trequencyranges; and second signal conbining .neans coupled to \J
recei ve signals fronmeaing cnu@d#ddm@tgaudplmm§HMQﬁﬂ&§§ctanﬂﬁpnlwgp45t1mmd

c_onbi 4§ Feghais ebupilly %‘fxfeir'ég:h%%bjhed signal's, and

first 51gnal combining means coupled to receive

9

t o

weighted signals from said intermediate tap and from said
weighting and combining means, for adding applied signals,
and having an output exhibiting a first amplitude versus
h 20 freque,nc{z résponse characteristic occu'pyi'rig the relatively
- low frequency ©one of said contiguous f requency ranges;
and | . _
second sighal combining means coupled to receive
signals from said intermediate tap and from said weighting
- 25 and combining means, for subtracting applied signals, Shd
having an outpuf exhibiting a second amplitude versus. , .‘~J.
frequency response characteristic occupying arelatively ) ;
?';' high ‘frequency one .of said contiguous frequency ranges. |

30 . 3. A fllter accordlng to clalm ‘2, wherein said
plural1ty of output taps of said shift register is
symmetrically located with respect to said intermediate
output tap; and wherein said weighting and combining means
includes a plurality of weighting function circuits coupled

. 35 to ones of said plurality of output taps and exhibiting
_symmetrical'weighting function values about said intermediate
%output tap, and an adder tree coupled to .ssaid weighting

function c1rcu1ts and having an output at which a tap-
weighted signal is produced.

duced.
L \\I\l\\ \!t\ _



haV|ng an out put exhlbltlng a second anplltude versus. frequency response
- characteristic occupying arel atively hi gh -frequency One of said
contlguous frequency . rangs. 30 : 3. Afilter according to
claim?2, wherein said plurality of output taps of said shift register is
sygnetrlcally | ocated with respect td7sai d. |nterned|ate out put tap, and

 -' wher élnnlsal d wej ghti: ng an? gtg : ngéggg?d &.Qg?gqlggsal aq_] st

wei ghting function circui one Iurary‘ty of out put- |
~taps and edipprY Pﬁ@’%ﬁ%ﬁﬁ%‘éé%@ﬁ?l%@%l %‘??Wﬁ!"‘tké‘a%ﬂ?@u@%%‘f%‘ucmg

intermedi atg; r oyt pHE gaeonangu@{auedget;nh&@eaeouplt%@ttso &3 i W& i Ld i diiple-
function circuits and having an out put at which a tap- wei ghted 'signal

produced. MeBYyryjresponse charactegigtdceaCoMPridindiesponsive to an
i nput signal OCCUpyI ng Ehhist aaglseeendneqnawgous pflﬁﬁquqrtqy JRNSSially

forpraducin S secon ut nal t R exh| bi t| J conpl e-
nent ar y- res‘g tgeéhﬁ?ﬁg?arﬁga g 89p?| ??‘Héai%% o' Rdiders ‘?egl st er-
i ncl ddi‘hg detweeahi bnesf ofeshabll ytagepl, edaaﬁaghafa:nd'elga\smg' elnq)dmgilart y of

- adders coudﬁl,ggﬁpgt WeRR 893%9‘:152 d a&@ggsdeﬁgbld shift register having an

out put , ftrng a given | ay; nmeans ‘appl yi ng wei ght ed i nput

signals to ones of -10msang fadeppplidagswrdchgeddudpid siigmals so anesitqiut

which ane ssiflai aggersi-gnal s del ayed by at least half the delay of said
shift register; fi rst _signal conbini n neans oupled to said 15 output of
said shift register aﬂﬁagﬁ £9r 4PEPGHS n&eFéW‘ﬁésn@r}nén PR W N RS S

- applied thes®#i@ anguexbighbisgdedhyad byt ptt leasft hatl fargpld tdedawaySus
frequency res QNSE; ggai_act eristic occupying the relatively |ow frequency

- ohesof sai dsc Nt gﬁ ??éaugﬁCy ranges; and 20 second si gnal

combi ni ng neans, coupfédstossghdlogopbiindhgs aednshi fqowpelg:dstt@r said t.o said

- signal "d%'-aattlgu@%aﬁssatar sAYPLS ?8&;&9%%‘ gnal Lo2RRIEd it 13 ing

' means, for adding signals appliec‘t thereto and exh-ibiti‘ng, at
an output, a first'ampllitude versus frequ_ency response
characteristic occupying the relatively low frecjueﬁc'y one

S of’ sai'd_contigt.tous- frequency- ranges;_qnd _ o

20 ' ' secot:d" signal combining. means, coupled to éaid
output of said shift regist:er and to said signal delaying
means, for subtracting signals applied thereto and
exhibiting,, at an output, a second ampli't'ude versus
frequency response characterlstlc occupying the relatively hJ.gh

25 frequency one of sald contiguous frequency ranges.
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-fexhibiting,; at” an output “a’'second anplitude'versus frequehcy response

“.characteristic occupying the relatively high 25 frequency one of *sai d

“conti guous frequency ranges. 30 -18- 1 5 Afilter
according to claim4, wherein said weighted signal applying neans conprises
a plurality of wei ghting function cizguits having symetrical weighting J
function val ues with regfect o an internedi ate point of; 5 said shift .
“register, find wherein s Friditiar, ascorfiass ter € laimmdyr wharegn @@atded
-aboutdsald Irﬂwﬁigﬂhéﬁﬁfﬂyhdﬂ aﬁﬁ}yﬁ¥gimﬂuﬁﬁ dﬁﬁﬁﬂi&@é a6p1uéaﬁFE . .
according.to ai d .10 sign el ayi ans i ncl,udes t e
seri es conbina lcﬁ1 ngd%c&rﬁ TS %‘a&%lstymgﬁ?&récéécﬂﬁ&ggﬁllf‘ﬁ
register havi rfglrtcaﬂzfott Ivea Irnaersh avd. tf ra'szp@e.st a0 sm dm‘tleniedﬁaltedpahhftt of
- register. gl5 t I4 r.ein said
said shift } g:étféxj @nd h %rg:ﬂigs ggcéﬁ'u@aitlgy o§ a ﬂ ers, ter

wei ghti ng functlon circuit i Se s rcul
according to' Qﬂ%u%ﬂm9€$nica4AMu%qga#eQOahgmhjS§edbn@t9rgﬁdhe¢nbpnung pans

includes neansdid SniE s reyidwFENt i ng one of said applied signals, anocha#
‘adder. 9. A television receiver conprising a digital filter according to

-fany preceding claimfor separating 25 chroni nance and vertical detail %
information. 10. A digi6.al af |f|:|.tle:|exsuhs:baﬂhlngl ey e&ahﬂur 6| whef:etm sdgacri bed
Wi th ref engnce iidhal @ vision receiver .t
il WIS And Heahe e 1 ;
ﬂsubstantlélly as her e- erore descr i her 5%3ﬁc8°? 1PR§APE 2Tand ’
Flgure 2,3 Ora4weyght1ng functlon c1rcu1t and a second shift register
having half the number of stages as said first-named shift
‘register. _ . S \U)
15 7. A filter according to claim 3 of 5 wherein
said welghtlng function circuits comprlse shift-and-adad
circuits. ' ' '
. .8, & fllter accordlng to clalm 1,2.0r 4 whereln
20 - said second signal combining ' means includes means for two's
complementing one of said applied signals, and an adder.
9. A telev151on receiver comprising a digital
f11ter accordlng to any preceding claim for separating
25 chrominance and vertical detail information. .
_ | _ . f\-jﬁ.,
10. A digital fiiter substantially as'hereinbefore L

s
‘described with reference to Figure 2,3 or 4. &

30 _ 1l. A television receiver substantially as here- -
inbefore described with reference to Figure 1 and Figure
2,3 or 4. '
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