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digital electronic signal processing filtf such as digital filters,
fraving frequency response characteristics whi ch 5. .-may be adapted to
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separated S|gmmqndany:mmggﬁnﬂdxsnlaXRQdESeanhenset in the primary
image. In a typical PIP system, the signal which produces
~ the secondary image is sampled using a sampling clock
20 signal having a frequency,'4fsc,”that-is,'fOur~times the
frequency of the color subcarrier, fc. ‘'These samples are
then separated into samples representing a baseband
luminance signal and samples representing two quadrature
, phase related baseband color difference signals. Both the
25 sampled luminance and color difference signals are
_ subsampled in a ratio of, for example, three-to-one to
— " produce luminance and color difference signal samples
' . representing a reduced-size image. Samples representing
one field of the reduced-size image are written into a
30 memory as they are produced and read from the memory for
display in synchronism with the horizontal and vertical
synchronizing pulses of the primary signal.
For all major video signa1 standards (i.e. NTSC,
'PAL and SECAM) the initial sampling at 4fc satisfies the
35 Nyquist criterion. 1In other words, the highest frequency
" component of the composite video signal is less than
one4half of the sampling frequency. However, when the
-separated signals are subsampled to produce the
reduced~size image, the Nyquist criterion may not be met.




reduced-si ze ‘i mage, the Nyquist criterion may not be net. -2- If'this
criterion is not net, the reduced-size image produced by these sanples may
appear distorted. "~ This. distortion occur’§ when conponents of the video -
signal s having frequencies greater than ofte-half of the 5 subsanpl i ng
frequency are folded back into.the frequency spectrum of the subsanpl gd
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than the reduction ratio set_1mage may_have asing distortion.
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subsampling ratio may use a fixed anti-aliasing filter.
Howevefl a display device of this sort cannot accurately
‘provide inﬁet images. having more than one'size. If the
: subsampling3ratio:is greater than the reduction ratio, the
20 inset seéondéry image may appear blurred. 1If the .
subsampling ratlo is smaller than the reductzon ratlo, the
'1nset image may have aliasing dlstortlon
- Generally it is desirable for a PIP receiver to
provide inset images having more than one level of
25 resolution and more than'one3size._-This allows the viewer
' to adjust the size of the secondary image to conform to "/
the relativg~impottance of the secondary program or to |
more accurately reproduce detailed objects in the
- secondary image. Thus, it is desirable, for accurate
30 image reproduction, to use a different anti-aliasing
filter characteristic for each of the different
- subsampling rates. = .
: The present. 1nventzon is embodied in a
filtering:system'hav1ng an adaptive frequency
35 characteristic. The filtering system includes a'filter
‘which:-has an input port, a variable delay element and
arlthmetlc c1rcu1try that combines delayed szgnals with



mhlch has 4an input port a vari abl e del ay elenent and arithmetic circuitry
" that conbines del ayed signals with- -3-_ the signals applied to the input
gort to. produce filtered output signals.” 3<The anpunt of tine by which the
varlable del ay el enment delays signal s applled to the: input port, may be
repr
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of a vari abl freaqugpcys Chwmmltqmlceffthlslséllher hmaﬁrbe -changedgby
filter $BOWNchEnkh pS a block diagramof a-color difference

signal anti-aliasing fi ter sulta Ie for, use in the PIP processor shown in
FI GURE 4. 30 2 i p@Puency response
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15 FIGURE 2 is a block diagram of a Y/C separation
: filter suitable for use in the display apparatus shown in
FIGURE 1. '

FIGURE 3 is a block diagram of a PIP processor

suitable for use in the dlsplay apparatus shown in FIGURE
20 1. '

FIGURE 4 is a block diagram of a luminance
'antl-a11a51ng f11ter suitable for use in the PIP processor
shown in FIGURE 3. '

 FIGURE 5 is a block diagram of a variable delay
25 dev1ce ‘suitable for use 1n the antl-allaSIng filter shown
| in FIGURE 4.

FIGURE 6 is a block" dlagram of a color
difference signal anti-aliasing filter sultable for use in
the PIP processor shown in FIGURE 4. '

30 FIGURES 7 and 8 are graphs of frequency response
' characteristics that are useful 1n explalnlng the
: apparatus shown in FIGURES 1-6.

In the drawings, broad arrows represeht.busses
for multiple-bit parallel.digital signals and line arrows
35 represent connections carrying analog signals or single
 bit d1g1tal s1gnals. Dependlng on the processing speed of
the dev1ces, compensating delays may be required in



35. * represent connections carrying analog signals or si ngle bit digital
signals. Depending on the -processi ng spegd-of the devices, conpensating

del ays may -be required in - certain of the signal paths. One skilled in
the art of digital signal processing circuit design would know where such
del ays woul ccéxetaiedes theaspgnalcphzhssysone skiGled fin she Hmrtclofli agram
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22. The sync separator conventi onal - anal og circuit,
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synchr oni zatdénivéneiéhal Piifalbgosppigarusmand wwmaaﬂecsmmlss 15 -
Y/ C separation fil teé é ghﬁ may i nclude conventional |ow pass. and
hi gh- pass fiRTRFETEE ?g} 8+{¥e conposite.video signals.into primry

| um nance signals, andApsounce offir pmnamwemnpmdlsl;e [wirddo Bigmmalisel§

| um nance a | i.ed .t /Il
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peaki ndQ he 2 gﬁndrmu@nsynéoﬁﬁﬁﬁé'ﬁﬂ'@roﬁztohe'ﬂhﬂnﬁm@%ﬂ ar t22 devel op a -

peaked | um Wﬁm%ﬁ?aﬂ;e [ srébneaﬁtaoamoahraa@@e dilﬁb"iﬁ.t Jdespetd ot o ther
deriving the baseband. col or

nce si, and from
‘the prinmary W’o?ﬁwaﬂ:es@ﬁhﬁ?@'z?%??f‘_ Btk gnas'h r]ragi dr]th ‘(éaﬁ"%l are
applied tOi%Yﬁ&htdnﬂﬁatQOﬁhsﬁgnhlneEVShef&wgn&h&Iprxhamy(nnmﬁmsxtd green
and bl ue color S|gnals %gr and [err] respectively. These color signals

are applied YRS ER2bF signal input 30 terminals of an anal og o/
nultlpnéker.18 the oU¥f0t sepgrations filden |12 piwhdigh Tayirinaledeat hode

ray tube (CRI &S fefaad axsr ﬁﬁd B péayi- bt el OTsp sty 1861 ]

and [err]) are app e

to a s cond set o IQE#t tern1na|s of t he
mul ti pl exer aWmpPaHite g;eﬁa|§1aaéls into pri ary inance signais

Yb, and prlmary chromlnance 51gnals, cp. The primary
1um1nance and chromlnance 51gna1s are applied to a primary

- 20 chroma/luma processor 14 which may ‘include, for example, .
band—shaplng fllters for peaklng the high frequency
components of the 1um1nance s1gnals to develop a peaked
luminance signal Y_' and a chromlnance s1gnal demodulator
for deriving the baseband. color dlfference signals (R-Y)

25 and (B-Y) from the prlmary chrominance signals, Cp. Theu

signals Yb ' (R-Y)_p and (B-Y)p are: applled to a matrix 16 .
which combines the signals to develop the red, green and A
blue color_signals Rp,_Gp.and Bpj:espectively. These '

color signals are applied to one set of signal input
30 - terminals of an analog multiplexer 18, the output signals.
of the multiﬁlexer 18-drive a cathode ray'tube (CRT) 20.
The secondary red, green and blue color s1gnals (Rs, Gs
and B ) are applied to a second set of 51gnal input
g termlnals of the multlplexer 18._ These signals are
35 developed by the ‘apparatus descrlbed below. _
A source of secondary composlte video signals
- 30, which'may_include'the tuner, IF amplifierland video
detector_of a conventional color television receiver,
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35 . developed by the apparatus described bel ow. A source of secondary
conposi te video signals 30, which may inglude the tuner, IF anplifier and
i deo detector of a conventlonal col or televisi on,receiver, -5- provides
secondary conposite vi deo SI gnal s to an anal og t o- di gi t al converter ( ADC)

32. 'aDE€ 32 te,Vvigeo signals at
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devel op a burst gate signal, BG ADC 32 al so provides digitized secondary
vi deo 15 sf% ﬁ% &’te f%@/o(‘l"s_eparation filter 3. FIGURE 2 is a block.
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In the Qbemb@ﬁlmowﬂaemorﬂd&ﬁait Peon Eaiing 21 §ANE & 6ﬁéﬁe§r,l ve .
transfer functions ‘42%(5'{% ex ressed tran,%sllflor m notgt i on, {__ansf er
function of FVE e FS edpesit F rEEeRAsEY cCpBRgEL Ee
characteri stlvdde@\nstigrm]rsejaim |a]rrdmmtyhm develop ea cbursbugaterr] and
havi ng 30 ,?E“ (il enfs bandwi dth to substantially renove the chrom nance

S

si gnal conponé df "a ‘conposite -video signal. Consequently, the filter 210
previ des a digital sigdRC P&rﬁl%lkﬁpvﬁeﬁlﬁ%s@#ﬁlﬁh%e ufefendar¥ovpdaent s of

the secqBdar &iGEARS it &/ VRO sdpi¥tion filter 34. FIGURE 2 is a
block diagram of an exemplary ¥/C separation filter.
Secdndary composite video signals are applied to a chroma
trap filter 210 and to a chroma bandpass filter 220. The
filters 210 and 220 may, for example, be conventional
'20 finite impulse response (FIR) filters which are clocked by
the signal CK. In the exemplary embodiment, the filters
210 and 220 have the respective transfer functions
Tyi0 = (1+z"1)(1427%)
and’ - '
25 - S (1+z'4)(1-z‘2+z'4)(1'-z
expressed in Z transform notation. _
The transfer function of filter 210,_ 210"

_2)

corresponds to a frequency response characteristic having
a rejection band that is centered about fc and_having

‘30 sufficient bandwidth to substantially remove the
chrominance signal components of a composite video signal.
Consequently, the filter 210 provides a digital signal Yg
which represent the luminance components of the secondary
composite video signal. .

35 g The transfer function of filter 220, T220'
corresponds to a frequency response characteristic having
a passband that is centered about fc and that encompasses
that portion of the frequency spectrum of a composite



35 . o The transfer function of filter 220, [err] corresponds to a
freguency response characteristic havingg.a-passband-that is centered about
[err] and that enconpasses that portion Sf' t he frequency spectrumof a
conposite vi deo signal occupi ed by the chrom nance signal conponents.
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col or diffe%ébr%#‘b‘fﬁé)sa[féf??ﬁaﬁﬁg?'ﬁiﬂc{(ﬁ ﬁll‘FﬁEh&isgiat FeMSitih Stce

signal s [erdf  land hwhix¥h iprleekedemhophaset tot lthecimodwad | una processor 40
provides lu }&aﬁe | f C : requency

of the cl OCE. 0 a?ég?ﬁﬁ}@%?gvﬁgﬁgbégﬁgr Bgiq#l%r )eér?%gﬁlgaa' I&ﬂfﬁé one-fourth |
~that frequersshgnahe signal s+ [err] and [err] are applied 30 to a PIP \
procesgq 42 where thephdrgebbhlst9dlansnanbsasilogadil,0 vdgvelp sanpl es
representing_a reduced-size |gﬂge. In FI GUEE@%E th%urﬁ na.ncde si gnal s,

[err] are &PHAWRARFE $HIRREmByr o288 FHPEL ﬁp wfcapaary :

- chroma/luma processor 40. Processor 40 may _i-nc_lude, for
example, an FIR band 'shaping_ filter for peaking the higher
frequency components of the digital luminance signals to

20 provide a modified Se_condary luminance signal Ys-' .-
Processor 40 may also include a digital chrominance signal
demodulator for developing samples which represent the
baseband secondary color diffgr_ent‘:e signals (R-Y)s and
(B-Y)g from the digital chrominance signals Cs- In the

25 present embodiment, {the chroma/luma processor 40 provides
luminance samples at a sampling frequency equal to the
frequency of the clock signal CK, ‘but provj;des color
difference samples at one-fourth that frequerx_cy-. :
| The s‘ignales', (R—Y)s and (B--Y)s are applied
30 to a PIP processor 42 where they are filtered and
- subsampled to develop samples representing a reduced-size
image. In FIGURE 3; the luminance signals, Ys',. are
applied to a programmable delay element 310 which
equalizes the delay in the luminance signal processing
35 channel to match the delays pf the color difference signal
processing channels,; described below.- __The signals, YSD"
' provided by delay element 310 are applied to a luminance
antialiasing filter 312 which reduces the bandwidth of the



%qualizes_%he del ay fq the | um nance signal processing 35 channel to

mat ch the del ays of the col.or difference ghgnal processi ng channel s,

descri bed bel ow. The signals, [err] provided by delay elenent 310 are:
appI| d to a | um nance antlalla3|ng filter 312 which reduces t he bandw dt h
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and 330 respectlve ubsang respec 've
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| um nance si gﬂﬁéeﬁrﬂﬁagél (T2 ﬁbb@!ﬂhhl‘:e WiQ:ththe ¥Hdsell Irddtkfdn tedsid D
the color difference si E B SSIn rgg reduce the bandwi dth of
the frequency spectrum FfF@ Qﬁb éﬁﬁéQFny% SehRpe)g and

subsanpl xa by(Bhﬁ)éubsaappéiedatooadcngotodhﬁﬁh&hﬁ&&nsmyhxm|on rati o. The
verti cal aver§g£¥gﬁi§hgghér?¥e& 35 Oandpg e?ﬁ%& Eiylt i.nes

sufficient t |ca feSolution™d reduced
hori zont al r-eSWpsampher). n38heaPﬂP3§ﬂsp’le§$De§}:9N@Msh@nd |tro R &mmal he
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i mage via the vie controls The i mage si ze val ue chosen by the V|ewer
i s_appl i ed totBer ﬁﬁavaﬁpyenﬁm?l( REQFEE61R9 CHosdides W®nal s DSEL, FSEL
and PK t16t healtP-plbaesngr fi2tefbeia thendod oxh@iFrdrendy agepsdng del ay
t hrough the PlP_processor.._the fre% nc Qﬁ cteristics of
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t he subsanpl espectrum of color difference signals so they may be _

' subsampled by the subsamplers according to the chosen
reduction ratio. The vertical averaging filters average a
20 number of successive lines sufficient to match the
vertical resolution of the image to its reduced horizontal
resolution. '
In the PIP'display system shown in FIGURE 1, the
viewer may change the reduction ratio to change the size
25 of the inset image via the viewer controls 44. The image-
_ ' size value chosen by the viewer is applied to a read-only
\v” memory (ROM) 46 which provides signals DSEL, FSEL and PK
to the PIP processor 42. These signals chahge the |
proéesSing delay through the PIP processor, the frequency
30 response characteristics of the anti-aliasing filters 312,
320 and 330, the subsampling ratio used by the subsamplers
313, 321 and 331 and the number of lines averaged by the
vertical averaging filters 314, 322 and 332. The
structure and operation of this circuitry is described
35 below. ' '
| FIGURE 4 is a block diagram of a luminance
anti-aliasing filter 312 suitable for use in the PIP
processor shown in FIGURE 3. This filter includes a



313,” 321 ‘and 331 and the number of |ines averaged by the vertical aver agi ng
filters 314, 322 and 332. The structure-gad operation of this circuitry |s
descri bed 35 bel ow. FIGURE 4 is a block diagramof a |un nance
anti{-aliasing filter 312 suitable for use in the PIP processor shown in :
FI GURE 3. TMas:'J.fa'bI]IeelbarrdxudiEIs w-passi bl tebanrdoi anu al variapie il ter 400
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of the secoaﬁpﬂamﬁ-Mﬁ(ﬁhﬂ(lnﬂuﬁtpnrt dficthie| varkabientielasy eldmetiter 416

Gecor! bed abave e’ S RAFHIS POLE JEChE BUgRECRES:  RAIANET (e

descri bed abov out put “portT o 'S connec
del ay épeneﬁﬁmiss\/wﬁr@nl ithe [RUERIPL PG 1061 thaedebrydebamente/tdft e

(ol b ol oopippaiSete Lib el ipde bove sontme! adaskianar! ymhe (1®

el ay el emen S sp I v

oo ha e Butrat pert o adasE f‘ﬁ% otS coRmected tp Bheyfedayhslenentdder
420 |El t hg algpvwhichgia tife tinput Ipoxrt 400. tHe seeogdabana-&aﬁbc;tdoho ﬁ

vari a e e eme 4 [ p. p r peaki ng
filter ‘L:%BEE Thg&lsea%l\gy g‘i'rloévn?ea%@d 4614' #édagéé?g {'JE %% EI Fggt ed from/
t he delayedsgmpbeyfpug@na(ta@rbws Héhelcdelday| ehement2410nandecaddetrr ddRer

424.  The oydpRetiBed abbvele StHY rAst t%tsofoenecaa E%&Etrh”p“t port

of a variable delay elenent 426 and to one acter 428.

por
30 Subtr aEPEPeE%dsGE’t he dalay elfmer p‘% Weactaylﬁhﬁheenayut port
of the third band-rejectlon filter. Delay element 418 and

 adder 420 are connected similarly to the delay elements
20 410 and 414-and_adders'412 and 416 of the respective first
‘and second band-rejection filters. The signal provided by
the adder 420 is the output signal of the filter 400.
This signal is applied to a variable delay elehient 422
which is the input port of the variable peakihg filter
25 450. The samples provided by the adder 420 are subtracted
from the delayed samples provided by the delay element 422 P
in the subtracter 424. The output port of the subtracter o/
424 is connected to the input port of a variable delay
element 426 aﬁd to one input port of a subtracter 428.
30 Subtracter 428 subfracts_the samples provided by the delay
~ element 426 from.the'samples provided by the subtracter
424 and applies the resultant samples to a multiplier 430.
Mnltipligr 430, which may, for example, be a programmable
shifter, scales the samples provided by subtracter 428 by
35 a peaking scale factor, PK, supplied by the ROM 46. ROM.
46 is addiessed by the viewer controls 44 to provide
peaking scale factors consisteht with the viewer's
preference for detail in the inset image. 1In the



eI ement 426 fromthe sarrpl es prow ded: by_ _ subtracter 424 and applies the
resultant sanples to a .nultiplier 4_30 Miltiplier 430, which may, for
gxanmpl e, be a programuable shifter,” scal e9=t he sanpl es provi ded by

subtréct er 428 by 35 a peakl ng scal e factor, PK, supplied. by the ROM 46.

-5 address Vi ewer rols 44 to provide peaking scale
f act orsa@ons@‘[?%?\& W%ﬁ YD éﬁe?ig%eﬁergﬁ@e spg,led&a&iqor FK may dwste
|hnage : n t hevalue9-o£nbAdinkyd, shggnoirn1fl Goke 4amph d 1@@1 cy R-%ﬁémy
ave val ues mpl_es rOVI ed Eg ier
430 are appl %adi-égp%%érl%%ﬁtQEe ?Pgﬁ§ﬁ §8d8Pe4 RPUL, RO t of
whi ch is coupt¥d t¥he cether Enputapprisofr whildkd ilsy coupled a:p edm 422.
The sanples Eapoes proviCed rtﬂé”fd@?.ﬁgt B¢ efidhRUl2%aNP % g

| um nance ant.i al‘()ﬁi %%’fl lter guency response Characterl Sstics
of the filteRFAGHAeHPYsEhe addernddd ayeckhfgPHEPULcsampies of the tine
by which the mmamermtsaniaslﬂg4fﬂ&8r 422.and 426 del ay the signals

applied-to their input jo | n_Fl GURE prqvi ded by each of

t hese g'lzerﬁénts is repr e@e gﬁeg‘ﬁeﬁci'r5ﬁ§?8?ﬁ?n8g§?:?)éﬁe£§sf'éﬁs] of thgoing a
respectivel y Zi¥terenodandbi®0 i ategehangédebfochanglingf the amblimtdelfay

el enent | I S f or, . del el e

410, " s"wf ore‘:"d“'nré?l bl; Q&gﬁ%%& &é’fﬁr ef‘%ﬁeﬂ'gg égeél g%%l’]t 42{%8 iﬁ‘? aI ue of
this variabl &3& Yothsdsqaqnﬂcs appliedstee esrgnapursSEprpsovu dad by '

the ROM 46. FihiRE 4 Shews ddEay B reviéd SFLeal 8k Eﬂ@sgoeleiﬁ@hltgbllgs a,

b, ¢ and.d, as:a functlcfn of the re uctlon ratlo used -§0 conpress-
secondary i mdg® AT atienpps Z 5 X beipg a c d
respectlveljﬁ différent vérlablé 2hteger value foi/ dach of

i/S 150 theg delay %meﬂt%,/ﬁ ey "at f%rT?gﬁEYeflfﬂﬁEFfsoﬁgz[épa] and
[err] represé@ﬁand’b" for delay element 410, "c" for delay element 414
and "d" for delay element 418. The value of this variable
is controlled by the filter select signal FSEL prov1ded by
~ the ROM 46. Table I shows the values of FSEL and of the
20 varlables a, b, ¢ and d, as a function of the reduct:.on
ratlo used to compress the secondary image.

1

N - 2 TABLE I
‘Reduction Ratio FSEL a b c d
| __ 1/2 0 4 0 1 0
o B 1 sz 2 2
1/4 - 2 8 4 3 2
/5 3 0 6 4 3

_ Transfer funct:.ons '1'400 and T450, representing
the frequency response characterlstlcs of the - '
30 _' antl-al:Las1ng f11ter 400 and the- peak:.ng filter 450
respectively, may be developed from the delay values
_ 1ist_ed in Table I. ."These transfer functions are set forth
'in Table II. | - |



. of the sign

the frequency response characteristics of the 30 anti-afiasing filter 400
and the peaking filter 450 respectively,:ﬂﬁ be devel oped fromthe del ay
values listed in Table | These transfer TUhctions are set forth in Table

1. { -10- TABLE Il Reduction Ratio T400
T450°1/°2 . [err] - Hﬁf 1/ 3 [err] o
Terr] 1/4 L I1/5 [err] R

[err] The fr® éEﬁ °Pesponse characterlstlc to which the secondary vy
| um nance S|§§§E9 are subj ect Tgpgt he combination 10 ofTike
characteristics of the filter 210, described above in ret&rence to FI GURE -

2, and the fi rs 400 FIGURE 7 is a 40 y_Lgsponse
curves; . 701, %6 703 a qué?a)whlc present%$I %5L.§g£§5és?|i responses
of the cbnposlié fllterKigZS QKQmZ’ ) educti orBT PK$~I#22. =Z0 %)half
one-third, ong 7. jpourth a f|f |¥§ﬁ4vel

used for the eaklng scgg éér %i : #hfé g curveslgnd Z
effect of anyléPgnal pe&R#ﬁg B}lﬂﬁé §dédﬁﬂarb hr oK (2% ocesBof MO is

ignored. Since the secondary |um nance 20 si gnal has a sanpllng

frequency su antially equal to [er the effective sa n - frequenci es
afﬁ?e ES@Be%YOHSSRgPF[e racterisies i Pe-fifth are

[err] and [ese¢oh8ary humédahket stignalld tare s"xﬂ:measterttsdtlby édsnmme'aeahl ve

f t h 70 (t

1 SURY ESPOPRE ChraBRHIGHICI L LRI A1 O\l L00 8L ShlL
limt of oneanareferenne &9rFé§§BﬁUﬂnganﬁeﬁhe\i&k&ﬂ#ﬁl%@pfamduéﬁetes | t
i's further i@@nﬁ:hat 1§ashseft blzesief S@%f%ye%fs ?‘og' ng| *

ripple inits 30 and. . This characterlst as been. found to
desirabl e fof03i &ed ZPQnaWhﬁFBcE??Fﬁ&%ﬂﬁﬂﬁhﬁnQQﬁE§Ct¢¥l$%ﬁc responses

of the composite filtering system for reductlon ratios of
15 one-half one-thlrd one-fourth and one-fifth | _
respectively. A value of one-elghth is used for the
peaklng scale factor, PK, in all of these curves and the
effect of any slgnal peaking by the secondary chroma/luma
processor 40 is ignored. Since the secondary luminance
20 signal has a sampling frequency substantlally equal to
4fc, the effective sampling frequencies of the signal
reduced by one-half, one-third, one-fourth and one-fifth
are 2f_, 4f /3, £, and af /5. It is noted that the
fllters represented by the respective frequency response L
25 characteristic curves 701 through 704 attenuate luminance \J
' s1gna1 components having frequencies greater than the

|ghth IS

Nyqulst limit of one-half of the corresponding effective
sampling freguencies. It is further noted that each of
these frequency response curves has a 51ngle rlpple in its

30 passband. Thls characterlstlc has been found to be

 desirable for v;deo 51gna1 processing appllcatlons. It is

a feature of_this filter design that_the gain of the
filter for frequencies in its passband islsubstantially
equal for all of the frequency response characteristics.

35 This feature is desirable to simplify the design of the
circuitry which processes the signals produced by the
filter.



‘a feature of this filter design that the gain of the filter for frequencies
in its passband is substantially equal for .all:of the frequency response
2'characteri stics. 35 This feature.is deS|1rJa'bl e to sinmplify the design of
t he C'K'rcuitry whi ch processes the signals produced by the filter As set

forth'ahove, the frequeggy I‘G‘ts%% \pect egﬂétfféquda{dc%t}e?# s 400 and
Fov elr
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en the bit | ?/\/nﬁ? e sanpl es

provi ded by thieﬁg gxg‘rél?l(%dare aﬁﬁ’ljee} |ﬁ?m§%$€fluﬂ@ or{mof a
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the sanpjgs. aEEbbﬁds&%n'allsdmplath%r 1ti>esartwmsmafédtsmp§¢@st@nal ally

equal to two times [ er| f_.the The sanpl es
provi ded by tﬁecaeﬁaéaﬁae é’“’grﬁ}}? éﬂﬂ[ k%e@‘%éa%]rgdata mpuppport
of t_h]e mul ti EM&Xtﬁ.pila&eerlsl:lnl szemnt'.:‘tbﬂ.]la:l dpntthe | besoysigmi fibcant bit
significant b S al t r %:rag%_{ Iexer 516
i s connect ed P% ﬁ? %% blq?{' uftll%(ljelrzt 0 &#j %% fs%l%‘?r% %‘9

delLays the sanpﬂsél,apredvsmle,s mmq Aidkeks m%rcbya% md&aﬁm%@s

subst ant ?.5" | yuRanak ¢t Qsa%n'e“t edgle [s%r[ﬂlé?r 1B dd LB ﬁﬁ@ctkuﬁtﬂﬁﬁéx%
Table 11l lists the val ues of 1Jerr] and 4 for the dj fﬁgrent del ay

variables a, Bl2caxfdappligd J ledit | input portioh |2 ||| del ay
multiplexer 516 and to a fixed delay element 514. Delay

element 514 delays the samples applied to its input port
by an amount of time substantially equal to two times K,

20 periods of the clock signal CK. The samples provided by
the delay element 514 are applied to the second data input
port of the multiplexer 516. Multiplexer 516 is
controlled by the more significant bit of the signal FSEL.
The output port of the multiplexer 516 is connected to the

25 input port of a fixed delay element 518 which delays the
samples provided by the multiplexer 516 by an amount of

 time substantially equal to an integer Ky periods of the

clock signal CK. Table III lists the values of K1 and K,
for the different delay variables a, b, ¢ and 4.

30 : - Table III
. delay
variable - K K

35
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variabl e’ [err] [err] a 2 4 Db 2 35-

c 1 1d 1 _q49— O . It is contenplated that
the variable delay circuitry shown in FfEbRE 5 may be extended to provide
programrabl e delays of fromO to [err] where Nis an arbitrary positive

inteéger. The circuitmg ijs @aﬁmﬁe@maé%ﬁéneaﬁzbﬁédaénayal stages
each contalnln a flxﬁg del ay el.em 1t n a nultléxexer not sh
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-conpensates,for the incide d th h | t F
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the fiveaBheh BRALECP-E s F%B"ae Seldy habig tab Pifles b8 (VEP |0
to one perlbumefdeﬂ9329r0Wﬂdﬁﬂ< ¢he prggedingos hqelandhenay be . .
tol erated. ?EF?I@J{E&' &sb|d&itz‘31qg=£<iirﬁypfa%ﬁ@é@ésﬂ#&i?rﬁafé si gnal

antialiasin for elther he f| er 320 or 330

descri bed agbgglfﬁcPBFegéﬂza?t Qq ital contre Elg| ofR .

dihffgrlrace this ekx¢ended confilgurdtiomn/ | the @ebapsebeméﬁtasmeamayu ed to
the delay e

fromthe de#ggﬁghggég g%#ggwygiﬁﬂ §§P£f§k3w89 ﬁagin&hgnagggﬁcg}3n°§Ignals-
_ - input port-and a synchronous output port. This latch .
compensates for the incidental propagatlon delay through
the multiplexers. Data applled to this latch is stored
20 asynchronouslyras.lt is rece;ved.but provided to the
“output port-of;the delay element in synchronism with the
clock, signal applied to the latch. - By including a latch
of this type in the fixed delay element 532, combined
multiplexer propagation delays of up to one period of the
25 clock signal applied to the latch may be tolerated.
Figure 6 is a block diagram of a color
difference signal antialiasing filter which may be used o/
for either the filter 320 or 330 described above in
references to Figure 3. In FIGURE 6, the color difference
30 signals from the chroma/luma procéssor 40 are applied to
the delay element 610 and to the first input port of the
adder 614. 'signals from the -delay element 610 are applied
to the second input port of the adder 614. The output
port of the adder 614 is connected to the input port of
35 the second stége. In the second stage, the input signals
are applied to the first input port of the adder 620, to
the delay element 616 and to one signal input port of the
multiplexer 618. The second signal input port of the



to the second i'nput port of the adder 614"fheﬁoutput port of the adder 614
i s connected to the | nput - port_ of 35 ﬁgsecond stage. In the second

§tage the input signals are applied to th8 first input port of the adder

620, Lo the del ay el ement 616 and to one signal input port of the
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e nmultiplex I lLexer cted
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out put port 0622hendd§eroag61aputt99r§u9§U¢h§aMML§§R¥exﬁﬁaQ%ﬂtN'thference
signal antial aé‘ﬂla{?geiéinéﬁ{: 622epRovaMRLCS ARAIIR Shel Bt Wi0Mmal

di fference si vertical_ averagin | ter 322 or 332 descrlb
bel ow. The de?-BQuBIBﬂﬁFrt efgthe wé g&ﬂr&xeifz 62Ac ¢ THe QIR R fe
havi ng alére%@l\ﬁfl?léﬁéf] 624i 6B tonneetedutioh tile wadzid?djmm/ pv‘rﬂ h;ef

| ock
That Care 56" Sheldgadt s, Anha-Faiblek Prot R AO AL Wil W‘é ot
three, and fothepadderdsé626 ahe thgnautﬁnm,salnpé.mcmﬁ/&l;e cedenrul ti pl exer
control ci rC“&{;Heﬁ&ﬁcﬁ"E&éﬁﬁ ﬁﬂhfah&hg‘%;]&t%@ a'i‘i;e%%“ é’&r&ﬂléé/\ﬁhre

separate Signals ese control

cndi ti ons 25applhedatgotheat €Glﬁﬁ'l @Fﬁlféﬁépcteo S&I%\ﬁldé’qqﬁ%l @ﬁf%ﬂ%l
and a vajgle ofifeep §9pdbki 992 HB8cHibeldbeiew.t 0 provide the undel ayed

Gevor ned by the filtcTPecHBtaYspymRentasBis . i cqind 4L She 1 Fiackad
control 30 kbyrausignab?8K/4Thavingt aolfrequericy f o, A hwhimal tispl exers
one-fourth of the frequency of the system clock signal CK.
Delay elements 610, 616 and 622 provide samples that are
20 delayed by'an amount of time substantially equal to two
three, and four periods of the signal CK/4, respectively.
The multiplexer control circuitry 628 controls
the multiplexers 618 and 624 with two separate signals. A
- value of one for any of these control signals conditions
25 the associated multiplexer to provide the delayed signal,
_ and a value of zero conditions the multiplexer to provide
N .the.undelayed signal. The values of the various
| multiplexer control signals are determined By-the filter
select signal, FSEL, applied to the multiplexer control
30 circuitry 628. The control signals for the multiplexers
618 and 624 have values of one when the value of the
two-bit signal FSEL is greater than or equal to one and
_two, respectively. As the delay elements are switched
into or out of the filter circuit, the transfer function
35 and frequency response characteristic - of the filter
changes. The transfer functions, Tep? in Z transform
notation, for different values of the signal FSEL are set
forth in Table 1IV.



" FSEL are set forth in Table IV.

618 and 624 have val ues of one mhen t he val ue of the tmo bi t signal *FSEL is
greater than or equal to one and two, resgectlvely .As the delay elenents
are switched into or out of the filter T+#Tuit, the transfer function 35
and frequency response characteristic of the filter changes. The transfer
func{ions, TCD, in Z transformnotati for.different values of the signal
/ fg&ﬂi%bi‘é v FSEL TCD
[err] 1° [err] 5 - FSEL 3 [err] 3 7
“[err] the frequency response characteristic to mgrch the color difference
signals are subject is the conmbination of the charagsteristics of the color
difference antialiasing 10 filt@®r 320 or 338(khd fhe chroma band- pass
filter 220 described in.reference to Figurg(+z” zgng‘g yis a set of
frequengy response curves, 801, 802 and 80 | ch-gepreseat the
charact®ristic responses of t he é%np05|(£ gv%yg}T%g égsfgn?ﬂor reducti on
rati os of one-half, 15  one-thir3d and ¢(eaT p(lhzo )onezT bth _
respectively. -As set fourth above in reference to the chroma/l uma
processor 40 of Figure 1, the baseband col or differences signals have an
effective s§h§|fwgqﬂe@@wem@ﬁnﬂnqequarantﬁt:smxh toéewhiehutheycolorhe

system cl ocqj grgpahcelsiBiin d re’Gub %%f%&%%ﬁat?gHCSQ %FT ﬁgt ors _

of one-half, one third, ,one-fourth an ective sanp
frequency of Pﬁéc@SF&Ft&FIsf ofethe & dikference antialiapingd [err]
respec1oveI!11t6rlSZOOdeSBma&uﬁiKtHe|dhrémééﬂﬁﬁﬁ aed Pyltae pgopective

the ool or CRPPEPAREE 4pFatetnie £q B 4, “FLaite “BhinaraeRy § .”Lf o
linmit of onfreguencl tiespomsespurvis\g 89X cB02candnP03 pgwhiehuenci es. \/
i's further pahedsLRR! the characteristic responses of the composite -

: filtering system for reduction ratios of -one-half,

15 one-third and one-foﬁrth'Or one-fifth respectively. As

~ set foTrth above in reference to the chroma/luma processor
40 of Figure l, the baseband color differences'signals _
have an effective sampling frequency of f_, one-fourth the
- frequency of the system clock signal CK. When the

20 ° secondary image is reduced by'factors of one-half, _
one-third, one-fourth and one-fifth the effective sampling
frequency of the color difference 51gna1s becomes £ /2

- £./3, fc/4 and £ /5 respectively. It is noted that the '
filters represented by the respective frequency response -

25 curves 801 through 804 each attenuate components of the
color difference signals having frequencies greater than
the Nyquist limit of one-half of the corresponding
effective sampling frequencies. It is further noted that
the direct current (DC) gains of the filters represented

30 by the different frequency response curves are -
‘substantially the same. This feature is desirable because
it simplifies the des1gn of the c¢ircuitry which processes
the signals produced by the filter. : : -

- : o Referring once more to Figure 3, the samples

35 provided by the luminance and color dlfference-51gnal
averaging filters 312, 320, and 330 are applied to
respective subsampling circuits 313, 321, and 331. Each



“the .direct”current (DC) gains of the filters represented 30 by the
different frequency response curves are sygstantially the sanme. This
Jfeature is desirable because it sinplifies the design of the circuitry

‘whi chy processes the signals produced by the filter. Referring once nore to

Fi gur ;&, t hep 5 thY asulFPampPiny | §edclhiitsNes! d6heasleednyceher sdighfadr ence

si gnal “uera fllters3 20, and,330 ar plied to,res tive
subsanpl.i ng %’-il‘%u a’@Z]l g 3§3t1%a8% 1 %gf t;ﬂgeguﬁ’&n% 8§ & cuits
is controll eCFSEIL ti!e mmallFﬁELBtwheustnpl isi one,rit to éf whenoFSELhdis t he

val ue of FSE ot | $1 1 F d
1 to 5 when '?'hr g)f??%g\geﬁsgggﬁe ?gg gi,g é%ggguéggﬁ%%P%w o
circuits ®13 biBZI;he aﬁwb%nph*@ga@:pr@édtﬁ@lﬁe 383peénﬁvé3‘leﬁtﬁcéppé gi ng

filters 314, 2 hd¥espec tf@éhvéfti@&lVS{rétS?thVQH.QQbEQ Bk, esazava&mes
t he correspondi ng e values o et er m ned tggl
si gnal FSEL t3HFdr (ﬂé@‘fflmeoYe{'Glcaioﬁﬁﬁgﬁgéngaﬁﬁﬂ-é'@rs ?Nérégﬁ'ﬁl € rom

E)V\/O_l:cnes ?r Q:@lvﬁ.eé nsaﬁleleamés o]':fr arm}zhbee bifn@dinelen FSEL is
ne, fromfou I nes LS m.fi |ne SEL

three. The saéﬁ %?ﬁ%%fﬁ%déb?/ %h%n%@r?gg& E§nggé|uﬁ§ if"gfgg\;l:& SIZZ and
332 ar e lithe - sdmpog bel damplésii n'nheesaingihas fromr }:wendlnles axe subsanpl ed
col or di ffer ?%%é%ééraa{'ﬁ £s&.5} eehh:\és' Yin %Qewﬁuhs N

circuits, e ver |ca aver agi |ters 314, 322,
and 332 are me.deémm bERMY nlimes| VheRr FEELhis fWe ﬁ&% £arm dved 1dnes of

tcrfcﬁlrffsné &Che% Inawmbti@nthrééyl CeReObain EnésSp]g:bd&ueaabhreth@r vmlwba}lh t he

escribed, a rom genera ai abl e

cuponent s bf‘fﬁféa%’fﬁgléﬂlg‘lni# hgf‘g g%? 8P§ %éfz &t§n b‘%@é&p Jm rcuit

gSSI gnlve 1Be siywidandersignabpdy rr}andrthepphoeéub&ampﬂ.ede:Blhxel d nmenory
mory i ran C

suf ficient nu%bé@é/r%?s oragégjgéel a#&saoﬂg gg ?ﬁélsd %%%ﬁ?%%fal 1y and

hori zont al | y subsampl g setoewbts. sBydal 32Thpradndadry andy the FeFddicadd

averaging filters 314, 322, and 332 are not described in

detail since they are not considered part of the present
20  invention. Devices of this sort suitable for use with the
- circuitry described above may readily be built from
generally available components by one skilled in the art
of digital signal processing circuit design.
_ ‘The signals YSS’ (R~ Y)ss and (B- Y)ss are applied
25 to PIP field memory 50. Memory 50 may be a conventional -
~ random access memory having a sufficient number of storage
\*/ cells to hold one field of the vertically and horizontally
subsampled secondary signal. This memory may be organized
as three separate field memories, one for the luminance
30 signal and one for each of the two color differences
" .signals, or it may be organized as a single field memory
with the luminance and color difference signals cqmbined
. into a single sampled signal. For example, these signals
may be combined by alternately joining samples of the two
'35 color difference signals to samples of the luminance
signal. _ . _ :
Data from the PIP processor 42 is written into
the field memofy 50 under control of the write address
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as.-three.separate field nenories one for the |uminance 30 signal *and one
for each of the two color differences siggals, or it may be organized as a
single field nmenory with the | um nance and col or di fference signals .
contfined into a single sanpled signal. For exanple, these signals may be

conbi ned by gehle@atdrelof nciitiRg 480D Bte (bitERitIQ 28 deeehagsdwi:&%%ﬁ@
signals to Sﬁggles of, tgﬁ_lu (K;éﬁgna . Data Tromthe P processgs; 42
Us written PAOTEERe Sl Sro MALPI, 37 chtheT: FORLEPL( ALTAALEe HHdr oas,

- 16- ?ene{/\zmay ber nieleided 187 ﬂimlmmaxytﬁyo:ﬁ&ldevelogk ml'ggaladdxesahe
signal s, 0 : o y y needed..py .t he nenory
fronlthe'cIgggbgﬁgggi?E%kFﬁﬁﬂ%h%é?%%g§$ééﬂ%¥¥§%¥€§lsﬁﬁﬁas ft PER] nc

si gnal sp SHSV&ndrespestimedctancd| the amemory hecatjohocantvalcsignel,
signal , M-Ggr.opl OW%k _ £Rv e s : _ r range of
menory add%gggé Eg‘é?qfdg)r& giﬁ“ n lf(ﬁ%’irl-é(;duz‘%lg?'g‘%lz'éﬁgc%%ggr_ebﬁ%gg.s I'n

ot her wor ds then&ange; o, femery efsns sedi fe3 aboying| 8BS nenory
addresses lPedutedsyice seconddrty ikkge] 9nph Sofifer SYSrasy & wrileeever, .
t hese addresaﬁs are used for w.itl dat hito he nennr¥¥50 gnlé when t hey
fall withindAEePEngEnEsaton & aRpt e £ AeveicRs Remotecandnelser: i ng

| i nes b0 t hinssiyaehrond sib withe dhvel Bigrialkbs)cCRy eSHS aandr SUSt heHBWEvEIre) d —-

menory 50 u LaC -Jﬁ%g? 0SS, rator  £LECULLLY. . The

signal s app?ﬁﬂgget gaﬁggcs%frsc%y ,ngej’?f‘ﬁél pri ?ra %eis/eﬂlf-’éaﬁén 8r' zont al
sync si gnal 80 pndyawbepHtheys fadi) welithin Hehe | pangei gpecifigd bydthee

meneory 20 gihAalt Mepecontrol signal, M.OCC. The circuitry 24 may, for

exanpl e, counf pul ses_of the horizontal, s . signal,,6 PHS relatixe'to the .
vert|cal sync pul ses, SPUBLES FeRAGRANGING nhines OF the swisappled (he U -
pri maryshor sgeohdhryydtage stxe regbnfron ctlelPEBSfieldrmémeryesory 50.

tren 29 B588s" B SRRR o e e 46O opBPRLL s a7 L
" The signals applied to the circuitry 24 are the primary '
- vertical and horizontal sync signals, PVS and PHS
respectively, the clock signal} CK, and the memeory _

20 location control Signal, MLOC.  The circuitry 24 may, for
example, count pulses of the horizontal sync signai, PHS
- relative to the vertical sync pulses, PVS, and pulses of
the signal CK relative to the primary horizontal symnc
‘'pulses tq_geﬁerate addresses for the memory 50. When

25 these addresses fall within the range specified by signal
MLOC, the circuitry 24 may initiate read operations for
the addresses and switch the multiplexer 18 via the ™/
control signal P/S to apply signals to the CRT 20 which
are derived from the samples read from the memory 50.

30 . The write address generator circuitry 48, read :
address generator 24 and PIP field memory 50 are not a
‘part of the present invention and, so, are not described
- in detail. Exemplary circuitry for storing and retrieving
the signal from which the inset image is developed is

35 described in the U.S. Patents 4,249,213 entitled
"picture-in-Picture Television Receiver" and 4,139,860
entitled "Television Receiver Equipped for Simultaneously.




“f he, addr esses and switch the nultiplexer 18 via the control signal P/Sto.
apply signals to the CRT 20 which are deri.yed fromthe sanples read from
dhe nenory 50. 30 The wite address generator circuitry 48,
read ¢addr ess- gener at or 24 and PIP field nenory 50 are not a part of the

presentad nveny) ?Qﬁ PEdtamieseri bed in detail. Exenpl ary circuitry
for st@ng an trrevrn theés%nal fromwhich th

i
devel oped is 35 desch%cFQ‘?P]E% M@l%@em’stheﬁéegésmﬁﬂ??: I ée are
"Picture-in- M@i Eﬁ %/ldii £ECHd V&ﬁal@@dcén\léﬂtSEO(BAt:l)tBedthehevr si on

Recei ver Equr eousl how n Sever The
-sanpl es provrd%&(? r("]f-l ‘f/eS‘?)mirﬁoi IF% f?’éeﬁcgr Fﬁgi?o Shal og
converterms (DA@):]SZ:aMmth ttﬁ\eelmmamaimgal uanahogemahdlxosér d‘il‘héerence

ls f
:: gzgl : pr):‘:)v|s(‘3'«%16ax[)i]Cg O(férr X 3&4 gvﬁﬁffg%fag?%gghangégx éé Por si gnal s
[err] and [ &lde ftmlqmeslrgmﬂeﬂecﬁs;r z%ss%%@nﬁgrﬂrnﬁﬁé redused-64Z€h above,

these signal g eidh | Gfhd&. t hes seeentobeh %oﬁegnahesepsigﬁew agks of
the 10 anal og nul t 'pl exer e fILlt rrn%%stem

for attenuat iaRPldahdrithe ﬁe%%nﬁ?ﬁﬁh/ga?%g?ég %ngﬁgnﬁFrﬂéFF

f r equenqiges \ariz-ﬂd(? anget gsiexedarsl. of frequencies relative to ot her
conponents of said input signal having frequencies not within said sel ected
band of frequencies, said adaptive filtering system conprising: a source of
said sanpl ed data input signal; a variable delay el enent for delaying the
signals applied to the input terminal of said filter by an amunt of tinme .
whi ch may be represented by the equatlon [err] where [err] is a
pkedeterm ned time perrod [err] is a predeterm ned i nteger val ue greater



than or equal to zero, [err] is a predeterm ned integer val ue greater than
gital signal the instantaneous value of which is greater -
ﬂmmﬂm"uﬂlﬁu ero, said variable del aﬁ el ement including: a first del ay
emreht f o dél ayi ng sanpl es of said sanp 8a I nput signal by a '
predet erm ned amount of tine, [err] first signal swtching means coupled to

the source OfE@§EB$?d data input signal and to said first delay el et and
bei ng control a first control signal to selectively provide delayed

sanples fromsaid first del ay elenment or undel ayed 'sanpl es of said sanpl ed

data input signal; a segpndagehax %E@@E?51EQE1H Ig%?g?mtggrs€§?+ﬁgﬂg#QV|ded

by said first si naI sSW tchin INis

a positive inf pneats, of §|gﬂHP1§@|FE nénRE§n§ Ibﬂvlbgsald first
si gnal smntchErgquenuiesnﬁlth1aaadsemecndddbhﬁﬂ eferﬁééuéﬂéiQG'ﬂGIatxve

controlled bysg d ovide the sanples
fromsaid segondagﬁggycgﬁéb b Q?ﬁéaégngﬁégi Fggﬁéédﬁﬁy 18d; d flrsgp5|gna
swi t chi ng neaﬁ§eqﬁﬁaﬁéeﬁoP°&eV%Fb§nn§a§d|Qelﬁﬂsedcbandoofsfgaqnencnasa
first bit of gheadagaptivel ﬁah-.ehnanéysaaﬂ Bﬂi:rflﬂiﬁtoloknﬂoﬁféé sgcond

control signal _fr,oma ond,bit_of 'the digital econd bit
being differe r tFc r B¥ng the
o oeif, SampleR RRLS, 1pPpt' Siebat:: Acvariahte Jelay elpment
signal s provi fiett d;lagungvtheabhgndésagpplmedntomthb fhput taifiinabdefayed
signals provig by e oduec I d
negns cogpled ?gdsgl varlgb?ﬁ 8ﬁPuBE gf Ei%bfggigﬂang&pgé %%g€§+%%b%$ t he
signal P to oeYikheseauation Ty ﬁxb&ﬂﬁgg} .fvBgrenti 8. acpredetennimedve
filtering systgmesgeried, hk gﬁlg al Préd%emaeaaiﬁtéééra%mé fé’a@éfment o
e ,

furth t hi I L _f del th d
by sai 0 ScoontBeh PEnPRYA: Rs Ehpon Ranbfing BFSRAKEREADEN TRFRTES BAtie 1o

[err] m nus agyeatgmathanogeyat and Eeiayamﬂnghtaiysﬁgnakstheated with sald_

first and secpndeghfbony’ ¥alh8JoF dliich is greater than or equal to
zero, said variable delay element including: a first delay
element for delaying samples of said sampled input signal
by a predetermined amount of time, Kot; first signal
switching means coupled to the source of sampled data
input signal and to said first delay element and being
controlled by a first control signal to selec:ively
provide delayed samples from said first delay element or
undelayed samples of said sampled data input signal; a
second delay element for delaying the samples provided by
said first signal switching means by an amount of time, S
NK, ¢, where N is a positive integer; second signal
switching'means coupled to said first signal switching
means and to said second delay element and being
controlled by a second control signal to selectively
provide the samples from said second delay element or the
samples provided by said first signal switching means;
means Ior developing said first control signal from a
first bit of the digital signal P; and means for
developing said second control signal from a second bit of
the digital signal P, said second bit being different from
said first bit; arithmetic circuitry for combining the
signals provided by said variable delay element with the



*3. In a vi-deo 'signal processing system i ncluding a sou ta
vi deo signal which nmay. have conponent signals. having f['mﬁwmmwr
than a predeterm ned frequency, neans for devel oping a furdaher sanpl dat a
*vi deg signal including nmeans for subsanpl Fﬂré‘sai d sanpl ed data vi deo signal

using as a sel ected sanpling frequency provided froma sanpling frequency
sel ect mpg nmean I | reget ergin bsanpling frequencies
wher ein each o .?aéﬁ'(?%eu ssg'ﬁ'r?lg%rog&ggrqclg sgﬂ‘dl .;gggi-#ﬁaﬁotg\f%‘gu%%i'd

predet er ni ned Hiddexed, oukputs signadisedapd: meanssaoupledr te saidsai d neans
for devel opi ng vaidble 'd¥llays dTameatdFor thdAgihhIeae vafhedbf ans for -
attenuati ng corrponer{;i gods%;qd saméligg d&ta Vi dgo élg al_ havi ng, frequenci es
greater than offdFMY 5 108 & seLerted, bandn ? freaye «for
attenuating conprising: a first filter coupled to said source for

attenuating said conponest smalaaaggibgggg%p@%#gﬁg §§3§é‘ﬁ§§§£ FO20n St d

predeterm ned frequency relative to ) avlng
frequenci es | e§3aipad ¥herein:.said vardablecdedayyelementofiartherer coupl ed

to sai d s?rrpl | eomprdgesica aa-.alfieat Pe]g;?team&ﬁéat tb?:eaéﬁa&ﬂ_ﬂgcmogaﬁg%sﬁf
e signals provi aid. first fiJlter ving _frequenci es_greater an
one- hal f of saP5°¥§%§%¥? §5ﬁﬂlﬁﬁ§°PFe UéﬁE§1P8|5FF98 58 2B PUAER §°%aving
frequenci es | e¢imehsubstantially’ equal tol Kgteminusphnygsigealiency, said
.second filter | Ty [ e aa8s Niys £RU id
sampling frequbscpesation’ diday WhichPngy e, acloctalRnkitl Badd LASE,
first filter bpn&nsecenk sdanal switchind,MeaRSway be represented by the
equation [err] wherein [err] is a predetermned tine period, [err] is a

Pedet er mi ned i nteger vaPde dPod idpA2Righel HRacpdstBh axslin: o O
equal to zero ancluding e sousceopft samplegd dagaf videonsygnal eebichy masns,
ggingl var :Ogglvle dggb%yy cggllf,ga%h}is tasbﬂdheghaeiﬁbr %&eeahaxiehegfaatéfrtﬁﬁk %1 ng
predetermined frequency, means for developing a further
sampled data video signal including means for subsampling '
said sampled data video signal using as a selected
sampling frequency provided from a sampling frequency
-selecting means one of a plurality of _prede‘termined
subsampling frequencies wherein each of said subsampling
frequencies is less than twice said predetermined
-. frequency, ‘means . coupled between said source and said
means for developing said further sampled data video
signal including means for attenuating components of said
sampled data video signal having frequencies greater than
one~half said selected sampling frequency, said means for
attenuating comprising: a first filter coupled to said
- gource for attenuating said component signals having
frequencies greater than said predetermined frequency
relative to said component signals having frequencies less
- than said predetermined frequency; a second filter coupled
. to said sampling frequency selecting means for attenuating
.. components of the signals provided by said first filter
having frequencies greater than one-half of said selected
sampling frequency relative to components having
frequencies less than one-half of said selected sampling
frequency, said second filter including: a variable delay




Mrm ned anount of time, [err] first signal switching
m |\sa|d first filter and to said first delay el engent .and -
ﬁm“‘m by a first control S|gnaé 1o selectively provide the °
ayed*sahp Ies fromsaid first delay el errent or the undel ayed sanples from
sald first filter; a second delay el ement for del aying sanpl es provi ded by
said first signal swtching means by an ampunt of time, [err] where 'NJ;S a

positive integer; second signal swtching means coupled to said fi rst-
signal switching neans and to. said second delay elenent and being

control |l ed byebembrmbupxuoto ssgtdtlsdmpﬁdgﬁctre@eng @l tihy meaRses

cwitching Moo ma?%ﬁ%%@o@‘%a.‘ Y e o

first bit of amount Hfctime dﬂﬂ | xaprepented datdhe cont roI
signal from ceqseeivh -m{u: VA wifereirn & dis ol Pitediteiiineg Fildeer ent

QELOIGh LT,
fromsaid first_bj 1 C Ccldycult Wmch omjlnes the del ayed
signal s proviRfetY é/‘ slgl R #M "r?egéﬁ' s 1 i ded
by said firstoxiequal 1%o mexhic Ksilp A s:teﬂehminmmmege:saxaitfwrt her

sanpl ed data ?@ SeHeem set
Iﬁ”g hgl Syal%%rel n- sglﬁgvarl gl agﬁqﬁ%derm#%rt qucorrprlnzes a

swi t chi ng rreafsaﬂy mf&r&m&iﬂﬁe dem' élmtﬁmidﬁg,y gacgj_&lsﬁ od[ fer r]t

m nus any si r %@m ags | irs
and seco%d Sleﬁn%lftfﬁo %gﬁﬁiﬁi%%ﬁ@ 17#% Yﬁ;é‘ &v'r'iséﬁ on

di spl ay syst r B¥HE P amorst timen d(zsa imgtdat a _-
Govel aacy corgg_c&igle i Qﬂﬁ wem) sarrpr efc?' Ifabtnta secondaryu

~devel oped froma pri mary V]

S| gha N sal d
conposi te vi FAF%iHHESt |¢R’r%&1 zﬁ*&iﬁ QiRas PYoac iy
pr edet er mi ned;diﬁxb]ofsi_qmlemslmwﬂwfpm st alelayed samples

from said first delay element or the undelayed samples
from said first filter; a second delay element for
delaying samples provided by said first signal switching

_means by an amount of time, NK,T, where N is a positive integer:;
second signal switching means coupled to said first signal
swi‘_b_:hing means and to said second delay element and being
controlled by -a__ second control signal to selectively
provide the samples from said second delay element or the
Samp‘les- provided by said first signal switching means;
means for developing said first control signal from a u
first bit of the value P; and means for developing said
s.econd“ control signal from a second bit of the value P,
said second bit being different from said first bit; and
arithmetic circuitry which combines the delayed signals
provided by said variable delay element with the signals
provided by said first filter to produce ‘signals for _
application to said further sampled data signal developing
means. S

. 4. The a.daptive letering system set: forth in

Claim 3 where:.n said variable delay element further

comprises: a third delay element for .delaying the samples
. provided by said second switching means by an amount of



o conponent.s, apparatus for processing said secondary videg si

3
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n
conprising: an input termnal for.applying an inage cogﬂ'ﬂ H j 3[!“1“"‘
signal indicating the ratio by which the .gcondary i magées s %

‘relative to the primary image; a first filter responsive to said sanpled

- -dat§ secondary conposite video signal for attenuating the chrom nance

si gnal*"conponents thereof .relative to the | um nance signal conponents to
provi d&7a separated | uninance signal; a second filter coupled to said first
filter for attenuating coriponents of said separ.a't'e'c'] | um nance signal having
frequenci es witiie siRatantiallnequsd do K itdminugcrpynsiguaband of

jrequencies | gripagatiog dEXE WA may besWBotiated WiEAERIA EELL

havi ng freque%- SseQ:Ot %VI iy t he .gelect edeportlo_n of salrd pr efieterm ned
band of frequéhtt &5 -9 I%fdﬁ%gl. g B€388ay el enent for del aying the
separated | um nance signals provided by said first filter by.an anount of
time which may be represgnt gg iRty eL3 -1 crdirel L err ksl

predeterm ned ti r%‘;)ggi od,. [err ,pitls a pre?:?gr m nedtlﬁ‘?tggggéséa#tgﬁjgﬁat er
than or equal ¥R ,°’-T<43541§-. @2 Hurge devedoped,fromgacgampledan zero
and P is a di ddtal sscpmiamhictnpositeividecysighal kBaa rz@dacedasizeainséte

del | ¢ t i dis ' dej. I . f l,ayi h ted
um mance. o1 gid] S dafba] deyelonsd BeoRl & BRipady YR8 REaPAEncd amoun
of time, [errWheneim sajdhsampledhidafarsecondanyl compositedvitdeot signakr
and to said jmpihded Ilmmc.%vﬂbﬁ@nhoasanéatagpeeafpg@hbed by a first -
control signal  to selegtive ovJ %g_ one Of, the si 8{;% Jromsaid fjrst

del ay el ement pfmw&# FEGWFRCILE PP'&S PRLRANCE SEGRAY del ay

%Zmant for deompongnts; spparatus fordetdoessing Gaidt sacgndargwidss ng

sad st s SagRal compElaiady bn 10088 Heliinal ehE apHIVEAL 0l CHBpSE O
bei ng cont r ol CORPFRSEion: Sonteed: sdgnailgindicatiogethey vatipor by whiche of
the signals frae@ selcondarydndge) st radaced?td1akevel §82tRePpLYhaRY PY
. image; a first filter responsive to said sampled data
' secondary composite video signal for attenuating the
chrominance signal components thereof relative to the
' luminance signal components to provide a separated
luminance signal; a second filter coupled to said first
~ filter for attenuating components of said separated
luminance signal having frequencies within a selected
portion of said predetermined band 6f frequencies relative
to components of said separated luminance signal having
o frequencies not within the selected portion of said
' o pfed_éfe,mined band of frequencies, including: a variable
. delay element for delaying the separated luminance signals
~_provided by said first filter by an amount of time which
- may be represented by the equation T,=K,t+PK,, where t is
a predetermined time period, K, is a predetermined integer
value greater than or equal to zero, Kz is a predetermined
integer value greater than zeroc and P is a digital signal
* which has values greater than zero, said variable delay
‘element including: a first delay element for delaying the
" separated luminance signals provided by said first filter
by a predetermined amount of time, _Kzt; first signal
switching means coupled to said first filter and to said



'sal d"‘f‘1‘f‘$‘t_—5-|—g-ﬂ-a-|—S-W—t—Chl ng neans; means for devel oping, said fi rst “control

east significant bit of the digital signal P, and means
for Emmw'w Il@ econd control signal, Jhomthe bit of the digital- -
sig next more significant bit than the | east S|gn|f|cant '
bit;.arithnmetic CII‘CUItI‘y whi ch conbines the signals provided by the '
vari abl e delay element with the signals provided by said first fllter\..to
-produce filtered | um nance signals; and nmeans coupled to said variabl e
del ay el enent and responsive to sai d | mage conpr.essi on.control .signal for

changi ng the \fipst delidy eliepent Iand)haé.hmmoéﬂ.ledcbgdapmrstn of said

hor i n ol d CARE, 3§ﬂier{fdenent fu?ﬁ?é’? AU 28 JOLhR Bighath" ©

el ement for Jd&rem &gid, delay element,and,the signal MF@HF-ﬁgdanns by
~an anmount of igaid Sﬂﬂrsttarﬁmaidry- ewdedom[derddlay elementy forgdelagifgagati on

Toans. 7 an e Ridad Heteitdd 1\ add et S350 by c8iEho] e B, 10

i ncl udi ng sucbyf iant MQ@QM MUM isgqopd, siignadi méftshensegennged

Wi th referencedpiidd t3F GAIP Birst %’i@ﬂﬁg%witching means and to said
second delay element and being controlled by a second
control signal to selectively provide one of the signals
from said second delay element and the signals prov:.ded by .
said first signal switching means; means for developing _
said first control signal from the least significant bit of —
the digital signal P; and means for develop:.ng said second
control signal from the bit of the digital signal P which
is the next more significant bit than the least
significant bit; arithmetic c:.rctu.try which combines the
signals provided by the ‘variable delay element w:.th the
signals provided by said first filter to produce__ __filtered
luminance signals; and means coupled to 's:'aid'vari"able
delay element and responsive to said image compression
control signal for changing the value of the signal P to
define the selected port:l.on of said predetermined band of
frequencies. .

O

: 6. The apparatus set forth in claim 5 wherein
~ said variable delay element further comprises° a third
' delay element for delaying the samples provided by said
second switching means by an amount of time substantially
equal to K -; minus any signal propagation delay which may
. ‘be associated with said £irst and second signal svutching '
‘means.

7. - an adaptive filtering system or video
signal processing system including such filtering system,
-substantially as hereinbefore described w:.th reference to

the accompanying drawings.




