TV APPARATUS CAPABLE OF FREEZE FIELD Dt SPLAY “This invention rel ates Al3801a
tel evi'sion (TV) receiver having an apparatus for generating two :

npon-identical, interlaced fields fromthe sane field of 5 - video signal

It is sometinmes desirable to freeze the television picture. A frozen
picture, for exanple, Yy, & ;irgt ed over a_narrow. bandwi dth channel to
a renpte location. O - L2 cbAbohd&Bs DISPLAX 10 being

transmtted may be frozenrnﬁéthnvéhtﬁ@meﬁalaibé hdSECtéﬁE§Q%ébntQEvn to the

productTon of 11 pi in alVreceiver_ is to store either a field

or a frame of 3?§%$%E?§H§§yiﬁgagﬂeﬁﬁﬁ§r%§§%c§9r EﬁBSrQE%P8| ¥8r a frane of
vi deo signal isnenoidentival cainpentiheed 16ieldsf fuemn thiecsame fjedtdopifi ng

or inhibitidgg t¢faégng§%?ggjting operation and by repeatedly.displaying the
contents of” the menory on_ the tel evision screen. The processing of the .
conposi te video signal Cx@ﬁbk$oﬁ%???%ﬂ%%o@%ﬁérﬁh19h§°n§ﬁsﬁyecSgevary in the
amount 20  of W sepSiéh | piceré Or NBdfpdzéAepi 8eared foirdegbmpl8, "RbS be
filter may be used in,the uninan%ﬁ%é\g gggnggL g& tge-TV recelpver'tog'h N
remove the chr otk IRFRECEEAROY RNt 2 (TRYESY RendigrhqFhenned, tor apggmpte
Ierrp! oyed in thel@ckutﬂibmanoer(é:)pmamwl' atommald:teihha bewquéheexfeurcact%on

unm nance £onmpgne ro e conpos n . ter the-.
conposite t@de}%ﬂb%grﬁén*%‘?o %grs?é% #%8%%#58%%% ,q'bt %§889ponent
signal s CS are then storethe rbasikc rapgpeeathetakepotontheeprodustionootfhat
they may be pr L cal CeSPRCI f - u - -

CESEDfeOns 4 Y T e 0eLT e RppTore, STt AV RISl

still picture, pLX-1n-plx, et e note at t
separation in t®e &ofxane | 0f YL R IR phB saf REMer¥(deVdEs -si BRSPS @ s

i nconpl ete or pﬁéi&lotjrh_tf@a:he'g@fwmnﬂ%ﬁami 98. gtolea,Vvodeocanipabduce -
frdguency spectru This |s,so hecause the 35 .| nance d chrom nance
conponent S+df thetXRARPR PRI §W1W8°§héf"gg¥ﬁglaﬁpggep5‘ﬂ‘95¥ (i.e.,
2.5 to 4.1 Miz)writing dperaciony apddy urepeatedly displaying the contents .
. of the memory on the television screen. ' | |
_ The processing of the composite video signal cvs
- before its storage in the memory can vary in the amount
20 ofY/C separation performed on the incoming signal. A notch
filter may be used in the luminance (Y) channel of the TV
“receiver to remove the chrominance component therefrom. &
bandpass filter may be employed in the chrominance.(C)
channel to remove the low frequency luminance component
_ 25 from the composite video'signal cVs. After the composite
| video signéliévs is processed in this manner, the:component .
N\, - signals CS are then stored in the respective component
' ,memoriés - so that they may be processed electronically to
prbduce special effects (such as - still picture, zoom,
30 pix-in-pix, etc). | | | |
It will be noted that the Y/C separation in the
notch-filtered and bahdpass-filteréd video signals is
incomplete or partial in the-high frequency region of the
video signél frequency spectrum. This is so becauée the
35 luminance and chrominance éomponents of the composite video
signal CVS share the upper portion (i.e., 2.5 to 4.1 MHz)
of the frequency spectrum. ' -



_2- Returni ng to the various techniques for the production of a still
- picture, one possible approach is the freeze franme approach. A frane of

vi deo signal can be stored.in a franme_ge ry, ~and read out repeatedly to 5
~-generate two interlaced fields on the screen. The display of two

|nterlaced fields in this manner may produce notion-induced artifacts .
~(ite.,. causes moving Reli:hkﬁliﬁgoﬁ:ot kpePivairiicud Cte¢nﬂ£<95e§)a£6<r8ﬂ9ef0rth when

|nterf|eld nmot.i.on. i.s_pr aproachtothe :
product i-on BFOSPFELOR; € ?uFe?kﬂ'sit 8"§t‘%’l’€’a q‘?"’el‘d’%ﬁ&d REQRER 15 %hﬁﬂgl d
menory, andfreedes firapet Iappralaehf i elad fo:fanﬁ wfdidenadidgmabotdn Bethe

'|nterlaced nt er pol at ed
real” fi e%gﬁ%gﬁ E)kr}egprfg %E'OE% t @Hes%%ap%%:%%ﬁ?gg%ﬁn?%e di agonal
edges ob t hgeperatectun nn@eﬂacodeénadmﬁannjﬁggm sowermer Thewback is
- that the t a u t il ékﬁ? .
of f set, an\dva'tl%g%'?hgQ ’[‘,@o ﬁﬁ%?lg%%? ff:aell?]i(ago set’. r&'&% qﬁ??‘zﬁ set o
means t hat F'ﬁelepgh&ﬂuéleénéﬁtté fagts fde &g FAHRRE RPYIRG PoEkiens of

posi ti ons wghehpaeeugpatod jittert baick and faHH ivlenoiitéoNtely moeidR! f
of the line,spaci ng 5itl | I "anot her approach is to display two different

interl aced #PePyEs ¢h produced fromthe sane 25 stored field of video
-signal 10 The stored fAmbthes apppoayhd tas thee plfodttretiam ofitsetided fi el ds.
The second ed_fiel n t B\, ter o ing two
adj acent gé@g?@% Sd.s {tgr gdoﬁeg%d%{l%l@ %c‘é’% ia?%t !?sgspa%?&atl |y _
| ocat ed haI memmeaméem ddsplay ithes sam % ebtrred ekgnakuimer of

di sadvantagggen erfieagatairiadess fakiidee (B &i ClpESandd | twaPREas SORBWhat

‘jagged-as-.in the_previ ous approach. urt her. di nt age_of this.:
approach i siphsEl gﬁﬁdt'vxﬂ%' tﬁiilé”ijrﬁﬁ?alglﬁd@ ShparORs CFF°%1:»em <

I'n accmsdanwetw th:.shapplrbuelm u.csntmlt ayheardiiagonal edges of the
' plcture on the TV screen appear Jagged. Another drawback
;s that the two fields have unequal spatlal offsets. One
field has zero offset, ‘and the other field has a half-line i
: offset. ‘A half—llne offset means that the signal elements

20 .are dlsplayed on the v screen at p051t10ns which are

. spaced from their true relative p051tlons by one-half of
' the line spacing. '

_ Still another approach is .to display two
_ dlfferent interlaced f1elds - each produced from the same

25'- stored f1e1d of video s1gnal. The stored field is _

' displayed as one of the two interlaced fields. The second .
_1nter1aced f1eld is generated by averaglng or 1nterpolat1ng o’
two adjacent lines of the ‘stored. field to produce .a line

- that is spatlally located half-way between the two lines.

30 This. approach has a number of disadvantageS' The diagonal
edges of the TV picture. still appear somewhat Jagged as in
the prev1ous approach. A further disadvantage of this
'approach is that the two flelds may have unequal ¥Y/C

o separatlon - L : . N

35 In accordance w1th thls 1nventlon, an apparatus
is dlsclosed for prov1d1ng two non-ldentlcal flelds | |
suitable for 1nter1aced dlsplay, and" in a manner that

- overcomes the.afore-mentloned deflclenc1es in the



s-disclosed for providing two non-identical fields suitable for interlaced
di splay, and in a manner that- -overcones the afore-nentioned deficiencies in
t he - 3- ‘production of a freeze picture. Over a |low frequency portion of
fhe frequency spectrum of the incoming television signal, one of the
~interldced fields is generated by adding three-fourths of aline-del ayed 5
teIeV|S|on signal [err] to one-fourth of a non-delayed television signal

[err] (i.e., [err]), and the other interlace¥fiel'd is generated by adding |
one- fﬁnfth of the line-del ayed tel evision signal [err] to three-fourths of
t he non-del ayed television signal L2 (i.e., [err] 10 [err]). For high

frequency signals (lum highs and chroma signal), however, both [err] and
[err] are substantlally |dent|cally proportlonal to the sum of [err] and

err
_gnd ][err] ! wrel 1 r?e“% "b aJtoe%II 1% %fég e%gc lgcr:ér)g%%sgﬁr gﬁ(rjr]
even fields respemtticn yof otlgenﬁrememwwtmmef ethe nllﬂ‘P@}“HPivm ngs

FI GURE 1 shows t phet PAced £PeBdatus for
LA IR 38 g o8

generating froma

f d
non-i dent i cal |rE%ﬁ?%ﬁ%ﬁﬂfP%l%%dﬁﬁﬁrFE;%?%%?&?%ﬁ#dﬂgﬁ?31¥%$T?e{%¥??

i ndi cat ed aﬁove,t&i&fﬁé’nléu]gnmap | €6/ oniepfoueth abf ca nbénad@bayedst er
'produced on a TV screen, to il

he- opgrati t he |
i nterpol ating apfRteYiRio %m%l”ﬁ'?iJng 3($T‘FUSt nt es:?gl‘r?{r%qﬁe%rg C#Jg‘gbo‘-:u'surivthe
i nterpol ati ng appehert uinterlaeedr fiehd asp@emenatédebmsaﬂéxn%gonpufguﬁhb to
an enbodi nent Cﬁofrﬁﬁet¥?§§td8fa 3Qe1g+i;§5§ngl?ﬁ$§tLongglthggLfourths

di-fferent portions o re ue ectrum dr mrngs |?es :
InterconnectrrEJOf the non-delayed te evision signal L

o/ ~ 10 -+ 3/4 L,). For high frequency 51gnals (luma hlghs and
| chroma . 51gna1), however, both F1 and F2 are substantlally
identically proportional to the sum of L, and L, = i.e.,
F, = F, = 1/2 L, + 1/2 L,. ' The first and second
interpolated s1gnals F and F will be repeatedly
15 displayed on the TV screen durlng odd and even fields

respectively to generate a frozen p;cture.

In the drawinge:_ _
FIGURE 1 shows. a frequency independent
120 inﬁerpqlating apparatus for generating from a single
stored field-of video signal a pair of non-identical
interlaced fields having the relationship F, = 3/4 L, +

1/4 'Lz., F, =1/4 L, +3/4 L

5 indicated above;

_ FIGURE 2 is a gra;hlcal representation of a
25  raster produced on a TV screen to 111ustrate the operatlon
- of the FIGURE 1l 1nterpolat1ng apparatus, and
FIGURE 3 illustrates a frequency responsive
interpolating apparatus for generating a pair of fields
having, pursuant to an embodiment'of this invention, a
30 different relatlonshlp over dlfferent portions of the
frequency spectrum._
In the drawings, the llnes 1nterconnect1ng
"various blocks . represent e;ther_ -single conductor

' connections carrying analog signals or multi-condu-~%cr



various -blocks represent either singl'e conductor connections carrying
anal gg signals or nulti-conductor -4- buses carrying nulti-bit parallel
binary digital signals, as the case nay4be. It will be readily appreciated
by those skilled in the television signal processing art that the invention
5 “may be practiced on, elther digital or_anal og representatlons of the
conposi te vhﬁﬁ?SHQﬁﬁﬁylng%ﬁu Fkr?&ﬁmﬁﬁéélb¢1théHGEYaﬂFGEtéés§ﬂED@ﬂ§n
however, itagldhdxtgggs ﬁgﬂeln t hat the conp05|te vi.deo signhal is an
8-bit binary digital ess o h rwise stated,. and that the_10. @&
video signal is in th?ﬁ%ﬂ%&#ﬁb?mﬁea 1 KA?PPBECFGEFﬂeS gREd Skl eche”
conposite vudeammgpeﬁevrsxhnxstghaﬂtpmmteshtngsarufthatoﬁhefuhbehtyoﬁnnch
filter avi |ts GaNLET dul ated col or
subcarrl%r quenc?y, |€1<férfise % Ehé? §gt§i rEa gﬁgﬁﬁel to renmove the
chromi nance mmmatnrm tole ttmpmmnognue mdoo sbghad.st Boxgthen a
conponent MyRipbsdd] d1 1 MM €1 VEd ldedbPibRECH NHokBYREST 1€ ¥i990KY gnal

i's bandpass flltered I n roma .channe o rehove the FOM/frequency | una
fromthe outﬁiﬂ“’“ﬁ‘bﬂ!ﬁreﬁh ah‘énﬂ%? o‘F‘é’BP?ﬁl’éeZ'ﬁléﬁﬁpéhSﬂﬁlrréﬁDﬁ? 8rpifthe

EsGURE 1 frﬁmhzfy Qh(blaiwrsaigfgaﬂ-%léﬁg bulgamisepéﬁlageaoﬁaﬁaigga% Tﬂiﬂh@h |
pre t at e i.nput. port pLied_to a.field store e
field: %gre %éhﬁﬂﬂﬂf(ﬁn %hﬁ ﬁEﬁ% g d (or- 263 horizontal 25 -
| i nes) of an 8- b|t vi ddo wikindle fuxtier hassumedi thati the ebgpakitenpl ed at

the rate of g dintn dhackSfed i Shodd. FREMEL ob's Bhgbdgiare 19¢ 1

provi ded wi th a storage capacity o e Vi eo signal "[err]
at the out pmotsth Fid el hauing sits ccanber sfspanenayt dogatietapteitbeent

106, which R{rﬁw&ﬂ%&d Ic"&:r&elsawhﬂﬂe@ freaaéneyrrisaingaiteat Rt thEhe

I|ne dela eq vide al_ferr splaced.in tinme wt j
y quma c %&. d ove éh p omlnance component from the K \“j_

output signal prlor to its storage in a component memory.

) In the similar veln, the incoming composite wvideo signal is
bandpass filtered in the chroma channel to remove the low
frequency luma from the output s1gnal, and then stored 1n a

20 .. .component memory. _

In the FIGURE 1 freeze f1e1d apparatus 100 the -
luma or chroma component signal CS, present at the 1nput |

- port 102, is applied to a field store 104. The field store

. 104 is capable'of storing oneﬁfield (or 263 horizontal .

25 lines) of an eehit video signal. With'the incoming video
‘signal sampled at ‘the rate. of”4 Fsc (i.e., 4 x 3. 58 MHz or .
14.32 MHz), the f1e1d store 104 is prov1ded w1th a storage {;)
capac1ty of about 2 M blts.., ;

_ ' ‘The v1deo 51gnal L at the output of the fleld
30 ‘store 104 is applled to a delay element 106, which produces'
a llne delayed_uldeo s:Lgnal_L1 at 1ts output._The _ '
line-delaYed video signal Ll is displaced in time'With
respect to the 1ncom1ng v1deo s1gna1 L2 by one horlzontal
line perlod (1 e., 1-H). '

35 The 11ne—de1ayed and non-delayed v1deo signals L1
and L2 '
circuits 110 and 130 respectlvely (herelnafter - d1v1ders
110 and 130). The output of the d1v1der_110 is coupled to

are applled to first and second d1v1de-by-four



resﬁect to the inconing video signal [ETF] by one hori zont al Ilﬁe peri od
(i.e., 1-H.. 35 The |i ne- delaf%d and non-del ayed vi deo signals
[err] and [err] are applled to first and second di vi de-by-four circuits 110

d 130, tput of
the divider 11f LErEy BEISLBIYLEY tnted Wil AY (hibeinatar’t 01, &
(hereinafter nmuitppﬂ-éﬁrlli-?)'amdt d‘-Oa asmd it derimigiall Id &fof a
mul ti plgxor 114\611:1551@:;8&“ Eih Of T‘h'&eo%ﬁdtp'dfftﬁ%%ndﬁuga‘m'é:eﬁ]hzo glirst.

i nput term nal | exor

nul ti pl exor appglee}uﬁpea tfér§ gt ltﬁ?mlﬂ%'- kbR Fhe palddgirKor

di vi der 138 lsnoupl THet eu&p&ﬂ:cwfdtmd mud BipDerdy ga a£iilsCldduplad to an
(hereinafter - 5H|tlggb 132), and a first input termnal 136 of a second
10 rrultlplex8 The output of the nmultiplier 132 is appljed to a
second i nput, term nal 13%hef oultpukulofi pihex ecktd diﬁaelmtl;&ﬁ i ddupled

mul ti pl exor d # err
and [err] are evél%%gghg mh% agqya SBE§£§%KSQ¥§5? 3% éﬁgﬁé.l |
The dividers 1®8l&inliey Ara?)beagldnpl élaﬁsftangm%tt@mm f1t36tmf t# tsecond

posi ti onsy gf tﬂﬁl&@%@&ﬁbkvgaaa”p'rﬁ% R tpit |35 38e ThARIPIGHH 12 jpositions

to effect- divisio our. The Iexor 114,  r.espo to_.a cqontrol 20
CPgnal G CoupPEBIiRE FPr & SPASRE. LRt HeTRiRAl, 150 4 the T AR IEAOD0
duri Ing t?ﬁ firgBaoneThé bhepumt efl a:cxedtnﬁllem(iﬂe(xoxe 13anh@n cﬁu;?.zel(’)d git) ﬁfwlt h-
coupl es the se ern urin e
secgnd one of ?ﬁganggpl ac‘(i.;.;i“r;[’:I F.gxlk:&&?)la%eé %nledr'#l%‘tg sr't ‘P%j LS i | a?l Yy,
the,nurtipIexodeYslopeésp&n&hee0u¢nwﬁatﬁﬂn;nﬁiﬂhﬁﬂ Qﬁgﬁhﬁ aadannkﬂQB the -
fi t d d tt t t |

i rst andjgecon I npu %g\ g%g;dggg am(b ?ﬁ efgﬁj e‘gry [b%sl reﬁlg pu er m na

14d\dUr|ng the first and sec i.nterl ace ectively
_ . arrangements to shift the bit p051t10ns of the respectlve

~ samples to two lesser 51gn1f1cant bit p051tlons to effect
division by four. ' ' |
_ The multiplexoi-ll4, responsive to a control
- 20 signal C, couples the first input terminal 116 to its
output terminal 120 during the first one of the interlaced
fields (i.e., when C is high) and couples the second input
'terminal 118 to its'output'terminal 120 during the second
_ one of the interlaced fields (1 e., wvhen C is low).
- 25 - Similarly, the multlplexor 134 responsive to the same
- control signal C, couples the first and second 1nput _
_ terminals 136 and 138 thereof to its output terminal 140
-/ 5' _ durihg the first and second interlaced field periods
_ respectlvely. '
30' _ It will be seen that the adder 150 produces an
| output signal F durlng the f1rst 1nterlaced field period,
where - ' T o
|  F; =3/8 L +1/8 by ceiiiiiiiiiiiiiinnn. (1)
~During the second 1nter1aced field period, the
.35 adder 150 produces an output signal Fz, where =~
' Fo = 1/4 Ly +3/8 Ly ceevrernnenaanionnns (2)
_ - In the FIGURE 1 apparatus, the two divide-by-four
- circuits 110 and 130 may be replaced by a single



30 . It will be seen that the adder 150 produces an out put si:gnal -

[err]l during the first interlaced field period, where - .[err] During the
~second interlaced field period, the 35 =6=adder 150 produces an out put
signal [err], where - [err] In the FIGURE 1 apparatus, the two

-di vi de- by- f oyr 110 and lSOﬁgﬁﬁﬂfe repl aced by a single - 6-

Cl L CUIT S
di vi de- by- foﬁ?‘ %FF‘éﬁ?’t'%%EpFé&'%tt efl (tQ rthe Oukpitt afothenhadder
operation of188e"Fl GURE: 1 apparatus 100 wil1 be explained with reference to

h % .
Ger ned by oo+ o1 1 302, pReBARIGH O A Ui & e iRt 0 RIIR

EF. - The oddb¢i explaineg wéﬂ:heae@enexme sto (RIGURE 12, ofhivh i oowsl ascan

lines - Sndlﬁé‘lédlgioﬁokhgtEEnQ%d e”ﬂh# %Jgte 'Iifgeo e:LVseQiJ exg?%%%'éeé%{”gg “

by a second 1 g ur al |ty hori zont scan i'nes,
by dash-dot ? ntRteriaced 1ﬂ3résse'c<§iti afd; fdexd, oFf Qnﬂa amre\zemtﬁiekdan

lines are sperial thedbagogteldalor iay ff&&ﬂw'bj he fﬁ%i?(ﬁiﬁ&eaﬂ‘ﬁ | the.
ous

f t pl I t I
narcared. oheti AEnRRLSERRCI 1Y A ‘ifleatad prusalia ddned (GHAL,  The
successi ve s@quL s. of OFI.éL deo- E&a}gﬂdv&ﬁfﬂﬂ?&:mcg:gls?ﬂah@twe,egf@é@gﬁsg
or pix ie an e even fie
- arepreiip‘ict.%\&%%#t. §§g.§%5§6’% B BthE e SiaH A e
el ement s. a%@ﬁhTéﬂtollpﬁFee-ﬁ@UﬁQﬁsE6VTtheiéaﬁl or. | IBR/Ls, Ilrm@e
¢ ity

(e.g., 3/4 [@éé&ﬂdtpmﬁsﬂeyr b ehet %ﬁ@ﬂntfa‘i' lﬂwalﬂ\ﬁ?%
(e.g., 1/4 [err %ﬁééq%ﬁgﬁ suc essive picture elenents I C
by 25 trid ‘ﬁ’g?ﬂ’ Tya Vn gltugrp rhe mespective, qnes %ﬂéﬂm@lrst

plurallty of horlzontal scan lines. -

15 As prev1ously indicated, the 1ncom1ng video- ' v/

- signal is sampled at the 4 Fsc rate.f The successlve
samples of the video signal define successive plcture
elements or- plxels.- The picture. elements of the odd f1e1d
OF and the even field EF are respectlvely 1dent1f1ed in

20 FIGURE 2 as circular-and. square elements. _ :

The addition of three-fourths of the earlier
line's_amplitude (e.q., 3/41L1)l§° onesfonrth of the next
following line's amplitude (e.g., 1/4 L,) produces
successive picture elements, whlch are 1dent1f1ed by

25 triangular elements in FIGURE 2. These triangular elements
are located one-fourth of the way from the earlier 11ne to
the next. following line. These. trlangular elements are '7h;)
dlsplayed on the TV screen when the electron beam scans the
earlier or top fleld - 1nd1cated as the odd field OF in the

30 - DRAWING. ' :

The addltlon of one-fourth of the earlier llne s

' amplitude. (e. g.,_1/4 L ) to the three-fourths of the next

- following- 11ne s amplltude (e.g., 3/4 L ) generates

- successive. p1cture elements, which are 1dent1f1ed by

'35  inverted triangular. elements in FIGURE 2. These 1nverted '
triangular elements are located three-fourths of the way

' from the earlier line or one-fourth of the way from the
next follow1ng line. These trlangular elements are

A<
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afe‘locafed one-fourth of the way fromthe earlier line to the next

fol | owi ng

| i.ne.

These triangul ar el'enments_are displayed on the TV screen

when t he .el ectron beam scans the earlier b?‘top field - indicated as the
odd field OF in the 30 DRAW NG The addition of one-fourth of the earlier

I I d he th f ' f th

ol Toni ng 1 | ne- S Fifreachs 166" 4V bE-b08 SRESHA Nl 08:BE BUCAGEEL £icaa
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the way fromthe_ear]ier or one-fourt
foll owi ng-li ne. 51q%e%ec$r4%n§n;ﬁtee|bﬁﬁﬂt§haréleld_memerypﬂﬁﬁeéognonnefnwl

screen durisg tbfeiapﬁérfadlowﬁé héRbey - wtﬂéhﬁgtséerdhbe sgeanhhsthEF in

the DRAWNG To uce roz iciure ncQmi n eo_sig is
witten into th%g §6H8?5}°Bngr?ﬂlFL§ 2t }gIHeBQF?o& Fﬁédnﬁﬁﬁry_
writing procedurepeﬁltﬁhenyted lend ahethethIBéoeﬁﬁéroﬁsfﬁﬁﬁthbefieehé

el emren
FIGUREgif

menory is

read

pi cture node.

horlzontal

art. af?be
neM/vertlc trace colncides. wth t

~and

RrEehEfThote 2 g CneBly "ebliind  cbRPBLNER 15, pinpHEoniEea”
vithith¢ befizentah angnuertiasli demectmhl skgoadsi nashds
weED iﬁ@W&tfﬁ Qﬂg e Eld OF in FIGQURE 2, the start of-  each

e start- of .a hori-zontal |ine

e,
[err]). Therefore, the rehfi AghoPetfeeR: EFew thel gd ﬂr5ﬁﬁﬂﬁeoflépdgﬁﬁﬁBﬁy2r

104 can 15

COtRENELar & @a6hynéwr vébeiodl trabéscolﬁeﬁdbaewgtﬁnthbelds,

however, the start of ch, new vertical trace .occ i m ddl e of
& li ne® %erg [%p??f?zﬁﬂga#e ﬁ?ﬁg?bf fheggfﬁugd &EFEe%ﬁ§F b
del ayed for thereadmnglefdthenstbreﬂefbegdnﬁrog MhetﬁeeﬂdrmEmbmyllaa can

hori zont al

11 NCchihdiite el k014 £6r +FE/ bdk £T04Rs . NFolVERe! bORE EF 1S

fields, however, the start of each new vertical trace
occurs 1n the middle of a horizontal line (i.e., EF/L ).
The reading of the stored field must be delayed for the
even fields unt11 the beglnnlng of the first full
horlzontal 11ne in the even field (1 e., EF/L ).

Thus, the even field EF is spatlally located

below the odd field in the IV raster produced by the

aforesaid freeze field action. The operation of the memory
in this manner produces 262.5 horizontal lines (i.e., OF/Ll
ces OF/L,cs) for the odd field, and produces 262 horizontal

' lines'_(i;'e,,_EF/L1 iee EF/Lyg,) for the even field.

As mentioned earlier, the spatlal 1nterpolatlon '
for the odd field produces a horizontal line which is
located one-fourth of the way from the earlier line (e.gq.,
OF/L;) to the next horizontal line (e.gq., OF/L,). This
interpolated line will be displayed when the electron beam
is scanning the earlier line (e.g., OF/L;). Thus, a

"spatial offset of one-fourth-of the spacing between

hor kzont al
spatially ocat
- 20
25
o
30
'35

successive horizontal lines (i.e., L/4 as shown in FIGURE
2) 1s produced for the odd fleld. '
The interpolated lines for the even fleld are

‘located three-fourths of the way from the earller ;1nes

(e.qg., OF/Ll), but are displayed when the electron beam is



bel ow the odd field in the TV raster produced by the aforesaid freeze'fierd

action. The operatlon of the nenory ipgthi's manner produces 262.5
horizontal lines (i.e., [err] 25 ?err]) for the odd field, and

produces 262 ‘hori zontal lines (i.e., [err] .. EF/L262) for the even field.
As “ment i oneds @iy  thdCevdRt 1 thed nter?ol ai:ryn f)or.htalaefeﬂd hh&'fdwra&oduces
a horlzontal i ne i.,ch i's | pcated, one ronrt e earlier

‘line (e.g., bfrvesnthg oy tnﬁ%xfehgrrzﬁﬁ(&n PPﬁeofg% ). [&PPPy. @ Thig
i nt er pol at ecspatica i d £ £ et do £ pdngefiouhth hbmebnthu.onlhear(mya )sqanmgw;ﬁhe

earlier lin é &Eed[fgflth T&gﬁ Fg?i atlngggf%ﬁnggaggg% %kt ﬁ'Of the -

spaC|ng bet 'SUCCESST Ve I ZOn I ne sFIGURE

35 2 )5is Iprmm bmrth:h:e mnamemqntrageu eguapofarebothnthef oda hufldeven 3

field are | Ealededd gt s,k ) { NeoPRUCE! 0En bBevRAEPRELaNi Nes (e 0.,

[err]), but are en the’ el ectron nni ng the even
lines (e.g. PQ%&?Hannﬁuofaﬁmehﬁ??P%ﬁylﬁétRéﬁﬁufﬁeeiﬁBePﬁﬁe§CF§I§ [err]
and [err_]éI ghus ?h%%mé?oéaeeﬁtgéeoag Enmet alaemﬂaﬁt ak. lr.he% G/ 3) '3
agai n produced for e, even fi i nce_the s | ro ce
by thi o arr s madtitanaf of/6 SRPERALIRR S tBoeRULPEEISIaNA
correctlioel aAnd/eFE,paetnmltlpwslthenamgunt oﬁethespddntmenalcYMCe el errent s _
occurs. Anot I'§ d addi t.i_onal
Y/ C separa1|£§¥ f§¥$§ﬁé¥§&(¥ éﬁgﬁ% sggé %ggh %EE% i nghghggﬁ%he : t"'unt of
the additi or?aillYll@ RERN r@m the ﬁellaowagahélléeeﬁatwadgailsutlh&m

This will besseophd r:gm‘g r&l;ﬁﬁépw ng illustrative calculations for the |uma
channel : 15 [err] s_.the chroma contam nation-in'the

| uma channel is reduced %_y en%/ﬁapi ThDén{-ﬂzl tude of the chroma signal.
This maems that a further Y/ Gsppargr+op of 1gadByecqurs in the |nterpolaug9
output- signals [err] and [ergly fof Bogh of the . . - 3y
' . 0 F,=1/4L, +3/4 1L, | .
' 1/4 (Y+C) + 3/4 (Y-C) o
| Y-l/zc.-'.._........-..._._.."........(4)
20 Thus. the chroma contamination in the luma channel
' is reduced by one-half the amplltude of the chroma signal.
This means that a further,Y/C.separatlon of 6 dB occurs in
the'interpoiated output.sighals;F1 and'F2 for both of the
. interlaced fields. The effects of the residual
25 ‘contamination are not as great because the polarities of
the residual chroma 51gnals alternate 180° from line to

: _llne. o _ o
- In the sane veln, the luma contamlnatlon in the j.\J
_ chroma channel is reduced by 6 dB for both the odd and even
30 fields. ‘Again, the v1sua1 1mpact of the contamination is
' reduced because of alternatlng polarltles on a line-to-line’
basis. - |
It is. de51rable to- have complete Y/C separatlon
in the output 51gnals F and F in the upper portion of the
35 frequency spectrum,. where the luma highs and .the chroma '
51gna1 share the spectrum. In thls region of the frequency.
spectrum, it is more 1mportant to have total Y/C separat1on-~ .
than to have equal spatial offsets 1m both fields. To thls'

{
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interlacéd fields. The effects of ‘the residual 25 contam nation are not
‘as great because t he polarities of the regi-dual chroma signals alternate
[err] fromline to line. In the same vein, the luma contanination in the
chrona channel is reduced by 6 dB for both the odd and even 30 fields.
Again,” the viseni, |apﬁrtqnéncuerespbmmuwﬁ|nmterpqmahmngidpgxn&ﬁnsﬁzoo

al ternating poLakihi §8 ?EGﬁFE g ég &%% g:a It is desirable to have

conpl ete,Y/ C separation in signals [err]..and [err] in the upper
portiontof the 35 - freqé@n@@esﬁﬁﬁuﬁﬁnﬁ wm@ﬁ@aﬂ“§laﬂﬁaiﬁhﬁucqmnbn¢mtchr0na

signal share tRegRRECEEURL abgltﬁus toCEhRN 1Al S @AY arP G Wy i t 1S
nor e |nportant t 0. haye total separatlon than to have e g spatla

of fsets i n°bot AStR¥ 4ine 2Q6yhin th §am€n&33§eﬂiéﬁhéﬁb
i nterpol ati ng mmnar-aémayaaoanwﬁwn-aalla&@d?lh@nals O\Axﬂiect. Iarré he FI GURE

3 apparatus 200 nent i gn 4 e store 204

and the 1-H 5 tTie . The.
"t Bt EPTRE Sl T, Be, 21 %asﬁfﬁ

| i ne-del ayed atdrmanalsl a;tédamigﬁalss offear [fixmskt @xerh’t]:.pimzmﬁi&t [ \Zﬂig/ .

coupled to the 6 rand, o]

mul Itol pl exor Zlallj"hE Eeii?? Ee{ag;r}g &ta%n@ %3193‘5‘(@ s],:'llgn E}'[Za C?C{ err]

are.al so 10 F6§BG§FFV§ﬂ¥ appilied F@ and f M@ﬂtlhﬂnnttern1nals

238 and 236 of tarmenand pybt laahem &Ha E@%onﬂdﬂiﬁ.’ﬁ?@i{& b4 andrye34,

Gecond | nout “tBRNFRBRexSxs. 2345 e 238, ToepoRs v BuipR GGk S
240 15 theregf douphg theifr n:eSpecd:meccﬂid-sfu and pedods imapedidnmeinals
e orhs BULS O pRBE, e BRhosaEs 338 30 ?&@u@@%@rﬁ@%@ﬁ&@d"%%
nulkpply b§- t wohereof during the first and second field perlods
respectlvely : L
The outputs of the multlplexors 214 and 234 are
"applied to an adder 250 to generate a (L; + L) signal.
- The output of the adder 250 is coupled to a multlply-by-two'
20 c1rcu1t 260 (herelnafter multiplier 260), which generates a
2 (L + L, ) signal. The output of the multiplier 260 is
applled to another adder 270. -

The outputs of the multiplexors 214 and 234 are

: further applied to the minuend and the subtrahend terminals
25 of a subtracter 280. It will be seen that the subtracter
280 produces'a first difference signal Ly ~ L, during the
odd fields and a second difference signal-L2 ~Ly during the
even fields. The difference signals from the subtracter
280 are 1owpass filtered in a filter 282 to eliminate, from
30 its output, fregquencies occupying the high frequency luma
| and chroma 51gna1 region (i.e., 2.5 to 4.3 MHz) The
lowpass filtered difference signals are added to the 2 (L
S+ L ) 51gnal 1n the adder 276. :
_ ' The output of the adder 270 is applled to a
35 divideeby-four circuit 290 (hereinafter, divider 290) The
' signals-Fl’ and Fz' at the output terminal 292'of the
divider 290 are tabulated in the OUTPUT TABLE below:



20 circuit 260 (hereinafter nultiplier 260), which generates a 2 [err]
~signal. " The output of the nmultiplier 260 is applied to another adder 270.
The outputs of the multiplexors 214 ang 34 are further applied to the

m nuend and the subtrahend term nals 25"~ of a subtracter 280. It will be
'seen that the subtracter 280 produces a first difference signal [err]
~during the odd fields and a secon r] during the even
fields. The difference’signals fr?nghfe?sggﬁag?a%éi%eé

inafilter 282 to elimnate, - from 30 i ts output, frequencies occup

the high frpgterracédma and chroma signal @ wn (i.e., 2.5t0 4.3 er).
The | owpass: flgéered-differem§§: l}%!nals ‘are’ aéaed to the 2. eééi [err}]) .
. signal in t ks der 270. The ? %f the adder 270 S g&ﬁ#i t*€¥o a 35
- divide-®y-four circuit 290 (hereinafter, divider 290). The signals [err]
~and [err] ut pgit ,Ler al, f the divider 0, t,abyl d,in

t he ClJTPUTahLIJA%t‘E gel o#\rl ‘%/@8‘ O%'&I' Ut TABLE Intzttga'l:l-a%?% Iijll-'l:I Q}E_Lz
Qutput Field : Low Freq. : H gl A2 dlay + 512 el
[err] [err] Field 2 [err] ' [err] 10 The output
signals [err] and [er%] of. the FI%ERE apparatus 200_are_the sane as_the
out put sigrtelfetr] Epd A K e Ig GURE 1 appar & 215%34# thet| L
frequerey range of the 15 frequency spectrum (e..g. ,tx&1y2255+wtyﬁ '
t he- high frequency region (e.g.., 2.5 to 4.3 Mz - where the hlbh frequ%ncy
"l uma. and chroma signals share .the frequency spectrun), the output signals

[err] and [err] are i|i¥het mﬂ:lputamigméls rﬁ_l‘saamiaszterstlgaaFBGmdalced by -

a typlcaJ 'AﬁﬁhZQtusCQBB falrle! @hel | 'same d<LEHe - ‘output signals F; and F,
. of the FIGURE -1 apparatus in the low frequency range. of the. \‘/
15  frequency spectrum (e g., below 2.5 MHz). In the h1gh
frequency reg1on (e.g., 2.5 to 4.3 MHz - where the high
frequency luma and chroma 51gna1s share the frequency
spectrum), the: output signals F1 and F are 1dent1cal
and are the same as the signals produced by a typlcal line .
20 comb. filter (i.e., 1/2 L; + 1/2 L,). |
Thus, - the frequency respon51ve apparatus 200 of
‘FIGURE 3 produces equal spatlal offsets for both odd and
“even fields (e g., L/4) for 1ower frequencies (where Y/C _
separation 1s not required). For hlgher frequencies (where )
| 25 equal spatlalroffset is not as crltlcal), it comb filters.
| the output signals (i.e., produces total Y/C separation |
-when there is no vertical detail in the plcture) : _ W/
A limitation of the FIGURE 3 apparatus 200 is '
that  for hlgher frequenc1es, the spatial offset for the
- 30 odd flelds is equal to one-half the line spacing (i.e., _
" L/2), while there is zero offset for,the_even fields. The
practical effects of this 1imitationsare minimized because
the high frequencies_are interpolated One-fourth'of.a line
_ below the-low-frequencies for the odd fields,and the high
35 frequencies are interpolated one-fourth of-a_line_above'the,'
‘low frequencies for the even fields. . Therefore, the
'effects due to unequal offsets for the h1gh frequenc1es
tend to cancel.

are |l.owpass ferered'
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Thus, the frequency responsive apparatus 200 of FI GURE 3 produces equal
spatial, offsets for both odd and even fielgs. (e.g., L/4) for |ower

fy equencies (where Y/ C separation is not required). For higher frequencies
(where 25 ‘equal spatial offset is not as critical), it conb filters the
out put signals (i.e., pr adw:&mémﬁalonwc{f sﬂmrmmmeinté‘uqsaléﬁim

e Lheds, for hiapRRratas an R s il 4 R e ok (G el o RER g U,
is equal to ondﬂﬂal f Btatse;da]da,spamm (freeze InXe, e efied cof svideo
of fset for the éqﬁhfl g%?o eﬁ‘e.'uprtﬂfé fiaélc?féf‘&fé %4th|ﬁé|%$@£ﬁ§n are

m ni m zed becaus requenC| es are [ nterpol ated one-four
li ne bel ow% he Plr(ﬂﬁel’stsed-@e ted hed @ Fukl kil ihsSwypdasand then

frequenci es ar eHetstigr@d@tEG e Qté’ﬁétﬁui’elhy nﬁe@@wtb@ d;awefaeeuenm es
ue

for the even fields. Therefore, the effec uaI ffset f t he
hi gh frequenci &%y 51(9"?31‘?0 %EQ op‘i‘f’:?tl? n&'é £i fé -
i nterpol ati ng amgspeaitiveld. | srrm rodtput csicjlmlsfaréleufécﬂ.ﬂi gen@:patetas

the fiord stor @ Of TREGTE et thothe Xelpdiios A iflebfay dp00ce
field is Silrec sush tdsera thedemigian fregeiveryepetitively read. out to =

generate output signals [err] and [err] during.the odd and even.fields
respectively. The output signals are used to generate a pair of interlaced

fields on the screen of a display device 10 . - such as a television
receiver. ~-12- CLAIMS: 1. A television apparatus for processing an
inconmi'ng tel evision signal to develop a pair of L
AN |



non-identical interlaced field signals conprising: an input source for ’
appl yi ng said incom ng tel evision signal; delay neans coupled to said i nput
source for generating a line-delayed television signal [err] dlsplaced in.
time .oy one horizontal line period relative to non-del ayed, incom ng

t el 'evi sion signal, Terr], applied tolbts i nput term nal; and output neans
coupl%d for receiving- sald | i ne-del ayéd and sai d non- delayed tel evi sion
signals [err] and [err] = for produci ng a pair of out put signals [err]. &nd
[err], each representative of a respective one of said first and seconéﬁi

':interlaced fields, mhere,F[err] is proportional to the sumof [err] and

[err] - £EBEMB:] is proportional to the sumof L and [err], over only a.

- Low flrequency portipn OA témebuﬂbﬁnappaeaehngPQf ?&%Ibléssﬂggnth&g Itlel evi sion

si gna re bo errl ubst anti,a i denti-cally

proportlcﬁﬁﬁ°Wfb?h iﬁﬁ#ﬁ%oﬁeﬁiﬁngﬁdE%eaFYeESPeP RaiT R ¥frequency portion

of sai d fneanbdeyticatt inter2acedhfiepdasignaldctompaiising:ai m 1 wherein

[err] substantially, gay ﬁpﬁt[ggﬁ%cgngogeab#%gggé gg&hak5§°&35§25 [err] over
S"de

. said low frequency s ectTum por aratu in Claiml
further |¢Q1Qkﬂ$@9nasigeaa:store i nt er posed between said input source an.

sai d del ay means f%eiayrmeang &bﬁ?deaf tsasdlansaﬂsu@gsb%eél Fopn signal ;
and control. neans coup for i bi t.i.n the passage of
e a

o T A g e LiRer dnlavea: ESLEvASRPE SibraoLar Gur 3 oti on
-of a ful ltimeely one 1Rorpeohedlf dihewpsgiblerelatiszei o nbnadétleqea field

| SFSQ?L;?&@%@e{%f%“'ié#ﬁp?%é%#ﬁ'e%izéfgﬂb‘ﬂeﬁ% e8 Gpliee! eronal to.
" terminal; and I ]
 output means coupled for receiving said - Kh):.-

llne-delayed and said non—delayed television signals L1 and -
L2 for producing a- palr of output SLgnals Fl and F2' each
representative of a respectlve one of sald first and

second interlaced flelds where Fl 1s-proportlona1 to the
sum of 3L1 and LZ' and F2 is proportlonal to the sum of L1
and’ 3L2, over only a low frequency portlon of the

frequency spectrum of said incoming telev1s1on 51gna1 -and
where bot;h_F1 and Ez.are substantially ldent;cally
proportional to the sum of Ll and L2 over a high frequency .
portion of said frequency spectrum. ' -

2. The apparatus defined in Claim 1 wherein Fy - (;)
substantially equals 3/4 L1 + 1/4'L2 and F2 substantially
equals 1/4 L, + 3/4 L2 over said low frequency spectrum
portlon. ' '

1

3. The apﬁaratus defined in Claim 1 further
including: - ' . :
'~ a field store interposed between said input
source an said delay means for storing a field of said
lncomlng television signal; and '

- control. means coupled to said fleld store for
inhibiting the passage of said incoming television signal
Jinto said field store after the completion of a full field

D AR




said pair of interlaced output signals [err] and [err] during the
respective one of said interlaced field periods. 4. The apparatus defined
in Caism 3 wherein said output means conprises: .subtracting means coupl ed
for peqF|V|ng said |ine-del ayed and non-del ayed tel evision signals [err]
and [-err] for developing a first difference-gaggnal [err] during said first
interlaced field period and a second difference signal [err] during said
second”interlaced field period;, a | ow pass filter coupled- for receiving

t he ohvbut of sgperiodt farloningethe; 1ﬁﬂﬁﬂaﬂgoﬂeeﬂsacﬁnpéed fheldecei ving

d | - del |
Govel oping o suRPERGiOR Sap Y AdebSrEu Mol  8Rob iy | LaRAICsp By bibhba
sai.d first and séiebd sngealatedaltetdapelyoggneanueaguengndehhg ebheredft o
sal d | ow pass f'éafﬁwfgﬂrsafdlﬁﬂgPlgﬂeaE@GE ﬁersfgﬁ91glﬁg aﬂa pUtauflﬁa

said | owpass filter salLd sum si enerate_ sa and second
out put signal s [Ehre]respertive aneiff satd i B%E%?G%doﬁé§16fp§§Fﬂ s.
interlaced fields; wherein each of said output signals is propor- tional to

said sum over said high f t f

‘passband of said Iom;gassr$?F$@$¥ ggﬁ%%ggﬁg Sg%ﬂgapgﬁtégglﬁﬁg;kggp%ggedlng
claimfurther insaidi ogtpetneeansupbrprisesai d out put neans, for
repetitively displaying Saéﬂb&f&é?lﬂgdﬂégﬁgng?ﬁgig&t FgPaéélbﬁﬁglsaéad

[err] during the respective one nt er eriods’to
generate a stilllpnerdedayed an¢eﬂ@¥r§?6ﬂ¥§¢gﬁﬁleﬁi6b€§sﬁhgnﬁbEathBEd L,

substanti-ally asf@?r&éGQE&ﬁiﬁgdsSEirQeddﬂffEréﬁéérQm@ﬁalo(ﬁlGﬂ§E aueﬁnghe

acconpany|ng dragglg flrst interlaced field period and a second dlfference

L/ _ 51gna1 (L -L ) durlnq said second 1nter1aced field- perlod,

a low pass fllter coupled for rece1v1ng the
output of said subtracting means; '

summing means coupled for receiving said line-
delayed and non-delayed television signals L, and Lz_for
developing a sum signal proportional to the sum of L, + L,
during both of said first and second interlaced field
periods; and . - ' '

' 'addlng means coupled to said low pass fllter and
said summing means for combining the output of said lowpass
filter with said sum signal to generate said first and
second .output signals F1 and F2 during the respective'ones

_ of sald interlaced fields;

'S“j ' o : wherein each of said output s1gna1s is propor-
tional to said sum over said high frequency port;on of -
éaid_spectrum outside the passband of said low pass filter.

5. The apparatus defined in any preceding clalm
further including means, coupled to said output means, for
repetitively dlsplayxng said first and second output
51gna1s F and F during the respectlve one of said
1nterlaced fleld perlods to generate a st111 plcture.

- 6. Television signal processing apparatus
substantially as hereinbefore described with reference to

FIGURE 3 of the accompanying drawings.
(LT



