2245448 CONTROL Sl GNAL SPREADER The present invention relate ﬁ %;8 -.
apparatus and a nethod for spreading control signals occurri m %

one of a plurality of scanned.5 |l ines. The processing of standard _

tel evision signals, such as PAL, NTSC and SECAM i s often changed to adapt
to the environment of the signal. Adaptiv_el processing can result in sone
regions af an inmage bei ng. processed in-one way 10 and ot her adj oi ni ng

regi ons being processed in a dhhehe S0 = Wi the processing

di fferences can be perceived VT eweTr e g r egi ons and t he
transitions between them can be discerned and image quality is degraded.
15 For exanpl e, when separating chrom nance and | um nance :
conponents from t héllwomresdrt einvedtion Stelatas , tod ahr apparafiitd ahd! hemetiod bRrused
and as long as there is no change in the i nage over a franme tine interval,

t he | um nance SprRading @nntrahstgn@%npmwmg alang mayconep b agplyrality aofascamned f |,
however , §hev\j.cene changes over the frane tine interval, sone col our

i nformati dn witi¥She 20 present in the separated | um nance conponent and
sone brightness information will be present in the-chrom nance conponent. A
line conb filter will also separate the | um nance and chrom nance
conponent s fromthq'w'& ' : i : . gilﬁrs ' . 5
produce significantly deg?%%e bf:g%ggﬁig%ﬁt&%svilgggls | n,?ﬁéﬂ%&?&%ﬁ@% %‘%%ge-
motion. HowevSECAM is'eftew ohariged! teradapeiticthe snvéroneidnt ofithe sigahlit Adapéiet he
reproduced image, relative to a franme conb filter. In addition, in

| ocat i ons wheptocessiagtdanaiesult amsome gagions of an image being prosesseddd dne way i ne

conb filter 5 2- . . . : .
N 38 and other adjoining regions being processed in a different way, however, if

FiNLAL

the processing differences can be perceived by a viewer, the different regions
and the transitions between them. can be discerned and image quality is

degraded.

15 - For example, when separating chrominance and luminance components
from the composite video signal, a frame comb filter may be used and as long
as thére is no change in the image over a frame time interval, the luminance
and chrominance comporients can be completely separated. If, however, the
scene changes over the frame time interval. some colour information will be

\/20 present m the separated luminance component and some brightness

* information will be present in the chrominance component.

" A line comb filter will also séparate the luminance and chrominance
' component.é from the. composite video signal and such a ﬁiter does not
25 produce significantly degraded component signals in the presence of imag_é'
motion. However, a line comb filter reduces the vertical resolution of the
reproduced image, relative to a frame comb filter. In addition, in locations

where a vertical transition occurs, an image processed by a line comb filter

=

i




may ibe degraded, due to colour information being introduced into the

| um{nance conponent, producing an inmage artifact known as hangi ng dots; and
bri ghtness information being introduced into the chrom nance, producing

i ncdarrect colours in the nei ghbourhood of the transition. 5 The tel evision
signal may be adapt.ively processed by detecting the presence or absence of

I mge notion. In regions in which the inage is stationary, the frane conb
filter is used and, in regions in which the2mage is changing, the line
conb filter is used. 10 Another exanple of such adaptive processing is an

adapt i ve doubl e-Mma¥ b legreded. ndue | tac salove ainformatim deing rintroduced into the

converter, intersti.tial lines are displayed between.lines of the current
field. The int erSpipange ‘F‘?.‘_HB%“ﬁ‘rPéyPb%dS é“f'%t%f%tgﬂ@wmgs ?\aegw,g dots;

h inth f. iraae: cha wisipl L fac b |
T ar e cagen. ARG infARA A VARE fnrddbced ih] s pROMIEE? prodiftnd S
lines wi thi n { hangiré@tolobl ik B ineldiibaiBAbF 8 tePRBhdllibRn 1S Teduced and

line flicker may occur. In regions Ih which | mage changes are detected,
intrafield interpolated interstitial lines-are displayed and field-del ayed
interstitial |ines are-displayed otherwi se. 20 Yet another exanple is-an

adapti ve peaking circhhe televisionc signalymays be adaptjvely| pracessed by (deteating: the e
processed with a rel ativelg | ow peaki ng factor ﬂd r.eq?ﬁi ons haﬁi ng . .
relatively | ow RSPSECE QF BPS5OCE H(IMRgH mPEtan. o In, Ergiods gn Waigh, the image is

e changed 1 n r SCRRRARY K TRAnE conl? FREERE ke i SRR B WM IR ARk

I's changed in respon e value of "an” esS
The paraneter i s ghingifg, the line c6mbefiRér Isuisegance/ chrom nance separation

and
10 |

Another example of such adaptive processing is an adaptive double-
scanned non-ihterlaced scan converter. In such a converter, interstiﬁal lines
are displayed between lines of the current field. The i;)terstitial lines may be
those from the preceding field, however, in the presence of image changes,

15 visible artifacts, such as serrated édges. occur; The interstitial lines may also
be interpolated from lines within the current field but the vertical resolution
is reduced and line flicker may occur. In regions in which image changes are
detected, intrafield interpolated interstitial lines are displayed and field-delayed -

U interstitial lines are displayed otherwise.

20 | -

Yef anc;ther example is an adaptive péaking circﬁit in which fegions
having.relati.vely high noise are processed with a relatively low ﬁcaking factor
and regions having relatively low noise are prdcessed with a relatively high.
peaking factor.

In all of the above examples, the processing of the felevision signals is
changed in response to the value of an estimated parameter of the image. The

parameter is motion, in the case of luminance/chrominance separation and




-B- doubl e scanning non-interlaced conversion and relative noise |level in
the case peaking. Differently processed regions, and noticeabl e boundaries
bet ween these regi ons where the paraneter is present and where it is absent
is an undesirable artifact 'introduced by the above types of adaptive
processing. It 5 s desirable to reduce the visibility of these artifacts
-in such systens and thereby inprove the pergﬁlved quality of the inmage.
United States Patent No. 4 868 650 descri bes tidw a paraneter of the

oints. in the ima

it id d f
i onal 10 15t hﬁ??@i%a"?ai{"i@é AR A%, BopE i raok TolgEITish el i e qase
| th |
< then spread oy aRing’ AFSFERD) BROERREP roglolf, A foeahlt b otldsis Saledn
region in which ttheseC egions vﬂi&é%e rﬁﬁ@&rraits e‘sé‘ntaind ﬁ(ﬁ‘% ddb}%@ﬁtt is08n

This generates a region in which proce55|n gradual I'y changes
region in which mmdesxsabletam&ooﬁnmomm the sboa.ertslpésraﬂ adiﬁtnﬁ&ﬁ%ode@smél qlﬁ

the other type of proce55| ng is perforne According to a first aspect of
the inventiomd, thA®dssirabler tnnrmeaﬂpawmmmy of thpseattifagtscimsuch systgmsl and

occurring al ong ne of a ural it .can | i nes; conprising:
an i nput terni nal?ﬂ%/rﬁgmmoﬁ%ﬁﬁ BF’@}%FEH %P B&egﬂﬁg‘? .ed; control signal
wi deni ng nmeans coupled to said input termnal, having hori zont al ‘Wi deni ng
means for extending each control signal for an interval along a line in

whi ch it occurs so as UsitdP Sy PRhENG U 868"659'de'§bﬂﬂé’d héwh gifaf thé@t of the

wi deni ng means for repeating said |ine a given nunber of tine | ne

Si gnag./spr eadi ng composite viddeesighal isasti matetk forngpimsanghé dmagenex zontrol 51gna1
during™a first portion of the extended control signal on each line, a ranp
of increasi d§ vaiuthen genernigdrhasediongthe pacametan wlick may beasediip c@nmohghq

selection of processing modes. The value of the control signal is then spread

‘symmetrically in a gradually decreasing manner around the region in whlch
the control sxgnal is generated in at Ieast one direction. This generates a
region in which the processing gradually changes from a region in which one
15  type of processing is performed, to that in which the other type of processing

is performed.

| According to a first aspect of the invention, there is provided appé.ratus
Y - for spreading control si gnals o¢curring along any one of a plurality'of scanned
20 lines.," comprising: an input terminal to which control signals may be applied;

: control. signal “ widening means coupled to said input terminal, having
horizontal widening means for éxtending each control signal for an interval
along a line in which it occurs so as to form an extended control signal and
vertical widening means for repeating said line a given number of times; line

25  signal spreading means coh'p_led to said widening means for generating, during
- a first portion of the extended _control signal on each line, a ramp of

increasing values, for maintaining a maximum value of the ramp during a
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-4- remai nder- of the extended control signal and for generating a ranp of
decreasi ng values at an end of the extended control signal; and, vertical
spreadi ng nmeans coupled to said |ine signal spreading neans for deriving a
function of corresponding signal values along a plurality of lines. 5
Preferably, said control signal is a one bit signal and said control signal
wi deni ng neans includes first and second gércuits connected in series; said
first circuit having an input term nal and an output termnal, n clock

del ay el : | i hayi 1]
raspocti valy TOMRUNRnGE bR Seedl Bsel St A 1Bh ENREIS Shmpaof
¢l ock del ay e'cFéEFéHs?n%ﬁ?i‘ﬁ%? at Eﬁﬁnﬁaésg’tlhg%%ndtegrd@nﬂ%'l sEIHAL AU PUL

connected to said out ermnal second <CIrcui aving an i nput
term nal and arrficdlpspreading fdhns r@ohPl_%@ fels@d Rhé "Sgtial ﬁﬁéﬂﬁﬁ%eﬂehﬁk ¥6f | €s,
an OR gate having m+ 1 inputs respectively connected tothe IRput term nal
of sai d secondlerivingiat fuaotion lof centtspditding cigmbivalude latongh plerility toffidiness e
renote frgmsaid other input term nal and an output- connected to the output
t erm nal said second circuit. In the foll ow ng description of apparatus

it eot] on &l ang ¢ he TEETRDI; Rud caRtTol AEnabis & Gas B sigopl dgaid Gofifrol Sigdal ¢
Irection al ong carl 0O a
01 54,0 P SRR 43503 B oM JF40 SBS HTNLT

form As the gt Eirtuiti KV an'ifpeCidritfifalf fid Bh odtsutdlePRthdlNa 86k deldies.
t hey 25 have a fixed control signal anplitude, such as one and the rest

of the_si gnal sldments reammeetedeins s¢riess, ars QR gate heving Ag-1i snputts Irespedeivelyood
by those skilled-in the art, each scan line has a fixed nunber of pixels
and when khi s cannerted to said input terminal and the ends of said clock delay elements

remote from said input terminal and an output connected to said output
terminal; said secbnd circuit having an input terminal and an output _términal,
m line delay 'el_eménts connected in series, an OR gate having m+1 ihputs
respectively connected to the input terminal of said second circuit and the ends
15  of said delay elements that are rémOte from said other input terminal and an

output connected to the output terminal of said second circuit. |

* ' o
In the following descriptidn of apparatus for spreading a control signal, -

o the word "horizontal” will refer to a direction along the scan lines and the
20 ‘word "i/_ertical." will refer to a direction perpendicular to the scan lines.
~ Although the invéntion may be carried out by means of analog circuits, it will

be described in digital form.

As the control signals are derived for pixels along the scan lines, they
25  have a fixed control signal amplitude. such as one and the rest of the signals
have reference values. such as zero. As is well understood by those skilled

in the art, each scan line has a ﬁxgd number of pixels and when this number




of pixels is received, inmage form ng apparatus places the next-pixel at the

begi nning of the next line. As the extended set of control signal values,
i ncluding the repeated scan 5 | i nes, emerges fromthe horizontal and
vertical wideners, it is applied to a line signal spreader that creates a
ranp of -increasing values starting at the first original control signal

pi xel and extending through the "1" pixels following it. The line signal
spreader retains the maximumvalue it created at the end of the ranp of n

pi xel s until t : O recei.ved. At thi it , e.l Line
si gnal spreadepﬂ:cﬂ?xg%{selss ‘éecre g%}?—’ qgﬁgﬁe@)ﬁg’é%g _ﬁap%wegfaggfitﬂ% "F%g pf’fﬁqligvﬁhﬁg r
pi xel s, it bei f&gﬁhﬁ]ﬁﬂg%ﬂﬁé deR@line. may be equal to n, to achieve symetry
bet ween the ranp of increasing values and the ranp of decreasi ng val ues.
Thus, instead of having a control signal that abruptly changes from 15
zero to unity and back to zero, the line signal spreader generates a signal
that gradually changds theestendadset of eontssl sigmal walues, including thesrepeatedascanhe

ot g8 nabedinge. ekescibe £aedniay sba ueRRL didohert it Goekied Bumbne;

i gnal and 't hens: - ianal . At thi i nt
there are me 1 S SPeader A6 FRES & dRnoRbERrsii et Sidhine qy thechibt
; | hori . . . . NPty _
preadi ng becacaian oOfifolgRalopikl nd thiendleg drollgh Sog 717 BiXEES folwing |
achi eved, in adtoffhenline signal spreadéeretaias fthe maddmuno valuedit icheated iaothe bud

effectively fornming a window that is one cl_l ock cycle wide and n¥l |ines
hi gh. \JThi' s wi n@éuhe sampaofrrepixets-untithalasy " 1{ihas beemsecaivedst Atithisipaint the e

reached a t hen dr.opped by, one |ine beforg,again scanni ng across. t.he.line.
e nont £ & el iRl proddsr Srrmich & AMAY) deToieg Halues dipme the following '*

- - r pixels, it being understood that r may be equal to n, to achieve symmetry

between the ramp of increasing values and the ramp of decreasing values.

Thus, instead of having a control signal that abruptly changes from

- 15 zero to unity and back to zero, the line signal spreader generates a signal that
gradually changes from zero to a maximum value, such as seven, at the point

where the original ._contx"ol signal just_appeared, retains this value during a

number of clock cycles equal to the number of contiguous control signal and

\/ then gradually decreases that signal back to zero. At this point there are m+1

20  identical lines.

* Whereas. this Epreads the control signal horizontally along each of the
m+1 lines, there is no vertical --Spreading because all the lines have the same
values. Vertical spreading is achieved, in accordance with a preferred form

25  of the invention. by effecti\}ely forming a window that is one clock cycle wide
~-and m+1 lines high. Thls window is scanned horizontally, until the end of
the lines are reached and then dropped by one line before again scanning

across the line. The control signal value, for the point corresponding to the

R
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-6- bottomof the window, is a function of all the values within the

w ndow. Sinple addition of the values within this w ndow has been found to
work well. 5 As is well understood by those skilled in the art, the
necessary delays required to obtain.the spread control signals in this
manner, w |l cause the spread control values for the original control
signals to be delayed by n pixel intervals plus mscan line intervals with
respect to the corresponding video signal~ is can be corrected by

del aying the video signals by, n pixels and 1 line scanni ng intervals.
A di sti nct _adv;!i’.‘??t&&b o the  Widody. is A pctof egal#lnglecaﬁmwgﬁulgnﬁwsmd% t he
maxi mum val ue Py rS: fi | gLnals ¢ ral :
si gnal pi xel a(rigcém hﬁi)lf aggﬁisdgpngfﬁg?é’rg&%lyx@@%asm fﬁv lb@ﬁ%’rﬁ#eﬁh%g@uﬁcgttﬁc%g%i ng
to a second aspeqgf, of the invention, there is provided a nethod of
spreadi ng control signals occurring along anyone of a plurality of scanned
| i nes, conprising: applying control signals to an input term nal;

hori zontal | y extending, said control signals along the line by an interval

to 20 foPman ext eﬁsﬁd@dwelén;ndgrstmcghmthmldlé@a; thegatathe néqessaryrdeldgesr of
Tl 5 5 S S i a5
D of  decr eaSbioad ol valdes BEENGREIEP ELNY! FRRAS ko BEUSIERIHY h
deriving a 25 intkratd bn{sﬁ sEAELiRO TAERARIS Vit respedtlo HR! Stitesondthg? video

plurality of |ines. o , _
" signal.. This can be corrected by delaying the video signals by n pixels and

"10  m line scanning intervals.

A distinct advantage of this method for spreading control signals is!at
the maximum value of the rising ramp occurs at the first original control
signal pixel and not at some later pixel, as in other methods.

15 |
According to a second aspect of the invention, there is provided a
~method of spreading control signals occurring albng_ anyone of a plurality of
scanned lines, comprising: applying control signals tol an input terminal;
U horizontally extending said control signals along the line by an interval to
20  form an extended control signal and repeating said line a number of times;
generating a ramp of incréaSing values during a first portion of the extended
control signal on each line, maintaining a maximum value of the ramp during
a remainder of the extended control signal and generating a ramp of
decreasing values at an end of the extended control signal; and, deriving a

25  function of the corresponding signal values along a plurality of lines.
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For a better understanding of the invention, and to show how the sanme may
be carried into effect, reference will now be nade, by way of exanple, to
t he acconpanyi ng di agrammatic draw ngs, in which:. 5 Figure'lis a
bl ock di agram of television equipment in which a control signal
representing notion is spread so as to create a better col our inmage from -
signals transm.tted in accordance with the NISC standard; Figure 2 is a

bl ock di agram of a control signal spread constructed in 10 accordance

o Loy ention: 94l Fora behtSiddbBaniiie GFihe Hivehrioh i8h m&mgh%edf

this invention;- Figure: 3A to respective re resen

appearing at l%ame @idyedBoR#tied inkd leffeetl RFer¥nge IW"‘xlthGW Be dnade 95?9w3§3 of
illustrate operation when the position of the horizontal and vert

wi deners are rexample, tthe accompankingdiagrammati€idrawingst in aelgieht | vel y
represent signal val ues produced at like lettered points-in Figure 3. as
they woul d be conputed to derive the final control signal values as shown

AN SIS RIS S NEESTR IR P At
bl I z|
(ole expla 2%@%@@2@@0@%@3&@ S 19458423 et ol pagy o

noti on adapti vVeignald GRS HTherEanceRthahe NTSE sthsddrg! arr angement
coul d be used for other adaptive processing circuits, such as double

scanned non-interl ace adaptive scan conversion, or adaptlve peaking. 5 In

Figure 1, a conposite videqg signal,-such as that derived from an
— -~ Figure 2 is a block’ dlagram of a control signal spread constructed in’

10  accordance with the invention; o -

Figure 3 illustrates the circuits of one embodiment of this invention;

~ Figure 3A to 3E respecttvely represent signal values appearing at

15 correspondmg lettered points in Figure 3;

Figure 3B’ illustratesoperation when the position of the horizontal and

vertical wideners are reversed;
20 Figure 4A to Figure 4E respectively represent signal values produced
at like lettered points-in F'igure'3. as they would be computed to derive the

final control signal values as shown in Figure 4E;

Figure 5 illustrates a line signal spreader using PROMs rather than

25  multiplexers, as used in Figure 3; and

Figure 5A is a tablé explaining the switching functions of Figure 5.




1 o -
NTSC broadcast by a television receiver, is applied at a termnal 10. A
notion detector 12 provides a signhal having a val ue such as "1" when notion
is considered to exist and a reference signal ‘"0" when notion is not 10
considered to exist, to a signal spreader 14, such as described herein. A
"k" val ue generator 16 responds to the signal at the output of the signal
spreader 14, to provide values of k and 1-k for the control of soft
swi tches 18 and 20. The conposite video si-ghal at terminal 10 is applied
via a matching delay 22, to a frame conb filter 24 and via a matchi ng del ay
26 to a line conb fiThedlustratedzgnbattiment desoribied betowwilldre discadsed iimaerens t he
output of the frame copb fi|lter 24 is used to provide the |um nance sjgnal
[err] and the &franMmatiek adaptive [uminancejchrominansen sepanaser t dkesimilar

mages. Separ at dargeiment anbiq Becyed (ST OEr drapRre GRPshRg SRGUE. cRichES
mage: ¢ S eSS nt 6 9P AERPRYS BHOSPSEHR
apart oo adoeqouple, SREL Hofhintti e HRpRRTRGR GEneklIRs, B 38R0 HENIRETC

is reinforged, so as to provide a |umnance signal free from col our
contamnation. Simlarly, the subtraction of those two signals cancels the
| um nance and provi dasFigurhidora cempesite yideb, signale such lasthataderived from an
cont am nati ons ver, when there.i,s notion, fhe outd[ogit 'éof the |ine conmb

~9- filter 28 i croadeast by Retedevision Jereivess napplie termigal 10.0nfone
line to the next and.since .t,he chyom nan signal js 180 degrees out  of
phase on ad) ARG SEECIOE 1 RroyHHeqm SREATyHIE & velB SUERES "o Woer Biption
adj acent |1 nes j¢anmeldardd @oC BRI dHiNGE réﬂpé}%egitg%aﬁn‘é)"r SHEO 6ttt 11§ not
| um narice conponents
" 10 considered to exist, to a signal spreader 14, such as described herein. A "k"
' value generator 16 'responds to the signal at the output of the signal spreader
14, to prov_ide‘ values of k and 1-k for the control of soft switches 18 and 20.
The composite video signal at terminal 10 is applied via a matching delay 22,
to a frame comb filter 24 and via a matching delay 26 to a line comb filter

15 28.

‘When there is no motion in the image, the _outpﬁt'of the frame comb

filter 24 ié used tdprm)ide the luminance signal Yy and the chrominance

Y, signal Cgc. | | |

20 -

| Frame comb filters take advantage of the fact that, in the absence of
motion, two composite video .images separated by a frame timer interval differ
oonly the phase of the chfominanc_e signal. Therefore, when two composite
video signals one frame apart are added. the chrominance is cancelled,
25  whereas the luminance is reinforced. so as to provide a luminance signal free
from colour contamination. Similarly, the subtraction of those two signals
cancels the luminance and provides a chrominance signal, free of luminance

contaminations. However, when there is motion, the output of the line comb
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5 and subtraction cancels the |Ium nance and reinforces the chrom nance,
so as to provide uncontam nated | um nance and chrom nance signals. However,
the line comb filter reduces the vertical resolution by half. If the frane
conb signals fromthe conb filter 24 were used only when 10 there is no
motion and the line conb signals fromthe conb 28 are used only when there
I's notion, the difference between areas in the picture where there is no
moti on and areas where there is notion will e very noticeabl e in nost

the fr aﬂieéﬁiﬁr Fler o8 gﬁgg;eﬁ.ﬂ};g e gl oty T3uS chanss Moo aies e for
28, 15 ' h :
s moti on. whor B4 ABR:A Ynse e CRORiRGs SgPFis 1B 4R dul W phane e |

the region surrg zﬁaeeﬁ life€aadditio hhﬁf 'q?é ts‘i’%%al# ﬁ-é’rheﬁké’”pdlﬂfsebﬁeﬁd %Eéht"ﬁhﬁ?s

The val ue of k t determnines the re armount s of e out of t
comb filters 24cam@lsthe chiGhiringe cbmpdaents aad rbiaforces ﬂreflhnﬁmﬁmﬁ&temi

20. 20 The si gnal spreader 14 produces- outputs having a maxi num val'ue of _
poi nts wher8 t hand subtractiorooanmels thel luesinance: angd seiofdrces tlmcdmrmnaMe &0 athe
di stance fromthe area where there_ js rmtlonéncrea.ses

Reference i s notQ PreYide un¢onsaminated imiganes an Fhr@mlealzce $18F%||§t Fewexer: the
mai n conponent s,.of a o roI i gn spr.e cENSs d in accordance
with the invent B com tibreni%%s%? Vgpb‘ﬁ‘gl §s°l“té€'? h&%ﬁi'ues of 1 when a

phenonenon such as nDtlon I-s present and a value of 0 when it is not
present are supplied to termnal 30. A suitable neans for providing such

contr Q_/ signals is tifthedtine coaibesigmdls ERmthetatib dilter 24 were used only when

10 . there is no motion and the line comb signals from the comb 28 are used only

when there i is motion, the dlffe_rence between areas in the picture where there

| is no motion and areas where there is motion will be very noticeable in most
cases. Therefore. it is better to gradually use less of the signals from the
frame comb filter 24 and more o_f the signals from the line comb filter 28, as

15  the scanning of the image gets closer to a region where there is motion.
Where there is motion, k=1 and where there is no motion, k=0. In the
region surroundmz areas of the motion, k takes on intermediate values. The

value of k thus determmes the relative amounts of the outputs of the comb

filters 24 and 28. that are b_lended together in soft switches 18 and 20.

20 |
The'st‘g'ha—l .spr_éade_r 14 produces outputs having a maximum value of |
~points where t}tere is motion and values that gradually become small as the
distance from the area where there is motion increases.
25  Reference is now made to the block diagram of Figure 2, illustrating

the main components of a control signal spreader, constructed in accordance

with the invention.




5 A horizontal w dener 32 is coupled to the input termnal 30 and passes
all 1's applied to termnal 30 and produces an additional n 1's after the
last 1 is applied to the term nal 30. A vertical w dener 34, coupled to the
out put of the horizontal w dener 32, repeats each |line emerging fromthe
horizontal 10 w dener mtinmes. A line signal spreader, coupled to the

wi dener 34, provides a ranp of increasing values during the first n +1 1's,
of each line energing fromthe vertical wilfener 34, maintains the naxi num
value of the ranp as long as the 15 1's are present and provides a ranp
of decreasi ng val ue€odtrol signalschandrg valyes:of|lswhéma phenersendn suchegs motiono

achieve symmetry between the t ranps, .Thus, there are | i nes havi ng
an increasi ng SAFpSt apgdavajue \g?QeWh%% itds not presgateage m&?«é@ t&ﬁmueal%-

decreasi ng range of,yval ues. .20 . g vertical signgl spt.eader 38.apd -
t enporal spr eagesP“&B?é means. far Rf@ﬂﬁlﬁ%ﬁﬂﬁﬁéﬁmﬁq 1$Pﬂ§9§ﬁtfn‘§'gh§ﬂr%§f§g?f gg
derive the Cogﬁfﬁigu\‘é‘llues to be used by the k-1 value generator, to’
generate k and 1-1 "Which in turn are used to control the soft switches 18
and 20. Tegporal spreader 40, if desired, is suitably a |owpass filter. It
provi des gradual transitions between stationary 25 and novi ng portions of
a scene, irn the tenAdarizomtainvidendihd2 és coupledito theginput teaininal 30 and passed by

sliding a wi ndow 'ghat | s, one clock cycle wide-and n¥ 1 |ines high, a(i‘ross
the raster andlkdroappligg tohtermingla3Q asd\producesian additionalnilns aftee thelastnay .

A rough 1116 S Rkl 300 A Ogtal 5" e 55 b,

de to the cigemi - o _ 1 _
o nsS hent O telhdtizdhidl ifderier 327 réhedRGIch i dmetgifly Hrk the hoFZaA ™!
10  widener m times. B o :

A line signal spreader, coupled to the widener 34, provides a ramp of

increasing values during the first n+1 1’s, of each line emerging from the

| vertical widener 34, maintains the maximum value of the ramp as long as the

15 1’s are present and provides a ramp of decreasing values during the next r
pixels. In the usual case, n=r to achieve symmetry between the two ramps.
Thus, there are m+1 lines having an increasing raml; of values, a series of

maximum values and a decreasing range of values.

20 A verﬁcal signal spreader 38 and temporal spreader 40, respectively
coupled frmﬁ* lmesxgnal spréader 36. derive the control values to be used by
the k-1 value génér;tdr. to generate_ k and 1-k, which in turn are used to
control the soft switches 18 and 20. Temporal spreader 40, if desired, is
suitably a lowpass filter. It prbvi'des gradual transitions between stationéry

25  and moving portions of a scene, in the temporal domain.

These control signal values are formed by sliding a window that is one

clock cycle wide and m+1 lines high, across the raster and combining the
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2, except for the tenporal spread of 40, -which is an operation feature not
usual Iy utilized. The horizontal w dener 32 has an input termnal 44 to . -
which a series of n clock delay elenents are connected in series. In this
exanple, 10 six clock delays 46 to 56 are used. The output of an OR gate
58 is connected to an output termnal 60 and seven inputs of the OR gate 58
are respectively connected to the input term%naL 44 and the ends of the
clock delays 46 to 56 that are renote fromthe input term nal 44. Any

control signal RaiieSSvitRintthN Wintdiiv ¢ rianli i . :
phenonenon such as -rm_tilign, WW 15 - ﬂgéceﬂéaglgat d s?&bg@%@ﬁ%ﬁﬂfﬁ%@uﬁgu@r
term nal 60. Theombifingathevé ¥alRs a¥é pussible)lit had BeensSfolind ahhy siedpletddditien -
There are m 1-H del ays connected in series to an input termnal 62. In this
exanmpl e, there aarksovell.1-H del ays 64, 66, 68 and 70. so that mr4. The

out put of an 20 OR gate 72 is connected to an output termnal 74 and its
five inputs are respectively connected to the input termnal 62 and the
ends of thecl-H del a 64 to0.70 that ;are remte. fr, t he,i pput termpnal 62.
Any |ine of_sconf[rol 3%5?{5%“' éﬁ)BP\"éﬁ'a@%_‘?ﬁ]éeFﬁﬁw qf}rrpg’r"?a?’ Q\ndp{scr&tlon of
repeated four Ui Liioditidtt!of'the Hyehtion $howh ihfMfie BI6A lpPhm b HiRtre 32
and the vertical w dener are shown as belng connected 1 h sé&ries,_i e

order naned, bepyegeepthfori theWenigiril Spread Of mr-whi‘t%?soﬁﬁ%ﬁé?aﬁéﬁtf@dﬂx?é‘%g@n
- e

output termnal 76, for the wi dener circuits. - However, as wll

expl ai ned, the vsubdly utilizdde The hooizoatal sndenerr32 kvas anvinpat eerminaldd to which
reversed. In either, case, control signals having the, logic value of 0 pass
t hrough t he wi darseriesof qucloskslelay glemaents are genagejediin seriesd In kbis| expmple,

val ue of 1_1'0i nqisi%actl&r:]lg dteﬂg's %et%%aere_olise_ . eengtrlrt%rdggf aril OR § teeagfgs connected
to an output terminal 60 and Seyen inputs of the OR gaie 58 are respectively
connected to the input terminal 44 and the ends of the clock delays 46 to-56
that are remote from the input terminal 44 - Any control signal 'having an
amplitude of I, indicating the presence of a phenomenon such as motion, will

15  be repeated six times at the output terminal 60.

The vertical widener 34 of' Figure 3 is Similarly constructed. There are

m 1-H delays connected in series to an input terminal 62. In this example,

there are four 1-H delays 64, 66, 68 and 70, so that m=4. The output of an

20 OR ga:te_ 72 is connected to an output terminal 74 and its five inputs are
respectively c_omiected to the input terminal 62 and the ends of the 1-H delays

64 to 70 that are remote from the input terminal 62. Any line of control

~ signals applied to the input teriminal 62 will be repeated four times at the

output terminal 74.

" The horizontal widener 32 and the vertical widener 34 are shown as
being connected in series, in the order named, between the input terminal 30,

for the spreader system and an output terminal 76, for the widener circuits.
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5 as to forma rectangle of logic 1's that is n +1 clock cycles wi de and
m +1 lines high. The line signal spreader 36 is coupled to the output
termnal 76 and functions to produce a ranp of increasing signal val ues,

along the line that 10 i ncreases fromthe value of 0 to a maxi mum val ue,
such as 7, during the first n control signal periods referred to. It then
hol ds the maxi num value as long as 1's app at the termnal 76 and, when
they cease, it produces a ranp of decreasing Signal values along the line

over a period r clock c ual gase.r=n. this is dpne i.n the
same way a-I.-ongoi‘ﬁ v F’Erea%h ﬁL&@r ei‘lﬂé‘"fg t?‘Eoﬂ‘E‘ﬁ’Blog t%é‘l""&é’%ﬂ’re%“ rertieR)i
val ue of 1 and I ng,, | t :
identical Ii nes@hwfigﬁgﬁecw?&gomgnléﬁ ?é’&?% l ﬁg %J%t#%éoﬂcne
si gnal spreadi ngal{ieEQ ?‘d&slth'ﬁugﬂetﬁéﬁhaéﬂer @irél}i{stn)hﬁ’d(gﬂ v?ﬁh&ﬁsar@“délﬁf ARl

80, an input 20 - [ abel I nput | abelled 1 and a swtchi'ng control
i nput 82, to whihetogimgvalat of d| indicating) thenpresemazyofbe pherpimenbn, i aepeated goc 0
i's applied o .the c?ntrol i nput- 82, the oufput 80 is connected to the input

| abel | ed 0 3nd #hihform tallgiﬂsOﬁmlpe’dsttbattlﬁé"ﬂlpﬂ@dBEWPﬁé”léétm lis
connected to tE@E' gh | abel led 1. A one clock delay elenent 84 and a _
gener at or 86 t SB@ orns 25 the function f(x)=n-1 are connected in .

series between the output 80 and the input |abelled 0. The generator 86
cannot go bel ow a value of 0, thus, when no notion is detected and a | ogic

0 is at the input teThe e signall ﬁﬂb&dé} 356 ] @oﬁp‘léé‘ié th@rd'myﬂh fePmindl Ir6'ahd
circuits 32 and 34 to the termnal - 76 and the - - output 80 of the

mul ti plexer 78 fonttiohs t® produdeya samp cfnmmceasiﬂgsrgnghaaluas tloagahedine Htatof
t he rrultlplexer 78 shoyld be other than O, it will be reduced to O in_at
nost m cl otk cyep@@seao o theoyalue of Oriogr maxumuanvalug.sucha@s 7rguring theefirst

- n control signal periods referred to. It then holds the maximum value as long
as 1’s appear at the terminal 76 and, when they cease, it prdduces' a ramp of
decre'asi'ng: signal values along the line over a period of r clock cydes; in the
usual case r=n. .thi:s is done in the same way along the line whenever the )

15 control signal aséum_es the logic value of 1 and along the m succeeding lines,

so that there are m+1 identical lines.

In the circuit shown ."in Figure 3, for performing the line signal

\_  spreading funétion_ just described. a multiplexer 78 has an output 80, an input
20 lab_ellea 0, and input labelled. l and a switching control inpﬁt 82, to which
logical values: of 0 and 1 may be 'applied._ ‘When a logic 0 is applied to the

control input 82, the output 80 ié connected to the input labelled 0 and when

a logic 1 is applied to the input 82 the output 80 is connectéd to the input

labelled 1. A one clock delay element 84 and a generator 86 that performs

25  the function f(x)=n-1 are connected in series betwf:en the output 80 and the
input labelled 0. The generator 86 cannot go below a value of 0, thus, when

no motion is detected and a logic 0 is at the input terminal 30, logic 0’s are

passed through th_e widener ci__rcuits 32 and 34 to the terminal 76 and the
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seen, the nultiplexer 78 will produce the ranp of decreasing values, 5
previously referred to. The ranp of increasing values, previously referred
to, is formed by a multiplexer 88. It has an output 90 (connected to the
i nput of nultiplexer 78 l'abelled 1) an input |abelled 0, an input |abelled
1 and a switching control 10 i nput 92, to which logic values of 0 or 1
may be applied. As in the nultiplexer 78, q3logic 1 at the control i nput
92 connects the output 90 to the input |abélfed 1. and a logic 0 at the

control 92 connects t Q ut .90 to e .l I.apel led Q. A ogne clogck
delay 94 and a dt 'r'%#@f.’ gléeom[uﬂtég eﬁ%"r?@?‘ﬂg% '#EEXFPB‘F pee the Slgnéfét the
connected in serg utbgl?‘éﬁ%e tn“ﬂti@ié&?i"%%oﬁpfibé rb‘ti;'he':]rSth nirggﬁg&igat?elﬁézﬁ&;%'
Thehgener7at.02I 15?6'030 nno _p;nodléce l:s__g!r:al val'ye above i) cte ) r{ﬂm
such as an Ao i I : i
coupled to the ouiﬂput 8890f§1t ﬁ%%{effpfgge?ﬁégm'?’tﬁgt@%?te?%gr&g?%nésswm be
spreader 38, thaeemy dhedmultiplexer @%ﬂlwi\!hlpreduwlathecm?%f' deemﬁ? byaltiés;
k- 1 value generator 16 of Figure 2 to generate the value of k and 1-k for
each pixel Pocatreviously refemedded of means for successively making

avai | abl e the signal values for each position along the scanned |ine which
a value of k is sought and the signal val ues of. positions above them and

means for combi ni ng ' f. ' C \ r r

25t unct fon.  The mectierap ohintRaiR SR EEURRER oL 18y SRR 1R
pi xel s al ong t hgngigiplerelr B3 is! ' | ' “«m@g'

of m 1-H del ays(.in - ’éleléll.r%s Dg?&gdﬁsaagg&pll%go Wﬁ%@%ﬁ?%ﬁ?@%ﬂ%&m ok%iz?
in this parti cullabelledoblianeinput fabelledVl;raminputdabelipthll aml aeswisthing conttobut

90 and at the ends of the four -~ . .
10 input 92, to which logic values of O or 1 may be applied. As in the

multiplexer 78, a logic 1 at the control input 92 connects the output 90 to the
input labelled 1 '-émd a logic IO' at the control 92 connects the output 90 to the
input labelled 0. A one clock delay 94 and a generator 96, that performs the
function f(x)=x+1 are connectéd in series between the output 86 and the
15  input labelled 1. The generator 96 cannot produce a signal value above some
selected maximum, such as 7 and the input of the multiplexer 88 that is

labelled 0’. is_ cpuplcd-t__o,'t.h,e output 80 of ihe multiplexer 78.

| '\._,/ - The vertical signél spreader 38, that provides the signal values that can
20 be used by the k-1 value geher:étor,l6 of Figure 2 to generate the value of k
and 1-k for’ éébh. plxel locat;on; is comprised of means for successively
making aval;i;Ble the sigﬁa'l- values _hfo'r e"ach.'position along the scanned line
which a value of kis sought and the signal values of positions above them and
means for combining each set of values in accordance with é predetermined
25  function. |

The means for making the signal values for corresponding pixels along

the scan lines available, is herein shown as being comprised of m 1-H delays.




5 1-H delays 98 to 104, that are renote fromthe output 80, could be
respectively wei ghted before they are conbi ned, the nmeans for conbining
themis an adder 106. The operation of the circuit shown in Figure 3 wll
now be expl ai ned, 10 by reference to Figures 3A to 3E, that show signa
val ues that would be present at correspondingly lettered points in Figure
3. For the purpose of this explanation, i{mhf assuned fhat the control
signals applied to the input term nal 30, ¢h is point A of the control

signal 15 spr er, y successive values of 1, i ndicating,the
presence of a gﬁ}gﬁyﬁ)rﬁgoﬁ'@honie‘f@fﬁ%ﬁ%ﬁ%ﬂv t39atthal in this cpasgicular

positions on th ' hgve the reference value of a logic. Such a
situation is degr@t%g(i}“%hﬂépg%’e 3A, where these original control signals of

1, that occur along a scan line L1, are enclosed in a rectangle 108. it is
to be understood that |ine L1 would 20 have many nore signal val ues than

those shown. Figure Whérehsishio sighal vdlaes agthe! GutpP9@ahd Gt dhe BAH bf the Fhlirch
is at the output termi nal 60 of the horizontal spreader 32. This signal
i ncl udes thé orildindelaysr@§ dp d04nahat apatremase wironi rthe heutput t8hgkeultbh®eand

n repetdtions of 25 . the l|.ogic )f the second confrol signal, value. |In
this exanpl e, ifespgc%‘éeilﬁr?ﬁﬂgﬁ@&!t% ope tagy @F%tcompéﬂ@,a, @Fgl‘ﬂ f%gpm%lmsyg

al ong the scan Jj.ne: - - The signals at paint B are applied to t he
i nput term nal %ﬂg%}%ﬂead\qgrtlééal wi dener 34, which repeats the line L1 m

times. In this exanple, n¥4 so that logic 1's are produced at a point C
that are included tn a rectangle of signal values, having a width equal to

the nynmber of conti gTheoperatiorof the! cisduinsticivn it Fi?%urcﬂeﬁﬂdimd/ beekphiined,
signals and a height of mr 1 lines, If the vertical wi dener 34 preceded the
hori zonal W denRy Tefereness to Rigures 3A to 3E, that show signal values that would be

present at correspondingly lettered points in Figure 3.

For the purpose of this explanation, it is assumed that the control
signals applied to the input termin_ai 30, which is point A of the control signal
15  spreader, as only two successive values of 1, indicating the presence of a
given phenoménon, such as motion and that all the other positions on the scan
line have the reference value of a logic. Such a situation is depicted in Figure™
3A, where these original control signals of 1., that occuf along a scan line L1,
| U are enclosed in a rectangle 108. it is to be understood that line L1 would

20  have rﬁany more signal values than those shown.

'Figure 3B illustrates the signals appearing at point B, which is at the
output terminal 60 of the.horizo_nta_l Spread'er 32. This signal includes the
original control signals that are within the rectangle 108 and n repetitions of

25  the logic 1 of the second co_nti'ol signal value. In this example, it is assumed

that n=6, so that there are eight logic 1’s along the scan line L1.
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woul d be as illustrated in Figure 3B and it is readily apparent that, after

these signals are applied to the horizontal w dener 32, the signals’ of
Figure 3C wll 10 be produced. The |ine signal spreader 36 operates as
follows. The control signal values for all lines including the lines L1 to

L5 of Figure 3C, are successively supplied to terminal 76, which, as shown,
is connected to the switching 15 control ifguts 82 and 92 of the
mul tiplexers 78 and 88. If the output -80 of "The nmultiplexer 78 shoul d not

be 0, the applicatio f few Q. f the termnal 76 will ca th

nul ti pl exer 78 to co{n't% .ﬁlgaﬁ]st %t Bgﬁﬁdﬁ i?femfeﬁﬁheéip"k’ei?e é?p‘mLCrUHP%'LSJEZB  the,o
out put 90 of th i 8 W ; ;e €4:1 i .l do
is coupled to tﬁ%ﬁg&ﬂ’% aﬁ?@g%r gfg’t elur)mrlgbléép}f 2&%?"@8@;@ tlHaeg" I gﬁgﬁlgséﬁ%élg’
swi t chi ng i nput nP24r g ehatefogic | P91 areOprofuce@ut £poimef tidtt ateOiictudedintdre
original control signal in the rectangle 108 reaches the term nal 76, the
outputs 80 and fdrtarigle fof sagnal ivaluese having awidths:quat te thenruinber of contiguous

i nput s Iabeél ed 1. This means 25 that the oytput 80 of the | tiplexer 78
i s connected toc@mEolosigpals, plusor reprated contsplesignals and i height of ma+dulipes. oo
of the multiplexer 88-is connected to its input |abelled 1, so as to '
receive the increnented val ues provided, clock by clock, by the generator

96. After n clocks, iﬁgweﬁi%%ﬂdén&waéc%@d ;Sﬁé?*df&jdrn?}] \évictl%nee}@Z'i& Giftput he

generator 96 is such I'tS maxi mum out put 1 next  two
logic 1's of th@ouldibe ki illistaatéthid Figire 3Bigndit id readilyedpiarent thhg)vefierrthesene

next control signal value is a logic 0, so that the nmultiplexers 78 and 88
are sw tched. Téignalstareappliedto thechonitarital widene 32; thersignals ofidtigere 36 wilk 5
i nput labelled O, so that the value at its output 80 is reduced by one at
each cl ockl@ourke ﬂF@ﬂQQ‘i’é-generat'or 86 is such that it cannot go bel ow O.
When - _ o

The line signal spreader 36 operates as follows. The control signal
values for all lines including the lines L1 to LS of Figixre 3C, ai'e successively
supplied to terminal 7_6,-' which, as shown. ‘is connécted to the switching

15  control inputs 82 and 92 of the multiplexers 78 and 88. If the output 80 of
the multiplexer 78 should not be 0, the application of the few 0’s of the
terminal 76 will cause the multiplexer 78 to count down to 0 and it will
appear at the output 80. The output 90 of the multiplexer 88 will also be 0

U because its input labelled 0 is coupled to the outpui 80 of the muitiplexcr 78,

20 as long as it is switching input 92 receives a logic 0.

As. soon. as the ﬁrsi logic 0 of the original control signal in the
rectangle 108 reaches the terminal 76, the outputé 80 and 90 of the
multiplexers 78 and 88 are connected to their inputs labelled l This rheans

25  that the output 80 of the .mul.tiplexer 78 is connected to the output 90 of the
muitiplexer 88 and that the output 90 of the multiplexer 88 is connected to its
input labelled 1, so as to receive the incremenlted'values provided, clock by

clock, by the generator 96. After n clocks. in this case 6, the signal value is




anot hef control signal. which, of course, has a value of logic 1 is
encountered, the entire process is repeated. 10 Fi gure 3D
iltustrates the output values at the.output 80 of the multiplexer 78, whi ch
is the point Din the circuit. Each of the lines is processed as j ust

descri bed, so that .they have identical values at correspondi ng positions.
15 | It should be noted that the generators 86 and 96 coul d be
programed so as to generate ranps, that aré5nonlinear rat her than |inear

as shown, for ex_z t hey coul d. be Erogram*red to have djfferent
i ncrements and déé @rﬁhﬁ%nﬁémrg%/ﬁrﬁuic phat ¥smagymumeoutput is 7. ﬂ\b‘mg)ﬁleaquén

of the verti cal ader. ai ned er ence ure 3D
and 3E. As not edts"goo c 1F§ ﬁﬁ% IQE? Mp%%@?&émgﬁbg%lgé"vg Isqretaned, Eﬁeﬁggerof
val ues that are t: hJ

verti cal spreade@égﬁgtcgﬂ%rghfd@gl gg lﬁq lf\é@( gefgig&tgﬁef@@lﬁy& %I vei}rld ?or m
a vertical windogte swittheds Whel sutpuoB0 % 3Re hilliplédr TERishow SRR fs
wide and mt 1 lines high. After scanning across the lines, it drops by one
scan |ine an¥l sdaput labelled Q, 5o mazthesvaluefatlltsrmspuﬂSOuzhrerh;mdtby:oharat each

enbodi nent, the operatlon of the 1-H delays 98-104 .and the o%eratlon of the
adder 106 wi || pHleekceuat %thaﬂnqramre% ils suehe thas 4t camppt\go below 1z

t hi th I d f he. f t ti h L1. . Si th t
Four pixels are URSE (RORRRpSienal- oHEChud CoBRan M o YBHEE oimdoE lhéf
in L1 of Figure QRounte red, the en(a?'e g 3L 5@@%t he wi ndow i s | owered by

one line to a -vertica p05|t|on I'ndr cat e and the out put of the
adder 106 will be as indicated in L2 of Figure 3E. As the w ndow nakes
successive scans, the resulting

1 F:gure 3D illustrates the output values at the output 80 of the
multlplexer 78, which is the point D in the circuit. Each of the lines is
processed as just described, so that they have identical values at corresp_onding'

positions.

15 It should be noted that the generators 86 and 96 could be programmed
SO as to generate ramps, that are nonlinear rather than linear as shown, for.
example, they could be programmed to have different increments and

decrements for given input values.

.20 -..The operation of the vertical spreader 38 will now be explained by
.reference to .'-Figﬁre 3D and 3E. As noted above, Figure 3D represents
successive identical lines of values that are presented at the point D, which is
the input of tﬁe vertical spreader. The output 80 and the 1-H delays 98-104
effectively form a vertical window, such as W1 in Figure 3D, that is one

25  clock cycle wide and m+1 lines high. After scanning across the lines, it
drops by one scan line and scans across the next set of lines. In this
particular embodiment. the operation of the 1-H delays 98-104 and the

operation of the adder 106 will produce a value of 1 when in the position W1
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signal values will be as indicated in Figure 3E. By way of illustrating,
consi der what the output of the adder 106 will be as the wi ndow drops 10
vertically one line at -a tine, beginning at the position of the rectangle
WL. The values obtained will be the values of the first colum, effected by
the spreader of this invention. At successive vertical positions, the sum
of the values within the window will be increnmented by 1, until a maxi num
of 5 is reached. At the next step, the IoWesl”pi xel in the wi ndow will be
0, so that 15 a value of 4 will be produced. Fromthe values of the lines
in Figure 3D, it and thispisrthet valueiused fors thes fiost pasitiamashewn intlal .n Sinee whe dopy

W ll increase as_ shown jn Figure 3E, as the wnd proceeds fromleft .t
the ni ddl e and. wiowt Bl s the ouspatet i asder 106 iflche the same os Bhat inl!
i s al so appar ent ﬂﬁé fegpsum of the values will increase as the w ndows
drop to the bot t S TEHE " Fi gure 3D and that it will decrease as it drops
bel ow t hat point. The maxi num val ues of 35, enphasized by rectangle 110 in
Figure 3E, 25 i ndicate the positions of the original control signals is
rectangl e 10§. They oQ@muithé nekpbskam,othet sviddow ristlowerek bypdrd livleuto m Vertical
(4 in this exanple) later than the original control signals. The val ues of

35 can be made t positionrindicated by Y62 andiike output of tke addemk06,will detns indicated

Lo 4E. 111 ustr ot B LRcOLTFABME JE/ ub thhdHITASH MAKES Fueerosils Sansi e fsufting

Cont ol i gnal SHERAG vals, it e g ipbitaled® §R FGuled 3By By L of Hlystacing,

and dothvar go. - wha e e e OO WL B Y e vindow daobs

and 10 . vertically one line at a time, beginning at the position of the rectangle W1.
The valueS obtained will be the values of the first column, effected by the
spreader of this invention. At successive vertical positions, the sum of the
values within the window will be incremented by 1, until a maximum of 5 is
reached. At the next step, the lowest pixel in the window will be 0, so that

15 a value of 4 will be produced.

_ Frbm the values of the lines in Figure 3D, it is apparent that the sums
of the values within the window will increase as shown in Figure 3E, as the
— © window proceeds from left to the middle and will decrease as it proceeds
20  further to the right. Itis also appareht that the sum of the values will increase
as the wi_ndd\i/s_ drop to the bottom line of Figure 3D and that it will decrease

as it drops below that point.

~ The maximﬁm values of 35. eniphasized by rectangle 110 in Figure 3E,
25  indicate the positions of the original control signals is rectangle 108. They
occur n clock counts (6 in this example) plus m lines (4 in this example) later

than the original control signals. The values of 35 can be made to occur at




upwar ds. These are nerely two different perspectives of the same situation.
10 Reference is now made to Figure 5, illustrating a different circuit for
the line signal spreader 36. Conponents and points in the circuit of Figure
5 that correspond to Figure 3 are simlarly designated. The principle
difference is that a PROM 110 is progranmmed to performthe functions of the
15 generator 86 and the nultiplexer 78, while PROM 112 is programed to
performthe functions of the generator 96-affd-the nultiplexer 88. The table
of Figure 5A describes the operation of the circuit of Figure 5 in
response to contheosameé dim¢ ay sheiyideof by insedting tthfapr@mseraatcgmg delays intontlies
76 of multiplexey, 76, Figure 3. Since this circuit spreads the line signals
in, 20 essent Videp\sigRdPaMne way as the circuit shown in Figure 3, no
further explanation is required, as wi'll be understood by those skilled in
the art. Although several particular enbodi nents of the invention have been
descri bed, neans oth : t. ' t | d
25 the art | Tgieeas RPIE, et saaPpRaLe Mat odlde pRdices
si‘gnal s occ§rri by the eostrahyignak spfeademn bf Fagurey3 0in sssponsdtd andifferent set of
conprising: 5 .an input termnal to which control signals may be
appl i ed; cont rmom@mgnahpw&wn@mmFm!pﬂéd Erbemmhmrﬂsﬁgrqr@pnhﬂwpyer-
havi ng hori zontal w deni ng ans f ext ending each control ,signal. for an
interval al ong lg'-ﬁf%%ﬁ tﬁhﬁkﬁmoﬂ” %Mwawls‘g ag pYing yvar eﬁ&eﬂg&)m‘aol

signal and vertical w dening means for, .r ' ' 6y ' r
of timeer 10 A6PwEE WA RE PR A RIS e iR B YR I AR
means, for upwards. These are merely two different perspectives of the same situation.

: 10

- . Reference is now made to Figure 5, illustrating a different circuit for

the line signal spreader 36. Components and points in the circuit of Figure
5 that correspond to Figure 3 are similarly designated. The principle
difference is that a PROM 110 is progranimed to perform the functions of the
15  generator 86 and the multiplexer 78, while PROM 112 is programmed to
perform the functions of the generator 96 and the multiplexer 88. The table
of Figure SA describes the operation of the circuit of Figure 5, in response
to control signal values of 0 and 1 that appear at the terminals 76 of
multiplexer 76. Figure 3. Since this circuit spreads the line signals in,
20 essentiélly,. the same way as the circuit shown in Figure 3, no further

' explanation is required. as will be understood by those skilled in the art.

Although several particular embodiments of the invention have been

described, means other than those shown will be appareht to those skilled in

25  the art.
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generating, during a first portion of the extended control signal on each
line, a ranp of increasing values, for maintaining a maxi nrum val ue of the
ranp during a remai nder of the extended control signal and for generating a
ranp decreasing value at an end of the extended control signal; and 15
vertical spreading neans coupled to saird |ine signal spreading neans for
deriving a function of corresponding signal values along a plurality of
lines. 2. Appar at us according to claim1,- ¥herein said control signal is
20 a one bit'skﬁggbggnd said control signal w dening neans includes first
and second circu nected in series; said first circuit having an input
terminal and an output terminal, n clock delay el enents connect in series,
an OR gate having n+l inputs respectlvely connected to said input t er mi nal

and the ends of said ¢l ock 4 %Eﬁﬁ fr

term nal and an out put conngi?tae u%?orsgfr Etﬁéf’{rﬁgggﬁﬁlgl&gg oéi dbgtﬁ(?y one
circuit having aafarp)ufamyrdf\sagﬂmﬁmn@p cOniptiNinger mnal, mline delay
el enents connected in series, an OR gate having” ml |nputs - 20 -

respectivel ySconnect ednunputktermmaittotwelnnhmhtml sigmialh mayd:edappllabl t and the
ends of said |line del ag el ements that are renote from said ot her i nput
t er mi nal and an out pu? pigohsgnalgwidening Wﬁlﬁouplﬁdnﬁ%%ﬂlddﬂp‘éfaﬁeﬁﬂ%%@omvmg
circuit. cor I n_sai
control svgnal ihoredtal pidORE Htins e Sk 3adh ZoflebL SR8 TE afdnferval
compri sed of : ‘2 dlohgta fiHé tih RURKR'it Beaénrg%oa& Rt aft Uaterided! cdifbl N£M1 and

c el a series

I nputs; a one clo y el enent ecrenent1 ng neans couple

bet weeg sai d outmwf wadérfing Imeatnsrfol- repeating’ sadd dingal givenrmimberof tiffessai d

flrst

10 line signal spreading means coupled to said widening means for
> generating, during a first portion of the extended control signal on each line,
a ramp of increasing values, for mamtammg a maximum value of the ramp
during a remainder of the extended control signal and for generatmg a ramp
. decreasing value at an end of the extended control signal; and
15 vertical spreadiﬂg means coupled to said line signal spreading means
for deriving a function of corresponding signal values along a plurality of

lines.

— 2. Apparatus according to claim 1, wherein said control signal is

20 a one bit signal and said contx"o'l signal widening means includes first and
second circuits connected in series;

~ said first circuit having an input terminal and an output terminal, n

clock delay elements connect in series, an OR gate having n+1 inputs

respectively connected to said input terminal and the ends of said clock delay

25 elements remote from said input terminal and an output connected to said

~output terminal: |
said second circuit having an input terminal and an output terminal, m

line delay elements connected in series, an OR gate having m+1 inputs

TR O AR DR




10 mul ti pl exer, said decrenenting neans having a | ower value equal to a -
ref erence value; a second nultiplexer having an output and first and second
i nputs; a one clock del ay el enent and increnenting nmeans connected in
series between the output of said second multiplexer and its first input,
said 15 i ncrementing neans having a maxi num val ue; means for coupling the
output of said first nmultiplexer with the s%® ond i nput _of said second

mul ti pl exer; neans connecting t he out put of <ai d second mul ti pl exer to the

having moans resBoRGEty bomeclacEioThe fapusdermioal efswid S4cong circuitand e ongs
Léioﬂh‘?Lph?p“tsa‘ﬁ?%“eﬁgﬁ(?‘eﬁﬁ‘%\e@&%@ bt R saR ohe Btb bl b .

for connecting idmo@pub¢bnhéeéd So TREOR ut%nnﬂﬂéfiﬁd%eé&m Eﬁkuﬁ'gna' for.

connecting 25 its output to its first iInput . Appar atus according to
claim1, wherein said control .signal is a one b| t signal and said line
signal spreading neans is conprised of: - 21 - a first PROM having an

out put and f3rst and %econﬂppafmxaccardms tgiclaim de|vehereipusdid coptrohsignat as d
PROMI havi ng- an_ dLPRtPHENE 416 Saif dinecsignl PHAdas Tapans is compaiss oty iif"”d
St o G ki A SRR s
a one clock delay element and decrementing means coupled in series
" between said output of said first multiplexer and said first input of said ﬁrst

10 multlplexer said decrementmg means having a lower value equal to a -

rcference value; - - )

a second multiplexer having an output and first and second inputs;

a one clock delay element and incrementing means connected in series
between the output of said second multiplexer and its first input, said

15 incrementing means having a maximum value; _

means for coupling the output of said first multiplexer with the second
input of said second multiplexer; |
means c_onn‘ec‘ting the output of said second multiplexer to the second
C input of said first multiplexer;

20 - said first multiplexer having means responsive to reference values for
connecting its output to its first input and to a control '.sigrial for connecting
its output to its second input;

said second multiplexér being reSponsi_ve to a reference value for

connecting its output to its second input and to a control signal for connecting

25  its output to its first input.

4.  Apparatus according to claim I, wherein said control signal is

a one bit signal and said line signal spreading means is cdmprised_ of:

* c L M 1] %*




. . e
sai d second PROM neans connecting the output of said second PROMto the
second i nput 10 of said first PROM said first PROM bei ng programred such
that it responds to a reference value to decrenent the val ue appearing at
its first input at successive clock counts until the reference value is
reached and to a control signal value for connecting its second input to
Its output and to the output of the said second 15 PROM and said second
PROM being programed such that it respondglt-o a reference value for
connecting its output to i%sqﬁfgon,d i nput and to_a control sjgnal value for
producing at its out Bulirssd Auing a5t output and fushapd secongd mputs;s first

nobdi ng. sai d maxs ARG b SSRBle BhruBe SelaSoRBRE PE g it Ry and.
for spreading asﬂﬂeﬂﬁkqnﬁ@gﬁ%ﬁkdﬁrgﬁﬁkdmcurri ng al ong any one of a

plurality of scan |ines, rising: a sefies circuit having a horizontal

control signal w denangcoR®@PFRONCh#Ang # SQHut aAd FrNindSecdrdpun;deni ng
means; said horizontal control signal “w dening neans havi ng an I nput

term nat anf an out patonegixéldelay coypled beiweenahe output lof sxiddecond Pmﬁ_dad _

in series to sajd jnput terminal, an OR gate having an plurality of inputs
respectively g firscpwéct ed to said i nput termnal and the ends of said

del ays renpte from said_i nput..t-erjri nal and. an t nnected to,said

ot put terminal : sai 4RBF COURINE e SUPE i -id irsbRRAM:idcihe Sesohd ghatt of
second input tegsqi cond output termnal, a plurality of one line
del ays connect e%ﬁg%k?'?\&g&@zg to said second input termnal, an OR gate

having_a plurality omeaipbfinecting the output of said second PROM to the second input
10 of said first PROM; |
said first PROM being progfammed stich that it responds to a reference
value to decrement the value appearing at its first input at successive clock
- counts until' the refe_rence value is reached and to a control signal value for
connecting its second input to its dutput and to the output of the said second
15 PROM;and | |
said second PROM being programmed such that it responds to a
reference value for c_o’nnecting its output to its second input and to a control
signal value for producing at its output an increment of the value appearing
N at its first input at each clock count until a maximum value is reached and for .

20  holding said maximum value until a reference value occurs.

5. Apparétus for spreading a one bit control signal occurring along
any one of a plurality of scan l_iix'es,' comprising:
a series circuit having a horizontal conti‘ol signal widening means and
25  a vertical control signal widening means;
said horizontal control sigr_xal_ widening means having an input terminal
and an output terminal, a pfu-rality of one clock delays connected in series to

said input terminal, an OR gate having an plurality of inputs respectively

A




respecti vgel y connected to said second input termnal and the ends of said
one line délays renote fromsaid second input termnal and an out put
connect.ed to said-second output termnal; a |line signal spreading neans
coupled to said series circuit having 10 means for generating a ranp of
increasing digital values in response to the occurrence of a one bit val ue,
for maintaining the maxi mumvalue of said ranp while .the signal fromsaid
series circuit has a one bit value and for gend2ating a ranp of decreasing
digital values when.the one bit: val ues ceases; and. 15 - . vertical
spreadi ng neans hawiangeateditosaid inputrteratinaloand the ends ofisdid delayssiemneate from said
spreadi ng neans,. ‘a . plurality of ‘one |ine delays conngected in series to said -
| ast mentioned i npdfiPRternHaal anbamoutput copnekted b9 saidsoutpghtarmingly is a
function of the signals at,said l,ast nent.i oned:.i,nput-:t.erm nal,.and the ends
of said one Iine delays $aithtVestical, Comsy §1§B€€W%‘B“§O‘n8?‘m haying: a+ secong; input

0,07 SRR g bR IR, P A e

control signal 57 dgfisefies e badseeendThpu terfiifial, BROR gafeha\dhg b Plurddity of inputs
form ng an extended one bit control signal by repeating each bit of Ssaid"

control signal for respdativiely eomhetcted toesaidhsécomdaiapht teirmenah anidnthe ;enids of said one
signal spreadi ng nmeans coupled to said control  signal w dening neans Tor _
generating a ranp ding delays semgte, fromesaid second ivpit tepninal and @n outpup gonnected

Control si gnal ana omdsHand oL Bg.  “Goor easi ng val uee for 1 cl ocks
hd a line signal spreading means coupled to said series circuit having
10 means for generating a rar'np'of increasing digital values in response to the
oc'cixi'rcric.eﬂof. a'o'ne.bit value, for maintaining the maximum value of said
ramp whxle the signal from said series circuit has a one bit value and for
generating a ramp of decreasing digital values when the one bit values ceases;
15 o yéftiCal' spréading ‘means having an input terminl éoixpled'to said line
signal gpréadin'g' means, a plurality of one line delays connected in series to
" said last mentioned input terminal 'and'-'m'eéns_'- for deriving a'sig'n'al that is a
function of the Signals at said- last mentioned fnput terminal and the ends of
\/ said one l_ine d_elayS that are remote therefrom.
| 6. Appafatus for spreading one bit clocked conitrol s:ifg:na'ls'é:‘é_chfring
along scan lines, comprising: ) R E :
an input terminal to which the é:ontrol signal may be _applied; y
| éd_ﬁtrél’ 51gnal widening means coupled to 'saidf'ihput terminal for
25  forming an extended one bit control signal by repeating each bit of said
coritrol_-signa! for n clocks and for repéat_ing‘ eéach line m times;
line signél" spreading means c_o___i__xpl;:d to said control signal widening

means for generating a ramp of increasing values for n clock counts, for

A o



after the one bit control signal term nates; and, vertical spreatis
coupled to the line signal spreading neans for 5 deriving a fun€t
signals occurring at correspondi ng clock counts along mtl |ines. 3
- met hod of spreading control signals occurring al ong any one of a plurallty

of scanned |ines, conprising: 10 appl ying control signals to an
“input terminal; horizontally extending said control signals along the}line
by an interval to form an extend@d control signal and repeating said line a
number of tines; generating a ranp, of increasing values during a first
por t iToaintdining said SrRxamuoD rvalus dsxrgwgathmrﬂe@amden@fe aidgx ing a maxi mum

val ue of durln a renmmi nder of .the’ xte ded gontrol signal
and ts%ﬁaarlé?a?psvnfaee B A TATED L QRseeesing, e £ RO onded
contr of the corres ondln si gnal val ues
al ong a p ﬁe?l?eg?éﬁfﬁéhgptfgm%mg EH{HB Appar at-us: fgr sprgadl %g a one bit
control S'\@?ﬁbal%%ﬁdihg‘ﬁxe%h@ egupled t@’ﬂ?e Rhe Sig Bhw;ﬂfhadil‘lﬁ%eﬁfs%ﬂ i nes,

subst anti al'l'y as hereinh described with reference to the. acconpanying

& avidegiving a fanctoh of scgna:kpoead'nng atasurrespondipgatiock counts algngl ong any one
of 256 a plurality of scanned |ines, substantially as herein described

vm th mé'flehéﬁ%e to the accorrpanyl ng dravm ngs..

7. A method. .of spreading .control signals occumngalong an.y._one'
of a plurality of scanned lines, cnmprising‘ o - <
10 - applying control sxgnals to an input termmal
honzontally extendmg said control smnals along the lme by an mterval

to form an extended control signal and repeanng sald lme a number of tlmes |
generatmg a ramp of increasing values durmg a first pomon of the
extended control sngnal on each lines, mamtammg 2 maximum value of the
15  ramp during a remamder of the extended control 51gnal and generatmg a ramp
- of decreasing values at an end of the extended control sxgnal and
denvmg a functxon of the correspondmg sxgnal values along a plurahty

of lines.
20 8. Apparatus for spreading a one bit contrdl signal occu”rring: along- any T
one of a plurality of scan lines, substantially as ‘herein described . with !

- reference to the accompanying drawings.

9 A method of spreadmg control smnals occumng along any one of

n

a plurallty of scanned lines, substannally as herein descnbed w1th reference

. to the acco_mpanymg_drawmgs_.__
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