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-1- APPARATUS FOR ADAPTI VELY CONTROLLI NG A RECURSI VE FI LTER Thi s invention

relatgs to circuitry for 2173066 adaptive y controlling - ecursive
féltérs. 5 ' The invention will " descri bed, by way anpr e,
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signal-to-noise ratio of the averaged signal is enhanced
by the processing.
A typical video recursive filter includes a

20  delay device coupled in a recirculating loop with .
circuitry for combining a fraction of delayed signal with
a fraction of incoming signal. The combined signal is
applied to the delay device which delays the combined
signal by the time period necessary to insure that
25 constituent parts of each combined video signal samples
— are from corresponding pixels of successive video frames.
| The fractional parts of the incoming and delayed signals
are obtained by scaling the two signals by factors K and
(1-K) respectively. Thus, if the amplitude of the
30 incoming signal is equal to the amplitude of the averaged
signal from the delay device, the new combined signal will
be normalized to equal the input signal. In a digital
processing system, the normalization tends to minimize ;he
sample bit size required of the delay device. If the
35 incoming signal consists of 8-bit samples, the sample size
in the delay device can be held to e.g. 9 or 10 bits.
This is an important design aspect in reducing the



manuf acturing costs of recursive filters for consuner applications. Wen
the i nages represented by video signals change, reecursively filtered ukgeo
signals tend to be 5 degraded. Phant om3=wages are introdudQAi8P (Q&S P ’
reproduced images and picture sharpness al ong noving i mage edges is *a’*
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averaged delayed signal is applied in the averaging
process. '

After interframe image motion ceases a recursive
20 filter system can be conditioned to more rapidly converge
to the desired noise reduction level by applying a
sequence of successively smaller scale factors. The
timing of the sequence is determined separately for each
pixel and is a function of the history of the interframe
25 image motion for the respective pixels. An example of .
this type of system is described in U.S. Patent No. o’
4,240,106 entitled "Video Noise Reduction'. The system in
this patent develops sequences of scale factors for -each
pixel wherein successive scale factor values are equal to
30 the reciprocals of the number of frames from the last
frame in which motion was detected. |
While the foregoing systems tend to enhance the .
performance of recursive filters in video signal
- processing systems they_do'not address_an important
35 element in the filtering process. This element is the
amplitude of the noise in the signal being processed. If
the noise level is low, less noise reduction is regquired
and the filter may be'adaptively conditioned to converge
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and the filter may be adaptively conditioned to converge - 3-

RCA 82,053 at a faster rate than when a greater degree of noise reduction
i® required. Programm ng the systemfor |ess noise reducti on when the

si gnal\ndi se level is lowtends to condition the systemto be nore tol erant
to interframe 5 i mge notion. According to one aspect of the invention,
there is provided scale factor generating cT#Tuitry for use RFBh83,0P3eo
signal recursive filter including an input port, an output port from vhich
a signal, delayed by 10 substantially one frane period with respect to
signal applied to said input port, is available, and neans for scaling and
conbi ni ng sai d del ayed signal and said signal applied to said input port,
wherein the degree of scaling of said signal applied to said input port and
said 15 del ayed signal is adaptively controlled by sel ective application
of scal e factor At shikRSEeX cratet thagcikent angreateni degreenefi BoOhse neans

coupled to sai d jduibie 2154 t i SNl fe@lt PPEo@Patminyg RO IMFEAEM IESE C1gREe

sanpl es of signal separated one frame period; 21 det’ect| on_ means
responsi ve to sd f?%é%ﬁﬁigéa. %sgh%rgﬁgﬁﬂhd?ﬂbs%.%?@%%L1§o$¢%sﬁ%ﬂ@$ng
to the differends seomdetivi tige tdpsteml tosbe Mmgre ttoPefart €o PigEsE £famecd
poriLon of @ {1 Yppdeddoreans esponsive Lo the Signal produced by eald
responsive to said differoheeording cso come saspectrefhthe imvemtion, there
B 2 f Terence ey R SOFIE% Sl odlre Oy SOFORKEEy FO: RO 11
val ye; and mean¥¥dypiEgideo toignal reewrsive ofilverainebudingdari bapyti d
scale factors. portia-an output poft/ffe?hich a signal, delayed by
10 ~substantially one frame period with respect to signal
; appiied'to said'input'port, is available, and means for
scalihg and combining said delayed signal aﬁd said signal
applied to said input port, wherein the degree of scaling
of said signal applied to said input port and said
15 '~ delayed signal is adaptively controlled by selective
hppliéationuof scale factors, said scale factor
generating Cirduitry comprising: means coupled to said
input port and said output port for producing difference
samples of signal separated by one frame period;
20 detection means reSponsive to said difference samples for
J producing a signal corresponding to the difference sample
' having the smallest magnitude over a predetermined
portion of a frame period; means responsive to the signal
produced by said detection means for generating a
25  threshold value; comparator means responsive to said
difference samples and said threshold value for producing
~at an output port thereof a motion signal whenever the
magnitude of a difference sample is greater than the
magnitude of the threshold value; and means responsive to
30 said motion signal for producing said scale factors.



According to another aspect, there is provided a scale factor generating
circuit for a video signal recursive filter including.means for delaying an
i ncomi ng signal by substantially at |east one frame period and 5 nmeans; e
for.scaling and conbining said i ncom ng and del ayed signals, which scaling
means has a control input port for applying control signals corresponding
to scale factors, said scale factor genenating circuit a0 NMeans
responsive to said incom ng and del ayed g%gnals for 10 %ggggéﬁﬁauy

di fference sanples indicative of inmage notion between successive frames; .
means responsive to the difference sanples for devel oping a signal sanple
representative of the mninmumnoise in an imge portion of .a frame peri od;
means responsive to said signal sanple 15 representative of the m ni num

noi se for developing a threshold val ue; neans responsive to said difference

sanpl es and said fhreshol d val ue for producin noti,on Si | when the
magﬁi tude of the ?’F?Eagﬂgetgaﬁﬂp 9‘@%2&??9%2 i ti&ié’t&%qaﬁdd & hr eshol d
val ue; | and Z%amaﬂactespgen'ﬁ!‘a_tﬁ.ngse:ﬁ.chmui Fbﬁiagméwhmﬁr_ gt i ng Sai‘ d
control sign ialNe i 1.0 QW he i_hed 0
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t; : S:J EEdilagr a?i:ﬁiy%!ggi tbHekbat higngilai mﬁgﬁewﬂﬁge%bgrscfaqre FRetdid,he
syste n tne Fl quresg, roaa .ar.qr OwWs
nterconnest FANACFFRLP: FRFLRE, SENERRIDg, CLRGILL, SRREAR LA M A ns f or =

paral | el - bi trespphstveNsor saidr inoominge andndediaved &ignalls doyrent s
represenh sigghE15PIHYCAPEFEREARE" sANPles indicative of image motion
betWeen successive frames; means responsive to the
difference samples for deveioping a signal sampie
répresentative_of the minimum noise in an image portion
of a frame period;.means responsive to said signal sample
15 representative of the minimum noise for developing a
threshold value; means responsive to said difference
samples and said thfeShold valué for producihg a'motion
signal when the magnitude of the difference sample
_ exceeds the magnitude of said threshold value; and
- 20 means responsive to said mbtiqn signal for generating QJ
said contrel signals. '
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for serial bit digital sanples or analog signals. 15 FI.GURE 1
is a nption/noise adaptive<recursive filter for processing video signals.
The ¢ircuitry circunscribed by the dashee#+ine boxes 21 and BEAUSRIOEY t he
rmre"bgrferal system The entire CII’CUItI’y shown in FIGURE 1 is directed
toward *t.he nore speC|f| Ilcatlon of . se aratln he Iumnance .
conponent from conposi tﬁ"e\/g tion Wil nﬂ‘febﬁlqeé BEReS n t he
dashed box 2Wiith reflerentss ituectte htﬁmpaﬁyidgedfavﬁagsaremidwr:‘dam Lbigl i'n U S

Patent No. 4,4 d [ ability to
change the sca?éoég??'a?pa&'m ofa%s%lgﬁE |tﬁge0| 1!': :[' ?sfellrtegg e’%@ Y1 eo
signal is avaichde|facker deperatipgtcigonkbnt ethdY.!-?lg fe presentdigwentipml del ay
el ement r sﬁ%ggv e romthe
i nput. connecth{ﬁ(h)'%ﬁw 0 tt%fggﬁolés%g Oltg%%r?ay e é%ﬁeﬁ%ﬁ%lﬁlﬂﬁ%
circuit 21 offerParaisionsof dheolwpinanqeesompapent rampfaposite videgsighdgessed
Aare applied fgobgminput port 10 to a subtracter 12. Del ayed sanples V
fromdelay el ement 22 are co lLed tQ a second |nput ort of

subtracter 12 which deVHYRE Pré i Hegram b ﬁmtat“mé‘lﬁ'ﬂmer ence
sanpl es ‘are Gﬂlﬂé&iétét‘ﬁbmﬂiﬁﬁmain rtgedmtmm:eieﬁeaém.m to the input of
scaling circuit 16. Scaling circuit 16 devel ops scaled difference 5

sanpl e val ues [ ERRJwhi ch are coupled to an input port of adder 20. Del ayed
sanpl es YOERR] fr om del a&neﬂ:larei‘iiglﬂzesu eboxoad| arrova inhpraenneatingl ay

Sums vy g e LA err s Pbr e i1 €0 R0 E VEORARCE IERATHBED
tke, corrpensamaﬁ'g1 SAMRLes ., NAXNGW RECQUS| bﬁ*éﬁrgﬁn@ﬁ‘a'?lﬂﬁe sarrpl es

[err] and [ewﬂrdﬂiﬁﬂémeheﬂtéﬂﬁeﬁﬁéééﬁt1€iﬁ§1ée§6ﬁddct6r|cBﬁnQCKEbﬁSOf
for serial bit digital samples or analog signals.
15 : FIGURE 1 is a motion/noise adaptive recursive
filter for processing video signals. The circuitry .
circumscribed by the dashed line boxes 21 and 31 defines
‘the more general system. The entire circuitry shown in
FIGURE 1 is directed toward the more specific appllcatlon,
20 of separating the luminance component from composite video
signal. '
. The circuitry circumscribed in the dashed box 21
is a recursive filter of the type generally described in
U.S. Patent No. 4,485,403, and is adaptive by virtue of
\_ 25 the ‘capability to change the scale factor Km of scallng
- circuit 16. Noise reduced video signal is- -available at
the output connection, 27, of the video signal delay"
element 22. Alternatively noise reduced video signal may
be taken from the input connectlon 19 of the v1deo 51gnal
30 delay element 22.

Briefly, circuit 21 operates as follows; Video
signal samples, V V., to be processedlare'appliedifrom input
port 10 to a subtracter 12. Delayed samples V, DY from
delay element 22 are coupled to a second input port of



15 succeedi ng franes. Conpensating delay elenent 14 is required to
afford circuitry 31 tine to devel op scaJ,e factors [err], for scali L
circuit 16 on a.pi xel -by-pixel basis, T2%. a sanpl e-by- sa#ﬁpﬁ1ﬁ5§¥§§ R
Conpensating delay el enment 18 is prOV|ded to acconodate the del ay ’%#;
i ntroduced 2 t ensating.del Ienent 14 and the scalfng’
circuit 168 ugﬁga\%ée% égoy?lg'zfﬁﬂar%s ﬁ@I’rﬁ q?ber G (3R les [err]
del ayed by (W eo MMMce Wm@m}mumred Midy substituting
Lort Torl aplpati e R SR 31, AT @E‘dof'ﬁf@éiiﬂ g it can
be shown t al onen err of sanpl’es [err] equal the
si gnal conﬁéﬁ@#ﬂFeﬂﬁ]ofSQQQMQQMﬁlﬁﬂﬂﬂﬂ WelOHﬁESRﬁ bibEsrence err | of
me sagpl! lesahgae] lvame(éu?@q\b 1?’% fvﬁ?itdl'{ aﬁrc%oupl-@‘@sf& rﬁ%@;@ss?ge that
e signha nen | onent . vi deo ei t her
| umi nance BPT¢h ?n%%ﬁ'é' |gn(g %"é %Ié)ec@ﬁbcﬁge?ﬁ‘e'[ Brr] is
a chrom naatzeamrmouprlredmmrqmtpdnsanﬂ@ deikd;thBImmtms)ntmamce
conponent, I5S s £ J f nance
conponent §§cg¥‘€e:ﬂl§g Pr?id‘lo &% fira(;%hi%&pa%g%o%é)@%] %]g el ement s
12 and 20. SBE§hVQh9GNEmahGE conponent phase inversion is known in the art
of viggo signal recurswvegﬂd & (V _VES Assumi ng that the input signal is

a conposite video si gnal¥, an®¥% h V|S|on is made for chrom nance

phase i nversion, the sanpr'g%fﬁqr]~“ :nﬁve a lum-.nance’ conponent(%brr]

and a chr ortheaded ayo@lemant [22 rdnd the rcd:ﬁper&tsﬁm délayntel ériérs | mage
cqual o 48 ARRLAS Breh arel e AL reid e Baidfes, o 488 v onponent
[err] in tkombinedcdnoisubpiiiantos 112 teonrespandvio geike pixkelslof gi ven by
tlge 13 succe®dihg frames. Compet{szﬁtil.rﬂ; %f&%ié&&&&’%@% he val ues of
required to afford circuitry 31 time to develop scale
factors K, for'SCaling circuit 16 on a pixel-by-pixel
basis, 1. e. a sample-by-sample basis. Compensating delay
element 18 is provided to accomodate the delay introduced
20 by both the compensating delay element 14 and the scaling
circuit 16. -
The values of samples VDY correspond to the
samples V delayed by one video frame period. Expanding
equatlon (1) by substituting V for VD with the
25 approprlate tlme shift and s1mp11fy1ng it can be shown -
| that the 51ggal eomponent,_VSY, of samples_vY equal the _\J
signal component, Voxr of the input samples V- The noise
component_VNY_of the samples VY is reduced by the factor
JK;7T§:§;T. These results assume that the signal

30 _compoqent Vsx is in component videq form, i.e. either
luminance or chrominance signal. However, if the signal
component Vg, is a chrominance component or composite
video including a chromlnance component, provision must be
made to invert the phase of the gh:omlnance component

35 Dbefore it is fed back from the delay element 22 .to
elements 12 and 20. Such chrominance component phase
inversion is known in the art of video signal recursive

filters.



?actor Km are determ ned on a pixel - by-pi xel basis according to the history
of interframe image notionm for each pixel. |f-notion exists between_ the

currgnt frame 15 and the precedlng franB®The scale factor, set -
“to é“ggiue of one i'n order not to |ncur si gnal bandw dt h reduction When

terf t h Km i t abl i shed
val te ofla sequence of \AFSaEEnb EndELRe RbAE ETbh31C3E"R CeRBReltel o by
the 20 tine deo e%llmlthéndytheﬁn ng prvavisjont: ist madet €ady state and
the desired ana%mﬂiaﬁeé gushveesaéﬁd' %henéhmghsgevts %?aﬁ“ﬂ 72 ye

coupled with recursive f| 1in order to proceSs conf ,
produce a noi SEURLRARGR ¢QMPﬂBﬁ8§ Vegp8hdna Fﬁmébﬁﬁpst§°EB°ne@$nU .ation

of the chr®mi mcalsoawmeé ofTQnﬁeeeﬁaineshmagsphsﬂoﬁan%abl s Raflcet he
chrom nance co onent e chriglnance conponent [err e outp t of

adder 20 nust’ o Eth% cepveTaL &8y asva Bevhpﬁgh i ey
frame of. nolnxhennnpﬂttlmmlnandetcompbnenttv 30 Thpochrominanicee |nput

chrom nance ¢ be; su a o] letely
cancel the chﬁgﬁgﬁgﬁ%e 2@ oﬁén?h%hé?ggﬁéécggspoei?h é%%o#?ﬁgnQ conponent
to converge ircenergestof ﬂevéluﬁoghﬁenthnay be achieved if three val ues
for Km argy applied which 35 Vcorgeggog@ @e for -notion, 1/[err](t5e
first frame after notion, and for cess e frame erlods Wth thls

sequence of. scal e f act or IR @R e@daphive sERLARNLRe Va&Bﬁﬁoﬁ@the[éFFPe
converges to [fdd¢toi @sﬁ-éedetemmaaoahnanpixemnbynpmkelabueusn the first .

> ; . - heen .
cancel Led | s ATTEARS o ! FRe CRERtPELOPE Sptak Brame 3Ra0E, ARRAG 25K de ay
eMénent 22 ar eemhlmndeln a tOnpebiani eyidtsabetwernnthe3current |fuqanle port
f add : f t | ed
or adader %?P?éé%ghé %Sﬂ&eihfer gﬁ‘gigakh%o‘i” ul %é'b%e s%ci.“p e

to a second |nput por t ferenced fmém sdabtracter
are applled t ote e Yabie of aqne 1§carﬂﬁ§ Bptctipt ipgur signal bandwidth

reduction. When interframe image motion ceases the scale
factor_Km is established at a value or a sequence of
values less than one, which values are determined by the
20 time desired for the system to converge to the steady
state and the desired amount of noise reduction.
Additional elements 24 and 26 are coupled with
recursive filter 21 in order to process composite video to
- produce a noise reduced luminance component with complete
25 cancellation of the chrominance component. ‘To accomplish
W complete cancellation of the chrominance component, the
chrominance component-VcY at the output of -adder 20 must
be made to converge to a steady state value ih the first
frame of no motion. 1If this condition is met a
30 portlon of the input chrominance component can be
subtracted from VY or VbY to completely cancel the |
chrominance component therein. Causing the chrominance
. component to converge in the first frame of no motion may
' be achieved if three values for Km are applied which
35 correspond to "one" for motion, 1/(2th) the first frame
‘after motion, and Km for success1ve frame periods. With
this sequence of scale factor values, the chrominance



Qut put sanples, [err]fromadder 26 are expressed by the equation [err]

(3) where [err] is the scale factor apgbled to scaling: C|L§&?%aéﬁ1ﬁgf4,, .
The val ues of the scale factor are "oné" during interfra d |on,i
one-half for the first frame after notion, and [err] for succeeding fry

the chrom nance V
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(5) Frome

CRE ‘P‘B%Ba’&‘:!? GAEPEReNt, vaiye din the firsh frame:
periods, [err] and [eNoiser ceducad uomhahhbeaﬂdthﬁmhblaﬁaamiﬂaﬂéé/ Thus,

dur i ng ot | GPRRERD panBeRfell 3a dvaii el Ay} Mo Hap e o

| ow- pass fiadder c2bnecSanplespdrein delayt Ielhhrenltemr sree doupled wifd ch is
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swi tched i
frame of . n

correl ated

Si nce ther ecd,gr@dn@él ans&BSnHUEhsa%cso%m@naaale 2%.9nad

the chrom
condi ti®ns

t he | um_nance onent _of 1 nconmm. gsanples but
yfr?—ir"gsatefs 824 égpe émhare&é'@e the daputhefe
seal ing hcibeuvtl ae.of scale factor K equal to one-half the

ESRGeRfiromss

(8) [ERR) i ch | ndi CARGEUErABAPRASe L?nmﬁi’ﬁﬁn‘é“%r%%?nﬁ”eg rstned

cancel | ed cdyithetéedqwatiane. For this inverval - t he systen1funct|ons as

a frane conb filter with a Iun19ance
chromi nance [ERR] s equal PERR
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where K is the scale factor applled to scaling circuit
24. The values of the scale factor K, are "one" during -
interframe image motion, one-half for the first frame
after motion, and.xh/zlfor succeeding frames. Rearranging
equation (3) and solving for the luminance component V

LO
and the c_hrominance_vco _ - :
'VLO = K \'/ +(1-K°)VLD . (4)
Veo = Kchx”-l'Ko)VCDY' | (5)

From equations.(4) and (5) for-Ko-equal to Yone' i.e.

~ during motion periods, Vio and V., are equal to Vpx and

25

Vex respectively. Thus, alternate means must be provided
to separate luminance and chrominance during motion
intervals. An example of such alternate means may be a

_low-pass_filter connected in parallel with the recursive

30

35

filter, which is switched into the circuit when motion is
detected.

The first frame of no motion the scale factor K,
is set to one-half. . The samples Vpy correspond to the
unaltered composite video of the previous frame. Since
there is no motion the luminance component of signal oy
is correlated with the luminance component of the
incomming samples but the chrominance component is shifted
180 degrees infphase.- Under these conditions and with the
value of scale factor K, equal to one-half the luminance
and chrominance components from eqgquations (4) and (5) are

Sﬁgpggbmwﬁb&; hat for this fra(r_r,e) t he

o/



3 . . .
Wi ll be the values [ERR] during the next frane period and succeedi ng frane
periods in which there:is no interfrane 1g ‘image notion. |
and 7Th succeedi ng frane periods in which thete is no nmotion tThe:
scal @Mdctor K is set to [ERR] Substituting this value for [ERR in
edquatigns, (4) and (5) and sokving + RR] [ ERR]
|nd|cabLng that for all non ggploni zvﬁﬁe(l 1/2)y naﬁgg conponent #g)
cancel | ed. For the above sys¥eqm Thé/#¥ioxdd taddgoilr¥egdr Sui®t 20 31

prOV|ges tre ?nmbn ﬁﬁdﬁ&&te&othﬁ&lthF %h&@mih&nhé e@mpaﬁegtHﬁme;er eacr
set of scale can n r ues as j ndicate |n Tahl e
|. Table | séRﬁ LcanEEEi?EDBNE# tgﬁéN? F é% _ H
0 5  the system functlons asKai f2ameKicomb filter. w1th a 1

12 [ERR] 1 jumjnance Rt t.0 f
1 1 © 88 HgtﬁaFﬁat nPriihgngeb e accordlng to the

noi se contentCBF°WH§aPﬁ§oqugl§|Qﬁ&ﬁl ko ViceKidl@cKyjdi. t Fheses vahues
deternmines thailihbesithgavala@Eavns aduehial g\%@nw etfrahiet wa Shd

tent th | ect t of | e PXct ERR]. d f
COlerue of [ LRHFCERNLRG: S2ame DeFiodn aoy yRcHL 50 it T e

nore noi 38, tﬁmagelmotednset of scale factors may be. derlved fron1a val ue

of Km equal to e.qg. 1/ hr GNid, he
dashed box 31.isil I ust I‘é?ll Ve ci rgg:t?ntd ayaaggg'}d%# e%%gc sen | nvenst i on
for generatingnt Hblﬁbpﬁbsrﬁaﬂ-é y@qm@ﬁeee &Fhes valuer oft @r@l{eEFﬁﬁ] Ko, on a

pi xel - by- pi xeljghggiSto /§ Ci Eapsiti¥uting thrleswmevefotzoﬁ hgpsanpl e
differences- fron1iubtra% % ggte that _i f, the input sign® [ERR] -
contai ns a chf@HpFaARE. (4) an and solv1ng

15 ) _ (K /2)V +(1-Km/2)v = Vix (8)
" (K /2)vcx+(1 -Ky/2) (VK /(2-K)) = 0 (9)

1nd1cat1ng that for all non motlon frames the chrominance

'_component is cancelled.

_ For the above system the motlon adaptlve c1rcu1t

- 20 31 prov1des the scale factors to scaling circuits 16 and
24. However, each set_of scale factors will contain only

three values as indicated in Table I.

. -"II"‘—————able I . :
MOTION SIGNAL DELAYED MOTION SIGNAL K, K,
25 0 | 0 | K/2 K
9 | 0 | 1 12
1/(2-K ;) D -
1 | o i, 1.
I | 1 a 1 1

30 . The value Kﬁl is varlable accordlng to the noise content
of the incoming signal. For instance, if the system
determines that the s1gna1 contains a relatlvely low

'amplltude noise content the selected set of scale factors
'K and Km may be derived from a value of Km1 equal to 1/4.
35 Alternatlvely, if the 51gna1 contains more noise, the
' selected set of scale factors may be derlved from a value
of K equal to e.g. 1/16 or 1/32.



conponent e.g. the input signal is conposite video signal, the chrom nance

conponent of [ERR] will be 180 degrees out of phase with the chron1nance-
conponent of input sanples 10 [ ERR] am@=they wi 1| add con Ty I £
subtractor 12 even when there is no interframe |nage motion. The lumr e;_

components of input sanples [ERR] and del ayed sarrgW s [ERR] will cancef’in
subt kacter 12 when ththe FITABitEY: GArsHASEEibed: byuthes Sashediboreddnces

when i nage 1§fi§m&aewé1rciicuztﬁ:gnhi:eamzh@ ftbame phegent Uhvemtdersanpl e
differences_are an i In ord?% t o .detect notion

rom the_ safoF conheraFiR LR, SbnsOpRIate. sERUETESR Db SCAle HAHARS ¢ he
chrom nance!(ﬁoandnlé tonuat pizelsbyvpdxklobatlie.saMhis diffowitryesishef ore

he sarl ¢ ﬁeiﬁﬁ*?%%ggsﬁﬁs%  Pohel8 4Teterheey Tobu RRATIREORATCN.

pass- band d&gtgnbhatolﬁttbﬁuanputhslgneéug cyospeansumu@bmqunangp

chrom nanceg fit el§¢ tHE‘EﬁBﬁ% 3§gnaloEEOE%ﬂbo%Etkh%rﬁﬂaﬂdiqn
di fferences from OMF ass lter 27 1s a%p led_to -the absolute va
circuit 28 WRe FRESRL PPEeaFPmBPnFH& PEnVpgn¥dldaks 488 M%Q‘tto a

lSI ngl e po:c aéftyhggegwa.ﬁﬁsthevehrﬁ?%ﬁﬁn&&rfﬁbﬁpoﬁ6ﬁtablﬂ Im@uttpl <‘e@|nd
OW | er | C S e 0 U val ue
CPrebae Q¥ puiand et wiTiohad FaBstEhREre1y° dn, SibErast et 2 et of

t he conpar amhenBﬂiehecﬁscnopantertfhremet imagecotions va]hee ]ftmumamhter 42.

If the sanp %ﬁ%%o$&p§ﬁ uglggﬁslg% ?xcg?ﬁeh?gsgg q_ggkpe

conparator s a notion sl ive plxelrﬁh Ie, on ..
out put conriékl 0%38931 Apt subsragies 2| whenzthege Jsosohmetione le W

di ffer enceSwiipr@foaﬁeet saﬁpléeadsﬁeear:esl wien! hhageMeNadiges fdcdir - 10-

devel o erlng noti on Sign suyccessive npl es Not e al so

that chimar rom EBamastarFLaRge vsﬁfsse EBAREREE] SABPAS S L QHRRCE S o

;differencesanéeaﬂ bﬁdlcatlon of image motion. In order to detect
motion from the sample differences if the input signal
contains chrominance, the chrominance'componentlmust be
removed from the samplé differences before_they are

20 applied to the motion detector.

-The chrominance component of the sample
differences is eliminated'by the low-pass filter 27 which
has a pass~band des1gned to attenuate the frequency
spectrum occupied by chrominance s1gnals. ‘The luminance

25 component of the sample differences from low-pass filter
27 is applied to the absolute value circuit 28 which
converts all of the luminance sample differences to a
single polarity, e.g. positive. These samples are applied

~ to a second low-pass filter 32 which smooths the output of

30 the absolute value clrcult._

output samples from low-pass filter 32 are.
applled to one 1nput of the comparator 30 whlch ‘compares
them to a reference value from adder 42. If the samples

- from low-pass filter 32 exceed the reference value,

35 comparator 30 provides a motion signal for the respective
pixel sample, on output connection 33. Note 1ow-pass
filter 32, by smoothing the sample differences from
circuit 28 tends to preclude the comparator from



4 . o

the absolute value circuit 28 as indicated by the phantom 5 connection 29.
The motion - no notion.signals fromconparator:-30 are applied to a notion
REnDryY 34 which del ays them by one or nord®tane periods. Th _ no
not | Sysi gnal s and del ayed notion - no notion signals from conparator 30 10

and noti on nmenory .34 .are _caqupl.ed .as partlal a.ddr ss_codewords to ROM 38
whi ch out-put sﬁgﬁéla’?gﬁge@ J g:l}&)r' %orfé,or[ ERgCetiial i ng
circuit 16 anéa.mp:lles f adiodie jaliei¢ that sxmlpangtmrr(ﬁ,ﬂ madt aliernatively

pi xel - by- pi xel, | u T
An assunption |s ma ec‘i)ﬁmever |rraggi“er arreﬂvh F&lﬁe[ aagﬂhﬁ%r?%f an
i mage in whi cﬁlﬁh%ql@ﬁ%vmiﬁeoﬁlmt #8s Qﬁ)rlmdm:ad‘;ed rbar mi'mg@ha;nmm

anpl i tudesof hansetabn idf ferences fromthe output of subtracter 12 and
consequently the output %etlovvt pass filter 32 will 20 correspond to the

anpl i tude of the noise rhe MetEOTha no matdon, sigmals SHAM GIMRALARAY e
di fferences c80siaxe appliedditee aomo)tlou idenivawe 3a Wiih AA§lldysidthdn sy
noi se plus no N 32 S | e differences quer the
ot ve | nage. 28 PEOHRES £raklBeriodd | . 1B WRHGG « 'MEliEh Ridnat,
t he snual | est. 8adpdelayedemodon t+hino mtu@nmsllgmé.sr éxross@mmamazoﬁ Athe

noi se iniphe LAAPRBL:IvA hbﬁb% r3.4f rﬂi‘@goﬁ a3 hLAURed }5.1 gyV pass
filter 32 detects the snal | f renceln each fle or frame. 30
These differ eﬁ&é@waﬁréssﬁeoﬁﬁeﬂd . Aputs dheylegined seqenqas £
filter cl ockedcanet IFacitioglsd fUra@dléﬂr@ ciieuwit N 9id spalastadtidd er 40
s applied as ut ..o adder S_Tglld pr ovi des°h1h§’ base |.ine f.or the

ref erence val & % &’f‘g E&rﬁ?éltl 307 GPFRHi P RIHGLPAESs  added

a motion thresuemplesloé aich agapMLLu$ﬂmpt$dhdmeT@blmoIprOV|de an
?ﬁg!t ;hﬁgggogggag?sgfspglnaegls%%l)bﬁ ?’ft Iﬁ%ndtgﬁg{r@r%efere ce vzﬁ%e coupl ed to
conpar at or 30%idl contain a portion of an image in which there is no
motion. For this portion of the image, the amplitude of
the'sample differences from the output of subtracter 12
- and consequently the output of low-pass filter 32 will
20 _'correspond to the amplitude of the noise in the signal.
It is further assumed that sample differences consisting
of noise only, will have a lower amplitude than noise plus
motion samples. Thus, if all the sample differences over
the active image portion of each field (or frame) are
25 measured to detect the smallest sample difference, this
_ _ value will be representative of the noise in the
respective field or frame. : - .- _
o Element 36 coupled to low-pass filter 32 detects
the smallest sample difference in each field or frame.
30 These differences are smoothed in low-pass filter 40 which
is a digital filter clocked at the field or frame rate.
The output of low-pass filter 40 is applied as one input
to adder 42 and provides the base line for the reference
values coupled to comparator 30. Onto this baseline is
35 added a motion threshold value VfH supplied by source 44
- to provide an additional degree of noise immunity to the
‘motion detector for instantaneous noise signals. The



t herefore noi se dependent. In an alternative enbodi nent, adder 42 and

source 44 may be replaced with e.g. a ROM having an 5 address i nput port+
coupled to | owpass filter 40 and an owfst port coupl ed t REAEBRSESE6+ 3Q; i
This ROMw || be progranmed mnth appropriate reference values to corr pondﬁ
to the noise related signal plied as address codewords to its addr es®

i nput . - 10 motion refer¢neen8a ger gpapdeds tgnsompagatioon3ads filer 40 is

al so coupl getrafbie hBEHE agﬁgnggnkoglc circuitry 46. Logic C|rCU|try 46
devel ops codewor ds re at ed é&gsran es of anpl.itudes of t-he noise rel ated

signals. A prioritylBn@8d E’et prbediment,addex 42 andui t
nanufactursduiae 44ymageb8orie 1 dcade wiitly ®.qn @fRBEAHiN @ on is an

exa b Io circuit 46.
The Cotssz*Befeb§hEnBly. Bre BB B ke I iR R S, R LA 01 1 ot
si gnal i nt ouspyht POﬁﬁgGQUPlEdr tappbmpamamn S0ci r Qiitsr ROMI wifl IFD@URE 1, it
20 IS no y d 0 e I

ei ght ranggsasi}ﬁﬁﬁé& wze‘?'ho?ﬁP Hﬁt@ Fé%.gmﬁrl?g% Qfaf)l E tte’lr m%neg nséﬁ ge5| gner
pref er ence BthPtnPSSSnFFé?§$@e§1 aﬁo@ﬂdF@ﬁGE§QHQW°
sufflC|enttoTQtadaaarase|ﬁﬁput such as the CD4532 to partition an 25

8-bit,]j t si I .g., 4 ted. by t bi d d

pai 1581 Tthe i pat bERS) AREse 55 1B aARE iSRRI AER hOT AR G
conneetlonlsoabSedcoepheéttoethetanph& Peatt ofi dwighicc aitrcuifnrty [i&.

posi tions LS% Ehéleﬁﬂﬂfgrégo evelops code&%?q% fgxﬁ' ‘%dwféﬂgi %ﬂgemorde\

produced by Fogic Circul are oncatenate e noti on-no notion
si gnal s frWébﬁBﬂPﬁtBﬁ i’«beaﬁelﬁﬁt re aﬁ@ﬁoﬁ}mlsandp{ pEioxdi ed to the \J

addr ess '”@ﬂ&o&éi‘t sQEhREY 8Be COWS33 Amtelatad idirenad 'rd&trﬁxﬂ%%ed"" th

ngtﬁiﬁ|a g € gﬂi égéhﬁrgégxﬁﬁp I%Fﬁbf§;h£¥¥ﬁﬁgﬁﬁgﬁgh]n P; 34 and
conpar at oreﬁ&mpééeofl thet hgppabifi dolgdc shilch tagyt bes ifmplendntedspect i ve
page. The pages a§¢cA9¢" 88S€9The cpas32 develops a 3-bit output code
effectively dividing an 8-bit input signal into eight
ranges. For application to circuitry 31 of FIGURE 1, it
20 is not necessary to divide the noise related signal into |
as many as eight ranges. The number of ranges will
nominally be determined by designer preference but it is
anticipated that three or four ranges will be sufficient.
To adapt a circuit such as the CD4532 to partition an
25 8-bit input signal into e.g., 4 ranges represented by two
bit codewords, pairs of the input bit lines may be ORed
together with their output connection coupled respectively
. to the least s1gn1f1cant 1nput bit positions’of the -
encoder.
30 The noise range related codewords produced by
logic circuitry 46 are concatenated with the motion-no
motion signals from comparator 30 and motion memory 34,
and then coupled to the address input port of ROM 38.
ROM 38 may be paftitioned-into pages, with the
35 address bits provided by logic circuitry 36 enabling the
- particular page, and the address bits provided from motion
memory 34 and comparator 30 selecting the particular scale
factors from the respective page. The pages are addressed



J12- ‘at a f|eId or frame rate since information is provided to Iogic
circuit 46 at a field or frame rate. Eack20f the pages of
progranned with a set or sets of scal'e factors appropriate for its 5

respe ve r i tud Aqddi ti qn CIrCUItr for controlllng
seleé??gn(ﬁggl g%ﬁf@ Pﬁc?gggeoﬁagepF}EFebiﬂ ePprovided t
‘magni t ude Oflamecimbulbn der ated fiedadt be Imtﬂ_wus anplitude of the

difference sanples fro btsta ye | ed bet ween | ow
pass filter 27 and the r8§sa’ﬁp¥ﬂ'98§ M%é)ﬂ’ﬂ qla RERRFanmeq iy
may al so conpitBeaaseti ori setsnofidscale gmm:tse appirdpriste bl cbts

fﬁgeggg%zsgl%?%éé% §an§ge§? gggb%G%gll ess bits would be ORed with

3glc I'r CuUi uﬁf ‘effect (for limted notion)
sel ection of the ROV 38d@igionsh lecuetruasﬁbr'ﬂunﬂnnlixngtseluqﬁiamde of

| mage Mot Orof Nene 3ggate! EEctBkCOR' at Pix21°badid e HRidWla 't @bt o,

FIGURE 2 shows I|lustratiye circult a m ninmum or 36

whi ch may bdagmitude:ef i1mage| eﬁﬁmmsdeyﬂvmdaﬁ@q therﬁéxmmuﬁ t he
circuit is tsmgPicqlet 8¢ tn&eaiffakuﬁéesa%bw fﬁﬁn@%ﬁfw{dﬁrﬁ' h the
active |(gage ortion of Vi> ﬁ Grc 36 e_,xam nes a

portiort kge?gup}eg ¢ geﬁBr PUnpéfér 1#&‘55 the i %ﬁsllne
32 -and Sndl ngnpat hofi ROM238. aTHisnagdditionel cdxmaritgh Itdmh lines is
examned. T id C 6is
preset to al °@#§§g%yggpgﬁ§?¥§9 Sﬁgoggktgg 4%%§§xﬂﬁq## iﬁ qé%%ﬁﬁd
hori zont al |¢odew@dds bit €oruBOMn38he These Hﬂdlsl:mmqil atidress rbits ence

value 10 ongybpstpe! oREEPEE EhOEnE adlrbbe’ B145 M dadd URIAIEAPS 1| Ler

32 are coupled t second I nput conpara nput of

| atch @& |Tam¢aeeﬁfe¢§réﬁe§ éanptedvapmons) |S@§sqtmn tafe the RAHASB val ue,
35  conpar ageESoﬂeaebﬂﬂélabsgmsrol rﬁbgn@.'z«getzo ﬂﬂé“ﬂ Og:gtda’é ¥ 6find

store the ap Ile di ence sa The val gye of ference sanpl e
stored in | AeReB Eo xger tgg value of the scale factor K, that is
selected.

, FIGURE 2 shows illustrativecircuitry of a minimum
20 value detector 36' which may be substituted for element 36
of FIGURE 1. The function of the circuit is to detect the
‘lowest valued sample difference occurring in the active
image portion of a video signal. Circuit 36' examines a
major portion of each field, i.e. the portion starting
25 with horizontal line 32 and ending with line 256, and only
U the active portion of these lines is examined.

The operation proceeds as follows. A
parallel-bit latch 66 is preset to all ones by a digital
one shot 68 at the beglnnxng of the 32nd horizontal line.

30 The wvalue in the latch 66 is ‘coupled as a reference value
to one input of comparator 65. Difference sample from
low-pass- filter 32 are coupled to a second input of
comparator 65 and to the data input of latch 66. If the
difference sample value is less than the reference value,

35 comparator 65 develops a control signal, to condition
latch 66 to store the applied difference sample. The
value of the difference sample stored in latch 66 becomes
the new reference value for comparator 65. However,



S
“ the new reference value for conparator 65. However, -13- if the applied
di fference sanple from32 is greater thamuthe ref erence VWI’I’@-M

reference value is retained in latch 66. In effect, each successive sanjte

i's conpared against an earlier |owest valued sanple and if 5 the curr _t_‘

Earrpl e i shh.dt\/vthel appdlied tdiaﬁfeadéncmrslamp‘lesmnesz hies cgn‘eraetrér sanple

t 5 | t
Corn nal  oEAG SRSk epytencs HIVE Tt ol A¥ednck fifld e o7
hori zont aI rartannesigm Q-milcm&ﬁ-veclrt reﬁﬁem: eamh \smssgmalsamp]smabl ed to
coupl e conpar %’oﬁha%dt %é %S)[ U Y lrlﬂvééi? Al ek <ﬁ g Peid | pps of

each hori zont al es occurring during t r|zontal back
porch 8nd &BeoFuUsEFERt |SIW1\PaI1§ Hoveroin valnedhan ahkhisamier ue

ggt ect:ondsgﬁ ltes Ithte rcl:ué:%’%tnﬁl @Hé&t meH t:tt&xestﬂéverﬁéﬁeﬁéﬁ@d in Ihatcgg
is loaded Iinto latg r.es ive to [ om one sho
This value is stored S Ig%rg&st%pﬂl@é)% q‘? cf'rgol?aﬁ ]pﬂ:mf‘ d for use
_in determ terminad baﬁsé.latmm &6 Hye gatieer6tice Gatieisdhainpgrat aing@dt and t he
K 20 sca T S r
hori zont al ES & \%E?Et?’ca réﬁl %n%otr% pu sesrﬂc?irggj[ry SCIW &%{?eabegl nni ng of
the | 1Re 3zh1eovgde0| signads io enableditmaimke corparatomihstoate with
the nunber 1@itcBS 66 NI Autilng JHY Yetive "ﬁnég”é PO o i@adKe the

m ni mum val ue detector each field or frame of Vvideo ipformation. The

digital onboXAgenial kine: i hiisy, SAMRIGRIQRFIFIRG | ng the verti cal
bl anki ng phoxdzonital ,gdakatpraraln and molod dokrst gintetwalsitsbe Glot |ine

val e fromirseutedt Sy Hirithyn B Betection (10 (0 21070 oi Tl one. shot
68 maiSconsi st of bi Ry Biwu 256 Lhe r\eaigw curxently 25oned B2 hatthont al
blanking gg is loaded into latch 67 responsive to a control signal
from one shot 69. This value is stored in latch 67 for
the next field or frame period for use in determining the
baseline of the reference value of comparator 30 and the K
20 scale factors. ' _

The digital one shot 68 which is responsive to
horizontal and vertical blankiné pulses outputs a pulse at
the beginning of the line 32 to set latch 66 to the
maximum binary value commensurate with the number of

25 sample bits stored in the latch to reinitialize the
- minimum value detector each field or frame of video
‘information.
The digital one shot 69, whlch 1s also
responsive to horizontal and vertical blanklng pulses
30 generates an output clock signal to latch 67 at line 256
of the field interval (or line 512 of the frame interval)
to load the value from latch 66 into latch 67. Digital
one shot 69 and digital one shot 68 may consist of binary
counters arranged-to count 256 and 32 horizontal blanking
35 pulses respectively.

S




35  pul ses respectively. - 14- RCA 82, 053

factor generating circuitry for use with a video si gnal Immmu",““ﬂm"f
4 ncl lﬂdl ng an input port, an output port fromwhich a signal, "deltay8d by 5
subs‘t tlaIIy one frame period with respect to signal applled to said input
port, ‘Is available, and nmeans for scaling _gnd conbining saighde )b%q) si gnal
and said signal applied to said input port,. wherein the degree df scal i ng
of said signal applied to said input port and sai d;:10 del ayed S|gnaf i s
adaptively conpgahied by selective application of scal e factors, said scale

factor generatfng crrcuitry co sin means coypled to said |nput port
and said output port for lpr oBG& m?'ﬁg °?°P§r ratng. igcudityy, fors use

separ at ed by owethr anwideo edlgndal e@cmmrﬁmmmﬁm a3 dnput

di fference sa for a Lrespqandi t he di.fference

sanpl e havi ng gﬁ%%x&gﬁr%dg%%ﬁh&% {ﬁ’ Hf a

Ijr ane perisod; Bﬁbstantlally mmafnamqomimd mtﬂ'he:.pgaw Har Gilgrml by said
et ection mean § e I5 r g

responsive to égﬁ’g ng ge%tr?'clewslar%{%r and $a é‘lﬁnr eshol’d vg ue for for

produci ng. at afceddpg: aps |d&4-a§!et§h§1%¢éném§r said signal

nmagni t ude of aaﬁp&fieae%e s%%.@'ﬁxﬁt& g:'oeétt ekvHetdin heMadyrideddOfsddlng

Lhreshol 8 val Ve SalaTedtna R o suld] Rkl Rt il (P00 g
set forthion Cdellayed \dignalln ﬁdwadmisre‘]gspmtﬂ:mned &y delmdtdivesi gnal
Comararer mealpkTEARIo B Wth iR Ml Rl 0 >0
predet er mi ned geaeratisgocdrcuitry comprlsing. :
means coupled to sa;d input port and said
output port for.producing_difference samples of signal
15 separated by one frame period; _
. detection means_responsive to said difference
samples for producing a sigpal corresponding to the
difference sample having the smallest magnitude over a
'predetermined portion of a frame period;
20 _ means responsive to the signal produced by said
detection means for generating a threshold value;
comparator means responsive to said difference
samples and said threshold value for producing at an
W . output_port thereof a motion signal whenever the
25 magnitude of a difference.sample is greater than the
magnitude of the threshold value; and =
means responsive to said motlon s19nal for
producing said scale factors.

30 ' | 2. The scale factor generating circuitry set
forth in Clalm 1 wherein the means respon51ve to said
motlon signal comprises:

‘memory means, having an address input port
coupledzto said comparator means output port, which is

35 programmed to output predetermined scale factors
corresponding to motion signals applied as address codes
to said address input port. '



corresponaing tomoti on signals applied as address codes to said address
RCA 82,053 3. The scale factor generating

' HIWHMHHHI h in Claim2, wherein- the means responsi ve-t o:sai.d m)tlon
Yyne fLurvhes mcl udes: mneans .responsive to signal produced by said 5; '

det ection nmeans for generating codewords corresponding to predeterm ned

magni t ude ranges of the difference sanplel¥aving the smal | BEANSZA0S3ide;

and nmeans for concatenating the codevvords correspondi ng to predetefnned

magni tude ranges with s |d no nal to formco site address codes

and appl yi ng sai d conp e'ﬂb%lcﬁ e lfog%%?ﬁamglﬁ%%‘érmse %he

scal e factor mﬂtaitn r(;jla:lm 2 twhyersein 1tﬁhé anédns neéipons Bve oo r saddsai d

menory neans [reans by neans including a delay
means for del %/ gy E%‘%t’lﬁgifﬁél %%&/‘%ﬁ | east one franme period. 20
5. A scale factor genmmmgfeﬁpmivéc#Oaswmb'BtWedebmrsaizé filter

| udi b t
el udinds mwf‘%}i sca |ng an%%?‘ﬁél(ﬁéys%%%?éé%ﬁﬁg&a% =

one frame perio maa

del ayed si gn@redefemmined, I'\‘#%“ 2f cehe réitfepenceopampie

appl yi ng conmﬁi@szsmxmqm&m.i@e§cﬁ@ factors, said scale factor
generating circuit conprising. neans re ive to d incom ng and '
del ayed signals for deV&HYHF %go’alcf?%?%ﬁ e %‘#%‘é??%% of 30 i mage

not i on bet vvemme:spamim frarmsederearnined magnitude tangesfwitknsaid :

sanpl es f [ S h ni mum noi se

in an i magé por | on é(#&fr%]n?Oﬁé%d&@g £&ﬁ%ég 8&eé §n&1
applying said compos:.te address codes to said memory u
means. '

4. The scale factor generating circuitry set
15 forth in Claim 3, wherein said memory means is coupled to
said comparator means by means including a delay means
for delaying said motion signal by at least one frame
period. -

20 ' - 5., A scale factor generating circuit for a
video signal recursive filter including means for
delaying an incoming signal by substantially at least one
frame period and means for scaling and combining said
incoming and delayed signals, which scaling means has a

25 control input port for applying control signals
corresponding to scale factors, said scale’factor °
‘generating circuit comprising:

means responsive to said incoming”and delayed
signals for developing difference samples indicative of

30 image motion between successive frames;

’ ‘means responsive to the difference samples for
developing a signal sample :epresentétiVe of the minimum
noise in an image portion of a frame period;

35
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C LM S * -16- RCA 82, 053 neans responsy ' [ I
sanpl e representative of the m ni num noi se for:devel opi ng”m““ H HE Iﬁ!;lr
ol

val ue® means responsive to said - difference sanples and 5 +sai d it hmes

val ue}or producing a nmotion signal when the nagnitude of the difference
sanpl e¥exceeds the nmagnitude of said threshol'd val ue; and neans responsive
to said notion signal for generating said ©mtrol signals. ROAG2,05% scal e
factor generating circuit. ~set forth in Claimb5 wherein the neans for
generating said control signals conprises: delay neans coupled to said
means for producing 15 said notion signal for delaying the notion-signal

by at |east one frame pemeutis EESFOHERONGG Waid SEYthIMHdnpLsi gnal and
del ayed noti on_gj f.ar. .qenerat.i.n redet ermned contyol signals in
accordance wit ﬁ%e%@r%%ﬁ%&lsﬁeoféfrﬁb% T APL99 RV RPRIAG @

not i on- si gnal -~ &hdesholdiatadyet notion signal. 7. The scale factor
generating circuit set fqddnd [ IR 4 g%gg ' : or ratin
control 25 signals furtﬁ‘{e‘%é}%:gonr}pe%%dergg:l@neanseér%‘s%?r?‘s%é%aﬁ%ﬁfﬁaﬁng
sanpl e repbesemddd whrgshald walurifoninreduding o mation signal evhen ue
correspondi ng khel mariitidieiion e i £ R RIS HNPb AL ergP! Tt ude
ranges enconpassing.s si gnal sanpl e; and neans responsive to sa
sanpl e val ue cmﬂgég'ﬁb'ﬁ(ﬁ r?}oﬁ?'ls‘gl'%"?ﬁ%r%fd t‘f?g'qﬁim?é?d of ranges for

sel ecting a predetern nechesats afesyminkivesdat avatidh asbtaion rsllgrlgids from
whi ch said nea | Al I 5 j«on and del ayed notion signals
sel ect said co F%ﬁ s?g als}d)é%yé}éi S£Hgélé1 .

- - 10

6. . The scale factor generating circuit. set
forth in Claim 5 wherein the means for generating said
control signals comprises: .

: delay means coupled to said means for producing
15 . .said motion signal for deiaying the motion-signal by at
least one frame period; ' , ;
means responsive to said motion signal and
delayed motion signa1 £or.génerating'predetermined control
signals in accordance with the history of image motion
20. indicated by said motion-signal and said delayed motion

signal.
. | 7. The scale factor generating circuit set
. forth in Claim 6 wherein the means for generating control
25 signals further comprises: ' .

means responsive to_séid_signal sample
representativé of the minimum noise, forﬁﬁroducing a
' sample value corresponding to a particular one of a
predetermined number of-amplitude ranges encompassing said
30 signal sample; and -
means responsive to said sample value
corresponding to said one of the number of ranges for
selecting a predetermined set of said predetermined
control signals from which said means responsive to said
35 motion and delayed motion signals select said control
signals. |



053 8. Scale factor generating circuitry for a vi deo
Ll!ll mqbﬂnu]wﬁ |Iter conprising: a video signal input port; delay neans
h rt and having an output port at which a video 5 S|gna
del ayed by substantlally at | east one video frame period |s avai |l abl e; .
subtractor circuit having an output port, first |nput gogg%ed to the ’
out put port of said delay neans and a seé% d i nput port ? d sai d
vi deo 10 signal input port, a scaling circuit having an |nput por't
coupl ed to the output port of the subtractor circuit and an out put port,

and an adder having a first fUt port coupled to the output port of the
scaling circuit, an(mnﬁxﬂ iﬁ# e ckagter genematingucipouitoy fardadel ay 15

means, and a g fg&&réiwgﬂfghééktégm Q#ﬁ port of the del ay
means, said sca ng CIFCUIt haV|n a contr I nput port_for applying
control signals correspforittdfRe t3i9naltapye E% ¢ 9etav means HAVERdpl ed to

Sﬁ' d Eub; ractdam imﬁwlﬁoﬁ]h(hr&ﬂ hi@ﬁi@dr}ﬁ?V&tmﬂlﬁéﬁeﬂeewﬁiéﬁaésvﬂd@duced
thereby for determn t i nj | n over

substantd al | Y ’@1@;} 4%3‘?6@&5 ?fé?’fae“{)fya Fr s%e‘??%d trame
responsi ve t eregdiadl risiavadabIes ence 25 signal for produ0|ng a threshold

val ue having a magnitudg é’%ﬁ%‘eé&f‘ ﬁ%@rm‘gﬁg? P{’)ﬁ%“g ﬁﬁ{rgr éhan

said mninmumdi fference si and neans res réshol d

val ue and saifdrf% fié*mep@fgrmuplﬁdp%m r@uem*a mt:ref seidsdehays.
1 méans! hd @ fedaitd OIn@Ion it NEowplédi €6 Ys&fd ¥Pded in Caim8

mherelni%aldéyggniffgb é‘%%%%f“% scé&ing circuit having an input port
coupled to the output port of the subtractor circuit and
an output port, and an adder having a first input port
coupled to the output port of the scaling circuit, an
output port coupled to the input port of said delay
15 means, and a second input port coupled'to the output port
of the delay means, said scaling circuit having a control
signal input port for applying control signals
correspOnding to respective scale factors;
means coupled to said subtractor circuit and
20 respons1ve to difference Signals produced thereby for -
determining the minimum difference signal over a period
substantially egqual to at least one half of a frame '
'period- : -%r’
means responsive to said minimum difference
25 signal for producing a threshold value having a magnitude
which is a predetermined quantity ‘greater than said
minimum difference signal; and
means respons1ve to said threshold value and
said difference signal for producing said ccntrol

30 signals.



gcontroi signals arator coupled to said subtractor and said
’5 threshold valu mh for generating a notion si We
gmagnttude of said+ ecence ssi gnal $ exceetBThe magni t ude of hol d
val & neans responsive to said mnimum difference si gnal for producing a
range.sign correspondi e, 1.,0of redet erm nunber, of anplitude
ranges; an?’ control sigral t[ﬁbed Sae n"e%‘htg f €¥P TCLALFULTEY 8L gnal
to sel ect one i@ﬁtlbflra qiraadetaemhemimwm mﬂamtﬁonfpm)dm:mgagtdl s and
responsive to g:%.}ﬁq gct control signals fromthe rel ated
Sl gna ail%w é{éa

15 set of contro ctor_generating circuitry for use
with a recursive filter @& (RAMRAGALOM qqmlﬂteﬁ)cﬁq said csubiragkex andnsakdch

signal s del Ry efriesholls vailhied g Bodudin Qﬁ Wéle F SEDES La Lo €162
applied to said in uta_lport 20 arqu* %e a(? r? ns for Scaling and
conbi ni ng sai' §188 agy e E%PP?Fl?P;ﬂRaJp%rt and
wherein the degmd)ftlm:aiagmmfdesa:ﬂ sama&m'@mbml pignals is

facror generating ci roubebeskbriite 5 S04 i, GEFREaREELT 001 ¢
for coupling sdgnald ﬂqumrqdmmm@ ﬁ@mmmabwortespmmum one
di fference pRGRH @S pedetEiMintP I RYE S a?ﬁéé proﬁ% hg a

det ecti on neans reSponsive to said Ifference sanp es
si gnal correspondi ng t o SORETRY SdanAde REOANIGLNG ROANS HeeSPRNS e HRgni t ude

over a predet salimedmw tgigmadf ﬁch%di%&: wﬁéée@&ffoéi ﬁ)ﬁédeteimnﬁéds
, -19- 1. @ ahG r}tdsetr‘rse% con ro Slsvleg!;acﬁ.st haen spo rlo‘('tléjcgg sg ia' d
~ motion signal to select control signals from the related

15 set of control signals.

10. Scale factor generating circuitry for use
‘with a recursive filter including an input port, an output
port from which signals delayed by substantially a preset
‘period with respect to signal applied to said input port

20 are available, and means for scaling and combining said
delayed signals and signal applied to said input port'and
wherein the degree of scaling of said signals and delayed
signals is adaptively controlled by selective application
of scale factors, said scale factor generating circuitry

25 comprising: | _

L . means having inputs suitable for coupling to
- said input éort and said output port for producing
difference samples of signal separated by said preset
period: -

30 : detection means responsive to said difference
samples for producing a signal corresponding to the
difference:sample.having the smallest magnitude over a
predetermined portion. of the said preset-period;

35



generating threshold val ues; conparator neans o
m “M‘ﬁ difference 5 sanples and said thresheold val ues for
g at an butput port thereof an i-ndi cative signal whenever, .the _#ﬁ
smagni tude of a difference sanple is gréter than the rragnmae—es-at—h-e—
threshol d val ue; and neans responsive to said indicative signal for 10 s
prodUC|ng sald scale factors. 11. A circuit according to claim10 in
conbi nati on \Gi3im 10 Certde fi|ter i ncludi ng an input. port, an output port

from which signal s del ayesh®yrdSpsnbstantbathy Szahﬁiebreahbgg ‘%{t I&al‘aSpeCt
to signal applied to said.input port are_ avail abl scal'i ng

and combi ni n§ SRR d?/%ﬂ“%lﬁﬂﬁl ge'&ﬁHaE?‘ﬁﬁthﬁﬁEPbéé t’ély&ﬁd i nput port
and wherein the degree cémpspatog méansi ﬂeﬁbeﬂahﬁea'ﬂé Qﬁhayaﬁfi‘bﬁ}@%lc% i's

dapt ly 2 I b ctive,ap catign of s e factors 25. 12.
i 2261: \éef %ct %r gﬂtéeér)a% ‘ggs%'}‘? tgfeﬂﬁ?)%‘? ﬁ?h&??ygﬁg REP PﬁBBQoP& @8scri bed
wi th referencmtmitrippre ﬂhemﬁoﬁnamlyndicabﬂvélsﬂgb;leg$hev3r Qﬁet
13. A conb ac rating
circui tcgubls{ﬂgatnd[ | a lﬁie xf ﬁgetﬁé:lﬂa %%ir’%é déesﬁﬁf%eﬁgv\g%ﬁaggfegéﬁg 8 Figure 1
optional ly a@%t’fq <b§/ theutkreshgbd value; and :

means responsive to said indicative signal for

10 producing sald scale factors.

11. A circuit according to claim 10 in
combination with a recursive filter including an input
port, an output port from which signals delayed by

15 substantially:a preset period with respect to signal
applied to said input port are available, and .means for
scaling and combining said delayed signals and signal
applied to said input port and wherein -the degree of
scéiing of said signals and delayed signals is adaptively

20 controlled by selective application of scale factors

25 | | -
12. A scale factor generating .circuit

substantially as hereinbefore described with reference to
Figure 1 optiomally as modified by ﬁ‘igure 2.

30 .~ 13. A combination of a recursive filter and
a scale factor generating circuit substantially as
" hereinbefore described with reference to Figure 1 optionally
as modified by Figure 2. |
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