2189107 ‘NO SE ADJUSTED RECURSI VE FI LTER Background of the Invention This
invention relates to the art of processing video signals and, nore
particularly, to inprovenments in recursive filters. Recursive fi thss&\ir{?vz
kno@f in the art and an exanple takes the formof the U S. Paten s

Kai ser et al., 4,064,530. The recursive fr+ter described there serves to
reduce noise in a color television signal, even in the presence of notion
bet ween successive franes. The systemincludes a delay or frane storage
device for storing a single television frame and a sunmm ng devi ce for
adding a fractional anplitude portion of the stored signal to a fractional
anplitude portion of the present or incomng video signal. The system
functions as a recursive filter and is operative automatically to change
the fractional anplitude portion of the stored signal fed back to the
summ ng device as a function of the diflerence betwn the -2- stored and
present signals. This changes the integration time constant of the filter
so as to accommpdate a certain anount of notion between the arriving signa
and the stored franes. Motion is detected as it exists between stored
frames and the incom ng signal as the picture proceeds el enent-by-el enent

t hrough the system and in response to the evaluation of such notion alters
t he contribution of

NOISE ADJUSTED RECURSIVE FILTER

Background of the Invention

This invenﬁion relatés to the art of processing video
- signals and, more particularly, to improvements in
recursive filters.

Recursive filters are known in the art and an example
takes the form of the U.S. Patent to A. Kaiser et al.,
4,064,530. The recursive filter described there serves to
reduce noise in a color television signal, even in the
presence of motion between successive frames. The system
includes a delay or frame storage device for storing a
single television frame and a summing device for adding a
fractional amplitude portion of the stored signal to a
fractional amplitude portion of the present or incoming
video signal. The system functions as a recursive filter
and is operative autbmatically to change the fractional
amplitude portion of the stored signal fed back to the

sumning device as a function of the difference betwren the



the stored past signals to the noise reduced video output signal. ifra’
picture elenent fromthe same scene object,in the stored past signals is
sufficiently different in anplitude fromthe sane elenent in the arr|V|QgJ
vi deo signal, the past history of that piLgture is ignored and only the "%
pr esent S|gnal is transmtted to the output termnal, In the Kaiser et
al. System supra no provision is nmade for adjusting the fractional

anpl itude portion of the stored signal which is feed back into the

summ ng devist®rasl arfdipresemt ofigmalse aShisd Icteemged Wi ot eofr 4 hieon

di fference between the stored and the present signals. To the contrary,
Kai ser et altims ewingdsandnlof ftdre fhidjhest rgntasofta edommmdateala asgrtiaiude
portion of the stored signal as a function of the difference between

t he stored muﬁm@fpﬁ&@rﬂn Refraen Ghe iar L &L Idovand & s s are
noi-se measuryent circuit, in conjunction with a video noise reduction system

as is descri S5 t tdeﬂrbrhs tRCtqd s i %HlStS betyreen Hiwredi o,

St or ey cont | at es onemhat different filter than that of Kai ser,
supra 57 and 8 RGOS 15 U VAR ST L oA RGP SR put

_ I d ; ; f h t field
ts;JgB?OVIage I aénpefere ceéfsae%eﬁgﬁ eHhR v?iharmder%et%Ad?%a}.lodnsp%frtptss%&gﬁr%fn enlcg
signal are at eefwﬁéﬁ%{fdr@tdf’%ﬁ& e P d tude RAL £ 8IS J}?rc?f)f . The

t hus attenuated si
the stored past signals to the noise reduced video output

signal. If a picture element from the same scene object I
in the stored past signals is sufficiently different in
amplitude from the same element in the arriving video
signal, the past history of that picture is ignored and
only the present signal is transmitted to the outpnt
terminal,

In the Kaiser et al. system, supra, no ptovislﬂn'in
made for adjusting the fractional amplitude portion of thn
stored signal which is fed back inlto the sumuing device ag
a Function of noise as well an a Function of the difference
between the stored and Lhe present «*lgnrﬂ To Lhe \_)
contrary, Kaiser et al. provides only for adjustmnht of
the [ractional amplitude portion of the stored signal am a
function of the difference between the stored and Ihe
present signals.

It is, however, known to provide a noise measuramentl
circuit in conjunction with a video noise reduction system

as is described in the patent to R. Storey et al.,



-

added ‘to-the preceding output signal to provide a new output signal for the
eurrent field. Wile the systemoperates differently than that of Kaiser,
Staeey et al. nevertheless contenplates that a noi se neasurenent circuit be
enpf@yed for neasuring the noise on the difference signal and then
adjusting the gain of a variable gain eleneﬁé“enployed in attenuating the
di fference signal as a function of the output;obtained fromthe noise
measurenent circuit. Summary of the Invention It is an object of the

present invent iPrbz#é),aﬂBPVi %etéﬁcgéf gz%’og{@fﬁﬁﬁ AP &6 CFZJA%’%%Ofd'tiLEE%Vro%MSt em so

that the por;ion’o _ 1fferen nd]‘mhldp i's adde the present |nput
signal is adj usztﬁdtéﬂr]gbeqqmpm%ww R [ 01 Vi A0 S ol ta1l S, &

still further object of” the present invention to provide a noi'se aqjustéd
frame recursivesffddderigioh deit adjdasteth flie NS & apUERAEY R dUli ng a
nonpi cture portion of the video signal. - 4- 1 n accordance wth the

present inventithen thester dct iy duickectige ngise: adjgisileForeailresioun: ifdd iy ef i =nig
apparatus for processing each of a plurality of successive video signals
each having a pictrpreyipds tda ohi ek @ragetienmhed myhpimpuirtaideorpd onigyns  of
conprising: noise detector neans for nonitoring each one of said video

si gnal s during Wi dFLEehengrorflanak aporatitd@iyiated relative to the high
amplitude portions thereof. The thus attenuated signal is
added to the preceding output signal to provide a new
output signal for the current field, While the system
operates differently than that of Kaiser, Storey et al.
nevertheless contemplates that a noise measurement circuit
be employed for measuring the noise on the difference
signal and then adjusting the gain of a variable gain
element employed in attenuating the difference signal as a

function of ‘the output,obtained from the noise measurement

circuit.

summary of the Invention

&,J It is an object of the present invention to provide
improvements to a recursive filter system so that the
portion of a difference signal which is added to the
present input signal is adjusted in dependence upon noise
in the video signal.

It is a still further object of the present invention
to provide a noise adjusted frame recursive filter which
is adjusted for noise as measured during a nonpicture

portion of the video signal.



t hereof for providing a noise signal having a magnitude representative of a
noi se level on said video signal; recurgsive filter neans for filtering each
said video signal and including neans for del aying each said video signal;=
means for determning the difference between said del ayed vi deo signal

a successive undel ayed one of said video signals, neans responsive to said

di fference and said noisg signal ﬂog grovidin a fraftiona+ portion of said
difference as a tBrPeEPTIANET gHAF! LSRG REGREF of "HaAt hYP sat¥CE8r+28ct i on
signal to sebdidsdelayetls¥i degustgdaretorpivei fléltearbugpappsragbas. Bri ef

Descriptiop of the Drawi ngs .The.for i.ng. apd et | S advant ages
of the invgﬂfi8ﬁ°ﬁfff15%c ﬁ%hngﬁegréggfggla p%?e%?é?ggﬁfgéevﬁgg?omﬁng
descripti osigriaise paehehaeiingnbodiatureoporhdonngedt poadeserakeadn

conjunctigﬁaxﬁiggsggsgﬁgggpggyi?gmgpgg&ggs which are a part hereof and

wher ei n: emati1 c-block diagramillustration of a portion of a
frame synchroni zer enpisgi dgtentopr means fpvemondfporiing. 2aich ane of

Permt | oo . di - i o th
bl 0ok di agtan oy 1p2d" BbhatdoBbRshqnofl bE® SBURT ORPIEk Bl WAMERS 1T 1
t he operattheraefefar prgviding a weistosdgnelabaNgngoat Regoddusts on of the

sync detectQprebbftaPibl! Bt Aah8IskNENBNSBnUGRSA! Qided SigRET";
recursive filter means for filtering each said video
signal and including means for delaying each said
video signal, means for determihhmg the difference between J
said delayed video signal and a successive undelayed one &-)
of said video signals, means responsive to said difference
and said noise signal for providing a fractional portion
of said difference as a correction signal, and means .
for adding said correction signal to said undelayed video

signal to provide an output signal.

Brief Description of the Drawings

The foregoing and other objects and advantages of
the invention will become more readily apparent from the
following description of the preferred embodiment of
the invention as taken in conjunction with the accompanying

drawings which are a part hereof and wherein:

Fig.1 is a schematic-block diagram illustration of
a portion of a frame synchronizer emplojying the present
invention;

Fig.2 is a schematic-block diagram illustration of

the sync detector shown in the block diagram of Fig, 1:



detail than ‘that illustrated in Fig. 2; Fi,g. 6 is a schematic-block di agram
illustration of the logic circuit illustrated in Fig. 1; and Fig. 7 is a
schemat ijc- bl ock diagramillustration of the signal mxer illustrated in
Fig. 1.>Description of Preferred Enbodi nent Ref-erence is now nade to the
drawi ngs for purposes of presenting a preferred enbodi nent of the invention
only and not for purposes of |limting sane. Reference is now nade to Fig.
1 which illustrates a portion of an input processor. circuit of a frane
synchroni zer for procE$§sng3ARBD Sagmakave £Jdhes COapHSi t &n v eeor b pmal tihs
passed by a |low pass filter 10, which in this exanple may be considered as
passi ng signals uppévabibnegeraty;of 5.5 MHz. This is within the range of
operation of an analog-to- digital converter 12 which converts the anal og
video signal into a tFagn &fi8 pivawe fprml rehaples bhi the nepe bet sepprf ethe o
a frame storage for subsequent use. Prior to the video signal being applied
to the-anal og-to- 8¥BFafe&B8RtRFter 12, it is passed through a back porch

cl anp circuit 14 tg.clapp, redeterm ned nonpicture portfion to a
desired | evel. Sonet?ﬁﬁs gpbgﬁgsb ?Eﬁschﬁp“%f?gug?L?%t$bfb?r%ﬂ??%ﬁ%s a DC
restorer and both : b L herein.for.the,same circuit. In
this application,dégéggeggépggg$EF§9¥$§ﬁbaée5913 %*?re%él on the order of
(2.0 volts in the back;gorgh; pos! LRl | BELYEERCaEAGPSh- 1 T1Es L PAEL L) agRCe
or picture content portron of the video

) the logic circuit illustrated in Fig. 1l; and

k /

W,

Fig. 7 is a schematic-block diagram illustration of

the signal mixer illustrated in Fig. 1.

Description of Preferted Embodiment

Reference is now made to lhe drawings for purposcs of
presenting a preferred embodiment of the invention only
and not for purposes of limiting same, Reference is now
made ;o'Fig. 1 which iliustrates a portion of an input
processor. circuit of a frame synchronizer for processing
the signals, The composite video signal is passed by a

, low pass filter 10, which in this example may be
considered as passing signals up to a frequency of 5.5 MHz.
This is within the range of operation of an analog-to-
digital converter 12 which converts the analog video
signal into a train of 8 bit digital samples which may be
supplied to a frame storage for subsequent use. Prior to
the video signal being applied to the analog-to-digial

converter 12, it is passed through a back porch clamp



signal will then vary between -2 volts and 0 volts which is within the
operating range of the anal og-to-digital converter. |In sone applications,
the video signal may be clanped to ground | evel or some other desired~;
signal level. Additionally, the circagtry in Fig. 1 includes a bursﬂﬁﬁ{
detector 16, which may be of conventional design, and a sync detector 18,
which is conventionally enployed for supplying timng information to a
voltage controlled oscillator 20 which, in turn, provides clock pulses to
oper at e dihcwitalloy-to-aliapp & wederd mrine?]l ke ictkyne mpdctihen to

anal og-to-digital converter in this enbodinent is preferably noise reduced
by a recurdgsieell giewfl. noideistRicar BAK PG redAn Rkl ey ok ris
conventional in the art and, for exanple, in the enbodinment illustrated, it
t akes t Weeforigdite 35 PG SR LR f4Nd FohpI R hymrpriaset 202, a
frame nenory 204, a chroma inverter 206 and, an asynchronous first-in,
first-olteiehbriPhtiersams Fht et thnnedt dd' % "f?ﬂﬁ’s‘iarta‘t%l ih HIEC 1. This
di gital npise reducer

' f ' fiil wh ' h i xel of
2 St or e 9k 19 TIPSR (RIS y Ot 19 Sthe SUISRIOF hiel CPLSRE por
f by, m xi |t at [ l. m 02 W [ ) t bt ai ned f
the anal . £18 chit ol S35 S, YHach EEARES (afié ot epandi ng o
th . Dj . ion. . ' af | | the d f
{1 or nipts PLSEER| OF pECPUR TobRte BRLEVAL 3L nd P00 . dearee of

filtering gfali @1 afted Nfat fBGe WA DE ROOVE Lohd SFPAIks which

is within the operating range of the analog—to—digital \ )
converter. 1In some applications, the video signal may be \')
clamped to ground level or some other aesired signal

level. Additionally, the circuitry in Fig. 1 includes a

burst detector 16, which may be of conventional design,

and a sync detector 18, which is conventionally employed

for supplying timing information to a voltage controlled

oscillator 20 which, in turn, provides clock pulses to

operate the analog-to-digital converter 12,

The output of the analog-to-digital converter in this )
recuisive
embodiment is preferably noise reduced by a/digital noise o/

reducer 200. This may take a form conventional in the art
and, for example, in the embodiment illustrated, it takes
the form of a frame recursive filter employing a signal
mixer 202, a frame memory 204, a chroma inverter 206 and
an asynchronous first-in, first-out memory buffer 208
interconnected as illustrated in Fig. 1. This digital

noise reducer is a frame recursive filter wherein each



to changes (notion or noise) in the input signal. If nostly input data is
sused,- then the degree of filtering is low, and the image will quickly
respond to changes in the input signal. Front panel selection is provided
for dthe digital noise reducer and this incl udes off, low ned and hi switch
positions for use in determning the mx rati.o. Additionally, in
accordance with the present invention the front panel control settings are
conbi ned with measured noi se obtained froma noise detector circuit |ocated

within the syng;deieston 38ored iRELE $h'EHE! F24Re hBmBRyd8EGriRed in
greater detail hereinafter, conbines the neasured noise with the front

panel control gattesgsvelheupinetabynpexpérdritbreengembringentt he stored
and i.nput levels is also used to obtain the mx ratio. Pixel differences

whi ch are snal kignelamsueed200- kéthhénebheny ohtaaodoemineds€éromndhare
consequently heavily filtered. Differences which are |arge are assuned to
be the effect ehaiog+bta-dagtihelprotverteantizareikhghbeyihcbnéngddata
Because the chroma signal phase changes 180 degrees between one franme and
the next in ancR¥FSESPPOEsNT| §Rakheasaneonbxphvepcatione | Thenpisyedtin the
frame del ayed data path (otherwi se_the chroma signal would be | ost in_ the
m Xi ng process$MPTRECHedLY SHPFéPlZGBeiQeaﬁeas9gcﬁi$ﬁ86§“9brsﬂfiNPStlY
first-out nenor buffﬁ% whi_.ch is enplo§ed to coHvert the frame gelayed
signal from neREPOEYi ARGE ARnPERY 47 bBReB Ko FRBMOLPBUFCSEERAPT to the

mput timing (desiyedntr oM Lagn! "BHE $heBhhoe FEKINEPEESLPLS 1BSpong
o
b.

to changes (motion or noise) in the input signal. 1IEf
mostly input data is used, then the degree of filtering is
low, and the image will quickly respond to changes in the
input signal. Front panel selection is provided for the
digital noise reducer and this includes off, iow, med and
hi switch positions for use in determining the mix ratio.
Additionally, in accordance with the present in&ention,
the front panel control settings are combined with
measured noise obtained from a noise detector circuit

\ v located within the sync detector 18. A logic circuit 210,
\v/ to be described in greater detail hereiﬁafter, combines
'the measured noise with the front panel coﬁtrol settings,
The pixel-by-pixel difference between the stored and input
levels is also used to obtain the mix ratio. Pixel
differences which are small are assumed to be the effect
of random noise, and are consequently heavily filtered.
Diffefences which are large are assumed Lo be the efllfect

of motion in the picture, and are lightly filtered.



pi xel - by-pi xel alignment of input and frame del ayed data required by the
signal mxer 202. The chrona inverter 206 js preferably an adaptive filter
used in the frame del ayed signal path to extract the chroma portion of {he
signal invert its polarity, and reconbi @1t with the noninverted | uni nap¥e
portion of the signal, thereby correcting the chroma phase difference
between the input and the frane-del ayed signals prior to mxing the signals
“at m xer 202. Rﬁference Lsngwnade.to-?ig1 2 mhicg ego¥5$e§ a_nore
detailed illust PREPBRCoFPERENETHR HEBRIOPNEE®I S RPESS1 3 ThESVIEES signal
is first pa r h w,Pas [ .- [ f gr a passes
signal s hav?%égggprgggeﬁgghgpa?g-??é h%gi g%h?@,ﬁ?ﬁgn?ngéagghgﬁﬂ'pértion
of the freqeﬁesmabaadeQEeEthzl@soeﬁpga?ba ihhenki kkamedaehdgaasiagnal is

t hen passed by a buffer 32 and a capacitor 34 to -9 - the negative input
of a conpargheh 3I6twhkGisepenat earafadsgyna1Skbaen. héhiisseonpanator 36
conpares the filterred video signal with a threshold for the purposes of
recovering wieiagnersicesal) .fr onet hembiit Bu€deyi 308 disgnal asThichrampulse
appreciated with reference to the waveforns in Figs. 3A and 3B. The

wavef orm i nfErgt-3A,i §irepresénmanovg blifflee ebipbsiiteenplegesdi goal . As
seen, the video signal has a picture portion P internediate the front porch
portion FP genvgrbatkepranepdel.ryrdBpignahoficomnmemosynd igiiggal(which

is locked to the output signal) to the input timing

-~

(derived f£rom the input signal), making possible the {
pixel-by-pixel alignment of input and frame delayed daka o/
required by the signal mixev 202. The chréma inverter 204

is preferably an adaptive filter used in the frame denlaynd
signal path to extract the chroma portion of the siqgnal,

invert its polarity, and recombine it with the noninverted
luminance portion of the signal, thereby correcting the

chroma phase difference between the input and the

frame~delayed signals prior to mixing the signals al mixer

202,

-~
b

Reference is now made Lo Eig. 2 which provides a more iv/
detailed illustration of the sync detector 18 in Fig. 1.
The video signal is first passed through a low pass filter
30 which, for example, passes signals having a frequency
up to 1.5 MHz. This,-thén, is a small portion of the
frequency band of the video signal. The filtered video

signal is then passed by a buffer 32 and a capacitor 34 to



separat-es the front porch portion fromthe back porch portion and this sync
s signal is referred to as the sync.tip ST. Conventionally, the front porch
portion and the back porch portion are at the same DC signal |evel, such as
grbﬂﬁd. The sync tip is also naintained at a constant |evel which is
conventionally negative with respect to tl9e front porch or back porch
portions. The sync slicer conparator 36 conpares a threshold signal with
the filtered conposite video signal in order to recover or detect the

hori zontal synchronizing signal and produce a horizontal sync signal [err]

i n accor danckhe heesalki ne (beeuFi@f BByommmea kg e3hovlel ¢ih FPer abet samba ai ned
fromthe junction of a pair of resistors 40 and 42 connect ed between the
out put of a BURFePligehnd BRHUMEP™PRL BRI 40 HeOMeRERE t 2R fhkE®a¥ 1 gr ound
potential is ilLlustrated herein, a differepnt reference |evel nmay be

epl oyed. TRELBEP( & 99al oBLE ra FBECThBl FPEntie A% BRESS 260 stored on a

capact Lor 40.2.5800he B IOL SILAPOCERE [HL e B LANAFTFIGA! SO | ncl udes

a switch 48 erioditarly 0ose roni ioh"Wth detection

of the hori ZQP%QLJ.?)/ -h?r%;rﬁﬁ%tgecé’g}m:_&Fa@e@a&btaﬁprép@feﬁ@@ (1 tgred

conposite vided signa sanpl'ed and stored in capacitor 46. The
sanpl ed vol t g@e F8kRS PhageqdUr 3Rgakdpesgync tip portion ST of the video

signal. The capacitor 46 charges toward this | evel and the charge of the

capacitor is bufftpeedatbroughi huffi@r 4 aedreppésefltative of the

composite video signal. As seen, the video signal has a

U picture portion P intermediate the front porch portion FP
and a back porch portion BP. A hori zontal sync signal
separates the front porch portion from the back porch
portion and this sync signal is referred to as the sync
tip ST. Conventionally, the front porch portion and the
back porch portion are at the same DC signal levei, such
as ground. The sync tip is also maintained at a constant
level which is conventionally negative with respect Lo the
front porch or back porch portions.

K / The sync slicer comparator 36 compares a threshold
signal with the filtered composite video.signal in order
to recover or detect the horizontal synchronizing signal
and produce a horizontal sync signal HS in accordance
therewith (see Fig. 3B). The  threshold in Fig. 2 is
obtained from the junction of a pair of resistors 40 and
42 éonnected between the output of a buffer 44 and
ground. It should be noted that whereas ground potential
is illustfated hereih, a different reference level may he

employed. 'The buffer 44 obtains its input from a chartqge



across the voltage divider consisting of resistors 40 and 42 to provide 'a
threshold Il evel to the positive input of the sync slicer conparator 36. -

- Whenever the filtered video input signal becones negative with respect tQ, .
the threshold, the sync slicer 36 wll ouput a positive pulse representgﬁﬁ
the horizontal sync signal [err] as is seen in Fig. 3B. The | eadi ng edge of
the horizontal sync signal triggers a sync tip sanple pul se generator 50 to
produce a sync tip control signal A (Fig. 3C) which is then enployed for

cl osing swidedrd8 shird Nehpd®i 6yNC4 s} pa podripsn &1d dfoldeaf rddgeeehtyi deo
signal. Simlarly, the |agging edge of the .horizontal sync signal [err]
triggers a batk poraigehanp plscelgeheies ox $2itoh péddelckcln i9i gger signa

B (see Fig. 3D) which is enployed to tenporarily close a switch 54 so as to
clanp the fpéreo@icalliprockogrdi in oS yroumen e b Hen t Metha@ktpekE® pdfti on BP.
Referring again to Figs. 2, 3A and 3B, it is recalled that the horizontal
sync si gnal therhgri penpabdered ket HR $oRRkeke va dedtli gRathdksthes DC

| evel change to the point that i% i S pore. ne at{ve thafq%he éhrgsho d

suppl i ed t ofthEeped EPRHROF ARV HEe? hEl 20AL BAY cRF 38TPL199c2PR1 BFRATR | evel
or threshol d_may be.call th | el Thrs LS. S in Fig.
3A as beinglﬂiﬁ%gﬁcbg?ﬁegﬁ'tthgo?gﬁﬁ%S a%%f%gy%hp%g?%ig%gé% é%ggﬁﬁe sync
tip portion ) NIy e,pa p p i BPpri,s at 0 volts and
t he sync ti%E%o??ﬁ%ngggnpé?ﬁé?ﬁa$fyogtEﬁi.gigg tg?g?ﬁgh tﬁgéthreshold or
slice level .3b4c FBYr D86 SEhaRges toward this level and the charge of

the capacitor is buffered through buffer 44 aﬁd applied \
across the voltage divider c0ns{sting of resistors 40 and
42 to provide a threshold level to the positive inpul of
the sync slicer comparator 36. Whenever the Eiltered
video input signal becomes negative with respeét to Lhe
threshold, the sync slicer 36 will output a positive pulse
representing the horizontal sync signal Hg, as is seen

in Fig. 3B. The leading edge of the horizontal sync

signal triggers a sync tip sample pulse generator 50 to

produce a sync tip control signal A (Fig. 3C) which is

;

\J

then employed for closing switch 48 during the sync tip &/

portion ST of the filtered video signal. Similarly, tLhe
lagging edge of the horizontal sync signal Hg triggers a
back porch clamp pulse generator 52 to produce a trigger
signal B (see Fig. 3D) which is employed to temporarily '

close a switch 54 so as'to.clamp the filtered video signal

to ground during the back porch portion BP.



-0.5¢vel t5. Consequently, as the video signal becones nore negative than

+ the.threshold or slice |level SLA _the output of anplifier 36 will go
positive and stay positive to provide the horizontal sync signal [err]
ud#| the video sync signal once again increases positively toward the back
porch | evel and becones nore positive thailli--he threshold or slice |evel
SLA. This is illustrated in Figs. 3A and 3B. The di scussion thus far
assunes that there is no noise to contend with during the horizontal sync.
recovery. Reference is now nade to Fig. 4 which illustrates the video

si gnal havi ng noiRed efid No@draddd &9 WHars -ws 8dsandd 3o Bd dendesitl Uegy el
nonpi cture portions, including the front porch FP, the sync tip ST and the
back porch BEDats th& 1Noxd 29mdaly £V isdi Yetlged® FOSEGRE, Mhen tHge noj se
-12- includes, peaks. and, val |.eys whi ch ,may craqss the normal slice | evel SLA
at times whi it 595999 &% s ]ﬁg’qsndi ot e la R PodPalthey e idiynal
recovery. For aml e,. a _hoi se val.l e Qint .60 .in Fi.g.#4.is ¢gl.early nore
negative t hantqeaner% i'ce N%Vel"e8R lé’r% L{? s %ulLélr(?égd’%e]'dt ﬁé’pgg‘r}@%sll%écer 36
to erroneousl %QQH 4 ndi.cafd of hatyi iz sy SI QA o nee
‘Simlarly, a lér?‘oelo e pg'g’k pollrﬁ)glt ?; iq:rs?]e_cls ar] ;./glr%or e f)yoﬁs'i tiﬂﬁfee tr%gn' "_teﬁ]é'csl ice
llevel SLA and syl GbCalh@ it Sy He @130 [hed1aR0U e IPlsaw de an

i ndi cation that the horizontal sync recovery has been conpl et ed.

Consequent | y, THia sies siidust dded in Fig. 3A as being midway between

{ that of Ehe'back porch portion BP and the sync tip portion

i_; ST. For example, if the back porch portion BP is at 0
volts and the sync tip portion ST is normally at -1.0
volts, then the threshold or slice level SLA may be set at
~0.5 volts. Consequently, as the video signal becomes
more negative than the threshold or slice level SLA, the
output of amplifier 36 will go positive and stay positive

to provide the horiazontal sync signal H, until the video

S
sync signal once again increases positively toward the
back porch level and becomes more positive than the

\ threshold or slice level SLA., This is illustiated in
Figs. 3A and 3B. The discussion thus far assumes that
there is no noise to contend with during the horizontal
sync recovery, |

Reference is now made to Fig. 4 which illustrates'the
video signal having noise and locéted on what was assumed
to be constant level nonpicture portioné, including the
front porch FP, the sync tip ST, and the back porch BP, as

well as the transitiong belbween these levels. The unnise



illustrated in Fig. 4 can provide erroneous horizontal sync recovery
information. In accordance with the enbodinent illustrated in Fig. 2, the
threshold or slice level is varied in the presence of noise fromthat of, ..
its low noise or normal threshold | evel SLA- For exanple with reference ti
Fig. 4, in the presence of noise, the negative going valley point 60 while
bei ng nore negative than slice level SLA is not nore negative than an

of fset slice, level SL2. Howeyer, as the video signal becones nore ne ative
than t he offé%?lg?F%ep?%5%la@%ZYa}ﬂ%Y§yH81§Pi%§¥ gboﬁflﬁgﬁragfﬂgﬁa pogitive

hor i t al [ I Yull wh -1 Lse. K62 i :

nor zontal SYDEE! PAT FLAT BE hpakShER LR Pt R Roeghe re
positive thagnagga@?gbfbfdaoﬁogiaﬁﬁia§!é?ﬁcl?tha§Léecbp$@ er, pg$ the video
si gnal -13- becones nore positive, it " wl xceed that of thé offset

slice level gkimpgayshndofsberainayi gpiat EheiRoFigonyak ssyneasignabyoThis
operation is achieved by enpl oying a noi se detector generating information

to modify thaegski¢e tA¥A! tHEr EMPcROLEYCORMNt hABS tASsMRABUAEdatiHR] RYeONE
of the predeterm ned nonpicture portions of the video signal. In the
enbodi ment obyhicgsl2céhe3notsoecekevakbouslyepsodedebygnaindisatdeneotion 70, to
be described in greater detail hereinafter, which neasures noise during the
sync tip sanpbeipenialissgnd piguwades &namalaply .i adneasreoperBpipedent &2 ve of
t he average noise. This .
is cleatly more positive than the slice
level SLA and would cause the sync slicer 36 to erroneously
provide an indication that Cthe horizontal sync recovery
has been completed. Consequently, noise such as that
illustrated in Fig. 4 cén provide erroneods horizontal
sync recovery information,
In accordance with the embodiment illustrated in Fiq.
2, the threshold or slice level is varied in the presence
of noise from that of its low noise or normal threshold

level SLA, For example with reference to Fig. 4, in the

presence of noise, the negative going valley point 60

-,
N

g
\/

while being more negative than slice level SLA is not more \/

negative than an offset slice level SL2., However, as the
video signal becomes more negative than the offset slice
level SL2, the sync slicer 36 will provide a positive
horizontal sync signal. Similarly, whereas the noise peak
62 is more positive than the low noise or normal slice
leéél SLA, it is not more positive than the modified or

offset slice level SL1l. However, as the video signal



includes a positive signal [err] as well as a negative signal [err] to be
- added or subtracted to the normal slice level SLA so as to vary the slice
| evel in accordance with nmeasured noise. Both of these offset adjustnents
ar&’supplied to the positive input of the sync slicer 36 by way of a
resistor 72 which scales the offset signalj-These offset signals are
supplied by way of switches 74 and 76 which operate such that when one of
the switches is closed, the other is open. The switch control is obtained
fromthe sync slicer 36 such that when the output is positive (during a
sync tip intkeegehds mdee spps thi v, | Bt b bbleds xee2d stishovwpt | rhdmigf Fxt so t hat
the slice level. is raised to that of slice level SL1. \WWen the output of
t he -14- shhee sleeel Il scausigpdunhd-potieraten (@r iy havel #owm ! por ch
or back porch Eortions the switch 74 is open and switch 76 becones cl osed
by way of ar®¥R¢efi@hakg 11§ ORYr HbiAptecI Al EVIhatY WHEP LS Wi 2 ches 74
and 76 are i|lustrated as sinple nmechanical swtches, the i,n practice,
woul dnor mal T2 TaKES TREET D, 90T Abt 1% LR EPRN S LN pLEeY s 1 Bl Gl |
known manner ' d 0 ri S [ r aileswith
reference toliggf @Qkig?eﬁég _éggﬁﬁgf%g%e&¥§§§?%ggggﬁﬁﬁéﬁﬂ?fﬁﬁ%té%tes t he
noi se det ect ofie | Pr JALEL £ 1 84 Bhdnp 0L &r 8 BELL PondTRYE Dene APEILST Stk 751 AN
analog multiplier filtered at its input and its output. The andfog
nultiplier 80 Mayn the embodiment of Fig. 2, the noise level is
: measured by a noise detector 70, to be described in
N/
\_J greater detail hereinafter, which measures noise during
the sync tip sample periods and provides an output
indication representative of the average noise. This
includes a positive Signal +VN, as well as a negative
signal —VN to be added or subtracted to the normal slice
level SLA so as to vary the slice level in accordance with
measured noise. Both of these offset adjustments are

supplied to the positive input of the sync slicer 36 by

way of a resistor 72 which scales the offset signal.

—
~.

These offset signals are supplied by way of switches 74
and 76 which operate such that when one of the switches is
closed, the other is open. The switch control is obtained
from the sync slicer 36 such that when the output is
positive (during a sync-tip'interval),-the switch 74 is
closed, as is shown in Fig. 2, so that CLhe slice level is

raised to that of slice level SL1l. When the output of the



conventidnally take the form of an analog multiplier provided by Mot or 6l a
Corporation and known as their nodel MC1495. The input to nultiplier 80 i's.

taken fromthe output of buffer 44 (Fig. 2) and is supplied to unfiltered,

X+ and Y+ inputs of the nmultiplier. The sjgwal frombuffer 44 is al so
applied through a resistor 82 and a capacitor 84 to ground. The junction of

resistor 82 and capacitor 84 supplies a filtered second input to the X-

Ly

and

Y- inputs of the multiplier 80. The nultiplier effectively multiplies the

di fference beyneesliberi ppuis appyrednd opohenkirahnfdXringr himafsoby t he

difference between the inputs applied to the Y+ and Y- inputs. The outputs
taken from t perpsoti backnpgonelyappreions puthe svikahnadsisfopad alftiplier
80 provide a balanced output and this is supplied, to an operational,

anplifier 86swithhi#8 bacphesbelagedupyl ¥ag P

88 and a capacitor 90 taken to grqund __The slgngl gcro s7gesistor 82
represents fkAcPBaBPBRECARLERENApUYNEBASI SWLFCAAS AEsBRY®nBf§e. This

T e L

an out put |
vi deo i nfor

1 on. nega

g;ﬁ;@kc\e@k h QSH;LESEBEﬁaE.'ﬂ? Fmagﬁeg@'gm BYeEo3§¥eERhtki nes of

I've out pu err] ma

anplifier 87ghavticRgs bpeP@tehi YA bNREL1CRABAAL RAnhergr ownd hlieugh a
resistor 89. The neasured noise (Fig. 5) is supplied to the logic

detector 70 -is discussed in greater detail with relerence
to Fig. 5. ..

Reference is now made to Fig. 5 which illustrates the
noise detector in greater detail. This detector may be
considered as an analog multiplier Eiltered at its input
and its output. The analog multiplier 80 may
conventionally take the form of an analog multiplier
provided by Motorola Corporation and known as their.Mmdel
MC1495. The input to multiplier 80 is taken from the
output of buffer 44 (Fig. 2) and is supplied to unliltered
X+ and Y% inputs of the multiplier. The signal Erom
buffer 44 is also applied through a resistor 82 and a
capacitor 84 to ground. The junction of Fesistor 82 and
capacitor 84 supplies a filtered second input to thec X-
and Y- inputs of the multiplier 80. The multiplier
effectively multiplies the difference between the inputs
applied to the X+ and X- terminals by the difference
between the inputs applied to ehe Y+ and Y- inputs. The

outputs taken from the positive and negative output

anf tnVertehcl Bdi n§tr &8i st or

e obtained with an i nverter

—

-

;
N



circuit 210 (Fig. 1) which conbines the neasured noise with the front pane
- control settings for use along with the pixel-to-pixel differences in
determning the mx ratio. The logic circuit 210 and the signal m xer 202
are”illustrated in greater hereinafter with reference to Figs. 6 and 7
respectively. Reference is now made to Fig:35-6 which illustrates the |ogic
circuit 210 in greater detail than that in Fig. 1. The logic circuit as
shown in Fig. 6 has two inputs taken as the unfiltered and filtered noise

s e S O S B G Ik
conpar at or Sazﬁ%‘?dnet%](zj%r g‘{%ld ds%njngjol Heeadcgog%u%ié%q: aq:rj'.ooql%cle Sa I'lﬁﬂpl : li Pt ti Vf g QHt|91Ut

signal for on noi se signal~i’s 'dgreater than the

f i ok ‘ Aty t i f of
reference signal oué.ﬂijlt{)gicﬁrl %é:?lgﬂﬁi S.cfla ﬂﬁéﬁaﬁ?%ﬂ:.'t@ﬂ#ﬁ?mﬁ%ﬁno

t hese conparators referr 0 as thres l'eve TL2 and TL3.

These are obtgy nah fd YASNE WP AP e PYRIUHPTRIES Adfha1228:@d: 230,
respectively. The threshold | evels are set such that an output is obtained

from conpar at@gs L2EbVEN ddier S b8 | pupde d Sticrnsistenah riglgid v\l i gh,
such as being greater than -20db. Simlarly, an output voltage is obtained

from conpar atpr Edisddroyrad isa noide sweyridie ivoimse digvieled dHygrigat=ey t han
-30db. The output of conparator 224 is positive so long as the noise |evel
is low (this by munsipldred &b Yseigigre an absolute representation of
. noise at the output of amplifier 86. This, then, provides
t,j an output +VN which represents the average noise over

several lines of video information. A negative output

~Vy may be obtained with an inverter amplifier 87 having

its positive input connected to ground through a resistor

89. ‘

The measured noise (Fig. 5) ié supplied to the logic
circuit 210 (Fig. l) which combines the meésured noise

with the front panel control settihgs for use along with

the pixel-to-pixel differences in determining the mix

—
~._

ratio. The logic circuit 210 and the signal mixer 202 are
illustrated in greater hereinafter with reference to Figs.
6 and 7 respectively. |

Reference is now made to Fig, 6 which illustrates.the
logic circuit 210 in greater detail than that in Fig. 1.
The logic circuit as shown in Fig. 6 has two inputs taken
as the unfiltered and filtered noise measurements; that
is, VN {unfiltered) and Vye 'he average noise signal

Vy is supplied to an input of each of three signal



greater than -40db). an additional conparator 232 has an input for

receiving the unfiltered noise level signhal. and this is conpared with a -

threshold | evel TL4 obtained froma potentloneter 234. This threshold 'S,
ol

set so that the output of the conparator.is positive for high noise

i npul ses which may be greater than -15db:
222, 224 and 232 are supplied to a programmable array logic (PAL) circuit
240. The PAL logic circuit is provided with front panel displays in the

l6=

The outputs of conparators 220,

form of "G%ng,@rfatcggg Qggdeégg‘l%nmggéZéécan@f%lc?;hgée,a%%scgnnect ed by

nmeans of resis

These are abbgaﬁe@elﬁutgutlélgﬁaalqaetbomlm@tau&aelbmg@@ QohgUiakr g0 t hat
diode 242 iS illum nate

Simlarly,

ors 4 and to.a B+ voltag

when "t he neasured noi se approaches -20db.

@Giodde 244niad iilsl ureRdleed thaher hehe efeasuiced si@na@ .i S Tihe t he

supply source.

range of -20 to -30db. Diode 246 is illum nated when the neasured noise is
in the rangeedfered@et sighads. akl $he SEcded24&gwt|df|&ﬁbMawédbmmsm t he

nmeasured noise is in excess of -40db. The operator is provided with front

panel contr clompanabegs mayadjeuste fiera edi tor @si ¢ hofesthied ddilgiviedls Mdilse

reducer. These settings are OFF, LO, MED., and H . Suitable switching is
provi ded so TLRa@ndwTLidnpuflhesie asgpobitad ned ti@mPAhec idgt 2E86 Wik h each

i nput carrying either a binary 1 or a binary 0 |evel %presentatlve of one

of the front® ignehers 1t i49s a"ﬁh@Z’sOe'ttrl"-'ﬁé’ed‘Ttl"e

threshold levels are set such that an output is obtained
from comparator 220'wheﬁ the noise level is considered
relatively high, such as being greater than -20db.
Similarly, an output voltage is obtained from comparator
222 for medium noise when'the noise level is greater than
-30db. The output of comparator 224 is positive so long
as the noise level is low (this is considered as being
greater than -404b). An additional comparator 232 has an
input for receiving the unfiltered noise level signal and
this is compared with a threshold level TL4 obtained from
a potentiometer 234. This threshold is set so that the
output of the comparator is positive for high noise
impulses which may be greater than ~15db. The outputs of

comparators 220, 222, 224 and 232 are supplied to a

programmable array logic (PAL) circuit 240. The PAL logic

circuit is provided with front panel displays in the form
of light emitting diodes 242, 244, 246 and 248. Theuec are
connected by means of resistors 250, 252, 254 and 256 to a

B+ voltage supply source. These are atranged in

\

)

</

—
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OFF irs.indicative that all pixel-to-pixel differences will be considered
.-as notion, and hence, no noise reductiion is achieved by the digital noise
rgdticer. The setting of LOis indicative that above this setting,

prxel -to-pi xel differences will be considered as notion and not noi se.
Simlarly, the setting of MED. is indicatiiye that at sone hi gher noise

| evel than LO the operation will assune that pixel-to-pixel differences of
this level will be.considered as notion and not noise. Simlarly, a

selection of H is indicative that a | evel greater than that for MED.

pi xel -t o- pi xepnduhtéiencedthv khebdogbastdecedtay mot kbntaddodet 2Adi 8. The
PAL circuit 240 conbi nes the inputs obtdined fromconparators 220, 222,
224 and 232 WiNmERatedbrArRelher BAREHESAr BRLSpanBPredAlRs| ~3Bbings to
provide a three, bit output on a mx control bys 260. Reference i_.s now nade
to Fig. 7 mﬁéﬂlﬂnﬂawdeéladgrééflerw. N'&gtnﬁaﬁ.tsﬁ 8f"’t‘hé“§| BREP URTLer 202

t han t hat |IIustrated in g b % g signa
obt ai ned frofCtRE fPakd ﬁof9“§84° éh SPleé g th 13 é? ni'ker, by way
o Thebul O a8 rai ypRLECd Lo onn Sy o 0 (pUER.Elg e

present |nput €0 sl gnal as obtalne romt é ana converter

12 (Fig. 1) iy sypabl.edaigod 8@6@Bd7hﬁp§L ?lﬁﬁ@ﬁ§t€§0w9¥nmﬁﬁ eOf an

inverter. 272 such that the output as taken from ADDER 270 represents t he

di fference bﬁb@g@@eahgoﬁ@@nqquhagg@egggagl_a@@bthe i nput signal. This
di fference signal is supplied

. The operator is provided with front panel control
N/

W, - settings to adjust the mix ratio of the digital noise
reducer. These settings are OFF, LO, MED., and HI.
Suitable switching is provided so that two inputs are
supplied to the PAL circuit 240 with each input carrying
either a binary 1 or a binary 0 level representative of
one of the front panel control settings. The setting of
OFF is indicative that ‘all pixel-to-pixel differences will
be considered as motion, and hence, no noise reduction is
achieved by the digital noise reducer. The setting of LO

\J is indicative that above this setting, pixel-to-pixel

/

differences will be considered as motion and not noise.
similarly, the setting of MED. is indicative that at some
higher noise level than LO, the operation will assume that
pixel-to-pixel differences of this level will be
considered as motion and not noise. Similarly, a
selection of HI is indicative that a level greater than
that for MED. pixel-to-pixel differences will be

considered as motion and not noise. The PAL circuit 240



as a nine bit address to a mix control PROM 274. This nine bit address‘is
conbined with the three bits fromthe m'x control bus to obtain a twelve -
bit address for addressing PROM 274. The mix control PROM outputs an 8 bit
signal which is a fractional part of thel3-bit difference signal fr om ADDER
270, the fractional value depending on the 3 bit address on the bus 260.
The output of PROM 274 is added to the input vi deo signal by means of an

ADDER 276 to provide an ejight bit out is to be a that the
i nput vi deo GHdIeSarid® Hé"H"r%ﬁTé’lb*é}’d f\h%oc‘g‘f% %‘}r)% ﬁi d?rn' -19-

Phe cont rol Yk e .ve*i*’?r{]m# i s R R ont ol
setting as 0%9'8&1% e e {ovolagme L S1ehepds aparuRes by the

noi se det ect® pro 1on Tor any given plxe o) epends on

the pixel - bys i gﬁ? dﬁ@pce bet ween the franme del ayed S|gnal and the
i nput S|gnal etecte y the signal inverter 272 and ADDER 270. The m X

control PROM 274R&£Jén€wée spEEnArhadd tder fiyf f eremcen spesal add rom 0- 100%
depending on the desired mx ratio) which is then added to input signal.

Thus, dependjngaesy t DEL s opoELdwnopf tiides Dihd erenger wbd 2hthan added, t he

out put signal can take on any val ue between the input signal and the frane

del ayed si gnallugttdoedhin Bignvent i Dhe habglbeebiteEramdedelayed signal
obtained from the frame memory 204 is supplied to the
signal mixer, by way o[ the buffer 208, and is supplied to ( )
one input of an ADDER 270. The present input video signél _ \‘)
as obtained from the analog-to-digital converter 12 (Fig.
1) is supplied Lo a second input of ADDER 270 by way of an
inverter 272 such that the output as taken from ADDER 270
represents the difference between the frame delayed signal
and the input signal. This difference signal is SUpplied
as a nine bit address to a mix control PROM 274. This
nine bit address is combined with the three bits from the
mix contfol 5us to obtain a twelve bit address for
addressing PROM 274. The mix control PROM outputs an 8 U/
bit signal which is a Eractional part of the 9 bit
difference signal from ADDER 270, the fractional valus
depending on the 3 bit address on the bus 260. The output
of PROM 274 is added to the input video signal by means of
an ADDER 276 to provide an eight bit output.

It is to be appreciated that the input video signal

and the frame delayed video signal are mixed in



conjunctibn with a preferred enbodinent, it is to be understood that

» vari;ous nodifications may be nmade w thout departing fromthe spirit and
scgge of the invention as defined by the appended cl ai ns. - 20 - 1. A

noRse adjusted recursive filtering apparatus for processing each of a

plurality of successive video signals each having a picture portion and

predet er m ned nonpi cture portions, conprising: noise detector neans for

nonitoring each one of said video signals during one of said nonpicture

portions th%:’éd’%?zf@irorg %i]ddg{‘/%aarﬂ%) Stf‘eap%@‘ﬁﬂallc}:é?ﬁ"\hgslg;@nrr@grﬂitt“%f(ma1_

represent at a nol se on “sal vi deo sign recursive ter

means for fidged i ecdh e iad Sianal andh 4 NG udingdmans Jorugel ayi ng
each said video signal, neans for determning the difference between said

del ayed Vi defr et npdneln ts i tSait casiii el Wed iaupcheonee 10f SAivhevirieiosesi gnal s,
means responsive to said difference and said noise signal for providing a
fractional poetebrobfthsiichplif fsirgnwde, s aneamumnt imh Siggmadiseand neans for
adding said correction signal to said undel ayed video signal to provide an
out put si gnafetector Phparthe dnizs p@Pdnkidn for cindl @ivethaisiel syliap
prederm ned nonpicture portions include at_|east a front porch portion, a
sync tip pordeRPGhen Bt kb kbyriseh Sf exgnradiatwent ddieorf fastths i s
responsi ve to said, video signal durjng one of said ponpicture partions

P églayed sfgnal é%éithe fn t signal as égt cted by‘%he
signal inverter 272 and ADDER 270. The hix control PROM
274'outputs some part of the difference signal (from
0-100% depending on the desired mix ratio) which is then
added to input signal. Thus, depending on the proportion
of the difference which is added, the output signal can
take on any value between the input signal and the frame
delayed signal.

Although the invention has been described in
conjunction with a preferred embodiment, it is to be
understood that various modifications may be made without
L departing from the spirit and scope of the invention as

\_ defined by the appended claims.



- 20 -~
for providing said noise signal. 3. Appar at us—asset—fofth—+n-cl airm 2 .
i ncl udi ng noi se | evel conparing nmeans for’ conpar | se signal wth
a plurality ef sipisse reference |evels and provi d,,wmﬁ’ Em i cation i.m.
accordance therewrth for use in energ|3|ng noi se neans. rls
- 21- 4. Apparatus as set forth in claim3 including a plurality of
vi sual indicator neans, each when energised. representative of a different
noi se | evel of said V|deo signal gnd means for.  interconnectin the vi sual
noi se | evel |nd|caﬁoP°ﬁ§§n§d@PFﬁegaFHCHﬁﬁégel5%%Feﬁbﬁﬁa?PH©r YfstPhr -
ener gi si ng sprdcéssdialg @QbaeoEeuebluad&@ayObfnsaa&esaldepeldeace upon sai d

out put indicat.ion us_as,se erein. said
noi se | evel E&ﬁﬂﬁﬁln&aﬁgaﬁgeﬁﬁglﬁdgécﬁuBFupgr% o?"goﬁﬁﬁ 5¥%Fmﬁ33ﬂs each
for receivi ngposgpiic tnries positdoals , acdmpoipangng sald noi se signal with a

different one of said Hb%éé'g&xeeEOEOhésnFeEe&eaeﬁlks¥eha 2aenPeayl gisng an

out put signal so long as sai d nol se si reater than said different
one of said paudavidgoosigBaie ﬁEFéPEn@EeI@@eﬁ§1d6n0nplﬁﬁﬁ§ﬁa99§ 48N8et

forth in claipepebRCElgi paobe8ifgNBansikat e&gﬁaneﬁhednw hhmhaaleuaaut of
each of said conparator neans for providin mul ti i,tal .signa

having a bi t*PREPEPRLARIYR Qir PeBOdSCa ?HﬁgtPBnSBPdtH&%ﬁ gégpgééls as
determ ned by sai d rRlcuraliviey fafl tepmpeaakofor filtering each said video

signal and including means for delaying each said

video signal, means for determining the difference between

said delaved video signal and a successive undelayed one 5
of said video signals, means responsive to said difference

and said noise signal for providing a fractional portion

of said difference.as a correction signal, and means for

adding said correction signal to said undelayed video signal

to provide an output signal.

2. Apparatus as set forth in claim 1 wherein said
predermined nonpicture portions include at least a

front porch portion, a sync tip portion and a back porch
portion and said noise detector means is responsive to
said video signal during oﬁe of said nonpicture portions

for providing said noise signal. (_)

3. Apparatus as set forth in claim 2 including noise
level comparing means for comparing said noise signal
with a plurality of noise reference levels and providing
an output indication in accordance therewith for use in

energising noise level indicator means.



means.” 7. . Apparatus as set forth in claimé6 wherein sad¢—correction =
signal providing nmeans includes an addressable nmenory nea “i“““
pl ur@lty of correction signals as nulti-bit correction slm ﬁj\m mH

addressabl e | ocations within said nenory neans. 8. as met
forth in claim?7 including anal og- to-digital convertlng means coupled to
said recursive filter nmeans for converting each said picture portion of
each said video signal into a plurality of multi- bit video signals, said
recursive filter ﬁ&@@&rb&b&?a& éggifabtmrqmaif%%f;iqumﬁgfﬁjcg filtering
said multi- Qit video signal_s erein sai i fference determ ni

means i ncl ud guag%n t 8F dacked PﬁgcﬁﬁgrdFF?ﬁané@QQE %ﬂﬁi%ﬁs%gjd

undel ayed nurebrbSBnVBdeseSDgnaldiﬁﬁdrehe @byﬁﬁ(idkﬁkn&ﬂiguﬂdlviuéoVIdeO
signals to | o | nce_si gnal par at us as
g pE?%hgf gngulniéa 2 tfog ?' %nnecq, n &Fﬁ Qllﬁdl AP ti -bit

set-forth in claim8 inclu |ng CIrCUI nmeans
di fference signal aﬁ61§aternmbﬁn$bhuthosaedlameBesﬂ@waﬂ tcongaird raddr essabl e

menory neansmggﬁsa@gpeggbpgﬁ§§h% addgessanlg %%H%%ylgﬁ%ﬁsfH%1 Qﬁ%@nmhlch i

t herefromone of--said correction signals having a'va
a- percentagemBF“§aFB AePerdspcedrpear spdd §P§@@F amdhmaﬁnomhe per cent age
varying as a function of said nultl-blt noi se | evel signal as well as said

multi-bit difference si at us s set forth inclaim?9
wher ei n Saidg. gp gtus as set égBtL in c aim 3 wherein said

noise level comparing means includes a plurality of
< J comparator means, each for receiving said.noise signal
k_/ and comparing said noise signal with a different one of
said plurality of noise reference levels and providing an
output signal so long as said noise signal is greater
than said different one of said plurality of noise
reference levels.
6. Apparatus as set forth in claim 5 including logic
means interconnected with the output of each of said
comparator means for providing a multi-bit digital signal
having a bit pattern which varies as a function of the
noise levels as determined by said plurality of comparator

means.

ra
~

7. Apparatus as set forth in claim 6 wherein said
correction signal providing means includes an addressable
memory means for storing a plurality of correctlon signals
as multi-bit correction signals at addressable 1ocat10ns

within said memory means.

8. Apparatus as set forth in claim 7 ihcluding analog-
to-digital converting means coupled to said recursive
filter means for converting each said piéture portion

of each said video signal into a plurality of multi-

bit video signals, said recursive filter means being a
digital frame filtering means for filtering said multi-

bit video signals and wherein said difference determiniﬁg



neans—fﬁr’éaarﬁﬁ—gara—borrection signal to said--undel ayed video signal- is -

a digj for adding said---multi- bit undel ayed vi deo signa
and %!‘\mmnml‘ﬂﬂm' t- correction signal to provide a multi-bit video -7
outp Sstgnal .» 15. * A noi se adj usted 4%®cursive filtering apparatus for™
processing each of a plurality of successive video signals substantially as

her ei nbef ore described with reference to the acconpanyi ng draw ngs.

means includes means for determining the difference between
one of said undelayed multi-bit video signals and .-
one of said delayed multi-bit video signals to provide

a multi-bit difference signal. ..

9.  Apparatus as set-forth in claim 8 including circuit
means for applying said multi-bit difference signal

and said multi-bit noise level signal to said addressable
memory means for addressing said addressable memory means

to obtain therefrom one of .said multi-bit correction

-
-

signals having a value which is a_percentage of said _

C

multi-bit difference signal and with the percentage varying ..

as a function of said multi-bit noise level signal as

well as said multi-bit difference signal.

10. Apparatus as set forth in claim 9 wherein said =
means for adding said correction signal to said undelayed
video signal is a digital adder means for adding said-multi-
bit undelayed video signal and said one--multi-bit correction

signal to provide a multi-bit video output signal.

11. A noise adjusted recursive filtering apparatus for --
processing each of a plurality of successive video v/l
signals substantially as hereinbefore described with

reference to the accompanying drawings.




