WO 01/ 35677 PCT/ SG9100124 . -1 Title of the Invention 5 VIDEO SI GNAL

NGO SE LEVEL ESTI MATOR Background of the Invention 10 The present invention
rel at es WQUIBSEI7t al vi deo processing and noi se reducti orecH¥y98/00124
particularly, it relates to a nethod and apparatus for estimating noise

| evel in video signals. Description of Prior Art 15 Noi se reduction

t echni ques have been applied to television or video signals to inprove

subj ective viewing quality of the,signal as well as to inprove the
conpression efficiency in video éncodlng systens. Such noi se reduction
techni ques usually include the use of various types of |owpass filters,
median filters, adaptive spatial filters and tenporal recursive filters.
Usual ly the noise level of input video is estinmated in order to avoid under
filtering of noise. 20 video or .over filtering of busy video sequences. One
exanpl e of noise estimation is disclosed in US Patent 5,844,627. This
patent describes several ways of conputing noise variance signals for the
est i maTitof tBaIhvatio, the noi se variance is conputed according to

nei ghbour hood pi xel variance of a snoboth area in the video i mge. The
snoot’h i mage area may be selected by the user or automatically detected.

25 Anot her known t ec MIDEIESIGNATNNGISE 1At getrpgATOR | S disclosed in the
article "Menory Integrated Noise Reduction IC for Television" by G de

Haan, et al., |EEE Transactions on Consuner Electronics, My 1996, Vol une

42, Nu@gag,,lgung@fgggﬁw@ﬁ&dncl e, the mninum absolute difference between two
groups of nei ghbouring pixels on different positions in the 30 sane i mge
field is used to estinate the noise level. This is done assunm ng that a
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particularly, it relates to a method and apparatus for estimating noise level in video signals.

Description of Prior Art

15 Noise reduction techniques have been applied to television or video signals to impro#e
subjective viewing quality of the signal as well as to improve the compression efﬁeiency in
video encoding systems. Such noise reduction techniques usually include the use of various .
types of low-pass filters, median filters, adaptive spatial filters and temporal recursive filters.
Usually the noise level of input video is estimated in order to avoid under filtering of noise

20 video or over filtering of busy video sequences. One example of noise estimation is disclosed
in US Patent 5,844,627. This patent describes several ways of computing noise variance
signals for the estimation. Basically, the noise variance is computed according to
nelszhbourhood pmel variance of a smooth area m the V1deo image. The smooth image area

 ‘'may be selected bv the user or automancally detected ' .
25
Another known technique for noise level detection is disclosed in the article "Memory
Integrated Noise Reduction IC for Television” by G. de Haan, et al., IEEE Transactions on
Consumer Electronics, May 1996, Volume 42, Number 2. In this article, the minimum
absolute difference between two groups of neighbouring pixels on different positions in the
30 same image field is used to estimate the noise level. This is done assuming that a threshold

exists between local noise estimates of plain areas and other areas in the image.



The techni ques which require user interaction to define areas such as

snoot h P%Bg‘g areas within the video sequence inmages are not really

sui t abl e P5t consuner applications and real tine BREBGIVWORS.
Furthernore, algorithms for automatic detection of such areas are wusually
difficult to inplement due to the nornmally | arge dynam c range of video

i nput source 5 materials. Accordingly, nost existing nethods of noise |evel
.estimation are video content depehdent because they assunme that at |east
sone part of the video inmage is a snooth or plain area. This assunption is
not al ways correct because a snooth or plain area is not always present in
each video fTtel tebhniﬁumvm&:m@lqyixe tdee irserngiohity défine afeas suxth dsrsmmotnar [Hanl evel
estimators Vi deo conten resul ts of %‘ge estimation

d
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noi se level estimation in digital video signals, 15 General]y speaking, the

pr esent USHAEHERH tp BRRIGRTRE due torfag nogaty ﬂ?rée dinamif g el Vided MpRNEehet ween

a pi xgl myRtdR. a{(@ohin%ljﬂerhéﬁﬂ RRidfindink@bdy 6t tifiseBRD eSiatidR A4 Gided cHRERE
and/or actual image detail. The intensity of such image detail affects the

contr as@epéﬂdesﬁlh%malﬁéﬁl?y agfumetipat gt 1@%&9 peme pt ¢fi{be wideeimage ifR smeoth er plawsi bl e to
determ ge,a &‘s@uﬁl&% 1R nb Bwabs Eolfect BRGNS bl br BIA RS TS n&fal\gg%
e eve e estl mat

picture. ther et or e noi se a pIC ure ca
r enovi npreséut i @glmtnda@ flelindiceartlingly, telsemsitivitp of stk kaven agise tﬂ'veltdsemgtmsel

di ff f t he i d f
evel - obaieaty 5K BEoief e ep i R P L bR P St e or 25

det erudi ni ng, for each picture, nmean pixel activity and contrast act|V|ty;
and obtai }r,1d9 % go se Ievel estimation signal by offsetting the contrast
activi t VIISHS dfde JRYERtipR v ol activity, and wherein the nmean pixel activity
is determned by taking the sumof all pixel activity activities in a

pi cture divided by t he nunber of pixels in the picture, and the contrast
activity is ASCPUEt e PEFbIPVaRIngh i hEroyids aimpse FRPUSMEINAS £nch ARRAEATES) | n

accor daggenoielibvel BRincidh iR zithiNvidddsignals.
15
Generally speaking, the present invention recognises that within a picture the
difference between a pixel value and its neighbour pixel value mean may be due to noise
and/or acwal image detail. The intensity of such image detail affects the contrast or sharpness
of the picture. On the other hand., it is possible to determine a value indicative of the contrast
20 or sharpness of the picture. Therefore, the noise level of a picture can be estimated by

removing this contrast indicative value from the average of the pixel difference.

More specifically, the invention provides a method of noise level estimation in a digital
video signal including the steps of:
25 determining, for each picture, mean pixel activity and contrast activity; and
obtaining a noise level estimation signal by offserting the contrast activity from the
mean pixel activity, and wherein
the mean pixel activity is determined by taking the sum of all pixel activity activities
in a picture divided by the number of pixels in the picture, and the contrast activity is

30 determined by assigning a value to contrast activity in accordance with the contrast in the

picture.



picture. WO 01/ 35677 PCT/ S&9/00124 -3 The invention al so provides
apparatus_for noise level estimation in a digital video signal, said
appar at us“f%?,lr""aﬁ’i"ng a nean pi xel activity detector nmeansPCU/BGINOBYE f or
receiving a digital video signal and producing a nean pixel activity |evel
for each picture in the video signal; 5 a contrast analyser (106) coupled
to receive signals derived fromthe activity detector (102) and operable
to produce a contrast activity |levej.for each picture in the video signal;

and a noise level calculator (104) coupled to receive signals derived from"

the activity detector and said contrast activity |evel, said noise |evel

cal cul ator beTmginogeicaldisd provigtd gphranliefof @ik AVEl @inhiod i & Qighl fidesn t he
10 signals derived fromthe activity detector to generate output signals

r epr esentigialBIdAPPAGIEdNCNENE| s in said video signal. Brief Description of
the Drawi ngs glgedd skl Gervidy YeReBt BEdhs Qi@gfo@ﬁb?frec@ivﬁag%tcﬁéﬂnﬁ Qde§ SikhdIBhd N9
noise level in video signals; Figure 2 is a nore detalled bloCk diagram of
part of Preéueips e &erR prgackiMity-leyelrfer gach pinye ipthg vidgo siganlst ogr am of pi xel
activity; an i i : . i

Cont a2t acti vy -yt PR BB Feite DRl R BB, D R BB

Fi gur e 1(18Rand operable oe frodu@grcanudsoaaiivay kysltfemaadiOpictor indhegviden signal @od

processi ng and i Se I ction. . The jor conmponents. of 1t he systeminclude
B Brxel act vt pgRaIRBL GRS, ofde, LRI nr T RTRERE % el RO o
104, hi sgaeneamndesaidredhosst aftvimnevet,ont r ast anal yser 25 106. Typically, a
digitised videg, si.gnal i oupled to e ipput termnal _ 101. e video

i onal 15 apprRbEPiteh et bt dopeeblsia ol e Gt Audu el fom Wi ch
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value. In the preferred enbodi nent of the invention, the pixel activity
val ue i slevels épaif ¥ideasigpHe absol ute difference between the current pixel

value and the nean value of its neighbouring pixels, i.e. pixel activity =

abs [pixel - (pixel left +
Brief Description of the Drawings

15 Figure 1 is a block diagram of a system for estimating noise level in video signals;
Figure 2 is a more detailed block diagram of part of the system shown in Figure 1;
Figure 3 is a histogram of pixel activity; and

Figure 4 shows graphically parameters used to estimate contrast activity.
20 Detailed Description of the Preferred Embodiments

Figure 1 shows in block diagram form a system 100 for digital video processing and

noise reduction. The major components of the system include a pixel activity detector 102,
accumulartor 103. noise level calculator 104, histogram generator 105 and contrast analyser

25 106. Typically, a digitised video signal is coupled to the input terminal 101. The video
" signal is applied to the input of the pixel activity detector 102 which calculates for each pixel
in the input video signal a pixel activity value. In the preferred embodiment of the invention,

the pixel activity value is calculated as the absolute difference between the current pixel value
and the mean value of its neighbouring pixels, i.e. pixel activity = abs [pixel - (pixel left +

30 pixel + pixel right) /3]. In the preferred embodiment, the neighbouring pixels are the two

adjacent pixels in the line one either side of the pixel in question. It would, of course. be



30 pixel + pixel right) /31. In the preferred enbodi nent, the nei ghbouring
pi xel s égg,,%wo adj acent pixels in the line one either side of the

pi xel in §d’ 9 It woul d, of course. be WD 01/35677 PE¥SCHMIBE0124 -4
possible to alternatively or-additionally include pixels above and bel ow
the pixel in question or pixels which are two or three pixels distant to
the left or right. Techniques for selection of suitable neighbouring
.pixels is well known in the art. 54A ternatively, a high pass filter with
an absol ute val ue output nay be used as a pixel activity detector. Many
types of suitable high pass filters are known in the art and one of these’
may be gRiisele ditdridtiver aﬂ&iﬁoxﬁau@ahcmﬂ $ikd1E bk ARY BEIYWREE PeBinquesiiohon of
qual ity, accurac and cost. A very sinple exanple of a suitabl e high pass
filter PfaRixglpwhi | A% B QEREAXeS ‘é‘ﬁ@%‘ t°[thfble§5’r righs, Teghgiques fZ’SFele@E@“OJt put
fromth@fs@ﬁﬁlﬁ@h@irghﬂ&@mg%p&%@k@ﬂktngwhhx?tﬂer&PtUt of the accunul ator 103 which
operates to sum all the pixel activity values of a picture. Qutput from
the detector 102 is aI so inputted to the histogram generator 105 which

energates a Qi o L s
accarl at o BTANE R Rertsis AR T Roplle loc kil e HstiFes 0851
summ ngaaivity plieneeﬂorad\ﬁanyl t‘ypssaffsnmhl& high ghedseftitens artO@oWo nn [phecdru aml amﬂotdl vi di ng

by the total r f pixels in the |cture Si bl e
o ol 1 PATBREHE Rt dh B Boe Qe opllgel g e iR et BRI drSiid
hi st ogr afa ¢o3h! & vafwosimledxhyple bea gei@lealigh pakd Biltef Kis tRXMPIvng dogffRieitd Ng down
or trungﬁtlng Di & ] tivity values. Scaling down pixel activity value can
si mply she ‘by deemi ng that the new pixel activity val ue equal s
t he pigxel act|V|ty 20 val ue divided by two. Truncating pixel activity
val ues can be acconplished by the follow ng |ogical step: if (pixel
activity val Qetrut Srom Reweisrie 10% it qoupleq @ Hieapus ofitheerccumpiatar i3 vellicke: el se
new pi %géraeg td st 1 yﬁhyg Gl &Lvi%? vé?désmfta il B0 (hEpll SR HALLERN03LOT 105
is coupled to the I nput he contrast

also inputted to the hxstogram generator 103 which generates a histogram of the calculated

pixel activity value. The accumulator 103 is arranged to produce the mean pixel activity by
15 summing all pixel activities from the detector 102 for picture and dividing by the total number
of pixels in the picture It may be possible to simplify implementation of the
circuit by reducing the size of the histogram table produced by the generator 105, for example
by scaling down or truncating pixel activity values. Scaling down pixel activity value can
simply be accomplished by deeming that the new pixel activity value equals the pixel activity
20 value divided by two. Truncating pixel activity values can be accomplished by the following

logical step:

if (pixel activity value < 32) new pixel activity value = pixel activity value: else new

pixel activity value = 31

N
[V}

Output from the histogram generator 105 is coupled 1o the input of the contrast
analyser 106. At the end of a picture, the contrast analyser 106 examines the generated
histogram and from that estimates a contrast activity value. Typically, it is possible to
estimate how sharp or blurry a picture is by looking at the shape of the histogram. In

30 accordance with the invention, a method of estimating the contrast activity by reference to two

parameters as follows. The first parameter is a maximum rectangular area size containing the



anal yser 106. At the end of a picture, the contrast anal yser 106 exam nes
the generated histogramand fromthat estinmtes a contrast .activity val ue.
Typi cal | y W9 0135677h0ssi bl e to estimate how sharp or bl ur PgTSGpéesi2zer e i s by

| ooki ng at the shape of the histogram In 30 accordance with the invention,
a nmethod of estimating the contrast activity by reference to two

paraneters as follows. The first paraneter is a maxi mumrectangul ar area

si ze containing the WO 01/35677 PCT4 S&09/00124 histogram The second
paranmeter is obtained froma | ook-up table which estinates contrast
activity. This nmethod is diagrammatically illustrated in Figure 3 where the

hi st ogr aygpy %é\i. STheSBQNA pWiakdret likeob?ﬂif'\édzﬂg&ﬁﬁlloﬁeﬁﬁ ta@l%iMQckpé&iﬁ{ateé(&hY%sg?' and

the vertlcfa. Xi s being'the count of I xel's. The maximum rectangu area

302 is dactivay.f Thinmerhwd godingrammpiqatly dlveirsied indgigens 35whase the histegthor30idnt al and
verti cal snﬁ&%.switﬁ‘ﬁlesﬂb‘i’%h:aﬂﬂxﬁ%ﬁ}géaig&%\éﬁ\fié, s VBt ARk (}Jegﬁ%é‘g w3k form
w th the horizontal axirs beilng ctangul ar "area Size an e vertical axis

bei ng copikelastTheandximumyrectatizelar arsls-30p id dialva frhet erergoies whive the histogsdm

activity_as function of the rectapqul agL. area size. The .curve 108 in the
ook- up, Par e raroamel aad vereh et Shohg, FientrloRs 2 Mokprdptlt i greoice

rect angufoh witlZiBe horifdnROMis Beliig RefahMilinyaryAdiztearidahe Vdtticddiakis befg cbiigast 00k- up
table 10 can be_determ ned by experinments in which various images with
known or 34EY ¢ dde SRRKHR tablg GFEEmings, BF SonfFast aqhijty at d incHon plthe yeqiangriap

gener at ea@rspePOMGe NGV S680G &I 1681EhpNEMIE Rhn Db ZRErmBRE BV SXREEheRIsX R
activity values, and fromthese collection of values a graph such as Figure

4 can belrgskEng fReFECINSEGF HPh19I3/ConTERE 3BHYEY JRIVE [frdthe RiciRe ARe lagkiup BRlcabl e to
gener ajecaPHPARPiAlEby Fibents 3P Wagn VaHBEY in@i-{;%ﬁ KRR o@%leéiiae'agc]ﬁﬁptmﬁe

i nterpol ation or spline estimation 15 may al s0 be used 1 nstea

| ook- up neits levelThresubjectesinthpuysien ie gericste vastspondiegiristogramhrectapgularagizes
general | ( - ' ' Ve, f
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Basi cal | € hol Se etstor cts
accumisatmag ajsiobelusatinstead of thealooksip babld. hEhese michmigtesacd alve tvgll known idthe

contrast analyser 106 . O% PHL fromthe npise |level accunmul ator 104 is
coupl ed % 28 °8‘Eﬁri*}[1¥t Teals fﬁaﬁeliag}@‘?’ﬁ&%f’ hstge Ogﬁaﬁﬁﬁrg;ﬁnqlgﬂr esent the
estimated out put noise level as required. It is possible tolimt the
From the accumulated pixel activity, an average pixel activity for the picture is
calculated using the noise level calculator 104 which receives input from the accumulator 103
20 and conirast analyser 106. Basically, the noise level calculator 104 offsets or subtracts the
accumulated pixel activity values by the contrast activity from the contrast analvser 106.
Output from the noise level accumulator 104 is coupled to an output terminal 107. the signals
on which represent the estimated output noise level as required. It is possible to limit the
output noise levels so as to reside within predetermined minimum and maximum values

25 according to requirements so as to make subsequent digital processing for efficacious.

Figure 2 illustrates in more detail an example of the pixel activity detector 102.
Successive pixels of each line of video data are inputted at the terminal 101. The circuit
calculates difference between a pixel and the mean value of the pixels at its left and right. The

30 circuit of Figure 2 includes first and second delay elements 202 and 203, first and second

adders 2035 and 206 and first and second multipliers 204 and 207. Output from the second

T



out put noise levels.so as to reside within predeterm ned m ni mum and

maxi mum 67725 according to requirenents so as to nmake subsequent
digital processing for efficacious. Figure 2 illustrateSCriSGH0E24det ai | an
exanpl e of the pixel activity detector 102. Successive pixels of each line
of video data are inputted at the termnal 101. The circuit calcul ates

di fference between a pixel and the nean value of the pixels at its left and
.right. The 30 circuit of Figure 2_gncludes first and second delay el enents
202 and 203, first and second adders 205 and 206 and first and second
multipliers 204 and 207. Qutput fromthe second 1 II T WO 01/ 35677

PCT/ SC#ufiphiedis copletitb tah BbsoRite vaSueCiieih 208, iRe @ilpud BSRhidh & doaple@ icddiguti t 208,
the output of which is cqupled to output termnal 209 which is the input
to the ol AOVHICR Y the dRPut ¢ ths istegram asnerater 14pand acgemulator 403+ Tdnmponent s
ar e opegQliCcdushonh® bl GRrdoleroteld RiRNEE dIRIURE Berdet X BlxePRh &%%éﬁﬁa”

val ue of the pixel and its neighbouring left and right pixels because of

t he act vajne of the pixclriddy nsighbauning deft andzighnpixele Beoardei thesacdion of thesielgual to a
typi cal Q0 f | . r r e . [ me d for

obt ai %i ﬁ%ﬂ.{g}lgf é@e%@egb%gh\}%%%h%l%%X%Pgaﬁgytﬁ@éﬁp%‘g?&dgg ag& L(glt' he@rtﬁeardj acent
pi xel s. affhegeaiests| aotld beaimpéenaentetdhfor dbtainingeditfercomn deivteat ee pike andtmesn pi xel

R e s e e

gener at pixel fGivamdaine apgeasihg anhe yeminall @ .usi ng t echni ques which are wel |
known in the art. It is therefore not necessary to describe these
conponents in detail. It will be appreciated by those skilled in the art

that fohe pressbodsibueBtimplmpkiiaNe seemaBior 163, 38aP lvMeaRBd0r 204 HistBBhod and
system for noise level estimation in digital video signals. The ~hardware

i npl emeAEBYAGR P2 ARGHAPERHAPHUPS 196 HpRe eehBiapeioXpEhdE el e nppaent.

i nvent i gnisGRAFefolEnd RESaEY B Jléécﬁ!i‘&ﬁgé%oﬁa@oﬁéﬁ&% k@1 vi deo noi se reduction
systens such as an input to determnation the degree of filtering to be
used. This inproves the subjective quality of the video presentation. The
noi se | evel gsyirBdBRcARA v3ki3Ae DEUAPRIAEM ik i Bl ik AIER RHORA & a5 20 2
‘pre-processing step prior tdo video conpression Wwth the res at on
decorrbfr adepttyn apd rabhgg method and system for noise level estimation in digital video signais. The

hardware implementation is comparatively simple and inexpensive. The present invention can
be beneficially used as an input in video noise reduction systems such as an input to
determination the degree of filtering to be used. This improves the subjective quality of the
video presentation. The noise level estimation can also be applied to digital video signals as
20 a pre-processing step prior to video compression with the result that on decompression of the

video signals an improved video display can be obtained.

Many modifications will be apparent to those skilled in the art without departing from

the spirit and scope of the invention.



video signals an inproved video display can be obtained. Many nodifications
w il be aps)v arent to those skilled in the art w thout departi.ng from the
spirit andWBB&7df the invention. 25 WO 01/ 35677 PCT/ SCof¢1sEa8Morz4 11111
11111112112111121121 N S 111111 CLAIMS: 1. A nethod of noise |evel .
estimation in a digital video signal including the steps of. det er m ni ng,
for each picture, nean pixel activity and contrast act | VITY*“&HGI S
obtaining a noise |evel estimtion _sjgnal by offset Mg’cont rast

CUl

activity fromthe nean pixel activity, and wherei H””? ctivity °
is determ ned by taking the sumof all pixel activi t*y & ’m

picture i by the nunber of pixels in the picture, and the cdntrast
activity Is eternmined by assigning a value to contrast activity in
accordance with the contrast in the 10 picture. 2. A nethod as clained in
claim1l erein t e )sol ut e
val ue ofvy?he @(rsgr??:gs ‘Jbléetaéi\/veel‘it\frh‘[t}/on if a%?éﬁ[ mdﬁo ﬂ arltlli‘%]iﬂ ‘htgeps){]ﬁs ?Pand t he

pi xel s which dareernmhaatﬁc&rdaclt ineuue& @ndan piXebacsizitg ahd centmabt dctieityiad@o Si gnal 15
3. A nethod as,clai ned |n cl

m 2 .wherein t step of obtaini.n
Cevel ebt 1 mat cbt § gkt e iRt R Snisfutes Ry %@aseaﬁtva%{%tma&q Vity
fromthe rﬁa@rplﬁmaiw@phm/wﬁ&elﬂ A nmethod as clained in claim?2 or
wherein the contrast activity is determ ned by the 20 steps  of generatlng
a hi st ogr am oftn§P&EA P”é%ta?tt)’t“t’ys desgrmiaed by fakipg tsgumipf alipiisd a‘b‘f""ﬁ’h"é“’fﬂ‘%"’t ogram
to det er hnepiAtt [dRAled@SY thel fimbe? of DidbR! HOMe Ficrbreahi®thel Fontragti MMidipVer ei n
the step of anal ysing the shape of the histogramincludes the steps of
i dent i fyideeErponadthy WRISRIAE RHBINE 1gCaNPasE aCtiifY IPraSGOFAMAT VIR the contrast in the

10 picture.

2. A method as claimed in claim 1 wherein each pixel activity is determined by taking
the absolute value of the differences between a pixel and the mean of the pixel and the pixels
which are adjacent thereto in the same line of the video signal.

15

3. A method as claimed in claim 2 wherein the step of obtaining a noise level estimation

signal is obtained by subtracting the contrast activity from the mean pixel activity.

4, A method as claimed in claim 2 or 3 wherein the contrast activity is determined by the
20 steps of generating a histogram of pixel activity values, analysing the shape of the histogram

to determine contrast activity.

5. A method as claimed in claim 4 wherein the step of analysing the shape of the
histogram includes the steps of identifying points where there are zero and maximum pixel
25 activities, urilising said points to define a rectangular area size parameter and determining

contrast activity by reference to said area size parameter.

6. A method as claimed in claim 5 wherein values of contrast activity are determined
empirically and stored in a look-up table as a function of area size parameter and, for each
30 picture, said area size parameter is determined and inputted to the look-up table to thereby

determine the contrast activity for the picture.

TIF



25 activities, utilising said points to define a rectangul ar area size

par anet termining contrast activity by reference to said area size
par amet Zwoa@gs‘&?net hod as clainmed in claim5 wherein vaPGESCEO0 %Nt r ast
activity are determined enpirically and stored in a | ook-up-table as a
function of area size paraneter and, for eac I re said area size
paraneter is determned and inputted to the i]m[iﬁﬂmlimqm"”“ her eby
.determ ne the contrast activity fog-the pict S g e e LLEAL WO 01/ 35677
PCT/ S@9/ 00124 11t bi e rrerr 121222 11 111l -8 L n 7. Apparatus
(100) for noise level estimation in a digital video signal, said apparatus
including: Appeaws pi0OE foramiseietey estithaivhdn andiging vide02jgaRk)safdoappamasi vi ng a
digital video signal and producing a nean pixel activity |level for each

pi ct ur el’FW9%e video signal; 5 a contrast anal yser (106) coupled to receive
signal s deriyggad ﬁi&@l‘abﬂﬁ?ﬁéﬁe&bi Iéarti QL % 1 08) for(6&Nin@ A dighpen@ddl signabardr oduce a
contrast activity level for each picture in the video signal; and a noise
| evel cofodutiag ermeap@inel a@iYHY deyel for erbanicraresin dhtayideqdgnalied fromthe activity
det ectsor and, g3l CAREEAT1063 hptddley rdci e sign kil Ry HRVRLviBPEGLtG! OF

bei ng operabfe to offSet the contrast activity level fromthe 10 signals
der i ved(¥02pand dpsrabls to pradycetontrass activity gevskbfoa erchpintyrgdn Bie yislgp signal; and
representati i i i j i | / S
clainmed in C?ﬁ%o%e%@%%?lgl%ﬁ}’ﬁieﬁ%:gﬁﬁgé %erécglggis\%fl?] 3%%5%51?@%2@ E%%%lﬁgﬁpi xel

acti vi t yedebeeatndsaid ddhpstandvignleseicunul at or (103) and wherein the pixel
activity dete

ctor. i 15 erable to generate.a pixel activity.level by
faking the aBes ot FariraclRey fengprrur ReaRernf el ot oan
val ueikignhRtdepivie fromnile a&lvirgtdedctoe tfdretitd agpisigehls .reffreseApipiae at tsisas
clainmed in claim8 wherejn the pixel activity detector is operable to
gener at SR SRIN1Ae9S8%34-t y | evel by taking the absol ute val ue of the
di fference between each 20 pixel and the nmean value of that pixel and its

| eft and right nei ghbouring pixels in the sanme 1line of the picture,
8. Apparatus as claimed 1in claim 7 wherein the mean pixel activity means includes a pixel

activity detector (102) and an accumulator (103) and wherein the pixel activity detector is
15 operable to generate a pixel activity level by taking the absolue valve of the difference

between a pixel and the mean value of that pixel and selected neighbouring pixels.

9. Apparatus as claimed in claim 8 wherein the pixel activity detector is operable to
generate the pixel activity level by taking the absolute value of the difference between each
20 pixel and the mean value of that pixel and its left and right neighbouring pixels in the same

line of the picture.

10. Apparartus as claimed in claim 8 or 9 wherein the accumulator (103) is operable
generate said mean pixel activity by summing all pixel activity levels for a picture and

25 dividing by the total number of pixels in the picture.

11. Apparatus as claimed in claim 10 wherein the noise level calculator is operable to

subtract the contrast activity level from the signals derived from the activity detector.

30 12.  Apparatus as claimed in claim 10 or 11 including a histogram generator (105) coupled

between the pixel activity detector and the contrast analyser, the histogram generator being



10. Apparatus as clained in claim8 or 9 wherein the accunulator (103) is
oper abl e ) ﬁ{sg_?’rate said nean pixel activity by summ ng all pixel

activity %08 or a picture and 25 dividing by the toP&/SEHMWAHM of

pi xels in the picture. 11. Apparatus as clained in claim110 wherein the

noi se level calculator is operable to subtract the contrast activity level ’
fromthe signals derived fromthe activity detector. 30 12. Apparatus as
claimed in claim10 or 11 includingga histogram generator (105) coupled

bet ween the pixel activity detector and the contrast anal yser, the

hi st ogram gener ator being WO 01/ 35677 PCT/ SG&9/00124 -9 operable to

gener at eoperiblé t® gérRrat©h hdtogedm of bixwll dchiviepvaess miadviwiéh Reconfifst @aaiserst
ramto determ ne said contrast

anal yser anal yses the shgpe of tge hi st o
acti vi t yaiases the f ?‘Pe/%% IHBB%“QS“’ FIETTBE s%ﬁ CRRuEAShCEY I MYFLi n t he contrast
anal yser is operable to identify 5 points where there are zero and maxi num
pi xel activities and to assign contrast activity levels by reference to
sai d zer §.andARPAIAHLIAA Paisaed inglaim 42;whesein the copsash anadyser in eperalle Feldentiycl ai m
13 wherej e i '
par amee P B e ke R oy BBy 3B ana
the 10 bymfersste wonidvieroandenaiigumpixehssivigiesd by reference to a | ook-up
tabl e defining the relationship between values of area size paraneters and
contrast activity levels. i" Jil | 1 111111 UP 1111 MS m

14. Apparatus as claimed in claim 13 wherein the contrast analyser is operable to define

an area size parameter which is derived from said zero and maximum pixel activities and the
10 contrast activity levels are assigned by reference to a look-up table defining the relationship

between values of area size parameters and contrast activity levels.
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