WO 01/ 35636 PCT/ SG9/00125 -1- Title of the Invention SPATI O TEMPORAL
VI DEO NO SE REDUCTI ON SYSTEM 5 The present invention relates to digital

vi deo pr i and noi se reduction. It also relates t %? gwgﬁd
apparatdgggiégggproving efficiency in a video encoding s?@?@ 5% i'se
reducti on techni ques have been applied to TV or video signals to inprove
subj ective viewing quality of the signals as well as the conpression
efficiency in video 1.0 encoding sysfens. Such noi se reduction techni ques
include varieties of lowpass filters, nedian filters, adaptive spati al
filters, and tenporal recursive filters. In video sequences with little or
no object novenent, recursive filters are effective in inproving

si gnal Title efoihednvertian One exanpl e of tenporal recursive noise reduction
filter is 15 disclosed in US Patent 5,574,512 and illustrated in Fig. 2_
The filter utilises a nedian filter with input values fromcurrent pixel as

wel | as previ ougphTeOIrEMeRANY IDECeNOISTREDECTEON FYIEEM al | ows certain
| evel s of notion adaptive filtering. The anount of filtering is further
subjected to a limter and an attenuator. The limter is used as a neans to

cont rool -t hefng;gé@%&e%& YHIESS bl %ES ﬂr@%%% QRd ¥ tQiubiéh. alitaeauat or

ensuPes t hat ransients of the system20 will eventually decay to zero.
An al t edias to/methetinad apparans faormpueaing eiiciancy éx & nifep sneqshing iR filtering
according to franme-to-frane pixel differences. To inprove noise reduction
efficiency, spatial and tenporal filtering are usually conbined. For

exanpl e, a REQOkdAticRLRIRMRIE deedh abpitdd ROTWSodeides ishadisit inbrddew 25
Cascaded Spati o- Tenporal Noi'se Reduction Schenme for Interlaced Video," by K
Jost schubjtaiendiewingrgualitPod e signgs 28fwelhee tiatomPrEpsieD AfI@RE 42 099 age
Processi ng..1998, vol 2 . page 493-497, i y ' S lied
are @d@%‘: R SYSIFHY %Jé?% émﬁglr? %’}Cél?gvt\%cl%g hqug%/gﬂﬁq OW- %ﬁ%gcrgls:sa% 1 H‘J{a gsrsa%lgtlgip’ed

al ong edaes: fildds /| Mappwl ipaaili finss, whenenpdral fapisiveVilden sequence is very

noi sy, a tenporal recursive filter is effective in inmage regions with
little or no novenent. On the other hand, applying SUBTITUTE SHEET ( RULE

26) W 01/ 3519 3Rieb %éﬁ@e@/vg&]i%c or no object movement, recursive filters are effective in

improving signal-to-noise ratio. One example of temporal recursive noise reduction filter is
15 disclosed in US Patent 5,574,512 and illustrated in Fig. 2. The filter utilises a median filter
with input values from current pixel as well as previous field and frame pixels. The median
filter allows certain levels of motion adaptive filtering. The amount of filtering is further
subjected to a limiter and an attenuator. The limiter is used as a means to control the level-
effectiveness of noise reduction, while .Lhe attenuator ensures that the transients of the system
20 will eventually decay to zero. An alternative method of motion adaptive filtering is non-linear

filtering according to frame-to-frame pixel differences.

To improve noise reduction efficiency, spatial and temporal filtering are usually

combined. For example, a method of spatio-temporal filtering is described in "A New

25 Cascaded Spatio-Temporal Noise Reduction Scheme for Interlaced Video," by K Jostschulte

and A Amer, Proceedings of International Conference on Image Processing 1998, volume 2

page 493-497. Typical spatial filters applied are edge preserving noise filters, which are low-
pass filters applied along edges.

30 In applications where the input video sequence is very noisy, a temporal recursive

filter is effective in image regions with little or no movement. On the other hand, applying
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-2 tenporal recursive filter to noving region will create the "ghost inmage"
effect due to residual information from previous pictures. In known

systenswépj/?%ggfect is mnimzed by turning off or tonipgg/s¢®voibe
recursive tilter within the noving region (ie, notion adaptive tenporal

recursive filter). However, reducing or renoving the recursive filtering in
the noving region 5 creates another side effect (conet tail effect) as the
noi se si gnal becones nore visiblqdzponpared to other regions. O her known
solutions such as notion conpensat'ed noise reduction are costly and, not
robust as uncovered regions are not necessarily predictable. Spatial noise

filters may be used..to enhance overall_ signal DO j the 10
noi se teaperat ieéwsﬁﬁgﬂﬁégﬂm@{/mg R gﬁl g&t&?l& \%Bﬁgpggé fSE ﬁe{itgﬁrdg -CEo g%g "al noi se
filter - edictREC! fd B sisRmse GiS eff e i SRidimiAen\Hyngrdifgi ons So
as to @@Eﬁ%‘ﬂ %gm@g‘r/rgﬁ lgi | " effect\. S'Islevert hel e'ss,l perf or mance ofﬂgt he
spat i ajff &1 dohiey dos/nuke yechisivietiinr wihipathediovpgirpgion EapBeRIn 2dRRN R ISIPEr | t er
inregions with litftle or po.novenent. d.th : S Wil L ostill
be | vilerBrie S0 e GHOEHE A AUBRTPE BLAR By Eorge s BPtBgttaitnll 1 on
is to pLovi de. Bl et ie¥RcRiofRt kAMUEEIPAs ftBE nBBE SygnaV bdemeaenuensaihle

Speci fica % y, an object of the present invention is to adapti V%}ré provide
20 ef fertjared noioger rregigns.i e #AOWD FORIUADMSHTR 8 FANED BIPEPFET 8OSF t he

Inventign In the present inventi X SVWBlesQfinplGes@duction in
a noti§ u‘ﬁlﬂ’&ﬁf?\?%ﬂyﬁgt g%prg}é‘éﬁqa%ggﬁor‘ée?e@e ?I k% er I|los Contr o Ped to naxim se
noi se reduction and/or mnimse artefacts. The controlling is done at the

picture |l evel based on the noise |evel] within the video.sequen ee\lﬁg wel |
nt

i d
as the overSpatiahpeishillteRs HHVRMERE 1 CBATSH OV FRE SIRP8l 8 TORE TaEharYY her e
is Lptgl , LPSAR AAESHIdre d 8phriad nbRY ElitetsSmagtl
accckpdig%lgc Fg{lftgbgl é]pgygéegal%gvtgﬁw%a{rﬁ?&n t hlgm\;/i ﬁléor seguten(]:le; ontet hrg }gt ﬁ?ar hand,
when t henRdispedifigliy asmednte nfisenioverwrg regtdne sprax o3 Ohngioget fald éferon | evel
is reduced to a |level co rabl e to.the. effecti. ' dyct vel by
t he t elNgosrHIelqssy P@forgﬁﬂ%ngﬁgﬁaiﬂagfﬂ f"ft?rt Br Ve&?‘ﬁ{nf‘i‘ge%rr%b\% %ga{r gog#%n%&l&rol b?he
pi ctur & . RYRTHIELTE rebfehd wifdUidie 28)no movement, and therefore artefacts will still be
visible.
15

Objects of the Invention

An object of the present invention is to provide effective noise reduction for noisy
video sequences. Specifically, an object of the present invention is to adaptively provide

20 effective noise reduction and/or minimum artefacts.
Disclosure of the Invention

In the present invention, the maximum level of noise reduction in a motion adaptive

25 temporal recursive filter is conolled to maximise noise reduction and/or minimise artefacts.
The controlling is done at the picture level based on the noise level within the video sequence

as well as the overall amount of movement from one picture to the other. When there is little

or no movement, the maximum noise reductio level is set according to the noise level within

the video sequence; on the other hand, when there is high amount of movement, the maximum

30 noise reduction level is reduced to a level comparable to the effective noise reduction level

by the termporal filter and/or spatial filter on the moving regions in the picture.
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WO 01/ 35636 PCT/ SG9/00125 -3 Mire specifically the invention provides a
met hod of reducing noise in a digital video signal including the steps of:
anal ysi ngji1&kssses i n a video sequence to determ ne the apeuRtondo1PPVi Ng
regions therein; 5 estimating the noise level (N) in the video sequence;
determining a maximumfiltering level (L) for each picture based on said
anal ysis of the anount of noving regions and said estimated noi se | evel;
applying the video sequence to filter nmeans; and controlling the filter
means in accordance with said maximumfiltering level. 10 The invention

al so provides a digital video noise reduction systemincluding: a picture

anal yser for analysin ictures in i ideherdibi : anount
of novi ng r@@f%ﬁ@%ﬁf@ﬁ%l - I0YE 8{1%0&%@583&3%@2@@@&&%&%“ er?ac%pigl%vﬁ e noi se
| evel gi'\pxaliiﬂclwﬁgﬂéjﬁgpssﬁq“eme; 15 a filtering level estimator for _
deternmiiing a maXinumTfiltering | evel (L) for each picture based on said
anount of npwilygng eginors imadidsaisdqesset RLErTRiEE S MBYEOf PRV IRS F3HUP0neans
coupled to said filter level estimator for controlling the |evel of
filterM§§™of each picture in the sequence in accordance with said maxi num

filtgring | eMghatingGnabit levd] Pogs theptidensaabedeeef erred Enbodi nents The
invention will now be further described with reference to thcfz aagisosnpfanyi ng
drawi ngs, i detwrhiging Fmgimm fitering lvelE) dT65F R RSB 2aRdAT < SRS

processi ng_and noi ' of elle invention; Figure 2 is a
nore d ea%‘%ﬁgﬁfgl(?&ﬁlﬁrrgg#éggm 0 Sag%ge ct)%lclg?r%%leo?’the tenporal filter;

Fi gure 3 i sapgplbingake eidegisequents @ filerandnedaddi nent of the digital video
processing and noise reduction system; ﬁ'hgure 4 ismaﬁlpclr%(‘glﬁegélagram of a

filter |evekorEeliing il fLgrmpegos o accor ance with Said maximi
10
The invention also provides a digital video noise reduction system including:
a picture analyser for analysing pictures in a video sequence to determine the amount
of moving regions therein,
a noise level detector for estimating the noise level (V) in the video sequence;
15 a filtering level estimator for determining a maximmm filtering level (L) for each

picture based on said amount of moving regions and said estimated noise level; and
filter means coupled to said filter level estimator for controlling the level of filtering

of each picrure in the sequence in accordance with said maximum filtering level.
20 Detailed Description of Preferred Embodiments

The invention will now be further described with reference to thc accompanying
drawings, in which:
Figure 1 is a block diagram of a digital video processing and noise reduction system
25 of the invention;
Figure 2 is a more detailed block diagram of an embodiment of the temporal filter;
Figure 3 is a block diagram of a second embodiment of the digital video processing
and noise reduction systemn;
Figure 4 is a block diagram of a filter level estimator circuit;
30 Figure 5 is a more detailed block diagram of part of the circuit shown in Figure 4;

Figure 6 is a histogram of pixel activity; and
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30 Figure 5 is a nore detailed block diagramof part of the circuit shown
in Figure 4; Figure 6 is a histogram of pixel activity; and SUBTI TUTE
SHEET ( RWlom138836VW0 01/ 35636 PCT/ S99/ 00125 -4 Figure 7 spowscoyeuss cally
paranmeters used to estimte contrast activity. Figure 1 shows in block

di agram form an enbodi nent of a digital video processing and noise
reduction system 100 of the invention. The major conponents of the system
include 5 a noise |level detector 1402, picture analyser 103, switch 104,
filter level estimator 105, spatial filter 106 and tenporal filter 107.
Digital video signals are applied to input termnal 101 which is coupled
to the input t rRudial yser 103.
Each pi cturlzi % Ee m%%?m&ﬁ@ar%lﬁgﬁ[g @?%gdge;sélﬁlgﬁgiéﬁtag nz)lTsﬂ% | evel
detection by the noise | evel detector 102 for estl mating the | evel of

noi se signal_(N) within the pi cture or Vld Y’ge 10 noi se | evel
(N) is estindgee I hqyreipeheck degam; | PFEraPr? 6IdH51 L9FP PIGTeSS B y
noi se i ﬁ%m QL 2Y & §>Js&h?fdofb@ Mh%nwuwe &ﬁfdﬂlcgmwnéawfmer@s@ﬁx ihéledevi deo
signal. Known circuitry may be used for the noise |evel detector 102. An
exany a mfisedesgdliderbioe lﬁlxlm@udcemdyscci éﬂé,csvotchl 194, dlercdees eﬁlmaﬁom5t SRRUSE at es

Patent No. 5, 657,401, i ch i ncor ted Y
r ef er erfilber 109 %?Hﬁpﬂféﬁﬁ E& ﬁ%lqlt ySl arlgeapBﬁ ? lIngutt 3Idle erm ne
the noigg 4 GV@hpled 2o RAnfesREOLEsSIeNH detettor TDD @A® pictirs Mhlysﬂ‘l@O:fl' Ehdl e
anal yser 103 essentially detects the anmpbunt or degree of notion in the

pi ct ur epicodegaifribe pwiirides segnal i Slém%ﬂ%f@rnﬁlbééwebéﬁt@@éé by ke BisedeYRy Pffé"s‘%‘

Prefer y, the _ana Ltre of
the i ng&z (9F G¥T41 % % Vrd %gﬁ%%cr spo :\ﬂgmglkxeéémgr %ﬂ@c&é?&& ous gllqct ure.
A si plRimathodyvpis e@@h&t@@cdiﬁ&eemt laderfiteating mtmdzeulrdhesxﬂttiepszeqf neiet epai ni ng
the absolute difference between the current pixel kﬁe and the co-site

pi xel \alayeTiiess Py @Y sisult ;f BlugrRe %H‘cd’éﬁLFﬁaﬁ‘W AWB TGRSR ¥S er ence
wih 3,00 APHel HhRe kvklliaRigl do¥al 4P chindloda a A BHAL /el cicht & | S

sufficie nor e ust alternative nethod nmay include the step
of nakidiglased mnrrpmm SmesmnehteNabfséiM@ 2Be dorfémoé vdech ibenassparated dpteim|

ot or e RE G0 g PieE P TRORCORTOR TR Bisp o olirifeiertdlnb Boise'ibe

15 and therefore simplify implementation.

The picture analyser 103 essentially detects the amount or degree of motion in the
picture. Again, known picture analysers can be used for this purpose. Preferably, the
analyser 103 compares the pixels within each picture of the input video signal to

20 corresponding pixels from a previous picture. A simple method of motion detection may
include the steps of determining the absolute difference between the current pixel value and
the co-site pixel value from the previous picture and comparing the absolute difference with
a predetermined threshold value in order to determine if there is sufficient motion. A more
robust alternative method may include the step of making a comparison of the absolute

25 differences between temporal neighbours and spatial neighbours of the current pixel in order

to determine the degree of motion of the current pixel.

Qutputs from the noise level detector 102 and picture inalyscr 103 are inputted to the
filter level estimator 105, outputs of which are inputted to the filters 106 and 107. Output
30 from the analyser 103 is also coupled to a conrrol line 109 for the switch 104 in order to

determine whether the input video signal is switched by the switch 104 to either the spatial
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Qut puts fromthe noise | evel detector 102 and picture anal yser 103 are
inputted to the filter level estimator 105, outputs of which are inputted
to the fibi$hs3¢06 and 107. Qutput 30 fromthe anal yser gd@gsés/dlis0
coupled to a control line 109 for the switch 104 in order to determ ne
whet her the input video signal is switched by the switch 104 to either the
spatial SUBTI TUTE SHEET (RULE 26) WD 01/ 35636 PCT/ S(&9/00125 filter 106
or the tenmporal filter 107. The o_u{sputs of the filters 106 and 107 are
connected in parallel to an output term nal 108. Where the picture

anal yser 103 detects little or no notion, the swtch 104 is controlled 5

so that the input video_si j ' Al ark ichiictedQf. When
howev efiltgfotG64H %W@mgﬁ@@g{@: nhfe @Hﬁ“ktlkgggfeﬁielﬁzcgse}jd@tﬁ switch 104 is
contro t.9 aARRkA: tdMdaNPOS. Vi deo signal to the spatial filter 106. This
resultégrlggelatgaarr?r?gerrent in which when there is tittle or no notion

detected, the pixel is flltered by the tenporal filter 107 to achi eve

efficient ngise _reducti on i ficient
ot o' 1's. adviecs b Porte <phgaef 0 B 08 B B8 o, HESREPRABERRIRY] (81 5

as ta gy@ld tﬁ@iﬁpﬁh ORiko hﬂgﬁﬂas ab;ﬁlftfdaetthe Admplola fmectm?e Whsrehqwevse mpitionur e
anal yser 103 calculates a ratio |xel(§egetec 1etc,i_‘aervx,i Eh Iéttl e_or
Mot i onalomera dekvaintlovehfis GRIGARE: tlaﬁs“ﬁfebelloé RCPHFALL AR PRI {1 BP THEG ey (M

i ndi cat SHhe t hetiag 8I29 Pat”ﬁ?"*cs% Oa’[\z}» ﬂleﬁﬁﬁlm& Wb ierd feliteie ok Woe.

Based Gh™ ratio estlmated noi se level (.N), the
filter Reeal deskddyrhopixtDE fisdredrby eBe aempmxh filten 077| toeachiesq effiqi¢nt R0¢Fehe used

in the tenporal filter 107, A nethod of estinatin e er
| evel (r@qugggn g.QpeWewher@mk RNRJFSE VIR P 1‘“? gxoﬁﬂy%n%c)g%m i;Xleir rsI evel ,

Kt 18 %lt@ e% e t&?%k&oﬂﬁ s toNvbR dyerhestinané edefaai se | evel and Mis

t he calcu dratio non-noving regions within the picture. 25 The
val ue of constant K, nay be determ ned according to the type of spatial/

tenporal At the picture level, the picture analyser 103 caiculates a ratio (M) of pixels detected
with little or no motion over the total number of pixels within the picture. The ratio (M)
indicates the average amount of nom-moving regions within the picture. Based on the

15 calculated ratio (M) and estimated noise level (), the filter level estimator 105 estimates a

maximum filter level (L) to be used in the temporal filter 107. A method of estimating the

maximum filter level (L) is given by:

L=k XNXM

20

where L, is the maximum filter level,

k, is a pre-determined constant,

N is the estimated noise level, and

M is the calculated ratio for non-moving regions within the picture.
25

The value of constant k, may be determined according to the type of spatial/temporal

filter and moise level detector used, or specific application needs.

Optionally, a second maximum filter level (L) may be estimated for use by the spatial

30 filter 106. A method of estimating the second maximum filter level (L)) is may be given by:

SUBTITUTE SHEET (RULE 26)



filter and noise | evel detector used, or specific application needs.
Optionally, a second maximumfilter level (L) may be estimated for use by

t he spa&ksé:ﬁgf filter 106. A nmethod of estimating the seegqReodBdtheuM

filter MY S is may be given by: SUBTITUTE SHEET (RULE 26) WO 01/ 35636
PCT/ S&9/ 00125 -6 Lr=kr XN where kr is a pre-determ ned constant. 5 Figure
2 illustrates in block diagramform an enbodi nent of the tenporal filter
107. The filter 107 may conprise $.nntion adaptive tenporal recursive
filter for interlaced video signal processing of the type disclosed in US
Patent No. 5,574,512, the content of which is incorporated herein by
cross-reference. The structure of the tenporal filter 107 will be briefly
descri bed beIOM/Ldfﬁﬁxﬁhﬁbr conponents include field delay nmenories 202 and
204, 10 line delay menory 203, averaging circuit 205, nmedian filter 206,
subtracting circuit 207, attenuator 208, limter 209 and adder 210. In
this ci rcu'&merekcwzrmtdemrmedmnmme 201 from the switch 104 is inputted
to the median fifter 206 and is filtered thereby. The nedian filter 206

al so receives inputs fromthe average of the two nearest pixels froma

del ayed fi ’ Y edtertediBoral Ritsr 167.
effected b ‘§P?2%6P&Q§ o@iﬁﬁ&ﬁﬂ F%qggﬁgﬂq?ﬁggﬁ%nnrles 202 and 204 and |ine
del ay Twmmkat 1Zﬁaniy)cdmsmaencaiom axippttvem@pnuil S@ufﬁwft Bite fop ineeriaced #idsH t he

out put term nal 108 t field
dgl g; signahpFeresvDs Pgﬂﬁeﬁﬁﬁ‘%lé ostcg “g#c; %ﬁﬁ%t b %5%&!%&;8%%%&0?}{:% ISI205

Anot hey c§> P%Ed (?{erénlf'% yldr8lschefeg@icay BRPsthscrisepiftthederhporthfited b@7 sell &g menory

203 and ay nenory 204 as shown. Qutput fromthe Ib@g Iggg&%/ menory

203 | sbmdsfgumsedbembem oIttsh@mor GPTWPORSTLY lﬁéluaﬁ“f@r‘:h@g‘il%‘/ BEPRTrY he

out put _of pled to q; t LikdBf 2806.

Qut égth*er g#pytnp,gnquyeifbg e AF 1r§&?9984h1|g§%rfg{ﬁ &?g %’%aregngt hird input of

the ”Eﬂfégﬂaio': '72)@%%@:& 2d)9"|aIQI£Bi‘lEr 21® M mxmxmmaradmnwapmdmremﬁ@t from cost s,
e

the fi and/or |ine delay nenories har e ed in
t he noiheewliekdP4 ésinputadde tpmedian &ltgr %0 }ereﬂ)%e%§ aﬁl %nfl# 107

223{ gr 5‘{){'%58 %%i)%ls i puH rgf':f?@ave'r:éget&%e tx@@n@a&’*és@ bbls fférﬁ%@eﬁ}'@@dﬂenﬂaﬁy stem

the co-sited pixel from a delayed frame. This is effected by arranging for the field delay

15 memories 202 and 204 and line delay memory 203 to receive at input 213 noise filtered pixels
from the output terminal 108, i.e. the output of adder 210. Output from the field delay
memory 202 is inputted to one input of the averaging circuit 205. Another output of the field
delay 202 is inputted to the line delay memory 203 and field delay memory 204 as shown.
Output from the line delay memory 203 is-inputted to the other input of the averaging circuit

20 205 the output of which is coupled to a second input of the median filter 206. Output from
the field delay memory 204 is inputted to the third input of the median filter 206. In order
to minimise hardware implementation costs, the field and/or line delay memories may be
shared with memories used in the noise level estimator 105, picture analyser 103, temporal
filter 107 and/or the spatial filter 106. Furtber, an external video encoding system could also

25 be utilised.

Output from the median fiiter 206 is wputted to the subtracter circuit 207 which also
receives input video on the line 201. Output from the substructure circuit 207 is inputted to
the artenuator 208 the output of which is coupled to a limiter 209. The output of the limiter

30 209 is coupled to the adder 210 which also receives video input from the line 201. These

components essentially determine the amount of filtering applied to the input video. The
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Qutput fromthe nedian filter 206 is inputted to the subtracter circuit 207
which also receives input video on the line 201. Qutput fromthe
substru%gq)&{ﬁi}gcuit 207 is inputted to the attenuator Z3Qe/ddweeissput of
which is coupled to a limter 209. The output of the limter 30 209 is
coupled to the adder 210 which also receives video input fromthe |ine 201.
These conponents essentially determ ne the amount of filtering applied to
the i nput video. The SUBTI TUTE SHEET (RULE 26) WD 01/ 35636 PCT/ S&9/ 00125
-7 attenuator 208 typically applieé-a 1/8 reduction to ensure the
transients of the systemw ||l eventually decay to zero. A reference or
limting value is coupled at ing)ut 212 to the limter 209 so that .Ihe

li mi teandmameaoadywdfyh@nl@saﬂé aeductian & Rt FErTansIepts Of S SYSIER Willt ¢ he
current icture field t L S8:nel ' 13 iR tion
art ef a%\teggla@}l, g“f‘@ft% Fene e‘&‘) r%@gbg ‘?ﬁ“?‘ﬁﬁg %\31 g?ﬂ%&%@mdaea?;&%lgﬁf r odr1nﬂhtE1 rllgﬁct)ég?put of
the fibdPl, homel i8Ski RBbQIkckBfe (T i cpabiecd maimime filtdOiévaids) ofthe oprement ed
by known forns of spatial filters, for exanple those described.in the

arti cl pichye HeldJosmaxmite: Wi adetionABA/ or SRIBHRISE TOHOR BHFRCS . PHSHEINISY t he
spatial filter 106.iS . r i I L kch applies | ow
pa555 18° %“F%Yai F lzil(%ﬁlg&eggg@h?ﬁﬁl?ﬁfax{){lﬁgtfg?g?&anésggghrwgg it is possible to
control the anmount of filtering in the spatial filter using the sane

limter method where_ basically the absolute differences. b t i nput
pi xel and t F&e fspptiad fdefr fi0RdPat P UIPIRReOEF LYY %W%Ié?lgf’sn?tn%aggsl\g@gﬁa‘ %gxi nmm

fi1ter Leyol ik aclfihonsye LBl 90 Kepsibmae dhieal ek roferagidabbid. ering
when i g inthe video sequence are stationary. This level of noise

r educt ipedteiadlye spespatiall flrarsidbul aascdgepagseing opise dilter Siioh 4pPHET LVEEAI ti ve
to noise present (n stationary.regi.ons. .The .naxi FSE. o
filt}r filgPEPRY GBS A% AT % o‘%yﬁ%’ié%&,{l%ﬁm rrdtglélI ﬁgﬂ-ﬂ?ﬁbﬁ”ons

W thin i,# he iJmBgesiter Widsh@s ghnt hinfiteh asethdie watfeartically thesbeoluef diffeicansy in
terms of noise reduction in the non-nmoving 20 regi ons. of the inmages, much
of t he baovese trecdpritriieh aad theffideres pixe Rrealdmyeh Ry Qe@ﬁgggmgﬂaecggﬂﬁlaxqppgﬁ s are
rem)ve%-1 Fina{ ky), with overall maxim sed noise reduction better conpression
is achiE&y&d° sapplications utilising video encoding systens. Figure 3

illustrates in block diagramforman alternative digital video processing
and

15 The system 100 maximises the level of noise filtering when images in the video
sequence are stationary. This level of noise reduction is especially useful as human vision is
usually more sensitive to noise present in stationary regions. The maximum level of noise
filtering is reduced globally according to the amount of moving regions within the images.
Although this has the effect of lesser efficiency in terms of noise reduction in the non-moving

20 regions of the images, much of the noise reduction artefacts such as ghost images and comet
trails are removed. Finally, with overall maximised noise reduction better compression is

achieved in applications utilising video encoding systems.

Figure 3 illustrates in block diagram form an alternative digital video processing and

25 noise reducton system 300. The major components of the system 300 include a spatial filter
302, picture analyser 303, filter level estimator 304 and temporal filter 305. In this
embodiment, 2 cascaded spatio-temporal filtering method is used by coupling the spatial filter
302 and temporal filter 305 in series, as shown. Input video signals at input 301 are also
coupled to the picture analyser 303 the output of which is coupled to the filter level estimator

30 304. Output from the filter level estimator 304 is also coupled to control the temporal filter

305. It is possible to utilise known filters for the spatial filter 302 and the temporal filter 305.
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25 noi se reduction system 300. The maj or conponents of the system 300
include a spatial filter 302, picture analyser 303, filter |evel estinator

304 and temporal filter 305. In this enbodiment, a casc
spati o- t WRIARA3%f i 1 tering nethod is used by coupling thea€§ﬂ§f;%qlooll?ﬁ ter

302 and tenporal filter 305 in series, as shown. Input video signals at

i nput 301 are also coupled to the picture anal yser 303 the output of which
is coupled to the filter level estimator 30 304. Qutput fromthe filter

| evel estimator 304 is also coupl€d-to control the tenporal filter 305. It
is possible to utilise known filters for the spatial filter 302 and the
tenmporal filter 305 SUBTITUTE SHEET (RULE 26) WO 01/ 35636 PCT/ SG9/ 00125
-8 Ex eObf suitdbibfikers ate found ar taefadorementionet papérobiekelosisende apdper by K
Jostschult'e and A Anmer. In the system 300, the maxi num |l evel of filtering
is condmet.led globally at the picture 5 level at the tenporal filter 305.
This maximum |l evel is determned by the filter |evel estimtor 304 based
at the picture interval. The maximumfilter level is determ ned according
to an i nputigngk sestéeBed, thinakinum kpeldfdidteribg ismoatroBal7gideallwadhe piemre he

i se level estimator 102 and_th Its of . the pict | 03
Whi ch tanel e ERPORHGUNT 9. nBUEEBRbRLS i FHFAPEHS 51 B QR et
descri hed |1 J0%,880 & kR pi@MRQstABNt Thelhkpiigat flterI6R] BNiateyired abcordiag 10

noving regions is done on a previous gi cture to mninmse |atenc ang'
r educem anrihue mpist ddviebwhick issapplieas inpyis &MT0Ed Hrosuilie 881h kivakesiigpir 1P2duct i on

simlar tQ but not_the.sanme as. r by t i i gures
1 and ¥&d %ﬁefcaﬁﬂf% gf g RACT S ‘?né@ﬁ%r??(?SSwgfc? ?#’%ﬁg %Sb%lg a?%uﬁ?ﬁgq#ogg{g I’Ee%g)tngi n the
syst em,ahiFil@Wiesrd a8ndsciveties td Guietagibodtmanat Tdicadly, tenpaisais 6fi theer i ng

whereas in Figure 3 there is cascaded spatjal and ter’%o%l. fill tering. 15
The 10i inpeingregions B Sonh1eR HPIETIOYS PIGSHTHE TURHIISFIHANEY A SFUHINTRICTRFANGY s i n

order to determ fel it Rl Bb\OElr kS p@PhdNMENRAY 0 ghdregar d
to the“Mbi s&™q %X/séﬁrgiﬁr?eﬁ)ﬁ‘!é&é?ég?@;éi VY1 de0. sequence. Figures 4 to 7
i || ust pajdacanBy eid a@tbddinmen lof Faturenl dmt 21 Hieekfferrateoin re9dt hatributablegot o be
under st ood that others coyld al so be.used. The .function of th ilter |evel
est i mathgrfacpal mothe ﬁbﬁﬂﬂniog&:ﬁ‘ﬁﬁr]eémﬁzt I Rf aip“ﬁ%\waélép Bt %&qoflﬁoéél{seélﬁn bed
bel OW. yhereas in Figure 3 there is cascaded spatial and temporal filtering.
15
The filter level estimator 105 can be implemented in a number of ways in order to

determine the level of filtering which is optimum having regard to the noise level in the digital

video sequence. Figures 4to 7 illustrz_até one circuit realisation for the estimator 105 but it

is to be understood that others could also be used. The function of the filter level estimator

20 105 shown in Figures 4 to 7 will now be briefly described below.

The major components of the circuit include a pixel activity detector 402, accumulator

403, noise level calculator 404, histogram generator 405 and contrast analyser 406.
Typically, a digitised video signal is coupled to the input terminal 401. The video signal is

25 applied to the input of the pixel activity detector 402 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 + pixel

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

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

alternatively or additionally include pixels above and below the pixel in question or pixels
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The maj or conponents of the circuit include a pixel activity detector 402,
accunmul ator 403, noise |level calcul ator 404, histogram generator 405 and
contrast r 406. Typically, a digitised video sig i led to
t he inpdygpgll’%ﬁﬁal 401. The video signal is 25 applied tga‘tﬂéeéﬁ“gﬁg of the
pi xel activity detector 402 which cal cul ates for each pixel in the input
video signal a pixel activity value. In the preferred enbodi nent of the
invention, the pixel activity value is calculated as the absolute

di fference between the current pix2f value and the nean value of its

nei ghbouring pixels, i.e. pixel activity = abs (pixel - (pixel left + pixel
+ pixel right) /3]. In the preferred enbodi nent, the neighbourin i xels
are t hehitiercasjoarahtee Poxefsi dissans to thetlpfe of rig. orpehRinRgselPr §‘1‘1g‘é108f0ft5H@3"3‘?xe| in
guesti on. It,mould‘.Qf>§ U%g%anE:BQSSib|e to alternatively or

addi t i BHEPPY PR BPGHE 5TV AUBVE Thd bel ow the pixel in question or pixels
SUBTI TUTE SHEET (RULE 26) WD 01/ 35636 PCT/ S&9/00125 -9 which are two or

three pixels distant to the |eft or ria%ht. Technqill!g]ues f%r sel ection, of
suitable nalternsmiely. rchigh Rass Sl Wik an absQINIK afe WP W A 0Q YSe ASfiRAH y, a

hi gh_pass.filter w R4 HSEYaA%nd opk%el 5
act i vi ¥V CEEESE- %ﬁp %ggg‘g%ﬁs?ﬂﬁjagfﬁwﬂgﬁaﬂggfg filters are known in
the arge@nifaohesddcted bease, tmyfitbsdeiion tadely deinggeuesten of dpality swCBEEY on

| argely being a question of quality, accurac nd .cost. Lapl e
exanpl @dgiosta ét}’lef}éﬁﬁ@l"rﬁxﬁﬁpﬁa‘gsa %’Ji“%i’l@?“ ? ﬁger?%qsltg%forl\l g “@10%5 éélfrg?%{r\]ﬁ?s

(-0. 25%9_9950'5&%%-_@. 1. 10 Qutput fromthe detector 402 is coupled to the

i nput hé'"accunul ator 403 which operates to sumall of the pixel
activity values of a picture. Qutput fromthe detector 402 is also

inputted to_the histqgram gengrator [ LSS0k gimof the
cal ¢8I at ed Oﬁmgogb&%\f?eﬁf&{fa@ée? C%égdgtt:o\(,:\%ﬁu ‘g(;%?%%%% ?%1 arranged to
pr oducggctrgtgs R R $eine dotel UedwyDalues widipigurel | Oyrpxefrorachd ddttdres+d2ieom t he
det ect 402 for picture and divi di(gﬁg by the total . nurrber(hfl of ia%é I's in
the pi eleiimputted torghe HEOPEESEICEULAGT WRICRISFnsrAlSs iy H AP Bf if i rcuit
by reducing the size iy QL APl LroPrOgiteast Ri¥ad PReOfRRIRLYr 405,
for exaﬁ’fﬁlln%mg{/ Vgl(‘i‘é'l ;rﬁéa%\;ﬁ%ﬂ:gﬁxt %)(?'{J%catl Hg Sﬂ&reﬁkgct_i Vi tvaaI ues. Scaling
down pipeRinircdl pikélctitiessframnhe deeTpirytOP dommicrorend sividing py dessaizh gUTbEt t he
new I%I )(()t(? :Jixggthll \t/ﬂctp>{c$racl. ue equal s tf?%a@' b)ée;!ossaiglteltg Isfn)fplify implementation of the

circuit by reducing the size of the histogram table produced by the generator 405, 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

value divided by two. Truncating pixel activity values can be accomplished by the following

20 logical step:

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

pixel activity value = 31

25 Output from the histogram gemerator 405 is coupled to the input of the contrast
analyser 406. At the end of a picture, the contrast analyser 406 examines the generated
hjstogram and from that estimates a contrast activity value;. Typically, it is possible to
cstimate how sharp or blurry a picture is by looking at the shape of the histogram. In
accordance with the invention, a method of estimating the contrast activity by reference to two

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

histogram. The second parameter is obtained from a look-up table which estimates contrast
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val ue divided by two. Truncating pixel activity values can be acconplished
by the followng 20 logical step: if (pixel activity value < 32) new pi xel
activity value = pixel activity value; else new pixel acti.vi ue = 31
25 Qut pﬂYOPWm he hi st ogram generator 405 is coupl ed toq{dr?zéc%%ﬁgﬁﬁgof t he
contrast analyser 406. At the end of a picture, the contrast anal yser 406
exam nes the generated histogramand fromthat estinates a contrast
activity value- Typically, it is possible to estimte how sharp or blurry
a picture is by looking at the shal¥ of the histogram In accordance with
the invention, a nethod of estimating the contrast activity by reference to

two 30 paraneters as follows. The first paraneter is a Xi mum rect angul ar
area sii®itgothis memgdusnbagrmmaawrﬂlusm@dgeme6%%%%@%& hi§d "t rom
a | ook-up table i ch estinmates contrast Tl . ) VO

01/ 35638 PCTRBdED BOITE SRR P 197 FAFL ot R e ch 61 Armae e | y

|1 ust paled 11 fohfidin Fectli@hfhr WG 45k BTG tepoirh abrenh histdigam

hori zontal axis being pixel” activity and the_vertical axis being the count
of  pi meérs theThueizomral andrvertésat axegudsasiowne 9o 7isBowy alekfpdshle Hezpiimls wher e

t he hi st ogram ets the.horiz | o¥:1! ea%{]r‘ﬁ ; Lgure 7
shows HPTFoBKY H’ﬁr%%?%mﬁ z}%lsgt?eé%?eg%%ggﬁ?grre\éﬁvf\zﬁte taﬁaﬁl’ne oﬁl gglrsu% gﬁl\gg:f Pgla%ei ng
rect angy\ak . arealodk4p table dédamives theamntrastiastitiei agp fmntiomsf theaedtangular. The
| ook-up tabl e determ nes_the contrast SCt | Vi {’%/ as a. fynction of h?

rect anguehasize. arBie W6, 70Bhi@ gy lpak-ppgtabls §aMebF GoK! 6%1 | EXRESRGHE tor

determ ned by ex ' r 4 RECH; Il ®he RMokbud QbR
Cont r ot TR fog Bia conbBIR AN Qube B EBENR) REe Rethn 8
det er nt4£8e Ayteeiped ibyesxpsriinantatin edhictavirgns imapggesitnknéwik owasitnd oldpltr ed

output 10 noise levels are subjected to the syst.emto generate .

cor r'&s peintiienels BrsTBHF LY gletsgﬁglg|tg,g€%qf ?85:0”%95“%%}“58@‘%& ST geR YRy

val ues, and ;ge%p(gl hegRryCRlles CAddOorR khdd kbig&ion 9f aftiesSdigtapR Suddl GUFigure/ can
be generat eé. ccordingly, persons skilled in the art will be able to

gener affecatappraspeiagade [Asokrdigely aptisens ckied ingbhaisWaLOR apde 19 peagrate
i nt erpol ati an

. N | > _ | ook.
t abl e Srropatediel e sk XohEF ksies R AURRLDRIBARIGNS: SR Qlrubiion PP U7 4P
rel at e g9 Aifeod bl dnsdadestithdRiokap wablea These/rcintiqies ansiles weliknbworin the -

15 art and generally relate to the field of estimation of a curve or transfer function.

From the accumulated pixel activity, an average pixel activity for the picture is
calculated using the noise level calculator 404 which receives input from the accumulator 403
and contrast analyser 406. Basically,. the noise level calculator 404 offsets or subtracts the

20 accumulated pixel activity values by the contrast activity from the contrast analyser 406.
Output from the noise level accumulator 404 is coupled to an output terminal 407, 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
according to requirements so as to make subsequent digital processing for efficacious.

25

Figure 5 illustrates in more detail an example of the pixel activity detector 402.
Successive pixels of each line of video data are inputted at the terminal 401. The circult

calculates difference berween a pixel and the mean value of the pixels at its left and right. The
circuit of Figure 5 includes first and second delay elements 502 and 503, first and second
30 adders 505 and 506 and first and second multipliers 504 and 507. Output from the second

multiplier is coupled to an absolute value circuit 508, the output of which is coupled to output
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From the accunul ated pi xel activity, an average pixel activity for the
picture is calculated using the noise |evel calculator 404 which receives
i nput f&gﬂphggwaccunulator 403 and contrast anal yser 40¢ctRasye@biy. the
noi se | evel "Calcul ator 404 offsets or subtracts the 20 accunul ated pi xel
activity values by the contrast activity fromthe contrast anal yser 406.
Qutput fromthe noise | evel accunul ator 404 is coupled to an out put

term nal 407, the signals on whi P_represent t he estinmated output noise

| evel as required. It is possible’to limt the output noise |levels so as
to reside within predeterm ned m ni mum and maxi nrum val ues according to

i ts. L k t diaqgital i i i .
25 F1 carane) S0P WRERa HE en b M TRPRent pierhr BSAF Adlihulte O TRE, DUS
det ec%%uﬁl%mgom easipseabiti wedderafin@athuitfenacobetwicdea piedi andriee meput ted at

the termnal 401. The circuit calculates difference between a pixel and
t he nmeame\wdltheepinél ankdts pieigbbaring 1¢ft snd wght paxrds becghie of theactianrefuthe dejay Fi gur e

5 includes first an econd, del el ements 502 el 1 T an cond 30
adder §1a§€ﬁ§“%r§8§5@g 319133 “&?ﬁl}‘s?avéan %yéc%%lﬁpﬁélatl I‘ﬁggg)scgggf faéngﬁ{fb'lggﬁf put
frong L,he,sGRORE cof!del itlpld@fientdd 0 Bt@EnE @iffdteiss Getiteen\thd pixel biid tiehn 508,

t he output of which is coupled to output SUBTITUTE SHEET (RULE 26) WO

01/ 35623B1ePOT oSEIFFEamixels. 1 The phFoke Valno OfihecHIEDEH SORSHEHES 10 QUM

hi st ogr. am gener at,or . 405 . : 403. The circuit conponents are
oper a "?llagmd@'t‘éarlﬂ? ﬁ%’egﬁgggﬁ‘??ge?%agtsgéet ween a pi xel and the mean val ue of
the pixel and its neighbouring left and right pixels because of the action

of the delay elenments 502 and 503 i ch have del ays. egual, to. a typical
period of 4t jsipessiblecp HEPle’@e%frtP%?FﬁBWgﬂf%r @HUP@S%’EV%@FB%E%‘@&’ ng*o%%{‘ai ni ng
di ffer b [ 19éh Sehed]] RelWAC eNthepirxel s.
Thekgt%?g%g?oer %Y\%lgrhg Hﬁsﬁ%?%%rgpgﬁgggggﬁ]%ﬁéﬁﬁes t he ou!t put pixel activity
val ue lappaerctorg mat ntdessatetondeneribesese domposeposs ek t o i npl enent t he
accurnul ator 403, noise | evel cal culator 404, histogram 10 generator 405
and contrast anal yser 406 using techni ques which are well known in the art.
It is ther efi Sup@iar BRGASEaDINal F0TEHCH mlptdam@rmn@maanms kntdepatidl. The

out put at output term nal 407 can be coupled to provide the inputs to the
spat i afilter 106 and temporal filter 107, as shown in Figure 1.

15

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

from the spirit and scope of the invention.
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filter 106 and tenporal filter 107, as shown in Figure 1. 15 Many
nodi fications will be apparent to those skilled in the art wthout

depart 01399¢n the spirit and scope of the invention. SIFIdGMIHE2SHEET
(RULE 26 V\D 01/ 35636 PCT/ S@9/00125 - 12 CLAIMS: 1. A nethod of reducing

noise in a digital video signal including the steps of: analysing pictures
in a video sequence to determ ne the anmount of noving regions 5 therein;
estimating the noise level (N) in {he video sequence; determ ning a maxi mum
filtering level (L) for each picture based on said analysis of the anount
of noving regions and said estimated noi se | evels; applying the video

sequenﬁﬁA;@{Sf_i | ter means (106,107, 302, 305); and 10 controlling the filter
nmeans ordance with said maximumfiltering level. 2. A nethod as

claimed in claim1l wherein the filter neans includes a spatial filter (106)
and a tenporal filter (107) and includin qg the step of: SWItChI ng the
appl i ed. vi déoms@gd ehsesueipgneise pardigital vi e?él’b’n@)lrmflﬁémﬂé%ﬁl%ﬁ ofilter in 15

accordance w th Vi $f mptded as
clained in &i% sxﬁé‘bl nc(f?St g{%ﬂ@ﬁ ggéstcg?d SW ?gﬁﬁgé%e é%ﬁ’ﬂ@ed VJ}g
sequangRrdig; t he tenporal fi I ter when the determ ned anount of noving

regions is reI at | veI | ow; gln@QZO swi.tching the applied video sequence to
the tenpor apstEpgtingth ‘c’r\/ﬁ%‘ﬁe fexy R thei Yidep seg t of nmoving regions is

relatively Bigh 4 tsegy of
ﬁéet ninfhe. esag%{@gﬁgﬁxgg REEE) it abRbitule BARE Jnaftdrtlysls

anal ysing t sequence I ncludes the step of: 25
cal cul &el angoumt bémowinghgiohs m&@@&mmmwywl ittle or no notion

relative to a{jp gmtgo & lndeg lsfcrzltl)l%ccotfo c)r(ef\rlxc%nsl. &O% Il%7p§(% l‘kr()g), and

10 controlling the filter means in accordance with said maximum filtering level.

2. A method as claimed in claim 1 wherein the filter means includes a spatial filter (106)
and a temporal filter (107) and including the step of:
switching the applied video sequence to the spatial filter or the temporal filter in

15 accordance with said determined amount of moving regions.

3. A method as claimed in claim 2 including the steps of:
switching the applied video sequence to the temporal filter when the determined
amount of moving regions is relatively low; and
20 switching the applied video sequence to the temporal filter when the determined |

amount of moving regions is relatively high.

4. A method as claimed in claim 3 wherein said step of analysing the pictures in the video
sequence includes the step of:
25 calculating a ratio (M) of pixels detected with little or no motion relative to the total

number of pixels in the picture.

5. A method as claimed in claim 4, wherein the step of détermining a maximurn filtering
level includes the step of:
30 determining a maxiraum filtering level (Z,) for the temporal filter by multiplying said

ratio (M) and said estimated noise level (N).
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5. A nethod as clainmed in claim4, wherein the step of determning a

maxi mum filtering |evel includes the step of: 30 determ ning a nmaxi num
filteringoo@Msdss(L;) for the tenporal filter by multiplyipgrgaddhordsati o (M
and said estinmated noise |evel (N). SUBTI TUTE SHEET (RULE 26) WD 01/ 35636
PCT/ SG9/ 00125 - 13 6. A nethod as clainmed in claim4, wherein the step of
deterintn.ing a maximumfiltering includes the step of: determning a

maxi mum filtering level (L) fort t_rlg_spati al filter which is proportional
to said estinmated noise level (N). 7. Adigital video noise reduction
system (100, 300) including: a picture analyser (103, 303) for analysing
pictures in a videp sequence .t.o determne the. anpunt. of novin eqglons
ther ei b a nbiREBOGaAAINES Hiam HFCR e SR ?fﬁﬁ“-}‘?ﬂ’éﬂl{l%%%@ﬁ’i@@?g(ln
in the yidgo sequpnre; 10 a filtering level estimator (105, 304) for
determining a maximumfiltering level (L) for each picture based on said
amount of noddterguiniagiacmesiramd fBtaritg kseli (dptfed troipstal|fdee Whichns pfedoresnateans
(106, 107,203, 305:% .g:qupl Z&)cto said filter level estimator for controlling
the | evRIsaigrestmatedriqise I6¥el &dbh picture in the sequence in accordance with
sai d ximum filtering level. 15 8. A systemas clainmed in claim?7,
wherein the filter neans includes a spatial filter (106), a tenporal

filter T1.107)Aaingitad veigotnolse cadulion picsianh €409, A0Phiackvdingeh is control l ed by

f n [ al 1 LS - - abl i . i d
Ceduence (o 1 Repaptiter (87 A B ipilegilthist FARAAR Sl B M AEATHE 1,00

amount g apeVHhNEF Hegng nicetBémminned by the picture 20 analyser (103). 9. A
systemas clainmed in claim8 wherein the picture analyser i.s operable to
calcul ate a2 Peifs isvENMetesfordilQP) for guimatingdusneipe levek (V@ 1B enddsitsdbFel at i ve

to the total, pber-0f «HXRLS108 304) for determining a maximum filtering level (L) for

each picture based on said amount of moving regions and said estimated noise level; and

filter means (106, 107, 203, 305) coupled to0 said filter level estimator for controlling
the level of filtering of each picture in the sequence in accordance with said maximum
filtering level.
15
8. A system as claimed in claim 7, wherein the filter means includes a spatial fiter (106),
a temporal filter (107) and a switch (104) and wherein the switch is controlled by output from
the picture analyser (103) and is operable to switch the video sequence to the spatal filter or
temporal filter in accordance with thc.amount of moving regions determined by the picture
20 analyser (103).

9. A system as claimed in claim 8 wherein the picture analyser is operable to calculate
a ratio (M) of pixels detected with little or no motion relative to the total number of pixels in

the picture.

10. A system as claimed in claim 9 wherein the filter level estimator is operable to
determine a maximum filtering level (L,) for the temporal filter by muitiplying said ratio (M)

and said estimated noise level (V).

30 11. A system as claimed in claim 9 wherein the filter level estimator is operable to

determine a maximum filtering level (L)) for the spatial filter which is proportional to said

SUBTITUTE SHEET (RULE 26)



the picture. 25 10. A systemas clainmed in claim9 wherein the filter |evel
estimator is operable to determne a maxinumfiltering level (L) for the

t enpor alywdolhkss Oy Multiplying said ratio (M and said esits@isrgi230i se
l evel (N). 30 11. A systemas clainmed in claim9 wherein the filter |evel

estimator is operable to determne a maximumfiltering level (L) for the
spatial filter which is proportional to said SUBTITUTE SHEET (RULE 26) WO
01/ 35636 PCT/ S@9/00125 -14 esti_qgt_ed noi se level (N). 12. A system as
claimed in claim10 or 11 wherein outputs of the spatial filter and
tenporal filter are connected in parallel to an output termnal (108). 5

13. A system as cl ai in claim8 wherein the tenporal filter includes a
medi ar?sginﬁeg]rnms(eg@%e}ra&ﬂi ch receives a current pixel and inputs fromthe

average of the two nearest pixels froma delayed field and a co-sited
pi xel froma delayed franme. 10 14. A systemas clainmed in claim13 wherein
the tergpor ah systetreas chohed s claing Uit pradi evherein rau@uts EP O spask Flttard ves

i nput from vi deo _sequence out . ian filter. 15. A
syst en‘F’é‘Bo@ﬁ gﬁﬁ’éﬁteicﬁnﬁcﬁ? nfﬁr%gtroe%%g %%%I}T‘%%r(gﬁ filter includes an
attepuator (208) which receives output fromthe subtractor circuit and a

limter (209) which receives 15 output fromthe_subtracter ci_rcﬁt (207)
via anldat t ehsastom gsx0@ned 18 clain §y wherginathe semparalifiiicr BEIUgeH A FeHAR MHEh ¢t he

t enpor filter er.. 1ncl i I i ; vi deo
sequen@hé)aw Cgurfz %)eg‘%ésfmr %ur#ﬁgﬁﬁqﬁnm?glrp a%g%%rftﬁ%%@ﬁwéf@%‘?g%%%élgﬁﬁed in
cl ai m gSmwhidl gied fleh®atdaposiadd fiktltfesm ianielaydésrame. first fiel d del ay nenory

(202) which receives noise filtered pixels of the current video sequence
fromthe outputs of the spatial and tenporal filters [is this right?]; a

lingydel ay RedRieW (L20RmethinChains 19 QHREEH tho iR rAUIRYtinglhdsal shbdacst fiel d
delay nenory;,

circuit (207) which receives input from the video sequence and output of the median filter.

15. A system as claimed in claim 14 wherein the temporal filter includes an attenuator
(208) which receives output from the subtractor circuit and a limiter (209) which receives

15 output trom the subtracter circuit (207) via an attenuator (208).

16. A system as claimed in claim 15 wherein the temporal filter further includes an adder

(210) which receives the video sequence and output from the limiter (209).

20 17. A system as claimed in claim 13 wherein the temporal filter includes:

a first field delay memory (202) which receives noise filtered pixels of the current
video sequence from the outputs of the spatial and temporal filters [is this right?];

a line delay memory (203) which is coupled to the output of said first field delay
memory;

25 a second field delay memory (204) the input of which is coupled to the output of said .
first field delay memory and having an output coupled to said median filter to produce said
co-sited pixel from a delayed frame; and

an averaging circuit which is coupled to outputs of tﬁe first field delay memory and
the line delay memory to produce an average output signal which is said average of the two

30 nearest pixels from the delayed field, said average output signal being coupled to an input of

said median filter.
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25 a second field delay nmenory (204) the input of which is coupled to the
output of said first field delay nenory and havi ng an output coupled to
sai d nmediyoiidskdeéer to produce said co-sited pixel from apgdelsayeeoids ane;
and an averaging circuit which is coupled to outputs of the first field
delay nmenory and the line delay nenory to produce an average out put signal
which is said average of the two 30 nearest pixels fromthe del ayed field,
sai d average out put signal being Q&%P]ed to an input of said nedian
filter. SUBTI TUTE SHEET ( RULE 26) 01/ 35636 PCT/ S&9/00125 -15 18. A

systemas clainmed in claim7 wherein the filter neans includes a spati al

ol ai medtin epavnenengirel b b TRREE b S mpA oS s S BEER . s
Maxi MM RLKE Wiy £ kerhgtiRltife3@¥)5). t he estimator being coupled to control
said tenporal filter (305). SUBTI TUTE SHEET ( RULE 26)

19. A system as claimed in claim 18 wherein the filtering level estimator (304) having a

5 maximum noise level input (307), the estimator being coupled to control said temporal filter

(305).
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