METHODS, DEVI CES, AND COMPUTER READABLE MEDI UMS FOR PROCESSI NG A DI A TAL
Pl CTURE [ 0001] The present application clains the benefit of the Singapore
pat ent appbi2eads8255200907246-3 (filed on 30 Cctober 2009LT/SGhe10MNM420 €
contents of which are incorporated herein by reference for all purposes.
Technical Field [0002] Enbodi nents relate generally to nethods and devices
for processing a digital picture. Back2round [0003] Noi se may be added to a
digital picture or a video sequence of digital pictures fromvarious
sources i n dMEEHODS, PEXIERS, ANDB COMPUTER READARBEE MEDIUMS\FORE

i ntroduced during the acquisition process because of inperfections of
capturing devices and po@ROCERSINGA DIGITALIPICTURESE can cause not only
vi sual degradation of video sequences of digital pictures but also the
reduction of coding efficiency in encoding process of the video sequences
of digital pictures. The noise reduction process can be highly
conputational in sonme nethods, and integrating a conplex noise reduction
met hod i n080H sofhevpreserh applitatieatlaimathe bexkdo of leotiegaporsypatait afydicptiact i cal .
There is also a need to reduce noi se wi thout generating any visual

artifact s200907246-3 (filed on 30 October 2009), the entire contents of which are incorporated

herein by reference for all purposes.

Technical Field

[0002] Embodiments relate generally to methods and devices for processing a digital
picture.

Background
[0003] Noise may be added to a digital picture or a video sequence of digital pictures
from vérious sources in different processing stages. For example, noise may be
introduced during the acquisition pfocess because of imperfections of capturing devices
and poor lightning conditions. Noise can cause not only visual degradation of video
sequences of digitaj pictures but also the reduction of coding efficiency in encoding
process of the video sequences of digital pictures. The noise reduction process can be
highly computational in some methods, and integrating a complex noise reduction
method into a software based real-time video encoder may not be practical. There is also
a need to reduce noise without generating any visual artifacts.
[0004] Various noise filtering techniques have been developed. Such noise filtering
techniques include non-motion compensated type filtering and motion compensated type

filtering.



[ 0004] Various noise filtering techniques have been devel oped. Such noi se
filtering techni ques include non-notion conpensated type filtering and
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g is applied to the background thereafter.
correlation between video frames (digital pictures) in filtering, where temporal filtering is

performed on motion compensated pixels. However, simply applying motion
compensation to whole frames (digital pictures) may cause artifacts in parts of the video
scene; especially stationary scene, due to inconsistencies in motion information obtained.
[0007] To counter this problem of motion compensated algorithms, adaptive motion
compensated filtering is performed by detecting the difference between same position
blocks of frames (digital pictures) of the video scene. Segmentation of object and
background on a digital picture is applied before motion compensation is applied to
object, and temporal filtering is applied to the background thereafter.

[0008] However, the motion compensated techniques generally need computationally
expensive motion information finding process prior to filtering. Further, temporal
filtering for homogeneous region cannot reduce noise effectively. Another problem in
existing noise reduction methods is the lost of details for edge and textural region of the
picture.

Summary of the Invention

[0009] Various embodiments provide a method for processing a digital picture which

solves at least partially the above mentioned problems.

picture



[ 0008] However, the notion conpensated techni ques generally need
conputationally expensive notion information finding process prior to
filteri ngvOROI(58255 tenporal filtering for honbgeneous PEFISGROWAONAC reduce
noi se effectively. Another problemin existing noise reduction nethods is
the | ost of details for edge and textural region of the picture. Summary of
the I nvention 100091Various enbodi nents provide a nethod for processing a
digital picture which solves at |east partially the above nentioned

pr obl ens. [00M]201 Id Q3w G mnEMho d Bir42ereddp] Hdighalpiaueribpaividedt , a net hod
for processing a digital picture is provided, wherein the digital picture
conpr i seswRerbih Wikl piftuRick@lpfises BAurARE HTGiNERY Thé flethd nebiyvhdidg t he

digital picture into a plurality of blocks. Each bl ock may include a
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digital pictures. is provided. The nmethod may include obtaining notion
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and a second digital picture of the sequence of digital pictures. The

net hod nepethed mag furthes inghide filteriag pasy blockhising tei agsecatedfilieringeamerte t he

sequence of digital pictures based on the notion informtion.
associated with the block.

[0011) In one embodiment, a method for processing a sequence of digital pictures is
providgd. The method may include obtaining motion information based on a motion
estimation between a first digital: picture and a second digital picture of the sequence of
digital pictures. The method may further include filtering a third digital picture of the
sequence of digital pictures based on the motion information.

[0012] According to other embodiments, devices and computer readable mediums
according to the methods described above are provided.

[0013] It should be noted that the embodiments described in the dependent claims of
the independent method claim are analogously valid for the corresponding device and
computer readable medium claim where applicable.

Brief Description of the Drawings

[0014] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the



100121According to ot her enbodi ments, devices and conputer readabl e nmedi uns
according to the nethods descri bed above are provided. 100131It shoul d be
not ed t hawotha/sedsedi nent s descri bed in the dependent clpairss2ei/00é0

i ndependent nethod cl ai mare anal ogously valid for the correspondi ng devi ce
and conputer readabl e nmedi um cl ai m where applicable. Brief Description of
the Drawi ngs [0014]In the drawings, |like reference characters generally
refer to the sane parts throughout the different views. The draw ngs are
not neces®Hpwing descriptiahearionpérabidiments b £thd igentomirt Yedeebeywith adfedneepon
illustrating the principles of the invention. In the follow ng

descri pti@nhe follbwingsdrewingsliifmmich: of the invention are described with
reference to the following drawings, in which: FIG 1 shows a nethod for
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FIG. 2 (a) illustrates a digital picture;

FIG. 2 (b) illustrates that the digital picture shown in FIG. 2 (a) is divided into a
plurality of blocks and classified into different types;

FIG. 3 (a) shows relative positions of pixels that may be used by a spatial filter;

FIG. 3 (b) shows alternative relative positions of pixels that may be used by a
spatial filter;

FIG. 4 (a) illustrates that spatial filtering is performed for each pixel of a block of
homogeneous type in one embodiment;

FIG. 4 (b) illustrates that a similarity check is performed for each pixel of the
block of homogeneous type before motion compensated temporal filtering is applied in
one embodiment;

FIG. 5 (a) illustrates that spatial filtering is performed for each pixel of a block of
texture type in one embodiment;

FIG. 5 (b) illustrates that a similarity check is performed for each pixel of the
block of texture type before motion compensated temporal filtering is applied in one
embodiment;

FIG. 6 illustrates a similarity check is performed for each pixel of the block of
edge type before motion compensated temporal filtering is applied in one embodiment;

FIGs 7 (a) — (d) illustrate a series of digital pictures of a video sequence with

motion vectors indicated on each digital picture;



FIG 2 (b) illustrates that the digital picture shown in FIG 2 (a) is
divided into a plurality of blocks and classified into different types;
FIG 3 (ayozhoves3rsel ati ve positions of pixels that may peTissediobyosao spati al
filter; FIG 3 (b) shows alternative relative positions of pixels that may

be used by a spatial filter; FIG 4 (a) illustrates that spati al
filtering is perforned for each pixel of a block of honbgeneous type in one
enbodi nment ; FIG 4 (b) illustrates that a simlarity check is

per f or med for Héx R (piiledtragsh that dortpirodrity Chévbnoyetien usp tvyjpe obefrotien mot i on
conpensated tenporal filtering is applied in one enbodi nent; FIG 5
(a) ill ushamisesndérbet bgpampating the pixel Ndud of A%l @f dRtufrort (Bg?iﬁ'«ﬂlpilhxm of a

bl ock of texture type in one enbodi nent; FIG 5 (b) illustrates that

a sim | ariiy thelppek vhise B?ﬂh%%ﬁ'@s%oﬁ&lh% 9&@hnnhe<@hqp@ifa11§yfpeec@alaghlg@tfdl pikeur € type
before notion conpensated tenporal ltering is applied in one enbodi nent;

FIG 6 ilLysteabsdinensi Ml arity check is perfornmed for each pixel of the
bl ock of edge type before notion conpensated t enpor al filtering is applied

in one enbodi "TREL B(Sb) 1llustraFesQﬁat}?x(s?r}nl?mgdhe K3 Bl ﬁ?{%lrlgtd t.erm c“oebse s(i)ﬁclédl gital
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enbodi nent ;
motion map according to one embodiment;

FIG. 9 illustrates a device for processing a digital picture in one embodiment;

FIG. 10 illustrates a method for processing a digital picture according to one
exemplary embodiment;

FIG. 11 illustrates a system for processing a video sequence of digital pictures
according to one embodiment;

FIG. 12 illustrates a method for processing a sequence of digital pictures in one
embodiment;

FIG. 13 illustrates a device for processing a sequence of digital pictures in one
embodiment;

' FIGs. 14 (a) and (b) show the motion vectors on a noisy digital picture and the

corresponding filtered digital picture, respectively;

FIG. 15 (a) shows a noisy digital picture;

FIG. 15 (b) shows the filtered digital picture that corresponds t the noisy digital
picture shown in FIG. 15 (a);

FIG. 16 (a) shows a noisy digital picture;



FIG 8 (b) illustrates that for simlarity check, a pixel is determned to
be simlar or dissimlar with the corresponding pixel in the tenporally

pr ecedi ngvei2gi@B25pi ct ure based on notion nap val ues coPCESGMBING200 t he
pi xel and its adjacent pixels on the notion nmap according to one

enbodi nment ; FIG 9 illustrates a device for processing a digital picture
i n one enbodinent; FIG 10 illustrates a nethod for processing a digital

pi cture according to one exenplary enbodi nent; FIG 11 illustrates a
system for prdd6ssé (h) shows ﬂedil@mdubgltad}pmfurdtlgt tatesporehs uthesoaydigial ng to one
enbodi nment ; FIG 12 illustrates a nethod for processing a sequence of

di gi t al gﬁaﬁu&ﬁsWhmlpnB1@qﬁpdhment; FIG 13 illustrates a device for
processi ng a sequence of digital pictures in one enbodi nent; FIGs. 14

(a) and (b) shgw. i‘hﬁ’ndmtdtﬁﬂle‘{mfstu@ﬁﬁgmgbﬁ rQ@'rédﬁcﬂbﬂ{ﬁI@i) é%hf‘e%ﬁﬁ’yﬁa@d the
corresponding filtered digital picture, respectively; 15 (a) shows a

noi sy di 5 t he flltered digital picture
t hat cor%g‘tétg%dn sr%ws ggﬁgllgstalg:cglr?%ﬁde%%%eg?lgygghom in FIG 15 (a); FIG 16

(a) shows a noisy digital pICtUre1]M5chH0Q

[0015] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. In this regard, directional terminology, such as

" on

"top", "bottom", "front", "back", "leadmg trailing", etc, is used with reference to the
orientation of the Figure(s) being described. Because components of embodiments can be
positioned in a number of different orientations, the directional terminology is used for
purposes of illustration and is in no way limiting. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments. The following detailed description therefore, is not to be taken in a

| limiting sense, and the scope of the present invention is defined by the appended claims.
[0016] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemplary" is

not necessarily to be construed as preferred or advantageous over other embodiments or

designs.



FIG 16 (b) shows the filtered digital picture that corresponds t the noisy
digital picture shown in FIG 16 (a); and FIG 17 shows a table

i Il ustratwogotis3tsst -rate reducti on (BRR) achi eved by t reTrsettiotdo@io
processing a digital picture as described herein. Description [0015]The
follow ng detail ed description refers to the acconpanyi ng draw ngs t hat
show, by way of illustration, specific details and enbodi nents in which the
i nvention nay be practiced. These enbodi ments are described in sufficient
detai | td0@abl eltiswsed thhi huneah penceivee theerlevel of poiscciniachigitdhpictureent i on. I n
this regard di rectional term nology, such as "top", "bottom, "front",
"back", "diffadnthgdependin@bh cogeént oftie, suirbundigtinalgiborioatie Rﬁ@ﬁmﬁ}ﬂe,tnbﬁe is
orientation of the Figure(s) being described. Because conponents of

enbodi MenfefieraBmbde: ¢HSdsiiR AGHogdhods AeatDRHhilcdbssEohdedV MM orPlek @RL #LdsORS. the
directional termnology is used for purposes of illustration and is in no
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and electrlca hanges may be nmade w thout departi'ng fromthe scope of t he
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defined by the appended_cl ai nms, [0016] The word "exenplary” is used herein
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- such as a circle or square. Another example of texture area in a digital picture is the

changing patterns with fixed stati‘stical properties. Based on this, in one embodiment, in
order to reduce noise in a digital picture, the digital picture may be divided into a
pluralify of blocks, and a block type may be determined for each block, e.g. a
homogeneous type and texture type. Different filtering modes may be applied to the
pixels of each block according to the type of the block such that noise in the digital
picture may be reduced while reserving details of the digital picture.

[0018] FIG. 1 illustrates a method 100 for processing a digital picture in one
embodiment. The method 100 may be used to reduce noise in the digital picture which
comprises a plurality of pixels. The method 100 may include 101 dividing the digital
picture into a plurality of blocks, wherein each block comprises a plurality of pixels. The
method 100 may further include 102 determining a type of block for each block. The
method 100 may further include 103 associating each block with a filtering mode of a

plurality of different filtering modes according to the type determined for the block. The



[0017] 1t is noted that human perceives the |level of noise in a digital
picture differently depending on content of the surroundi ng nei ghborhoods.
For exanpWe,2oniss®ssi s general |y nore obvi ous i n honogeneus/saneasowhol e | ess
concei vabl e on texture areas. In this context, honbgeneous area refers to
the area in the digital picture where there is no visibly noticeabl e change
of color or brightness or only m nor changes caused by noise. Texture area
refers to the area in the digital picture where there is visibly noticeable
repetiti aonetbéd tdtamgpe fwthecincinds 104 fibenrghdanie bl ck osipathedssuiciakedtfileringnogeneous
area. Exanple of texture area in a digital picture is the repetition of a
fi xed geansdedssocidi@pwitbteibl@k. a circle or square. Anot her exanpl e of
texture area in a digital picture is the changing patterns with fixed

stati sti qab19)’ OPR! §th&SworBAHEEnOmibdUirient] MBS PRFRQHATERYSt bel dividbdIfko 1O
reduce noise in a digital picture, the digrtal picture may be divided into
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noise in the digital picture which conprises a plurality of pixels. The

met hod 10 tyRgy a@%&dlw@ g predeewmagd itenan. Fpghergachblogkmaybaegsogiadur al ity of
bl ocks, wherein each bl ock conprises a plurality of pixels. The nethod 100
may furt heith 2 Ali¢ringemadipbaded en the tynecp{ghet blpek. Fhatas,dekexampleeablockitmt ks. The

met hod 100 may further include 103 associating each block with a filtering
node of affphbmogdriedys type diaf be nssotiafed it d gnogedeass fitteongimode, tand & biockype
determ ned for the block. The nethod 100 may further include 104 filtering
each bl oakatisémexthiraypsmay bahsdcihted iethi atgxtiRdHteAa S aidal Eidroniftef) chdhe bl ock.
[0019] I n other words, in one enbodinent, a digital picture may first be

di vi ded iy rAaybeiltdrid ¥sid thblaSekiatediRah S nRas thaPls Qsdoc GRARLILSES bibcR! Ural ity
of pixels. Then a type of block is determned for each bl ock. For exanple,

there mayghg,)a pié)bﬂngleh{eb)ﬂdﬂ;enp,rtﬁgﬁgﬁglrpiaﬁgjg ¥ 91%ftalq;ictme%(fl§’vid%§§e(§ﬂﬁ& bl ock

may be determ ned t one of t plurality types according to a

Fi 11 or i ng AarRLLEG! Rcor bl Rl R O8RS n B BAER B R D o °.

bl ock that is ofﬁﬂogggeneous type may be associated with a honbgeneous
filtering HFRES OLHEUPHYER that is of texture type may be associated with
a textur Thereafter, each may be filtered using the

e filterjng node.. , | ock
associ at éﬂ‘h‘]i] | t el 9hg eﬁ%&@“’i‘eﬁ‘éta Rluralityof tynss egbl\%lf may E%pﬁpﬁ@b{*@ £0020] I n one
enbodi nent, the digital picture is a digital picture of a video sequence of
di gi tal pricarionanay besebiodilassify cachhdockdntaeae ebthe pesdefiecd typrs of blackdtrre noi se
in a video sequence of digital pictures.

example, in one embodiment, the type of a block may be determined based on a

characteristic value of the block. For example, the characteristic value may be a contrast

value of the pixels in each block. For example, the contrast value of a block may be

calculated as follows. Firstly, a mean pixel value of all the pixels within the block may be

calculated. Then the pixels may be divided into two sub-groups, e.g. a first sub-group

including the pixels with pixel values below or equal to the mean pixel value, and a

second sub-group including the pixels with pixel values above the mean pixel value. It is



[0021] In one enbodinment, a plurality of types of block nmay be predefined. A
criterion may be set to classify each block into one of the predefined
types of WDaek/05B235 exanpl e, in one enbodi nent, the typ@CofSGaoiolooeRo my be
determ ned based on a characteristic value of the block. For exanple, the
characteristic value may be a contrast value of the pixels in each bl ock.
For exanple, the contrast value of a block may be cal cul ated as fol |l ows.
Firstly, a nean pixel value of all the pixels within the block may be

cal cul at echderFtved thdn ehepiixe$ magraierbativéiwbeddididedinto twwsubLdiogysorifisa figt g. a
first sub-group including the pixels wth pixel values below or equal to
the nean fbxgbupviatiu@ing @itthirels @af ik Uilny KUy iHRGhdad iphe] VA18e f th€bRcii th

pi xel val ues above the nean pixel value. It is wunderstood that the pixels
may al t erfglisv&dnd si-gfliu 'iﬁ@gdih?tlﬁ giX8s *HR pHeRURRI WD Ve hd IInFa%t i?é’lb' group
including the pixels wth pixel val ues beFOM/the mean pi xel val ue of the

bl ock an - 1 nel udj xel it ixel s | ues above
t he neanq8?§§ﬁ?va ﬂ%yg?g%ﬁggﬂ?ggwﬂ”kﬁgmi gﬂgéﬁ%f%?ﬁﬁﬂﬁngkﬁégﬁb%?xe| val ue
may be fugther. cal cul atfed, Thereafter .contrast of the t syb- groups of
o xel's moyrenanetAsituRLe e b BRebits sibiftpralhe vlruaethafat i, o
sub-group and . the meap pixel val ue of the second sub-group. This contrast
val ue of PFE AR vglass)&hsé%g sgp-spuRend theapeandprd yalie of fis sexond P Ero¥p- t he

bl ock. [0022]In one exenplary enbodi nent, there may be three predeterm ned
types of'EP%%Kﬁ?“W?@FOﬁﬁwHWﬁégbﬂ§BW§0fmﬁéﬁn@Yﬂewﬁﬁméﬂ@ypﬁﬁmawghan edge
type. [0023]In a nore concrete enbodi nent, a block my be determned to be
of an edddodkype if the characteristic value of the block is larger than a
first threshold. The block may be determined to be of a texture type if the
char act er[0622]c vhl are egémplagy dhielimers, thetews®rbet theee pradeterhineé slpes of and a
second threshold. The second threshold is smaller than the first threshold.
The Dbl ocklsary, ikeakiRéBsdEnoad tie, Beexdire dypeosmaomApespeype i f the
characteristic value of the block is smaller than the second threshold.

Bot h -t he (bozxt apc &s@%ﬂcr@w&%alr%t,@oa@mwséﬂéétaméaetg be bPad e

enbodi nent where the characteristic value is a contrast value of the pixels

in each .'lftheachgllagt]%}éstﬁfva?u 880K Sark YRR IE RS ﬁ'{rées?(nolrd,?ﬁﬁéﬁoélpmg}/ bl ock

whi ch co I ses pi xe avi ng the sane or approxinmately e sane xe

val ues ( %e%‘eg?nﬁ%ﬁie{i] goolpe% c)));iealnt)e/:)\(/t%lre Spe i %eg?h%§acleu'gi£ & gu(e:eg ?ﬁF%é@Elf %r (rg m nance

val ues t hat € n a vat ue ow a ‘%Pd) such
that, for,exanple the color or bri ness of pixels in the blogck is the
sane or i Yo RrheliRRa § Shiond Hrestobt ne grond BB RLF pys et sy
not i ceabl e. ﬁwglgfk of a texture,typeb conpared with the bl ock of
honogenedigshajd d he blagk may Be detrmmined 4 bg phanamegepeons tyedbthechpragierisiisi ng
varied to a larger extent and is visibly noticeable. A block of an edge
type genéiakie|of thedrlonkiis smaligrytansthe peepnd Hirgshold. Bathghefirst andpseondxt ent conpar ed
with the block of a texture type.

thresholds may be predetermined. In the embodiment where the characteristic value is a

contrast value of the pixels in each block, a block of a homogeneous type generally refers

to a block which comprises pixels having the same or approximately the same pixel

values (e.g. having pixel values such as luminance and/or chrominance values that differ

only by a value below a predetermined threshold) such that, for example, the color or

brightness of pixels in the block is the same or only varies in a minor extent and is

generally not visibly noticeable. A block of a texture type, compared with the block of



[0024] I n one enbodi ment, each block that is determ ned to be of an edge
type is associated wth an edge filtering node. Each block that is

det er m nWO201153255 a texture type is associ ated w th aPCESGROW/0DI4R0 er i ng
node. Each block that is determ ned to be of a honbgeneous type is

associ ated with a honogeneous filtering node. That is, different types of
bl ocks are associated with different filtering nodes. [0025]1n one

enbodi ment, filtering the bl ocks being associated with the texture
filteringomodenecons typerageerabyisorhpiisee pixaly havide pixetaldsdbengplayiediy spat i al
filtering to the bl ocks being associated with the texture filtering node or
honogenedargerfdxkdn® bhdg visitsi@ notideablef AlbldiR lof irbd@i thR denchal1 9 céfphiess Pikels
associated with the texture filtering node are spatially firtered in aless

degree CoRRILSIo Wh bher 1agrebbaskToRBaRE: m&@&blaa@gf MNekird fpe hOMDgeneous
filtering nodé. This is advantageous in that texture bl ocks are nore

tol er abl oigiaf N NgicHe ARGABAKE MBI BodEhal i feie Al 8IS SRBIAVpd i Leri NG of

the bl ocks being associate texture terlng nD e to a'less extent

I h d I
cmbot mearoerah I]nge §acweﬂvf-’§51%'d bbap plohE i RS °l?eﬁ%ffauta%@°2§$LI‘y?2§

noti on conpensat ed oral tering to_t ock. Te ering
Gener al | QT Suanst FHPALEK T Bloripe gl %acﬂg’l%I(dIaé g aTeIAgp Ry obf el

val ues of pixels of the digital picture and pixel values of corresponding
pi xel's | homﬁéelseah%tygﬁmsw%%wlp dRoBPEAseHalferae grads) That is; differephi ch i s
temporally in se nce with the digital picture. Mtion conpensated

t enpor al Wﬂeﬁpéblpglgﬂ agepsspeihted wifdifferentdilteiag madesr i ng al ong novi ng obj ect
trajectories, wherein pixels of another different digital pictures for
exanpl e ¢o025¢spandnt embadimeot, Hidtering the éocks baing tdsecistadevithitid er@recont ent
e.g. the same (part of an) object if proper notion conpensation process is
appl i ed. fillefirg mbde ar iamédeacofivethgmidte inkhjakyapplyin®ipadnl flempg is teed
tenporal filtering to each block includes deternmining, for each pixel of
t he bl oClblocd1B4iRE hssbEigte® Wil thé texfirdTilt@ingtod® Jt AbMBSHRBGN MerRigteddel N 2
tenporally preceding digital picture according to a first simlarity

criteriony ahmﬁebk&bsﬁﬂkﬁmocﬁs 68 &%mn@a @ghme&am}erm& gm%aIé y Pr ecedi ng
digital picture nay or exanple refer to the pixel int tenporally

precedi nggﬂIaﬂkur rreEI'x gIIIeIsgd aé}gé cdi ;%?d%‘%f?ﬁ ﬁle%lécﬁg?%lﬁg %sb@igteﬁ) %Ihtthg n as the

pi xel in ent diglt plc ure does a corresponding

I t he t t al h h tial
Pl IQ@@@%@%?R"I‘*%@@IRI%C?ﬁ%”sgﬁI’v?%h%e%af81@sﬁ%ﬁwﬁw A0, oL o
nbodi t I t t | t h bl ock
Further -l B0 b A e OB 20 5 GEFPE RSP P PE BICKGO08 ¢ ho.
bl ock for the pixels in the bIock whi ch are deternlned to be simlar with
t he cor r 8seswEdiythexwrafiltaingmaodeder dgsa pxtgntypascrray ong lagingiteamueh ct ur e

according to the first simlarity criterion.
details by the filtering process.

[0026] In one embodiment, filtering each block of the digital picture includes

" applying motion compensated temporal filtering to the block. Temporal filtering
generally refers to filtering of a digital picture by averaging pixel values of pixels of the
digital picture and pixel values of corresponding pixels in the same spatial position of
another digital picture which is temporally in sequence with the digital picture. Motion

compensated temporal filtering generally refers to the filtering along moving object
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1002811 n an exenpl ary enbodi nent, the determ nation for each pixel of the
bl ock of whether the pixel is simlar to the correspondi ng pixel in the

t enpor al IyoppadsaisSAag digital picture is based on a sim PETiISGRO®MeER f or t he
pi xel with reference to the corresponding pixel in the tenporally precedi ng
digital picture. In a further enbodinent, the simlarity check includes
produci ng a notion map of the digital picture by differencing pixels of the
digital picture with correspondi ng pixels fromthe tenporally precedi ng
digital pirgédores, Whereiniit o fempthenyiffesanedigitpll pictades for eRhmpRicofBspdBdtoval ues,
and each notion map val ue may be associated to a pixel of the digital

pi cture. &agbBhePifiiy sHBR (Ndane pldMreldnkst, etgothefgﬁmél(ﬁawo?tanﬁw]mﬁf if the
associ ated pixel is deternmned to be simlar to the corresponding pixel in

t he te”p%@hér&&foﬂ%@%@&a%ﬁb%@&ssE’é %,tpﬁg(? according to a second simlarity

criterion each p value may be 'set to be a second nunber if the

associ at e@ ﬂ]xel Iﬂ§ Qﬁ%‘é?&ﬂwﬁ erft© a;ﬁ;?}m?%o 1onc rgren\é’a'\tgé-'tem ra(f(t)étr S tOndl ng

pi xel in e tenpora y precedrng pIC FEREL ST’ The second

simlarit he siml| r|t ncI de det er nmi ni ng,
for each %ﬁ ﬁé'ocl? B{%ﬁ%;{etf‘ﬁ‘@mﬁ‘ﬁx Fe‘? pé’feﬁPFﬁ‘F% I‘ E“HE e‘rl?‘é d%ﬁ‘&?ﬁb pi xel
in the tenmporally preceding digital picture according to the first

si m | ari t'9 aPrewionding Rt 3 @“’B&%“@M PEﬁ?eélﬁéd’rﬁﬁfﬂi RiFfurpeRscrdingdo ads¥ci at ed wi t h
t he pi xel and notion nmap val ues associated with pixels adjacent to the

pi xel . 100mdanty cotesionrlpdbis wentext, aeersrspending pixeltie at¢mpnraly pre¢eding y
criterion, for each pixel, a sumof the notion map val ue associated with

t he pi x el digitel pivtire myrfmpemaiptmfeammcipiateédmthktehnm’ralbflme@djngdegital to the

pi xel is conpared with a third threshold. Further according to the first

si m | ari tpictare th&rregmesentshesapiexxphtial podedre asihagikel th the cerrdtit digitak gictufe
corresponding.pi xel in the tenporally preceding digital picture if the sum

i's | argerddeban ofmﬁwbmsrﬂcéﬂsﬁ&{m%lxﬁﬁﬁl tHeEmporsgy Fl‘e§ecﬁ'@é &pmieduiot to be

simlar to the corresponding pixel in the tenporally preceding digital

pi cture ifsskiSasidTpiil S8 linGles hO@B pt)@?mttné Eﬂr&h&%ﬁﬁ%@lureﬂk thRhed threshold

may be predeterm ned. 100301l n one embodi nment cording to the second

Sha 4 he (IS B oS orflciShed Ambbl BTG XAIMGBCRIREN 11E P X

and the correspondi y pr |ng picture is

det erm ned., Eurt h [ accord sec crit

det er mi nelﬂdf"%esbagp & o “ﬁﬁgsaé%ilq?'@%r(?ﬁ@ﬁ gﬁ?@lflb??‘ﬂ( ’%’ﬁﬁ'etp&?%dfléﬁel y

pr ecedi ng .di . icture if iffe ce vaIu is.smaller thanafourth
t hr eshol 3910%\3”&111?%“) esieleamined tgy 3 Sl Acors oISk pincin 15 EBoralls
correspondigr}:g pi xel in the tenp orall¥ preceding. digital picture if the

di f f er end¥esFainggligital pigpuge accopding torfbe Hiesy pirmlapifr @lerind. The fourth threshol d

may be pr edet er m ned.
[0028] In an exemplary embodiment, the determination for each pixel of the block of

whether the pixel is similar to the corresponding pixel in the temporally preceding digital
picture is based on a similarity check for the pixel with reference to the corresponding
pixel in the temporally preceding digital picture. In a further embodiment, the similarity
check includes producing a motion map of the digital picture by differencing pixels of the
digital picture with corresponding pixels from the temporally preceding digital picture.

- The motion map may have a plurality of motion map values, and each motion map value

may be associated to a pixel of the digital picture. Each motion map value may be set to
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[ 0031] The nmet hod 100 may advant ageously reduce noise from video sequences
effectively while preserving edges and details of the digital picture. The
cl assi fi caDi20n/058256he type of each bl ock which is furth@CTasgowioaed to a
filtering node may exploit the fact that human perception of noise depends
on the underlying contents of surroundi ng nei ghborhoods. For exanple, the
noi se i n honogenous nei ghbor hoods may be nore apparent to an observer
conpared to that in textured nei ghborhoods. Therefore, by applying

di f f er entbedefiysteasntaend thpprsodathé pixef is deletrgined @ Heosidilérf te tlendorteypadiag bl ocks,
noi se may be reduced effectively fromvideo sequences whil e edges and

detai | s rpiyel RethRr@fEITYIBprasediCigi®d pRAFE afdoRding A0Sk EAmARZyof nethod 100
wi || now be described in nore detalfs in the follow ng. According to nethod

100, di ffei&ih, ddd da6K hﬁﬁ v%@%y@fe%eﬂ%%@ tsgcc;n'dlnﬁxﬁfbelt Rﬁwasgb%ﬁetnglxg i§ ferent

types (step 104), and thus the filtering results or performance may be

d?pendentqepe?m n}éﬁ t(g%t%rergﬂgl%'vapstﬂg C&}i]% Blycﬂr?%%ggl 1}1% tQJn?&Jﬁ}/ ?Iecgi ms% g' tal

pi cture n various enbo varibus | ge classiftica hods may

be used t m ne a,.t e of ea ture t , _an edge
type, cﬁ ﬁ% égﬁ8ﬁ§ﬂPV% th%ﬁ%gﬁfﬂFﬁ@Fg&?ﬂa“ﬂb?ﬁ% ﬁﬂ?“ﬂgﬁgﬁg%d on i mage
statlstlcs o] I S|n1Iar|ty or. i mage di stance, It may be convenient to
conpr omi Jurt ]beét’%i‘#% detsmining, forsagh pixgh “%FﬁhF%'thF ﬁ@‘ehﬁlsg@laéhﬂthﬁh%ser vi ng
details by applying different filtering nodes to different types of bl ocks.
[0033] In Cpﬁéspéﬂ%‘ﬁﬁlpa‘re ingthe tannesaty preqeding dligitahpig e egsorsiing thdhe Yjise of each

bl ock of the digital picture may include detecting texture contrast (the
cont r ast sumilargy coferiphevhidhgs kased on thermeotihet map yalioassesiategpiveh tleqokelpndel of a
bl ock is conpared with the nean pixel value of the block, and grouped into
smal | er - trhationmeavahned akdoggesd-wiktapixele adyaggnotopthe pikeen, two new nean val ues of
each group is determ ned. The contrast of these two groups is then

conput ed.[0039¢ I EBWnkRethboiMdn8Stcdr8ink hEthe TRETRAAIRH Y\ filBridH, F6tedaCH PixBEd
threshol ds so as to determne the type of the block. 100341lIn the exenplary

embodi ne bW ehemblish FBPYAIRS hsshAbiE Vi diHRg A3 ridion thATARLELIsBLkEaval Ue

for determning the type o each block of the digital picture, the type of

bo. conpar i Tk SURRPIP BeR bty M EARESOR, Fifle SeBhaifly 02 Ue”

St S A it il AR ROk i e
the firstl f%@ﬁ&f@qr@xgf@é?ﬂ&%&ﬁpw&rgiﬁﬁﬁm islaiefiphen Mehiphe cont rast

value is Jower than the second threshol d value, the block may be regarded
as a hondlerald 2pd thawixql is determingdios 1o becyimtlan s cowerwnfhngs»exeﬂ HY®& hol d
val ue may be substantially larger than the second threshold value. In a
further dsepghly preesdiegidigiaitpictungal the sam is smallehdiad thethisd thregholdeTBO, and t he
second threshold val ue may be 15.

third threshold may be predetermined.

[0030] In one embodiment, according to the second similarity criterion, for each
pixel, a difference value between the pixel and the corresponding pixel in the temporally
preceding digital picture is determined. Further according to the second criterion, the
pixel is determined to be similar to the corresponding pixel in the temporally preceding
digital picture if the difference value is smaller than a fourth threshold, and the pixel is

detefmihed not to be similar to the Corresponding pixel in the temporally preceding

12



100351FIG 2 (a) illustrates a digital picture 200 of 335 by 256 pixels.
The digital picture 200 may be divided into a plurality of blocks. In this
exanpl e, wWhepu/@p2s58 by 8 pixels per block. FIG 2 (b) ®hoEs2em/0e0d20mpl e of
the classification of blocks of the digital picture 200 into the texture
type, edge type and honogenous type. In FIG 2 (b), blocks that are black
represent texture blocks (bl ocks of texture type) 201, blocks that are
white indicate edge bl ocks (bl ocks of edge type) 202, and the remaining

bl ocks anhghﬁpng&mdhhsdﬁkunksvﬂbémdhgmohmhmHMQRﬂahusmﬂypﬁkfamﬂ1 WO

2011/ 053255PCT/ SG2010/ 000420 [0036] Filtering nodes for different types of
bl ocks "artBreflesi€ fiah ®d pasiefefthineds according to various exenplary enbodi ments.
[ 0037] Honogenous bl ocks are generally the nost abundant ones in video

sequencegogf)di gTB@-n'neﬂ’ibG 06 By aBCIntfEENH ﬁdumsevﬂ'd;ﬁ QldQQ M mbissare
naturally conprised of honbgeneous areas such as blue sky, non-pattern wall

etc. Si nCe‘?feI:th@e'ifhrhﬁe Btg,se?{/lrn% g{seang rde(q% gi} thé df ﬁalt élgtun:l ?g{ %(%Hﬁp geneous

type, over-snoothing I's gefierally not conc onbgeneous

t Th th I f f ed .t i xels in
e homodihBhE SHRE IR aier sRseilyopFp E?ﬂ%*?@%ﬂf? PEEsdE G, o
(a) and (E% illustrate th relatlve SItIOTS of adjacent pixels of a pixel
t hat nmay Bpwe%tﬁ)éltq APISE; FQ%’P? H@t e underlying contentso surrounding

neighborhoods. For example, the noise in homogenous neighborhoods may be more
apparent to an observer compared to that in textured neighborhoods. Therefore, by
applYing different degrees and approaches of filtering to diffelrent type of blocks, noise
may be .reduced effectively from video sequences while edges and details may be
preserved as much as possible.

[0032] Step 102 of method 100 will now be described in more details in the following.
According to method 100, different filtering modes are used to filter the blocks of
different types (step 104), and thus the filtering results or performance may be dependent
on the determination of the types of the blocks of a digital picture. In various
embodiments, various image classification methods may be used to determine a type of
each block, e.g. a texture type, an edge type, or a homogenous type. These clustering
methods may be based on image statistics, spatial similarity, or image distance. It may be
convenient to compromise between a better result of filtering noise and preserving details
by applying different filtering modes to different types of blocks.

[0033] In the exemplary embodiment, the determination of the type of each block of
the digital picture may include detecting texture contrast (the contrast value) of the block.

In more detail, for example, each pixel of a block is compared with the mean pixel value

13



[0039]FIG 3 (a) shows a pixel 300, p(x, y), and its four corresponding

adj acent nei ghboring pixels to the north, south, east and west of pixel
300, whi cwoi2e811/058356at ed as 4- adj acent nei ghbors. x andPg¢TiSGA00aD&R0t he
spatial coordinates of the pixel 300. The pixel 300 may be spatially
filtered by selecting a nean value of pixel 300 and its 4 adjacent nei ghbor
pi xel s as the new val ue of pixel 300, for exanple. [0040]FIG 3 (b) shows

t he pi xel 300 has ei ght adjacent pixels, which is indicated as 8-adjacent
nei ghbor sof tHdidogk, aed gid0pediimyo dmmllepdtanahday ahd biggeetiabynese pmps. Mthed, nean

val ue of pixel 300 and its 8 adjacent nei ghbor pixels as the new val ue of

pi xel 30GwoHae Migdtvalles bf tdcRIigtdP iO8etprimifdd. SH2 coh@MWAof thedeltlo gloR)is IS t0 a
| ess -degree conpared with the spatial filtering of pixel 300 shown in FIG

3 (b). [QR4Nddrhdared. $hé ?e)sulgéadcoﬁﬁﬁst id thtsEdr ffed V&L fﬁ%h&t%ﬁiﬂ&i RdRo19% @ bl ock

of honbgeneous type according to one exenplary enbodi nent. Each bl ock may

be spati all . L1 - adj acent nei ghbors as shown in FIG 4 (a),
and thenqﬁoqﬁgﬁ%%gﬁggo évgéﬁéﬁgﬁﬁoral filtered. FIG 4 (b) shows that a

o R RSB She SRR LR
cepl ar P EESHRIFcYHLe 1L ISR heses ol s Y ioc R0ty ek PR ABJMous bl ock
may be averaged spatially with its 8-adjacent neighbors as shown in
equati on c{f 30 block may be détermined as follows. The contrast value of a block may be

compared against predetermined threshold values. If the contrast value of a block is

large:ilr :tl‘.nan a first threshold, the block may be regarded as an edge block. If the contrast

value is between the first threshold value and a second threshold, a block may be

regarded as a texture block, wherein the first threshold is largor than the second threshold.

If the contrast value is lower than the second threshold value, the block may be regarded

as a homogenous block. In an exemplary embodiment, the first threshold value may be

substantially larger than the second threshold value. In a further exemplary embodiment,

the first threshold value may be 30, and the second threshold value may be 15.

[0035] FIG. 2 (a) illustrates a digital picture 200 of 335 by 256 pixels. The digital

picture 200 may be divided into a plurality of blocks. In this example, there are 8 by 8

pixels per block. FIG. 2 (b) shows an example of the classification of blocks of the digital

picture 200 into the texture type, edge type and homogenous t‘ype. In FIG. 2 (b), blocks

that are black represent texture blocks (blocks of texture type) 201, blocks that are white

indicate edge blocks (blocks of edge type) 202, and the remaining blocks are

homogeneous blocks (blocks of homogeneous type) 203.
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where, p(x, y,t)filtered _s is a spatial filtered pixel, and t represents

the index of digital picture, i.e. tenporal coordinate; p(x-i, y-j,0isy t)i
t he unfilwened/ps2sel . -, n [0043] To further renove coneeirsahiw/obenpor al
noi se that may still exist in spatially filtered honbgenous parts,

not i on- conpensated tenporal filtering my be further applied to those
pi xel s of a honobgeneous bl ock. The notion conpensated tenporal filtering
may be carried out according to equation (2). In other words, in one

exenpl ar y0e38)odi Figsting Mopésfot didfercht RPEDGENIOLKS abd @SkibEaYs Bdlosweat i al |y
averaged and then notion conpensated tenporally averaged. =[p( x, y.t)

-adp(X.  tacMBrdihgto Virtous €2mpRSS Entidiments. X, ¥ + W, t -1)

[0037] Homogenous blocks are generally the most abundant ones in video sequences
of digital pictures. For example, many video contents are naturally comprised of
homogeneous areas such as blue sky, non-pattern wall etc. Since there is no structure or
details in the blocks of homogeneous type, over-smoothing is generally not a concern for
a block of homogeneous type. Thus, the most intense level of filtering may be applied to
pixels m the homogenous blocks to obtain improved filtering results.

[0038] FIGs. 3 (a) and (b) illustrate the relative positions of adjacent pixels of a pixel
that may be used by spatial filtering.

[0039] FIG. 3 (a) shows a pixel 300, p(x, y), and its four corresponding adjacent
neighboring pixels to the north, south, east and west of pixel 300, which is indicated as 4-
adjacent neighbors. x and y indicates the spatial coordinates of the pixel 300. The pixel
300 may be spatially filtered by selecting a mean value of pixel 300 and its 4 adjacent
neighbor pixels as the new value of pixel 300, for example.

[0040] FIG. 3 (b) shows the pixel 300 has eight adjacent pixels, which is indicated as
8-adjacent neighbors. The pixel 300 may be spatially filtered by selecting a mean value
of pixel 300 and its 8 adjacent neighbor pixels as the new value of pixel 300. The spatial
filtering of pixel 300 shown in FIG. 3 (a) is to a less degree compared with the spatial
ﬁltering of pixel 300 shown in FIG. 3 (b).

[0041] FIGs. 4 (a) and (b) illﬁstrate the filtering mode for a block of homogeneous
type écéording to one exemplary embodiment. Each block may be spatially averaged

with its 8-adjacent neighbors as shown in FIG. 4 (a), and then motion compensated
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filtered (which corresponds to p(x+dx, y+dy, t-1) in FIG 4 (b)) is the

pi xel value of the pixel in the tenporally preceding filtered digital

pi cture tWO2HAI53258pr esents the sane object as of the piPKEISGRI10O/0084R0i N t he
current digital picture t does. [0044] FIG 4 (b) illustrates that before
appl ying the notion conpensated tenporal filter, a simlarity check may be
performed for each pixel and its corresponding pixel in the tenporally
preceding digital picture so as to deternm ne whether the two pixels are
sim | ar amapol Akaed AIGY4 (t) shows thded smilarigdthedk iceweanreaclppixeloftthe in FIG 4
(b) corresponds to the p(x,y,filtered in equation (2). p(x+dx, y+dy, t-1)
in FIG 4homdgefddins BRRRAAS the RoRésporidng pikettithd tembbrally IptRedidg dii@nuat i on (2) .
The tenporal filtering may be perforned only if it Is determned that the

pixel i's gidieldfy Y doplibd ri&Ab HESRONGH AondRh&fld tbipbdfrik&Hgor al 1y precedi ng
digital picture.” The simlarity check wll be degcrlbed I'n detail later.

100451FI 042? (a), (ﬁ'{%%agl?élablnérh@&ﬁﬁ&ﬁ gs@%o%li%ﬁfd. Qgtafgggﬁi g{ a bl ock of

texture type accor e exenplary enbodl nent Bek may be
spatially average pth its 4-adjac nej ghhor,s as shown in FIG. 5 (a),
and ot | EREEB R Itk e PR San e bh 3 SPe AR oFieDETS P sroreer s of

pi xel values.of a texture block may vary in a noderate margin, or in other
wor ds, ndﬂ“ggmﬂé}ge as in a edge block, especially in weak textures such as
pi xel s in scenes of flanes, snoke or running waters. The variations of

intensity bgvgtﬁin t het %ugg bLO%z,b have noise-li&g and the patterns of
the variafYol f"ﬁnféggib_ Fevel “dr'éerel’ativel y notic Abl'e. The noise on
these situations is genéerally nore tol erable than that on honbgenous ones.

\Imn eﬁd g IO;[ ;\gpq’r% ! ,@t ‘lx?ﬁg) ﬁll'?rs g_g l_sfaf slpgtlilellltﬁl;[epedd;;i)?etl,l arrllg lfl Iresprl]es]:exgt(s) mqu(lies)yof d?grlrtgg enous parts

picture, i.e. temporal coordinate; p(x-i, y-j, Y)noisy i the unfiltered pixel.

[0043] To further remove conceivable temporal noise that may still exist in spatially

filtered homogenous parts, motion-compensated temporal filtering may be further applied
- to those pixels of a homogeneous block. The motion compensated temporal filtering may

be carried out according to equation (2). In other words, in one exemplary embodiment, a

pixel of a homogenous block may be spatially averaged and then motion compensated

temporally averaged.
p(..’('-, Y- t)ﬂ!rm'd = [}7(l Y. I)ﬂ!mmd_: + p('\ + VI? v + Vy, r- l)ﬁ.’::red ] '/ 2 (2)
where p(x+Vx,y+Vy,t-1),,,., (Which corresponds to p(x+dx, y+dy, t-1) in FIG. 4

(b)) is the pixel value of the pixel in the temporally preceding filtered digital picture ¢-/
that represents the same object as of the pixel p(x, ) in the current digital picture ¢ does.
[0044] FIG. 4 (b) illustrates fhat before applying the motion compensated temporal
filter, a similarity check may be performed for each pixel and its corresponding pixel in

the temporally preceding digital picture so as to determine whether the two pixels are
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100471Therefore, the texture blocks are less spatially filtered conpared

w t h honogeneous bl ocks in order to preserve details while reducing

accor di ngvoaoorms3zsibodi nent. Accordingly, a conprom se BETHES20M000042¢
filtering and detail preserving nmay be achieved by the texture bl ock
filtering. In one exenplary enbodiment, a pixel in a current digital
picture is multiplied by four (wl=4) and averaged with its 4-adjacent

nei ghbors spatially (w2=1, w3=1, w4=1 and ws=1) as in equation (3), P(x, Y
t) filtersailarsensughMctopling toya pridendrayned cwiériop( X(xyY) inyEIG) 4 T6),coyresponds p(x +1,
y,t)nozsy + w4* p(x, y - 1, t),"",),(3) + wo* p(x, y +1,t),..sy]/(W + w2 +
W3 + WA -o\Whd p(xWIRL.E. B(eguation ). k-, eyt Re) MAIGY 4 ph)@hredpanderof i | tered and
p(x, y, t) futered_s is the spatially filtered pixel. The synbols x and y

i ndi cates L [ 6N nat; Hadi.C l.nate.
100481Fr o%&gﬁ%’%z?f’ 8nalﬁ"ei‘f"ol§r;eﬁ‘é§!6§ fﬁ)pg? %'ttcm ”?E\Icllif%t\?v‘,ﬁné ﬁlgp %?%ﬁf%%%a %y- f our
(i.e. wl=4) and divide-by-eight (i.e. sumof W to ws) operations as shown
in equat iibH ig égtelav@cddh@aé@plstiswplaéwhvts(sgmpe@ng\mxnl intike wapefaly of

W -wW2-wW3-w4-wh-1. To reduce the tenporal noise further, a notion
conpensatpeccedagplogital pichire.drliersgmilanity bleeck pyillibe descFb&l indlegdil)lashows t hat
simlarity check as nentioned above may be applied before the tenporal
aver agi nd0045] a PiGseb (a)sand €beitldachtarhe Siltatih@moud fon aiblakedtexaspemdi ng pi xel
in the tenporally preceding digital picture, notion conpensated tenporal

aver agi NCacoaYing o a@@&ﬂeag;mrp ebBHMint. FacRbloEkind Be BpfiaHy erageawifhant di gital
picture with the pixel fromthe adjacent previous digital picture that

repr e‘sentﬁa&jk&nﬁﬁ%@,m £GhoRs if PR5.GYhY, 60 mBiié@E?x{il;?é?@aﬁ)?r)f;teﬁﬁ%@filéf??%%gyat i on

(4), where V x and" Vy are notion vector vari abl es. tered

=[p(x, vy, [E)MJ]i It ?ﬁggxte-lﬁsi?)( tevdls \éf éi’xeyvaTue\s/Y)fE te'x?‘!)re Holcf( %a?q'al@z (n43 moderate

margin, or in other words, not as large as in a edge block, especially in weak textures

such as pixels in scenes of flames, smoke or running waters. The variations of intensity
level in the texture block behave noise-like, and the patterns of the variation of intensity
level are relatively noticeable. The noise on these situations is generally more tolerable
than that on homogenous ones. In addition, it may be difficult to distinguish from noisy
homogenous parts When noise level is high.
[0047] Therefore, the texture blocks are less spatially filtered compared with
homogeneous blocks in order to preserve details while reducing according to one
embodiment. Accordingly, a compromise between noise filtering and detail preserving

. may be achieved by the texture block filtering. In one exemplary embodiment, a pixel in
a current digital picture is multiplied by four (w1=4) and averaged with its 4-adjacent
neighbors spatially (w2=1, w3=1, w4=1 and w5=1) as in equation (3),

PO pherea s = (WL DX, Y,0) 0, + W2 ¥ P(X =1, 3,8) 00,
+w3* p(x+1,3,0),,, +WA* p(x, ¥y —1,1) . 3)

+w5* p(x,y +1,1),,. 1/(wl + w2 + w3 + wd + w5)

noisy
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100491Qx herwi se, the pixel may be bypassed. 1005011 n edge bl ocks,

over -snoot hi ng caused by averaging is generally |east tolerable. The effect
of snoot WOQINENF3158 apparent if it occurred. Thus, spat iPall/S&eagINY whi ch
may cause obvious snmoothing is not applied to edge bl ocks in one exenplary
enbodi nent, and only tenporal averaging is used for edge bl ocks. To avoid
trailing artifacts comon to tenporal averagi ng, notion conpensation may be
applied. To reduce the conputation conplexity, the notion information used
may be t hehaspimmiti-onistheomishpixelh berfiteredusd pady ad eatd_{ is ehgupatdllyy

preceding) digital picture, conputed during the encoding process of the

previous fltetdipiRel. Thssymbody i dnd indickteaspatiabotdiedesaalaind®ytes the appl i ed
before filtering to counter the inconsistencies in notion information. |f

it is det@ﬁ¥bﬁpgxﬁgngg simlar, notion-conpensated tenporal averagi ng nay
be applied to a pixel of an edge block of a current digital picture wth

the pi xel johig)m ¢ PR-RciAGRRlonRl ST osh bRicR) BUhaahan fePGgsent s the

sanme object as the pixel Int urr |g|tal pictu oes s shown in
o AR BT 50y T O oy
cheaper to implement compared with the setting of wil=w2=w3=w4=w5=1. To reduce
the temporal noise further, a motion compensated temporal filtering may be applied. FIG.
5 (b) shows that similarity check as mentioned above may be applied before the temporal
averaging. If a pixel is regarded as similar with its corresponding pixel in the temporally
preceding digital picture, motion compensated temporal averaging may be applied to a
pixel of a texture block of a current digital picture with the pixel from the adjacent

previous digital picture that represents the same object as the current pixel does as shown
in equation (4), where V x and V y are motion vector variables.

PV prrea =206 Y50) prerea_s + P(X+ VX, y +Vy,t=1) 4,001/ 2 C))

[0049] Otherwise, the pixel may be bypassed.

[0050] In edge blocks, over-smoothing caused by averaging is generally least
tolerable. The effect of smoothing may be apparent if it occurred. Thus, spatial averaging
which may cause obvious smoothing is not applied to edge blocks in one exemplary
embodiment, and only temporal averaging is used for edge blocks. To avoid trailing
artifacts common to temporal averaging, motion compensation may be applied. To
reduce ‘the computation complexity, the motion information used may be the estimation
from that of previous, adjacent (temporally preceding) digital picture, computed during

the encoding process of the previous picture. A similarity check as described above may
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[ 00511Cx herwi se, the pixel may be bypassed. 100521FIG 6 illustrates,
according to one exenplary enbodinent, a simlarity check is carried out
for each woxel1/B825s6he edge bl ock with its correspondi ngppirnsekoforoommad) acent
previous frame before notion conpensated tenporal filtering is applied.
p(x,y,t) in FIG 6 corresponds to p(x, in equation (5), and

p(x+dx, y+dy, t-1) corresponds to p(x +Vx, y +W,t -1)filtered in equation
(5). 100531The simlarity check will now be described in nore detail as

fol I ows. eO@PUaFbeBsre filtefiay to coudier sieoncdnsistensiae mesationanfingatial. Ifit st ures in a
vi deo sequence, respectively. The arrows indicated in each figure of FIG 7
(a) - (d)detsrmin®dlid e sk, aficionldognpFBiatcdnempoiaDiverdgig M4 Pld 4plisdid HN
information which nay be used in notion conpensated tenporal filtering. As

can be segggelfof ekdde®lock dfa)currehigitdl blc'n?re RehaRe piRatfroM tHeSdfRst ert ion

vectors are very simlar in successive digital pictures in a vid

sequence, rEVhSIES%l%l y COW%&E&Qge%%nfe%bf@{ 4sQfe 1%1% %tdu%ntpdlggﬂfced by

nost rret ds In trons roneous noti o ormati on tan cause

serious artifact n_case of. s nd_abr upt s, these
seri ous aﬁfm?eao <2 ;9W80"(1:ﬁ9uat183(r§ el?eere qnga?fv 8if 8yt (ﬁ’o‘fegg’ﬁ Vﬁrb ensat ed
tenporal filtering. To avojd such a roblen1 according to one enbodi nent,

not i on comﬂéhbéb&ddFéﬁ@@fﬁhmi#WKéWWHgyfgyéaé%mbe@k of pi®ls in the bl ock
is carried out only for pixels that are determned to be simlar with the

correspongosy p|®ﬁk&wgath@pmkﬁﬂpp5@$hmgﬁaecedlng digital picture according
to afirst simlarity criterion. In other words, in one enbodinent, it is

first det[@ﬁﬁ]nedFl@%txhﬁftra?éC&cgid&?é to@he @x&h %ernfboﬁﬁnécn'tl ts‘ﬁﬁﬂ{ﬂny%h&km lar to
the corresponding pixel in the temporally precedlng digital picture

aceor di s bgibfou'F Sion Glel S Bag M0kt ity PR AR, SRIBASANR LomRAr o1

filtering I's on out to pI X erm ne

pi xel is siml t o, the correspondi i xe cording,to the

S lar tweve?%safraan%%efm&%%‘m DRI B G QTR FPUES AR | or i ng
is not carried out for the pixel. In gne enbodi nent, determ nation for each
pi xel of & FETeHrBER top (ki e’l)m rin egpatign () aqup(éf‘?ﬁ Y4y tt 1 comesperssr espondi ng

pi xel in the tenmporally preceding digital picture may be based on a

simlarity @hgvk)ﬁpvyuhqbplxehn@h&nthfprence to the corresponding pixel in
t he tenporally precedlng gital picture.

[0053] The similarity check will now be described in more detail as follows.

[0054] FIGs. 7 (a) - (d) show four successive digital pictures in a video sequence,
respectively. The arrows indicated in each figure of FIG. 7 (a) — (d) are motion vectors.
The motion vectors may provide motion information which may be used in motion
compensated temporal filtering. As can be seen from FIG. 7 (a) — (d), it is noted that
while most motion vectors are very similar in successive digital pictures in a video
sequence, there can be inconsistencies in motion information produced by most methods
in nqisy conditions. Erroneous motion information can cause serious artifacts. In case of
scené changes and abrupt movements, these serious artifacts may occur upon the
application of motion compensated femporal filtering. To avoid such a problem,

according to one embodiment, motion compensated temporal filtering to each block of
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[ 0055] I n one enbodi nent, the simlarity check may include producing a
notion map of the digital picture by differencing pixels of the digital

pi cture wohooarsssspondi ng pi xel s fromthe tenporal |y pretsdiog/odegot al
picture.. The notion map may have a plurality of notion map val ues, each
notion map val ue being associated to a pixel of the digital picture. Each
noti on map value may be set to be a first nunber, e.g. 1, if the associated
pixel is determined to be simlar to the corresponding pixel in the

t enpor al Ipyxepriacieoblock id capried bupordy for@ixetscthatdiradetérmigedsto do Rinitar dithathée t y
criterion, and each map value may be set to be a second nunber, e.g. 0, if

the ass oeb@ésgend:ihg BixelsSn dﬁttaﬂﬁaramdpﬁe@emﬁi diBRal pidthre Ak corllinp td Parscor r espondi ng
pi xel in the tenporally preceding digital picture according to the second

simlari %Mmfarrf& &litleR&h 1 BfheSiBids 3hich¥ emBEGineARY i§ HFSE H&Endlﬂ&i Wh&hget erm ni ng,
for each pixel”, whether the pixel is simlar wth t he correspondl ng pi xel

ISIan;[ lh:r ;[ ?5@1 C;{l%l[ |0¥' a bl E?@g%ﬂgergggs' sgrgllarptb eucro?re?p%%&rn thg lﬂa SJS (Ir){:ll%'t

& Fon Whi ¢ ase pva ue a I"ated with
th I d t t .to th
pixel . [ 0698 ngﬁhtép%%‘?éﬁ“pﬁcﬁ? RS e efa%*“c69%@%316%“8%&%9?'}%?*&? Similarity

criterion, for each um of the ue associated with
the pi xeltcmppial rfﬂwnaalw@maigutégwﬂ%ﬁlg@ #W"alrs?gal? K to the

pi xel is conpared with a third threshold. The pixel may be determ ned to be
similar sunilaigo hecpaepordinggixsl scsprding tpiee ftiréhqwrlamwnﬁﬁr@ee@thﬁgwmgu t al
picture if the sumis larger than the third threshold, and the pixel may be
det er mi néltk motion @nipensited tbmpoxtabﬁtthmgd@nots@pmddiung)rplixe@'keli Inanlee tenporally
preceding digital picture if the sumis smaller than the third threshold.
The t hi r dmbbdiashgldetermipnation for eatdtpaxahiofichd bldoRQS vhktheothe pexebdimitarttq

according to the second simlarity criterion, for each pixel, a difference

val ue betne@mretfRdRigptel aGe tdigp oy BEQARY digtampx:aire hfayua%ageerbmr ally
preceding digital picture is determ ned. The piXxel may be determined to be

simlar Goyiidey GRCK SHRAO k@lgmlameé Ad2 1 (R oRBIRAGNL BRI BORE RPoHIG t al
picture if ltah]hgydlfferenclgii val ue |sresm; l er than a %ghrth threggﬁollg and the

pi xel ot to be simlar to the corresponding pixel in the
t enpor al | )éf/&g?lggh%tmg&%qg?t aI picture if the difference value is |arger than
t he four ol d. rth t resh 84 et ermn 100581For
exanpl e, tlébcésge ab°8¢f 5£ OmSelnm easrlrlrl am&'ﬁe%(?(m?)ymau ?Pm ucm%a mO?gnn}a Pt he
current vi fr pictu uced at. the start of the
Fiter ngt ecueielPhpveh? f*@&@?{ﬂ%@%@%ﬁ)bﬁ%ﬁ%?‘ R P LSRRG ¢

picture wit h its correspondi ng pixel fromt he adl acent previous digital

pi ct ure. Pi¥e Stfﬁé“éheftf:@?‘érﬁﬁlépv&?‘?}ég figitalpietieer ThmAtion AR H8YINA¥HR ot i on

threshold, th _notion (the fourth threshold), the pixel may be determ ned
as plurallty ‘of motion map values, each motion map value being associated to a pixel of the

digital picture. Each motion map value may be set to be a first number, e.g. 1, if the
associated pixel is determined to be similar to the corresponding pixel in the temporally
preceding digital picture according to a second similarity criterion, and each map value

- may be set to be a second numbef, e.g. 0, if the associated pixel is determined to not be
similar ‘with the corresponding pixel in the temporally preceding digital picture according
to the second similarity criterion. The similarity check may further include determining,

for each pixel, whether the pixel is similar with the corresponding pixel in the temporally
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sufficiently simlar, and its notion map value for this pixel, mi{x, y],
may be set to 1. O herwise, it may be set to 0. In one exenplary

enbodi nenwo 20h/081sson may be set to be 8. 100591After proEsG2oIg/0déwe0 not i on
map, to determ ne whether a pixel p(x, y) is simlar with the corresponding
pi xel in the tenporally preceding digital picture according to the first
simlarity criterion, a sumof the notion map val ues corresponding to the
pi xel p(x,y) and its 8-adjacent neighbors nmay be counted. According to the
first sinpreaedingydigital penireaccofdifig exhefitse simifarityh@iteinihitls istBasel dh@e or equal
to 7 (an exanple of the third threshold), pixel p(x,y) may be regarded as
similar tRofidiEmEPU4Ies G with ¥R pikél ahdl erdtiBARRpaaluwés Ws6GRE Ren G4 al

pi cture. The pixel p(x,y) is further notion conpensated tenporally filtered
only if 'Jddcént%hf‘ernﬂ[lé]ed to be simlar with the corresponding pixel in the
tenporal l'y” precedi digital picture according to the first simlarity
criteriongesdiher i S nfi | ed.to avo tifacts
whi ch ma?0 se #b‘?“ge %‘2’5‘?3‘3 &‘(‘M gt Cg‘f‘ﬁ“ el e ALt m%q'ﬁ% it CHOTO{%OlFI G 8
(a) and (b), further illustrate ordl errbodl ment, the
Simi lari ti?zle‘éS < SHR ol eI e %ffoc?%ecﬁmtﬂ?'& S and ipupa geng (o avold
effects of . inconsistencies fromnotion information involved. FIG a)

i || ust r at'\@&es gesogiatedy i»wlwmeqenb@éhe Pl 1 AomRgsed Withe third sbreﬂwléfThene
motion map mm whi ch nay be based on the foll ow ng conputational steps. For
t he noti dixehapnbgldgtermided tq/be sigilar ﬁoahfecqrrequndmaaw(elynth)e tempyradlyy | t - 1)

Ith notion, mix,y] = 1 else nmix, y] 0. 100611FIG 8 (b) further

i |1 ustr atmecedingdigitedpicsiref thd sunhis la;rigcli than ihe yhichbodshafl, and njpeapikelgndayHe sum of
the notion map val ues corresponding to pixel p(x,y) and its adjacent pixels
W th a prdedemnaredinoew Helsiragdrab chewalrdspondihg phel Bilthe tesnpoallggiedeliag t he third
threshold, the tenporal filtering is then darned out.

digital picture if the sum is smaller than the third threshold. The third threshold may be
predetermined.

[0057] In one embodiment, according to the second similarity criterion, for each
pixel, a difference value between the pixel and the corresponding pixel in the temporally
preceding digital picture is deterﬁlihed. The pixel may be determined to be similar to the
corresponding pixel in the temporally preceding digital picture if the difference value is
smaller than a fourth threshold, and the pixel may be determined not to be similar to the
corresponding pixel in the temporally preceding digital picture if the difference value is
larger than the fourth threshold. The fourth threshold may be predetermined.

[0058]) For example, to be able to do similarity check, the motion map, mm, of the
current:video frame (digital picture) is produced at the start of the filtering process by
differencing every pixel of the current digital picture with its corresponding pixel from
the adjacent previous digital picture. If the difference value is smaller than a predefined

motion threshold, th_motion (the fourth threshold), the pixel may be determined as
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[0062]FIG 9 illustrates a device 900 for processing a digital picture

whi ch corresponds to the nethod 100. The digital picture conprises a

pl ural it ywofopioseiss. The device 900 includes a dividi ngPamisG280D00640
dividing the digital picture into a plurality of blocks, each bl ock
conprising a plurality of pixels. The device 900 further includes a
determning unit 902 for determning a type of block for each bl ock. The
device 900 further includes an associating unit 903 for associating each
bl ock wi tsuffzciéritlytsgnilargandoithemotioramay valed for yhiopixeli, frgk,oiit mhy bé st iny nodes
according to the type deternmined for the block. The device 900 further

i ncl udes @thkivise itinagy biedet 0IN4n oY exfeimpley eMbodiarht, B eokonsiap®eshao 8ssoci at ed
filtering node associated with the bl ock. [0063]In one enbodi nent, a
conput er geadable mediumis provided. The conputer readable nedlun1has a
program recorded thereon, wherein the programis executed to nmake a

conput er ess r es a

pl ural i tymg%ﬁpl xé sepblgﬁﬁe&lclzgo%ﬁde{{ﬁmgdab(fyt ﬁﬁlﬁéﬁtlﬁ%k} pﬁ(ﬁgp{}pg |§nst ructions
for dividin i I cture ralit cks bl ock
conpri si nsémga p Ehrtgl rtrgs o PA'“%B'IXCI n temé’ﬁ{?“?’ é’?ec? %gl%"@ I?%%faﬁﬁﬁc?fgy‘gf urt her
i ncl ude instructions for deternlnl e of ock for each bl oc The
conput er Pél?fdéjf ﬂ%‘?'ﬁ}'lfﬂfe]’f'ﬁ? ‘T?Hn?ﬂgt?‘ W%B%pivﬁ&e? ERUTGSBRRIAS theRIZE) at i ng
each bllock with a filtering e of a plurality of different filtering
modes ac ¥kl M itsP- ﬁ‘iiécepilbf'égltl@t'se’?’ﬁﬁf heepunind. AReording éthe fisg stwitasiiy er r eadabl e
medi um nmay further include instructions for filtering each block using the
associ at editgriont for exampledé thesovatiiamert than or eqguel tol7dek exanyte of the third
2011/053255PCT/SG2010/000420 [0064]FIG 10 illustrates a nethod 1000 for
pr ocessi rireshadd)gpixeal p(piyt may de iregaated @x sinplaa toythe ntroctpomeding pikblandicgi t al

pi cture may conprise a plurality of pictures and be divided into a

pl ur al i t yemporbllppiesedinndifithll ppctiirec DhgPik &lipig y pis Fhrthed hiotiyn 0bmpénsakes. For
exanpl e, each bl ock may have a predeterm ned nunber of pixels, and each

bl ock rrayceﬂaporauss flliae@ oRlyQEH is ddi@minedqo BF sigafab whith Mtdkcdrespind ik Yo snal |
such as 8 by 8 or 16 by 16. The nethod 1000 i ncludes 1001 classifying each

bl ock of th@@@bwuwec@aﬁgm%‘ﬁan gnem@@ac%asfa @ @f@a&nmc t&fpnh block is

determ ned to be a texture type of an edge type-'o ock or a

honogeno S of each bl ock.
The et hag" 905" Plxeféq("??f.*Sﬂ%ﬁ“éﬂft&%&fvggdi%@f Y Tt
filterin €. acc ) ipe of the block. That is, if a block is
of a texgﬁg@ %@ %188%’ gaﬁ 'sociated with a texture filtering node;

if a bloc ed ty] e of t he bl ock.,is associ ates mnth an edge
filteri nglh?r@je g‘??u 5 ddPgb%‘%F%ﬂlB?traée RETASYRR NS FEMPRFY FBPAAEPENt 1 he

bl ock is associated with a honbgeneous filtering node. For a block of a
texture tthpym 8“§’p?é‘f~'?ka‘f"hlf>h ig @Pilﬁ‘bpﬁl@ ta P tererpralvenems topydhetedsofa

moti on-conpensated tenporal filtering in 1005. For a block of a honpbgeneous
type, a spensiglendipy fremimegiongniappiticadnyolvad)§LG f8(a) dlweuatts tha determination

not i on- conpensated tenporal filter in 1005. If a block is of edge type, a
not i on- cafpedhsadtéch meprpduamni]k Jy] ef the snozipp mapdnm nwHitlDmay BE beged ahlthd he bl ocks
of the digital picture are filtered according to their respective type and
associ at efdlléwing e6inp@ati®rie stepsd Foi the eiofidn Ghaivialle ot B ¥irfer fr&n@ﬂﬁﬂ;ﬂ | step
1006. It is noted that before the notion conpensated tenporal filtering is

appli ed, _qx§|qub@kjgymgmgp&umgy]belggg d 2ubz and the notion conpensat ed
t enpor al f||ter|ng may only be applled |f g e pixel is determned to be

T OSSR A A PSR LA 1

the sum of the motion map values corresponding to pixel p(x,y) and its adjacent pixels
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100651l n other words, according to the nethod 1000, the bl ocks of a digital
picture classified into texture, edge or honbgenous according to their
cont ent s.wohenyossistf erent filtering is applied to the pipkelss2of/oeaeh bl ock
according to their respective types or classifications. In one enbodi nent,
pi xel s i n honobgenous bl ocks or texture blocks may be first spatially
averaged, followed by notion-conpensated tenporal filtering to obtain
better noise reduction results. In a further enbodinent, pixels in texture
bl ocks arvatl epredéteintiveddireshaitiivalueylfthe snmeis darge thdncthe dtiali thesloddypbe ed Wit h

t hat i n honbgeneous bl ocks. In one enbodi nent, no spatial filtering is
appl i ed tiempslgefildringkstherbsiripd ¥6d. s i n edge bl ocks are notion-conpensat ed
tenporally averaged with its adjacent previous frane to avoid

over - smoqbigang. e ofiihdRiad duicpybo firghdcRlsi] £4ii pRAehidl ect ed to but

not limted to, an advanced video coding reference encoder. In one

enbodi ne t.q i oY e IVA in t i - s may be
Gsed i n (rTEBRRaEBhORegl IOl BloHEeirtcdly FREARY DBpRECTARS Ty
notion infor ion, af the.previ. igital picture that.is readi

ovai | abl derieoan e b AEREVHLLD.Bn A iding B Sl ubNiplss PERTH Y
filtering process be used in notion conpensati rocess of filtering
the curr ?Ckﬁre&ﬁ%blg%ﬁwn%%wa&m ikgJs; Hhe dpiiey 200 BrRgrine et i on
finding process can be avoi ded, and conplexity of the overall algorithmcan
be hugel yicieagindaguni| Y3der desermining pdynerf biackHeirach hlock (Bhe dewice 800
conpensation usually find notion information separately before filtering
process. fUithe incdudes apassacintmainit9Bxfor asspeiatingrich bloek wathsiiengg modea t ypi cal
vi deo encoder, notion information of a digital picture is available from
encodi ng qia@heslsty of tiffesenk fitraring natesnotording to theageateearmitiddod tht block.t ur es of
a video sequence are usually simlar except in sonme scene changes and

abrupt nUMRMRNe 006 RftherittBidedDiilt€@ hgl unktP0OAHb filferiay @hdhahlbsk dsigthencodi ng
process of the adjacent, previous (tenporally preceding) digital picture

nmay be usgdclafedMierap nfAeRSReAtddMIPMesRRR. Of filtering of the current
digital picture according to one enbodinent. [0067]FIG 11 illustrates a

system 1 fior i i | i i
2 068] e S L M g5 3fBRufenk BUERR - BAGAE HeBfhnt R PRASATPRECIERA | - oder

[ 0068] The system 1 tering unit

1102. readable medium has a program recorded thereon, wherein the program is executed to

make a computer process a digital picture. The digital picture comprises a plurality of
pixels. The computer readable medium may include instructions for dividing the digital
picture into a plurality of blocks, each block comprising a plurality of pixels. The
computer readable medium may further include instructions for determining a type of
block for each block. The computer readable medium may further include instructions for
associating each block with a filtering mode of a plurality of different filtering modes
according to the type determined for the block. The computer readable medium may
further include instructions for filtering each block using the associated filtering mode

associated with the block.
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[ 0069] For exanple, a video sequence of digital pictures with noise may be
input into the filtering unit 1101 in a sequential manner. The filtering
unit 110Iwoeyiis3iske sane as the device 900 as descri be#cmsGhonebenence to
FIG 9, and the filtering unit 1101 rmay process digital pictures of the

vi deo sequence in a sequential manner to reduce the noise in the digital

pi ctures. [0070] The output of the filtering unit 1101 may be fed into the
vi deo encoder 1102 for encoding the filtered video sequence in a sequenti al
manner . Tbe6410t i BIG.i10filhistratcs @mnedliodal 00 Jort prbedssinig WdRzitabpictaee iaai | abl e during
t he encodi ng process by the video encoder 1102. [0071]1n one enbodi nent,
not i on i nkempRly hbdEYeReTROABit1Ph s rﬁagfcomp@l@@a BREAME LS fidRdeshaggd on a

notion estinmation between a first digital picture and a second digital

picture ofi,ilfintd %fél‘rﬁh%t ¥t 6165 sSEIHBNCK CQEPg%H#%?iurﬁltigf‘%gés. pope filtering

unit 1101 may per e notion conpensa teri athird digital

pi cture based, on th tign information, fromthe.video, en e 1%%2.
0072] The ey eieortc 1R iy ok RSPl b B0 o Pinklsy FBLECEBRSL s e, e

output of the filtering unit 1101 may be fed to ggth th v'% 0 oder 1102
For " encodi WSERPcK, TheTetoldrg PPk fiteErbb A HE: B Pef of 108Y 16K %hur 1 or
1103 may store a filtered dggital pi cture and nay Egovide the filtered
di gi tal  prethed H000Gnelndesl0P} glapsiyingfach blpok offhe digitgbpicture. {ippn gmpiary 1101
processes the next digital picture. For exanple, when the filtering unit
1101 per femhedinensieath block i deteeminet] ¢o baa tixgire Brpe pf bliock, @n edgretybeof er 1103 may
provide the filtering unit 1101 with a tenporally preceding filtered
di gi tal pilatkure wuoigetduatypelod black taceardigg tna thatdofelistamalpenf @chbiocak.
simlarity check for the currently processed digital picture with reference
to the prEmimethdd/1 @OdGRIESekledegilod agdodiatiigeeach block with a filtering mode

according to the type of the block. That is, if a block is of a texture type, the block is

associated with a texture filtering mode; if a block is edge type of block, the block is

associates with an edge filtering mode; and if a block is of a homogeneous filtering type,

the block is associated with a homogeneous filtering mode. For a block of a texture type,

a spatial filtering is applied in 1003 followed by a motion-compensated temporal filtering

in 1005. For a block of a homogeneous type, a spatial filtering is applied in 1004

followed by a motion-compensated temporal filter in 1005. If a block is of edge type, a

motion-compensated temporal filter is applied in 1005. After all the blocks of the digital

picture are filtered according to their respective type and associated filtering modes, a

filtered digital picture 1s output in step 1006. It 1s noted that before the motion

compeﬁsated temporal filtering is applied, a similarity check may be carried out, and the

motion compensated temporal filtering may only be applied if the pixel is determined to

be similar with the corresponding pixel of the temporally preceding digital picture.
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100731FI G 12 shows a nethod 1200 for processing a sequence of digital

pi ctures in one enbodi nent. The nmethod 1200 includes 1201 obtaining notion
i nf or mat iwo 2bagse2sen a notion estinmati on between a firstecaisgro@moopizet ur e
and a second digital picture of the sequence of digital pictures. The

met hod 1200 further includes 1202 filtering a third digital picture of the
sequence of digital pictures based on the notion information. 100741l n one
enbodi ment, the first digital picture and the second digital picture are
digital pj096sir es Iipotheresondg, dcbardinigito thedhghddal 000] the bioeks of 4 digitslgddrerece of
digital pictures. 100751l n one enbodiment, the filtering is notion

conpensat gebksifRAneo adxtire] ddge o Bomd QASesldborant 6 MacionRats, Thdie difRkdied 1200
further includes encoding the third digital picture. [0077]1In one

enbodi menfiieri3gs ApReh ﬂaggg(eistﬁftegﬁ{ blba@zlcgﬁ@ﬁmgg\eqw fabhekfite fp&sdy di gital

picture and the second digital picture, obtalning the tion

0 ot O 4, G0 95035 e b L g o
Sequence l?ef ﬁrcsié ia{igly Javiercatgg(ﬁ,eigllorr\xa/é/d by motion-compensated temporal filtering to obtain
better noise reduction results. In a further embodiment, pixels in texture blocks are less
ﬁltefed'spatially to preserve the details compared with that in homogeneous blocks. In
one embodiment, no spatial filtering is applied to edge blocks, and pixels in edge blocks
are motion-compensated temporally averaged with its adjacent previous frame to avoid
over-smoothing. The filtered output digital picture may be directed to but not limited to,
an advanced video coding reference encoder. In one embodiment, the motion information
yielded in the encoding process may be used in filtering process of the next digital picture.
In one embodiment, motion infoﬁnatién of the previous digital picture that is readily
available from the encoding process which is carried out after the filtering process may

be used in motion compensation process of filtering the current frame. Hence,
computationally intensive motion information finding process can be avoided, and
complexity of the overall algorithm can be hugely reduced.

(0066} Most filtering methods that use motion compensation usually find motion
information separately before ﬁlfering process. This is computationally expensive and
time consuming. In a typical video encoder, motion information of a digital picture is
available from encoding process. It is known that motions in adjacent digital pictures of a

video sequence are usually similar except in some scene changes and abrupt movement

cases. Thus, motion information available from encoding process of the adjacent,
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be processed, and each digital picture may be filtered to reduce noise in
the digital picture. Mtion information may be needed to be used in the
filteringwpnrooass2ssHowever, it may be conputationally eepersseve/ocandoti me
consunmng to obtain the notion information of each digital picture before
the filtering process. On the other hand, it is known that notions in

adj acent digital pictures of a video sequence are usually simlar except in
sonme scene changes and abrupt novenent cases. Thus, in one enbodi ment,

mot i on i rfreviowst(tempoedllyga@deng) digitgl fietureanay by @sedlin motbdnic@spensatign t enpor al |y
preceding digital pictures, may be used to process a current digital

pi cture. pgrédesesfilbriag of tHeltuffehd digitdl picalrgaédofdingBYorR@nivédineabl e from
encodi ng process of the tenporally preceding digital picture or pictures

(adj acentjgo@yevi pi¢s 19iiBistrales RisGditthq 106 fRivided MSRE rdMab&dh dcsorf; rt%%ﬂe out after
the filtering process. The notion information nmay be obtalne§ ased on a

noti on eg%hgaﬁ+$@ of a first tenporally preceding digital picture and a
second tenporally preceding digital picture, and such notion information

may be - us t o, pr ss, e.q, ta filter, the current digital, picture
(2 i r o W, o T R ePLEO0 Bty 85 s hGmind & | o0 GpR AR catodh LBots
digital picture of a video sequence can greatly |ower the conputational
conpl exi t@g@fl 't h@orc?\%élpaler a yidee é?quﬁbceeﬂ%léﬁ‘ia PRUTESO0ED9ttecEnay b iBRMIRa devi ce
1300 for processing a sequence of digital Pictures i n one enbodi ment which
correspo ﬁg%ﬁtt@mgn@ltdéph@ua seagentiat mangery Thelitamg unityl 10helayde thersassaai ni ng
unit 1301 for obtaining notion informati on based on a notion estimation

bet ween adh¢ devige AW0@h dedcriped with eefarsdceatoddGotdndithy filedringiuoit ud @l whyt he
sequence of digital pictures. The device 1300 may further include a
filteringremessdigiddpidnaes 6f tht eidengequendd ind sdiu@ntial manneit torreduet thehwissequence

of digital pictures based on the notion information. [0081]1In one

enbodi nenh thealigiipicheés. r eadabl e nmedi um whi ch corresponds to the nethod 1200
is provided. The conputer readable nmedi um nmay have a program recorded

thereon, (pim)ei NTROGRIQPERMIEFingNRR Y €0mb P bEBIGENR (ROVRES Bicolér0G83S a
sequence of digital pictures. The conputer” readabl e nedi um may i ncl ude

sequence e The cc . im ude
| nstruc ;@@é@ﬁﬁp& f?geféd;\?g%%egﬁé;nﬁgHﬁaQEé&%ﬁt&?n&ﬁé&%%é‘n&ﬂ%fo%aﬁoﬁ' AT

- of a digital picture may be available during the encoding process by the video encoder
1102.
[0071]) In one embodiment, motion information may be obtained by the video
encoder 1102 based on a motion estimation between a first digital picture and a second
digital picture of the filtered video sequence of digital pictures. The filtering unit 1101
may perform the motion compensated ﬁlterihg of a third digital picture based on the
motionk information from the video encoder 1102.
[0072]  The system 1100 may further include a buffer 1103. For example, the output
of the filtering unit 1101 may be fed to both the video encoder 1102 for encoding the
filtered digital picture and the buffer 1103. The buffer 1103 may store a filtered digital

picture and may provide the filtered digital picture to the filtering unit 1101 when the
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second digital picture of the sequence of digital pictures. The conputer
readabl e nedi um may further include instructions for filtering a third
di gi tal pwotrissfsst he sequence of digital pictures basedT®G2otmomoi on

i nformation. 100821FI G 14 (a) and (b) show the notion vectors of the noisy
digital picture 1400 and a corresponding filtered digital picture 1401 when
encodi ng using the JMreference encoder. The digital picture 1400 has been
processed by the method 100 as described herein to render the filtered

di gi tal pililearimgenit400] pracessesthe mextidigithl pictuad. Foir etampds wiht0 Gheafitlteribg @it
represent the notion vectors. It can be seen that the filtered digital

pi cture 1401 pedormyensdilagtynoheck foe adigifabpioftd, ¢t buget 0103 meppovidelhe at t he
supposedl y honogeneous area which is non-noving region. 100831FIG 15 (a)

shows a nElkesdng@indillel withGlibhBorhff Precaiifly fildred alénémctﬁmm thRgmeor r espondi ng
filtered digital picture 1501. It can be seen that the picture quality is

signific r r her ei n.
T 0084] Fi G e b R B e A S B "l 1

is signif] &ﬁBt+ g g@ es of digital picture with
a noi sy oﬂ l¥p| C ul(r?cé:q g@ g\ylgustl ?61[8%68% iglgdh pﬁ%égf iltered one 1601 to
illustrat %ﬂ #or nce of ng osed noi se reduc i,on roach.
[0085] I n @R exaﬁ{) eléngﬂ%ﬂ mefhod, ](%@6 ?gﬁ’r%‘i?ﬁs"i%a SqaHEnSgio 8%‘“‘@‘8 sy of each
noi sy digital flgure .S Si |f|cantI¥ EBrove The. nai se from honobgenous
parts, e.qyeembadinsat. sm‘&t”i“ﬁgo% {r004prdudes 1 ’G’bti'!i“’(gd?"té)r‘i‘d“fﬁﬂﬁéféﬁn baseteen of bus
and the sky in FIG 16 (a), is reduced noticeably in FIG 15 (b) and FI G
16 (b), ra@péen ¢stigiajion W@ee@lgé‘lsst digitabriptueseasd # sapandyégital picaselibd avoi di ng
blurring. As mentioned, noise filtering and details preserving is
conpr om sseguednge Dédzigilal@iqmneséf heangthak BX00durtliee iddudes| 120Mitetingathidde seen in
the tree

digital picture of the sequence of digital pictures based on the motion information.

[0074] In one embodiment, the first digital picture and the second digital picture are

digital pictures preceding the third digital picture in the sequence of digital pictures.

[0075] In one embodiment, the filtering is motion compensated temporal filtering.

[0076] In one embodiment, the method 1200 further includes encoding the third

digital picture.

[0077] In one embodiment, the method 1200 further includes encoding the first

digital picture and the second digital picture, and obtaining the motion information from

the encoding process of the first digital picture and the second digital picture.

[0078]  In one embodiment, in other words, a video sequence of digital pictures may

be procéssed, and each digital picture may be filtered to reduce noise in the digital

picture. Motion information may be needed to be used in the filtering process. However,

it may be computationally expensive and time consuming to obtain the motion

information of each digital picture before the filtering process. On the other hand, it is
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patches of FIGs. 16 (a) and (b). Over-snoothing of details fromtree
textures is avoided. Hence, the sharpness of video is well preserved.
100861Cx o 20h1iZ183258e | nprovenent on visual quality, thePe¢asGeus/oemRodi ment s
al so i nproves coding efficiency of the video encoders. It is noted that
filtered sequences have significantly smaller file sizes, suggesting that
the filtering algorithminproves coding efficiency of the video encoder.
The bit-rate reduction (BRR) between noisy and filtered digital pictures
can be bd&nhben tiseantivns jpedpeertt ajgtat picaundsatf adides stqiehovare GRallyRimilar R
isY.filtered) X100 Rnoi sy where RO1 and Rfiltered are bit-rates of encoded
noi sy andxédpt iredoatt seertahan®yuad eBapt heleh baeBRBus, el beadmbodikientcoded fil e
size reduction of filtered sequence against its coded noisy one. The

| mpr ovengidiioffinfeRRAIG oF fagia&i:n? 'a@l'tlapﬁ@ﬁlfé AYiGereDY. 4 kdrhfraiNGoraBMidye reduced as

QP value is increased and the filtering effect is saturated inincreased

Ci : ) ¢ ¢ . . ; ; ¢ Chat
e e L piCupdsTiad b A GdcctsS Gl AetlpidiBNrERINDE, R8) SRS (1%
illustrates. a.t blq.of t he ”Oﬁﬁﬁ eduction a proa ngg encofded mﬂ}h a H 264
" f er encd B SRR iARan sy e A DIe oM Shsodis BRr3 S e dgmecrEliPrr it o

R e L G

At or eman,
the test sequences of ice-skating and akiyo have nore honpbgeneous areas
conpar ed o dier Srerflferigg girssese dhe Mot infarmatigs mayhg obtinegdasedan a he exanpl e,
noise is filtered out nost intensively in honbgenous parts; the performance
i s signi maentsymawindd atiirsttemherally greceding digitalipigrareanyl o sorpad derspqpalit s, such
as the "ice-skating' and " akiyo' test sequences, which is shown to yield
87% t 0 94%cBiRg digital picture, and such motion information may be may be used to process,

e.g. to filter, the current digital picture (a third digital picture).

[0079] Using motion information of previous digital picture of a video sequence can

greatly lower the computational complexity of the overall filtering algorithm.

[0080] FIG. 13 shows a device 1300 for processing a sequence of digital pictures in

one embodiment which corresponds to the method 1200. The device 1300 may include an

obtaining unit 1301 for obtaining motion information based on a motion estimation

between a first digital picture and a second digital picture of the sequence of digital

pictures. The device 1300 may further include a filtering unit 1302 for filtering a third

digital picture of the sequence of digital pictures based on the motion information.

[0081] In one embodiment, a computer readable medium which corresponds to the

method 1200 is provided. The computer readable medium may have a program recorded

thereon, wherein the program is executed to make a computer process a sequence of

digital pictures. The computer readable medium may include instructions for obtaining

motion information based on a motion estimation between a first digital picture and a

28



In sequences with substantially nore details, e.g. sequences of nobile and
bus, filtering is conprom sed by preserving them 100891ln sunmary, vari ous
enbodi merWwe 2prigsBzé an adaptive net hod of fast video noiPSE/SGRed®DIRN by
using block classification and content-sensitive filtering process. The
adaptive nmethod includes a fast block classification decision nmethod for a
noi sy video digital picture. The adaptive nethod further includes
content-sensitive filtering decisions for each bl ock based on the type or

cl assi f i cwtorgidigital pfeturpbbthie seqiivacacfaligital pictreh e templierreadableurdebumot i on
conpensated tenporal filtering process. Various enbodi nents further provide
a noti on menfethsaineildé arpadtivhs fdrlflerihgg thirddigiss pidaat of e sbgueatdsdded in a
vi deo encoder. 100901l n vari ous enbodi ments, a nethod of reducing noise in
a Vi deo seigifg pRturSEBHIEN 6L theSndtoBMhedatiolhe met hod conprising cl assifying

bl ocks or group of pixels in a video or inmage franme, and notion-conpensated

tenporal (fopsgeri RGOl () ¥hdGbPRL hethoRbR TEoAGE BicCHoflg didhial Btpid BRI 11 cat i on

of the classified blocks. This advantageously reduces nois rom vi deo

sequences, g%fc?)?x]g%%)sh%ﬁwoﬁiﬁlgﬂ é@%ﬁ“; ?{gwg? gétt(ﬁlg\gﬁ e?l@gdiﬁi%;[rxrsgliéglﬁxe CK/I }e?eere%i deo scene

of the vi , not 1 on-C sated enp8ra| or
spatial -te r fi.lterin &ﬁ filtering reduces noi,se effectjvely from
vi deo seq@gﬁ% 'ﬁ%d'@&a?ﬂfcé‘ggtl%/ ‘baSé’aa‘bgmé% ey @F F‘?ﬂﬁ’g 1@9@5 d&?“bﬁgsi bl e. The
classification inééodu ed(%& the filtering further exploits the fact that
human perh€Ei foisn rtﬁbﬁ@ﬁe SEplductrs ARG Amens inthedisiemienges 1490 andr r oundi ng
nei ghbor hoods, i.e. the noise in honpgenous nei ghborhoods is nore obvious
conpar ed 481 repsesenithe metign sectersi Iy paohrsen that thediiered digitalipicfuse &4l adegr ee and
approach of filtering may be applied to different neighborhoods. WO
2011/ 0532556@F/ 18G2 Qg6 rhROn Vet eTsiallamat te suppobally hemogenbasairal so
contributed to the inprovenent in coding efficiency of any bl ock notion
conpensatwlaoh bamadnainieregemcoder .

[0083] FIG. 15 (a) shows a noisy digital picture 1500, and FIG. 15 (b) shows the

corresponding filtered digital picture 1501. It can be seen that the picture quality is

significantly improved through the filtering process as described herein.

[0084] FIGs. 16 (a) and (b) illustrate another example that picture quality is

significantly improved, where the test sequences of digital picture with a noisy digital

picture 1600, is compared with the filtered one 1601 to illustrate the performance of the

proposed noise reduction approach.

[0085] In the examples shown in FIGs. 15 and 16, the visual quality of each noisy

digitél ﬁgure is significantly improved. The noise from homogenous parts, e.g. the ice-

skating surface in FIG. 15 (a) and window panes of bus and the sky in FIG. 16 (a), is

reduced noticeably in FIG. 15 (b) and FIG. 16 (b), respectively. The edges in both cases

are well preserved avoiding blurring. As mentioned, noise filtering and details preserving

is compromised in texture parts to preserve the details which can be seen in the tree
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[ 0092] Whi |l e the invention has been particularly shown and described with
reference to specific enbodi nents, it should be understood by those skilled
in the arwothatossmsi ous changes in formand detail may PpeTrsadelotohenei n

wi t hout departing fromthe spirit and scope of the invention as defined by
t he appended cl ains. The scope of the invention is thus indicated by the
appended clains and all changes which cone within the neani ng and range of
equi val ency of the clainms are therefore intended to be enbraced. C ains
What i s qlawheedf FIGs. 16 (apamdb(bh.o0vdramopthivpasisietais frodi tggettettuges stavorledt he
digital picture conprising a plurality of pixels, the method conprising:

di vi di ng HédiRe dhggﬂaqinegg stided ik Blefl presphvdd.al i ty of bl ocks, each bl ock
conprising a plurality of pixels; determning a type of block for each

bl ock; [0086] 8S S@ﬁieﬁﬂaﬂ@h@l@tﬁﬁo@n%koﬂwﬁsﬁhl auzglltil ttﬁé LiHbulRRBo@nefsRlsgr al i ty of
d|fferent filtering nodes according to the type determined for the bl ock;

I Ihlet g[ '()2%m$?0§)35 pclcﬂr?é(ef'ﬁéleﬁgy Bﬂﬁe I8 (éﬁc%ttiglg lft llJ ﬁo%d H& fm%gé%i s%aée%%saﬁa%g Wi th

signiﬁéjantly smaller file sizes, suggesting that the filtering algorithm improves coding
efficiency of the video encoder. The bit-rate reduction (BRR) between noisy and filtered
digital pictures can be better seen in percentage calculated as follows

BRR - (Rnoi.sy - Rﬁ[!ered ) x 100 %

noisy

where Ryoisy and Rjijgereq are bit-rates of encoded noisy and filtered video sequences.
{0087] The BRR indicates the coded file size reduction of filtered sequence against its
coded noisy one. The improvement of coding efficiency contributed by filtering may be
reduced as QP value is increased and the filtering effect is saturated in increased
quantization. QP in this context refers to the quantization parameter that is used during
the quantization process in the H.264 encoder.

[0088] FIG. 17 illustrates a table of the noise reduction approached encoded with a
H.264 reference encoder. The bit-rate of five noisy test sequences of digital pictures and
the respective bit-rate reduction (BRR) are shown. For the five noisy test sequences of
ice-skating, akiyo, mobile, bus, and foreman, the test sequences of ice-skating and akiyo
have more homogeneous areas compared with other sequences of mobile, bus, and
foreman. In the example, noise is filtered out most intensively in homogenous parts; the
performance is significantly evident in the sequences with more homogenous parts, such

as the ‘ice-skating’ and ‘akiyo’ test sequences, which is shown to yield 87% to 94% BRR.
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2. The nethod according to claim1l, wherein the digital picture is a
digital picture of a video sequence of digital pictures. 3. The nethod
accordi ngvoaoamp3zss cl ai ns 1-2, wherein the type of a bIPOTISG2810068420 M ned
based on a characteristic value of the block. 4. The nethod according to
claim 3, wherein the characteristic value is contrast value of the pixels

I n each block. 5. The nethod according to any of clains 3-4, wherein

a block is determned to be of an edge type if the characteristic val ue of
t he bl ocklnissquencesewitli substantidliyrsoretdarads feqd. dequences of mobiteartl mskfiltaingas er m ned
to be of a texture type if the characteristic value of the block is between

the firstcdnipremnlied By preeraingeland t hreshol d, the second threshol d being
smaller than the first threshol d; and the block is determ ned to be

of a hono@EFROUS 1 i ,&muga%@d;ﬁ,eﬁtng@deva@ﬂagsptﬁfe ﬁa@@am& viggoSmmal I er

than the second threshold. 6. The nmethod according to claimb, wherein

each bl Oclh)igén'@aucitigré @95?155%1%%9 cfa?sif?@ati% aﬁ(ﬁ]c&'g&%s&ysﬂﬁleitﬁteﬁﬁg B%icgsts??hew th an

edge filtering no

adap‘tiv:e method includes a fast block classification decision method for a noisy video
digital picture. The adaptive method further includes content-sensitive filtering decisions
for each block based on the type or classification of the block. The adaptive method
further includes motion compensated temporal filtering process. Various embodiments
further provide a motion compensated temporal filtering process that can be embedded in
a video encoder.

[0090] In various embodiments, a method of reducing noise in a video scene or
sequence 1s provided. The method comprising classifying blocks or group of pixels in a
video or image frame, and motion-compensated temporal filtering of the classified blocks
according to the classification of the classified blocks. This advantageously reduces noise
from video sequences effectively while preserving edges and details of the video scene of
the video frame. In one example of the motion-compensated ;emporal or spatial-temporal
filtering, the filtering reduces noise effectively from video sequences while preserving
edges and details as much as possible. The classification introduced to the filtering
further exploits the fact that human perception of noise depends on the underlying
contents of surrounding neighborhoods, i.e. the noise in homogenous neighborhoods is
more obvious compared to that in textured neighborhoods. Therefore, different degree

and approach of filtering may be applied to different neighborhoods.
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each block that is determned to be of a texture type is associated with a
texture filtering node; each block that is determned to be of a
honogenedwi® 20153158 associ ated wi th a honogeneous filt ePCREGROEOO042F. The
met hod according to claim®6, wherein filtering the bl ocks being associ at ed
with the texture filtering node or honogeneous filtering node conprises:
applying spatial filtering to the bl ocks being associated with the texture
filtering node or honogeneous filtering node. 8. The nethod according to
claim 7, fA%Hei nTht yerkadss gabadimestsdavatlselconttibutedito the jooproeenidnk iregoding node
are spatially filtered in a | ess degree conpared with the bl ocks being
associ at effiviendy dflaay bloch gertieowembensueorn bayedrodeo encdfer.

2011/ 053255PCT/ SG2010/ 000420 9. The method according to any of clainms 1-8,
wher ei n fiob9Hr i nyvierahe hivelontRFBédnSRStcutdd hbwe an® HéseAb&IoNReRSRERY
tenporal filtering to each block. 10. The nethod according to claim9,

wher ei n - aBRbifiderTBYdiABNtS,AMMRARPIAAIERIBA LS thdsk kEifEd Bdhé St BAE ParRuOCK
conpris eS .

chan‘geé in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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determ ning, for each pixel of the block, whether the pixel is simlar to a
corresponding pixel in a tenporally preceding digital picture according to
a first swoi2bavissasscriterion; and appl yi ng not i on PCOSGRMDADRIA0
tenporal filtering to the block for the pixels in the block which are
determned to be simlar with the corresponding pixels in the tenporally
preceding digital picture according to the first simlarity criterion. 11.
The method according to claim10, wherein the determnation for each pixel
of the bl ock of whether the pixel isChimsl|lar to the corresponding pixel in
the tenporally preceding digital picture is based on a simlarity check for
t he pi xelwgli t.h ]rﬁefe ence to the corresponding pixel in the tenporally
precedi ng"dfgr At ure. 12. The nethod according to claim 11, wherein
the simlarity check conprises: produci ng a notion map of the digital
picture by differenci pi xel s of the digital picture with correspondi ng

pi xel s from t He T ;}gi IPIOCST&REe di h‘é‘t@i gictuze. fhecdigital: picture cOpRESBE 2 { he
notion map has a plurality of nption map val ues, each notion map val ue

bei ng associ atrgraliy of ppielsethe grethodecompgistngt  pi ct ur e; wher ei n each
notion map value is set to be a first nunber if the associated pixel is

det er mi ned t o dyedmgrthé aligitab pichae dotor 2 glwoaidy of biicks| eacn bides domppeingl 4 v
preceding digital picture according to a second simlarity criterion, and
each map pledaliy dfpixetst to be a second nunber if the associated pixel is
determned to not be simlar with the corresponding pixel in the tenporally
precedi ng di gidef®rmpiied AltyPe 3EBIOEK Fdr@adlblbédle second sim larity criterion;
determ ning, for each pixel, whether the pixel is simlar with the
correspondi Ng Rickfking RadBlobRWAM &lfllériR BfREIOG SluMliky2br direldil GiIdGsLr di ng
to the first simlarrty criterion which is based on the notion map val ue

associ at q{iod@sfabco&&ﬁ%ﬁ gﬁgﬁ)@r&%ﬁmeg@o pibal.ues associated with pixels

adj acent to the pix 13. e metho a_ccor’di ng to claim12, wherein
according to the flrsh ol Jstly thy a&bdit€l 5R0%ind QSRS §hth the block,

2. The method according to claim 1, wherein the digital picture is a digital picture of

a video sequence of digital pictures.

3. ‘The method according to any of claims 1-2, wherein the type of a block is

determined based on a characteristic value of the block.

4, The method according to claim 3, wherein the characteristic value is contrast
value of the pixels in each block.
5. The method according to any of claims 3-4, wherein

a block is determined to be of an edge type if the chal;acteristic value of the block

is larger than a first threshold,;
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a sumof the notion map val ue associated with the pixel and notion map
val ues associated with pixels adjacent to the pixel is conpared with a

third t hrweholids3mad the pixel is determ ned to becsistzoém@mnodot he
corresponding pixel in the tenporally preceding digital picture if the sum
is larger than the first pre-determ ned val ue, and the pixel is

determ ned not to be simlar to the corresponding pixel in the tenporally
preceding digital picture if the sumis smaller than the third threshold.
14. The net hodhablokds defetnninethio bd of h a¢xware 1Ppel 3, thevblearaiteriséic caludiafighd o t he

second simlarity criterion, for each pixel, a difference val ue
bet ween tHleckpis betwerndhé fiest ahrestRup aittlh Be:oRH XRfesHold, tthe sdcend iradhbld wiigcedi ng
digital picture is determ ned, and t he plxel is determned to be

simlar t§hﬂﬂ%&th&QQ§aq5QHdiQhael in the tenporally preceding digital
picture if the difference val'ue is smaller than a fourth threshold, and

the pixel is dgt wm aTe); etdQOQQOish%l#mg%ﬁlte&astt??emﬁéaﬁpa% sagvapésk in the

tenporal ly prece ing digital picture | erence va ue I's larger than

the fourt I A deV| GE fo processing a digital picture, the
di gital ﬁ?%%u?lglssc%aﬂe“%m esecqn hrle lWtyd of pixels, the device conprising:

a dividing unit for dividing the digital picture into a plurality of
bl ocks, each bl ock conprising a plurality of pixels;

6. The method according to claim 5, wherein

each block that is determined to be of an edge type is associated with an edge
filtering mode;

each block that is determined to be of a texture type is associated with a texture
filtering mode;

each block that is determined to be of a homogeneous type is associated with a

homogeneous filtering mode.

7. The method according to claim 6, wherein filtering the blocks being associated
with the texture filtering mode or homogeneous filtering mode comprises:
applying spatial filtering to the blocks being associated with the texture filtering

mode or homogeneous filtering mode.
8. The method according to claim 7, wherein blocks being associated with the

texture filtering mode are spatially filtered in a less degree compared with the blocks

being associated with the homogeneous filtering mode.
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a determining unit for determning a type of block for each bl ock; an
associating unit for associating each block with a filtering node of a
pl uralitywohodidfstmsent filtering nodes according to thePcypse2aeioesso ned for

t he bl ock; afiltering unit for filtering each bl ock using the
associated filtering node associated with the block. 16. A nethod for
processi ng a sequence of digital pictures, conprising: obt ai ni ng

notion information based on a notion estinmati on between a first digital

pi cture and a Hecafrchodi gicoalingitot atye obfcldilme 580 wereesn ofiltedtingi é2h Block ur es;
filtering a third digital picture of the sequence of digital pictures based
on the nmjofisés’f or mation. WO 2011/ 053255PCT/ SG2010/ 000420 17. The net hod
according to claim 16, wherein the first digital picture and the second

0l oLy i S oo i 19113 e 1
10.  The method according to claim 9, wherein applying motion compensated
temporal filtering to each block comprises:
determining, for each pixel of the block, whether the pixel is similar to a
corresponding pixel in a temporally preceding digital picture according to a first
similarity criterion; and
applying motion compensated temporal filtering to the block for the pixels in the
block which are determined to be similar with the corresponding pixels in the temporally

preceding digital picture according to the first similarity criterion.

11.  The method according to claim 10, wherein the determination for each pixel of
the block of whether the pixel is similar to the corresponding pixel in the temporally
preceding digital picture is based on a similarity check for the pixel with reference to the

corresponding pixel in the temporally preceding digital picture.

12. The method according to claim 11, wherein the similarity check comprises:
producing a motion map of the digital picture by differencing pixels of the digital
picture with corresponding pixels from the temporally preceding digital picture;
wherein the motion map has a plurality of motion map values, each motion map

value being associated to a pixel of the digital picture;
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18. The method according to any of clains 16-17, wherein the filtering is
noti on conpensated tenporal filtering. 19. The nethod according to any of
cl ai s 16w0&p11i0ssisker conpri sing encodi ng the third di gipcalsGpowioneseo 20.
The met hod according to any of clainms 16-19, further conprising encoding
the first digital picture and the second digital picture; and

obtaining the notion information fromthe encodi ng process of the first
digital picture and the second digital picture. 21. A device for

processi ng a segusgneghafotttinghimbalyd ieketrtede a d@PuMbEM@the associatedpiod Qi ni ng
unit for obtaining notion information based on a notion estimation between

a first deghsled b ®eWifiland the $66&PIndHhGbixal inPihettehporally bitGedifgldRMGE Of
di gital pictures; a filtering unit for filtering a third digital

pi cture Qficthf1CaR6AHR %P2 QbcdtiatihBhrity GhiliGsS Ra%acth Mapt iud R ePTo be a
i nf or mati on.

' second‘ number if the associafed pixel is determined to not be similar with the
corresponding pixel in the temporally preceding digital picture according to the second
similarity criterion;

determining, for each pixel, whether the pixel is similar with the corresponding
pixel in the temporally preceding digital picture according to the first similanty criterion
which is based on the motion map value associated with the pixel and motion map values
associafed with pixels adjacent to the pixel.
13. The method according to claim 12, wherein ‘according to the first similarity
criterion, for each pixel,

a sum of the motion map value associated with the pixel and motion map values
associated with pixels adjacent to the pixel is compared with a third threshold, and

the pixel is determined to be similar to the corresponding pixel in the temporally
preceding digital picture if the sum is larger than the first pre-determined value, and

the pixel is determined not to be similar to the corresponding pixel in the

temporally preceding digital picture if the sum is smaller than the third threshold.

14. The method according to any of claims 12-13, wherein according to the second
similarity criterion, for each pixel,
a difference value between the pixel and the corresponding pixel in the temporally

preceding digital picture is determined, and
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WO 2011/ 053255PCT/ SG2010/ 000420 22. A conputer readabl e nedi um having a
program recorded thereon, wherein the programis executed to nake a

conput er WOROHHS3WSdi gi tal picture, the digital picturePCHISEROIOONG2G
plurality of pixels, the conputer readabl e nmedi um conpri sing:

instructions for dividing the digital picture into a plurality of bl ocks,
each bl ock conprising a plurality of pixels; instructions for determning a
type of block for each bl ock; instructions for associating each bl ock
with a filterithgpixels defermineduo &k isinyilanfto dief doeresgonding pixed imthenradpsrallic cor di ng
to the type determ ned for the block; and instructions for filtering

each bl OCﬂ?edbﬂiﬂggiiéithﬂ?Bi&&ﬁ@Cﬂtﬁé @idfefdnké esluoB shRler thasH fduachakleyold) ahdie bl ock.
23. A conputer readable nmedi um having a programrecorded thereon, wherein

the program i shexeed 1§"ddetté?mﬁ?%lﬂen@t ﬁ)oﬁp%tnﬁflarpfoo%s§0r?esﬁ&ﬂﬁ'ﬁ§‘$§(epfm djgi t al
pi ctures, the . conputer readabl e nmedi um conprising: instructions for

obt ai nin a t first
di gi tal qz%?%?gyékg%g&gﬁﬁgﬂﬂ @'glt n%l% u%@8€g§ﬁhg§§%‘%§ﬂ%@ %?qgfg?ta

plctures,t qm instructions for filtering a third dlgital pi cture of
the seque HE& d? digital pictures based on the notion information.

15. A device for processing a digital picture, the digital picture comprising a plurality

of pixels, the device comprising;

a dividing unit for dividing the digital picture into a plurality of blocks, each
block comprising a plurality of pixels;

a determining unit for determining a type of block for each block;

an associating unit for associating each block with a filtering mode of a plurality
of different filtering modes according to the type determined for the block;

a filtering unit for filtering each block using the associated filtering mode

associated with the block.

16. A method for processing a sequence of digital pictures, comprising:

obtaining motion information based on a motion estimation between a first digital
picture and a second digital picture of the sequence of digital pictures;

filtering a third digital picture of the sequence of digital pictures based on the

motion information.
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17. The method according to claim 16, wherein the first digital picture and the second
digital picture are digital pictures preceding the third digital picture in the sequence of

digital pictures.

18. The method according to any of claims 16-17, wherein the filtering is motion

compensated temporal filtering.

19. The method according to any of claims 16-18, further comprising

encoding the third digital picture.

20. The method according to any of claims 16-19, further compnsing
encoding the first digital picture and the second digital picture; and
obtaining the motion information from the encoding process of the first digital

picture and the second digital picture.

21. A device for processing a sequence of digital pictures, comprising:

an obtaining unit for 6btaining motion information based on a motion estimation
between a first digital picture and a second digital picture of the sequence of digital
pictures;

a filtering unit for filtering a third digital picture of the sequence of digital

pictures based on the motion information.
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22. A computer readable medium having a program recorded thereon, wherein the
program is executed to make a computer process a digital picture, the digital picture
comprishg a plurality of pixels, the computer readable medium comprising:

instructions for dividing the digital picture into a plurality of blocks, each block
comprising a plurality of pixels;

instructions for determining a type of block for each block;

instructions for associating each block with a filtering mode of a plurality of
different filtering modes according to the type determined for the block; and

instructions for filtering each block using the associated filtering mode associated

with the block.

23. A computer readable medium having a program recorded thereon, wherein the
program is executed to make a computer process a sequence of digital pictures, the
computer readable medium comprising:

instructions for obtaining motion information based on a motion estimation
between a first digital picture and a second digital picture of the sequence of digital
pictures; and

instructions for filtering a third digital picture of the sequence of digital pictures

based on the motion information.
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