METHOD AND APPARATUS FOR MPEG ARTI FACTS REDUCTI ON REFERENCE TO

EARLI ER- FI LED APPLI CATI ON [ 0001] This application clains benefit of
priority fromU. S. Provisional Patent Application No. 60/530, 307, filed
Decenber 16, 2003, and entitled "MPEG Artifacts Reduction,” which is
hereby incorporated by reference. BACKGROUND [0002] This invention
generally relate Op oy P SNk BL V] , Yol al | 0003] MPEG

conpr essi on Mt Aty I Soaay Ay o NI AN 1o e I T
transm ssion and storage. MPEG encoded and decoded streans of video can be
used in various applications including cable television, satellite

tel evision, and di GREFERENCETOIEARLIERMILEDAPPLICATIONONt ent of a vi deo
signal generally conprises a sequence of image franmes for a progressive
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pi xel s)gl I fr e vi l.gnal 1s processed as follows.
First, %é‘ﬂﬁﬂ@@’r mﬁbﬂ’?ﬁﬂ?ﬁ@%&?e%pm ied to the window to
generate a 2-D spatial spectrumrepresentation of the 8X8 wi ndow. This 2-D
spatial spectrumis often referred to as a Fourier inage, as it is a

representation of the image in rier domain. The Fourier imge also
has 64 pixels. The pixel val uesbgﬁ:{éémi er image represent a DC

conmponent and various frequenci es or AC conponents. The DC conponent is
gener allf902); ¢ yHhis inventian geperally relatasdo igpravingvidepandgrapbicsignalily: The
qﬁl}er 63 pixels in the Fourier image represent the AC conponents. After
gerer af0MBlt hLdMPEG campiasaign, is awileiytisadeaigenithoufon digital videoisigrabpl i ed so

that a 04 . prxel s in Eour . i | The
vpeG: 2UEPsSI afd foidad PuiPEts BRLOIE ahd BGAERBAMD of Spod B coence,
nei ghbased i varicys dpplicatorss iaclgdingoeable television, satellity ®ldévisionsaraf digRalct ur es
(6032, In,a 3834 one image frame is encoded spatially, nanely the |-
frame. E&Pdﬁcﬁ q)arres, di fferences are encoded. There are two types of

fr arTES[0_0]04] The content of a video signai generally comprises a sequence of image
frames for a progressive video sequence and image fields for an interlaced video
sequence. Each frameffield consists of a rectangular spatial area of pixels. When
video content is encoded using MPEG, generally an 8X8 window of pixels (64
pixels) in an irﬁage frame of the video signal is processed as follows. First, a
Discrete Cosine Transform (DCT) is applied to the window to generate a 2-D spatial

- spectrum representation of the 8X8 window. This 2-D spatial spectrum is often

} referred to as a Fourier image, as it is a representation of the image in the Fourier
domain. The Fourier image also has 64 pixels. The pixel values in the Fourier
image represent a DC component and various frequencies or AC components. The
DC component is generally situated in a top left corner pixel of the Fourier image. -
The other 63 pixels in the Fourier image represent the AC components. After
generating the Fourier image, an MPEG encoder quantization is applied so that all
the 64 pixels in the Fourier image are quantized.

[0005] The MPEG-2 standard provides for intraframe compression. In a video

sequence, neighboring image frames are grouped into one or more Groups of

Pictures (“GOP”). In a GOP, one image frame is encoded spatially, namely the I-
~ frame. For other frames, differences are encoded. There are two types of frames




where differences are encoded: P-frane and B-frane. For a P-franme, the
difference between a current frane and a nodified by notion vectors |-frane
is spatially encoded. For a B-franme, the difference between a current
frame and a weighting sumof a nodified by notion vectors |-frane and
P-frame or two P-franes is spatially encoded. "Mdified by notion vectors”
. means t wheret differamcesare en do-frame aad Beframe, &ok aiR-frame.they 16x16 pi xel

and f it h
spati o pRee HerBRRY XU E raR AR b Ot B R YR RE R | LT e
ibn tSOWBet'.;béhti_%ﬂj/ egFMid"Th&kQBmebi ﬁkf%gélghwebbmn aaudlelhbfdramfhramila) for the
est matchin ock is ke in the sfream a alle ot j on
vect or.WEiQBﬂggﬁu'I@ftﬁ B'@R"fl%ﬂ by mpliga v r%%éa'ﬁﬁﬁ"@ﬁa'\%r@&%ﬂ %E'fﬁ{éé%- frane
has tvm. - . . e |
p?ice\é\g'gsrgb%'lt@ﬂd% mstHZalc\i oﬁ fr%msﬁa?gggtgié)r gé\hgaﬂrﬁbfpriage isrﬂ'gecodggd usi ng
E/PEG. anﬁa (P B &?me? Gpﬁmyi 16)|tﬂe§dpixdgagmafl_eeamd ifer eanhvequare thebest r om t he
ourier mai.n to the pal domain. e | ng of inage
franes W@&H&d WoEEre @ﬁﬁf@@é’\“& ﬁo'@gﬂ’@gas‘?{?ﬁeﬁ 5@9@&% @gear% ﬁg%ﬁ%ﬁ?fé gr ocess eg
i mage fgairBhed TheCSUEREIRAG haPpens irsorme tocdbbted. The spatidl offset(vertioAtEG
encodi ng and decoding defines the |evel and. behav oé_ t he a:itllf cts.
That i sand hesizanialhfaryhe beskmatching bleek '%'feﬁtl'féﬁ"&r%bgﬁzﬁ ean an _%8 i on of
the. bi tyb3hélion A EaEATEK18 Hocksr Miiae/RESod nidibhvaglar, #hd e Ban appear

I n image frame ow conpression rates are used, for exanple, |ess
t han 2 fidrgalhiasdwpanoticrevestdrs( NMPES earopressienfosan pdedasethsignalar e bl ocki ng

artifacts whic eal i ertain areas of the inage frame, particul arl
tia;tur ﬁoﬁ?%qﬁw%ﬁ?@fﬁam&%e areas. These blocking artifacts are Y
often vi ly,,perceived as an i e.or | ect LSyl e divided
i nto b@ﬁ@. PV‘B’!—Q” 3 pees ﬁ@?@@%ﬂ-@lqgﬁﬁ’?é}?gﬂ@%ﬁé‘?gﬁ@g&%%éﬁnt roduci ng
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[0007] There are various types of artifacts which can appear in image frames.
When low compression rates are used, for example, less than 2 Megabits per
second (Mbits/sec) the most perceivable are blocking artifacts which appear in
certain areas of the image frame, particularly textured areas and etched or line
") areas. These blocking artifacts are often visually perceived as an image or object
that appears to be divided into blocks. Pixel values inside the image frame are
affected, introducing artifacts which appear as abrupt transitions between
neighboring windows or blocks of the image frame. These abrupt transitions are
generally aligned verticalty and horizontally in the image frame and make the artifact
very perceivable. In edge (line) areas, blocking artifacts are caused by transitions
.between neighboring windows or blocks in the presence of natural edges and lines,
for instance, tree branches, wires, or edges between objects. In these edge areas,
additional jaggedness is visually perceived. Increasing the bit rate to an
" intermediate or high level, for instance, higher than 2 Mbits/sec, can effectively
- reduce blocking artifacts occurring at low bit rates. For low bit rates, other artifacts
such as mosquito noise, and flat area blocking artifact, can also take place.




addi tional jaggedness is visually perceived. Increasing the bit rate to an
internmediate or high level, for instance, higher than 2 Mits/sec, can
effectively reduce blocking artifacts occurring at low bit rates. For |ow
bit rates, other artifacts such as nosquito noise, and flat area bl ocking
artifact, can also take pl ace. 0008] For bit rates greater than 2
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decoded block are the same. Perceptually, the smooth flat area appears as tiled
8x8 squares having close but different values. Thus, there is a distinguishable
blocking pattern with smooth areas inside the blocks and rectangular transitions
between neighboring blocks. The transitions are clearly visible because the

) transitions are generally aligned vertically and horizontally. -

e

[0010] In modern video processing applications, often the source of a video
signal is unknown. The video signal maybe digital or analog, and it could be
. transmitted from a DVD player, cable television source, satellite, or a montage of

images from different sources. For instance, the video signal may be a combination
from several analog and digital sources. Thus, any technique for artifacts reduction

needs to perform effectively independent of any knowledge about the source of the
video signal, including any knowledge about window or block boundaries in an
image frame or video signal. Such knowledge might include information about
edges, texture information and other information. If such knowledge was required,
MPEG artifacts reduction techniques would be unnecessarity complex and hardware

and time consuming.




transmtted froma DVD player, cable television source, satellite, or a
nont age of images fromdifferent sources. For instance, the video signa
may be a conbination from several analog and digital sources. Thus, any
technique for artifacts reduction needs to performeffectively independent
of any know edge about the source of the video signal, K including any
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I n one aspect, the invention provides nethods and apparatus, including
conmput er program products, inplenmenting and using techniques for reducing
nosqui to noise in an inage frame of a video signal. A w ndow of the |nage
frame is provided. The window includes a plurality of pi xel val ues.  One of
the pixel values is selected fromthe pixel values in the wi ndow to define
a nodi fi ed wi ndow of pixel value differences. A |local nean (DC) value is
corput ed based on the pixel value differences. A nosquito noise reduction
value is al so conput ed based on the pixel value differences. An artifact
attenuation factor is conputed as a function of a dynam c range neasure of
the pixel value differences. A weighted sumof the nobsquito noise
reduction value and the |ocal nmean value, applying the artifact 3
attenuation factor, and the selected pixel value, is conmputed to generate a
nmodi fi ed




are set forth in the acconpanying drawi ngs and the description bel ow

O her features, objects, and advantages of the invention will be apparent
fromthe description and drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON
OF THE FI GURES [0015] Fig. | shows a block diagramof an apparatus 100 for
modi fying a pixel value in an i n8@YMMARNe, according to one enbodi ment of
the present invention. .[0016] Fig. 2 shows a flow diagram of a nmethod 200
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O‘Pé rat 'a@l@nu@l@ﬂa@t&ﬁaﬁ@tﬁ&@eléﬁt@ddﬂim valuef is demputesidotgenevateta modifiel0024]
Fig. 7 shows a graphical illustration of a nonlinear function 700,

accor dipixgl value.
[0014] The details of one or more embodiments of the invention are set forth in
the accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the ciaims.
BRIEF DESCRIPTION OF THE FIGURES

[0015]  Fig. 1 shows a block diagram of an apparatus 100 for modifying a pixel
value in an image frame, according to one embodiment of the present invention.

[0016]  Fig. 2 shows a flow diagram of a method 200 for medifying a pixel value in
an image frame, performed in accordance with one embodiment of the present

invention.

[0017]  Fig. 3A shows an illustration of an aperture window 300 of pixel values in
an image frame, for a 3x3 case, according to one embodiment of the present

invention.

[0018] Fig. 3B shows an illustration of a modified aperturé window 350 of pixel
value differences, for a 3x3 case, according to one embodiment of the present
invention. '

[0019] Fig. 4 shows a block diagram of a mosquito noise reduction modute 110,
for a 3x3 case, according to one embodiment of the present invention.




t 0 one enbodi nent of the present invention. [0025] Fig. 8A shows a snooth
attenuati on nodul e 120, according to one enbodi nent of the present

i nvention. [0026] Fig. 8B shows a flow diagram of a nmethod 800 for
perform ng a snooth attenuation operation, perfornmed in accordance with
one enbodi nent of the present invention. [0027] Fig. 9A shows a graphi cal
i 11 ust r[@020h oFiga’d sirme aflowidiagram oba mathod 500 dex performing 8dPesaHot o one

1T ust 1 R (Pl ERadion, bRIEPEAEEH araRifnos Wity o SBSARBbAMe T, o
enbodi nBsestfintéistiopy. esent invention. [0029] Fig. 10 shows a flow di agram of
a nethod 1000 perforned by output nodule 125, perforned in accordance with

one e fENt alahgh 118 fok JepbRitigee synmbols in
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Enbodi nenlisear funictioprasserding tvene emqulmentj@f th@tﬂﬂ@%ﬁﬂt inygdioA: us, i ncl udi ng
conput er program products, for nodifying pixel values in an inmage franme of
a vi ded0822al Figp 6Beshoves ahm:tam madule 680 iofrﬂmamﬁml'mmr proaessidghods and |

t b f th f MPEG 6 |
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i nventi‘on provide methods and apparatus, |Including conputer program

producg&e%Ar]rrplpig;ai?tghB aéq&apﬁ APiNLSER erénf)ﬁf R uhtigno7an, @bordi’ﬁd ues of

to reduce artl actsmthelmage rane.

ﬁécgor dltmgnecemhmhmmboﬂihmesentanventm i mge frame is received and
processed pixel by pixel by one or nore of several nodules to reduce the

above- §et28]i befeig. 8Atshbastassmoothhatienuatienfmadee TPO¢accatdingstoc®per ate to
cort eCterrEHo)é?rlneX? (lnfj t%% porfesénqelnvention.‘

[0026] Fig. 8B shows a flow diagram of a method 800 for performing a smooth
attenuation operation, performed in accordance with one embodiment of the present

invention.

[0027] Fig. 9A shows a graphical illustration of an MPEG artifact attenuation
factor A, according to one embodiment of the present invention.

[0028] Fig. 9B shows a graphical illustration of a Gaussian Noise attenuation
factor A4, according to one embodiment of the present invention.

[00298] Fig. 10 shows a flow diagram of a method 1000 performed by output
module 125, performed in accordance with one embodiment of the present

invention.

[0030] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0031] Embodiments of the present invention provide methods, apparatus,

o ._including computer program products, for modifying pixel values in an image frame
of avideo signal to reduce artifacts in the image frame. The methods and
apparatus described herein are generaily performed in the context of MPEG |




I mage frane so that the artifacts are reduced while preserving the natura
details of 3 the inmage franme as nuch as possible. [0033] Enbodi nents of
nmet hods and apparatus di scl osed herein process, pixel by pixel, a square
sliding window as a processing aperture wherein the nodifying pixel is
generally a central pixel of the w ndow, This w ndow includes a plurality

of pi xePmpegssien.in matichintermesiate andhighbit rates are usedaansrally abevecost

consun Qg e [ : Yol | I gably smal |,
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The goahoiss, includingi gure brical arsd horzdnial ihpablioekiringing hand Bat ameadDQ)he wi ndow
to reduce a,rtifq?cts. As an initial step, the central pixel value is

subt r acPleaKIRg GRYTBELS. pi xel val ues in the window to define a nodified w ndow

of pixel value differences. The central _é)éxel difference is zero, [0034] A
mosqui t [9038] se Embngdiments ofdae invention peMidemethodsqand apparatis, ippluding o noi se

conpone f ' . AF ﬁm@ ) s ' ESenbaduct i on
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pat t er ngaluésrofvan image frame dfa videm sighabliorreduce adifacts dn thesimnage frame. i t s

dynami c,range is limted t.o he val ue defined by a threshold. The nosquito
noi se rReearding to B %’"g@ﬂa'mﬂiﬁ‘b an 'n%%'ﬁlﬂqeﬁ%? r@@&(?&f?’?ﬁfﬁp'@ﬁgﬁgﬁq on on
the pi xskel\A pigel by ity 6MaBFe bNseviaralMEdiiaSth retiuee aMe bbogedesatised Wo

signals. First is’a nosquito_noise reduction value. Second is | ocal DC

val ue ritifestsoin thedmage fiame. Wheiswdales canperaterie serregbpival Yaldesipbthepr ovi ded
to an ' ho % ! @S&?} ; , | USRI dtY

: %ul e,qﬂ‘le'l:'J gﬁgﬁﬁ‘%gﬁﬁﬁhgt [ ongﬂlésaq gﬁ% I e \g[vlgﬂe:[ %@%e% te“r%ﬁ%:tg%let vve%nd?t he
rngqui ttheimage fraethias muchwes poassibkel t he | ocal DC value. In this way, the

nonl i near processing nodul e reduces residual noise, pure vertical and 7

| v hor[0083}t al Embodiments REnidthods and apparfatus disclasdd heseid processs pixet o noi se
oaul o BYRikla sAARLing Wb dt A piase N aretfird e b adRbi ana”"
oper at g5ixdl s §&rserally alcbht'riap:siﬁa dfftite wirkldwe TSRS Mchides aTpReatity ef noi se

reduction nodul e _towards a | ocal DC value, using techni ques explai ned
bel ow. PiXa vakwesi Feka hardywaredmplemertatien.dinpstores arg cost consuming;

therefore, the size of the sliding window is preferably small, e.g. 3x3. Generally, a
nxn window is used, where n is a small odd value. The goal is to modify the pixel
value located at the center of the window to reduce artifacts. As an initial step, the
central pixel value is subtracted from the pixel values in the window to define a
modified window of pixel value differences. The central pixel difference is zero.

[0034] A mosquito noise reduction module is provided to identify the mosquito
noise component of a pixel. As will be shown below, the mosquito noise reduction

~ processing is based on knowledge that mosquito noise has high frequency pattems
in vertical and horizontal directions, and assumes that its dynamic range is limited to
the value defined by a threshold. The mosquito noise reduction module performs a
mosquito noise reduction operation on the pixel value differences in the modified
window to generate two signals. First is a mosquito noise reduction value. Second is
a local DC value based on the sliding window aperture. These two values are

provided to a nonlinear processing module.

~ [0035] At the nonlinear processing module, a nonlinear function is applied to the
difference between the mosquito noise reduction value and the local DC value. In
this way, the nonlinear processing module reduces residual noise, pure vertical and




reduces pure vertical and horizontal ringing and DC bl ocking artifacts

w t hout introducing nuch blur into the image. [0036] The out put val ue of
t he nonlinear processing nodule is multiplied by a static bluniness
parameter y to control the overall blurriness of the image details. The

product is multiplied by a Gaussian Noi se attenuati,on factor .generated by a
snoot h B‘Prﬂ@ﬁtﬂt"‘ﬂgwgng&}{ lecking arifaelsqand residual mpsauiiongise tarmai @Qé@l an Noi se
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aper t urgsii féiﬂﬁq@n@@@kﬁlazrféd@élownmﬁe Novlinear prdméemhbenodlﬂéteﬂ@bh\mly(el val ue
was subtracted fromt i xel values of the slid wi_ndow. ThIS value is

t he outfRGHCES punee/em@d;aaﬂthona@mal Bﬁgiﬁﬂlftﬁ\d Q@Ml%ﬁﬂmﬁl”ﬁmﬂ accordi ng
to sone ﬁg&a&gw%ﬁ lﬂhr I},{hethgrl g i nvention. [0037] The smooth attenuation
€ e

modul e T8 pro gener at e MPEG artifact attenuation factor and

Noi so. (0888l noTAYh Pn*li“f?@%goéi‘ﬁé BrolES et e npibie BhpR 74E0 O e

artif acstawblaﬁtr@sd parsmetefyu s controlahe ovérall dilrvhdss dhthedirageuwdataitsn  fact ors
have three working zones: maxi mumval ue, zero and snooth transition

bet weenT heprioduat iameultipied. byra &aussianchoise atlepustionfacteraenaraieddydne can

Dol s Sragoih siRGuic 86, Beorhke) bolohy Bl SBniFRAFE QARSEITRONE 100 01 4 10
?r:nj ?Iht | redadtionestrength. dhds piwulgﬁis;hcg}lﬂd I(n:mdri]ca!itbglsm lijtmaﬁ)r[]lotlbvalazl smm; tl?rrfi?lﬁl ace.
at't enui?&é’ ﬁd’&%? %qu[ﬁcgéﬂﬁ]@ tﬁﬁt’loé\lmﬁ BWCpggpg,ngDCﬁg i ﬂ-getrﬁﬁlélg Szones, and
addi ti qAgtipidd $y8h MRECQRffaBPAtéMidtionTaaleR, alé@gaﬁéra@@bwm@smoﬂf t he

met hods and ppar at us di scl osed herein provide for @t I'lal'gp o? whi ch

is gen@ﬂ@m@t@ﬂ medule: @nd soatrolidhgiMBRS antifact seductign sifangy The result ¢

""" the niulfiplication is added to the aperture window central pixel input value, since the
central pixel value was subtracted from the pixe! values of the sliding window. This
'value is the output of the MPEG artifact reduction method and apparatus, according
to some embodiments of the present invention.

[0037] The smooth attenuation module is provided to generate the MPEG artifact
attenuation factor and Gaussian Noise attenuation factor based on MPEG artifact
. and Gaussian Noise reducing dynamic ranges. These dynamic ranges are defined
- by an MPEG artifact threshold and a Gaussian Noise threshold. The attenuation
factors have three working zones: maximum value, zero and smooth transition
between maximum and zero. The absence of the smooth transition zone can
provide additional flickering. The flickering happens because values of pixels may
change from frame-to-frame from slightly below the threshald to slightly above i,
and the hard switch from zero to maximum takes place. Small changes up and down
cause big changes up and down. The smooth attenuation module outputs
~ attenuation factors having these zones, and additional flickering does not take
place.

[0038] Embodiments of the methods and apparatus disclosed herein provide for
a spatial method, which is generally practiced in a two-dimensional area or window




representing part of an image frane in a video signal. This frame is
generally processed on a pixel-by-pixel basis. [0039] Enbodi nents of the
nmet hods and apparatus described herein can be inplenmented in various
conbi nati ons of software and hardware. In one enbodinent, the methods and
apparatus are inplenented in a video controller for use with a television
or ot hefepisspling pas\vifea. inage frame diig video sippalr Jhissframeds igeperaller ei n ar e

articular ' . rocessin id ' ls f f '

Pour cosichisalfiir PHALBS Pl BBRBC %1 071 ol “sourcoe and o tomage of anal og
and digjt spgnal s. For .nstance, the nethod d. t

appl i c;aﬂoégi 0 l1:-8"E§3Qc rggnts,gi}b%p@lé?@ ag&apgag&i@?&@%aﬁ%gl@,nﬁd

sat el | i yipldrhenediis %ﬁé%@éoﬁwsin%ﬁbﬁé, Bfsofbivaredrit hAldWatéClrfoRésoci ated with

i nternedi'ate and hig It rates encoding, including nosquito noise and
flat arembodimet,the anethode apd agperatusiateimplegentadiss wideogengelgrder of the

vi deo si | - r 0, | | G
compr okt 2 el G B asbieRlicst ThepuitRl Rl ofrdihedntle L
conput dieroinadre particadariyonpll suited fos précessingoridensigpalsdramlapryofivaridusr e
Rt L A IR T A R T

val ue digit sighBlee FArias@ngé, thE méthbls Yhd ¥ppardtighrd SppIRAMEIATVisERCS |0
the image frame. In FI?. 1, the apparatus 100 includes a w ndow ng and

pi xel i%{é@méaneirmmabtmtﬂ@isjo&smams, and setellite teansmigrion phigdevisioane. The
appar at 0 Lol | LS @l Cl .ok : mean
deter it AP S deten i PuctRilatornd¥Rof it Bl S8l ncufiidy  RET
ar I pi xebdsqritbtriodsr aMﬂa’mi'el beblddéing artifacts aﬁeo'edumtltc)mw«iless ib?the’ saiirceles
nonl i near, pr.qcessin e 115 ich receives, information.fr nmosqui to
noi se. Lt Yides sianat) B iopedse SuPloh B heh ErigRoisddn a6l oo
val ue icanipreedidn @ reglirs®dThas laibbédinkehts ot thehb@bde)ardl sppdrafustarer i ness

paranmeter y. _The apparatus 100 al so i ncludes snooth attenuation, nodul e
120, wepEwUtalivarly iesshoxplexdestetimg cansuming, @ndriest hardwsre HORsEmiNut s MPEG

modul o TTECoYERSAArBoibads it BB LB e Btk boBRate oo Trom modul o
ot 11 SR 2P 08 B ageBfal 50 Hbar( B gRlehud PaRifigeos 2
frame of an input video signal to reduce artifacts in the image frame. In Fig. 1, the
apparatus 100 includes a windowing and pixel subtraction module 105 which
receives an input image frame. The apparatus 100 further includes a mosquito
" noise reduction and local mean determination module 110 which receives pixel
values a’-I' from windowing and pixel subtraction module 105. In addition, apparatus
100 includes nonlinear processing module 115 which receives information from
‘mosquito noise reduction and local mean determination module 110 and outputs a

value to a multiplier module 130 to be multiplied by a static blurriness parameter y.
The apparatus 100 also includes smooth attenuation module 120, which receives

- pixel values @' - i’ from module 105 and outputs MPEG artifact and Gaussian Noise
attenuation factors A and A4 to an output module 125. Output module 125, which
receives output values from module 130 and module 120 and the local DC value
from module 110 provides a modified pixel value g as output. As shown in Fig. 1,
windowing and pixel subtraction module 105 outputs central pixel value “e” to output

module 125 for modification of that pixel value “e.” Parameters T, Ty, T,, and y




wirndowi ng and pi xel subtraction nodule 105 outputs central pixel value "e"
to output nodule 125 for nodification of that pixel value "e." Paraneters
T2, T1, To, and y 9 are control paraneters for the method 200 and apparat us
100, and are discussed below [0041] Fig. 2 provides a nmethod 200 of the
operation of the apparatus 100 for nodifying a pixel value in an inage
frame tarercodtrobpanameterstfer the methodrd(feand éﬂlﬁafatlﬁ 109, andare disqussedput i mage
frame is $rOV|ded to wi ndowi ng and pi xel subtraction nodule 105. In this
enbodlﬁgﬂ mnndomnng and pi xel subtraction nodule 105 provides two

oper at 1 0411 0ER. Ziarpvides Ameed 20 Rihe ongftioB Tl thé bpRafi 1 WL L oG on:
there igodifyi ﬁ%ﬂ?)?él Qamqh'%lﬁ lﬁfé@eﬁf?a}ﬁe to! refuice tirtifabRd inithe irbge franrskovinng

operation I's w ndow ng.nodul e,” and the pixel subtraction
oper at i stap QBSptthlniwi‘emab9 f@mﬁeprgu@edﬂommdwbgmpw swbtraction [ 0042] 1 n

t 210 E
Tnout i TagderioR JA il iiRREnE RN Gind 2B e SEBLACT AR oS T
gl ]?sglr ;( glﬁdvglbﬁggavﬁng;bns e(?;ae?i?m% w;rﬁ:\:gav@éperﬁluenm;m?ism a pixeLisiehdragtioh ur aIt iht y
pi xel |-5|Ppﬁﬁfdﬂré‘@% r"t"e II @pﬁfﬁ?'é}gb'f‘r%ﬂﬂ er. ef@@ﬁ&m"qpﬁﬁ%g‘?o’%% ue i ﬁ
the w ’E@Wrété‘?ﬁ&dd]ff&téh%h fOhetidn; 194t4€ the Wndé\ﬁn@ﬂdy@ﬂldrplsqﬁbmﬂedb rodi fi ed

Wi ndow | Xe ue differences a' -i', as described below with reference
to Fid. wuamw{ngon@qluiemrm the nixelrsibiaction aperation depetfraned Ay a HPAraRean

determ 0O provides two functions: (1) a nosquito noise

rfz Iulct ipéﬂﬁélgﬁ@‘rg&%lnﬁog#é (2) a local nmean determ nation operation. Those
skiFl | e t art eci.a wh mean
deter mciﬂg&]o é%?fgp mﬂvﬂné&ocﬁ’ﬁgaﬁsﬁgﬂggggﬁﬂguct:{b?néf?rg ule. In
step 22||Qp1ﬁfimEgé frafne. tigmd@éﬁm Wmdbw B?Glim@xarsildnfgu‘aaddm@snnm a | ocal
mean val ue " base put, xe al ue er.en In ste
225, | melawswihiretoraiesto Ingdu DR WoBawandudss § o reliySr BHa Yahiesdraucr i on
oper at 'golgbraan bhﬁhe%m! imé&dleUfarde! f|ﬁ%@bcm ahe bixel aubth@cndmﬁbaumnw ndow of
Fig. enerate nosqui to noi se red uction value "u." Thj

module 105 subtracts a central pixe! value in the window from the other plxel values

in the window to define a modified window of pixel value differences a'-i’, as

described below with reference to Fig. 3B.

[0043] In Fig. 1, mosquito noise reduction and local mean determination module
110 provides two functions: (1) a mosquito noise reduction operation, and (2) a
local mean determination operation. Those skilled in the art will appreciate, in
another embodiment, the local mean determination module is a submodule of
mosquito noise reduction module. in step 220 of Fig. 2, the local mean
‘determination module determines a local mean value “Epc” based on the input pixel
value differences a-i'. In step 225, the mosquito noise reduction module 110
| performs a mosquito reduction operation on the pixel value differences a'- in the

modified window of Fig. 3B to generate a mosquito noise reduction value “u.” This
mosquito noise reduction operation is described below with 'respect to Figs. 4 and 5.

[0044] In step 230 of Fig. 2, nonlinear processing medule 115 determines the
. difference between local mean value “Epc” and mosquito noise reduction value “u”
and generates a nonlinear function based on this difference to reduce the DC
| blocking artifact, and pure vertical and horizontal ringing. In step 235 of Fig. 2, the
- value output from nonlinear processing module 115 is multiplied in multiplier block
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nosqui to noi se reduction operation is described below with respect to Figs.
4 and 5. [0044] In step 230 of Fig. 2, nonlinear processing nodule 115
determ nes the difference between |ocal nean value "EDC' and nosquito

noi se reduction value "u" and generates a nonlinear function based on this
difference to reduce the DC blocking artifact, and pure vertical and

hori zont20 by abirrigess pasamgier gsvhith Eogtrolz, oveadl bluainessodthewautputoeswlbnl i near
processing nodule 115 is nultiplied in nmultiplier block 10 130 by a

bl ur ri ngdecaivachbemadue §#%.ch controls overall blurriness. The output result
is received by nodul e 125. [0045] In step 240, the processing in the output
modul e [0985) aklrsstpp 246, that pronessingiinlize vt sodals, 1£ Siekes placeyaftithe134 i s

Tt t enniiow HofeaZes e Bharvae 343 ilined ettt MR o on 100! &
added tfactbhie? %@N&d fromi$inbSth lé'ttbnhétldﬂlhiddﬂlé £20.0Yhe VR GRal irfeat

attenuation tTactor % also received fromthe snpboth attenuati on npdul e
120. Trrecelbedifmaumdutmt‘lo Issaddeddo the pthtetheaeswt isgnuliiplie@ byt t he

val e MPERCatact BRBaNRlan i dy sl anaved s e ShoBt S ih . “robul e
125 corthédlie 120, SFHee&StbmedCHroHtﬁtﬁ M&&a@m tH@@éntﬁl'@n@Uét&b&ﬁth@Bﬁ(ﬁng educti on

done by previous nodules to I xel val ue e. step 245, the nodified

o xel Wi ecelvad frcﬁhtmdnoduleH@g@mtputmg@dﬂfmxet ASE . FTBE 3A shows

il 300, of I '
rame. AHSURAUN (o Aoy AuPiied wahe By iaiayf romrieTnd Sfee ™9
t hiss p«'ﬁf%&wﬁe QftFaei amnGauséiad NeisEfedugtion dSae Wy siewions nivdidéstd rom t he
mput i mge frame. Those skilled in the art w]l ?prema t hat ot her

wi ndowtke pixel \fﬂlua)en In sipr245the megitied piel yalye #ig allosade OUtRly be used
I n oth Sgip’% nts. In this enbodinent, a central pixel "e" of the 3X3
wi ndow | s¥sel ected as the pixel for processi ng. The sliding w ndow 300 is

roved S0 | o Sh EBWsTRORAFARR di'h R S0 bE g RRsaY g e

di rect pi X I'n eac
of thenrrput&hage frahtmprovaml tbrvanﬂowiﬁlgeann ndewsml@caoahnhmlaﬂﬁéroﬂﬁlgﬂ 100 to

provi d?n ﬁus partlch r em odnmen% window %bB'.s B 3?58 wm%low of plxelt@.aﬂsoen(']lI tfe intpn? 9 pixel

image frame. Those skilled in the art will appreciate that other window sizes of nxn,
where n is preferably a small odd number, may be used in other embodiments. In
this embodiment, a central pixel “e” of the 3X3 window is selected as the pixel for
processing. The sliding window 300 is moved along the entire image frame in both
horizontal and vertical directions, i.e. pixel by pixel in each line, line by line, to
process all of the pixels in the image frame. The window 300 enables apparatus
100 to provide a modification of the central pixel value “e” based on the 9 pixel
“values a-i in the window 300.

[0047] Fig. 3B shows a modified window 350 of pixel value differences a'-i’ after
the pixel subtraction operation 215 is performed on window 300 by module 105 in
Fig. 1. In this embodiment, the central pixel “e” is subtracted from each pixei a-i in
window 300 to define pixel value differences a’-i’ as shown in Fig. 3B. In particular,
the differences between the pixel values a-i of the window 300 and the central

coefficient e are represented as:

e'=0:a’=a-e b =b-ec=c—-ed=d-—e;

f=f-e;,g’'=g-eh’'=h—-¢ei—i-.
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values a-i in the w ndow 300. [0047] Fig. 3B shows a nodified w ndow 350 of

pi xel value differences a'-i' after the pixel subtraction operation 215 is
performed on wi ndow 300 by nodule 105 in Fig. 1. In this enbodi nent, the
central pixel "e" is subtracted from each pixel a-i in w ndow 300 to
define pixel value differences a'-i' as shown in Fig. 3B. In particular,

the di f {@048)ceFiget shaws abiogk diagramoimesquito noise reduation anddocalanean he

g.egéf 2' defe(?ﬁmdél(o‘hgﬂ&%ﬁ%%ﬁ cgﬁg{ﬁcetga %gﬁ’%ﬁlgo@ eagngoﬁwéﬁ ﬂéﬁe prgqsgﬁf(

(ilil ggr amirnfentiors qUhé enctlules ¢1? mbucdesdmnrgﬁggi rrid@l?wsfriﬁﬂbcalmﬁqmmmmttlmdul $ )
constr cO n one e I en (0] e resen I nyentl on e

nodul e N Ufeh‘if%%i% thpg%ﬁl toriH: ag mnanseano%%ﬂeé@remm%fm)@. nodul e

410, 2 er I onputi ng a

wei g1 WeidhtiHg RAaMclent b°'Fid 1 piclfbsth HAK RS T s s foroPUL 18 2,

|toer 1;: or npedo@ng@aquoswﬂ?mdge retﬁmﬁgm oPemen 8<(ﬂj¢sl,vmbeldemﬂ1 fafe@nok ttd Figtaﬂer ence

(0] | e. NDS nol s eaucti on an oca nme ermnati on
rodal o T meSGLiEa 0656 TeAuFtRR SdkiacameRR damISAEsBOdHIeyT L RMBRseS
possi bl mtﬁaBl%cR%yrnﬁ'wm@ ﬁe&énmr? ﬁé‘n%ch?%gﬁos's[@&ﬁ]é h&tiFal dEMSiISBISARI L O noi se

rreducti on oper at I's based o nosquito noise 1s a high
f r equeniopupimagessame: Frhemoaqultmlsarﬁﬂmb@m ppataiion lal ibased corowdggasars as a

that 1 HbekpEaatERdRRiLa A0 fiBul oy TR0:8% BRhiElSRical i phfifaiE e "
wpndow 350 are oyl ded” ot be 11 { 1o mdul 68 40 T ORSOL 11 Step 505 of
M g s thBrsSumpon st e mdsluld olse inamie rGecs lgatad It e fangBles by o
threshorgo-e.i'rfromthe bottomand + Tl fromthe top to define limted

pi xel val ue di fferences This threshold T1 defines the working dynam c

a0, [DRROLOSkEL 4 IS ARl Hbos HIP of BHQSWIRAN 350 36 BHivided)! 0P O

the |i I Xe er ences,

I n par ttodhe bmltlng medulesdObcal

[0050] In step 505 of Fig. 5, the limiting modules 405 limit the pixel value
differences by a threshold - T from the bottom and + T, from the top to define
limited pixel value differences. This threshold T defines the working dynamic range
for mosquito noise reduction. The limiting modules output a group of the limited
pixel value differences, b”, d”, f*, h”, a”, ¢”, ", and i”. In particular, a mathematical
'representation of the derivation of these limited pixel value differences is as follows:

o" = Lim{a', T} b" = Limlp', T}, ¢" = Lind',T), d" = Lindd",T,),
f"=Lim(f",T,), g" = Lim(g",T,), h" = Lim(#',T,), i" = Lim{i’, T,),

where

Lmez)=| ® =T
= \sign(aT,, p{>T,

[0051] In step 510, the 2D - highpass filter 415 computes a reducing value of the
checkerboard pattemn Eg,. In step 511, local mean determination module 410
computes the local DC value Epg.

. 10052] In step 515 of Fig. 5, variance module 420 of Fig. 4 computes a weighting
coefficient « as a function of a variance of the limited plxel value differences a”-i"
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representation of the derivation of these limted pixel value differences
is as follows: a" = Linna ,T, I Y=Linab, T, | ¢c" =Lid4c" ,T, I \d" =
Linr(d ,T 1 f"=Linm( ', Til8Limg ,Tl~hLinm(h",Tji"=Lin(i"', Ti), where
Lm(x, T) sign(X)TlI, xIxI>T. [0051] In step 510, the 2D - highpass filter 415
conputes a reducing val ue of the checkerboard pattern Ea,. In step 511,
| ocal nimstep &R0y thiensieigbtingrocdefficient @ is providedde a summingamobadle/425@ldERC [ 0052]
In step of Fig. 5, vagjance ule 4 of _Fig., 4 ut es i ghti ng
coet 1 oPRiherecdicftia vies B heheskeraon daterh fn it iciel LE BB Evpdbue
di f f er egemputd’a Weightd® st 15'gBReRAE a BSGUMR (ke RHUERShH VaRleeti” @ i s provi ded
to a summ ng nodul™e 425, along wth the reduci ng value of the checkerboard
pattern Et, and |ocal DC val ue Eoc.tQ¢ C ute a weighted sumto generate a
4 F0ERNE,

nosquit o noi se reduction val ue* ™ ¥¢1l-a)E,,,, [0053] The val ue of

a generated by _variance nodul e 420 desjrably satisfies the condition 0:5 a
51 and E098hdsTbe vahie of asaensratedtbw vasiaprs aredule 420 desirablysatisfiesdtheer pi xel

atoe er . | , ' ) ' . l e 420
2ccor di St hs 4 8Pt dnBlianinbbiEnEE bh e S s RuBRGratRE ¢, o8 -
0.5 (Etenterpixel d ©0sefdh 6tHer.i h partieulas, ntis detefrhiriadeh trhodule42al |
surroundi n?, i xel s, \{ |Eo -a' |+lE0 -b'I+IE0 -c'I+IE0 - d'I+lE0 -fl +lE0 -g
| +| Eo -agpofdingtp the folloyvinggnlinear iynglion:edet er mi ned const ant positive val ue,
obtained on the basis of subjective experinentation. In one exanple, to
decrease the nmosquito noise value sfgnifjrdantly, while preserving natural
i mage details as nuch as possi b¥ &exp) =5, » chosen. Decreasing Q' it is
possi ble to reduce artifacts with noxe Jﬁg@ring of natural details of the
i welge. [0056] In one exanple, |ocal nean deternination nodul e 410 incl udes
a two- where

E,=05-(E +E,)
[0054] “V"is an estimation of the expectation of all surrounding pixels,
V =|E, —a|+|E, ~b|+|E, ~c|+|E, - d'| +|E, - f1+|E, - g| +|E, — 1| +|E, -7

[0055] B, is a predetermined constant positive value, obtained on the basis of
subjective experimentation. In one example, to decrease the mosquito noise value

significantly, while preserving natural irhage details as much as possible, g,=5 was
chosen. Decreasing f,, it is possible to reduce artifacts with more blurring of

T natural details of the image.

[0056] In one example, local mean determination module 410 includes a two-
dimensional lowpass filter for local mean determination, for a 3x3 window obtained
from the one-dimensional filter: '

1/4 172 1/4

'having the following impulse response:

1/16 1/8 1/16
1/8 1/4 1/8
116 U8 1/16.

| [0057] Thérefore, the local DC value E . is as follows.
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dirmensi onal lowpass filter for | ocal nean determ nation, for a 3x3 w ndow
obtained fromthe one-dinensional filter: 1/4 1/2 1/4 having the

foll owi ng inmpul se response: 1/16 1/8 1/16 1/8 1/4 1/8 1/16 1/8 1/16.

[ 0057] Therefore, the local DC value EDC is as follows. 13 rr

EDc=1/ 2E, +1/ 4E2, where E, =Avr(b",d", f",h") , and E2= -Avr(a', c¢',g',
i'), and where Avr( ) neans %MQE:EJ-@D’%EA t wo- di nensi onal hi ghpass
filter for the reduci ng val ue the checkerboard pattern Eu, for a 3x3

o BB Ao Ao op B TR S 00k, L B g b el 17

Ther ef Oé@edradé'ue Iocal DC val ue ECh |s as foI | ows: E, b=1/2E, -1/ 4E2, where E,
b

= Avr ( , and E2 = Avr(a",c",g",i"), and where Avr( neans

aver aga(]()hgjot h}é‘ %?tﬂﬁl%ﬁg?ﬁﬂ%P@ghﬁae%tﬁl{é?tfoﬁﬂe{}%bélﬂﬁ%Id%rcﬂ‘ctﬁéS' ng m)d‘i' eTﬁéS

al ong va shown in Fig

nonl i neghieckerboard pagermnnBg foea B3 wihddw obtainhedifrontihe die-diekrsicnal filter:esi dual

anounts of nosquito noise remaining after the nobsquito noise reduction

operation is perfornmed, as well gg D§y2 blipgking artifacts and pure verti cal

or horizontal ringing. As wll be shown below, the nonlinear processing

modul e Hgkahe $SIRihg impulserégsorisee nodi fied pixel val ue towards

-1/16 1/8 -1/16
£y 1/8 1/4 1/8
S

-1/16 1/8 -1/16.

Therefore, the local DC value £ is as follows:
E,=1/2-E -1/4-E,,

where E, = Aw(p",d", f*,k") , and E, =-Avr(a”,c",g",i"), and where 4vr( ) means
average.

[0059] The Epc value is output to nonlinear processing module 115 along with
the mosquito noise reduction value u, as shown in Fig. 1. The nonlinear processing
module 115 of Figs. 1 and 6A, 6B reduces any residual amounts of mosquito noise
remaining 'after the mosquito noise reduction operation is performed, as well as DC
blocking artifacts and pure vertical or horizontal ringing. As will be shown below, the
nonlinear processing module 115 essentially forces the modified pixel value towards
the local DC value Epc to reduce remaining high frequency components associated
with mosquito noise, DC blocking artifacts and pure vertical or horizontal ringing.

{0060] Fig. 6A shows nonlinear processing module 115 for generating a
nonlinear function ¥(A) of the difference between the mosquito noise reduction
value and local DC value, A =u - E ., according to one embodiment of the present

) " invention. Fig. 6B shows a limitation module 650 of nonlinear processing moduile
- 115, according to one embodiment of the present invention. Fig. 6C provides a ﬂo_w
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the local DC value EDc to reduce remaining high frequency conponents
associated with nosquito noise, DC blocking artifacts and pure vertical or
horizontal ringing. [0060] Fig. 6A shows nonlinear processing nodule 115
for generating a nonlinear function T(A) of the difference between the
nmosquit o noi se reduction value and |local DC value, A = u -Eoc, according
to one diajgoaiinofat methadHE0ioe performing\eenoniimear progessiBg ipevation, degenbed on

nodul e 6&8 %r nonlwarﬁﬁrocessi ng nmodul e 115, according to one enbodi nent
of the PIFBIFRICHGR, *Fig. 6C provides a flow' 14 di agram of a met hod

o er anldbBL Fil Stkss05] 65, 06 Py Gfotg08s CRTBUlsetiREnhe Pasalte |
ted . : \ | duet i I ; | ue,
2O oS o AP BRI DE e REUEC FEe, KEREP 70, 2 BERTICRRNE b rced

on: (1) zdh rrgéslﬁgﬂgg Eiis;]‘%éd\ geel Béa_ba%m'(ﬁaq s bloakifg arfirthel theshHol, a3, & static

dead zone t _(3 the input ‘nMosquito nol'se reduction value. In
step 68dls0sefeonedi tocsa staticdead zone Ahreisboldp pnd £2) thednputigosaidto Rgiseé  val ue

t t d . [,0062 i cal il l.ustrat. . & I

nont i neBRUFURIE FRGR- BRLEP 64 ¥ AREBnninet o (Al RribebuBeiid MR BB 115 i o
h I bl tical tati f th i f ti
o) 0B e AR U e 2ei Gn( ehel - TDC- TOC 56l <

non! 1 ndiPe?lnc A abaliudtaicnoiie Srempliay o i T E o
7. Th i ih6 heddulg 118" i f Y0t i
{irans! (oo e B R e g AR R RO TR 7, VYl | e

dny sueprdsentdtiom ofthe no@brdarifondtion A} #00ngaadollowsar function 'Y(e), the
control paraneter To is a

0, |A| < T),e
w(A)= { 2sign(ANA - Tpe) Tpe <[A]< 2T,
A, |A| 2 27,

T = ?'llul’ 71{“')13
ol n, nlsT,

[0063] The nonlinear function above avoids hard thresholding at Tpc, as shown in
Fig. 7. Thresholding can cause flickering. The nonlinear function has a linear
transition between Tpc and 2Tpc instead of a hard switch, helping to reduce any

such flickering.

[0064]  In the preceding nonlinear function ¥(A}, the control parameter Tois a

predetermined threshold, defining a static dead zone of the nonlinear function.
Subjective experiments show that optimal values for Ty = 2,...,3. As shown in Fig.
6B, the value of the threshold Ty is determined based on the output of the

mosquito noise reduction block , [u[ The parameter y4 is a weighting coefficient

preferably satisfying the condition 0 < y, <1, which provides a tradeoff between

image smoothness versus reduction of MPEG artifacts in the image. y defines the
strength of the MPEG artifact adaptive reduction feature, i.e., controls the adaptive

threshold Toc. When the y,Ju| value is smaller than To, Toc becomes equal to To.

This modification adds an additional filtration property, efficiently decreasing DC
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predeterm ned threshold, defining a static dead zone of the nonlinear
function. Subjective experinents show that optinmal values for To ~
2,...,3. As showmn in Fig. 613, the value of the threshold Toc is

determni ned based on the output of the nosquito noise reduction block vy,
Jul. The paraneter y, is a.weighti ng\ coefficient preferably satisfying the

condi ti blp(;:bmgwrtlfas;ts and awep\res:cmai@gd Wizﬁaf@bnmglngwt@@nt ;ntr@dg@ngmt hness )
" Ehe. RRbMERCRuBind G bbby i nd Rebyhpi TGt oL bARABE , "'
adapt | Vi, ok s@?%ﬁé%ﬂ&%gs%% 0% ba%%ha‘éqgédbieétﬁzgggglrl r than To, Thc

becones equ ficdtion filtration

l, f I
Bnd’hor g, o ot TP RrRIeS $§¢|399§é§tjhﬁ%ﬁﬁéﬁ'%ﬂ ph ng 1o ¢ he
| mage. hfhcﬂﬂﬁ P ”ﬂﬁ'a?ls ﬁ@%u&i@‘éﬁg%h Célﬁ' ﬁ?@é%ﬁ'fg%oﬁuletf@ls rﬁﬁlﬂglléifﬁy

satisfactory results I's ase subjective testing

Ret ur ni plrafn@etEr ?h #is atwayhﬁng)d;oeffc@:hmm&%eferémy §&tinfiet thé cbhdmonnl i near

function is the output of nonlinear processing nodule 115 is
mul ti pl ﬂ@ty isy ar;deal&fmasethe)strengthu of the MPEGtartifgctstati¢ redustiomiaature, dieef er abl y

satisfies the conditjQ (? 51 an?‘geflnesthe stre %th of thq MPEG
art i f acPoRipRf the @&Gbpao‘ﬁa ‘F"eﬁ%ﬂﬂ@d withdhe mpsquitg najise 'EEKE' fiop ¥gl UBc Val ue
bl endedsap t) id Q%Id?ﬁﬁ@é%}b&a%téﬁh??%ﬁ?dl?%_éfé‘tt)c’i-’ﬁlurrldéssfﬁé erty of the?

pr ope

bl urri ness ‘par anet er at contro static urrines rty of the
Wnol e fwhote flamefremmaminimumdoa max:rrmumdéﬁﬁembyl tlbyldchbDDomue korval ue. For

1o t?fé‘crﬁﬁ@%‘ﬁgﬁw bin 70t Poin e ki' ot St{p%f’” l%e?'ab‘%u? ?iﬁ%@é‘foﬁﬁsgl e
i 11 By el Ce bl Whoh s 8 e artiat dBufrot V8 SRR of el ("7

the i ”%Sdu!bafﬁs i8tRe llﬂdé'i D@v&ﬁé%ﬁeThBQS%kﬂéﬁ trﬁﬂf%‘v‘aﬁ%%% l‘écia‘PééthaPC val ue.

I n one exanpl e, the val ues of the control paraneter at provid
sati sf agbeny lsrmlarszlcaeeto;zeno sraall detajls In thedsegedrarne lar@bturmi bemlseng

005), R A SRR i PR,
g?/][‘ ?g‘r gpnaggigﬁger_ f?ﬁiﬁt;{gﬂ@v%' satisfactory redisUre 32 08050 1iibasedl dPsu tSjéctWeX el

testing.

[0066] Mosquito noise reduction processing is based on the assumption that its
dynamic range is limited to the value defined by the threshold T4. A dynamic range
measure Mis a function of all absolute values of pixel differences a’-i’ inside the

~ sliding window. M is a nonlinear function F,,( ) of absolute values of differences

vty

that takes into account the influence of the particular difference a'-i’ to the dynamic
range measure. For a 3x3 window, M can be represented as '

N L U -
c|d’, i),

[0067] When the dynamic range measure is less than or equal to the threshoid, it
has a unity value. When the dynamic range measure of the sliding window exceeds
the threshold, the output modified pixel value has to be reduced as follows:

M=F,(d)

e=e+Au,

where A is an MPEG artifact attenuation factor. When the output modified pixel
value is reduced to zero immediately after the threshold is exceeded, the hard
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sl'iding window. Mis a nonlinear function FoR( ) of absolute val ues of
differences that takes into account the influence of the particul ar
difference a'-i' to the dynamic range neasure. For a 3x3 wi ndow, (M can be
represented as MeF Rval,|b"1llc!,Idl,jf"l,(SI,Ih"i,itqq I) [0067] When the

dynam c_range neasure is |es than or qual to the thre ' has a
uni ty vaVHEN CageeeauRe | Wm@'&ﬁw@&% @mﬁéOéﬂa”?%éh%PIX&FYéUWﬁ exceeds

.the thr I as
ol | ows Sa1e sPatalfFcalehfubianGR o iRy hallef e (RANIANR! GRHIERE 2 en
t he out iangerrtba iti Enlenpfore) for Wee bard switahdtasetheovaleesof thewdin locgtian ter t he

hr eshol.d . h 16 h bl h
f rom 1ol RRHR AR heibRBot] fromes viihaWe ndfe GeREstaiuel MRt chango.
from sl $I@MI¥ xnﬁna} éﬁ% fﬁéﬁa g{éﬁhéﬁfl@ﬂhﬁéﬁoﬂ@ﬁém fedrhk Yo fﬂaﬁ{@mrﬂ'mé at.

Ther ef or e . case he val ues of the same [ocation
out put '&Pﬁ@‘l‘\@ xpaftqrne Therefatss some levelrafdlickering sanocgur. e avaid tignt val ues.

MO & O\ encharilit eri g oo B BEh 4 e, Wi AP Gl grom e

to fra avé a repetitive ern SOne
flickereaqual tcathedhnesholdr'ﬁ1,ah@MPE@|atlfaphahtmnmt|on faaosmbtﬁks sadreasiM i on

ti ' Wh M bel to t t h h th
VPEG. aréieads Ui PBrliie JHE MR Sarts fadecstvesinenty Whebdd er e ctnol
the valygueiT, A ﬁle A s é@.}ﬂ%@?&ﬁ%ﬁ'dr@eﬁﬁf Wlueé’\y‘ersM' dteaehbdstetficiérte T, +

T11lk, -A I's equal zero reater val ues. IS a Steepness coeffici ent
of the qflth@hme@'rmmwthttmﬁiom on [0068] Fig. 8A shows a bl ock di agram of
g& oth attenuation nodule 120 for a 3x3 sliding wi ndow that perforns a

ot h [@06&8IhuaFigoBAshewsta blncBﬂ(agrﬁlrng)f stiboth latteauatidn mwddleat2difora® a net hod

800 f or, pe r.m.n th a ti eration 6 step 810 of
Fig. 8 s!ﬁ@'gd"y"ﬁgﬂwﬁ?@?%& aét%&' O%? @er&.ﬁ% |OREE 1qr}é§(? ?i@ehgl xel val ue

di f f er shoes.a fow digyramnnasfc miethod 800 forperorming thbwmsddath atteRttion t akes  into
account th% amount of the influence of a particular pixel difference to the

out put OPFEUPE- based on the spatial |ocation closeness to the central pixel,
and is re resent

ed
069] In step 810 of Fig. 8B, the dynamic range measure M is calculated from
the pixel value differences, as explained above. The nonlinear function F,,( ) takes

into account the amount of the influence of a particular pixel difference to the output
value based on the spatial location closeness to the central pixel, and is represented
as:

_ M,, M, =M,
M, +0.5(M, -M, M, <M,’

M, =max{p ). a1, =il g,

The corner pixel differences a',c’,g’,i' have twice less influence and contribution

than “cross” pixel differences &',d’, f',h’ to the output value.

[0070] In step 820, the smoothing coefficient value A is based on M and T; and
calculated as follows:

Lr>1

A=3r0<r <1, where r=1—l{%—l}.
0,r<0 !
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as: = M M ?M M = max(jb j,jd j,jf J, 1h' j) M= mada i,jc |, 1gj,fi)
The corner pixel dlfferences a',c',g,i" have twce |ess |nfluence and
contribution than "cross" pixel differences b',d ,f',h' to the output
value. [0070] In step 820, the snoothing coefficient value A is based on M
and T, and calculated as follows: ((( r,0 <r <1, where r=1-KI - -1I.

0,r<-0 [0QAl] Fig.[Bosiows thegase fehi§ws1 that, kased erotheisubjectiveat , based on the

S e DR REB AT B BB T ARG PR o
appl i cahitemuatibnifactondid apsiaxd tbuintt agplichtion bethessdntintadfupchion tosthleue e.
[0072] Fi g 9A . shows a graphical illustration of the snoothing coefficient

" X as a selgetedipbeel ¥aluge.or various val ues of T, and K=1 and K=2. [0073] In
step 830 of Fig. 8B, the snooth attenuation nodule 120 al so conputes and
out put s[ﬁﬂ?@usEigarQA\sl'ic&'es agraphical iilhmstrtaﬁom of thersmbethingcosficient X 4sai nputs to

t he a | se .attenuation is disabled, by
switch ﬁpﬁ.‘ﬁ{-?m(’% @rvgnoq%ga?&&%q%l ) n<£KNﬂ dt'g %e equal to unity, and the
resi dual_ val ue inside the F) outgut nmodule 125 is not ymodified as,wll be

descr i bEQ7BEI ol steapdS0; ¢idig.H8,dhe smeoth é‘&ﬁﬁ!‘%ﬂ%‘ mpgule, 0 F5QICONPURS | nsi de

t he out I T ere A
equal s %‘rtlisn?ggﬁ n‘e%’% %fl'a? he y%gﬁélgatd?ﬁfagﬂﬁm? élll%riels m%‘é?the @@Uﬁ]ﬂ@ old T2
when M éutpdt mbdule 25 WhenrGaussiart NoNBE(ﬂemuatltbmﬁdiaalMeddw switch 148iror A, to
avoid the hard switch between cases when T2, the snooth

at t enudtioh the Véb#?eoftﬂ;n haspe perRaual fq waiky. atnﬁiéhg |r@a$ri]%uﬁlzf@h@ ipgidetie< M < 27z
£ 1Thus &t&?‘t rﬁgblﬁg @(5 is no't ﬁo%?ﬁe%‘rég \Q'ﬁl%é”‘aeécrfﬁed]beﬁm When the value of 1,

equals 0, the residual value inside the output module 125 is forced to the local DC
value. The zone where 4, equals 0 is defined by the dynamic range measure M and

the threshold T when M <T,. In a similar manner to MPEG artifact attenuation

factor 4, to avoid the hard switch between cases when M <T, and M >T,, the
smooth attenuation is done by applying a linear transition zone for T, < M <27, .

Thus the value of A, is determined as

,p=1
M
A =1p,0<p<l, p=[?—-— J

0,p<0 2

[0074] Fig. 9B shows a graphical illustration of the smoothing coefficient A1 as a

function of M for various values of 7o.

- [0075])  In Fig. 1, the output module 125 provides application of the nonlinear
function ¥(A), multiptied by the parameter » in module 130 and entered to a first
input of the MPEG artifact reduction on/off switch 140 in Fig. 1. The second input of
the switch 140 is a Local DC value with the reversed — E,.. When switch 140 is in
the ‘on’ pdsition, MPEG artifact reduction mode is enabled. When switch 140 is in
the ‘off position, MPEG artifact reduction mode is disabled. When the MPEG
artifact reduction mode is enabled, the input value 134 to the output module 125is
7¥(a), and when the MPEG artifact reduction mode is disabled, the input value is

_EDC'
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Al=p,0<p<l, P=1-1 Op.<0Il z [0074] Fig. 9B shows a graphical
illustration of the snoothing coefficient X, as a function of Mfor
various values of T2. [0075] In Fig. 1, the output nodul e 125 provides
application of the nonlinear function T(A), nultiplied by the paraneter y
a first Jnput of the MPEG artifact reduction

[ dul 0 apd tered to

onsor 1 3978k 6. Tl shoys aifolt diacsarants binad 0D paioried b nERUIPGT a L ocal
DC val u ' i e - ' kSt AL i B ROST LT on,
VPEG ar {100 123 Y olrPaen 1616, tho WPl g 34 b i) 140 RemuRitip 0
posi ti oiby infEGaiue 1 83,ahat isdthet Ganssian dlaise giteralition fastben.t InestdpPEO20ar ti f act
reducti gn ut value 134 to the output nodule 125 is

(6, BRGNS BHECRRa-BR Elonab 32 dhace) G IRGAIOE Yales I heTIpUIEHEISa: pu
bor f or med by e oH MOE G arbtack feduidioh, Modq MY BARSRER fis8 roICRA Hotl | o

134 froargenabled %e valueiBbiegualsd by input value 133, that is, the
Gaussi an Noi se attenuation factor A . In step 1020, the result is added to

i nput signal 132, that is, the kosdly )\43EDUCE_, to conpute value 135. Wen
both MPEG artifact reducti on node and ussi an Noi se reduction node are

enabl ed L ' " . . ' reduction
node isW iés}g%}q‘t’eﬁdﬂsI %rqﬁgéaﬁggﬁﬁn K}ooﬁ?égﬁgs%zﬁ%%d &%@fé[gﬁg%é%t#@%?he val ue
135 equaicsiedsenabled-e ENe 186@dQals 0 Wien both the MPEG Artifact Reduction
node and Gaussi an Noi se reduction node are disabled, A | and the val ue

135 equal s u, =EDC(1-1)=0. Mheny WPEG artifach reducti on node is enabl ed,
and the Gaussi an Noi se reductio'}l1 Phode™i s fﬁcgab }ejd, t he val ue 135 equals u'

=¥ 1 (Whﬁoﬁoth the MPEG Artifact Reduction mode and Gaussian Noise reduction mode
are disabled, A= 1 and the value 135 equals

u'=E,(1-1)=0.

When MPEG artifact reduction mode is enabled, and the Gaussian Noise reduction
mode is disabled, the value 135 equals '

u' =y ¥P(A)+E,..

[0077] In step 1030, the value 135 is multiplied by the MPEG artifact attenuation

factor A, that is, value 104, to control the applicability of the artifact reduction with

respect to the dynamic range measure M. In step 1040, the result is added to the
f value of the input pixel e to compute the output modified pixel value z. Therefore,

e=e+Au’

[€078] Embodiments of the invention, including the apparatus disclosed herein,
can be implemented in digital electronic circuitry, or in computer hardware, firmware,
software, or in combinations of them. Apparatus embodiments of the invention can
be implemented in a computer program product tangibly embodied in a machine-
readable storage device for execution by a programmable processor: and method
steps of the invention can be performed by a programmable processor executing a
program of instructions to perform functions of the invention by operating on ihput
data and generating output. Embodiments of the invention can be implemented
advantageously in one or more computer programs that are executable on a
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[0077] In step 1030, the value 135 is multiplied by the MPEG artifact
attenuation factor A that is, value 104, to control the applicability of
the artifact reduction with respect to the dynam c range neasure M In
step 1040, the result is added to the value of the input pixel a to
conmpute the output nmodifie | xel, value e . Therefore, e =e+Au', [0078]
Ebodi maPgeG et syREaH s et ofe Rinarappab eobes e cOUBIR Y o n.
can be irgpdigerBatacshd MsHi@idni!frath S8Ad RNMranghhit 8staldnd inSfrudtibnelBP4 dafa
hardware, firmvare, software, or in conbinations of them Apdfarat us

enbodi mEHRIage system, ahleast ooe inpuit depieei apd ahleastans eutautderice.dragh ogr am

duct . . .. L o
xecut i SThte mioGhE Ca Bo iMpbriBREY ¥ LictPieBRl FaSb YRS SebEES Lot i on
can be peodrammidg laq@nage?@rintrambhm?o?ﬁmgiﬂe lmguagt_ bgﬁ@eﬁred;)ltapdrimanpf t
“instructions,t erformfunction e invention operating on inpu
dat a an&aﬁ%aa?gﬁ'{)gﬂ’@%&?ﬂlﬁeaEﬂ%ﬁ?&r@ﬁi@e@mﬁ J,a"lg‘l@gﬁ%/i olr[: can bg i mpl eﬁent ed
~advant ageously in one or nore_conputer prograns that are executable on a 19
progr ani%m& s\Bitilahle wepe%wgmﬁ%dmwah exasplehetbigengral @adspecigbupl ed

' . . i : ; ' :

0§ PRSI O (AR, 0o B BRI et o o

| east ofremoairead-only\meraonyEawior a capddre acpessgnemory Gémeraliyl cempetéri n a

hi gh- | . d I bj ect - ori ent.ed I e [

s oo PitinBhEE PR il foss Storaie Pvices R SO HRA Hest 806K HevieShguage can
be a copeludednagnetit! dsKY, SLE ab AiteHRd hard 812K hndrérhabhisle RIigkee Afdynetd-ncl ude,
%Zﬁ\gfé of exarrﬁﬁe, bot h general and speci al purPose ni Cr opr ocessors.

ppticahdis opticaf disks.c2torage deveessuitablesios feangiblyembodig, read- onl y
TeNDr Y EatHhGer rdg?é‘ﬁ\%étﬁfcﬁi%ﬁ a’f‘iﬁﬁﬁt&i indRAA AP drhs cﬁfnﬁ?'@fétﬂé md\‘gébwi,' ncl ude

one or nore. mags storage devices for storing data such ces
i ncl uddnaligingtby-way ok exarspletsemsicondustanimelrry davices, such assEBREOMe di sks;

{angi by eRpains et el SRcEELmebncls dnte SRE R bRl B IRl
forms cndwemonabia disks;magreto-optical digksiandyCRERONI disksiAnyeofthgl conduct or
menory such as menory devi ces;_ magnetic

di sks nggq\g;iogﬁsﬁcqﬂ E? ﬁgppiﬁm Q)(EoErPiﬁc%\{'lpo?aqu Enl,?l\sé]Cs (appﬁ/cation-specmc

integrated circuits).

[0080] A number of implementations of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without

departing from the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.
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and, renovabl e di sks; nmagneto-optical disks; and CD- ROM di sks. Any of the
’foregoi ng can be suppl enented by, or incorporated in, ASICs
(application-specific integrated circuits). [0080] A nunber of

i npl ementati ons of the invention have been described. Nevertheless, it

wi || be understood that various nodifications may be made w t hout
departing fromthe spirit and scope of the invention. Accordingly, other
enbodi ments are within the scope of the following clains. 20 P | CLAIM
VWhat is clainmed is: 1. A method of rm ing nmosquito noise in an imge
frame of a video signal, the net ho& ﬁ'lﬁrl sing: providing a w ndow of the

i mage fra the w ngow including a plurality of pixel values; subtracting
a selecte ﬁfe's(ﬂa"inﬁ i xel values fromthe pixel values in the wi ndow to
define a ITDdI fied wi ndow of pixel value differences; conputing a |ocal nean

(DO) val u€l-baséamsHodiae reducing masadtangiseinenisge feasme af @ Nigea Signeljui t o
noi se redqﬁ%mhg@&&ﬁ §:d on the pixel value differences, wherein
conmputing the nDqu|to noi se reduction val ue incl udes: conputing a reducing

coet i o ant. as e aRRASY EkOAREGe ARG S IDHbLORO B M e o

and conputpixalvaluesi ght ed sum of the reduci ng value and the local nean
val ue, applying the weighting coefficient, to define the nosquito noise

reducti on val usubtcaotipgta stglecaed ané iof thetpiad! valies fiopntHedsikd val@s @ fhenct i on of

a dynam c ran e. sure th i xel value differences; and
y to ge fa;'leamodlf ed \Aﬁn ow of pixel value differences;

Ty

L computing a local mean (DC}) value based on the pixel value differences;

computing a mosquito noise reduction value based on the pixel value

differences, wherein computing the mosquito noise reduction value includes:

computing a reducing value associated with a checkerboard

pattern;

computing a weighting coefficient as a function of a variance of the

pixel value differences; and

computing a weighted sum of the reducing value and the local
mean value, applying the weighting coefficient, to define the mosquito

noise reduction value;

computing an artifact attenuation factor as a function of a dynamic range

measure of the pixel value differences; and

computing a weighted sum of the mosquito noise reduction value and the
Ioc_al mean value, applying the artifact attenuation factor, and the selected pixel
value, to generate a modified pixel value.

2. The method of claim 1 further comprising:

limiting the pixel value differences in the modified window by a threshold.
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conputing a wei ghted sum of the nosquito noise reduction value and the

| ocal nean val ue, applying the artifact attenuation factor, and the

“sel ected pixel value, to generate a nodified pixel value. 2. The nethod of
claiml further conprising: limting the pixel value differences in the
nodi fied wi ndow by a threshold. is 21 3. The nethod of claim11, wherein
conputing the local nean (DC) value includes: applying a 2D | owpass filter
to the pixel value differences. 4. The nmethod of claim1l, wherein: the

sel ected pj xel _val ue, i central pixel of the window 5. The nethod of
claim1, wherei'f® mﬁfboapﬁe'awi1swaew'0<cwwtm$dhﬁ&cabmﬁan@0) galu¢he et hod of
claim5, whaugés: n is a small odd nunmber. 7. The nethod of claim®6,
wherein: n=3. 8. An apparatus for reducing nosquito noise in an inmge

frame of a vid VR 8h 1ol s"’\‘ﬁl% : I LSidg: W ndowi ng nodul e
configured to ?gﬁagg@a V\?n@%w o} ?E(ﬁg]gispr’r)gég?gglyrb?ﬁen%ﬁé wi ndow i ncluding a
plurality of pixel values; a subtraction nodule configured to subtract a
sel ected one of the pixel values fromthe pixel values in the windowto

define a rypdi fi-ﬁ.% ﬁ‘n‘@:tﬂgﬁ’\é’ggginﬁ’ﬁx\ﬁt%re!rﬁl ue differences; a |local nean

det er mi nat 'on nodul € cont rgur ed onpute a |l ocal nean (DC) val ue based

h i xel Iof L 22 [ I d [ dul
cont i gured o 0 FaPHEA PRELETRe 174 B E Bl bRr RS Gpr ot fon on the pi xel

value differences in the nodified wi ndow to

5. The method of claim 1, wherein:

£

= the window is a n X n window of pixels.

6. The method of claim 5, wherein:

nis a small odd number.

7. The method of claim 6, wherein:
n=_3.
8. An apparatus for reducing mosquito noise in an image frame of a video

signal, the apparatus comprising: :

a windowing module configured to provide a window of the image frame,

the window including a plurality of pixel values;

a subtraction module configured to subtract a selected one of the pixel
values from the pixel values in the window to define a modified window of pixel

value differences;

a local mean determination module configured to compute a local mean

(DC) value based on the pixel value differences;
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generate a nosquito noise reduction value, wherein the nosquito noise
reduction nodule includes: a highpass filter configured to conpute a
*reduci ng val ue associated with a checkerboard pattern; a variance nodul e
configured to conpute a weighting coefficient as a function of a variance
of the limted pixel value differences; and a summ ng nodul e configured to
conpute a wei ghted sum of the reducing value and the |ocal nean val ue,
applying the weighting coefficient, to define the nosquito noise reduction
val ue; a snooth attenuation nodul e configured to conpute an artifact
attenuation f&NEFAYR noiserecuctinn woddlesphrigred tapgorreasasaui® the pi xel
val ue diffep "I?Hﬁé 0 ; : I qamga : i ght ed
sum of théﬁﬂﬁggﬁﬁfﬁP noﬁggmfg%ﬁg%?gﬁq%% d@ﬁ%%h&%%@qpégg negﬁﬁ9gfﬁg,

appl yi ng tdemesateisf rnosquatiotreiseated octiont value wheaeid thdvmoseqlibchase piduetioval ue, to
generate ﬂgn@ﬂgtic i xel value. 9. The apparatus of claim8, wherein the
nosqui t o ? fE fon nodule includes: a limting nodule configured to

limt the pixel value.differences_in the nodjfied w ndow by a threshold.
10. A conputer pr ogﬁjﬁqqﬁﬁaﬁﬁﬂﬁ ECOélﬁg‘Jf@HQBﬁoglth)%mmgr\@g&%%ﬁS@C um
conpri si ng i nstwithcd tifsvkeMdRFPPAtErh0 cause a conputer to performa nethod of
reduci ng nosquito noise in an imge frane of a video signal, the nethod

conpri sing: 23 i~ BhAKhRtdWodulwicBARYIRE té BSmbIRAPWEIGRTTRY chéticivht oW
including a plurality of pixel values; subtracting & selected one of the

pi xel val ues fEdHN¢tiad giiavarianeg abtheilimitedepixslivalgewifesencds; pada nodi fi ed
wi ndow of pixel value differences; conputing a | ocal nean (DC) val ue based
on_t he pixel val ue distfratiagowsiule configured to compute a weighted sum of the

reducing value and the local mean value, applying the weighting

coefficient, to define the mosquito noise reduction value;

a smooth attenuation module configured to compute an artifact attenuation
factor as a function of a dynamic range measure of the pixel value differences;
and

an output module configured to compute a weighted sum of the mosquito
noise reduction value and the local mean value, applying the artifact attenuation

factor, and the selected pixel value, to generate a modified pixel value.

9. The apparatus of claim 8, wherein the mosquito noise reduction module

L includes:

a limiting module configured to limit the pixel value differences in the
modified window by a threshold.

10. A computer program product, stored on a processor readable medium,
comprising instructions operable to cause a computer to perform a method of
reducing mosquito noise in an image frame of a video signal, the method
comprising: '
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conputing a nosquito noise reduction value based on the pixel value

di fferences, wherein conputing the nosquito noise reduction val ue includes:
“conputing a reducing val ue associated with a checkerboard pattern;
conputing a weighting coefficient as a function of a variance of the pixel
val ue differences; and conmputing a wei ghted sum of the reducing val ue and
the I ocal nean value, applying the weighting coefficient, to define the
nosquito noise reduction value; conputing an artifact attenuation factor
as a function of a dynanic range mneasure of the pixel value differences;
and conputing ®'NEdigaedndemnobiheimagadems, the windew indudivgiagiurphity @ and t he
local mean,yalUe.sapplying the artifact attenuation factor, and the

sel ected pixel value, to generate a nodified pixel value. 11. The conputer

pr ogr am product i pt t her Ll Ses:
limting the pis¥§{ra@@§ué§%$?t?§g§§g’zg‘% it &‘é%&%@&ﬁ%a@@#&ﬂ 8, s eshol d.
12. The caminddweto defgy amaifiedugindol of pbixehvalik diffeenees; conputing the | ocal
mean (DC) val ue includes: applying a 2D |l owpass filter to the pixel val ue

differences.  24mpulidy aTdwl AEERYDE) vRILGD2REY BhH A pixePalGe diffarehdes;wher ei n:
the selected pixel value is a central pixel of the window 14. The

conput er progr aBEpuUBEY S inctquitd Abi¥ekedudiBRnaiu’: bdsBE onthe kel Falde N X n wi ndow
of pixels. 15. The computer program product of claim 14, wherein: nis a
smal | odd difrreaces, whereimsomphing e mewttamojsedadustioprvalyeinaiudes: wher ei n:
n=3.

computing a reducing value associated with a checkerboard

£y pattern;

4
=

computing a weighting coefficient as a function of a variance of the

pixel value differences; and

computing a weighted sum of the reducing value and the local
mean value, applying the weighting coefficient, to define the mosquito

noise reduction value;

computing an artifact attenuation factor as a function of a dynamic range

measure of the pixel vaiue differences; and

computing a weighted sum of the mosquito noise reduction value and the
local mean value, applying the artifact attenuation factor, and the selected pixel

value, to generate a modified pixel value.

e

11.  The computer program product of claim 10, wherein the method further

comprises:

limiting the pixel value differences in the modified window by a threshold.

12. The computer program product of claim 10, wherein computing the local
“mean (DC) value includes:

applying a 2D lowpass filter to the pixel value differences.
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25 ABSTRACT OF THE DI SCLOSURE METHOD AND APPARATUS FOR MPEG ARTI FACTS
REDUCTI ON [ 0081] Di scl osed herein are nethods and apparatus, including
conputer program products, inplenenting and using techni ques for reducing
nosquito noise in an inmge frane of a video signal. A wi ndow of the inage
frame is provided. The w ndow includes a plurality of pixel values. One of
the pixel values is selected from the pixel values in the window to define
a nodi fied wi ndow of pixel value differences. A local nmean (DC) value is
conput ed based on the pixel value differences. A nosquito noise reduction
value is al so conmputed based on the pixel value differences. An artifact
attenuation factor is conputed as a function of a dynam c range neasure of
t he pixel Wl udhgidomnéerqaregram predyt of ¢laimm O fvherain: nosquito noi se
reduction value and the | ocal nean val ue, applying the artifact

attenuati on f athescleched pixed valat éxa edntpabpitel vithesyindav.conputed to generate a
nodi fied pixel value. Fig. 1 26

14.  The computer program product of claim 10, wherein:

the window is a n X n window of pixels.

15.  The computer program product of claim 14, wherein:

e,
N
pI—

n is a small odd number.

16.  The computer program product of claim 15, wherein:

n=3.
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