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
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spatial spectrumis often referred to as a Fourier image, as it is a
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sequence. Each frame/field 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 image 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
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the MPEG encoding and decoding defines the level and behavior of the artifacts.

That is, the visually perceived effect of the artifacts is a function of the bit rate.

[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. Pixe! 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 vertically 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.
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t r anMbits/ses). af ke Datarsablocking egifpetis sapsed by the uantize
essentially containing only one DC component, i.e. vaiues of the pixels of the

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.

[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 unnecessarily complex and hardware

and time consuming.
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Ther et ore, at I's n€eded 1s a technique for reducing artifacts occurring
at i GuessiadiNdigse.and hi gher conpression rates in the context of MPEG
conpression that is effective wthout know edge about bl ock boundaries or
other information as to the content of the inmage franes in the video
signal with or without the presence of Gaussian Noise. 4 SUMVARY [0013] In
one aspect, the invention provides nmethods and apparatus, including
conput er program products, inplenenting and using techni ques for reducing
nosquito noise in an imge frane of a video signal. A w ndow of the inage
frame is provided. The wi ndow includes a plurality of pixel values. One of
the pixel values is selected fromthe pixel values in the wi ndow to define
a nodified wi ndow of pixel  value differences. A local nean (DC) value is
conput ed based on the pixel value differences. A nosquito noise reduction
value is al so computed based on the pixe



value differences. An artifact attenuation factor is conputed as a function
of a dynam c range neasure of the pixel value differences. A weighted sum
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[0014] The details of one or more embodiments of the invention are set forth in
the accompanylng drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.
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 modifying 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 aperture 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 module 110,

for a 3x3 case, according to one embodiment of the present invention.



* [0022] Fig. 6B shows a limtation nodul e 650 of the nonlinear processing
nodul e, according to one enbodi nent of the present invention. [0023] Fig.
6C shows a flow di agram of a nethod 600 for perform ng a nonlinear
processi ng operation, according to one enbodi nent of the present invention.

0024] Fig. 7 shows a graphical il]ustrati f a nonlinear function 700,
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r enroloi ong embgdiment efdhegresent in@MIPbur e vertical and horizontal intrabl ock
ringing, and flat area (DC) blocking artifacts.

[0025] Fig. 8A shows a smooth attenuation module 120, according to one
embodiment of the present invention.

[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.

[0029]) 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,
including computer program products, for modifying pixel values in an image frame
of a video signal to reduce artifacts in the image frame. The methods and
apparatus described herein are generally performed in the context of MPEG




- [0032] Enbodi nents of the invention provide methods and appar at us,
including conputer program products, inplementing and using techniques for
nmodi fyi ng pixel values of an inage frame of a video si ghal to reduce
artifacts in the image frame. According to sone enbodi nents, an input
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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 patterns
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



7 horizontal ringing, DC blocking artifacts, and residual nosquito noise
remaining in the pixel after processing by the nosquito noise reduction
nodul e. The nonlinear processing nodul e has an adaptive threshold and

operates to essentially force the value conputed by the nosquito noise
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central plxel value was subtracted from the pixel 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 smocth 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 threshold to slightly above it,
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



" cause big changes up and down. The snpoth attenuati on nodul e out puts
attenuation factors having these zones, and additional flickering does not
take place. [0038] Embodinments of the nethods and apparatus disclosed
herein provide for a spatial nmethod, which is generally practiced in a

t wo- di nensi onal area or w dow8 re sentin a an, 1 f [

vi detepsesgiting patt ef ﬁPél'ﬁ'@g? ra@@]g}%wﬁ{ﬁo ?JQB@egrsrﬁﬁh@H"ea'srﬁ% %5 plrigr Ibgs?s.

_[OOSé,]ocggp%pr%nﬁ&e nggggods and apparatus descri bed herein can be
mente

i mpl 'n varlo nati ons of software and hardware. In one

eboggt W@O@‘%ﬁ??f R RBRRANGE AP IDUBSB HicttherRirPcah o cont rol I er

for on or ay device. The nethods and
appajnislemetiLin \ﬁm’ibusfwmbmaﬂmms pﬁscbﬁwaﬂeaariq/haEMareuﬁm enef or processing

il of empodmntetie meadsup AgesRus AH bEPamentes B s Ml GuafuRe o
| nst @é@ﬁnth 1V Pﬁ%? oftist cigmay @bvﬁ:eaf'ﬁ"ae?lﬁié'thddbbéﬁd hppandtestescriidd

i
players, cabl'e television systens, and satellite transm ssjon. of television
si gnhérein et pamcularlamibsme@ldov\pmcasrstr& video signalsiom %* YarioySes

encodi n di I

oy iCes, AfUARGIhaI0Y RIS, HREsAlHes, A BithianpoF dieIc hd S0LS, are

oo éﬂ%ﬁ'@‘%?kfﬁz“'“@‘t g hoos ”ﬁ?@pm‘“m Ly | oa% von
appar,a

I essDVQﬂaE@ﬁsﬁﬁWﬁg}e@(FﬁPq 'é!és}eﬁ‘éfg %Bar F ?)Hg?tftglgg %l i g?\:tl compl ex,

t eCh&gﬂélES té éé’é‘b{f@@ﬂﬁvﬂfiﬂiﬂtéﬁné&é@“aﬁwm@;ﬁﬁm Rtes éﬁ@d&hgﬁn@ludings hows an

appar t us OI’ no i xel value in an |ma e %ﬁﬁ of an |nput
vi demoséujtmhoise ar@dﬂﬁi@l’aﬂth aq!mg;artﬁa@tﬁeanenr@gécefﬂ 5ﬂ@ardl6t$sm € FOuUfGR

o I B St e 15
DS Ggbrhpressionds required.i Shusrembodiatents af thiemethddsand appetalue a1a 0 whi ch
N e L R
whi Cliah @eRVE oA teEHmguEs rdquing knowledge of block boundaries.

[0040] Fig. 1 shows an apparatus 100 for modifying a pixel value in an image

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'- 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 A4 and A4 to an output module 125. Output moduie 125, which
receives output values from module 130 and module 120 and the local DC value
from module 110 provides a modified pixel value ¢ 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, T3, T, and y




" nmosqui to noi se reduction and | ocal nean determ nation nodule 110 and
outputs a value to a multiplier module 130 to be multiplied by a static
blurriness paraneter y. The apparatus 100 al so i ncl udes snooth attenuation
nodul e 120, which receives pixel val ues a' - i' fromnodule 105 and

out puts MPEG artifact and Gaussi an Noi atten Il on, fact.ors nd A to

an ocaremantiebparamatess fanibe methed 409 ar ap ?@?*6@@%@? é'ﬁﬂﬁﬁceal ues from

m)du[eﬁei 130 and nodul e 120 and the | ocal DC value fromnodule 110 provides
PVed pi xel value J as output. As shown in Fig. 1, w ndow ng and

D elopd DL 55 2B RIS iad SbRtl g BRpFtlonfirtRb apppraus aDORr ot Pt
and yofiffihg aosirenaiu® i amirhags frlane tdﬁmdmermﬂfamometha imagerframe. im0, and

are di scusSe bel ow. [0041], Fi hod
of tstep2PSathe nmﬁunma%frarrwdé. 8Vfﬁ§d§r i e"‘s"\?§| P'%egw(’qq@& }‘P rame t gtlon

reducgggf 6%Cfr§th'ié‘eﬁ1%din‘i@rﬂe\g}ﬁd§ﬂ§ﬁ?? 'a'i»d pﬁka%u%%cnéﬁmdmenosmge frane is

prow OW ng and action nodule 105, In th
enbogtoniles, Monfuddmnsg @hd qzhdm windowing operatiendand (408 pixg évbtlesﬂ%o

function 3din ¥
operaRaTation iibede Skitpraq it S BPpRERE! inthotfBtefbbdinght SersBel S0 0,
E)Bg;%[qazﬁt%l ?ég?%\r/f?P eadk fisnctiohp that ds; lthé umndmwmg dpmatr:mm is providadhbvai ng

a W ngow t
b G airdowing el anedhbypvie! SLBAAGHAI oBPiRton S DETISLRRS Y SEPAS 0042) I n
st ep, &%I%ﬁu%ftra {ugn n?o g ndowi ng nodul e 105 provides a w ndow 300 of the
[ npurt‘ rane. n one exanpl e, w ndow 300 is a 3x3 sliding w ndow

des;fobgﬁfiv a? é@ﬁff:ﬁoqngf f-"apor Hefowiflg '?ﬁéhulé"‘}o5%vi\ﬁb§%ddw 900 of thed! ural ity

the 1 nput 'ITmage frane. In step 215, the
pi xehpatibidgecirame. ﬂnd:ﬂaeexamplep%ctomeeoﬁjataxaahﬂlrw windomadesgribad val ue in

tevvlndowfrmtheo er v.al,ue df d
wi ndRRIPWWIH) teler %PJ@% fef'lgr i’ﬁgé’gjngow%nclhggé ggjelé/s'\‘léirﬂi ﬂ'ga\fcﬁ '8%@#%% r ef Ier Ieﬁce
dce)t eér E\"ﬁg’tﬁl %thﬁgo utllﬁlaﬁbgrarﬁe WP Step 216,1the pixel edbtraciion muduleial nean

module 105 subtracts a central pixel value in the window from the other pixel 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’-i’ 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 module 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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- 110 provides two functions: (1) a nosquito noise reduction operation, and
(2) a local nean determ nation operation. Those skilled in the art wll
appreciate, in another enbodinment, the |ocal mean determ nation nodule is
a subnodul e of nosquito noise reduction nodule. In step 220 of Fig. 2, the
| ocal nmean determ nation nodul e determ nes a | ocal valu? based
on t130 bypllumsiness pavameterovr whighegeeioly averall lPlHrrme@ﬁ ﬁ%%tlﬁ
noi se reduction @ 110 perforns a nosquito reduct i on operation on t he
pi xdf recaived 8 VFF&E 2@ "-i' in the nDdlfled mnndOM/of Fig. 3Bto
generate a nosquito noise reductjon value ' UItO

takgsagee- AdhA s

redU8048h opestep 240.ithe @&Qﬁﬁsﬂwnﬂéﬁcﬂmwtﬂﬁoﬁ‘é‘?p

[ 004 AR rm nes
t he A[hp?%?’éﬁ %%%tt% ' ocﬁ'fe ?r:gﬂa# @ﬁﬁtﬂ@ﬂ%@éh%amsqﬁffg@ﬁgﬁgﬁr eduction
val Ygctol Aq réééiv@@ﬂ@hﬁkmoﬁh atehiatizay mbdote 120 Hiheﬂdheloaahmean fference to

reduce the DC bl ocking artifact, and ert | c hori.zontal ringing.
| n Jeegpivedsrasn n@@fe§1%t'ﬁ@ddﬁﬁlt%@%9f?§ﬁ{° ﬁ]rﬁﬁw Sh’é‘éf iBP ¥ si ng nmodul e

115 pBEELbirRl St hiBH chdtBt ). °hisB'r86ssived fﬂo%Q {1y shoBitBfibAGaorpar amet er v

brurrihess output resul I'S recel ved by nodul e
125. mb&@&5120. MThé eptalkéd prdtich isadded tcgthencerﬁmlwqbualuamﬁihe slidigt akes

ke i ALES B AT
%@Q@@[ﬁ l@%ndoiﬂfﬁr{)@?ﬁ etg ‘?@@ 'o\ﬁﬁgﬁ éﬁ&iﬁla‘?{% Sonkfd] the sheAgs to the

pro artifact attenuation factor X,
al saftis MPEG ért:favt tahe Gansyiin Nbiwnmiuncbon dond Wyepregipus Thedulesdbned product

is added to the c al eof h sliding. wi.ndow, d fromthe
moddhe Pet value & "bﬁ M’&‘r’m‘dﬂ @Pﬁee \'ﬁa%féate‘if Hiﬁjéﬁ pg’ factors X
and @ é?]ééded to the output m)dul e 125 control the strength of the MPEG
arti agt and Gaussi an Noi se reduction done by previous nodules to the

Dt 0048 . LA f s ooty lies s FnC
of pnputlimagefeame-provided e windowing and pixel subtraction module 105 of Fig. 1.

In this particular embodiment, window 300 is a 3X3 window of pixels from the input

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 pixel 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'=0a'=a—-e b =b-e¢c' =c—ed =d-e

[ =f-eg' =g—-eh’ =h-ei—i-.
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" input image frane provided to wi ndow ng and pi xel subtraction nodul e 105 of
Fig. 1. In this particular enbodi nent, w ndow 300 is a 3X3 w ndow of

pi xels fromthe input 1image frame. Those skilled in the art wll

appreci ate that ot her wi ndow si zes of nxn, where nis preferably a smal |

odd nunber, may be used in other enbodi rrents thjs en&&dlaire
cent [0048}i xdiig: @sh@wsw@og&gragraw m§5%1°e'&‘?'§ﬁ ra@uqtm Enean

TR e e A

I xel "by pixel” in each Iine,
| i newivgnilmme'rhecmoduleclelﬂsmalutiesﬂlminug piodeles 405 tIOe‘allmagle determinatitie wi ndow

val ugosnle S8 Piafihass ket 415 $84 ElefalEemodile B fabephbinfifbi?) B o
3B S{%@}s@gﬁgf&%fﬁdnéﬁw P@O\s rf?ngvdaé ﬂdWPléﬁ%M%f% Metheasppfar-i' after the

action opera 15 1s perfornmed on w ndow 300 by nodule 105 in
F| g. péufoﬂmngtaumosqmrdnmsntreduotmrcepemmpdmmed 'withs refeencectodugs 4.om each

dow h
P Erad magalitg Yok técifetion arid ot mBad SetaBlni@cli i AL T 36 cBeidmsede s 0o o
the fﬁtras@tykfm@ rﬂj"ﬂhﬂé’%r@@ﬁiﬁg'as mqeﬁfasq:mtblem Aatieal destais efithes: e -o
a' =a-e; =b-é&; ¢' =c-
[ oompuﬁn@gmfram\sﬂye m%’él!é*ta|né?gﬁeaﬁﬂd@ﬂ'%9&§ﬁ%l9"d§|b§§egéﬁh'é’ﬂ‘?%'ﬁd9ﬁd | ocal

di ment - of

e theERiSHURG Aol T Hidhfroborg Brbéei lin At s8Rkl Ank hof2Bnefb o, T | ocal
rreardlctmtlens) apprears asrmmlxtarelmf)chmkerbcbargrmnis@elta-mpmlsemlttemfd andvari ance

ai aghasshmetharhabtsgbopihitc BaRBshARnie PrstisiBtaBuinifle randk Bra5T" * 11"

operptioq@+ Tescribed with reference to Fig. 4. The npsquito noise
reduction and | ocal nean determ nation nodul e 110 decreases i ntrabl ock

ri ng{bnaw h‘?F@f gs 9r>eél DaluRHiffeeincas aRPoF niddifiéd wiMdow 380 dtetprblidedl t he

in frame. The mosquito noise reduction operation is based on
knovtpéh@bmlftﬂﬁamqw&ﬁﬁ@% noise is a high frequency process both in vertical

and hori zont al N _
[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 Ty 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:

a" = Lim{a',T,), " = Limlp,T,), ¢" = Lindc,T;), d" = Lim{d", T;),
f"=Lim(f',T), g" = Lim(g', T}, b" = Lim(W',T,), i" = Lim(i",T,),

where

Lim(ez)=d % ST
U sign(0)T, > T

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

computes the local DC value Epc.

[0052] In step 515 of Fig. 5, variance module 420 of Fig. 4 computes a weighting

3 T

coefficient o as a function of a variance of the limited pixel value differences a”’-i”.

12



" directions, appears as a mxture of checkerboard and delta-inpul se
patterns, and the assunption that the nosquito noise dynam c range is

| ocated in the range of e - Tl to e+T1l. [0049] In Fig. 4, pixel value
differences a'-i' of nodified w ndow 350 are provided to the limting
modul es 405. [0050] In step 505 of Fig the limting nodules 405 limt
t he Ioistep 5281 wglthtlag ieignt oal&mpwﬁeﬂa asumﬂmg)quﬁée AdbtdRNand + T1

et 1 W8 T Ryt Rl Bt s Eho oo pfist s RO TARITG walle Baq B 75 © T

I'i mi éarﬁﬂut@éiwb@tédtsﬂm tcﬁg@ﬁémte afmcbmutblnmseenbdumtmalvam twe” di ffer ences
b" , 9", and i In particular, a nmathemati cal

representatlon of the derlv L. o Ilmted pi xel val ue dlfferences
3 L 2F (Lhgpe |

|sasfollovvs a":Llrr(a I, © | ¢c" = Lin(c, d" =
= Lim

Li m([opb? mﬂé‘ﬁé’ai“§ 2} q_gﬁpgratgd bxvarl%ge H’\edm%gaﬂ(dﬁ)ﬂgu}ﬁ@-{@}"QS %?11 m
y SPeattfliort 2 22 1~ afld Bpards bh &ﬁ@bm@éﬁefﬁwxasrwnamqmeue of the

che “paftern I'n step 511 an determ nation nodul e 410
conpeenter pmel ¢ twelciDGthex! e paninulqr()%ﬁq deterrsined 1 gargnae modsle 420 i ance

nodul e 4 f Fi 4.c0 ht| ng coefficient a as a function of a
var i 2450 Bg??ﬂleﬁ?l NBP% f3ﬁ'|\‘A€} ifferences a"-i". 12 In step 520, the
wei ghting coefficient a is provi d?f to a_summ ng nodul e 425, along wth

t he reduci ng val ue of the check%)r(poardvpjttern Erb and | ocal DC val ue EDC

to llEol

where
E,=05-(E, +E,)
[0054] *V° is an estimation of the expectation of all surrounding pixels,
V =|E, - a|+|E, b+ |E, ~ | +|E, - d|+|E, - | +|E, - &| +|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, 5, =5 was
chosen. Decreasing £, itis possible to reduce artifacts with more blurring of
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:

174 172 1/4

having the following impulse response:

1716 1/8 /16
1/8 1/4 1/8
V6 18 1/16.

[0057] Therefore, the local DC value E . is as follows.
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" conpute a weighted sumto generate a nosquito noise reduction value "u." u
= aEcb + (1- a)EDC, [0053] The value of a generated by variance nodul e 420
desirably satisfies the condition O -< a <-1 and depends on the cl oseness
of the pixels surrounding the center pixel e to each other. In particular,
ais determned by variance nodul e 420 accord| ng to the foll ow ng

nonl i near function: V a = Byp=1/HE|€b4Enhere E0=0.5. (E1+E2) [0054] "V
is an estimation of the expectation of al | surroundi ng pixels, V=lEo -

a' |+, I > G Iy | 1 ferl g1 P9, afd Whiek®-Avr Irﬁeansi | [0055]
Q, |sﬁ§re Jrivgde er%i%e & Lgtgg(rjlgk poslﬁgl(({/e V%‘: ug obt ai ned opt he basis of
subj gedraye. experi ment atlon In one exanple, to decrease the nosquito noise
val ue si gni fi cant ly, while preserving natural imge details as nuch as
pOSSoh'ssl RdifRensiERAIIREh d%%qﬂt%a%MeBedutlngwaﬂlﬁsefmee to reduce
art| acts wth nore bl urr|n naturalmjtalla‘l t he |ma.g 1H)OSG]
one ehenkpttmard patiernban ferea KWQ‘MQ btaimed &om the are-ginensiopglfilte
di mensi onal |owpass filter for | ocal nmean determ nation, for a 3x3 w ndow
obtained fromthe one-di mensi-dfal 182 141é4: 1/4 1/2 114 having the
foll owi ng i nmpul se response: 1/161181/16 1/81/41/8 1/161/81/16. [0057]

Ther gisthe, follbwingdnpulddresponeeEDC i s as fol l ows. 13 EDC =1/ 2E, +1/4E2,
where Et = Avr(b",d", f",h") , and E2 = Avr(a",c",g",i"), and where Avr( )
means

In

-1/16 1/8 -1/16
1/8 1/4 1/8
-1/16 1/8 -1/16.

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

where E, = Avr(b",d", f",1") , and E, =-Avr(a",c",g",i"), and where Avr( ) 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 W(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. 68 shows a limitation module 650 of nonlinear processing modute
115, according to one embodiment of the present invention. Fig. 6C provides a flow
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" average. [0058] A two-dinensional highpass filter for the reducing val ue of
the checkerboard pattern E. for a 3x3 wi ndow obtai ned fromthe

one-di mensional filter: -1/4 1/2 -1/4 has the follow ng inmpul se response:
-1/161/8-1/16 1/81/41/8 -1/161/8-1/16. Therefore, the local DC value Ecb is
as follows: ECb =1/2-E, --1/4E2, where E, = Avr(b', d" f' h" and E2 =
Avr ( diagsamgef a methadh §0QAer Rerferming afeninesy pr .S'W?“%@ﬁ%%& ue is

out pyks.t | ocessing nodul e 115 along with the nobsquito noise
redu%tpggfé\;gﬁ%%ﬂﬁ?rgé@\éhom in Fig. 1. The nonlinear processing nodule 115

f Fi - . . !
Cermd T oD areh REORSET 6 hEHIERRGEN offBBIY BefilodiPRblR ¢
vel | ng%e%du@ﬁd?ﬂiél[]@ it IbEAIDS vailsk, PAIES; VET 1 | tmbtey 67@ra dpmaraic déathi ng.  As

wi |l be shown below, the nonlinear processing nodule 115 essentially
f or cesné breshold TRds ponvguted based ona(tisa Dhblocking| artifact tresh@dCTe.o reduce

I ni hi gh, f t | ated i th I t i se, DC
bl oc RISREEATTat ¥ 2 st ivad gane fugshol. Abd (ghihednpit flgsitito Relso; ri . o
] _ i _ | * "POB60] Fi g.
e R RS s L S S S A s s A

| ocal,z1PE t¥ ¥ ¥ward Zerd. - EDC, according to one enbodi nent of the present
i nvention. Fig. 6B shows a limtation nodul e 650 of nonlinear processing

modul ez} 5 A BRAHEH s8R ST HOBULAPRin Pbnlikcarfeacn w(wereoon. Fig. 6C

prov S I'agram of a net 600 for performng nonl i near

Pr oc gpslicib P RGhidarprocesyind hrodiulevi t§ is shewe it Fid. 7. FAgnatbamdtieabl] | n step
660 of Fig.” 6C, the difference is c ut ed between the nosquito
representation of the nonlinear function ¥ XB) 700 i1s as follows:

0 |A| < T

P(A)={ 2sign(ANA| - Tpe) Toe <|A] <275,
A, || 2 2T,
- {rllua 7l > T,
pe Iy n [“I <7,

[0063] The nonlinear function above avoids hard thresholding at Toc, 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 To is a
predetermined threshold, defining a static dead zone of the nonlinear function.

Subjective experiments show that optimal values for To~ 2,...,3. As shown in Fig.
6B, the value of the threshold Tpc is determined based on the output of the

mosquito noise reduction block y, |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 ,|#| value is smaller than Ty, Toc becomes equal to To.

This modification adds an additional filtration property, efficiently decreasing DC
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" noi se reduction value and I ocal DC value, e = u -EDC. In step 670, a
dynam ¢ dead zone threshold Toc is conputed based on: (1) a DC bl ocking
artifact threshold, To, also referred to as a static dead zone threshol d,
and (2) the input nosquito noise reduction value. In step 680, a nonlinear
function 'P(e) is applied, fo ci%ﬂothe . va{ue tq or toward zero.

| oosbbckngrafiscisand gtporind tirRntal Bigina W ITFEIRRY | on T( )
rac nafTicBEf bk 2 eiRtack! ABEHE SRR e vaie of 1R paRarhBter R andt. 2,

foll : TRNVAS ' it | nelD. , 'Dc e,
@@&%%tﬁﬁ&gﬁsﬁﬁ% Iy 0(5:( Eal%é% f)ﬁ{{s,uﬁlj%cl:ﬂv@ testing e

|l el > < To [0063] The nonli near

f : o ! —_ I 1he
Thr e LAHBIT R ERF 11 o B SR g, Hredtie o¥Hthorfinedt 07 T
tranfijdctisn PEAVERR i B npudiionlinear procissingvmodukeM 18 s mttiplieddyt o reduce

any such flickering. [0064] In the preceding nonlinear function te(e), the
cont patampeteriret gris Eoweighding poefficiant whiehi preferatiy satisfiest theicegidition at i ¢ dead

zone of the nonlinear function. Subjective experinents show that opti nal
val us ¥ 6 ansl defines the steengtl ah the)MEES> artfact § BC\V%‘E‘&@'%%?%% h?'esﬁol d Tac

v- 1 uportonad the L Ber Valu eIt iR tnd Bosgltp i rtUchBraBliE 2 PF Vi ng
the fg0dj tid amidribeds pardmetdtitivdt gontrolsle statid blagtmds’s freperty of therage

snoot hness versus reduction of MPEG artifacts in the imge. y, defines the
st r ewhole fedme liwnvREGINIMUNM tca naximunydefinet by ithe: lgcah D& walug. Eor control s

becoRSEneg.ahetg 6.0 o Sfas FRuclBgabif 138 0F Bulsue Mg S 128085, o T
P oPgE fireaf ldctibRMH(X) I9RERY 3%, e SPifacts reduction value 135 of output

module 125 is the local DC value Epc. Those skilled in the art will appreciate, that

when y is zero or close to zero, small details in the image frame are blurred because

they are made equal to local DC value. In one example, the values of the control

parameter y that provide satisfactory results are y = 0.8, ..., 1, based on subjective

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 M is 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
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

ahlrhlg i),

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

H

M =FDRGa' b’l,]c’|,

b 3

g=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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" bl ocking artifacts and pure vertical and horizontal ringing wthout

I ntroducing any significant blurring to the imge. In one exanple, the
val ue of the paraneter yl that provides satisfactory results is y, 0.5,
based on subjective testing. [0065] Returning to Fig. 1, at nultiplier

bl ock 130, th It of t ] function T(A) . that is.the output of
ont SHIET a5 es i s, B0naS 38T traiime 19 Rk Jne bidel vatles'at the7 Po' B ©
wei _gﬁdﬁa%ﬁaﬂﬁfl&éﬁméhwﬂoﬁw@aﬁt@fe.hVau&atHﬁir@smtémowwgn jlly  O<y< 1 and

defines the strength o artifact static reduction feature, i.e.
por tiatgerdhan KeThereforepforthehard iswitgh cagp: e valuepebine samele@tioBduct i on

| _ ; e ' | .
brur iRbLR R e peliborn TAFS IPRRATRIE oirefontRINESL Mcke 8VEL 1 (1 ned
byI tél@lfggm#a"@ﬁ?ndltm Iah"lge:' t{igg&heﬂhmshm{defmm f][améit_ﬁ,fram% mgy m?\hﬂa r eplucg i on
val ue 0 u nmodul e IS nlinear functi " P(. . en 1s O,
{he gPeliveRatarag, _qrsﬁ)rm%ei%\se'&?%{'}'éﬂﬂs CaPr&&&P'éQPPzQV‘$'9 tife | ocal DC

val éf-B?nerB?f?%esrﬁlssbir{ @iﬂ%ﬁdhtfolh%ﬁeﬁéttwh ld p@fothisd. When W% beldlesr y is zero

or close to zero, snm etails’i he |mage frame are blurred because
[#]2])

t heyequat torthestheeshuld e, thedMPESCartfaciattanvabine fastarnis b, As Beonasids of the

trol t hat i,d I.sfact . I = .
bacceerdf B Mrbshon, nediaifg 8 1 0SaRR R AR iRl WALl Sathinde i ng i's
basegign HheTarsUPeqaal 2drdtior 4lF grebiteavalces.ads a stebpngsscodflicieht val ue
defined hy the threshold T1. A dynam c range neasure Mis a function of

al | oftkelipear spalbstransitionel differences a' -i' inside the sliding w ndow
Mis a nonlinear function FDR() of absolute values of differences that

t akd0068k o Bige SBAshawsaiblgckdingearaof smooth atteauation madws dddora-i' to the

(1 2 gl WihgBRARL Bpribfihs B siicotf Afpitanbhieiierafon 300 RS, B2 G 2 X
r anghowsas flow diagrassef 4 iInsethod 88Gufalr pedfotrhingtthe sshmdtt atienuatias a unity
val ue. When the dynam c range neasure of the sliding wi ndow exceeds the

t hr QPREAUPN -t he out put nodified pixel value has to be reduced as fol | ows: J

= e +AU'., Wh Al i fact att t] tqr. Wien th t put

m)gi[p(péjq;]_’ pi l;agtgp 81IOSofaﬂg.|\/§)§,%h%réylna%:ic razlingéa measure M [§calculated from = °1 PY
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, = mﬂﬂb'le’l’ ba h’l)' M, = maxﬂa',|c' )

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

-
e

J|e

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 M
A=<r,0<r<l,where r=1- }——1}
0,r<0 !
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"value is reduced to zero immediately after the threshold is exceeded, the
hard 16 switch case occurs. It is possible that fromfranme to franme, the
pi xel values at the sanme spatial |ocation change fromslightly smaller
than the threshold to slightly Iarger than it. Therefore, for the hard

switch case, the values of t ane ati ixels in the
nei gl08A1 ng Fig. shehkows me ﬁﬁ%PQﬁLﬁré' M]‘C@s@ﬁt "{/g\eugébj %ﬁf e over slightly
Sm’ﬁ"% er ﬁ‘ﬁ@ht&{f@ﬁ‘ dre(: dolfefact ré§lil&3h“hb%thmélﬂélEﬁﬁtHé)Mmett have a
repe lve pattern ere ore,  evel | i ckering can occur. To avoid
t hi sattepmailonﬁaomr Ads appbedmtcahmémm@hcaﬂom@felh@twwnagr pnctiopdedhe vhen Mi s
bel ow or zi }o the threshold T1, the MPEG artifact attenuation factor
is 18 Iﬁg gdﬁﬁa y& €.exceeds the threshol d, the value of A starts to

When M reac ual zero for

gffrease l 'rrﬁﬁﬂ%ghows asgrapmcaclﬂt b @%ﬁﬁﬁé@ﬁ?fﬁirg¢9@ﬂ&§ﬂﬁgﬁ & oot h
t ran@baq%of %ﬁbagbgs V?,ﬁgl ng%ﬁgmnpénglw am of snpoth attenuation

nodu ndow that perfornms a snooth attenuation

he ORBST It stsi A0 BFFics 8B Tnd o8t A B oBuRI AT Aisf brhigeBly o7 ™ 19

dynaéﬁcfoﬂ PLEEa TR Nbise stedrtiatiohdactor thétheonemlthe'mpuﬂs talttef er ences
as expl al ned above. The nonlinear function FDR takes into g%(;ount t he

anouontpek mpHule 1125 uté\Hm GauaSIpaer@@ pitenyatien ISoﬁ’lS@'é'Pénl@)é swich Hd5401 put

val U808 il BEATRRL {iPbe RAEHLIG) BRATES TediGuNRRE HeiY e X! and s

=mal &thuﬂ Sobiule 1¢5 is'%dt)mﬂ&ﬁed RARbe déSdribeliGalow] When tHéealuergiel; pi xel

d| fferences a ave twice less influence and contribution than
" cr osqlalp0xibe resi'di.laf valuednsitle dhe putput maduled 25.s ferced do dae Igagd®S 1 n st ep

820, vatlu %ngnhé\?v efe Ié&&élg rbtls\ﬁ%ﬁ d’%y tﬁe%ﬁg%ig Pa%ea&%agﬂlréaﬁpand
the threshold T, when M <7,. In a similar manner to MPEG artifact attenuation
factor 1, to avoid the hard switch between cases when M <T, and M >T,, the
smooth attenuation is done by applying a Iinearfransition zone for I, < M <2T,.

Thus the value of 4, is determined as

Lp=1
M
A’l = p:0<p<1! p=(-T'"_ J

0,p<0 2

[0074] Fig. 9B shows a graphical illustration of the smoothing coefficient 1, as a

function of M for various values of T..

[0075] In Fig. 1, the output module 125 provides application of the nonlinear
function ¥(A), multiplied 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’ position, 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 125 is

y¥(A), and when the MPEG artifact reduction mode is disabled, the input value is
-E.
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calculated as follows: 1,r>1 A =7r1,0 <r <1, where r=1- -1 . Or<0 4~Ti 17
[0071] Fig. 8 shows the case for K =1 that, based on the subjective
experinmentation, provides satisfactory results. The output value of the
MPEG artifact attenuation factor Ais applied to limt application of the

nonl i fu [ i ' shows a
gr aph@QZF] i F'l?ts't-'r%arwog\ﬁé %?’ 0&@5@%@%%@8@9@@ é%q&&qéébg%gl?ﬁ&ﬁton of M
for waodolesi26aFiged. oh sTep 4010 Khe input Jeiide 189063 siitch t1d0 i830ultiplidd 9. 8B,
t he smpot h attenuation nodul e 120 al sp conputes _and outputs a, Gaussi an

Noi seb¥inpehivalee ded; Hiatds, the GauasiansNoiRe afienuabionipeos 4101 AteP WaGut nodul e
+125. i ' oy -k Srdiisah! i 45,08 Fig. 1,
the AP TR RERR OhAR A, 155 e B0 g yelle, R Bal, 8 e

out puit35rvhére boBHMPE G artifavtifdduetionsnodd And Salssiam Neidetredastioinexiet he

val ue of %%1) eﬂg%al s, 0, Sté;e lﬁﬂjSi dual val ue inside the output nodule 125 is

f or c e ehapled, M ¥alupd 3R 8QYR!S The zone where Al equals 0 is defined by the
dynam ¢ range neasure M and the thr(%fs)hold T2 when Ms T2 . In a simlar

nmanner to MPEG artifact attentatAgr¥(&)adier 2, to avoid the hard switch
bet ween cases when M<_ T2 and M> T2 , the snooth attenuation is done by

appl YWRén MPEGeRtifdct AedidtioPmaas és Hivablbd and BauseibA Noiséheguétim val ue of Al
is determ ned as <l, p=-1. Op<0 (:T2 [0074] Fig. 9B

1.p>~1 M £,0<p
showdnedeyisgnabied, the valiie 135 8AUBKE t he snoot hing coefficient ,1 as a
function of Mfor various values of T2. [0075] In Fig. 1, the output nodule
125 provi des application lb#—tl,]é'mfmlﬂljcrveé‘f,c(l—ll).
When both the MPEG Artifact Reduction mode and Gaussian Noise reduction mode

are disabled, A1 = 1 and the value 135 equals
w=Ep(1-1)=0.

When MPEG artifact reduction mode is enabled, and the Gaussian Noise reduction

mode is disabled, the value 135 equals
w =y PA)+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
value of the input pixel e to compute the output modified pixel value . Therefore,

e€=e+Au'

[0078] Embodiments of the invention, including the apparatus disclosed herein,
can be implemented in digital electronic circuitry, orin 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 input
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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function "1'(0) , nultiplied by the paraneter r in nodule 130 and entered
to afirst 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 - EDC. When switch 140 is in the 'on' position, MPEG artifact

11 PRl St TaaniE lerd riellbafirhdabbpldissdt dofifeatp OF: TPEC,
i s enebéied datdrand instiuctiahs érobdaricbtot trensmit data andinsérutfidng to, aydatao) , and

when the MPEG artifact reductjion npde |s, disabled, K the input. value is 18
{007 storaos systenaaiast aneoipu dgYidem S1d &t BSOS QiR IEVIBr Ealby 1 ho

out p ' i i . ' lord-di w tch
Yo" LomptRekpBatdn qaihe Inpleerhe g High I pikui o bbjett orfehIe?
at t epaagracmmingdapguage, drin aseemblty2ar, machisedanguage i€ desiged: and i si gnal

i?}z * £a56. thedanduiae ﬁ%@/be%cﬁgfﬁ'aﬁf%Péﬁ*ﬁﬁ@gﬁﬁ%@@@1§§ae\’\:§?eb3ﬁ2b:\/§5,6 he
= y' P(A) +EDC NPEG ay t | |

P TGPl SR PropdssPEs nclies By areY Shamide ohoth erafand sbéfala” ' °

equalgibse m&c*r‘gﬁﬁcés@%. Behbfallyla prbdessofbamrdteive insgublitris And dbest

ReducCti on node and Gaussi an Noi se reduction node are disabled, A, =1 and
t he ¥remua read-opkumiesnorny angfra randayn agEess MerENy: Senatallys 8 ¢GMPWAr node i s

CosbFpeBE SO FRES iRk A BeIcsd 0 elEad s Mot Vo e,
t he Mehideamaghetit disksesuelt asintefreat hard disks aatl removableudisks;imagpetoent rol t he
200! LERRA9NE: oAbk ofeih 5 iESs Hibdbie BB Gy Sl ga ¢ ronee
/ghr%omphfércwawrﬁ indificBEh® Bhdalh indhid P bk BdrmerblusonwolBiR iy, € = e +

including by way of example semiconductor memory devices, such as EPROM,

EEPROM, and flash memory devices; magnetic disks such as internal hard disks

and removable disks; magneto-optical disks; and CD-ROM disks. Any of the

foregoing can be supplemented by, or incorporated in, ASICs (application-specific

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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[ 0078] Enbodi nents of the invention, including the apparatus disclosed
herein, can be inplenented in digital electronic circuitry, or in conputer
hardware, firmvare, software, or in conbinations of them Apparatus
enbodi nents of the invention can be inplenmented in a computer program
product tangibly enbodied in a nq?g%ﬂﬁg.readable storage device for
execution by a programabl e proce ,and nethod steps of the invention
can be perfonneg,by a programrabl e processor executing a program of
i nst MVBal i ¢laimgdd®y f or m functions of the invention by operating on input
data and generating output. Enbodi nents of the invention can be inpl enented
advant ageously in one or nore conputer prograns that are executable on a 19

programmabl e system i ncluding at |east one programmabl e processor coupl ed
to recei emattiod efveduaingrmesqutasneisen aarimage Trarestia videe signa, the

instweghéggép_%ﬁ?i@édata storage system at |east one input device, and at

| eas vi ce. Each conputer programcan be inplenented in a

hi gh-1 evel pracedural, or L.ect-ord € ) rin
assenbl y Bf&r'f'ﬁ@ﬂian‘g'"FQqugggi&'ﬁggéc@ﬂé’dﬁea 'hagﬁﬁﬁ%%ldagg,iulgﬂ@?fgnguage can
be api;@mmggi, or interpreted | anguage. [0079] Suitable processors include,
by way of exanple, both general and special purpose m croprocessors.

Gener al | y g tr&ttiRees S6loctéd bné f e/ BixeNddlies fropntheapistel@dl@es irf the a read-only
menory and/ or a random access nmenory. Cenerally, a conputer wll include

! > [y . y
one windaw to define a medified wandew of pixel valyeididegRcast i | es; such devi ces
i ncl ude magnetic di sks, such as internal hard di sks and renovabl e di sks;
nmagnet o- opmMputing dileeal:meanl (BE) velie bassdson thepixgbvaueidiferengesabl e f or
tangi bl y enbodying conputer programinstructions and data include all
forms of computihgairmesquitoongise regmﬁm vajue pagad onf thexpingll v@léeni conduct or
MenDLy, devi ces, such as EPROM EEPROM and fl ash nenory devices; nagnetic
di sk‘aj ElIf'IF®Ss i nternal hard disks and renovabl e disks; magnet o- opti cal

I naor por aEPVING ABRet ARFn At et s ¥ Ruhohl Gy BAR B8 S5 "7 bosoy
A nuieakufd of the!fixel Vahid @ifferéicdshandnventi on have been descri bed.

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.

2. The method of claim 1 further comprising:

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

3. The method of claim 1 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 focal mean value,
applying the weighting coefficient, to define the mosquito noise reduction value.
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Nevertheless, it will be understood that various nodifications may be nade
W thout departing fromthe spirit and scope of the invention. Accordingly,
ot her enbodinments are within the scope of the followi ng clains. 20 CLAI M5
What is clainmed is: 1. A nethod of reduci ng nosquito noise in an image

frarre of vi de h r vv| ndow of the
i mage frane'® ’Pﬁﬂ‘q}d %Pa‘gwmh ﬁ’&'&f‘ﬂé%%'bqq‘ﬁ@ thé &%I nﬁ%ﬁit}[ﬁbsgﬁa subtracting
a seligsluess: one of the pi xel values fromthe pixel values in the Wi ndow to
define a nodified wi ndow of pixel value differences; computing a |ocal nean
(DQO) val U&p %@a% [ adisitter Y@ tHEp ﬁtéf%ﬂﬂ@%encé@”pml ng a nmosquito

noi se reduc i"on val ue based on the plxel val ue differences; conputing an
artifact attenuation factor as a function of a dynam c range neasure of

t he pi xel value differences; and conputing a weighted sum of the nosquito

noi s rEdﬁte'rﬂQEh‘éﬁléfecI%Prfﬂ\%e é"qsal mean val ue, applying the artifact

attenuati on fac he se ected pixel value, to generate a nodified

pi xel val t rising: limting the
bi xol val 1€ R LI f%@%ﬁ‘kﬁi@é@%ﬁtﬁ%mﬁ%@a threshold. 3. The
met hod of claim 1 wherein conmputing the nosquito noise reduction val ue
i ncl udes: conputing a reduci ng val ue associated with a checkerboard

pattern; onput i a. wei LD .coefficient as a function of a variance of
t he gi xel Tﬁ??\'ﬁ%&'o |qff"éé?'€hg conputing a wei ghted sum of the reducing

val ue and the | ocal nean value appl ying the weighting coefficient, to
define t hthenwingiamt i§ sBi%e windewiaf SaIS ue.

7. The method of claim 6, wherein:

n is a small odd number.

8. The method of claim 7, wherein:
n=3
9. 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 vaiues;

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;

a mosquito noise reduction module configured to perform a mosquito noise
reduction operation on the pixel value differences in the modified window to

generate a mosquito noise reduction value;
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21 4. The nethod of claim1, wherein conmputing the |ocal nean (DC) val ue

I ncl udes: applying a 2D | owpass filter to the pixel value differences. 5.
The nethod of claim1, wherein: the selected pixel value is a central pixel
of the window 6. The nmethod of claim1l, wherein: the wwndowis a n X n

wi ndow of pixels. .7. The nethod | aim 6 | N. B odd
nunber. 88 Sfﬂ%‘f’%eqwag?m @I"%é]"ﬁr? ?Shaﬁ%&g{?ﬁzcoﬁﬂﬁg%ggnnﬁ%dt %5%5‘?@%@ for

r edugidl6r 89 aduhétionef & Byhamisranedfehs@enfahe pinel dale diffgrericest hadappar at us
conprising: a w ndowi ng nodul e configured to provide a wi ndow of the inmage

d
frame, t h%P_dM't oliIe! ifiBared 1 sBrapiteva Weidht@ sunRbie masguite r act i on
nmodul e configured to subtract a selected one of the _&nxel valyes fromthe
pi xelnoisel reduction valee winddbe [ocal medamualgenspplyingdhei attitagt sHtepuakon val ue

di fferences: I r ' ?ﬂg&q ' d to compute a
Ioca:Fa %ﬁ%FI@? sg&%ﬁﬁggg%hghﬂ@éﬁ%e va 'ﬁ%&g%!g#gﬁbes; a nosquito
noi se reduction nodule configured to performa nosquito noise reduction
operation on the pixel value differences in the nodified w ndowto

gener at e nosqui to nQi se reductipn,val ue; .22 a snooth.attenuati on nodul e
conf i’@ure%h?@ ﬁﬂHF@?&%"Hr T Li'é?d'f”"aﬂ‘@éﬁﬂﬁ@‘?'é%nO‘PﬁJ?‘gﬁ’&g‘ DodHRt i on of a
dynamcﬁ]de%pge nmeasure of the pixel value differences; and an output nodul e
configured to conpute a wei ghted sum of the nosquito noise reduction val ue

and the | gqaliifBAbARe ESnfigthed Yo imitthe pitdiveRid diffeféiteatihtfe modified

window by a threshoid. .

11.  The apparatus of claim 9, wherein the mosquito noise reduction module
includes:

a highpass fiiter configured to compute a reducing value associated with a

checkerboard pattemn;
a variance module configured to compute a weighting coefficient as a

function of a variance of the limited pixel value differences; and

a summing module 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.

12. 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:
providing a window of the image frame, the window including a plurality of

pixel values;

subtracting a selected one of the pixel values from the pixel values in the

window to define a modified window of pixel value differences;

computing a local mean (DC) value based on the pixel value differences;
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factor, and the selected pixel value, to generate a nodified pixel value.
10. The apparatus of claim9, wherein the nbsquito noise reduction nodul e
includes: a limting nmodule configured to |imt the pixel value differences
in the nodified w ndow by a threshold. 11. The apparatus of claim9,

wher ei n t i | Lt R HIRSix@ Wlgkpass Til ter
confi guregspﬁgﬁgrp%@gggbﬁ‘gaéﬁgwgéa\h/%rg%ai@éaﬂégpecpjvm' t'?]l a checkerboard
pat t eliffereacesyri ance nodul e configured to conmpute a weighting coefficient as

a function of a variance of the limted pixel value differences; and a
sunmi ng medipritingrin artifad attenoatipnfactor aeadonetibrsaha diynamic rangeci ng  val ue
and the | ocal nean val ue,dv%pplgi n tdhe wei ghting coefficient, to define the
mos quneasure of the pixakyale rgecesy BNCA conput er program product, stored on a
processor readabl e nedi unc].| conpri si ng instr_uctiéms operabl e .t o cause a

conput er cempetinganwaightachsmar the saeequily nrise redurtion; alue anddhe nage frane
of a,vi | , ad: ?[rg)t{ Wrie i ghi E@m t he i mage
frar’réqda?ﬁ'ge@ \%{!@%\7 ?é{gﬁ 0ai nég;gg'f% ura‘%’ﬂd}%gffa&%;“k%?d]\%a ?Jégg; S sgélacti ng ag

sel evhle, thgendraténa rpodified padaliwaluer om t he pi xel values in the window to
define a nodified wi ndow of pixel value differences; conmputing a |ocal nean

(DC) val ue based on the pixel value differences; 23 conputing a nobsquito
noi se reduction val ue based on the pixel value differences; conputing an

artiqgct ThbepuiUtenpfoapamrpraduet dfulgin 90, whersinyhemethodfigthemeasur e of
t he pi xel value differences; and conputing a weighted sum of the nosquito

noi s€OMPHLes: on val ue and t he

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

14.  The computer program product of claim 12, 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.

15.  The computer program product of claim 12, wherein computing the local

mean (DC) value includes:

applying a 2D lowpass filter to the pixel value differences.

16.  The computer program product of claim 12, wherein:

the selected pixel value is a central pixel of the window.

17.  The computer program product of claim 12, wherein:

the window is a n X n window of pixels.
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| ocal nmean val ue, applying the artifact attenuation factor, and the
sel ected pixel value, to generate a nodified pixel value. 13. The conputer
program product of claim 12, wherein the nmethod further conprises:
limting the pixel value differences in the nodified w ndow by a threshol d.
14. The conputer program product of claim 12, wherein conputing the
nosquito noi se reduction value includes: conputing a reducing val ue

assocjated with a.c tern: H§ﬁg'mg a wei ghting coefficient
as a%uncﬁ‘ﬁﬁomp‘ﬁeeé%géﬁgﬂéau@ﬁ&efCgél@eﬂ’c"\ga ueﬁ'di fferences; and conputing
a weighted_sumof the reducing value and the | ocal nean value, applying

t he meighﬂﬂ%@’%@@*?@@ﬂ@ €l 0 define the nosquito noise reduction val ue.
15. The conput er program product of claim 12, wherein conputing the | ocal
mean (DC) val ue includes: applying a 2D | owpass filter to the pixel value
di fferences. 16. The conputer pro%r?nhrgéfuct of claim 12, wherein: the
sel ed®ed Phespmpaiterprogramsaget ofgial WRefeMi ndow. 17. The conputer
program product of claim 12, wherein: the windowis a n X n wi ndow of

pi xel s. 2A=18. The conputer program product of claim 17, wherein: nis a
smal | odd nunber. 19. The conputer program product of claim 18, wherein:
n=3. 5



