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
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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

vi deo qouueNCETRY ?ﬂ&?fo Lsi : LS VhRRA r,._.:.. qe. Each
frame/ ?[Pef'?]cgﬁg’?'gh 0 é{é@(ﬁ?\%ﬁﬁé?ﬁgggﬁg&gr@% F;f p||(>)<e S. a{ en video
cont entApplicatieroNed 605303 0VPalad Decemben 16, 2008 xandventitled MPRGAEats 4

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
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(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_004] 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




1 where differences are encoded: P-franme and B-frame. For a P-frane, 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”
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I n image frame ow conpression rates are used, for exanple, |ess
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artifacts whic eal i ertain areas of the imge frame, particularly
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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. 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.




bet ween nei ghboring w ndows 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 internediate or high level, for instance, higher than 2
Moits/sec, can effectively reduce blocking artifacts occurring at |ow bit
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essentially containing only one DC component, i.e. values 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. -

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.




transitions are generally aligned vertically and horizontally. [0010] In
nodem vi deo processing applications, often the source of a video signal is
unknown. The vi deo signal maybe digital or analog, and it could be
transmtted froma DVD player, cable tel evision source, satellite, or a
nont age of inmages fromdifferent sources. For instance, the video signal
may be [80dthbi Niddoosequences sanalea be affecigddychanget additive Gasssiamhus, any
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at i nt qpamstigt Noged hi gher conpression rates |n t he context of MPEG
conpression that is effective w thout 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 methods and apparatus, including
conput er program products, inplenenting and using techni ques for reducing
nosqui to noise in an image frame of a video signal. A wi ndow of the imge
frame is provided. The wi ndow includes a plurality of pixel values. One of

pi xel 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 conmputed based on the pixel




val ue differences. An artifact attenuation factor is conputed as a function
of a dynam c range neasure of the pixel value differences. A weighted sum
of the nosquito noise reduction value and the | ocal nean val ue, applying
the artifact 3 attenuation factor, and the sel ected pixel value, is
conputed to generate a nodified | xel value. [0014] The details of one or
more enbodi ments of the inventi onSUMMARBY forth in the acconpanying

drawi ngs and the description below. Qher features, objects, and
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[0018] Fig. 3B shows an illustration of a npdified aperture w ndow 350 of
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function, according to one enbodi nent of the present invention.
pixel 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.




[0022] Fig. 6B shows a limtation nodule 650 of the nonlinear processing
nodul e, according to one enbodi nent of the present invention. [0023] Fig.
6C shows a flow diagram 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 illustration of a nonlinear function 700,
accor di [19020] o Gige Seshove aflow didgranecha methed 5A0den perfomying 23N0FWEO 8A shows

a snooth.attepuation I C i 0 t he

or csent Mg 4R SpstRI. BedBitued i Bheritheuth Pos RITMER ofthe "S00 1 or
per f or npr8Get iAV@Stidn. attenuation operation, perfornmed in accordance with
one enbodi nent of the present invention. [0027] Fig. 9A shows a graphi cal
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i |1 ust reenlineanfungticawacsordingutn ere gmbndimenbef theqressnt spvendioBor di ng t o one
enbodi nent of the present invention. [0029] Fig. 10 shows a fl ow di agram of
a net hdd022p0 Pigy: B8 sheavsoy limitation modudizi 650 bf the penlineanprbdessidgcor dance with
one enbodinent of the present .inventjpon. [0030 L ke reference synbols in
Che varoue sacaring o Rise epeodimpet B kiaresSRt Blediden rscmr pT1 on T 0031]
nts of _th resent i nventi on provi ods aratus,. including

Enbodi
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conpr egaé i ' LJat ' el hhl - ally
abave 048} ; JFHLT Shol Lorsp|cal AuShetic 8 Rohifcr indldh TOU bocoRi
redovi rigone smbadimenbobthe praséntdnventioice 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.

[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 |




[ 0032] Enbodi nents of the invention provide nethods and appar at us,

I ncl udi ng conputer program products, inplenenting and using techni ques for
nodi fyi ng pixel values of an inage frame of a video signal to reduce
artifacts in the image frame. According to sone enbodi nents, an input

i mage frame is received and processed pixel by pixel by one or re of
sever al Compressiontin whichintermesliale @nd-nighs bit rafeg are bised ganerally abeyve 2pge
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apparatus di scl gsed herein process, pixel by pixel, a square sliding

wi ndow BCKNG aBHAcCtSi ng aperture wherein the modifying pixel is generally a
central of the window. This w ndow includes a pluralit I xel

i xel f
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t her ef ' L0l | ' ihin £ridal 3X3.
Gener al FomPAEP R AmHroliifs e bt Rk Rb ARG, lor WBMyindRlel X3 1
to rmodi valuedef g iedge framewflzvidee digasl iimeduee adifadts in ke imagioiame. reduce
the. pi becordgd8 spi erBbodeals. b ekt A friiBh Y TSNRE A PRERREL val o
di f f er efig@Dy Pika HyoHe G mbBie<6f selietAIThemaes tretiice the bBB¥Ededcrimeadiui t o noi se
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I i t edhedmagé fravee as miiechiasepbdsible. t hr eshol d. The nosquito noi se reduction
nmodul e perforns a nosquito noi se reduction operation on the pixel value

di f fer §0083] i nEmbedimentsiof thethodsland appgrahes diselosed hergingirsceds, peel i s a
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val ue Sike! vaesoter a berdwaradmplementation.Jingstore arbpstitoRFURING essi ng nodul e
reducespLedrdUite S8 8ftheitifng4Gihbib®as pPétrably 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




7°1"v horizontal ringing, DC blocking artifacts, and residual nosquito
noi se remaining in the pixel after processing by the nbsquito noise
reducti on nodul e. The nonlinear processing nodul e has an adaptive
threshol d and operates to essentially force the value conputed by the
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provide additional flickering. e flickering happens becau_l[se val

pi xel s atgpuationmedute; @nﬂfcpaﬁébttbefMBEEi artifaat sedugtion,stisngdly h?efeﬁHifsg hold to
sl i ght lyfe GRMslichfion 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




and the hard switch fromzero to nmaxi mumtakes place. Small changes up and
down cause big changes up and down. The snooth attenuation nodul e outputs
attenuation factors having these zones, and additional flickering does not
take place. [0038] Enbodi nents of the nethods and apparatus discl osed
herein provide for a spatial nmethod, which is _generally practiced in a

t wo- di niepsesenting padof@n imagediame in a-video signal. This frame.is gepefall¥sent i ng part

of an i fr e [ i.gnal. This frane is generally processed on
a pi erS@%ﬁ%@ﬁﬁf@fe@b\}[%ﬁsgr}bodi ments of the nethods and apparat us
describgd herepn can be inplenmented in various, conbinations of software
and har@%&&g. Fmﬁgﬂe'é%ﬁ leo. %%"%PH@&&%%@%&Q&@WQ%M% npl enent ed
i N a Viifffleri@etiGh VariolPEomBirativhs Bf SoftwhiRVarkd RirdWare! fiténdli spl ay devi ce.
The net hods and agparat us described herein are particularly well suited

e

for pr oerobedimentitae snethgde pad mpparatuy atg implemented iscuvidee coptellerdPhg anal og

ot ancis VL TIpPRI G ol BsDal RRVRRS T AR A anrdhisestlf! < "o!
pl ayer shereiatdre paefictNarlyi well syitddefos processingg vdeo signalsdromiasyiafivadbus el evi si on

signals. Artifacts associated with. iptermedi ate and high_bit, rates
ancodi USSR ARgI0g ROLEPeFo HiaLSRUIEPS NG & MUNAIK PEENAIPT NG 1 s, are

reducedy; m§@b§ F&indtaAcs,IHE GhethBlis bRE appdraus apabplididi&kfpTW edee of
bl éck d MPEG cCO

w ndow 0O boundari es used I n npression 1s required. Thus,

enbodi VD players,lnablectelpigion systapisaand sotellite trapsmisaion pbisievigioness conpl ex,

| ess tig n ] . 106l : i

toanni AE AR s B daieE T Bl RR R b R BB Mg,
aﬁ;éar atrnosqL@o ricise amdiflilyareg bogkingeartifadts.careredocedmegardies s thef saurce nput

vi deo si.gnal, to reduc rtifacts in the i frang.. I n Fig. he

= ppar S 8EP slonalc SO KTRMERER sigaHaw R bRTaE s aiFerdn MRES0S wni ch
recei Vepnipledsiohis refBied ! TRIB, embediaiums of the rhbthdderdriteapparatusiae a
nosquito noi se reduction and | ocal mean determ nation nodule 110 which

r ecei v&gMpjationally fess complex, less time consuming, and less hardware consurming

than conventional techniques requiring 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’-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 mutitiplier 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




values a'-i' fromw ndow ng and pi xel subtraction nodule 105. In addition,
apparatus 100 includes nonlinear processing nodule 115 which receives
information from nosquito noise reduction and | ocal nmean determ nation
nodul e 110 and outputs a value to a nultiplier nodule 130 to be multiplied
by a static blurriness paraneter y. The apparatus_ 100 al so i ncl uges snooth
at t enuaarecontrobiparamezars farihermethodi 200sandyapparatus 1RQ, and arejdisqussad nodul e
105 anqﬁgutputs MPEG artifact and Gaussian Noi se attenuation factors A and
Al to a GUtput nodul e 125. CQutput nodul e 125, which receives. output

10" pr ARGk "aFidinrpeden e iehod 2ob et S Opniion ¥ Hhe Sradfi 100 8 O ©
Wi ndowl lﬂgd%?ﬁéﬁ{ vﬁmfbtiﬁ antireBe TRANS B Adfuce Hrifabts inaheé imbgeireee. vial ue " e”

t o out put I"'e 125 for nodification of that pixel value "e " Paraneters
T2, T1,st@p205nthejingutimage drameis providedtte windawing ead-nixelsyblragtiethd appar at us

100, d ' X . Ei i

ooy at i DROUE 1052 IS BrofieliBity. Wipdowing hy, il stibhBEfoPnisli fog 0, 0 Lhe

Hggg _tgsroviadyggo grridtibﬁ_s:tg)ia_nsltdmg wirkigev irlﬁg ap%r.atibn, andi(-z))agafal subdractipnt i mage
I's provide 0 ndow n . i

o e, s e Bl e e RO, e

functi ;%&Péréf.%)m@dtﬂi :fcﬂ': dHEh FUREHN; ﬂ%t%%?%iﬁdbwiﬂ@‘bdeﬁtjcm Biptevided biyraact i on

operatio hose s ed inthe art will apprecrate, in another enbodi nent,
t her e* iwindowisgpnodule, andithecpixe)subirastion apefatian is patfomed by @ SGRMBRI ng

oper at i i | a w ndowi ng nodul e, and the pixel subtraction
op ratzip%e'ls@bgéﬁggrd'ﬁgag%y a separate pixel subtraction nodule. [0042] In
st-ep Fig. 1, ndaw nodul . ' . ] e
oot 10858Y £ a6 2A0RER 2RI Nuié 85 Sy Bey Vil ot el
d]§SCF| thfhﬂJt il{ﬁﬁb@‘ft}dﬁlé. hir siececamnplel ]?JirHCQV 36RNis d Be3 slidigwindowudbssribedl ural ity
of pixel values from a portjon,of the input image frame. In step 215, the
o1 xol el wiibireteramRmAOd A g B windos 6ot B eirali S ValeSrd e 1
the w iéﬁ%ﬁlﬁéﬁaﬁ‘ti Rloerarab. YR sHS215, thé PkensiBRAction metiurana nodi fied
wi ndow of pixel valle differences a -i', as

module 105 subtracts a central pixe! 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'- 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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described below with reference to Fig. 3B. [0043] In Fig. 1, nosquito noise
reduction and | ocal nean determ nation nodule 110 provides two functions:
(1) a nosquito noise reduction operation, and (2) a |ocal nean

determi nation operation. Those skilled in the art will appreciate, in

anot her enbodi ment, the |ocal nean determ nation nodule is a subnodul e of
mosqui t t3hiy adlurddess paramateu p evhich contepls 2n@ralf blﬂrrmesa, Thecoutputaeswiean
determ nati on nodul e determ nes a | ocal mean val ue "Epc" based on the input
pi xel igdecaived by madiied2d - i | n step 225, the nosquito noise reduction
nodul e 110 perforns a nosquito reduction operation on the pixel value

di f f er {0648] a' steprifliohthe prodessirglindhedatpufmedge 95 takeg plaseat At Bienpsqui t o

Goscri HRaPEaSREZs” meipeul Vi 13836y CREHA NI CRERRIARA (o
2, non'ma@aik%&ﬁm@a SR6bth &ittbAlatisd ﬁfdaumem heheflithd Ricanamrahet ween | ocal

mean val ue DC" and nosquito noi se reduction value "u" and %enerat es a

nonl :c neaceifesh frohomadsatae1®is added tdlthe@f@dtlﬁé fThereguitis mH@PhE’ ¥l ocki ng
t t f Fig. 2,
the v aEECE SEBRidtachEd, 3o B8YRH Ford i Srooh SRR M oq'

mul ti pl84ulg 120K Tr@oﬁt%me@bradé&m BHASS %o ﬂﬁart%mia? pixel walu@fbfctﬁ@bmhg overal |
bl urriness. The out result is received nodul e 125. 0045t In step

240, wanémmce@@vecbﬁ' DR thnén@dnlpdDSramm@pmbea mediedpielkvalig &.nEhe out put

nmodul e ] I 0 ut va 134, | | ti enuation
factor aﬁ%npgﬁ %%B{W‘%‘f@ﬁﬁ u@?ﬁﬁ&%‘ﬁﬁ%%&%@@eﬁﬂg&@g@al mean
r egel vest thd Wm@wﬁacﬂéﬁh Gauadsigs Ndise fetucio® duak by hrevioas lnhcbdu!es tol tiplied
by.. MPEG artifact attenuation factor % . also received fr'gIrt he srmoth

at t enué't‘@ pixel valueree Inztep 262, harapdited phelivaive & inalnate QUPKt al pi xel

val ue % d| ng w ndow received fromthe nodul e 105 and outputs a
| xe

nodi fie vaI ue J. The attenuation factors % and X, provided to the
QU . AB ARSI DA by A PR st i Sues an
245, t epuiimage ﬁdmm provideal toevindowingl drat pitkeldsubbraction mosduie 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 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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| rage franme. [0046] Fig. 3A shows an illustration of a wi ndow 300 of pi xel
values a-i in the input inage frame provided to w ndowi ng and pi xel
subtraction nodule 105 of Fig. 1. In this particular enbodi nent, w ndow
300 is a 3X3 wi ndow of pixels fromthe input inmage frane. Those skilled in
the art will appreciate that other w ndow sizes of nxn, where nis

p:Tgf graWQABA _erE@.M @m&aw,q'imnb@f mesquitonaiss eedustivn éinddacd) mean ¢ hi s, |
Forod MBBtermhaiSH &l 18 conSimabd Abordih H AHEHhb BB Bt i Prasklif PL*e
o | A, T T g R A o e O i
The wi PWUM@%T é@%ﬁ%ﬁ*ﬁ@ 5, 80@ a \@rignee | luie A28 oF CampWing a¢ dt he

i " an L tho i - i ed i 300.
Co0arT wRldhBhg bB:HEient o, 1938 0RViddi folitiam dt A fiRofid sbdisde’c W nAOW SOD:
A btal o HogorPing 2 MESIUMOIRE ethitioh bporaton, desdibs witleiioreroe 1004, 300 by
Tont 1 ocTBa mdkgntte Heivsyedietion and [poaLimaan detspaaicunpruls 10 fegensss
di f f er epg@blogk ﬁh'%;inégrlﬁ@ﬁ}%séﬁ/irﬁ ﬁnﬁﬁh dg}ﬁ%& e ﬁétﬁraltda%ai@ (?fftﬁéences

bet ween t he pixe ues a-1 o 1e W ndd and the central coefficient
e are rigpubimagedame. Tde; masquitogoise edsustion operationds based onfknewledgey' =g- e;

h' =h-e; 4.z =4 . . Fi h ' noi se ‘ '
reduct itg tyﬁaa'?"g%ﬁ%ﬁ%EIMﬁﬁ‘ﬁ@ﬁt%ﬁéﬁ%ﬁg'??é'g@gg%gﬂéﬂ%%ﬂ&accIofd| ng to
one farrhﬁzhbcganf, aﬁplehb'sea@aga?mne.df n?_easkejrboargﬁm aéllﬁlltaslinq)ullé@ p@aﬂﬁtnsdaac%l! : {n ting
pdul es , logal ,mean deterqinatio ule 410, - hi ass filter
126 adHeeSumPHoR UG S MOSEHR0 Polee maTE FRGS 15 eaiad i RO ofent - n.
Fig. 57 #gs, a flow diagramof a nethod 500 for performing a nosquito
noi se reduction operation, described with reference to Fig. 4. The

o PabB0AN > SRR A MG RN RIS ARRTEN e BAIIRE 20
of t he to the limiting modules 405. ,

[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

17
"

coefficient « as a function of a variance of the limited pixel value differences a
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i nput image frame. The nosquito noi se reduction operation is based on

know edge that nosquito noise is a high frequency process both in vertical
and horizontal directions, appears as a m xture of checkerboard and
delta-inmpul se patterns, and the assunption that the nosquito noi se dynam c
range is located in the range of e - Tltoe+Tl. [0049] In Fig. 4, pixel

val ue din step &20ctheaweighting coefiicienta isprovidedis@ suremingmodalt 425 adng

[imti Lpmdul 405. 00 | t 505 of FLg. . th imti d
408 | | e R ieing alo P e orcRERBatt BattemEs anlipeel DG VARG e bot ¢ om
and + Téom[)rm@é Weightéd gemelsfg'fﬁsraté lathb 85l ndide MluBolVEiR arces. This

threshold Tl defines the working dynam c range for nosquito noise
reduction. The limting nodul es outpul, a group of the limted pixel value
di fferences, b", d*, f", h", ai,_%ﬁéggl',ag?m’i". In particular, a

mat hematical representation of the derivation of these |inited pixel value
di f f er ekR083] i sThe vebia ofng: generatedibyrvasiance module-420 digsisably satisfies'the

Lidc', T : n = Li Tarkrdde a5k . .

T L sdoh:D <g k1 i Gorents o b Biseness ot the ixels suroungiRee i i >
[0051] d¢entertpixel®Eltd eddheotRlr.- Inpatinidas d4 i detemileddnaisteanodals @209 val ue
of the che&;kerb ar gajttern Ea,. In step 511, |local nean determ nation
modul e R8T f%%ﬁ'teefg" Wing neniineasdupglios EDC [0052] In step 515 of Fig. 5,
vari ance nodul e 420 of Fig. 4 conputes a weighting coefficient a as a
function of a variance of the limted piyel} value differences a"-i". 12 In
step 520, the weighting coeffi c¢€rﬂ?ﬁpa-ﬁs§p'rovi ded to a sunm ng nodul e 425,
afrang wth the reducing value of th ch ef erboard pattern Et, and |ocal DC
value Eoc to conpute a weighted sumto generate a nosquito noi se reduction
val ue 'whereu=aFt h+(1-a)E,,,, [0053] The value of a generated by variance
nodul e 420 desirably satisfies the condition 0:5 a 51 and depends on the
cl oseness of the pixels surroungja@.3-(g +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.

13




center pixel a to each other. In particular, a is determ ned by variance
nodul e 420 according to the follow ng nonlinear function: a=exp(_ 'Eol)r
where Eo = 0.5 (El + EZ ) [0054] "V' is an estinmation of the expectation
of all surrounding pixels, VIEo -a'Il+lEo -b'I+lEo -c'I+lEo - d' I+l Eo -fl
+lE0 -g I+lEo - h'I+lE0o -i'l [0055] f, is a predeterm ned constant
positive val ue, obtained on tlig,. bdd4RsEQf1/4sWhj ective experinentation. In
one exanple, to decrease the nosquito noise value significantly, while

preser vj nat ural i MRy t ajl,s h as_p osen.
Decreas‘fvﬁ%ecﬁl Tfﬁf@’ ’ggsfg'r%ﬁe%{% 5%6&&5?? I"g ? r@@ne%;igr@fu”aﬁ%g of

nat ur al |1 s of the inage. [0056] In one exanple, |ocal nean

det erm nation nodul e 410 includes a two- di nensional |owpass filter for

| ocal et grJ elal : Al Lhe

one- di :@ﬁg?ﬂna %W@P?IQTP%P'&'P@%@H%g‘\gﬂﬁ(eq?ﬁeélﬁ@qFovvl %fhu npul se response:
1/ 16 1/éhetkérboaid Patiérh B4 For 4/3%8 \Mih&)\&bbfalnéd)ﬂﬁﬁ] therenedimensianal filtecal 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',d',-11d) 1/2and/avhere Avr( ) nmeans average.

[ 0058] A two-di nensional highpass filter for the reducing value of the

checkerﬂggqh?f@ Iﬁé "}nEHsefr@épéhs@(?’ w ndow obt ai ned from the one-di nensi onal

filter 4 1/2

-1/16 1/8 -1/16
R 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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has the follow ng inpul se response: -1/16 1/8 -1/16 1/8 1/4 1/8 -1/16 1/8
-1/16. Therefore, the local DC value ECb is as follows: E, b=1/2E, -1/4E2,
where E, = Avr(b",d", f",h") , and E2 = Avr(a",c",g",i"), and where Avr(
nmeans average. [0059] The Eoc value is output to nonlinear processing
nodul e 115 along with the nosquiteo noise reduction value u, as shown in
Fig. 1. diaigeamafla methodfQifes perfgrmimgduneniinedr pfocessing apesatipne desebacteduces
any resj ﬂHaI am)un{?sF.of squito noise renmining after the nosquito noise
reduct i 81D EPEFERGEI0 Fig- 8arf ormed, as well as DC bl ocking artifacts and

tical hor | | ringi As will b h bel t he . i
pr oces 99§ adn stop65EatBa, bhi e dierasiesis compufad biesrdie pasuit ouayr de.
the | . I Qi i gh
ascoct o rod TR e it KERYE (e, B o1 FER G ARARICTENY, o) o

hori zonj e er@Q{d?@-TDCEQQ&%utEH%as_@&o?ﬁ? (?P‘%’*Eaﬁﬁ@ apifacemragholdrogul e 115

for generating a nonlinear function T e difference between the
nmosqui t asadcefesreddaast 4 static dead zonadhresbeld, Bl () the, input-mosquitednoise cor di ng

ol oGS HaE i sioR SO S nigert Ancton 14 6A) s APBadEFfo Wbk oot e

of the H!@érﬂlbr{dWsﬁ'atfeW' Fig. 6C provides a flow 14 diagram of a nethod
600 for performng a nonlinear processing operation, described wth

Comput A0BRE o BrbraRfical Bk ion rhE PR rofeat furdth ROATORZ Vol T,

=u -E i ﬁg\rﬁq' difé olzd Al pfathémsfemut ed based
op: (1%“’6? "B@bﬁmﬁg’ gﬁ@?ﬂc t resﬂgFgé,)a%)‘?mrgﬁgovre g‘r\ar e%nto as a static
edd zaepresentationl of thamonlimartfaectionp H(A)TOqUS be follivess  reduction val ue. In
step 680, a nonlinear function "' (A) is applied, forcing the input

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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value to or toward zero. [0062] A graphical illustration of the exenplary
nonl i near function "P(e) 700 applied by nonlinear processing nodule 115 is
shown in Fig. 7. A mathematical representation of the nonlinear function
we) 700 is as follows: 0. lel 5 TDc "F(e)= 2sign(eAel -TDC~ TDC 5l el <-
2TDC , e, JAl >- 2TDc T_ Yilut. Yllul >To DC To, Yllul S To [0063] The
nonl i ne&lockingartifastsaanst Burp srtieal ead dorizeetehdnging yithoutrisgroduyeingi@in in  Fi g.
7. Threshol.ding, can ¢ e.flickering. The, ngnlinear nct i S I near
{ransi ¢ PRRTGROCHERMER AR mavdc i ol mample. e A G e Rerbee Byl Feduce
any su 4 G ' [ o Ln | D6k [ function 'Y(e), the
control Bg%‘édfﬁe%%z@#goriysrggﬁ@p'rsga’éioﬁnqar’?gg%ér]‘g@%&é,tgge ‘ning a static dead
zone of nond i.near function. ubj ectiv erinents, show.t hat opti nal
val ues [é)&%}o ﬂ%ym'ng&pﬁs%wﬁpﬁér&ﬁ%k %‘%‘ﬁ-gﬁe{?@?@[}% NOPIiRgAr ¢ hr eshol d
Toc is ﬂﬁ?ﬁ ' ) f ,.Eg)ﬁ ' I i [, on

bl ock vy, uf’m#ﬁ% @gﬁgﬂgte ;bruﬁﬁ},ﬁ ol?gbgmv?eé}é)ﬁ%l%gs‘ oe? ?P%ﬁeﬁhﬁ?gﬁﬁﬁ*y

sati sfypagnidter §ondiis aareighting cookficieht which prefertitly satisfieddhé cohditioren i nmage
snoot hness versus reduction of MPEG artifacts in the image. Y, defines the
st r engt B f <f rand\ihefbesrthe isfrengthdffhe MPEGdutifacbstatie seduationifeature,d@at r ol s
the adaptive _threshold Toc. Wen th , Jul value is smaller than To, TDc
beconesPedanof the Ipgal D%n‘faiu%l?ﬂgﬁé M?\Jﬁemuaﬁ QiR fedystien value, j’c" i on
propert td §i : SRR ' ' re vertical
and hor?bzc(tiﬁ{ éﬁgrbﬁ]r?gb%%sdéﬂ hou‘tatnl;aﬁ?% @?hg@gﬁnd;&ugfﬁgég%ﬁgg%@gﬁ%rl ng to the
i mage. Wwholerfeame &iopd &, minlrumab wemakiniune definedrby dhie local D& valpe.dvordes

R0 o rion 57T ofhn e FSRR e 5kl St i MBIRY e
nonfinear function W(A). When y is 0, the artifacts reduction value 135 of output
module 125 is the local DC value Epg. 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 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 '

7hlg b,

[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 (o) g7

bl

bl

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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function "F(A) that is the output of nonlinear processing nmodule 115 is
multiplied by paranmeter y . y is a weighting coefficient which preferably
satisfies the condition 0:5 y:51 and defines the strength of the MPEG
artifact static reduction feature, i.e. portion of the local DC value
bl ended wi.th the ITDSC]LiItO noj se reductjon val ue.

-t

bl ur r i n8WECheaseRAYS.higiPassible thad framsiramedo Mm?e..th%weﬁvaﬂaé @ith@r t he
.whol e f I F
st ancoane spalihiGealioh cReflb droin SR ARl IREE Nt Pe ol "o odul o
125 is IangmlthareﬁrTmemmrephrmward\/w\dtcmcase the \taitmesaofthfeaaame loedtion i on val ue
135 of modul DC £ Th Llled in th t
w11 Bl BixelS T Hhe neigRasing fiéme8 Wl hive it Sitsront Valuasn oreiRtes | s
the i megghtly éﬁﬁlléf Qnt!)thérf IQ?bé?QﬁéWﬁﬂe th?ééﬂb]cﬁfr@nf‘!?éiﬂe%llﬂ%hlé Maly ik aOC val ue.
In one exanple, the values of the control paraneter ﬁ_that rovi de

sati sf al@p@htyverlé%ﬁﬁms Thegefgre; soms level of fllckeﬂageeanmcyu jocavaid Bhis t est i ng.
[0066] b Y sife o§tﬁfy@539{wpg&.%%ap p%ﬁ?:?ﬁéoe"‘éfvﬂé'n f%tﬂe‘i&ﬂ@?“on that

its namc range i € va ined b reshold Ti. A
dynam cequahtpethertheeshold ¥, itke MﬁE@@tdlfant aitteraldtloalfaabutsd \Rd soon as Mi xel

Lo s o e W bl e
i nf | uengmefr,the. 1/Rem 1d &dilaizefd for el é@teavamestm&faesteuﬁwéasccoefm measur e.
For a-3x3 w ndow, be repres

MEF! Rvanfth@lmar@mmth Wramsitiopsi , 1 h' i, |tqq I) [0067] When the dynami c range
3 gsure is less than or equal to the threshol d, it has a unity value. Wen
th dy{6a68] raﬁgeBAfsdimwsea blbckldi:agfalimbfragnmnhwmeatimedmdutdwﬂﬁ foreshol d, the

out put d..0i.x has .dasf Ll owss . =o8+ Au" where
a1 0 asbing Rl mdhalfort e kot BEENER Shec ot iR FigBR ed i xel

val ue ishowedified diagramraf d methidc860 forgfdrformingcthblynesdih lattehaativiceeded, the
hard 16 switch case occurs. It is possible that fromfrane to frame, the

pi xel PREIAIONa; the sane spat ial location change fromslightly smaller
t han tr[1e threshold to_slig

069] In step 810 of Flg BBy 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, 2 M,
| M, +05(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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| arger than it. Therefore, for the hard swtch case, the values of the sane
| ocation output pixels in the neighboring frames will have quite different
val ues. More over slightly smaller and then |arger than the threshold from
frame to franme may have a repetitive pattern. Therefore, some | evel of
flickering can occur. To avoid this phenonenon, a snooth attenuation
oper at i 071} pé&ig. & shaws theaaskforKisel Hhatobaseskprathetsubjeddivehr eshol d T1, the

MPEG artjfac fi. ' 0 ; eshol d,
the val b @tedtbiaf Hbyiges safateh ehuns R G lefl e GG HBER G "
T11k, Aatténipmiivnlfacter # id applidd todinteamiticatibn efthekhartinearsfuactioretstheoef f i ci ent
of the linear snpoth transition [0068] Fig. 8A shows a bl ock di agram of

" snoot h seleeRdxebNalefil e 120 for a 3x3 sliding window that perforns a
snoot h attenuation operation 800. Fig. 8B shows a flow di agram of a net hod

800 f or [G9F2] or Figh §A shovesra graphical dlustratiom of thessraeotbing goedignt hasaep 810 of
Fig. 813, the mc.ran nme re 1§ caleculated from the pixel value
di ffereﬁ’@@@?" agﬁﬁbv%%‘géj%%@ﬁﬁ@kaﬁﬁ%? function FDR( ) takes into

account_the anmpunt of the influence of a partjcular difference to the

out put 993810 rdlen 530 ahraociiiha emasth BRI REYE 12 sl CORRAEA pi xel
e - PO £ Casirall lnorachy il bt rind Rodidt i, 12"
| ess i ndutpetvaedaled 25otihehGaussiart Neise attenuatiomisdisabledf ley switehs 145 ird' , f ', h'
e o D a0, S roSA LRy oL
3 3} K" sutpdt' modle"125%s not tiodifieh as will be described below. When the value of 44

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 A, to avoid the hard switch between cases when M <7, 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 =4p0<p<l, p=[;—-—l).
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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[0071] Fig. 8 shows the case for K = 1 that, based on the subjective
experinentation, provides satisfactory results. The output value of the
MPEG artifact attenuation factor Ais applied to limt application of the
nonl i near function to the selected pixel value e. [0072] Fig. 9A shows a
of the sppothing coefficient X as a function of M

near functon |
PoaPL  Thotel, o biga b Bhews 2 fwibarmm Rpmefig 400 pedardediantié WPt 96,

th t i | 2 \ 3 i

Mot se o Teu i 198! PITReN! D182 the Bt RAIR 1A Trond SN B nitiBRUES! 00 | |
125. \Whéry irputsaiieen 138 that isf thenBaussian Noisb stedriuation facterily.cin stép 1020, Fig. 1,

t he val ll{}%a of A, h%é t(g be gual %g unity, and the residual value inside the
F) out ptfte FRsliiz 60 fa inpuk Sigpal 1 32dnatvihellogal L yakie RICHBPER val¥n ¢ he
val ue of(a4, W & Ié#ﬂ?& LRSI I 5is
forced t1géima ocatfsl h%FéE vallfJagc.‘ir et'?\éﬁt%gﬁg ,S%%ﬁailq%%gv%%&gghirﬁ% by the
dynani c areegabledathervalue 438 equals t hreshold T2 when M5 TZ. In a sinilar
manner to MPEG artifact attenuation factor A to avoid the hard switch

bet ween cases when M T2 and M a'IZLIy\p@.,.gmgoth attenuation is done by

applying a linear transition zone for <M < 2Tz . Thus the val ue of

A is d ' - . = . . <1, AP=1 .- <P .z [0074]

Fi g. 9B%%Hm%gtgé?@;eﬁafé%ugﬁdgtiggﬁsaaeﬁ%rid 9@8%?Iﬁﬁ#53?%%§cﬁﬁct‘bgnt X, as a
f unct i omoule i¥lehabledatheovalugdB6eguals T2. [0075] In Fig. 1, the output nodule
125 provides application of the nonlinear function T(A), multiplied by the

paraneter y in nodule 130 apd epgerqdgpto-g f@rgt), i nput of the MPEG
arti fact reduction on/off svvitcﬁ P40 T Fi ﬁc.@l?"ll'he second i nput of the

Ml S a8 Rioe Sipstiel Relblon e 8 R Roisa BB Wil <0 1 2

140 is ae disasledf i :pepg’nuimg,vaMQE@@éabggct reduction node is disabled. Wen
the MPEG artifact reduction node is enabled, the input value 134 to the

out put nmodule 125 is i =E (1_1)__0
™ ~DC =M.

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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yw(6), and when the MPEG artifact reduction node is disabled, the input
value is EDc 18 [0076] Fig. 10 shows a flow diagram of a nmethod 1000
performed by the output nodule 125 Fig. 1. In step 1010, the input val ue
134 fromswitch 140 is multiplied by input value 133, that is, the

Ga Noi t.t at fact | th | dded t
et o ThihGranahit SR g Sjeast q&e”maatf&nmﬁﬁleo%ﬂﬁ%fsgr"@éﬂe%d'@32 Vhen
bot h MPEgeaivé dhfCind MEtGEtioNR faMASafd b st aétawdsmstr@@h&tsltena defe are

enabl ed, the value 135 equals u' _,,yT(E)+Eac Wen MPEG artifact reduction
mode i s SiPrage SisieEmat @@@é@n@mm@ﬂgwcefeamtat lgast crm@utpgt derdes.drach he val ue

e ot rodre bR EAT B ImpRmeftea th A Migh e LhrkPEg ERSH ChiRki AR 1o "
135 equarsgramntifg(dngliage, or MsselvibiCoamachineta gﬂégetzf dssirgdgand sn anpbl ed,

'and t he Gauié n Noi se r ductlon de I S d| the value 135 equals u'
Y 1 ( APSE e?qj'tgmepﬁn;% t%@r%ts aﬁgqagermltl plied by the MPEG

artlfact attenuation factor A, that is, value 104, to control the

“appl i caff979]y Suitahle processars inclures thyovaywh exampledeath geseral @ndyspgsial r ange
measur e, o(%g lﬁltzf‘og) %ﬁe‘é@or& I@%ﬁe‘?&lw %ﬁréc@%%?%lt Eﬂ% in tﬂ#ﬁ)ng nldfHath NPUt

pi xel a tcP I Xel ere ore e =e+Au'
[ 0078] E‘nbmlreadwslymﬁemba/ amdlem ramjom racbesi; nngn'tolnja Gﬂperaﬂy tascminpuleos ed

h [ d
nar awar iRYIR o or aRiriss, fotpdb ivias oF sloPbmale FaSLabdnglps uc T

enbod| nigitiudleThagmetic! disR) sLE as dterri hafPURRE ﬁh@‘i’emavéblémst Rlaghefydr am
duct taO@BI bl'y enpodi ed in a_ machi ne- readable storage devicé€ for

deut | OPIGR) diskss 2t apticebrlisks, Stosaas fevicerisyitabie{or tangibly embodying

computer program instructions and data include all forms of non-voiatile memory,
including by way of example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard d’isl_(s
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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steps of the invention can be perforned by a progranmbl e processor
yexecuting a programof instructions to performfunctions of the invention
by operating on input data and generating output. Enbodi ments of the

i nvention can be inplenented advantageously in one or nore conputer
prograns that are executable on a 19 programrmabl e system i ncluding at | east
one progranmabl e processor coupled to receive data and instructions from
and to transmt data and instructions to, a data storage system at | east
one input device, and at |east one qut @ devi ce. Each conputer program
can be inplenented in a high-Ievel gﬂd@ ral or object-oriented

pr ogr anm | an in assenbly or machine | anguage if desired; and in
any case%hﬂte'sg’%ﬁgg% can be a conpiled or interpreted | anguage. [0079]

Sui tabl e processors include, by way of exanple, both general and speci al
pur pose nitr oprodedwsial redusing mpsglitengise incarsigragsi frame etavideoisignal uct i ons

and data & afBido 5%8Ly. nenory and/or a random access nmenory. Generally,
a conputer H{% dﬁ@’ﬂﬂ@ %ne or nore mass storage devices for storing data

Lt emovan o 480 SARAE oFBRNFHE hik e HHERYAPOLERS H Bl o e

devi ces suu'i)tahbalee{s;or tangi bly enbodying conputer programinstructions and
data include all forms of non-volatile nmenory, including by way of exanple
Zen@ conduct or lsralntoagtrng@véet@ded sue bf @ ;EE&RWl ‘ udesEtEHRﬁﬁk hﬂpiﬁ%idvafuleaﬂiﬂg\;éeﬁgryk

evi ces; netic S s as internal har i sks and renovabl e di sks;
nmagnet o- opt ‘é%\'l’tcﬂ?i%l %W‘HPH&@ W%‘%ef%es#oregoi ng can be
suppl enent ed by, i nc rated_in, ASICs (application-specific
intdgrated cir eampeyng ?gz%lgweﬂn &Q%éﬁlusfbaﬁﬁ% patk; el ke diffefansesinvent i on
have been described, Nevertheless, it will be understood that various
modi fi cations REPHENGHAMOSALID, BRise redistionivalyerhasad ondhe pixel Yalueid scope of

the i nvenH!f@Fenc%%CWhgiéTgﬁdmeﬁﬂée&e FERRAb TS el @iot VallldinbiesiCOPE of the

foll owi ng cl ai ns.
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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| CLAIMS What is clainmed is: ‘1. A nmethod of reducing nosquito noise in an
image frame of a video signal, the nethod conprising: providing a w ndow
of the image frame, the window including a plurality of pixel val ues;
subtracting a selected one of the pixel values fromthe pixel values in the
wi ndow to define a nodified wi ndow of pixel value differences; conputing a
| ocal nean (DC) val ue based on the pixel value differences; conputing a
nosquit o noi se reduction val ue based on the pixel value differences,

wherein co ut| uitaq n i se reduction val ue |ncludes conputing a
reduci ng ﬁ%ﬁ%‘iﬁag@ggww Wherei: RmBeinadhe fpgal megn @Qﬂrféﬁ'ﬁf‘lng a

wei ghti ng @ggaég_m ent as a function of a variance of the pixel value

di fferences; and conputing a wei ghted sum of the reducing val ue and the

| ocal nean vaI [ﬁﬂ) %169 [ f to define the
nosquito noi se ?3{ ?on Vg&%&%f@g%ﬂ%&%ﬁgﬁg d"fé &'}%:t attenuation factor
as a function of a dynam c range neasure of the pixel value differences;
and conputing a weighted sum of the nosquito noise reduction value and the

| ocal neary val %’erﬁ Béf'oflglaﬁrt?‘? ‘%élj Lrgct attenuation factor, and the

sel ected p| “xel to genetra nodi fied pi xel value. 2. The nethod of

claim1 furt herthegggg&?ﬁ'pgtgm%ﬂl g}s}%@g@tian I)Ps\l- Fthﬁé‘?'lﬂ _di ffergnces in thga

nodi fi ed wi ndow of claim1, wherein
conmputing the Iocal mean (DC) val ue

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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i ncludes: applying a 2D | owpass filter to the pixel value differences. 4.
The' nethod of claim 1, wherein: the selected pi xel value is a central pixel
*of the window. 5. The nethod of claim 1, wherein: the windowis a n X n

wi ndow of pixels. 6. The nethod of claim5, wherein: nis a small odd
nunber. 7. The method of claim®6, wherein: n=3. 8. An apparatus for

reduci ng nosquito noise in an imge frane of a video signal, the apparatus
conprising: a wi ndowi ng nodul e confi gured to provide a w ndow of the image
frame, the window including a plurality of pixel values; a subtraction
nodul e confi gulee‘fﬂof;‘é)u'w%@ﬁuﬁt'%@m@%@dﬁ%ﬂ@'féd te perfgmxamosggitees from t he
pi xel val i | ue

G 1 er encas > g el bBaRt o R i, VA ifoRCod e icRiieRl vitou 1 2

| ocal rreargen(em)a ambsmnﬂoamm reduction yalue Iwheadin ¢helirfosquinoase rtiticiomosqui t o
noi se redurﬁédlﬂ L? e configured to performa npsquito noise reduction
operation ﬁéncg St val ue di fferences in the nodified w ndow to
generate a nosquito 0|se Le guctl Freln t he n?qu|to noj se
reduction nodul e i fict rl"ﬁoé' Q‘Ar t?lcpfr@ru &R FRIUGIHGeR Lfeanﬁ'ﬁ‘Lﬁ

r educi ng val uevamgh@kggboam bitteadnchecker board pattern; a variance rmdul e
configured to conpute a wei ghting coefficient as a function of a variance
of the linited pi xebmabh& ﬁtbaulerc%ﬂﬁ@@reda@eoapéférﬂme@hﬂp@%@ﬁraemfa&ured to

conpute a wei ghted sum of
a function of a vanance of the limited pixel value differences; and

_ a summing module configured to compute a weighted sum of the
k—} 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
. 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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reduci ng val ue and the |ocal nean val ue, applying the weighting
coefficient, to define the nosquito noise reduction val ue; a snooth

“att enuati on nodul e configured to conpute an artifact attenuation factor as
a function of a dynam c range neasure of the pixel value differences; and
an out put nodul e configured to conpute a wei ghted sum of the nosquito

noi se reduction value and the | ocal nean value, applying the artifact
attenuation factor, and the selected pixel value, to generate a nodified
pi xel value. 9. The apparatus of claim8, wherein the nosquito noise

reduct i on nodulPEoviding eudadow af thenimagadramsd theewindeni igeleding egluiakityoft he pi xel
val ue difﬂﬁ&g@@ﬁ@sin the nodified window by a threshold. 10. A conputer
program product, stored on a processor readable nmedium conprising

instructions o t.0 . 0 . reduci ng
nosqui t o noi Se%ﬁhﬁg&&ﬁp%%eggﬁ§§g§e%?Eﬁaétﬁ}f%éféﬂlg?g@h} {hrgt@é%@%gﬁ{hgonpri si ng:
23 i~ pravindowdo defmena mwdiffedtviiadowag pixkr e diffeensestdow i ncl udi ng a

plurality of pixel values; subtracting a selected one of the pixel values

fromthe pixel comipugiag hilodahteant (DAY Walue bAetd BA the pidi Ydlgs differhers;of pi xel
val ue differences; conputing a |local nean (DC) val ue based on the pixel

val ue di f f er eneemputis®aPaddqito aol¥eTEdIdtON ValuEDdsed Whlthe Pixehlalge based on the
pi xel value differences, wherein conputing the nosquito noi se reduction

val ue i ncldiffrrgncese wbatsimgompringkegosmita doiseseduciioayae inclidesiecker boar d
pattern; conputing a weighting coefficient as a function of a variance of
the pixel value di €9rapéiiges redising 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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conputing 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; conputing an artifact attenuation factor as a function of a dynamc
range neasure of the pixel value differences; and conputing a weighted sum
of the nosquito noise reduction value and the |ocal nean val ue, applying
the artifact attenuation factor, and the selected pixel value, to generate
a nodified pixel value. 11. The conputer program product of claim 10,
wherein the method further conprises: |[imting the pixel value differences
in the nodified window by a threshold. 12. The conputer program product of
claim 10, wherein conputing the local nean (DC) val ue includes: applying a
2D | owpass!3i | tTée qomptiter prpgrem praduet ofiddier Yhwbsrein24 w 13. The conput er
program product of claim 10, wherein: the selected pixel value is a
central pixel dfe s¢lectadmpiimhvalueis a Thetral pirslvEthepriodpvam pr oduct of clai m 10,
wherein: the windowis a n X n wi ndow of pixels. 15. The conputer program
product of claim 14, wherein: n is a small odd nunber. 16. The conputer
program product of claim 15, wherein: n=3. 25 ABSTRACT OF THE DI SCLOSURE
METHCD ANCMAPPARATORcEER pvbf@m?btot bAtOr SIaRRCUCHHENiIn:0081] Di scl osed herein
are net hods and apparatus, including conputer program products,

i npl enent i ng atige wihidog it @ahXirowiagow@f phxefici ng nosquito noise in an

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

17‘ ik {T",‘.
N
p—_

n is a small odd number.

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

n=3.
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i mpmge frame of a video signal. A window of the inmage frane is provided. The
w ndow i ncludes a plurality of pixel values. One of the pixel values is

sel ected from the pixel ATR&ET DR HReDISCHABREL 0 define a nodified w ndow
of pixel value differences. A |local mean (DC) value is conputed based on

the pixel value A ABSSk 1 4 sYoltTay: , is also
conput ed bas QS sz v et etre S—ar-t++a xttenuati on
factor is conputed as a functlon of a dynan1c range nmeasure of the pixe

- value differences. A weighted sumof the npbsquito noise reduction val ue
and the | ocal nean value, applying the artifact attenuation factor, and
the selected pixel value, is conputed to generate a nodified pixel value.

Fig. 126 .
[0081] Disclosed herein are methods and apparatus, including computer program

products, implementing and using techniques for reducing mosquito noise in an
image frame of a video signal. A window of the image frame is provided. The
window includes a plurality of pixel values. One of the pixel values is selected from
the pixel values in the window to define a modified window of pixel value
differences. A local mean (DC) value is computed based on the pixel vaiue
differences. A mosquito noise reduction value is also computed based on the pixel
{)  valuedifferences. An artifact attenuation factor is computed as a function of a
dynamic range measure of the pixel value differences. A weighted sum of the
mosquito noise reduction value and the local mean Qalue, applying the artifact
attenuation factor, and the selected pixel value, is computed to generate a modified

pixel value.

Fig. 1
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