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| . Field of the Disclosure 100011 The present disclosure is generally

osrian i prore LM, B o P Do) ey ccas o ies
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have resulted in smaller and nore powerful 8@3@?%@4@??@%@ of(gy% 2
exanpl e, th&r& currently exist a variety of portable personal
conputing d&d ces, including wireless conputing devices, such as
portable wrel ess tel ephones, person\%e digital assistants (PDAs), and
pagi ng devices That are small, |ightweight, and easily carried by
users. Mre specifically, portable wireless tel ephones, such as
cel lular tel ephones and Internet Protocol (I1P) telephones, can
communi cat e voi Cgy3aRiJalvinRBKeES LIHEE ANALASTY S HiiRs Furt her,
many such wireless t el ephones I ncl ude ot er types of devices that are
i ncorporated therein, For exanple, wreless tel ephones can al so
i ncl ude a dirgi taﬁ*icle'bfﬂtéﬂﬁma, a digital video canera, a digital
recorder, and an audio file player. Al so, such wireless tel ephones
can process {chmcwban RS ubECH | g@insally| diedtetiongsysieit ave metappé Kicat i ons,

such as a Wel%1 bé% arogllll )ﬁ Lon, that can be used to access the
Internet. AY&Y "binﬁé ALY ¢ ef ephones can include significant

conmputing capabilities. [00031 Digital signal processors (DSPs),

i mage procedéor sBuckgrg gt her processing devices are frequently used in
portabl e personal conputing devices that include digital cameras, or
that di spl ajttodpdeames iteblegathavecrapitert i dmblier andonggp pesterfshyamoatingSuch

processi ng dewl.ceuCaamPE, trk bikady tas rarﬁMétg%f yaraa@ pamaampmmg
functions, to process received data such sh 6\ er f orm
ot her funct jd8yikes. including wireless computing dewces, such as po 'table wireless Aﬁ}ﬁ:&l SHEET
Recei ved at pbféna EREHD Rssiviits MAsgﬁﬁ@p@]gOEmééh thaPagemai],dfehu8ight2 ai0005]
One type of vi.deo OCGSSI i ny iJteri plied
to enhance Y (ﬁm'?c{lp' A ﬁe%e' 9%@{/?033%5 ‘5"6[&9 eie‘ﬁ%&!‘?‘ﬂﬁ%{%&ﬁggyﬁ be
appl i ed as aclgbstes fand tlmmetvlhfém@l (51 tfﬂffph@?@ﬁeﬂdﬂ foppranitate Meee nsledhts or

prediction :cl;thoUérQMIe[emﬁmrlﬂr FaRheR Mndnd shdAQRrefokd tEl%ﬁhoné@hﬂﬂl@lﬁ Toh'l@r
filtered frane 1s used predi ct future franmes A filter

desi gned by W@él@f:ﬁﬁ&%ﬁa‘é}“? BFOTPRIRGD BRretih °6Fi“‘@1pll?al‘”“§[ﬁjﬁ’%{?pl‘3‘??a °?“ne
dec???d_ fil ta@sfoﬂﬁ’chﬁ!egln:ﬂéltal &m&ahfafa} ¥ dightt didednamen,n digef frecoidentsd at ge
coefficients resylting filte uan n

sent to the ‘\‘7‘?‘85@ ﬁ od}!e“rq - erqégzell gg%ahgmt mce% %&ﬂmh[gﬂg%gc rf’%m ents
may enabl e bietltdims 'p&wérmnmmglb. H@h\m‘emb Taswysr aplisiion tef cag bapred xed
Filter coeffjCl.ens Hlé?lﬁ:’i €ageIuch@ HRMREEIQ! Rl egUIkRE LRniitansm t
the coefficients may al so increase, with a correspondi ng i mpact on
net wor k r esciffeBans capbiflidel i very rates, or both.

[D003] Digital signal processors (DSPs), image processors, and other processing
devices are frequently wsed in portable personal computing devices that include digital
cameras, or that display image or video data capturcd by a digital camera. Such
processing devices can be utilized to provide video and audio functions, fo process

rcecived data such as image data, or to perform other functions.
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V. Summary [0006] Multiple filters may be determ ned at a video
encoder and provided to a receiver via a video data stream The
receiver 2fbhéa%t 1 nformation fromthe data stream EJ?T}U@%%JOQ’M
which of the nultiple filters to apply to a particular franme, a
particular macroblock, a particular pixel, or any conbination
thereof. The nultiple filters nmay be used for post-processing
filtering or for filtering within a processing | oop at a decoder.
[0007] | n all94pt Peultare ehiybisp niwaeessiag revdhey filseriigs avhirhethay Heet applied to
i ncl udes regai.yi - i . -al i t i i
Video dat a L B A0 B OB Be R B L Hicrcah BF T EL Rokeihod
sel ecting, bhsedhehlteridramet isawt vsel fod @cediation vé futucebardat ar bs tus in-kam

a particular, filter of .the plurality of filter The hod furt her
"neludes apBih HECENE HietE BRGP vhd o dpedic fretianst A Bl Bigie greisicd
decoded vi dgp d@lcthgOfin teh@r \bethR@n dht arilinaB kiggalmidd ther asbadel filtkier eghal.
decoded vi dep data. [0008] I n another, enbqdi nent, an apparatus is

di scl osed tﬁamlqrwcmdﬁgsfamica@f%cwe@o&@rc iyt o dhe gesugpigi Yikeramey be
decode a pl yidkizidl Qlted ] hideSen O8bEINRG:d Motk oMo RAE | FhiORE rillre
apparatus al'so _includes a processor configured to select, based on

i nf or mat i onceaBeicie hay enelie botied porfdmmeanchi Howeeings regision pE qhantizdd filtasr

of the plural iy -fl r plLy 1 he i k|

Ceast a por Frontieft sty o ARk 4o RS hlouptbl uhf ot
produce fi | irersask, dethadedcspoddiog dapat on Betivolkiresosrcesthletidietvdrn raesy odedh.
data bitstream The integrated circuit also includes processing
circuitry cgril,fi g retljnto process the decoded signal to select, based
on informatioh i nerddél in the video data bitstream a particul ar
filter of the plurality of filters and to apply the particular filter
to at | east [M0pbMultgre Dherslewpbedeteinlies] datadofencdder endipovided t a receiver
bitstreamt Q. produc ilter decoded vid data 100 l.n. anot.her
erbod nent , it AasEFart sl Cn BRG] SR (B Pad i o PP o
decodi ng a pleutiyl whichodf thel maltple filredd@dapphy ao v @gadicalat &rabie at peaddnlar

The apparatus includes neans. for sel ecti.ng, bhase i nfor i on

| ncl uded | nTRREORFKEO HET b oF 8Bk ombipdiop Grtr Te IOl drey be

plurality ofsddifbs ﬁkfsﬁ})roﬂkﬁi_n BiRefi R siSof tilkdrd@rwithieh 'd@@&sﬂgm ak Qccoder.
o

applying the particular filter to at |least a portion decoded vi deo

data of the video data bitst reﬁgﬁto produce filtered decoded video
data. [0011f0004] EhePAgculaneBarHERE; 24 <amplitdicloseh dub meliisyrismiving and
storing CcomMpdfAingeX SRR LARAS 8mbedddl 3£ h ASRY- dat EitGRIR Ut 8Ividegatallce
medi um i ncl udes code for receiving and decoding a plurality of
filters embddidencthed anajpdgeseleating. bhased oaaimamanon jippesed eimother vidath data

conputer-re qﬁgl M@ j r cti .

i nformati on%ﬂnc 1Eﬁ(’je In %gﬁ{/eli’ ggheggﬁlgahgftogt%&égEm Tg"'gbné“?@fciﬁﬁgér} lluflflgeesr
of the pl urappiymgdfe farticdubr silteiToat Postpupoettonr e aldeableé videdidataof thetvikeo data
i ncl udes co for applying th articular filter to at least a
portion of ggﬁtﬁe&@&‘)@%&{éﬁe %15?%15%%%0?%%“%%%@‘ data bitstreamto produce
filtered decoded video data. [0012] One particul ar advantage provided
by di scl ose@08badanvert smbsdiarnd, ap appeesrenis distldséethpemtiadesencide®lecoder
filtering, particularly in the perfornmance o ost-filtering in order
Lo enhance CRETEHAEN A j2eoi g cteBibes B 0s b e apbHEl Ty vRedI R
advant age phamided e dippahs ethoembREENE Hrscebsdr @ohREIEEE BiIBNEHased on

bits required to transmt filter coefficients of a plurality of
filters. information included in the video data bitstream, a particular filter of the plurality of

filters and to apply the particular filter to at least a portion of decoded video data of the

video data bitstream to produce filtered decoded video data.

{0009] In another embodiment, an integrated circuit is disclosed that includes video

decoding circuitry configured to receive and decode a signal including a plurality of



[00131 Ot her aspects, advantages, and features of the present

di scl osure

w || becone apparent after review of the entire

applicati Qpp 201068626h Ng the following sections: Brief DeggfjkiiodfddHf
the Draw ngs, Detalled Description, and the Clains. V. Brief

Descri ption

of the Drawings WO 2010100§250PCUUS2009/ 050237 4 [0015]

FIG 2 is a block diagramof a particular illustrative enbodi nent of

a video dat
processor;
illustrativ
decodi ng ci
di agr am of
vi deo dat a
di agr am of

a proceSS| _apparatus that includes a video decoder and a

fiers ymierddsd o jas videg| dgtak bifttesginam 1GF ategfadi eitigugly also includes
t r t 1{AC S

poERag) dRgleplonfulah SOpked, sl ey AclE s den

afparaipe u'lic:luded |m tist vided Jada ditpodimpentartisiilan filtet hbthetmdurklityt ofy

SRR e Dl e a6 e 1680 pRRARARE abdoea Bidkd it B R

i ncl udi ng avﬁbﬁdﬁhbgﬂﬁﬁﬂtﬁphﬁﬁﬁiﬁ@ﬂﬂbﬂmbﬁﬁuSMmgma"p|uralIty of

filters. VL

Detail ed Description
[0010] In another embodiment, an apparatus is disclosed that includes means for
decoding a plurality of filters embedded in a video data bitstream. The apparatus
includes means for selecting, based on information included in the video data bitstream,
a particular filter of the plurality of filters. The apparatus further includes means for
applying the particular filter to at least a portion of decoded video data of the video data

bitstream to produce filtered decoded video data.

[0011] In another embodiment, a computer-readable medium storing computer
executable code is disclosed. The computer-readable medium includes code for
receiving and decoding a plurality of filters embedded in a video data bitstream at a
video decoder. The computer-readable medium includes code for selecting, based on
information included in the video data bitstream, a particular filter of the plurality of
filters. The computer-readable medium further includes code for applying the particular
filter to at least a portion of decoded video data of the video data bitstream to produce

filtered decoded video data.

[0012] One particular advantage provided by disclosed embodiments is an improvement
in the performance of filtering, particularly in the performance of post-filtering in order
to enhance the quality of a decoded video signal. Another particular advantage
provided by disclosed embodiments is a reduced number of bits required to transmit

filter coefficients of a plurality of filters.

[0013] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.
V. Brief Description of the Drawings

[0014] FIG. | is a block diagram of a particular illustrative embodiment of a video data

processing system that includes a video data bitstream and a multimedia receiver;



[0019] Referring to FIG 1, a particular enbodinment of a video data
processing system 100 is illustrated. The video data processing
system 10Qyé Reibisies a video data bitstream 102 recei vegdeb)isdhoons0237
mul ti medi a receiver 108. The video data bitstream 102 i ncl udes
encoded video data 106, a plurality of filters 104, and filter
selection information 122. The multinmedia receiver 108 includes a
vi deo data decoder 110, a filtering nodule 112, a filter sel ector

118, and a 0dp] Blp. 21isa biugk dingsaneai a patieamnilesratineembadimens @f 4 video data
receiver 10 leCta s fiad 1 r 'gglgji? Bl f st ream 102
based on thgmk?ﬁstﬁlgraﬁge?e%thl olnaﬁlgésc??vn%ﬁétcp%ﬁé{dfzz. @IBZOS raI'he vi deo dat a
decoder 110 is configured to decode the encoded video data 106. For

exanpl e, th&WPHEK:. das a blvek dgeram ai: pratjculye ilbushtig pndgdimentielzdategrated
entropy enc t. far m I ' .£_COSIi he
transform (%g%qt tg% lﬁﬂg&gésc%i)??‘%&Rl&a%g&#%}{gﬁ%g?sg#gE{rgllrl nmbodi nent ,
the video data decoder 110 includes a H 264 or Mving Pictures Expert
G oup ( MPEGI0GhBHL.idise fttee dderam §i0paiculdrgllfstiatiey émipdiment|of amehadsto
configured gg regeei#/a? as.l{‘i I tegaliIProgJPttergeaJé |ter selector 118, such as
t he second Coded ﬁ‘férgal[ﬂb. h ﬁ‘[therl ng nodul e 112 is configured
to apply the received filter 120 to decoded video data received from
the vi deo d@MESHEESdEr isl 20 bloEkedfaptatrerdfng patiulle tdBodiegnbef a portable

configured to apply.the filter .to the decod vi.deo ta.on a.fr

rmcr ool ock, COPTRReRoTL ey HAREDE o SendiEaans e eftt duBaat Rl
data 114 t hafciss provided to the display 116. The filtering nodul e
112 may be WD 20101006250PCTM520091050237 5 inplenmented within a
decoding |l o (n S, , .or. for post-processing filtering, or any
conbi nat i on%?fher ?ﬁf?’gﬁggéﬂptﬂﬁ'e filter selector 118 is configured to
receive the filter selection information 122 and to sel ect

appropri at e (60191 Beferingoro tH6. fl ur ahititytlanemboditrents off @4 videor data processing
particul ar enmbodi pent.,, the filter selector 118 is adapte o decod
Phe. i ur al | GG 1PY 1 piteieda Tie 6 b oae eg udradDhatsuEn e Mo dPe
such as thepasasandiodecesded by lat @hltikedia feeitdaodi ITRrving oRewitcehi?102
The filter selector 118 may sel ect decoded filters to provide to the

filtering menlidss 19modeds wificondatn 806, p tielprality oF ikt 104k ordaiiien sglpgtion
|0 a part! Cl@fmARAEh MefHe mbyificlin| L&kve? Q08 Ghdhdel hEiBQIRAL A8cA0E 1

nore characteristics o ecode eo data t I'S generated b)}a
the vi deo ddtligriceoodde 1120 filertselsctor 1 1% rang eldesplayoli6i rfhgrspretendif0 rrableso

o ovi ded t 0 BHATPITE g hott oS RGeS Rtk 68 SRkl B el on
encoded vi dele: fladracld@niisforrea@®hvé?l and decoded by the video dat a

decoder 110 of the nultinmedia receiver 108. The plurality of filters

104 and the fi sel ectian i,nfor.mati 1 re,received . .an ec d
S et 1T abodoh The S S Ao B b utio Plbab Rt Wit RIS
sel ector 11&cseteglls i @asd deviandadadoaes el dohfgurd?d dtodehdirphuembiddy
of filters 104 based ¢on the filter selectiong nf&i tiog 12 _ingludfd
in the vi ded2Hdnd 'HPT PSR TS, ISPHE Parriteniarm CPkascthe restigpe 98 1
applied to atpdgagir enRRAhEANHR viHAE d88 CRASKE: Vitdeacidadsas 31.2448r Moving
filtering nodule 112 of the nultinedia receiver 108, producing the

filtered deddeteds FxpreCwap SMPED) carhpatibid degpdedt decoded vi deo data 114
is displayed at the display 116 of the multinedia receiver 108.

[0024] By r 39@2'1\1 g _fi'ﬁlélliﬁ%iglg&mé h3 & SuibdBd ¥o_hx%c| O&Qﬁﬁ'& AR ﬂ@ér%elééllép

the multimedia receiver can select "particular filters that result
in a | owest ldBroiches theasshondmiecodsdl fdtse dd@dThe GHoringanadulFdi2 sxeanpwed

filter can b e Vi . t . err

part fourar FPANGERogred iRy 1P B ROt A MR rePRRR SR AL SR dhleeP

exanpl e, a flil0t eThecilrering reeluéct Edmbhae confiyirees applpiiesfilterto ake dandal
video data on a frame, macroblock, or pixel granularity, to produce filtered decoded

video data 114 that is provided to the display 116. The filtering module 112 may be



WO 2010/ 006250PCT/ US2009/ 050237 6 vi deo data processing system 100
further provides a reduction in the nunber of bits required to

transmt fidt f%%fdfi cients of each filter of the pl ui’ﬁﬁ"’ﬁ%"%“m

filters 104. Referring to FIG 2, a particular e I ment

vi deo data processing apparatus 200 is illustrated. The video data
processi ng apparatus 200 includes a vidéo decoder 202 and a processor
206. The video decoder 202 is configured to receive and decode a
plurality ofmplpmented within &icedingdoph (zpt\sherew), gafer tost-proeessing filigriag, or

particul ar g&%mﬂ%ng‘?ede L.dreast a portion of video data in the video

data bitstream 1S enco usi ng MPEG encodi ng. The processor 206
includes a frane determ nation nmodule 208, a macrobl ock determ nation
modul e 210, [0112@] Xk¢ filtet stagtondtl B on cordiguted @ I2seive the [filier sedesition tinformation

nodul e 230, f||t I o | ystrativ
enbodi nment , 1?% g fod% cgeg% natfig]itm%nﬁ?rﬁqye ?%ra%g}r {ﬂhgeé%elﬁf{)@ E(:Iﬁu(?a‘r
FIG 2, and etnbedifnent; eleifilter oflcdiod 118ris acmpﬂedlts d%dde@@dunahwmﬂﬂlmlma
bltstreamlna5|mlar nn s the, p aI| of f|| 104 o

! embedded FOIPHEC 59 Gl Ghapdrde Pe o zeorbgended G Rarbi b g
enbodi ment, rdaglefliibt ehe BREQCIEDON ] MDY Q16288kcbdeEMesiHodbBIY thdBltering
processor 206 to sel ect atggrtlcul ar filter of the plurality of

filters 204 rr@égféd 13 hasedfoar the filtemsel agi o tndermiation hE2. vIngepartieny embodiment,
bi tstream lt)e? RLLLGUL AT 969:' R ’mc}rﬁ %threqQ{bﬁ@bt bPfe 1iBGIdE G el Rata

t he vi deo dat itstreami1s simlar tot ter se ect I on
i nf or mat i onthb? & gherfe@Gby the w!:doutﬁmjdacnddr H&0 i tie diltdiagebechort sfrmaneil (22, to

[ 0027] Ina artlcu ar Ilcatl

s execut abld taﬁ%mB“%gE?‘% f@"“éﬁp"i‘ y‘*"t‘ﬁ‘g %‘HFPE‘“”‘QFWW @‘Fer‘“g
sel ected byrrtd‘clﬁlefmizter sel ection nodule 230 to at | east a portion of
decoded vi deo data of the video data bitstreamto produce fil tered

decoded vi d artl cul ar .the fi]ter cO

O don’ dat o DRt bBiing Sodnfi e shsheEacs nlF ahe abiteited ML SRS T

of FIG 1. &Qﬁ@&hald@c@epam oGk avultRNEAQ0icBEWr, 108 hehé pﬁfmlt)d@ﬁﬂﬂfem Irﬂidrﬁn
nodul e 208 i s executable by the Brocessor 206 to determ_ne franes of

the video déhf'aﬁlfeéﬁel@mioehnfe%%m # & referteR@np resoged iyhofiliqrispiceips ! Boof
is to be appld GRS SedehiRr 16H, OF R EE& kagditdad éeﬂac%shg ﬁéh%?ard@etc@ded

bitstreamidentifties frames corresponding to each | ter by at |east
one of a fr diter Mdndlethe griuralityr einltery bt beltsnd@npﬁptﬁlwulsglpct@nbo&rmtmq122

Lol T L YRERE ANl Yol W k] A OB R GRHTEDIL AR 166 1 SRR o

type, a predictrve prctures fr
pictures fr anbas(t prﬂ‘tﬁmftﬁe)dpe)deﬂ:@rdeeﬁaa’pi the ﬁttbtmg madrde it afrthn ma]timdia

gg? glr (ran' ﬁgg rgca eiver }OGSr progucmg thc 1 tcrcg dgicjo%rcd (x)f{dcg %&ta Iflﬁ a’i]i?c fa[tcrcdo éc%gc!lc% Vi co

data 114 is displayed at the display 116 of the multimedia receiver 108.

[0024] By receiving multiple filters with the encoded video data 106, the multimedia
receiver 108 can select particular filters that result in a lowest error of each unit of
decoded video data. For example, a filter can be selected that provides a lowest mean
square error for a particular frame of video data, on a frame-by-frame basis. As another
example, a filter can be selected that provides a lowest error for a particular macroblock
at a macroblock-by-macroblock basis, or at a pixel-by-pixel basis. The video data
processing system 100 may therefore provide an improvement in the performance of
filtering, particularly in the performance of post-filtering in order to enhance the quality
of a decoded video signal. In addition, by encoding the filter coefficients and in some

embodiments, using coefficients of some filters to predict coefficients of later filters, the



frame nunber to the filter selection nodule 230. To illustrate, the
frame determ nation nodul e 208 may determ ne that a particular frane
222 bei ng 0 96GRESSH has a frame number "5," in responsechRisyihedzine
filter select?%n nodul e 230 selects a first decoded filter 216 té be
applied to the decoded frame with nunber "5" 222. Different ways nmay
be used to indicate which filters are to be used and which filters
are to be conbined. For exanple, it could be signaled to the decoder
that for B- Vidgoslateyipeecssing [sysers 180 fyrthep pepvides shisdiatiopdn dbe gumpgoHdyits
In a partic g C L. ' 210
5 oxeout abf g AR Hier dfi R e a it B Ay BPafRONE o cn
each filter of the pIurallty of filters 204 is to be applied. The

i nf or mat i on [0028] Bdedingnta AéGyi2deopadttdabembodisany phy vdemtdafay processing
macr obl ocks _corr.e ngi. each filt I i ng
of macr obl ocﬁ i1|11)S’Zis&( gﬂﬂ%fr&%ri\t ?rge r aerrggtalp? Cegsn%gr %%E‘}an%%g?n%@es Sﬁ;éqeo
inter fr ane)iecmﬁeleaﬂzaamge mbcagsrnté.z The eidep aeantet H2 wabmf?@lradsmde(teove and

reconstruct th | us tive, mting exanples.
For exanpl e *5oHie ané&#a B %tjéﬁlt%?@r ﬁ%@tdFﬂgH‘ ﬁd’é‘lﬂoe‘{]%btﬁ’i‘&@mdéf‘é‘r gty
type of eaCQnﬁ@&ﬁ@BﬂQﬁkm@mﬁoﬁbﬁﬁfd@mimﬁaQﬁh@%ﬁb@@ﬂaHﬁ&k&ﬁh@&ﬁm&&ﬂﬁn&o
the filter selection nodule 230. To illustrate, the nacrobl ock

det er i nat i Mﬁ%@m‘@@wrfhque@%? %@fnélcmﬁia& aefl’aﬁb?r dqtermingtioparadyls i 2
224 being l%%gl E)%t he?eﬁm]ﬁmh&{)% dile © dép %hﬁﬁaﬁq PARRIEYPED, o ﬂlter

response to ter sel ectlon 30 selects a seton
decoded fil s@act®n8nmdulbe23ipp¢nded filiert pplparien quddate ri’a%r ol ook ilp@uative

[0030] In a rt.icul ar el etern u
o oxecur apFRopyngH Y BIROHIRG 07 S bl e, odlE (e 6 8P ERP Aol B
filter of t Ipﬁlrﬂityl bafiltéry 204 isfamle@des iRQ4vided datn matram@ i edmbas ednodn agithe

predet er m ne e of |o ha act tics 214. The
pi xel det er Rét ﬁﬁ HPJE‘ f%%@ ‘?[’ifgjﬁgi”a %Vﬁie?/a?tﬁgﬂ%’fea’f“ﬂéz
pr edet er mi ned msasure 214 for a particular pixel(i,j) 226 being

processed afom6] Ma barfibdlacahbtiingnt Othe mtem@[sabémﬁﬂsdﬁe 280 ig@mtﬂﬂe biehe
decoded video signal, in response to which the filter _select

modul e 230 @@‘10@%&9&2% thisplgctaa csaealar fitof 2hy Rlbfah‘é( af)rﬁ“ie@c?oﬁob%% on

pi xel (i,]) u?fgﬁnatii)gqgtéihdédnlr@thga\ﬁ&écp Hét@-rblﬁﬁ@:ﬂg' i alxablﬁarpérﬁg(%ﬁéﬁp aed

measure of |ocal characteristics of the inage 214 |ncI udes a vari ance

val ue of a rwfereaionuotleded imdle Midsm @tm@&ﬁ_m@m iresiofilar e theddies tselaeticad

| mage. For ?ﬁ(f‘&['}%ltﬁ{l 1E%f1§1%e 1&&&9&%?& %%%?%?'dgﬁ%ﬁgﬁag{ %021 ) where 8 i =
ue I, may be

0,...,Mand I hed such t hat

[0027] In a particular embodiment, the filter application module 232 is executable by
the processor 206 to apply the particular filter selected by the filter selection module
230 to at least a portion of decoded video data of the video data bitstream to produce
filtered decoded video data. In a particular embodiment, the filtered decoded video data

produced is similar to the filtered decoded video data 114 of FIG. 1.

[0028] In a particular embodiment, the frame determination module 208 is executable
by the processor 206 to determine frames of the video data for which each filter of the
plurality of filters 204 is to be applied, where the information included in the video data
bitstream identifies frames corresponding to each filter by at least one of a frame
number or a frame type. In a particular embodiment, the frame types can include an
intra-coded pictures frame (I-frame) type, a predictive pictures frame (P-frame) type, or
a bi-predictive pictures frame (B-frame) type. For example, the frame determination

module 208 may determine a frame number of each frame and provide the determined



R(i+k,,j+0 (R(i,j)) k=-1:1=-L . The variance value var(i, j) of the
reconstructed (2K +1) (2L +1) image R (i, ,j) fromthe mean val ue (R(4

J'")) may %ﬁ n% such that i (R(i+ var(i,j)- (2K +1}’¥,‘%}US%%%/O§0%32]
ar 0

In a particu di ment, the predeterm ned measure of | oca
characteristics of the image 214 includes absol ute val ues of
differences within a reconstructed i nage. For exanple, for the
reconstructed i nage R ( wherei =0,...,Mand j =0,...,N, the
absol ut e vafraee ofimbgrftp éhleeﬁxl{tﬁwe]aﬁiﬁ(m moquie 3y Teillystfathéler Sarahdeteratingion

IR+ K, B uIe(iOS rﬁ%ﬁ ééterrﬂ&e thakalﬁatjnclular frame 222 being processed has a frame
number “5,” in response to which the filter selection module 230 selects a first decoded
filter 216 to be applied to the decoded frame with number “5” 222. Different ways may

be used to indicate which filters are to be used and which filters are to be combined.

For example, it could be signaled to the decoder that for B-frame types, filters f, £,
and f; should be used.

[0029] In a particular embodiment, the macroblock determination module 210 1s
executable by the processor 206 to determine macroblocks for which each filter of the
plurality of filters 204 is to be applied. The information included in the video data
bitstream may identify macroblocks corresponding to each filter by at least one of a
listing of macroblock types (e.g., intra-frame, inter frame, bi-directional inter frame) or
a range of quantization parameter values used to recomstruct thc macroblocks, as
illustrative, non-limiting examples. For example, the macroblock determination module
210 may determine a type of each macroblock and provide the determined macroblock
type to the filter selection module 230. To illustrate, the macroblock determination
module 210 may determine that a particular macroblock 224 being processed has a type
“A” (e.g., an intra-frame type), in response to which the filter selection module 230

selects a second decoded filter 218 to be applied to the particular macroblock 224.

[0030] In a particular embodiment, the pixel determination module 212 is executable by
the processor 206 to determine pixels to which each filter of the plurality of filters 204
is to be applied bascd on a predetermined measure of local characteristics of an
image 214. The pixel determination module 212 may generate a value of the
predetermined measure 214 for a particular pixel(i,j) 226 being processed at a row 1 and
column j of a macroblock or a frame of the decoded video signal, in response to which
the filter selection module 230 selects a third decoded filter 220 to be applied to the
pixel (i,j) 226.

[0031] In a particular embodiment, the predetermined measure of local characteristics

of the image 214 includes a variance value of a reconstructed image from a mean value

of the reconstructed image. For example, for the reconstructed image R(Z, j) where



(2K +1) (2L +1) [0033] In a particul ar enbodi nent, the predeterm ned
measure of |ocal characteristics of the inmage 214 includes gradi ent
val ues w R{)ﬂ)901§/0§6§§00n5tr‘10t ed i mage. For exanple, a grq,@irﬁgg hsohfRge
val ues at a pixel of interest nay be determ ned as the pre e({ erm ned
measure of |ocal characteristics of the,inmage 214. In another

enbodi nent, the predeterm ned neasure 01‘8 | ocal characteristics of the
i mge 214 includes sharpness neasures within a reconstructed i mge.
[00341 In a;paytisulad ¢uepdi WeNthe dednl vabe f(ﬂ(t,?}]) afayt hre dpfinedakich ythaf
filters 204 is applied to first pixels having a tirst value of the
predet erm ned neasu g\@l_ocal_ characteristics of the inmage 214 in a
first range of val ug (id/sétbhd filter of the plurality of filters

204 is appl i{&d:,¥ %zéﬁw.aﬁhmgvaiasﬁcm& wat(ig) off thbhecqnatdeted,
ni ned rreasur(e(qof))l ochPKetdZctldri stics of the image( 2%4 in a second
range of values. For exanple, the filters f", for in =0,...,n +1 may
be applied #megy t RGi/ ) hom (theermean | wlugpp|R (6t )t omey x bk s definefl) shey i thf
a variance value var(i, j) that lies in the range var(i, < varo , the
filter f, is applieﬁ:t irxels. (A, Fyshavrng a variance value 9
var(i, j) that,|i eskz_'Ké(Eééz r%ﬁgﬁk@&@ﬂ(i , J) < wvar, , and,

general ly, tRE(IED ST f, rz(krﬂr)(—iﬂ). SN is applied to pixels (i, j)
havi ng a vari ance val ue \ﬂar'(l, % that lies in the range varr _t
var(i, j) < var,. where the filter 4,1 is applied to pixels (i,])
having a vary@ngen ¥ phtRuMAbhbodihehthale fri®@ferinthetl HRcab @0 GE 106! char@idristics
j). In an alternative enbodinent, the filters f and f2 may be applied

! mbod . d
such that t I9& theimage 234 inckidgsoslisplate Yabnosiok differgmicey yithig tsePnstrycdpd Bpage-
val ue var (i | te lhes_in.the r. var (i) s _\Wfar he fil ter
Ut TS appt reaeralfi el LETS labltis B8 Aundot TaWarf =d Vo™
lies in the _range ro var(i . j)e<var,, and tthe filter Ls applied
ot herw se. [ﬂ(’.’ﬁ)SgliSOT/ ¥ av?)lﬁ?t ioguldgfer%%diaﬁéﬁt{) qﬁl§¥|t ibgeageppfcfeP&% fhi
coefficients of eachyof, the filters of the plurality of filters 204
are clipped to be wY |Ra@f4aa,rygegeﬂ{(ap)}ut 0 to about 2 raised to the
nth power. }tbg(lrﬁ)ngem -zabout 0 to about 2 raised to the nth power
may be divided'into a nyoerl)L+nterval's tn. The nunber of intervals
inis determned at |east partially based on indices of the quantized
filter coefficients of each of the filters of the pl uraliti of o
filters 204.100531 Ieragpicelar embodimant iheeriedqtermated saeasire if dprak clangcteristics
for r =0,.. + = : : = I ¥ Cftd
be. wi i ' ¢ 55 RaEmee B pss e gnt I9Mec sty precopphy e, HA-RRERpIL
di vi ded i nt @ralien wbenagefvalues et v pixs! offiptewistemey bédetermined as the predetermined

measure of local characteristics of the image 214. In another embodiment, the

predetermined measure of local characteristics of the image 214 includes sharpness

measures within a reconstructed image.

[0034] In a particular embodiment, a first filter of the plurality of filters 204 is applied
to first pixels having a first value of the predetermined measure of local characteristics
of the image 214 in a first range of values and a second filter of the plurality of
filters 204 is applied to second pixels having a second value of the predetermined
measure of local characteristics of the image 214 in a second range of values. For

example, the filters £, for m=0,...,n+1 may be applied such that the filter f, is
applied to pixels (i,j) having a variance value var(i,/) that lies in the range

0<var(i,j)<var,, the filter £ is applicd to pixcls (i,7) baving a variance value



nunber of intervals in is determned at |east partially based on the
indices (k,/) of the quantized filter coefficients f. (k,/) for r

'S o 28800 ., K, and / =-L....L. Ina p?&hg‘éibb%som

errbodl rrent a pargl cul ar quanti zed fil ter coefficient |s determ ned
by decoding a variable | ength codeword %I’ldl cating a particular

I nterval of the nunber of intervals mthat corresponds to a val ue of
the particular quantized filter coefficient, and by decoding a fixed
| engt h codewar(d /3 peailfey iimthe hagy ahiy vaf(ztﬂ)evpa,r 4ridg gkweralty, gt filterd/, for
filter coefficient within the particular interval. [0036] In a
particul ar estiodimenipplitd ne pixkis| (.61 leowifd cirantsvaie aarf(i, b itha ikt ar thof
the plurality of filters 204 are used to predict secon f| | ter

coef fici ent mangé var §e:@@r(fd, i) klvﬁerwlmre tieefilpr ur, gl i tagpltdd thi ity §i, 2D Aavikpe
exanple, if filters f" in ,nh +1 correspond to different

val ues of vagr:aBe &ahid fzazs(),F) 4, hes iNthe ARg deaerded, Above, arf blidredtive
tft may be WO 20101006250PCT/ 1JS2009/ 050237 10

embodiment, the filters £, and f, may be applied such that the filter f, is applied to
pixels (7, /) having a variance value var (i, ;} that lics in the range 0 < var(, /) < var,,
the filter f; is applied to pixels (i, /) having a variance value var(i, j) that lies in the

range var, < var(i, j) < var, and the filter f, is applied otherwise.

[0035] In a particular embodiment, quantized filter coefficients of each of the filters of
the plurality of filters 204 are clipped to be within a range of about 0 to about 2 raised to
the nth power. The range of about 0 to about 2 raised to the nth power may be divided
into a number of intervals m. The number of intervals m is determined at least partially

based on indices of the quantized filter coefficients of each of the filters of the plurality
of filters 204. For example, the quantized filter coefficients £, (k,7) for r=0,...,5+1,
k=-K,...,K ,and [ =—L,...,L may be clipped to be within the range 0< f, (k,/)<2".
The range 0< f,(k,/)<£2" may be divided into a number of intervals m, where the
number of intervals m is determined at least partially based on the indices (k,/) of the

quantized filter coefficients £, (k,/) for r=0,..,5+1, k=-K,.. K, and

[=-L,...,L. In a particular embodiment, a particular quantized filter coefficient is
determined by decoding a variable length codeword indicating a particular interval of
the number of intervals m that corresponds to a value of the particular quantized filter
coefficient, and by decoding a fixed length codeword specifying the value of the

particular quantized filter coefficient within the particular interval.

[0036] In a particular embodiment, first filter coefficients of a first filter of the plurality
of filters 204 are used to predict second filter coefficients of a second filter of the

plurality of filters 204. For example, if filters f, for m=0,...,n+1 correspond to

different values of variance var, for r=0,...,n, as described above, filter f may be



predicted fromfilter Jo' , filter J., may be predicted fromfilter

J:, and, generally, filter fs, | my be predicted fromfilter Jes for
s =0,..., One or nore of the nodul es 208, 21
and 232 may %éelg}lggr;ﬁé%enent ed as conputer executabl e code(BCT%%20(99"6:‘69‘3‘7

programinstructi ons executing at the p peessor 206, as dedi cat ed
hardware circuits, as state machi nes, field programmabl e gate
arrays (FPGAs), or any conbination thereof The processor 206 may
execut e onepadicndrfeorofilteh g, fiiene, detydrenpraditied fronnifitdr ef, 208, gédeanlly, filter
macr obl ock determ nation nodul e 210, and the pixel determ nation

modul e 212, A.p miwtbepndidmted frdm Bittsr  ofobe =dppl.ited t o t he decoded vi deo
data In a particul ar enbodi nent, the video data processi ng appar at us
200 may i ncl t her co onen nat s s a displ ay device
conf i gur ed W% Opf S mpHe 49 g Ul ER il ngBEmag Phialemined dhe
di splay 11650 eRcithlle cbde HRPRR]z R hrﬁgu@tgmlfle%cuang at medf‘fecd%ra
processing integrated circuit 300 |s iMustrated. The video d
processing Phb.etfr dadisated hasdivare J0muitsn @b s Dvickiaes. dedish] nypscimmiile gpte
302 and pro i e I
configured tg1 %?fs @gp\%j %;ﬁ%@%@@mﬁ@ﬁgﬁégﬁ 35%‘5?0%0 Sglglz(%égﬁlgyp%%rﬁgl (IQ% &
of filters 3de efiffedizde idetemnivitibmomdditla ZBB,t tht memmbldch d;:tqmmahmu lrmudule

nbodi t, | f.filt dd deo
oo ent e LB S 9,200 B RO TR P18,
of FIG 1 edbeddedvide tdag. vi dea q;aﬂﬁuhrtﬁhtﬁcﬁl&mﬁo%e [\Q&b’&ghafﬁhgmcessmg

processing circuitry 306 |s onfigured to process the decoded si gnal
328 to sel e@PPHEYHE ({\6. BRY drclpdq per S?mPWHBIWaﬁ%PW ehras) ¢ displayodevice

based on i ntekEREddOB dldjb@iyl’fﬁ@ﬁltbr@d b ¥ YRG0 qg’tﬁasnmlﬁlstbrtﬁ'@ 1113,“1?6 shown
particul ar enbodi ment, the information included in th eV|dp dat a

bi t stream i snEBiGyill ar to the filter selection information 122 of FIG
1 included in the vi deo data bitst ream 102. The processing circuitry
306 i ncl udegpRys] RefRifehea naf ‘h@ H)'cgt:% ggnteﬁaﬁ@%fraﬁ %q 111ustrated
determnatlon circult 310, aplxe rmnalon circurt 31

filter sel edhp mdemdﬂ‘@mrﬁcesﬁng ngﬂated twqwtétﬂoampbmdeeatdeordemdircgmtcuﬂm?:m
The processi, i 't S c

oi nal o P BB TSl a0 T Ak ab S Biar B DR e
filter, suchnédcadsacsigial dmcmdledmgml lﬁl&fah&lﬁ' ﬁlacri boa dn’ﬁt&ldéxﬂ&ﬂa fvideb elata
318, or a fourth decoded fiJter 320, to at rtLon o ecoded
Vi deo data IGHE" yFUBGUEt Y BrPaisabticPlyrdan s HHERoDs o6 caeebhian -
video dat a. video ata\Was@EhkD (0D B BEHP &l lid) SSRMAOI0RO Rifalitsl oP Altdrs T4 8f FIG. 1
enbodi ment, the filtered decoded videg data produced is simlar to
the filter eqmieddsddnthevisiee dafadastiesn BR- FIG 1. [0040] In a particul ar
enbodi ment, the franme determnation circuit 308 is configured to

det er ni ne f 1gggp ThOprotBstl Baeihyh0b tetonBbulkl®o Bidééseltmé aece&fiedf éléﬂaem to
304 isto be applied, where the information included in the vid

data bit st r selastiadeanquiar dilter pﬁ?hesvht,relntwﬁ iR 3Rg bpasdemclnfwmﬂtn@ mblsydqt in
| east one Oft i fiéd"‘gﬁa @Hs Jafn OI[h dﬁa‘{) rﬁ@tﬁ@r ﬁ mé: (Prtb@ a‘ﬁon ﬁ&‘ﬁlde&
determ nation circult erm ne a ar

has a frame visnideta ‘ditsffeaand snmirarpm thei fdter Bfﬂe:tlfon amfemwumbém bbFI(hel thelhdeelr

sel ection CII’C The, filt ctlon circuit, 3

Phe cocona’ i ik idte ed Sislriark 802 PLES icbssdieh Siialines 30, THRRF 4§ Hlpme
Bu nber and gﬁeﬂ?ﬂ?m diuit lean Faﬂ‘ﬂéck(ﬁmbdkeiémggtéw @rchie l@flaq&ﬂel dat*cﬁmnauon
Itstream e IL1ter pplcatlon Cl 1t may a e secon
decoded fi| CEFURPEZ. % T l?tré‘ﬂza s¢lection %rfgltvé?’ﬁhd%é ﬁﬂFearf'@Pﬁifﬁ%@met %

In a parti cylqkssBEbaetuiBNE06 Ed‘@oxﬁ@ﬁfe@%%&eﬁ'ﬁl@r aeca&erdl Qﬁha‘?fﬁ)ﬁlU!hE V:f'&e%

i's configured tog‘%te)term ne macr obl'ocks for which each | ter of
plurality oflegadingericuigyA0P o epplpe paiphlpetlicriivel as 2 ﬁeomdwqi@@wtﬁimﬂm a

i ncluded in tﬁlnfde\ébmlge?tﬁ&bdr a%ﬁﬁt?ﬁédoﬁ@d“hhér' 29, {18k 'ie%gl O;?d?ﬁon of decoded

video data of the video data bitstream to produce filtered decoded video data. In a




[0042] In a particul ar enbodi nent, the pixel determ nation circuit
312 is configured to process the decoded signal to determ ne pixels
for whichgach.fibier of the plurality of filters 304 berhRdB80s0237
appl i ed based on a predeterm ned neasure of |ocal char ac?erl stics of
an image 314. For exanple, the pixel determnation circuit 312 may
determ ne a value of the predeterm ned neasure of | ocal
characteristics of the imge 314 corresponding to a particul ar

pi xel (m n) B&EcEar embodimart,diradfilterebdagadedrvideanidtamagdusedizisdeilar feethe Ailtexed
of the pred LM N r ocal characteristics of the inmage
314 to the ?%ﬁ%figegrws% ‘ieggataf%n(%@g i(:'i rcuit 330. The filter selection
circuit 330 may sel ect the fourth decoded filter 320 for the

pi xel (m n) BW80bhsephriculdreeibediment, dtic frivee detedetaioniciredt Has vofigufed to

| ocal characteri.sti.cs of the .inage.314 .and accor dj tQ.j nformation
Focel ved i et Fide” for iigh FRATUER S P BRFRLE! B Pod i G oecine Bt
332 may appletehéhe dnbtrhatidac adtidied i int elie 32&:ot datahitgicdl (dBnaYies3 Famedsn
a particular enbodjnent, t predet er m ne asure of | ocal

char act er | sEPEEPRdRENE qaﬁgg@egﬁa o e dme N Ao AR Y Aoy For
simlar mngeimAs thd'@amE 84ahehdiol @EcTERBAOSy SterhPscithaCRH RGN R Tafdel 123
of the image 214 of FIG 2, such as using a variance or a gradient,
as il | ustr ah#sseframenumbari 6T piyl rescaptplyids the fomagyunber & iha diltprosglegiion circuit
enbodi nent, f-ncl . ' B
filters emg%egﬂgﬁitg %?eggéﬁgalgggé%ﬁ@?f %éa{?n& t%ﬁ%ggrﬂed;%scagégir H%%c%gifﬂg{hae
plurality ofrafngl3ertesendre thddicenmenmanber ded adardinpited stfomaomagceived vidthea
vi deo decoder,, such.as the video decoder 202 own in. FlLG 2 wvjde
tecodi ng.oi 11 279 biETReRT oLl AES PREGUER e SR bty s ng e,
FIG 3, corraspads (g fharebmndh thofrbiehembdr6mar e, or any

conbi nation thereof. The apparatus includes neans for sel ecting,

based on infor ion included.in.the video data bitstream a . .
par 1 cul ar QEEEH G semEulst rakobimety thei FRGiRBIo0k i FELAEIoR ofteuit 310 s
sel ecting acpatdut@Utb Abtefrhink efackblochefol Wiichl datly fiRér dfithd BhaIiREYf fillRel J0de
a processor, such as the processor 206 shown in FIG 2, processin

circuitry, #uereaapplitth iesrbsdniagmationdnrludsd imdbe yidequdatp bifstreym Hlentifics
correspondi Hﬂc#&%fo‘ém&peﬁrﬁﬁﬁfgg@? Qachfﬂé{e%\@ﬁt%asp B lﬁﬁﬁ@bﬂﬁ&dﬁ%ﬁock types

t hereof The apparatus f _ ncl udes means for applying t
particul ar bi btrergetadd @entizetet paapeet vawesofsed cwdetivitdbo mdenohlools. t s

video data hjtstreamto_produ fi-ltered d ed vi -dat.a, .The.. .
means Tor - abbi o R g e iisplindh RSP0 My ABRAFRY o Rl
such as thenpeobesk 024 ROG (hoVB” (o.M E-diRctignabines Stang tgpe) and may prosideh

as the processin ircuitry 306 shqwn. in. Fl. , correspondi n .
o dvar o S OF ARG e S 0 SioB HEARbn Thn Bl R e et 2
particul ar emadicsrmt hitd@caRakiat 338 Fhchd §4S cuTRAMNScrbRIbckdSIAEEREN b the
frames for which each filter of the %rallty,of filters is to be

appl i ed, whameroblpsk tyreorddatacendingnie] inipegation ¥eraved wedhe xidgo Wriashiptigam.
i dentifies liERRAARENSH A ks Wliff ddR¥dedtiile 38 todREpica
frame nunbe%grﬁﬁgr@?ééfﬁét 3((}ng?1 ’i’she %ﬁ%@for 1de‘% e%{c}fci%ﬁ r?ggﬁtgrresprrég/ '
i ncl ude a pmeecebiok 324with thestypd'®.pr ocessor 206 shown in FIG 2,
processing circuitry, such as the processing circuitry 306 shown in

FIG 3, cork i : : f L INREE i 0 V:

conbi nati on [@ﬁgfgg# B&@ﬂ%ﬁ%%ﬁﬁgﬁ%@%@ % %QE% ar er?ggg?l{rlrte%ftﬁ, Istcﬁ%ﬁgured fo

appar at us i poicostebe remdsd fignal detlermine pixelydor whicbeksh filor ofhieciumbityhof

filter of t lural ity of .filters is to be applied, erein the.

| or a1 on AR AGo! i PRERAE, S Pre B LBt FuoflPRl BhffadMides of

macr obl ocks af @hiRSTIAN Goh gxdnth] A pikéll deREmbytid cit@ay 2 emng defer@inkiastalurg

of macrobl ock types or_ a range ogrlﬁquanti zation ramet er val ues ysed

to reconst r GEtheimsicirppingd msagise offiper! saarpderstes efdne HRISSISAG coresPeMinEies
a particular pixel(m,n) 326 at a row m and a column n, and may provide the value of the

predetermined measure of local characteristics of the image 314 to the filter selection



[0047] In a particul ar enbodi nent, the apparatus includes neans for
receiving the video data bitstreamvia a wreless transm ssion. The
means for (J&chbMig the video data bitstreamvia a W re-88%2000/050237
transm ssion may I nclude a wireless receiver, wireless recelving
circuitry, a wreless transceiver, a p abl e communi cati ons device
such as shown in FIG 5 and described nore fully below, corresponding
har dware, software, firmwnare, or any conbination thereof. [0048

Ref erri ng t eirquit@304 Thy filter sedestianoireust 330 mat salactite ferthadagedaddilier ]320 for
plurality of, fi i 84 | trated. e o i ngl

recei vi ng atnhg h%%@@?ﬂgﬁg glfl%?af)?ttﬁgo\fa]-% lotqu#l ‘2 I&ﬁ%@%@é’%ﬁi tlhggﬁ\rﬁ é)éfolocal
dat a bi t st r elemacdriséicsvofithe inego bt andabcodOing fomferanpl escetvbd vl the atideby

of filters 204 of FIG be .enbedded. i,p.a vi de ata hitstre
Quch Bs 1 e do burenn nThy FLE BNERS e T SR BEPuft IGbaE e
filters 2043pmie e piegelvesbeand cafbotiieny itiepredeac@dedd R0Ruef of
FIG 2. [0049] The nethod 400 incl udes sel ecting, basfgﬂ on .

i nf or mat i onlCAEhgERERriptEs 1o dheVimgas s Hais detsiniaed Wahfubstaptiallyistpilasmannpr asy
of the plur g &yqe@mﬁﬂehtn%am B 14t chaFReri@FAMT R intdd€ 274 BEBRP QY] 56Pbas
of FIG 2 may select a particular filter of the plurality of filters
204, such assinge viiianse okegrodient, {5 illusiratiog @on-higaient wampleb.or nat i on
included in the video data WD 2010/ 006250PCT1US2009/ 050237 14

bi tstream : i 4 I ) J :

i ncl uded i n?‘ﬁ%‘gl g}s%%%&c é%raeh@??‘?felrng%&n“%ﬁ&fgo‘g?g?&fﬁ%“%eﬁ% ﬁg‘g’dz%% pliality
further i nchbfifisrsapbeydeadgntanadmadiata bitsteeamf | Theemedns fat décediog agplpwlityi @n

of decoded vi.deo da of the vi,dea.data bitstr,eamto, produce fiil tered
Secodoq ol BeGtRha ok MRed B HiR I HakShOFATL ViR B i hEUS

may apply tReiededoodd 202 | shewn Z46FIGR 2atvidedaddcoding otitcuiny, Glicldasatledideo
vi deo data, such as the rticular frane 222, of the video data
bi t st ream téeWWé“WI3BEFW et coTEwENYLS herdwiigpsolwapg, frmware, or

filtered degpiedmbifiaon drdrdorl 14 nef apbh@tus linch@95 Meaksl Br Rldcting Bls6€ kon

di agram of particul ar enbodi nent of "a systemincluding a decodi ng and
filtering minfomestigsiipgjudedpndhavidey dafe bifstreasy ¢ paricalasyidics of wopiwglitypef
i npl enent ed 4,.n..a : L G ’ i NGl > r
510, “such ad GraHe PR S RGRE 2RLEAE YR o P 4P AU, Bl ERRSRT
532. The sy gtaassd)Buingl thel psocessaeddibngn am 81 .12, pecessgerpduity, ashay the
plurality of filters 564. Ln an i} rative exanpl t he,decodin
e 11 or | REPRSUH e rag Al LI o Birtef oA Regsert ARG hfrey
y
t he systens opfanflceBbinktich tRpRrats dppaae dudesndecinddshmédhe foreigpddngthe
FIG 4, or any compjnation thereof. The decodi and filteri nmodul e
using a pl urpamcw?g#erftp Pt SRS 29RO} ds@dﬁﬁwdﬁ%ggﬁaégw Oérft@qjgﬁstrmm
be a separ ate,HBY (i€ delddes Yideh Yafd! oMY rRealARFUR lgid r@ggaﬂﬁﬁﬁﬁﬁﬁér%y
pi peline (not shown), or a conbination thereof. f’ 0§2 canera,
i nterface 56@lids &pigstsser, secht ethp moeesswo?iGiwvany HiGsé. pomsFed crgugy.
canera, suc . : ra It}
responsi ve E 0 ﬁgh%élggéegss’é%?g@&s Zés%usch%ulgs&?g? 3éﬁ(%rg%€(§:r{?3| nS an(ﬁg%ﬁ‘pgre’
aut oexposur dirmenata, ot anyAodibspliaythermof.r ol | er 526 is coupled to the
processor 510 and to a display device 528. A coder/decoder (CODEC)

i cr ophone. S39LIR Eafelil aBoBRERE Bonenteyy haRET Shun e Aitini

540 can be doupkefdr tahidhheachr Blee setothe Fldrakiydoft fHilters vik nelbe spphat, eviege the
S42. information included in the video data bitstream identifies frames corresponding to each
filter by at least one of a frame number or a frame type. The means for determining
frames may include a processor, such as the processor 206 shown in FIG. 2, processing
circuitry, such as the processing circuitry 306 shown in FIG. 3, corresponding hardware,

software, firmware, or any combination thereof.



[ 0053] The processor 510 may al so be adapted to generate processed
i mmge data. The display controller 526 is configured to receive the
processed Ry a and to provide the processed i maggcfatRodolhe
di spl ay dgilce&g§g$ In addition, the nenory 532 nay be con%ﬁgurgg t
receive and to store the processed inmagg data, and the wreless
interface 540 may be configured to receive the processed i nage data
for transm ssion via the antenna 542. 15 [0054] In a particular
ermbodi nent , [00KE ldee qiitivglaaraintfodireent.i g srditus wsiudep ancphsufer fdetgrnying
filters 564 _is i r IS, I e

processor  sTooRTRN HERRER o FRUREHEpIERAG of Btbs FroltIBY R, Shokfifne
stored at ainfematidreinchudadiabthe vidkdi dam bitskibars tideatiBes @mscrobieclsawpuspending

code 590 stored t he npr . [For .exa e, . the conmputer code 590
oy i el udeiocas T B BaBL Pt AT BRCE R RYDh PITEP § YO oF giRusn
enbedded i Nnp@avbtdeQaldat aseli thSeé@BMAth@ MacABRCREC aUemeadoder fi&Ermining
sel ecti ng, %ased on infaormation included in the video data bitstream

a parti cul amappploghs By (Rduqdn &rpIeesprofuchas BF Procgsar efyehgvgy in FIG. 2,
appl yi ng thgg %@ﬁlgcwraﬁtr;,' L& 10 @t F&%&km@ RGP R0 stdgmoded pyG; dgo

data of the video data bitstreamto produce filtered decoded video
dat a. [ 0055}orRsporditeripldware, sefrewrplinmy arg odenys@mbigyionthseeofincl ude code
for determining franes for which each filter of the plurality of
filters is i - i, : i 0 khes ¥ideo
data b st r TP RO Al HGARh T il BERERECANCL REMIG o P ¥ 8
| east one oforavhichagueh filtebdithopluelify aifdtarypdo bAspErd bhwd oexanplegsrmirigd

conmput er code 590 €E¥lalso gn%lud code fo?hdeter 'nhn% ”B%{0?|e§k%
for which eREAU Pt OFAlPaPRE BT LR ITo8F 1 Pt fiSFl ok PRl g Mt e gy
wher eblt he ki fichidgat ;ﬁr@&g@dﬂpémda@i thd) p?d_ﬂi:&;s(\!ri TEasherh lafm G S2, r;ﬁ@d@?éiﬁg:‘ lﬁi_frduﬁt:tﬁs
macr obl ocks correspondi ng to eac ter t |least one of a listing
of macrobl o&‘!@%tafl JEPresessing %@@fy&tb%hw }fzf'glﬁ- gﬁoﬁf&%’ﬁé% TRlTe TRy
to reconstr gehwhReor MG coRbasks thdkbernatively or in addition, the
comput er code 590 may’ i nclude code for determ ning pixels for which
each filter of the plurality of filters is to be applied based on. a
pr edet er mi nEW4REEstpaEliarcabadinenh e APRHpYS elidgy megps fprggesivipg thy video
particul ar arbadiiBRl viady bifelths thhdfilsi@f. TRE b Al b¥eihg fild VRES dBBY
be applied to first pixels having a first value of the predeterm ned
measur e of bisgwhmoivas avekesd tsansmissioh napéndlydggevirgless rédeivet, wirptgerogeiving
val ues and & eitconddwgrlellel‘.se{ran% i%}ea gvloﬂébef% 'cBﬁGm%Bi Ilt%dnts Hevict %u&szJ §h%9mt f
second pIXEFSlh ing a getond val 1e’o he prege erm ned neasure of

| ocal char afi@ra aididescribbd tives fubtedelown carspaing; nadvgpee,cbitwaleuBsaware, or
[0056] In a particular enb?dinent, t he processor 510, the display
control | er B®ECORYRAORMGOIS35  { he CODEC 534, the wirel ess interface
540, and the canera interface 568 are included in a systemin-package
or system oQgeaB] Refdaiticae FH224, al Mecthod40t todiltcakidesriad usng ta, plarality R il ters

devi ce 530 and a power. supply 544 agre coupl.ed to the, systemon-chi

devi ce 522. WBFEHIEt, Thi naetf&gr“gpdﬁfﬁafesefﬁ%‘av%ﬁ decpding4 pligsiy o Hifrs
FIG 5, thecglbsfiedYindeVides darSpitstBfin i MRUYIIEEME&RD IV 401 NFoS RRAKSIE, the
536, the m crophone 538, the wireless antenna 542, the video canera

570, and t heluysditeef fites 207w EIGs2anasrbe cabpddodan amislop datadytsresm Bish enihs
devi ce 522. o is ' ; [ -device
530, the epib B ERRR16] of PR, SPAEHRRK BCrRar 20l Ry el e
t he vi deo cdemded &7 videmdachéer g26ef Fi€ugpl y 544 can be coupled to a
conponent of the systemon-chip device 522, such as an interface or a
contr ol | er. L[llitﬁggﬁw Il@ﬁ‘l%gél-eé Iifﬁ:ydleé F(é’f@c?ilng, l{aﬂé& &? [nf@rgﬁﬁ&? 'ir%"ﬁ%ea tﬂf“fhetsjf'(?eo
various illustratirvé Togica OCKks, contigurations, nodules,
circuits, adaadigosaint, patieps files cfithe dlurality ofi fidteds) a0 t Fortdzemple, the

embodi ment s pgc;cgs%!)ro ZSO%dof%{}% nma%gleg% IgarrTiPclu?arlr%Tt%Ieo fie pl%lra 1 ! 6keEs 204, such

as the first decoded filter 216, based on information included in the video data

(0]



100581 The steps of a nethod or algorithm described in connection
with the enbodinents disclosed herein may be enbodied directly in

har dwar e, re nodul e executed by a processor ,
conbi nat i 3&18(2)‘?10/?%2%% A software nodul e may reside i nC?@rﬁ(&j&?@g&%’f

menory (RAM, flash nenory, read-only rrg Jrory (ROM), programuabl e
read-only nenory (PROV), erasable prograhmabl e read-only menory
(EPROM), electrically erasable progranmabl e read-only nenory

( EEPROV) , r bigstspey sychivartbe diltekselentiom miomisition d23 kf FEG.clompladed di gk video
read-only mar%)%%st(e 1%9\/) or any other form of storage medi um known
inthe art. “An exerrp ary storage nediumis coupled to the processor
such that the processor can read information from and wite

i nf or mat i on[d050] The nsttlodadpe fwettlerumehudes tpydyiakttbe patticuler fllfee tstabrlemge a

medi um may be |nt raI h r Th ocessor .an

tor age medPoRiPR AF el ideh Saff 3T Pk AR PUBEOR PotPte g ecoded
circuit (ASkdro dItaeatAGBC my:xmgle Oe ipfocdssePDIIGT FIT;. devaE gpply th db‘é@cled
termnal. In the alternative processor and the storage nedi u

may reside AYeiH ISP atlsak 8 pprioret éerHedawéma.Shﬁl% Ragtigylar frege 223, of
terminal . {6 wadi fig %stbe% Eooﬁxtotae&emé}@@%&esﬁ Siddh |d|atab§udhe%%dﬂhls ¥iltered

apparent to those skil in the art, and the generic principles
def i ned heréﬁwdﬁ@yideedm)ibl‘i ed1ol.ot her enbodi ments without departing
fromthe spirit or scope of the disclosure. Thus, the present

di scl osure |§05@pp ¢ n§ endey g) g%ﬁﬁa{h déﬂeﬁaﬁﬁ;uia‘? ehﬂ@dlﬁ{gﬂgﬁf H‘%géténsiﬁaﬁ\ﬁlng a

herein but is to e accor t scope possSI nsi st ent
with the pr ndnmdpige@daﬁkﬂermbdtﬂearsmgelspla@h(dsebf rh'létderyTludwystem f&nimy be

cl ai ns. g Al : g

el vi ng. it AR 15 &Pl deryris eyt o FRUUBE 4GREPRS 17, sl o

dat a bit str daimbsigeal \prcdsegodez:sm;a bOup&Qﬂ toct mﬁmowtﬁsedflﬁmystﬂﬁl(ﬂo&&ﬁdlmits a

|ncluded|nth Vld data bitstream a cul filt of . the

plurality O]de g%itaﬁ%g module using £r1n plurali otI tlﬂter _‘%4 In an ﬁ{ustrative example,
the decodmg and filtering module using a plurality of filters 564 includes any of the
systems of FIGS. 1-3, operates in accordance with the method of FIG. 4, or any
combination thereof. The decoding and filtering module using a plurality of filters 564
may be in the processor 510 or may be a separate device or circuitry along a hardware

image processing pipeline (not shown), or a combination thereof.

[0052] A camera interface 568 is coupled to the processor 510 and also coupled to a
camera, such as a video camera 570. The camera interface 568 may be responsive to
the processor 510, such as for autofocusing and autoexposure control. A display
controller 526 is coupled to the processor 510 and to a display device 528. A
coder/decoder (CODEC) 534 can also be coupled to the processor 510. A speaker 536
and a microphone 538 can be coupled to the CODEC 534. A wireless interface 540 can

be coupled to the processor 510 and to a wireless antenna 542.

[0053] The processor 510 may also be adapted to generate processed image data. The
display controller 526 is configured to receive the processed image data and to provide
the processed image data to the display device 528. In addition, the memory 532 may
be configured to receive and to store the processed image data, and the wireless
interface 540 may be configured to receive the processed image data for transmission

via the antenna 542,



applying the particular filter to at |least a portion of decoded video
data of the video data bitstreamto produce filtered decoded video

data. 2. TngqiBhiresh of claiml1, further conprising: debpgiikios)bozsr
frames for which each filter of the plurality of filters is to be

applied, wherein the information includ in the video data bitstream
identifies frames corresponding to each filter by at |east one of a
frame nunber and a frane type. 3. The nmethod of claim1, further

conpri si ng: [Qi’ét‘bh’rﬁ mfﬁﬁﬂﬁs‘?@?@ﬁméh@ decodime erd derng mpedp ugpg prdurality
plurality ofef {;lltérg %éfsisll Eﬁe@gd QSOME{E EMEE'tE '1§Imtnnr?1 39@?3@5%9510, such

i ncluded in the vi deo Itstre ent| I es nma
cor r espondi ag ctropwaceketuthble rm&myaciaQnsl thatsdre oleed it a chinputengeadéble medium,

macr obl ock t nd . a ran tiz ar anet ues_u to
feconst ruct IRERREAES oy haREReqlodd B0 L5RE PP AR Tho.y Tt REpHRE e

conpri si ng: celepemniode 390 Phayeihstuf®todshior Receiainy dnd| deesdind a pheallpy of ltetsy
of filters is_ t e applied based on a pred term ne asure o cal
charact er i sfmlezdodag Tt gt Blisream 3 & WHeo AReoHBel %@? O affine. &?rf'éi?

t he pfedEtehﬁhﬂﬂﬁoﬂﬁﬁﬁukﬁzﬂﬁmiﬁﬁéidﬁb%&ﬁﬁkﬁ{h%hhﬁ%k@ﬁﬂ&h@fﬂﬁ%ﬂﬁml of
i ncl udes a variance value of a reconstructed inage froma nmean val ue

of the recofftpuandedds fageplying the pageulmhilterde kblgasfa nortzineislecqgdsd védon
the predet eﬁ&(}‘ﬁ'&l‘f Bﬁﬁt% ?:Etaé &f% S ﬁﬁér?{}h&%h&ém&éo dape 1 mage

1
i ncl udes abs ues o PENCEs W reconsiructed i nage.

[0055] For example, the computer code 590 may also include code for determining
frames for which each filter of the plurality of filters is to be applied, where the
information included in the video data bitstream identifies frames corresponding to each
filter by at least one of a frame number or a frame type. As another example, the
computer code 590 may also include code for determining macroblocks for which each
filter of the plurality of filters is to be applied, where the information included in the
video data bitstream identifies macroblocks corresponding to each filter by at least one
of a listing of macroblock types or a range of quantization parameter values used to
reconstruct the macroblocks. Altematively or in addition, the computer code 590 may
include code for determining pixels for which each filter of the plurality of filters is to
be applied based on a predetermined measure of local characteristics of an image. In a
particular embodiment, a first filter of the plurality of filters may be applied to first
pixels having a first value of the predetermined measure of local characteristics of the
image in a first range of values and a second filter of the plurality of filters is applied to
second pixels having a second value of the predetermined measure of local

characteristics of the image in a second range of values,

[0056] In a particular embodiment, the processor 510, the display controller 526, the
memory 532, the CODEC 534, the wireless interface 540, and the camera interface 568
are included in a system-in-package or system-on-chip device 522. In a particular
embodiment, an input device 530 and a power supply 544 are coupled to the
system-on-chip device 522, Moreover, in a particular embodiment, as illustrated in
FIG.5, the display device 528, the put device 530, the speaker 536, the

microphone 538, the wireless antenna 542, the video camera 570, and the power



WO 2010/ 006250PCT/ US2009/ 050237 19 7. The method of claim 4,
wherein the predeterm ned neasure of |ocal characteristics of the

i mage i nclygesio@hasi ent values within a reconstructed ipg8882000/050237
8. The method of claim4, wherein the predeterm ned neasure of | ocal

characteristics of the image includes sharpness measures within a
reconstructed i nage. 9. The nethod of claim4, wherein a first
filter of the plurality of filters is applied to fII’St pi xel s havi ng

a first val 8epbtS44vse premaliethy sysigrmueehip devige ﬁ%cﬁou@h%rr crst of S ioly
of 1 he_ ' mg?ex]'gi?\i 928f 'tﬁesﬁlpg@@t?ﬁ egi?;ov@‘({e (§3@ @QQﬁ flér{etS%rS e \uf'aess

plurality o tefs is plxe ng a seco
val ue of t hentpnedelethyi Vldeb weasu 5e0,0fnd| ﬂleqjomhaumdy 644 s4n bs coﬁpiecheo a
i mage in a second hod of aim1l,

w1 oo Batn S et 8P drviee 92 wiflies &1 Tegt g St e

plurality of filters are clipped to be wwthin a range of about 0 to
about 2 rai $&$7f Ghbddeeofntitill poowd ﬁimmrajprcctaitm thaanthe vafioabdlustrQive dogical

about 2 ral d to t ded .i nt i nterval s
. Cand vhor SIGHKE Rt S SRS e FUSHS: 5 bRy A dgcibSy i Bornection
partial |y bas@othernibbdineas Abclésbe hateantday el ﬁﬂpnetneernteq%fefw&ﬂoﬁmt@rmare
each of the filters of the plurality of filters.

met hod of cCamAeTsOftEs 8T sprabipatiops efhoth Truglaerhzdustratq %rmfé@émeébléﬁm
i s determ nggd IQdeﬁ?&%gﬂ %ﬁ%d%awaﬁ&!lb ith&RgR f(%% Wer el bl'agisc%hhfq@lr@uonb

particular interval of the nunb I nterva hat corfesponds to
a val ue of trrlmeiubar ¢iFquith,amndgsieprst hazfeobebnIdesqube@)@b@recg@maﬂyamdtemys of their

decoding a %%?nalglgt %%Ré%eé"% 1%%1%8511 IIQQW%)QE\ ﬁt%!‘i%% dw S" or software

particul ar quantiz er coefticlen e par I cu
interval .  depends higon thhgaitietiaodppmifcattdraanth designtrengtaintd inysised tni tleroverall

RS AN IE R W E T PRI OGN TN
plurality oOfadh dak@uSer application, b3t subh @neih bk deGlsn&shbul AR e iMlerpfeted
| east a portion of video data jn the video data bitstreamis encoded
usi ng MPEG éhedwingg departure from the scope of the present disclosure.
[0058] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, a removable disk, a compact disk read-only memory (CD-ROM), or
any other form of storage medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an
application-specific integrated circuit (ASIC). The ASIC may reside in a computing
device or a user terminal. In the alternative, the processor and the storage medium may

reside as discrete components in a computing device or user terminal.

[0059] The previous description of the disclosed embodiments is provided to enable any

person skilled in the art to make or use the disclosed embodiments. Various



14. An apparatus conprising: 20 a video decoder configured to
recei ve and decode a plurality of filters enbedded in a video data
bitstr eamw(aﬂqo;@%@g(}ocessor configured to: sel ect, base@cdus2000050237
information included in the video data bltstrean1 a particular filter
of the plurality of filters; and apply t7he particular filter to at

| east a portion of decoded video data of the video data bitstreamto
produce filtered decoded vi deo. data 5. The ap ar%%ﬁﬁgof claim

14, wher ei nPeRECHIWE & thsse ?Igquw%wﬂlzlawqa aRparegt toy Ip theAtg
for which eagynf ighdeic %mbte@ d@fﬁr&éeaﬂefewmq; bé hf;ﬁh%aso bihet @niRAAiARR tARout

wherein the |nfornat|on included in the video data bitstream
i dentifies feparting fram thesypii @F sepreof élfeecdwibdqwteerﬂw the present displgsure s npt

frame nu nbefnte%'agd & gerlmedttg B® embodiments shown herein but is to be accorded the widest
scope possible consistent with the principles and novel features as defined by the

following claims.



det ermi ne macrobl ocks for which each filter of the plurality of
filters is to be applied, wherein the information included in the
vi deo dat gydedishdsessm i denti fi es macrobl ocks correspondeoyusmo®esois?

filter by at

| east one of a listing of nacrobl ock types and a range

of quantization paranmeter values used t@® reconstruct the macrobl ocks;
and determ ne pixels for which each filter of the plurality of
filters is to be applied based on a predeterm ned neasure of | ocal
CharaCterlﬁgﬁﬁéﬁﬂgigiﬁhg§§§$1 16. The apparatus of claim 14,
further co ' device configured to display the

filtered decoded video data. 21 17. An integrated circuit

conpri si ng:

vi deb ﬂemddﬂn@n¢t$mgitry configured to decode a signal

i ncluding a pIurallt d%ﬂﬁ?ﬁéﬁpggq%goFF“m'emb 29 gﬁﬁﬂh? &gk[gg?

and processing CF?%

process deto ST gna

sel ect, based on |nf0ﬁﬁ&tkemcuﬁ@iuded in the V|deo data bitstream a

selecting, based on information included in the video data bitstream, a particular
filter of the plurality of filters; and
applying the particular filter to at least a portion of decoded video data of the

video data bitstream to produce filtered decoded video data.

2. The method of claim 1, further comprising:

determining frames for which each filter of the plurality of filters is to be
applied, wherein the information included in the video data bitstream
identifies frames corresponding to each filter by at lcast onc of a frame

number and a frame type.

3. The method of claim 1, further comprising:

determining macroblocks for which each filter of the plurality of filters is to be
applied, wherein the information included in the video data bitstream
identifies macroblocks corresponding to each filter by at least one of a
listing of macroblock types and a range of quantization parameter values

used to reconstruct the macroblocks.

4, The method of claim 1, further comprising:
determining pixels for which each filter of the plurality of filters is to be applied

based on a predetermined measure of local characteristics of an image.

5. The method of claim 4, wherein the predetermined measure of local

characteristics of the image includes a variance value of a reconstructed image from a

mean value of the reconstructed image.

6. The method of claim 4, wherein the predetermined measure of local

characteristics of the image includes absolute values of differences within a

reconstructed image.



particular filter of the plurality of filters; and apply the
particular filter to at | east a portion of decoded video data of the
vi deo dat gydrdisbosesmm t o produce filtered decoded vi deordetiseos/ 050237
18. The integrated circuit of claim17, wherein the processing
circuitry is further configured to process thc decoded signal to:
determ ne franes for which each filter of the plurality of filters is

to be appli ed, ein the infor ion inclyded.in the video data

bi t stream i dent Y\?I rf‘?tgﬂ‘g%tl%%?‘rdgg’ ot th‘@p'iegg@%ﬂedf@?ats%tre ‘%?P"&f | east
one of a frgEecowihalofandnigd malBed yREent dekEE Withig afenslcagkSagor
whi ch each filter of the plurality of filters is to be appli ed,
wherein the information included in the video data bitstream

i dentifies macrobl DiekgetBod sRSAM] whgrelrothe pebictbiniih@r mbjsudtofl@ast one
of a listing of macrobl ock typeﬁﬂggg a range of quanti zation

par anet er veERsiTisEEPiths Pagbms 2APRESS FREEFBEN BERE 2 TeeRBStasted ihigte
pi xel s for which each filter of the plurality of filters is to be

appl i ed based on_a_predeterm ned asure_.of .] ocal characterjstics of
an | mage. 0 5% HB0] PR SO SN ST oL PR ORALTE I a
first filtegydtdtd@sPhivéiahiving Ofirsf 1diEsrIhd Sredithiid h@sirt bBloc@li Xel s
having a first value of a predeterm ned nmeasure of |ocal )
char act er i sehasastesptiespfithraigage i ofim) jesge ¢fyalyes Hid aserendfilien gf e phedin
filter of t j N ' ' LXxe havi ng
a second vapﬁgﬂ%gﬁghgh%fgggfg#E?ﬁ%gbﬁggg%%QE%YQﬁ%ggﬁggﬁgggé?g%istics
of the i nagmechnureofdembdoithracamiyacsaff theallmagsin a @ond range of values.

10. The method of claim 1, wherein quantized filter coefficients of each of the
filters of the plurality of filters are clipped to be within a range of about 0 to about 2
raised to the nth power, wherein the range of about 0 to about 2 raised to the nth power
is divided into a number of intervals m, and wherein the number of intervals m is
determined at least partially based on indices of the quantized filter coefficients of each

of the filters of the plurality of filters.

11. The method of claim 10, wherein a particular quantized filter coefficient is
determined by decoding a variable length codeword indicating a particular interval of
the number of intervals m that corresponds to a value of the particular quantized filter
coefficient, and by decoding a fixed length codeword specifying the value of the

particular quantized filter coefficient within the particular interval.

12. The method of claim 1, wherein first filter coefficients of a first filter of the
plurality of filters are used to predict second filter coefficients of a second filter of the

plurality of filters.

13. The method of claim 1, wherein at least a portion of video data in the video

data bitstream is encoded using MPEG encoding.

14, An apparatus comprising:



20. An apparatus conprising: neans for decoding a plurality of
filters enbedded in a video data bitstream neans for selecting,
based on iwdHasomiészen | ncl uded in the video data bitstreamustosese2sr
particular filter of the plurality of filters; and neans for applying
the particular filter to at |east a porgg on of decoded video data of
the video data bitstreamto produce filtered decoded video data. 21.

The apparatus of claim 2Q, further conprisi t least o of : n
for doberm ning # PHRREsPesr STEHORAIA e CsRe £ RO PbT Ty SBpedaes
filters is to be applined;ideahRiaiiRtrtddg abadf or mation included in the

video data bitstreamidentifies frames corresponding to each filter
by at |east one ®ProsepeAvBligUEdEY and a franme type; neans for

det ermi ni ng macr obl ocis. f %ﬁ%&%ﬁg@&ﬁ}éﬂ&& iPfhe Vo lELlu‘é ggét%etgfﬁf ﬁfe

filters is to be applleocl erein ormation inclu
vi deo data bitstream i dentpaftiear fiter dlthopkeliyoffdssomdi ng to each

filter by at |east ong ?fth{g,lglf“jﬁi E{Eﬂqﬁlte?ftc% mgargfg%#cgrﬁ%(% %%’a%?ideﬁ@gdeggéfﬁ%ge

of quanti zation par aneter s used to € mac ocks;
and neans for determ ning tpt xeks ddtobitsieamho padbicd fillerelr deoddetd Médeo data.
plurality of filters is to be applied based on a predeterm ned
nmeasure of | ocal characteristics of an imge. 22. The appar at us
of claim 20, furiheThcappraihsiofiglameafsvifeotin the pedcessngistiinthey catd@uctdita
bitstreamvia a wirel ge%gmgrgeaf?gnrlgs 01i \%’?ibh gach filter of the plurality of filters is to be
applied, wherein the information included in the video data
bitstream identifies frames corresponding to each filter by at least
one of a frame number and a frame type;
determine macroblocks for which each filter of the plurality of filters is
to be applied, wherein the information included in the video data
bitstream identifies macroblocks corresponding to each filter by
at least one of a listing of macroblock types and a range of
quantization parameter values used to reconstruct the
macroblocks; and
determine pixels for which each filter of the plurality of filters is to be
applied based on a predetermined measure of local characteristics

of an image.

16. The apparatus of claim 14, further comprising a display device configured to
display the filtered decoded video data.



23 23. A conputer-readabl e medi um stori ng conputer executabl e
code conprising: code for decoding a plurality of filters enbedded in
a video dat@2nnb®bsoeam at a vi deo decoder; code for selertsmgyodzawed
on information included in the video data bitstream a particul ar
filter of the plurality of filters; andxicode for applying the
particular filter to at | east a portion of decoded video data of the
video data bitstreamto produce filtered decoded vi deo data.

24. The conputer-readabl e medi um of claim23, fiirther conpri sing:
code for deterni hi.ngyn intepmaed fionitwhinphsisgich filter of the plurality of

filters is to be_agpplied. wherein e _i,n | on_j.ncl d i .he
Vi deo dat a bi t otV aReeang RS Foriniieudd Ml Rir AR AR E O ,
by at |east one of a filkafiEemibuddédin avideodata itkredny.pad code for
det ermi ni ng macrobl ocks for. whi egch filter of the. plurality of
filters is to bepraﬁeﬁﬁlp&asmmm%{%ufeﬁéo PRFEE ﬁm%s?ﬁeﬁﬁtgﬁeﬂd@d in the
video data bitstream j.g@ntbhdct@f intBARR0Rh Ackiicd &f he SRR kA Bit§tRaRags h
filter by at |east one of a listing of macrobl ock types and a range
of quantization particular filter of the plurality of filters; and

apply the particular filter to at least a portion of decoded video data of

the video data bitstream to produce filtered decoded video data.

18. The integrated circuit of claim 17, wherein the processing circuitry is further
configured to process the decoded signal to:

determine frames for which each filter of the plurality of filters is to be
applied, wherein the information included in the video data
bitstream identifies frames corresponding to cach filter by at least
one of a frame number and a frame type;

determine macroblocks for which each filter of the plurality of filters is
to be applied, wherein the information included in the video data
bitstream identifies macroblocks corresponding to each filter by
at least one of a listing of macroblock types and a range of
quantization parameter values used to reconstruct the
macroblocks; and

determine pixels for which each filter of the plurality of filters is to be
applied based on a predetermined measure of local characteristics

of an image.

19. The integrated circuit of claim 17, wherein a first filter of the plurality of
filters is applied to first pixels having a first value of a predetermined measure of local
characteristics of an image in a first range of values and a second filter of the plurality
of filters is applied to second pixels having a second value of the predetermined

measure of local characteristics of the image in a second range of values.



par anmet er val ues used to reconstruct the macrobl ocks; and code for
determ ning pixels for which each filter of the plurality of filters
is to be apphiwegodzssed on a predeterm ned neasure of | ecahus2009/050237
characteristics of an inage. 25. The conput er-readabl e medi um
of claim23, wherein a first filter of ghe plurality of filters is
applied to first pixels having a first value of a predeterm ned
nmeasure of | ocal characteristics of an image in a first range of

val ues and a second filter of the plurality of filters is applied to
second pi xel s ha¥.ngnapmeatonedmpaising: of t he predet erni ned neasure of
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means for selecting, based on information included in the video data bitstream, a
particular filter of the plurality of filters; and
means for applying the particular filter to at least a portion of decoded video data

of the video data bitstream to produce filtered decoded video data.

21. The apparatus of claim 20, further comprising at least one of:

means for determining frames for which each filter of the plurality of filters is to
be applied, wherein the information included in the video data bitstream
identifies frames corresponding to each filter by at least one of a frame
number and a frame type;

means for determining macroblocks for which each filter of the plurality of
filters is to be applied, wherein the information included in the video data
bitstream identifies macroblocks corresponding to each filter by at least
one of a listing of macroblock types and a range of quantization
parameter values used to reconstruct the macroblocks; and

means for determining pixels for which each filter of the plurality of filters is to
be applied based on a predetermined measure of local characteristics of

an image.

22. The apparatus of claim 20, further comprising means for receiving the video

data bitstream via a wireless transmission.
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23. A computer-readable medium storing computer executable code
comprising:
code for decoding a plurality of filters embedded in a video data bitstream at a
video decoder;
code for selecting, based on information included in the video data bitstream, a
particular filter of the plurality of filters; and
code for applying the particular filter to at ieast a portion of decoded video data

of the video data bitstream to produce filtered decoded video data.

24. The computer-readable medium of claim 23, further comprising:

code for determining frames for which each filter of the plurality of filters is to
be applied, wherein the information included in the video data bitstream
identifies frames corresponding to each filter by at least one of a frame
number and a frame type;

code for determining macroblocks for which each filter of the plurality of filters
1s to be applied, wherein the information included in the video data
bitstream identifies macroblocks corresponding to each filter by at least
one of a listing of macroblock types and a range of quantization
parameter values used to reconstruct the macroblocks; and

code for determining pixels for which each filter of the plurality of filters is to be

applied based on a predetermined measure of local characteristics of an

image.

25. The computer-readable medium of claim 23, wherein a first filter of the
plurality of filters is applied to first pixels having a first value of a predetermined
measure of local characteristics of an image in a first range of values and a second filter
of the plurality of filters is applied to second pixels having a second value of the

predetermined measure of local characteristics of the image in a second range of values.



