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BLOCKI NESS CORRECTI ON FI ELD [0001] The present
waelec@elhersr e rel ates generally to the field of POEYS2008/079648

processi ng and, nore specifically, to techniques for

uni versal ly correcting bl ockiness wwth a low mllion

i nstructions per second (M Ps). BACKGROUND [0002]

Bl ocki ness is one of the nost noticeable artifacts

easons. oM TR DR LIES S R RO Bsed

coding uses a block (e.g. 8x8 or 4x4) as a basic

unit, for transformation, quantization and texture

codi ng, and the inter-bl Rorrelation, is |ost

duri t hi ' T r obl [ i alel -
0001] (oC, o kS BEL By HERT PRLETL G EFAGH B MuBE S Rusing and,
more spadislllyhit@hechnéquics Zat ivnivesdalp Sirzeting )blodkitess Mithaa low million
i macr obl ock MBs), the blocking artifacts are visible
InStructipRs Persieg Fstk boundaries. However for inter MBs,

the notion conpensation may bring the artifacts inside

the bl ocks. The blocking artifacts comng fromthe

reference franes i s t BAGKIGRIOINDI t ed bl ocki ness”

becayse . the . bl ockiness is.inherited from previous .
100021 {7 2 BRI fonant Hadney SRS HEGE Wy Burap B iy video
and imz!tgécéﬁdﬁﬂ%] BB AN 80 BdbkidcQO A3 thatl BRY Blod-BadeWoding uses a
types of approaches to address the inherited '
block (b doRi melsd) s basic wnit, fpr gansépprbe uestizagorrpd gixture coding, and
v e 8 R bh 188 a8 s RS G BB e e

video/irafRedstdin Y\oedcd. at Mgy fdw it raep(Bigh hjuenidatiys stohesiZdCyp). For intra
of fset node defined in the notion picture expert grou

macroblogyIBy). dhablagkiag artiHagh pechviaibl: el arqund thiggknpundaries. Fowever

for intelap/ﬁisl, ﬁ% A& do egggtioﬂ%ﬁnprﬂ{ g aﬁlfﬁ&é FhsRle O BloBkLTRE IBlocking
edge. The second approac traces the noving

artifactd rcajégt droyn olfic tréferdat® dkinmass tendedpibceisedDBlookintdsE because the
noved artif he _second @ roach has been

) ts. [.000 T .
blockingss g é@%%@gﬁﬁpr&f%?‘]@%&t% infigrite megh ARy thegvisible at any

locatioPdrRHe B8P lenkfhe M Ps requirement for debl ocking a 30
frames per second (fps) VGA image is too high for

[0003] nobi MTécmrarpitweltess epgipreahésotvsaddr@00b¢ inbsiiteg Blotkied4 issue. A

har dwar e debl ocker as a post-loop debl ocker for .
first anfiReel 3 o, GOPV BT LD REGTIE OF dhoP e Bel S85( Riaothabut arifucs
becauscktheWihertledvB¥Rkinebdnda§ @pP et anywihBred Tht -ir9ORyprétl @8KBYs the DC

only filters the pixels around 8x8 bl ocks, so the

offsct madsedafined) itb thscmpiers Bicgr ckparesgin SMPE 4 Nendase.ein whih a 9-tap
ﬁlteringglaslt%)ﬂi%c[] ?@E;e?%gtt#&h&g{mé‘ Elx@ﬁ%@o&@s a %H)%kce(aggdﬂgl é%%gnd approach
traces the moving trajectory of the blockiness and applies DB on the moved artifacts.

[0004] The second approach has been proved to be an effective tool to remove inherited
blockiness, the MIPs requirement for deblocking a 30 frames per second (fps) VGA image is
too high for mobile or wireless applications.

[0005] Using a H.264 hardware deblocker (DB) as a post-loop deblocker for MPEG-4
and Wireless Media Video 9 series (WMV9) is known. However, in the past, the post-loop
deblocker only filters the pixels around 8x8 blocks, so the inherited blockiness still remains.
Furthermore, the filtering strength, for skipped MBs and coded block pattern (CBP) 0 blocks, is
not strong enough. The standard practice always sets BS for an inter MB as two or less (unless

the neighboring MB is of intra).



not strong enough. The standard practice always sets
BS for an inter MB as two or less (unless the
wmeioghest ng MB is of intra). WD 2009/ 049259 PCT/US2008/079648
PCT/ US2008/ 079648 2 [0006] There is therefore a need
for techniques to universallyacorrect bl ockiness,
i ncludi ng inherited bl ockiness, with a low mllion
i nstructions per second (MPs). SUWARY [0007]
[0006] TeCh'T'th‘ée% HiRrBiev ar A&l YorCférchﬁlﬁﬁesbk@%h\‘b@@ﬂy%éﬁ’bc@ blockiness,
low mllion instructions E second (MPs) are
includirgeigberitpd Bloglksinessnwith g lowenidmmfingjrucaonsopsr secomdy MIBs).
conprising a processor operative to inplenment a set
of instructions to commandeer an in-|oop debl ocki ng
filtering engine and tSUMMX®Ysally correct
bl ocki ness in a decoded outFut si gnal . duri ng
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correct blocklne oded out put si
[0008] ot - MLy IF 4P ar?gmBe&éa?‘%‘f PO Y Y e | ﬁchS‘bEangq ail in-loop
deblock‘ij@é0 ifekh® Enkinkt Br pragideagi Mee ﬂt@%rateﬂt @i%u'ﬂtt 8o Ghéletést a processor
further “includes a nenory coupled to Epocessor
operatiyeoQOW)plemen & s4t|af insfruckiens asp@r@man@peé éhﬁp t-wop ptebicking filtering
engine Qﬁc? dyGh; Ve%%l %déoﬁ%ctablggkqg&ts rd&?o%%g o%tﬂn? diiim havi ﬁ%% post-loop
StT UCti ons’ for “caus ng bter to lcommndee
ﬁltenng dspdrmm usitebihe didlag ddblldcerngnmtemgi di@ines Theduicgdeted difvit further
instructions further cause the conputer to
Hwhme%ﬁﬂﬁ@F%&P@ﬁ’%B@ﬁ@%?“ﬁ?%%&lness in a decoded out put
Si gnaly QUiing, 0 ? FRECHh g t
[0009] in - ogop Q‘E{) clt ?I It lHEGn rg%é‘?’ﬁg.ﬂf’%oﬁ dﬁ%gﬁ comptiet
readable&ddedlumnhévmg pnmmmmsl forb easme amoempmdtd yommaadmntan in-loop

the detailed descgription, particu
deblockigedi (eplggermile fy PVidE: apperavaaonHgac: fpeahe computer to

umversmep Fbgékl%ss-ﬁﬁ"% Md%l[tg%] dﬁ%{gg'& {3§stf!&q3 ﬁltermg operation

configurations of the disclosure wll "become nor
using th@plp‘é\(?(&mebfmkmgtﬂi@rlngengmbed description set forth
t he draw

[0010] \?me: 2%#}*{%@& aagﬁe%lt r%l 0 unCt trg{)]lgwr%ah i gparent %%rn tHe detailed
descrlp‘@&f ?%l@@ﬁﬂ&%eﬁ'tzﬁi&ﬁ%@etﬁdﬂ Rathahe ttpenl&0drdlvifdsG. 1 shows

bl ock di agram of a w rel ess devi ce.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Aspects and configurations of the disclosure will become more apparent from the
detailed description set forth below when taken in conjunction with the drawings in which like

reference characters identify corresponding elements throughout.

[0012] FIG. 1 shows a block diagram of a wireless device.
[0013] FIG. 2A shows a general block diagram of a H264 in-loop deblocker.
[0014] FIG. 2B shows a general block diagram of a decoder with a post-loop de-

artifact/blocker (DAB) apparatus sharing an in-loop deblocking filter engine.



[0013] FIG 2A shows a general block diagramof a H264
i n-1 oop debl ocker. [0014] FIG 2B shows a general
wWhl@ek4tsagr am of a decoder with a post-|oop dBET/US2008/079648
artifact/ bl ocker (DAB) apparatus sharing an in-|oop
debl ocking filter engine. WO 3009/ 049259
PCT/ US2008/ 079648 3 [0015] FIG 2C shows a general
bl ock di agram of a decoder with a post-1oop de-
[0015] arti FaGt b0 Lippkes dRAB) viRRadakMs of W UBdodet Gith3 aShdWhop de-
the pixel locations for a tile edge. [0017] FIG 4A
artifact/lpoler (@A@f@mﬂ@w macr obl ock frame wi th bl ocki ness.
[001 robl ock franme with
0016] 0016 Fon T RRERoBy Y For TS ¥0019] FIG 5A shows

[0017] | nhEFI(EGQA Bhaedd RESSndeimafotloEgRamé Q@tﬁ@)]lodﬂr@ss SB shovvs
e without inherited bl ockiness.

6
[0018] showEI - P shosgoexgBagioplock drams %%wmel(ltgﬂk@)bo&meﬁs OTFIG. 4A
[002 F nitialization
10019] %LlG 51%38}60%%15@@%%@@539%&6%9@&%?@% oop DAB strength
[0020] chanﬁl(ﬁgSBrﬁmWSem m{a@@%}mﬁﬂ1ﬁherﬁedshlomnesspost -1 oop DAB

par a changi ng nodul e 25 G 10 shows a
100211 pogt Ef‘éoé RS EReN - i b0 qro%% JElG 11 is a
[0022] 9energd. f élﬁ)‘%s%;[ﬁ{si 10%{3 BAB 1ﬁ9§1@£aﬁ9h gdegRt - | oop DAB

pr ocess. is a general flow chart of
[0023] t he Etﬁtml@wamtlmpmwrmgﬂ@el@amgmgm?MQs] FIG 13
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[0025] edgeFl@CHﬁdh@% alpastaﬁo&ﬁmbﬁfe%dur%%b%l@]e Fl G 15 shows a
of a qp-f terlng strength relationship for

rap
10026] 1B PGS paoBapl frcehapothewdanishleResipoan AB process.
rel a n
10027) {5 SRGTPT R REAERS Byhhr B bty BEHER 4R grogedure
[0028] f | owFohard shofvsa g@zhp’miﬂ o q'p.%ﬂlt@ﬁ%t s-tﬂeﬁ@tﬁ rElABoﬁshtIﬁﬂ’or MBra MBs.
procedure. [0033] FIG .18 sh
[0029] qp-f FIG ek4 shgWs crenplery tilsicdes l@ﬁ%trﬂ% 111! 6‘? Sai%blpak MBs for
t he 0 0
I i R e R A VR
[0031] t he Fb@mbds eshewy ems exampl i OREtioR$ HES. beA@&naa 2@ slowdge and a

di ram of r r h ndar
preV1ousth LLragram ot a p ocedure to set the boundary

[0032] FIG. 17 shows a general flow chart of a simplified post-loop DAB inter MB
procedure.
[0033] FIG. 18 shows a graph of a qp-filtering strength relationship for intra MBs for the

complete version.

[0034] FIG. 19 shows a graph of a qp-filtering strength relationship for inter MBs for the
complete version.

[0035] FIGS. 20A and 20B show a flow diagram of a procedure to set the boundary
strength in the complete version.

[0036] The images in the drawings are simplified for illustrative purposes and are not
depicted to scale. To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures, except that
suffixes may be added, when appropriate, to differentiate such elements.

[0037] The appended drawings illustrate exemplary configurations of the invention and,

as such, should not be considered as limiting the scope of the invention that may admit to other



strength in the conplete version. [0036] The inmages in
the drawings are sinplified for illustrative purposes
warasesnot depicted to scale. To facilitat ePCT/US2008/079648
under st andi ng, identical reference nunerals have been
used, where possible, to desygnate identical elenents
that are common to the figures, except that suffixes
may be added, when appropriate, to differentiate such
equally @FREBA SonflzBR88hs. Thes aRREAFREIAh AR RS dr Iskps bRbSBe configuration
exenpl ary configurations of the invention and, as
may be gadiiciadlydnearpereted e othehetndguendions withemttfurgerirpeitationpe
of the invention that may admit to other WO
2009/ 049259 PCT/ US2008/ 079648 4 equally effective
configurations. |t DETCARIIEDDESCRIPTEONT eat ures or
steps _of one configuration may be benefjcially )

[0038] | ncodpemerederammianiens Bedfhcatin e Mmeas “HeryRews anuremple, instance,
: L batyi - 0381 r. -
or il o B Al ot mecessariy
to be cexsumipt exs profetrat e, advedtagdous sveabihen conffuyations or designs, and the

confjguratiop or design described herein as. ™
terms -« é?(réjwpl af‘nnﬁmein’s HB%C?‘Hkﬁgesg%fPF?S;?Ofgt e E?é‘?&e@%%d ugg” are used
interchdp€ftgy red or advantageous over other configurations or
designs, and the terns "core", "engine", "machine",
[0039] " pr odbs stoehniqued doperddsBémiyp iyt be ased deredavireless communications,

comp it SHERRACSAR el R 5SS TR SEABles o il
commuBRAIAM is Agscribed 5816@. €l ectronics, etc. An exenplary use
of the techniques for wireless conmunication is

[0040] descFi®Bed shewow. blpdodapran of ajconfigustion 9 gewirgicagfeiee 10 in a
wireles{ Eorﬁ‘ %81‘8&%1&1%[&9 n;l“ﬁé W%GY&S% Séﬁé S’Il]((ji il e alﬁ)anldgeta.The hf dset may
W r e e]' e WPI 8

el ess” conmuni cat on system rel’ess device
be a ceffdjar e @nfean@hede, alteemimands elvirsRysly-bguippakepérsbal digital assistant
canera phone, a termnal, a wrelessly-equipped .
(PDA), gevielfsl commpinieqtions dreparit Vidgopape canspls: @i latep computer, a video-

enabledCRITRY: GahE QbR d8MIE8 -eﬂuféb%@ﬁ’e\g@é} BritONEAL& cothrh@RLARN system
conputer, a video- engble evi ce or sone ot%er
may benar@bdes BhiyisieguVippmit decese(COMA )\wiysehe ss (dobaiuSyseat ifon Mobile

syst.em y be a Code Diyision Miltiple Access (CDWA)
Comm 181 (Cﬁ@ %Qm@%?rgﬁfb%ﬁ SHEB-1 e  Conmuni cati ons

[0041] ( CSMrhs %stcRi¥y d&¥icS PR &b@lﬁé of YfvidThg bRAEdkiof €& ommunications via
wirel ess device 10 is capable of providin

a receivigipathi anglot iromalit emOnithatacome pothasigeals semsinuticby hasgrsthtions are

) transmt th, On.the receij.ve i ls . .
receivef by R AREP by PR g R ided ol RE RRVRI L I rosiyer 14 conditions
and digttic8NRa réeeivdad sigﬁﬂ}/iufilegrdvide@ JaefpRdsVRY a (dREWMR) setdon DOefor further

recei ver 14 conditions and dlgltlzes the received

processiigg {2} thadanppis vridles trapsmites(TTR) 86 gicerrs date q bhtrapmitted from
the diglft?ﬁrsegtli'&{ E&r processes and conditions the data, and generates a modulated signal,
which is transmitted via the antenna 12 to the base stations.

[0042] The digital section 20 includes various processing, interface and memory units
such as, for example, a modem processor 22, a video processor 24, a controller/processor 26, a
display processor 28, an ARM/DSP 32, a graphics processing unit (GPU) 34, an internal
memory 36, and an external bus interface (EBI) 38. The modem processor 22 performs
processing for data transmission and reception (e.g., encoding, modulation, demodulation, and
decoding). The video processor 24 performs processing on video content (e.g., still images,

moving videos, and moving texts) for video applications such as camcorder, video playback,



processing. On the transmt path, a transmtter (TMIR)
16 receives data to be transmtted from the digita
waeepiogms®P0, processes and conditions the dat aPCHOS2008/079648
generates a nodul ated signal, which is transmtted
via the antenna 12 to the base stations. [0042] The
digital section 20 includes various processing,
interface and nenory units such as, for exanple, a
and vid¥BARNFRERFRS SOThE %on@ol‘i’ér@)@&eﬁ%@ SRy dfect he o eratlon of various
control |l er/processor 26, di spl ay processor 28, an
processmm@smt@fzwe alng$ aptiie shg@trabe@élgnri@ uiﬁ d(SQéM)pr@qesngS performs

process?]%tEﬂ%)r g]élt tel_h gr%%le%oyg rVé Ceeogg%r%fo(@l%r na!dftggtﬁsolnn% ‘r%i({) giia umt 30. The
ARM/DSP 3fahay pedosivasben tygRd ofesrepdskiap foe .ths ,w@ﬂ‘&;@ddeﬂgse 10. The
nmodul ation, denmodul ation, and decoding). The video

graphlcbp@@@ﬁwunztﬁwmﬁgra@mé BE%FYH%n vi deo cont ent

[0043] ( €. OThe %dhln 8&Tibed 'ﬂ&\’e‘nﬂ tha{! €0 %P %n%‘f JHQ ptr(?c)égs%}s in the
or video ap I ca I ONS SucC canctor

digital wcaylh)aﬁka g\l%éi@ﬂﬁab(}#@é’ﬁ@orpﬁrl [I]B@Gﬁ)t%hﬁ]?ﬁﬁyﬁrﬁary Boaneres data and/or

1nstructé}|n(§:I %tV%%)IEfESe {btggs::\%é]lt 18 &g@eggtp%féll %ﬁﬁgﬁ%ﬁf@agﬁé&tes t%e transfer of
data bebWHeR"thAGRitHINIckBod Ik B, HiSnhBhe 266! 8OLAG: mIﬂl%%%ﬂJ 4Y along a

processor 28 perforns processing 'to facilitate t
bus or ddteslpicdyLof vi deos, graphics, and texts on a dlsplay

unit . 30.,.Th RM P 32 erform vari ous type .
100441 7 B g™ oL 20 e a8 oalinerled i Be Sg i R8s, micro
processMsOQﬁS€B ngtcumI‘he% @eﬁrge@ﬁﬂiﬁ 29" #Rbi 850 FUeOﬁl%ﬁ@ét&g on one or more
[ 043] The technlques descri bed herein be used for
apphcataqwsmﬁlﬁtc hetepiatsdessbits(AHCoher sogiegithe Itymtmt@gra@ circuits (ICs).
[0045] €. g Thg th}{ qgl gscrO t&°R elngﬁay ‘B-Q 1%&%&%8'111 Vg yha%c?ware units.
stores ‘st ructPons Tor Vart ous unit s
For exathil6l fhetibehtﬁldp%trﬁhy $edtriptyinet@ed 'EhexSE(Bé BSP4, RIS st AlRMds, digital
the transfer of data between the dlgltal section 20

signal precegsing idayigesnd? iR oPiPeBE)maie logitraF HoelfB)-derla pepggammable
gate arfh )s/ QEEG&%%&S%I@G olll;egg%]:ro-r&ﬁltlgd%l é%i?nlﬁgfotg_bgers,zgnd other

I'emented with oné or nore
clectronpe ociesssor s, RI SCs, etc. The digital section 20 nay

al so_be fabricat pn one or pllcatlon
[0046] 5 pecFpitee W%gﬁl’ﬁt &d @ﬂ%@uﬁ?sgﬂgo Ghessih oo SRR S blpgkinessiartifacts
1ntroduée)ﬂﬂ%r Plied RSB B4eBE GlcHay MPHA- @591 263[ W5b aEHeH 264 standards. As

t echni ques descri bed herein may be inplenmented in
can be yeani om thardgsermeionriclaw, thEadvanagepdletheshtscheighes gubst annoying

: : : i npl
1nher1teg?a\éti1t?§tls ot ﬁeg}r{)gF SE 3 X%%’é?‘ﬁ’ gcoé %SE a8 2(@[%%5011 11'¥B[1‘uct10ns per second
(MIPs) PTIROfcati@héRs Frahe nd®Viosemop RleReifact/bleticbr RDAG)adppRLE 70 for a

gate arrays (FPGAs), processors, controllers,
low complexity € gvéiltll@r it rﬁh@%d}%d&@w&ge E)ﬁdmo/&?}M and reasonable DSP

MIPs ¢ t?ecécﬁlg&'a& o rn?(ﬁu%) é in aHr It][\elr oy \?At s ?I )%egg Sksq Liﬁgreover, the

hereln nove b ocklness
real filtering is performed in DSP.

[0047] In the exemplary configuration, the only filter used is the H.264 in-loop deblocker
(DB) because it is built in hardware (HW). The exemplary configuration requires new boundary
strength (BS) calculations in addition to the FilterOffsetA and FilterOffsetB (FIG. 2A) defined
in H.264 standard.

[0048] FIG. 2A shows a general block diagram of a conventional in-loop deblocker 50.
There are two types of filtering operations defined in the H.264 standard for the in-loop DB 50.

A deblocking filter engine 60 is controlled to perform the two types of filtering operations.



i ntroduced by video coding can be used for MPEG 4,
H 263, WW9 and H. 264 standards. As can be seen from
W@ b@hersy i ption bel ow, the advantage of thesePCT/US2008/079648
techniques is that annoying inherited artifacts are
renoved at a very |ow cost sugh as 2.5-4 mllion
i nstructions per second (MPs). The requirenents for
t he new post-1oop de-artifact/blocker (DAB) apparatus
ne filtédn a Q1R WtioR MfcfGth@td BY M)t t
One éPL% E@g%e %tg(\rmggn%gﬁ%l)ggﬁd rgeglfseoﬁgb?ed D%P )I\%SIP?&?;% fIRYG2 in the
filter engrtei @ eBhansachndh Glterdutyec pua wicpk ﬁﬁewm/ppqw@pm\ﬁrcﬂqrrm to BS=1,2

or 3) b}P Eil Xelak ?’?tCF 81? rb%%rde F]\églglﬂ}%t ﬁlt%r éégel 6(f) mgﬂ lth%gBé B equal to 4, a 4-tap
or 5-tapCﬁ1[B‘ringli£ @ﬁplﬁﬂ ontupao Grhiya pidelseirousesh ddge Tom& “tilc264k the strong filter
i n-1 oop debl ocker . (DB) because it is built i

62.  nHrgiee dypesvgt fr #ﬁ@%ﬁ@ﬁ@tlaw i ghpi yUregtionnok Eﬂtﬁ@é@eﬂ 52 and

i EABEHIOFEY  FPREDR B BB e 895 A REPSH hR0a vy e

deblockdtef filnednging 6612 Gk mamml as descflﬁ&k‘r&]ovEl Ghe ﬁAl(ﬁ)bdD\B 58 also includes

a boun(g]éjgg{ggtlpgél? lcglgﬁla‘golf Hllgﬁé:aflc\}%?qnsyv & Iogg |s{r§1}gq11 éBS) for the MBs.
The det@O&iRS ﬁR&sen ﬁfe' (ﬂﬁlg sh@wﬁ ea HadBd 1L a0 datste fHar Bzhjt" 8f the in-loop DB

i n-1oop DB . A deblocking filter engine
50 whiclong nmlhae(tiwtrg pEhd diltarORecttinb2t W@sOﬁ%etBl $4 end Hfg)undary strength

leul F?éatlﬁ $: WD 2009/ 049259 P%T/ 2 08/ Q79648 One
caleulatp Vg TPREs 8OV o /GO P’ta "SPer at i on
[0049] (1 ef ebF L1Agt @ tBSisdAhcBheRibtd ﬁﬂagexftlahy @bnfdgioh brélp@t by different
lter engine 60. The second filtering type is a meaﬁ

fi
deﬁnlthsns| fopg | hlgclé’plgrdaffer@nt gtangierdsy ImigistdisaBsuze, 3 tileis d@ﬁngc} apy 4x4 non-
overlapaﬂl\fﬁgk%é h EE%E eeﬂlﬂlgfi ta? n g}?ipﬁo Clo(Yer}%p{aéci §a§5 eggglf |nle i 2?| ng

[0050] | s aBIﬂ}J Edhcﬁ»ﬂs hp pixel %dauaies forr xalls e&gd’ﬂ]Ed TE’:hB tﬂ@l g@geoTE das pixels
a the strong ter 62. The two

P1-P on.th% & ngdo%@? adherae .eégea@ohaé Hitle £ 8 O ¥Rt Rand side. The
2_
strong @('Sér}rngccge{raﬁﬁh’%B@ @f qor £ 'hl% %&%@H@#ééd in hﬁlbLe';I ltbglggv, RRicre the

Ives as |np tere
table crigbvadekindgrates lthenurabgi ofefil&dingrapsior paweheP,-Bs  fiks gumbadzero (0)
above. The | o DB 50 al so includes a boundary
daumﬂéPﬁéﬁﬁfﬁméﬁﬂgﬁﬁ gpwgégmhlch cal cul ates the boundary

[0051] Strengt ]'561’6(7&@)]31{110 bf the tIM@SedgesT hardeaagk h&gllt? &He%f(mg conditions,
engi ne is shown in a dashed |ine to denofe that

deﬁnedplacqua@bni Be. (Id3)oopspeificdon i IdR64 standard 40 thake e filtTheg decision.
|IterCff tB 54 and b

The 144 SEHEH 28hatffut B BT BT REnRE A B Rifrrangs; thap @ true

edge. HeREW inibaé t=pR of MeEeRS on MR PixelQire péddrinted, wigentdll Be itlfree conditions
defined herein to:€revent any confusi on brought by

hmd““@@ﬁﬁ@ﬁéﬁhﬂlﬁ%$ﬂ@n& 05-Bdr a "bl ock” in different

ixa ngh- La?hé[léngﬁdh?@fﬁﬁ%% phock i defined as an ()

8x8 ngn-aqv ed squar 0050] FIG 3 shows the
pixelfhoééf ﬁ ﬂﬁgﬁ{ﬁﬁg&gdg@l E. The tile edge TE (@

has pi xel s
\P -P | < Thd2(qp, FilterOffsetB) , 3)

where Py, P4, Ps and P; are pixels; qp is the quantization step size; FilterOffsetA is a pre-
defined constant to adjust Thdl; FilterOffsetB is a pre-defined constant to adjust Thd2; Thd1 is
a threshold value for a corresponding qp and FilterOffsetA; and Thd2 is a threshold value for a
corresponding qp and FilterOffsetB. The values of FilterOffsetA and FilterOffsetB affect Thdl
and Thd2 and thus affect the pixels to be filtered.



Pi-P4 on the left-hand side. The tile edge TE has
pi xel s P5-P8 on the right-hand side. The strong
WO 200ve4926y operation (BS = 4) for a luma til e RPCQES1088/079648

listed in Table 1 below, where the table entry value

i ndi cates the nunber of filtering taps for pixels

Pi-Ps. The nunber zero (0) denotes no filter taps and

thus no filtering. [0051] To prevent blur of the true
[0052] €dgesFort dNi&ifa, R} v @@1& '(é/%t ' 91’{1{31@55 bROMEAREH b @NStap filtering.

defined in equatlons are specified in ? he

H 264 stan Efabte k: &Srﬂk@tqlng olteufﬂtlwgs m@. lgntartlle edge

QPﬁgiHWSQUd§°ZF E%encgztnaﬁ3 PIHUbgﬂge.P$bnch Ps

nDre @?@ﬁcgﬁsﬁﬂkger ng on morp P xgl g arespefformpdo 0
when the three conditions| holfd trug as set fprth
i n Amfu@n poE3 iE@lse(1)-(3)| P5 | P4 ¥ Thd| (qp

2/

Fitt Of’ tA) ’1) PA——R2—r—Fhd2(gp;
Fi1 1l &9 CIrRe el (8 [p? [P <[ TRaz(gp, | 4 | S | ©
Filter Of)sefaBr , (3 where PR, P4l P5 and Py are

nlyplc gp_is fhp ml.’-mfi atioh stepb sjize:

Fi | t@) ard €othaldtsuca br @ dbfiSnef donbktant|td afj @st| O 0
Thdl ; thggfg%fsetB is a|pre-defined copstant to
adj ust hdl i a threshold yvalue|for a

; 5
cah eesmndi ) @pa@ng Bi [ fesO fsat Al and| Thd2[i g a] 5 0
threshold value for|a cprrespondi pg gp| and
Filter O 4@t B. The yal ues of FiltefOffsetA apd

—FirttertfsetBaffect—Thd and—Thd2and thus af fect
the pixels to be filtered. WO 2009/ 049259

[0053] PCT / USH@%&IOHH@&& opérdtidaFferhap te BSGﬂH 2 amil 3) rﬁ(wﬁﬁes up to 4 luma
and P5) are nodifi

db
pixels aflfi |up é? Pﬁgromar%ﬁlé fqr.a Bls%g?,u WS@@?W@S @alalt: PohlsT%béff 2 gthe symbol

P1L P2 P3 P4 P5 P6 P7 P8 (1)
Yde“"%?’“?%‘?l’l S i AN (1) or (3) is
false (1) and (3) hold true 0 0 0 35450 (2) is

f al 2 0.54530.0 1) i
false (1) adaniol ‘gﬁaﬁt%)ﬁﬁeﬁlgﬂrrngoo@raﬂ@lsé%gé?l%)'ef?ge-

true(bggﬁqfuﬁ@e weak eping pperapion prefepringpiol p,
BS =1, 2 and 3) no |e 4 |unm

Chroma or N N N Y Y N N N
Both (2) and (3) are

false

(3) Holds true N N N Y Y Y N N
(2) is false

(2) holds true N N Y Y Y N N N
(3) is false

Both (2) and (3) are true N N Y Y Y Y N N

[0054] FIG. 4A shows a reference macroblock frame 100 with blockiness. The
blockiness is denoted by cross-hatched squares 102A and 102B. The reference tile 104 is

shown shaded in the center of the frame 100.



pi xels and up to 2 chroma pixels for a tile edge, as

described in Table 2. In Table 2, the synbol Y
waelerwonersdiltering and N denotes no filtering. PARDE®OR079648

BS =1, 2 OR3 filtering operations for a tile edge.

CONDI TION P1 P2 P3 P4 P5 P6 Pg¢ P8 Chroma or NN N Y'Y

N NN Both (2) and (3) are false (3) Holds true NN

NYYYNN (2) is false (2) holds true NNY Y Y NN

[0055] N N( BIGI 8B fsBbWE aBREN nfaddobBRE fladle RIE wWithUdhditdl YlobkMeds of FIG.

[0054] FIG 4A shows a reference nmacrobl ock frane
4A. Thqa@leme&irblml@mss iedenoterhley crl@lssehmhf@ismua@s deast eed HY2B’. The tile

104’ is %hh%vipss}]gtietd:: fgo qcue% e%s épéanrne ? e 1{1 %%4 gl{oﬁl%%?ss 1s also shifted.

[0056] 100 FI@ 2@@9&@§9@59a1ﬂﬁ$/o@mﬁ8ddomaﬁéﬁess% 0 @nbge H(ﬁ The area
ows a next macroblock frane 110 with inherit

denotedb%é&%ek@%ﬁmhlééc rgpesenf @rgan [ riphated b@@k}nﬁ%%érea@d by block-

ross- hat ched squares 102A° and 102B' . The
uﬂedvgﬁpghgﬂg%%cﬁgﬂlhomn shifted fromthe center of the

[0057] f r amEIG1DB shbhesiangecrdl ddodid diagianess aidecades Sswithtaepost-loop de-

artifuct oG R 1 RS %pgé\féﬁg%%ggaé%%pmgamg ibliSiaging A, The DAB
apparat&sf’@(’f\mcl&ﬁ@ agidt-bep @)ABHI@SM whlcBaftcPhcds"PRE bh&dommandeers the

| ocki ness created by bl ock- based video and i nage
in-loop dgldpdgng fibostiginel @A RB ushomslla cg@mlmglbldwlkwks dingggneral, the post-

a. oder.,65 w t arti act/bl ck er
ioop DR FRERIIE 7 B3 RRG an e Tap rbigt G S SHeine co0a,
aswﬂlﬁé&%QMM%HQMRﬁe@&ﬁﬂbEBQADAB appar at us 70 !nC|UdeS a
post - | &ﬁDAB unit 200 which interfaces with and

[0058] com‘rﬁﬁﬁé gatpugepurpascs.dbp deradroek inedjides tdseodsn diifevago portion 66
| 1 [, &
and a fL vy a%] | s\é?t()v%%Ag\{u rn[ﬁgﬁ{} o%%h@}eg? goﬁ%ﬁsfor ggcogiz e{ﬂ%g% Flgﬁas The

’l"00 r ovi a new

decodelshﬁﬁmefp@mcmo@ﬁ dstbd ddcogert d’ﬁelnfslmuéﬂ nefgh nemp&ﬁanoraﬁlodﬁlb 167 and a
e described in nore detail below. [0Q058
texture ﬁpqqsis&% Bevie 68 r Pisseetion Kempensatiet H@S‘ukentlﬂ deiena data stream as

input ﬁgﬁlCQ e Ol%i AL 1%9&(7&30? rgf‘éreneé] Frathe ffréé}g‘é@ d?n lo%%f &é%c%mg filter

i nation thereo portion Ing rn
engine é()gndilrmg ihHleop filtering operations. The motion compensation rnodule 67 also

generates an output signal which is sent to the texture decoding module 69. The texture
decoding module 69 in turn generates an output signal which is sent to the in-loop deblocking
filter engine 60A. The in-loop deblocking filter engine 60A produces a filtered output which
includes a reference frame for input to the motion compensation module 67 and a filtered
output (hereinafter referred to as the “in-loop filtered output™). The dashed line denoted as 72
includes the software, firmware or a combination thereof for performing decoding operations in
accordance with a codec procedure.

[0059] During the post-loop DAB filtering operations, the post-loop de-artifact/blocker
(DAB) apparatus 70 commandeers the in-loop deblocking filter engine 60A wherein the in-loop
filtered output is cycled back through the in-loop deblocking filter engine 60A for post-loop
filtering operations under the control of the post-loop DAB unit 200, described later in detail.
[0060] Post-loop filtering occurs after the decoder (decoding) and the filtered frames are
not used as reference frames for the decoder 65. Since the post-loop filtering is not defined in

the codec standards, one has freedom to design its own filter. If the in-loop filtering operations



decoder hardware portion 66 of a decoder 65 includes a
noti on conpensation nodul e 67 and a texture decodi ng
wore@ale269. The notion conpensation nodul e 67 PEDER068079648
a data streamas input froma bit parser 75 and
receives a reference frame frgmthe in-1oop debl ocking
filter engine 60A during in-loop filtering
operations. The notion conpensation nodule 67 al so
are partISNEkac@8d@ 50 Yhdbphteid| ncdlit€ be i Snpibly td@)n{ﬂﬁﬁnt with the codec
texture decodlng nDduIe 69. The texture "decodi ng
standargpodul e 69 in turn generates an output si gnal which |s
sent in-1.00 k e 6
[0061] : Cne | OE)(% %‘gglh%vv‘s( e%leraﬁ t%erC%edr%%q %tjoa}fi%croo 9 Wltg a post ?oop de-
artifact/bldcker @AB)Happdram@WOh Sondd bstRSs, asu"cEfaSfl‘(iiBE@41c afr@lnH%SPO do not
input to the notion conpensatlon nmodul e 67 and a ,
supportf intlpap gigblogkingyt Iy serpeiipgpicss. thefdgcpdyr haydware pration 667 is still
[ t d; | fne
equippef3 0 2Ffh:looh EREEIGRY A erleine L PR RGP ARNRE, @blocking
filter eﬂgln&r@lﬁ of decoder 6rivinngeipvgdd ngpefienain-loos deblocking. Instead, the

in-loop agﬁgéﬁggﬁﬁeﬂmeﬂ%qaé P @gfﬁ? ZS” F%ﬁ’sﬂi gg@%&% %ﬁéehsea post-loop
DAB uﬁﬁz@(f WhicAGhhQe kM an@%@mﬁn‘a@@rﬁ AUR-14 m&%eﬁ’l&e? engine 60B

he in-1oop debl ocking filter engine 60A wherein the
for unwensallm eprredtingt léo@dnes&t @mgem@alc thel edt-loep KDABruwitgd) 0t prevides a new

i n-.l oop debl ocki n A for post-Ioop

Bs caleiipg SfhecperaPing hhle’s Tol of the

[0062] POSt FhARRsEAR cPikfoséd)the &%@@Jr'@eﬁlchﬁite§ﬁ deébddehatlvare portion 66°
0060] Post -1 oop f||ter|ng occurs after the decoder

and a (raewdm@yvamw @r tsheonpbingteomethereph regioarfer daending spupsignals. The
decoder har?w?re %81’4 : a({ég%f ];(agcotdgre 6%658(:1(%5 dr%btlo% nipen@%mn module 67’ and

rrng 1s no |ne

a textur® ti@cmﬂla’fgdﬂiodtﬂa 69 habhd messtosontenskeingodul s 6DWocdivdstaddata stream as
If the in-1oo0p fllterlng operations WO 2009/ 049259 ,
mput frory t@*s&tt@%ﬂémézrscel@%ré cpice figmefrm disclsyare desodiggappdule 69

[ d b t
i RSB GRS RSES 58 BOLGOELELYCAILIN. 1A g o
signal wlhialy nasemfto ahd éctde rde6adingvinidadube @9)’ st Tho thtu]‘e -decoding module 69’

generatéslrjié Heggc}e{@g%toé B :%rll 3lp E%EFQO Qgsgsg s (Zeéta‘ﬁﬂ % nmp@téﬁs the software,

ﬁmlwalqe&l £ebinBBatid ﬂfa@é@ fbf‘ﬁ&ﬁ&%ﬁﬁg dboRite6p98toah hesBance with a
portion 66" is stil equi pped wth an in-Ioop

ﬂXEdeEbdm@kwﬁgwtntbepﬁéﬁ@mmes 60B. Thus, in this case,

00631 | 7" t‘r’lgﬁgﬁ%@gﬁil?@a Bféﬁ Pt %i)%g‘ggtgsgg%gg% § 83 de-Bifact/blocker
(DAB) lappired, 70” h@mihindeeapthdefl o6 Id&glotklhgeﬁlt&neigm& 60B Whytcin the
sit idle. The DAB apparatus 70" includes a post-Ioop

decodedramtnyihi tgmab@f vie chxtire dedodings madile ahdisc erleth diwengh ttlme in-loop
debloclég% bfe%%?le%g&lbﬁﬁﬂgl &t léq%r ﬁﬁ&%g%e@%ﬁgﬁs u?lrde Vc(;%%ﬁ% A the post-

OCKI

loop DAIRIiuhit 200. prOV|des a new BS calculatlon schene for
controlling the filter engl

[0064] FIG. 5B shows an image 150 Wlthout 1nher1ted blockiness using the new BS
calculation scheme from the post-loop DAB apparatus 70.
[0065] FIG. 6 shows a post-loop de-artifact/blocker (DAB) unit 200. The DAB unit 200
includes a post-loop DAB initialization module 202, a post-loop DAB strength changing
module 204, a post-loop DAB parameters changing module 206, and a post-loop DAB
procedure module 208. The post-loop DAB unit 200 may be a standalone unit. The post-loop

DAB initialization module 202, a post-loop DAB strength changing module 204, a post-loop



[0062] For illustrative purposes, the decoder 65
i ncl udes a decoder hardware portion 66' and a
WO 2ooas2e9 software, or a conbination thereof POFUBINS/079648
for decoding input signals. The decoder hardware
portion 66' of a decoder 65 jocludes a notion
conpensati on nodule 67° and a texture decodi ng nodul e
69'. The notion conpensation nodule 67' receives a
DAB p%ﬁn@teﬁ ERARBSmod1® Qb6faﬁﬁlné ?oﬁlléolpﬁ%ﬁbrozgdlﬁ@ Ghodule 208 provide
receives a reference frame fromthe texture decoding
four apphivgtive p@grammdingiinigridess ¢4Phgo eplernel bests. The noti on
conp an nndu € 67 erat es t
(00661 P GPETG i iR esFio0! R R BRRTRR FRBERY Ppesttoop DB
initializ@@on mbhelct 2Rty rgen@ienya eedgd Tﬁihd}tl b@ce&& the geglﬁmageﬁ ifstallation. The
decoded out put signal_. The dashed |ine denoted as 72

post-loqprie \Bdi@iiaf ik iongnedide 802 hay fowpnat pRramctesimbl Jnal hoput parameters
212 1ncMEl%rc%g£c fvﬁﬂthpﬁﬁ%g{ 5ﬂd1 BIGEQ % IggTRé) SBﬁtlg(gﬁEAB’] 1n[1t1ahzat10n module

accor darice w't ec procedure w t
202 aldo litetudasgan [1ﬁﬁﬁﬁ]zerDQQO ng tidigalpesthd opprabdBd ffoll ttes ipogt-loop de-

artitact BRELCTTS it Sl et Bkt 101 dEse b tbickpngt codes entered.
the post‘élifoB{J AL NG 808D 151*91%1&&@5@91?&5%% a %e@ffﬁl codec such

' he texture decoding nodule 69" is cycled throug
as withewtdimitationop codebivik lenrig-léap PBr5kagivitko@0B ihdpop DB 50 ctc. This

alows BREvidREr |5t RRRTORRE G060 [ady0 b cin SBotho g Hino various

damdm@%@%@63503 W t hout inherited bl ockiness u3|ng the new

cal cul ati on scheme fromthe post-1oop D
100671 appaf s S oS FODBS]odpI BARS Sestls chasie Tiogls 204. The post-loop

DAB stge%gﬁﬁr %12&131%% /n?oﬁlfeikﬁﬁ 41@K5)usgrg e a‘lgal%%e theht?oulgﬁ‘g %@e%g ?gg) used by

es-a Nt atlonrm

the pospl®b- IDABDJM(BM &ﬁgtdll tehapghticchs ofadel |11€—1023@4deba)ck1ng filter engine
post -1 oop DAB paraneters chan%éng nodul e 206, and

60A ol fooBpsiipaD OpFraiitur &hfpadreopdy A Biiengdsehangg “pagyle 204
included! Q'IﬁBgﬁQJ{gzgmme?faée 5 ?q%aé&%glngost oy] ﬁb h%ﬂ thE/i‘ﬁAB input

niti tion nodu Stren
parametel'saIB@I sugh aothelgp tﬁl@dholda, @@%ﬁhmrméwwﬂﬁﬁ parameters (FIG.

9)are mgifictgrgor 1?%9 eora%t B&B%&ﬁ%@gﬁéﬁ e ogge %g%aaa plurality

oflnputfﬁ?i%méé’[@ |2B§Q¢H1&ﬁn91ﬁ1@9§ﬁd§{“d'agstf %@J {anBand ALt t O
external users. [0066] FI'G 7 shows a post-[oop DAB

[0068] i ni t F&0i % shdvore mﬂﬂmce) DAB pefrmetpmsqhangmg niwiBle 206. The post-loop

initiali atlon 02 is neral |y eded
DAB pafity 'FRLBE PR GO6E R oy BFTEY Moty erRBES oBF Rbsglgor DAB
parametoAB THai Isdsalldofamw boBHAHE st @ﬁaﬁg@mg modRkt 230 derives the DAB
paranmeters 212. The |n§gt paraneters 212 include

parameiesdBEqu it hOStlfﬂngﬁfenﬁ v etar eitig Past-lvpe Dids patagssrs changing
module 2B ld L 351 B8 R ¥t Re B per ot ons 7or the

[0069] post Thogostieep DAB pararneters changing module 204 includes a set post-loop
DAB parameters interface 242 to provide setting of a plurality of DAB parameters. The
plurality of DAB parameter includes a plurality of qp thresholds. The qp thresholds include
intra_ mb_qp_thd 0, inter mb_qp_thd boundary 0, inter mb_qp_thd inside 0,
inter mb_qp _thd boundary 4, inter mb_qp thd inside 4. Additional parameters include
qp_jump_for not coded block and num not coded blocks thd. Both the post-loop DAB

strength changing module 204 and the post-loop DAB parameters changing module 206 are



artifact/ bl ocker (DAB) unit 200 and DAB apparatus 70.
Based on the type of codec entered, the post-loop DAB
WO piovjogd2szat i on nodul e 202 initializes the opePEI/URNGS/079648
for a specific codec such as without |[imtation, a
codec with an in-loop DB 50 oy wi thout an in-loop DB
50, etc. This allows the post-I|oop
de-artifact/bl ocker (DAB) unit 200 to universally
optlonaﬁgﬁﬁ)tted By RN ddd bodes RARIG 65 Bife &&twnh@&@@ﬂwe&h @ae §p thresholds
shows a post-loop DAB strength changi ng nodul e .
and the filfgripg strengdois Sh@ﬂJBHsF]tCeriét h changi ng modul e 204 aI | ows
user sy} 0 ch e_ho st engt BS sed »
0070] t he poéff\ qpog%‘%%}@%uﬁmt %%lg{t 0 cont re Ikl] (pﬁea’)t%eger aIt)OS¥ (b_strength
controls)falltﬁﬁe igp- thegpoldebl ogkimgll fidst @b sRrgitheis ﬁs@éc@tfedG\QBh larger qp
ost-| oop operatiaons. The post-loop DAB strength
threshol@lﬁaw ichgiserdiie dapmdo ififeringids the prRemplrBnepnRieHIvtions the @arameter
and the DAB
post_ db2§@e raﬁ?%ﬁé%%gggggﬁgzgﬁggﬁ lg{)%{ﬁgt hreshol d, etc.
[0071] Furt Em}nm showhe mstoobdDABQAchwammdateszQSZI Ghe Iib)st loop DAB

pl‘OCGdU(?{:] gr}pgig%g&#gaq q%‘%g(rj C R8st ylglo ﬁﬁfgﬁﬁeéhg gpel‘lgﬁg%ﬁs l'.:lSrIEgn gn existing in-
loop deQI%EEHE?ﬁt%? e@%@e A C h"h'e 'f)%kﬂﬂggﬁ WBM& ?ﬁ&futb 20’8 Kshh boundary

and héi ght shows a post -1 oop
strengtlpaalanbtoer%%hxdm@ mglcrrkathsl e 2@Binddtye stpowth I(BSp baMBOH the rules

specififfFTHE. Rl B Bls b b ahiafile "M pigapon B brocedurs

module DY8 Ny ndaid¥s 8tHBNahtE RoshMthi0 I end 3ATWelves DB Raller 266
DAB paraneters through the post db__strength.

which iHealled@nce pe¢rangsaehlo¢ DAB paraneters changing nodul e

[0072] 240 3‘}1' ﬁ@utu eﬁ%r%Ftef')s §0%A plgosp'fé% PR EB"E) o(:“cretciulr%I ﬁl%%lﬁgzog include

[ 006 Paneters
inter mB04p,i mb! ﬁiﬁ!ﬁSK @\/IBeﬁurﬁl&Sta-ldn(gOﬁonjaﬁ&l ml&li’eaﬁtﬁi) efn$) _hrh ey {MBenumber
242 to provide sett g]lpof a plurality of

along Vﬁlélrca]n@feéﬂgn) ﬁHE_CO%ﬂdlﬁs ped) apfl %(Wﬁmcérpaﬁﬁ@l) udés pgrameter
not cod%hldg%etdé O{]Q%to 1H51%§1!3(n?{)ﬁi1§ Mﬁggn&pc td@& qgﬁl‘%lfp&% 1& Q&l f‘ﬁg 4B is not

nt nter _nb_gpt oun
coded. iHunee, mbtlcgptfdfmbn’middextﬁre 1nfmhmt10m‘aregmtfedtrmalnddmyt_rdqm The MB is

reconstlalﬁteﬁ ¢ E%Fﬁ%g%dme 4}‘[%?180%‘&}1}5%2%:% n%{fglge élggign ivggtlmlrJ dﬁ should

be noted Itl?d@ |ﬁsdefafﬂ1‘1’t mB RS ip asfinddaf el et JifBghhc e ding Qarameter

nodul e 204 and the post-| oop DAB paraneters changi ng
coded hiodil rtt206 (R i@ 2¢00f (Lg259hPCTVads20@8/107106H480 indicate if the

den db he dotted boxes FI G e
corresn i Pk i b SHEE it e S5 UG BSHER i sfngondib block mote
here thé iunft€is ivMgckS oA ghih MBSROHG ddick] 4ad #as doOR%RIe ThBrARion is in

threshol ds are tunable. The si ngl e paraneter "post

bitstreaglh strength" controls all five gp thresholds. A small
post _db_strength is associated with |arger qp

BS Calculation

[0073] In various configurations below, flowchart blocks are performed in the depicted
order or these blocks or portions thereof may be performed contemporaneously, in parallel, or
in a different order.

[0074] A new set of rule for the BS decision process based on coding parameters (MB
Type, qp, etc.) are substituted. As mentioned previously, boundary strength (BS) is directly
linked to the filtering strength. A strong filtering operation is exploited when BS = 4, a weak

filtering operation is exploited when BS = 1, 2 or 3, and no filtering operation is exploited when



t hreshol ds, which raises the bar to do filtering. In
the exenplary configuration, the paranmeter post
waelkoosvseagt h ranges fromO to 20 and 14 is a de¢EUB1008/079648

value. [0071] FIG 10 shows a post-|oop DAB procedure
nodul e 208. The post-1 oop DABj2 procedure nodul e 208
perforns the post-loop DAB filtering operations using
an existing in- |oop deblocking filter engi ne 60A. The

BS = 0.A8%hc ¢RAMI 6015%‘1%1&&(8# BirfOBInBar A& ch@fs AcRRUNERICY include 4, 2 or
strength cal cul ator 262 which cal cul ates the boundary
strength (BS) based on the rul es speC|f|ed bel ow,

[0075] pos t c{eal\éyh ISRB tenJ[ 8uarn elmp%t%%thgaﬁb@ Qﬁl gS dﬁc1|3108 &L caesm strong

filtering @@r&todr mdy B¢ ﬁ@erdiniﬁrsn%fh ftbna bEbMis® aﬂtﬁ@j@s B i@k [vedibl2 66 smooth
which is called once per macrobl ock (MB). [0072] The

arcas. Hoypver. paleanganenlexifoimplpaeriaiian pisbptohB jonfewtipw of the apparatus

70 to hé%gﬂlia a%gés' %Illlk" dtgere 1@%18355? to gggve %G%% HME?DIHHH{HQ linder some

hor i zont Irec
ex1st1n@drdng:ctue¢st (beadlesdhe siatplospptialitgtacitdtechetlsiki ppHYY). and CBP

(cod ock patt The net e not co
[0076] ( ski ngédl 15 gerfqrajgﬁ% chiapE Beg b epliePnEIao8 IFAB process 300. In
the exel’li:_lggtl%‘;j coﬂffgtuhnf%nf 1h2Bd & R&EmidddHa B 6r§fdﬂl9tcod1ﬁ% Qﬁmeters intra/inter

nce lon vector and texture informati oiare not
type, qre@uantedtion stop set), skbim MBread VB3R . sTheradeomble osttledp BAB process 300

o FRbRCEREREE R PR e S5 RL =SB i 161
determiiBidnOR “YESt Qhenl t%e %ﬁfck%g islkd1foRrea@ iyl Blodkos 04 it foBs 04 a post-loop
codecs. The paranmeter coded bl ock pattern CPB is a

DAB ineat M procedysc ARy sosacih FliCad2iis méf@ﬁnftdo Bk cH¥ecnids the process
300 the corresponding block in a MBis coded. A value O
desi gnates that the correspondi ng block (note here

[0077] t he WNFIG.i19, theatdckr FoHe shdvafor MB)strasvd@irpssesemd gaﬁléially denotes
S no texture information is in bitstream BS

that a deeglea liapegn Whotes the MByig epduist %l?ﬁf i Juhacyrems M ipap Inter MB, a
deterrnltlétfmﬁ Ii]sarrﬁaéilg &&‘Belarﬂ?e ! Qe %ﬁfedd CEtte % ocRl ggﬁf If the
or t ocC ereo

ese S or portlons t per orne
determinatitine pp dicak edfs i/ “Niori franabloek ,308r is Ratloavod By éleekt 310 where a

determ18?r.tg§‘lr61§ SrLeHig %et@(—ﬁ tg\el)v 3/?1% ¢ ﬁgg‘%ﬁe rfe{hg rd(e%}gl%n%?bgloclaspg (? 8n and 310 are

both “N%t Qne)anﬁfgech&lm@ M W RA 2 RHpEEMB 8PS THY £, IMs] p/rocess 300 proceeds
boundary strength (BS) is directly l'i nkéd to

to the pbittioep DA stteradvid procolust $@hgs ﬁhdwrem Rig3.de rfatwemr ii§the decision

at blocke% l{l(gcg{ %ﬁ)e% ggs thi pr%e%%,?@ reg?ﬁ&:s ﬁ}bl (li}?‘?h{(gsgpﬁt ar%] Fll%rOffsetA

and FilQABHaLB @Bcdr8in gﬂl)éfbﬂegpirfﬁhﬁﬁl R 2009686 BHATP inter MB procedure 500,
PCT/ US2008/ 07 BS = 0. In the exenplary

as showagnfilgutfati on, three boundary strengths are used which
[0078] ' ncl %f@ f2 i¢ aogeneral flow chart of the post-loop DAB intra MB process 400

(simplified version). The process 400 will be described in combination with FIGS. 13 and 14.
FIG. 13 shows a qp-filtering strength relationship for the intra MBs. FIG. 14 shows exemplary
tile edge locations in an 8x8 block 450.

[0079] For intra MBs, the boundary strength (BS) is decided only based on the
quantization step size (qp) because there are no such cases like skip MBs and CPB 0 blocks in
the intra MBs. Morecover, because intra MBs do not have inherited blockiness issues, the DAB
filtering operations should be only applied on pixels around the 8x8 block boundary, as best
seen in FIG. 14.



0. [0075] Ideally, content is also an inportant factor
for the BS decision process. A strong filtering
W@p@oAar2en my be used in snooth regi ons becauBEI/US2008/079648
artifacts are nore visible in snmooth areas. However,
a low conplexity inplenmentatipn prevents the
configuration of the apparatus 70 to have pixe
access. Thus, there is no way to have a content
[0080] anal ysé %oma% DA HRfa MBTRocNISI00M8eACRith 8RIcK483 where the qp
(besi des the S|nPIe spatiality activity checking in
is determwed [BlodeF0Xisdollawed By hloghk 40 athefd vdeteainatiarf istrhasle whether qp
is less tﬁan ? t[%gér a CIP g%ﬁ) | EOI%BTE%@ P Cesﬁr%pegh%m FI§ hl% el)f(ta’h@de%er%nnatlon

at blockC41)2|IJ BOYPar SIS IsSet t,lorﬂefoa(OI) at Kﬂbck 40@ elf t@me&equﬁmlbﬁ at blevk 404 is
size), skip he adapt abl e post-I|o

“No,” tMBPIﬁ?rtéé 485300 de@é@mﬁé awb%q@kkﬂo& I s0blogh éP mgy be placed before
block 4?% t %ﬂ&'&ﬁ“gtgét %Pf&!llﬁ\g??%ﬁ B’f@&t h@éwh?% ef‘thr?m 1ts gg%d\éiBfgr ecach tile
edge whicohdr ohveetle lydgdis@nkh3Bkbck Bbut’ﬂiaqc Kif Wdeﬂerpmﬁroh(aobloc]DAB) is “Yes,”

Jntra rocedure 4 shown i erfor
for a tle e ke B0 1f%%510gﬁr1% cede 4 4 k[% 2Thq ASH e 7 fero (0) for
those tlferb%gpé RRih %%dt%c%%"% thebidck |bH§1t1c[a"i"§r hv§oBU4 fpslgl%ckm and 414

generally denotes that a decision 1s nade whether the
proceedV® bleclad20 tlere MBering takhe pbage uemg ivBoors dal110¢1<ml@ filivBengine 60A

t t h t
using t {cg{gg}&pe%eﬁg tLrﬁF g[)??(c \gg& eltlgg t %e %cg:fhgr:em Lt Is%lﬂclé 406 is shown
proceedﬂ%%l&k&lﬁor fiﬂenngtﬂa?ﬂhf@{r&% pPfoses fol lowed by b| OCk

310 where a determnation is made whether the MB i
[0081] CBP. With sprsififersiesrasso dilGoll deis csu@lamdx$1goely 450 tﬁo‘mwn For
111ustrat’\>z§ putré%:“s%g] tﬁ% gltétgés;}ltt é\%%qlag/%lé &d Cé%gtVobV?,ﬁféIP tI\M@ 81at gﬂgﬁcated on

the blodknlﬁcﬁmd&@ H@tmobmm@@leck asd gledisck 1o the Céft H is Hﬁmeadefn the block
he decision at block 308 or block 310 is "Yes"

bounda%betwﬁ%tb swgeriguoske iyt e blRek ghoYen astidions sypples away from Vi in
f r %ﬁh? AGe fore

horlzon{:a!lld gért%lngﬁﬁl lsq?)grt‘J:H & gA% I nt Ie{r érg!r:%glcller fjt?(gl 500,

[0082] as sffhwﬂBS mld:l:a(Eculéﬁ’on fo@@t?t&] MHsGs si@wi sﬁorathg speifad efdnghe in FIG.

ost - | DAB i ntra NB

14. Th‘(SsF fefes ’fe)ﬂ?giw?(f g° (insodide OBgbe e ond T tles edges.
described in conmbination with FIGS. 13 and 14. FIG
13 shows a qgp-filtering strength relationship for the
intra MBs. FI @alld3sBSwalcalatioplfar yntra MBs edge
| ocations in an 8x8 bl ock 450. [0079] For intra MBs,
the boundary strength (BS) is decided only based on
t he danti zati on step si zeg e D
such grqpq like skip E/Rq and H%g)lz)? Bgeﬁib'ﬁﬁgﬁt%ﬁ@hm
intra NB$<HW@r§bvepth®ecauce ilhtra MBs do ot |have
i nheri tred SO OCK sstes,—thePAB—firtt riug
oper at | Hgﬁeﬁﬁdq%éh%nly appld ed| on?pi el & arjourll the
8x8 bl ock boundary, as best

Inter MBs

[0083] The inherited blockiness may become an issue for inter MBs. Thus, the post-
loop DAB apparatus 70 in general corrects the inherited blockiness by turning on the in-loop
deblocking filter engine 60A for the tile edges not located on block boundary. Specifically, the
BS of a tile edge is decided based on the following: current qp, current skipped MB, current
CBP, neighbor’s MB type and neighbor’s qp. Two configurations are designed for the inter MB



seen in FIG 14. W 2009/ 049259 PCT/ US2008/ 079648 13
[ 0080] The post-loop DAB intra MB procedure 400 begins
waowrakopl2eck 402 where the gp is determ ned. BPOTKS20R079648
is followed by bl ock 404 where a determ nation is nmade
whether gp is less than a thygeshold THD where THD i s
intranb_gpthd in FIG 13. |If the determ nation at
bl ock 404 is "Yes," the BSis set to zero (0) at bl ock
BS calcf¥®iond.f Th&8wélebeiglir-ntaink Aiclade Phidepfift@%chsfon aliOa corhﬁl@fb version.
the tile edges are determ ned at bl ock 408. The bl ock
The Slrmmg“ledawfb@n maée@de@@b@? baseg| acthespdingBpaseactgrgol éle current MB,
while tliegclrolmg)\ggtﬁ teysllon conaldgrs V\l}%oerteﬁé&%s 1nct m neﬁ%ﬁb%?’s 08d1nlgH3ararneters in
the BS &dlamlmd‘moundary If the determ nati on at block 410 is
"Yes, for atile edge, the BS for that tile edge is
Simplifiesk Version at bl ock 414. The BS is set to zero (0) for
t hos
10084] o103 Bl o Gl il for BBts. 6. 16
shows & exdmpl2g neheibesHip btevdeng tuad@& tid adgr arsl agréviedsodlp edge The

.__...debl ocki filter engine GOA using the cal cul] ated ,
Simplifig o oo 261 WS OF s JRCHmI B G0 MBS ERICHBEOR Ghce, MB's

coding %Qﬁi‘iﬁter@ HOGREHENDtd Be Qﬂo?é'ﬂkfﬁzfgtufré) ﬁsé‘ ITHeRIFbIRI tHeOlimplified version
lustrative purposes. [0081] h specific reference

prov1des botﬂil MEIPsiahd neem@y eaphgs. 37[ h8 xaatmrxship b@B@eanslwmd\me fiFening strength

is 1llust§%edu 1%’} ﬁlat | VSe HD H‘Iér%gf ﬁﬁ% r\e/‘Bg rh;lg :g%lgg/YBeéi yo?‘ISSIgPH]@ (ﬂﬁ’%@gt BSs for

tile edg@wpdarmo,t}%t weeRchbdd iantabki ock and the block to the
Ho is | ocated on the bl ock boundary between

[0085] c u r r el nikee kn aridockhmap bsarodified & thyiBSssfor @lirtils avdg@we greater
than zerib\g%n%?he{és t?\?\g%st fC?Soe rﬁglo—[k[;é i%a%p %/hg‘ée% Hﬁgs 1834‘21%?6 4}?&‘mfjhé—| %%Cg]él]e %Ii{]ermg taps

Ical rect’i on.

may be Bﬁ)ré tﬂa@ foal eohit iseme pdleld mhy Be WBSret $wihoMBwEadr, thB8patial activity
i.c exa in FIG 14. Thus, . the values _in

checkmgaﬁspédleowef crfﬁpqe(ﬁbr@é sdpdndmay BAhbiesomysc Rrelsnfrom filkging. The
erind o 53y PHREG, RO Sy S P BRSSO R gy s
activitygq:‘rtebkihg,aisbligpd tilndlable0 54 110 whiictt &f. ddBstcp D&BHt fikkeedge, V, denotes
previou Bl SUERGEICIAG 5o Eqnotqsa%pﬂ%%l‘égza%%sﬁ%é‘%%é’%néﬁéaimls denotes

strong ﬁ:l%rfn%(:tl"ﬁe Eehﬁl?lbﬁb‘?rd)} Qg QG KhNRSHFE¥%nt l'ﬂEﬁﬁl o \t hﬁd V,. When
i n-1 debl ocki n | ter engi ne 60A for the til

ﬁltenng&getbe rsmnplle@éht €d, @n almd 6k lerdh oqnuaent, to Shebi, fH3G@k1|RA 1ntth@ FIG. 3.
S .0 ile b d t.h I i ng:.
when fFR NG b5 SR D Qe pisaones B R 0P+ o PPEAIPLin the F1G

3. The strongest filtering occurs when BS(V.) = 4, BS(V,,) = 4, and all spatial activity checking
conditions (1), (2) and (3) hold true.

Table 4A: BS calculation for inter MBs (simplified version).

Current MB qp BS(Vo) | BS(V1) | BS(Hyp) | BS(E
gp<inter mb_qp_thd boundary 0 0 0 0 0
inter mb_qp_thd boundary O0<gp<inter mb_qp_thd inside 0 2 0 2 0
inter mb_qp_thd inside 0<gp<inter mb_qp_thd boundary 4 2 2 2 2




CBP, neighbor's MB type and nei ghbor's gp. Two

configurations are designed for the inter MB WO
wQo@9/@8P59 PCT/ US2008/ 079648 14 BS cal cul at POTES200$16¢79648

two configurations include a sinplified version and a

conpl ete version. The sinplified version nmakes

deci si ons based on the codingkparaneters of the

current MB, while the conpl e version considers more

factors i ncl udi ng nerghbor S codrng paranmeters, in
RC r\f\l cul at ol n rﬂﬂQ 1 |:| f"

hpo 1B
. TAT I UII 1 T 1 U V\,l re N | J = -
icr (8 e DoHn <@rb<1rtr~‘r F@pwdstnﬁ gth rdlalionship 2
0> TF Ay thdBmidc i G 16 Shows an exenplafy | 4 7

rplatrnnthn hefween a current tile pdgp and_a

previ ous tile edge The sinplified version does not
use a nelgth 1e 8- B 26 T8O P&R1 cal cul ati on.
Hence, MB's Be Phgbpara§69e¥ d%&noggﬁeed to be
stored for future use. Therefore the sinplified

S atl la thl %SIG ides—both—MPs alrqu:liw Savt1gs: The
PHEY AE1YONSHp pet ween gp and the FITP A Ing strength is
|IIu&trated I NChiogdloe Condifdhf fleoe) isflulkd eri ng strength
i S achl e\v/ed h /. accinanina diffarant RBSce f or fl | e edges

I

Vo, W1, Ho, H Lumgagidconditipadiandfipretrua [0085] A
pixes inab @%nﬂr@,ycggdlq&g@r)rse}glsér the BSS for all
tile edges arp greater an zero, such as the | ast
caseDin the IaéWﬂ@MMe%ﬂwﬂmeéihﬁﬂﬁeble 4A. The
EIrTegEltT ve 111 | LiTalrT 11T Vve
becaESe sone Eh. o%@B&Bu @ ?‘?2 f?mrce However

t he &pati al auLmnamy1C@hmﬁhKngm@¢ﬁmﬂ¢ﬁu@ns of Eq. (1),

(2 Aand (211 mfiltari nn
The Gfilterin C@@ﬁ?@FSﬁ“@Bwlgg@ﬁh%?xel i s based on the
BSs ¢f the CurtﬁﬁgmﬁnﬁnﬂﬁﬁMéQH§nﬁéleS and spati a

activity checking is listedin Table 5 in which V,
0086] derhstCesdisians @ w2 and 63 eigleascdpm emaime £4. @), d9) add3kil e
edge (FIG 16), "x' denotes no filtering, "W denotes
weak filtering and "s' denotes strong filtering. The
samples Q, @, @B and 4 have different neanings for
V, and Vp. Wen filtering V, the sanples Q, @,
and 4 are equivalent to Pi, P2, P3 and P4 in the FIG
3. Wen filtering VP, the sanples Q, @, @B and 4
are equivalent to P5, P65 P7 and Ps inthe FIG 3.
The strongest filtering occurs when BS(VC) = 4, BS(Vp)
= 4, and all spatial activity checking conditions
(1), (2) and (3) hold true. Table 4A: BS cal cul ation
for inter MBs (sinplified version). Current MB gp
BS(Vo) BS(V1) BS(Ho) BS(F

gp<i nternb_gp_t hd_boundary_O 0 0 0 O

i nter _nmb_gpt heboundary O<qp<internb _gpthd inside O2 0
20




i nter _nb_gpt hdi nsi de_O<qgp<i nt er nb_gpt hd boundary 4 2 2

2 2 WD 2009/ 049259 PCT/ US2008/ 079648 15 inter
worRoogpsneboundary 4<qgp<i nternb_gpt hd i nsi de 4 BCRUZ2088/079648

gp> internb_gp thd inside 4 4 4 4 4 Table 4B: Spati al

Activity for inter MBs. Spatig activity case

Description A Chroma or Condition (1) or (3) is false

B Luna and Condition (1) and (3) are true C Chroma or

Gant 4: P dcBhall AtdrfigSOr Padipie R BisedU i rr Ot tfl@kd%—_eSBS, previous

Lrue E Chrom ofiicaBls! ik dphtiaPhechity didoiighse F Luma

o Tron (9] 12t i LTS ot | o o] 1@ | @
t rB® 008pdtiall)e Bsndi tdparisl (1), (2) and (|3) are|based
on equations |Eq. (1‘, (Z,ZyI aamd. (3) WO 2009/ _049235_9
PCT/ US2&08ItD79648 16tTdM ¢ 5: The actudl filtering
fob _each pi_x = ('pas,d o cprTont i1 egge BS, X ~
previous tille edge|BS and|spatial actiity checking.
VPV, filterilng Q @ @ X BS Spatkal [BSgpati alX X
L activifty getilvity 01- 0 - WP X X X X VI X X XIX 2 (
02 VR WX XXMV X[XxX|[2B0F WwwxXx |v,X X x
XX2|C2 GVYP WX X X V)\(}C)\ X X X .
2 D 0 - v, W W X X
V. X X X X
2 C 2 G v, W X X X
V. X X X W
2 C 2 H v, W X X X
V. X X W w
2 D 2 G v, W W X X
V. X X X W
2 D 2 H v, W W X X
V. X X W w
4 A 2 G v, S X X X
V. X X X W
4 A 2 H v, S X X X
V. X X W w
4 B 2 G v, S S S X
V. X X X W
4 B 2 H v, S S S X
V. X X W w
4 A 4 E v, S X X X
V. X X X S
4 A 4 F v, S X X X
Ve X S S S
4 B 4 E v, S S S X




2 C2HVWXXXV, XXWw 2D2GVPWWXX V,
XXXw2D2HWWWXX V, XXWw 4A2GVPSX
WO2090492%9 X X w 4 A2 HVP S X X X V, X X WRCHURBS/G9I648

VPSSSX V, XXXw 4B2HWSSSXYV, XXWw

4 AAEVPSXXX V, XXXF§4A4FVWSXXX V,
XSSS 4B4EVPSSS x W 2009/049259

PCT/ US2008/ 079648 17 Vc X X Xs 4 B4 FVPSSSXx

Ve X' §Ss 3kipped[MBs anfi G3P O] bl gckyg [ 0087 X S
Returning aggin to FIG 11 because therle is n

tedturle cBding fbr ski pped| VB¥, and €BP |0 b% ocks, Sthe| x
ski pped MBs and the blocks—mfﬁh—eBP =—0-trher+t—100%

of the artifdcts ffomrefgredee frafes.| T r enov S
these artifacts, a stronger filtering 1s needed. Tt 1S
very different fromthe H 264 coding standard, in

whi ch a weaker filter

us

e

is used for the skipped MBs
uration of the in-loop DB 50 assunes

Skippe&ﬁi s?ﬁ%@%oﬁgr‘{‘fkgs in reference frames has been

[0087] I €MOVREturning again to FIG. 11, because there is no texture coding for skipped MBs
and CBP 0 blocks, the skipped MBs and the blocks with CBP = 0 inherit 100% of the artifacts
from reference frames. To remove these artifacts, a stronger filtering is needed. It is very
different from the H.264 coding standard, in which a weaker filter is used for the skipped MBs
because the configuration of the in-loop DB 50 assumes that the blockiness in reference frames
has been removed.

[0088] The qp
(inter mb_qp_thd boundary O, inter mb_qp thd inside 0, inter mb_qp thd boundary 4 and

stronger filtering 1is achieved by reducing all thresholds

inter mb_qp_thd inside 4) by a constant, and increasing the values of FilterOffsetA and
FilterOffsetB. The reason to have higher FilterOffsetA and FilterOffsetB is to increase the
chance to pass the spatial activity tests (1), (2) and (3) and thus more samples would be filtered.
[0089] ap
qp_jump_for not coded block for skipped MBs and cbp0 blocks, and pass the modified qp to

In implementation, the is artificially increased by a constant

the in-loop deblocking filter engine 60A. This special treatment is applied to blocks with CBP
= 0 and skipped MBs. To simplify the procedure, a MB is treated the same as a skipped MB if
the number of luma CBP 0 blocks in that MB
num_not coded blocks thd.

[0090]
procedure 500. The simplified post-loop DAB inter MB procedure 500 begins at block 502

is more than the threshold

FIG. 17 shows a general flow chart of a simplified post-loop DAB inter MB

where the BS and spatial activity for the previous tile edge V. This may take place during the
processing of the previous tile edge V,. Block 502 is followed by block 504 where the BS and
spatial activity for the current tile edge V. is determined. The BS and spatial activity as set
forth above in Tables 4A and 4B for example in FIG. 14.

[0091] Block 504 is followed by block 506 where the filter setting for each pixel Qi, Qo,
Q3 and Q4 1s determined for V, and V. as shown in Table 5 above. Block 506 is followed by
block 508 where the MB is filtered according to Table 5 for the example in FIG. 14.



[0088] The stronger filtering is achieved by reducing
all gp thresholds (inter nb_gpthdboundary 0O,
WO pioeos25gp_t hd_i nsi de_0, i nter_nb_gpt hdboundargT/uS2081079648

inter nmb_gpt hdinside_4) by a constant, and increasing

the values of FilterOfsetA ajpgd FilterOfsetB. The

reason to have higher FilterOfsetA and FilterOfsetB

is to increase the chance to pass the spati al
Complé@etvieréiby tests (1), (2) and (3) and thus nore sanples

woul d be filtered. &]‘2089 In inplenmentation, thel\%g
[0092] i s ar 1 £oroplatel yerinar S—‘@dlﬂgyp?éam@m@t efnthe ngghboring MBs (left and
above) %ﬁvock eolgs-ﬁgctlsigrg gg { Cbaoufl oﬁﬁose t% gdgelslq?ca?é%i nside of a MB,

the BSsdedtHekatod tlfel datrras eh’lsgshﬂﬁphﬁ%verﬂibh SL&peddnate 4 b@ﬁfdﬂi@ﬂietween two
' = 0 and ski pped

IS plied to blocks with VBs.

MBs A@inéqﬁp H‘Syx(Yh@lde%Jdéfd @rf‘ethe@&\sfsiermneéatwéﬂ& Hand Brbasgd op the rules
t

descrlbf(}éﬁﬂﬂg Qnﬁ@ﬁe& gﬁltst HQ\FJ?ﬂ{VE }%Cc%&u@aé%%gcggf‘dlﬁgto &fagtlon Eq.
(4) bl ocks_thd. [0090] FIG 17 shows a general flow chart

of a si rrpl ified post-loop DAB inter MB procedure 500.

The sinplified post-loop DAB inter MB procedure 500

begi ngsaf) bhAGksSQZ vg‘%re t he BS and spatial activi

for thee&tr;reW oEs '?Qi I)e’ e ée))Vp This may take place @’)

during the processing of the previous tile edge Vp.

Bl ock,.502 s fol |l one bI ock. 50 e
100931 26 3 Rstefed Ao MRLACH ARsiene YEREME' Rl Her M with
dehergp madpoublderyB6, hBeBS ak L Tas fﬁﬁIBSfd@éEB BS(V
qp<1nteabovecﬁg: n Taobl} egry?[A and 4%@’;)Ior e%gg(V?e in FIG 14. 1530 BSCV).

accordip® 9 Ey1.(#l, os:% Fba dewilpd Irul@wécB%yalbul@@kn $062 waesicel edas is listed in
Table 6]c JT% tegréncglg f orho%a&%aloecfég SA (?bv\% d% Veﬁia%qfn sgglg%%nélér
[0094] Bl ocKo%@6er, S1nf k| eresictayverbibac Ml&@l&pjﬁétﬁMBi h@dMBBPS blocks are

filtered accordln to Table 5 for the exanple in FIG
processqdytheymo gp SrpgesscrEn hepn o7 dé@@d Tegles ddwPetnd 5.

Ver si t
[0095] par aﬁeﬁ? eirés)&gﬁs ahég ﬂpémh@% ?}tﬁﬁﬁ%%g h ljf%tﬁdtlgﬁ 115] 1nté3 MBs for the
cornple‘&fxfemdm t REG.BYO dheeissi gnaph) of b lyp-fNBringuhdagti relEﬁ)ﬂSnshi’poﬁbe inter MBs
til es located inside of a MB, the BSs are
for the cogp ‘iﬂa g@&?“t he sane as the sinplified version. Let V
denote a boundary between two MBs A and B, BSA(V) and
BSB(V) are the BSs determ ned by MB A and B based on
t he rul es TabbscrBDealculatiom éorsintqy MBis écomplets emsionhen
t he new BS(V) is calculated according to equation Eq.
(4) BS(V) = Max(BSA(V) , BSB(V)) (4) [0093] For

|nst@ﬁp@ntmpose MB Ais an intrgef1gnd MB B is ABS( | BS(
inter MB with

qp MB qp Vo) | V1)
type

gp<inter mb_qp_thd boundary 0 inter | qp<inter mb_qp_thd boundar 0 0
y 0

gp<inter mb_qp_thd boundary 0 inter | inter mb_qp_thd boundary 0 2 0
<gp<inter mb_qp thd bounda

ry 4

inter mb_qp _thd boundary 0<qgp<in | inter | qp<inter mb_qp_thd boundar 2 0
ter mb_qp_thd inside 0 y 4




gp<i nt er nb_gpt hdboundary_0, then BSA(V) = 4, BSB(V) =
0. The final BS decision BS(V), according to Eq.(4),
WO 2004/04928€ detail ed rul e of BS cal cul ati on f orP@&I/US2008/079648
vertical edge is listed in Table 6. The BS
cal culation for a horizontal ggge can be derived in
the sane manner. [0094] However, in the conplete
version, the skipped MBs and CBPO bl ocks are

16 Qe BRE Bo ld¥aryS 8Epan [ShiaP! 1[TqpefhidCiad Gp (R BOndd F1 G | 2
A S R A S

tm?nﬂgnaghddm$dedb filtering strengﬂh rel ationship for

qp<nu8ﬁgﬁh- qﬁgfaﬁd (1terirdn§?reﬁﬁph reiationshlp for | 4 0

qp<intePhf qpBad ihQle lohe cormhet e [\@esi on. Table 6: BS 4 0
calculation for inter |MBs (qonplete version). Current

MB Left VB BS( BS( qn M8 qq mt@) mh_yip_thypleoundary_4

1nter Ta I II IIU]_C% IIUUU %&'Erdé?ao O&nyy 0 4 2

1ﬂb(@pﬁwnﬁ@ﬁﬁbigpthdboundcry_O i|nt er
Lnter nb gpt hdboundary 0 2 0 <qp<internh gpthd bouhda

inter_mly_qp_Thet Bwsideh0gpinibioUrivlar y_|OREp<i n i nt er 4 2
psinternb, gpt hd_boundar 2 Q. ter t-hd |nS| el0
_mb_qjP o8 B u0950 et ussoddrbbaiar g finaps' &
inter_fB_(pP tHd bOwHIEAr U<E<aR IIRtct Nt &Any 4 2

gp<internb_gpthd_boundar 2 2 ternb_gp_thd_inside_D
tmfnﬂyqnthqgamﬁg mb_gpt hd i nside_0 intra Any 40

gp>—4 01 nter

TLEl lIUIIIbILBOII
qp>n¢%;mb(ﬁﬁkoun aFy$4 i nt|él” mb 6%hd|n3|de O<qp<i nt er 4 4

|ntra Any 4 2 nb_gpthd_ |nS|de 4 |nter
t hdi nsi de_O<qgp<inter inter gp> 4

[0096] mo gpﬁﬁaomghsﬂc?@ Aas pp érloonﬂ)%é% ﬁaf%mﬁ@élra}l igsyeryylan the content
is codegba{-gao ot\]&gj %ﬁuﬁgearly dRPs pgst 18619 rl)}e@yapéalzcttus 70 to remove the artifacts

introduced by coding. Although the H.264 in-loop DB 50 and the post-loop DAB apparatus 70
share the same core deblocking filter engine 60A, the post-loop DAB apparatus 70 provides a
stronger filtering. The stronger filtering is because a stronger BS may be assigned for an edge
in the post-loop DAB 70, but it is impossible in the in-loop DB 50. The BS in the in-loop DB
50 is determined by the rules specified in the H.264 standard. The maximum BS is two in the
case where both blocks are Inter. Another reason stronger filtering can be accomplished is
because a larger FilterOffsetA and FilterOffsetB may be assigned in the post-loop DAB 70, but
the FilterOffsets used in in-loop DB 50 is read from the bitstream.

[0097] FIGS. 20A and 20B show a flow diagram of a procedure 600 to set the boundary
strength in the complete version. The procedure 600 begins with block 602 where a
determination is made whether both blocks (current and left) are Inter type blocks. As can be
appreciated, the determination of block 602 could be skipped and substituted with block 604 or
some other determination to determine the types of the blocks. If the determination at block
602 is “No,” meaning one block may be an Intra type, then block 602 is followed by block 604.
At block 604 there is a determination whether one of the blocks is an Intra type. If the
determination is “Yes,” then block 604 is followed by block 606. At block 606 a determination
is made whether either block has a qp greater than or equal to intra mb qp thd 4. If the



termb_gp_thd_i nside_4 gp> inter nb_gpthdinside_4 any

Any 4 4 [0096] Although H 264 has an in-1oop DB 50,
W@raohaesd i s still an issue when the content PGI/USE’I079648

at alowbit rate. It needs a post-|loop DAB apparat us

70 to renove the artifacts ixgroduced by coding.

Al t hough the H 264 in-1oop DB 50 and the post-|oop DAB

apparatus 70 share the same core debl ocking filter

determifRHnNS K10A 60 PPSS ™ HRARKDAR APRATGUUS HISKPEOY | BRNeRer, if the
stronger filtering. The stronger filteri ng I S because

deterrmaatsftnr oh feack B asy “Dle,” ﬁ@nghledk fa96 wnfodlgyed by bdcrvéi 610 where a

I oo laAB 70., but Clkgglosm bI e i n t he

determiR$ Bs whetl{eF| e elther 1 & oop aterm tiﬁaén Y %r equal to

intra rnbh@ il QS ISﬂﬁCdefdrﬁaﬁlaltlﬁn thelotk Bﬁ(ﬂlsStYda@ Cfah@h thd IBS WB¥4 t12nat block
is two in the case where bot h bl ocks are Inter.

612. H%Iﬁ%‘fqlielf theedesamingtion ahlpclk 01Q 8y Neg” hahthsdBaseshild shed
[0098] ' S %ﬁl‘ff'lllliﬁ bqlg %)‘F(¥c[l1<':6d2t G ¢ %fd§ E@l&%ﬂ% Ef lBlto'czf‘lg %%&%?» meaning

€ ass e post-Toop
both blEcltst efedﬂt&et@euslmi block b020ap fdBwed by bi@kd626.0nAt dock 620 a

bi t st ream 0097]. FIGS. 2 20B show a flo
determigatigyy g, Sad %@ﬂ@auf:%hf‘éogﬂqc £hdPb TS ;ﬁqlan or equal to

inter m%t toened 'IFtHerlf‘ete%ifﬁ%ltl@ﬁ &t MBEIS bBWis ‘RN, RAQL@IWLis800 4 at block

begims w th bl ock 2 where a determnation i s nmade
622. meeveherf thﬂ)dfttemxhloaikm qtédmkeﬁﬂo 1aﬁN01”€htt) blarle 6P.®msefollt)yfpé by block

an .be Ci at. determ natio
624 wigrof tRiseaelEl o B SRR SR SlBE TR B iy Bl caval o
inter m@otfp @d_2S qftheQichemitebs ﬁﬂbl@@ﬁ b2Rist oy HettRéMhe B Y ﬂ@%et to 2 at block
626, Ifg%ges of the blocks. If the determination at bl oc

determigetion pieblark §26 ie Me.odkemty Bieisaset fnd raabtoylsé% Blocks
608, 61 "@1‘1&&%’%26 2%6&8%1“1 8@&""8‘{’ E’lt%ﬁels?&‘éfﬁ‘lfzpﬁ” bl ock 604

ern na r~one e blocks is

[0099] an | [Attlba)ckySBG thl: fFlltdﬂeffséiﬁt i limdr&wdtd by aicBnstafe s Blodkhé30 is followed
| ock is f wed by bl ock 606. At bl ock 606 a
by blocae@rwhﬁsﬂh% Hﬂtqr‘%ffﬁé‘é@els UPGEHES b4 FRISE odlofa83pisfpllowed by
ne ] hd, 4
ok GEEE)% 0 RS PRULTIGRED. ek Sk, MBI 1
determibataakis60®,T the"pfessdird H@hecthdse HBS ever, sethetdetedmatatioh acKYes,” then

block 69835 fOTOHGH 131 btk B85 AL DGR GRatiodP Bl BERES GYueratagt. Block

636 alsSISi Rt} pRbiRRe b6o.made whet her either bl ock has a gp
greater than or equal to intranb_gpthd2. If the

[00100]det edhi peaciedine 400,0h geerall nclusles tedotlowingn the BS i s

2t b SeaPEra ™ 5o BonkRNTE sad G CBpSEBIP fbiEffen or

Ret ur gtoalgﬁthanqpb{@ck 602, if the determ nation at
bl ock 602 "Yes," neaning both blocks are Inter type,

t he(ﬁ) Betddk=@oponaofithe bbwéﬁls bgftraoar@c%thsgblocltha%mat@z@an or
a nﬁ{rh(}ﬂb'q} Fgadg whet her either block has a gp
gr eat e(ﬁ{ !nh

(3) Set BS=41if both blocks are inter and either block has qp greater than or equal
to inter mb_qp _thd 4.
(4) Set BS = 2 if both blocks are inter and either block has qp greater than or equal
to inter mb_qp_thd 2.
(5) Increase FilterOffsetA and FilterOffsetB by a constant.
(6) Increase qp by a constant if the block has no coded residuals.
[00101] Increasing FilterOffsetA and FilterOffsetB increases the chance to pass the
spatial activity tests in equations Eq. (1), (2) and (3) and thus more samples would be filtered.



inter nmb_gpthd4. If the determnation at block 620 is
"Yes," then the BS is set to 4 at block 622. However,

WO oovlae928et er mi nati on at bl ock 620 is "No," theCT/BE0%079648
620 is followed by block 624 where a determnation is
made whet her either block haspj@a qp greater than or
equal to inter nb_gpthd2. If the determ nation at
block 624 is "Yes," then the BSis set to 2 at bl ock

Furthen@lgfb 1ﬂcireafs q?%tyaf &Bnb@hi &Hareﬁﬁestlh@ﬁeﬁraﬁgéré 1§te'1'r Nab qft ﬂﬁin4 and
he BS is Se at bl ock 628. Bl ocks
Hﬁﬂ;mbrﬂLﬂBQZ, 626 and 628 all continue to block 630 of
FIG 20B. [0099] At block 630, the FilterOfsetAis
i ncreased by a constant. Block 630 is foll owed by
,bIog# mhere the FilterOfsetB is increased by a
Experifngp %ﬁock 632 is followed by block 634 where a
detern1nat|on i's made whether a bl ock has coded
100102} e glpaperiprentah gsulie PetRnTaEbAT the segnid-apprrach using a post-loop

deblock@fY gzgtﬁq{f%lﬁl\/ﬁgg dﬁ%id GW ’tP ﬁlskgg%gﬁﬁﬁf)gﬂl?@%%%s?&&o&d as DAB

and no DIAJS p&dBons dre shpwi sn iTakledas€bke bysua MOSstcard is [Btadlcik Table 7, in
: 3 SO ends L roocedure 60 100], The_.procedure
which (B bCBE Ry SREpatole RERBESe @ PYIT DM oot pr Gofi emueh bettr

thannoPHpf one of the blocks is intra and either block has

gp greater than or equal to intranb gp thd 4. (2) Set
BS =2 if one of the blocks is intra and either block

has qp greater than or qual ratranb _gp_thd_2. (3)
sor 55 2 25T born biawedt ¥ual OSSR S Prer bl ock
has gp greater than or equal to inter_nb gpthd4. (4)
Set BS =2 if oth blocks are inter and either bl ock

has gp greater thankbﬁléﬁual to i AMGEDRL gptlhd2. (3B

' Ofset dllu FifterOfsgtB by 3
srg%$3“fgi ncreasg‘qo by a constgﬁ if the bIocI%'9

has no coded residuals. [00101] Increasing
FilterOfsetA and FilterOfsetB i ncreases the chance o
[00103k o pabs vidve of sthatabave.acthe viiasiloopsPAB @peagesas i Wngseqthe existing

hardvafeiys BB et e Ao Rub LR BB O0R) §Gul bR Thooses the BS for

each of iy tilb ed gasr To ehmdzraeea&le Rgnéjindinharied rb$doaﬁtess;i gerdade s thbénside of
paraneters inter gpthd4 and inter

| thd2. . .
a blOCkE%i%P? meigtedr Wieekils tighiewest by petfipg éwéweﬁ%ﬁggfor s tilep adges in the
middle 8f &ﬂ%@@rlh%ﬁ&t,qle BR&s &&%ﬂgecﬁ@}p&ﬁ%@r Hﬁ%, @leﬁecpﬂ/ﬁi anPeRP.

[00104] To keep a low complexity configuration, two versions have been described. The
simplified version calculates BSs based on the coding parameters of current MB (the MB to be
filtered), no information from neighboring MBs is required. However, the complete version
calculates the BSs based on the coding parameters of both current and neighboring MBs.

[00105] The low complexity configuration of the DAB apparatus 70’ in FIG. 2C is also
designed as a post-deblocker to universally correct blockiness for a codec without an in-loop
DB 50, such as MPEG4 and H.263P0 codecs. The procedures to calculate the boundary
strength (BS) described in relation to the DAB apparatus 70 is essentially the same for 70°.
Hence, no further discussion is necessary. The DAB apparatus 70 or 70 removes blocking
artifacts successfully, with very small MIPs (2.5 MIPs for simplified version and 4 MIPs for

complete version) and memory requirements.



debl ocker with high M Ps denoted as SMCDB, the
di scl osed DAB processes denoted as DAB and no DAB
wop@rat2ens are shown in Table 7. The visual M3SI/E8W0$079648

is listed in Table 7, in which the LCDB has

conpati bl e subj ective score agp SMCDB, and both of them

are much better than no DB. Table 7: Visual MOS

score. No DAB SMCDB DAB Visual MOS score 2.0 3.9 3.9
[00106] 00108 oh& ot BWrOkxthflaRPRUSfigUrfoROMe FaRPoRABescribed may be

apparatus 70 uses the existing har dware of the
implemgnied oo pardebio e®fitwigref ﬁnn‘éareeﬁlgmmmnqs)nath@r@pé Hnplemented in
oftwarer,aﬂ’le Funﬁ]l%réstnel%? esc‘tgreﬁ OO)IIII OrI1‘ gtransrﬂlétrelgf g%roa%l ; hﬁolr %Ileoges 1ns€'%§10ns or code
on a cqhpedsrchdubldencldfigi. d€o@puteBrdatiat niclya beclddek thettedomputer storage

which is achieved by setting a non-zero BS for the
media anid| conupryBeation Mggka ingfuglingeamf mﬁdlﬁﬂb@ﬂt fapﬂltaéﬁ&)?r@nsfftrrﬁ aggymputer
progran][1 %8%022? &%@e%%gl% Vé;g%o% eel\{%c n f g gt@flq%orl]%edla that can be
accesscll di aiconputeay Bybmmfdaesmplebadi noTﬂnmltaSDmJublﬁ bﬁdpmelr sladable media

can corii ek WiK({ i . b2~ RPM B6 00ty BoHoH hFoRdes grseretic disk

storage ok QM A ShARREGE kt%gaglgEﬂ%Vic%s F SOy’ Ger HONEMEMhat Ld¥Ebe used to carry or

conpl ete version ~ cal cul’'ates"the BSs based on the
store desomil ngogramanedce s thef fdyot hf enstuetnansaord datei siubtordsngndvBet can be
105{: Th@ | ow, €9 | exi tﬁY onf. gur at?on of .the DABt dabl
aratUs iNOR &Y SeTENgP ol PrRYG Aglicds? Fomputer-readable
rnedlun{JOFI)r SeMEKekhd iy & fakshttEPHOBCE wWRbHIEKISBRSS o dthe® remote
codec W thout an in-| oop DB 50, such as MPEX and
source pHiG3ROaxiabeabde, fitee Optl@@elda,rfé@st@@ peial élﬁltdt felbscﬁé)er line (DSL), or
erelessD% nozilop%es cfl% 81tf|h agécg‘sasdelcgr:,teaﬁlgl 199 d Iélgs&alfg}% S Qx;%locatbpe fiber optic
cable, tbd@%zﬁpalﬂ G)Sll,l,rdrheiireldésst@ﬂﬁfblldgﬁbsl @cﬁ Qs esfaty,. radidg atdBicrowave are
paratus 70 or. 70 renmpves bl ock| ng art i facts
1nc1ude§ 0 é]é% gf:f[nl‘p?n ofimpgsivay 9lsi<n§}d| IR, P ysge d dhepgipginglydes compact disc
[ fi v | ¢ )
(CD), l%emf & d ?1 alr cggcal r%mﬁgﬁtgrssé‘hlv\ﬁ?s%o(w %)43%@@ Qls® M8HR- P disc where
disks uﬁﬁﬂ&dﬁﬁt@ﬁ&td}dﬁﬁﬁagnzﬂcaﬂm&ﬂﬁl]e dlsnsmepro«incemiate aptieafht arith lasers.
omblqaﬁtgqfls:a Lat Iat?qr\]% q@tglﬂlgimélg(g te Islg&legf ggtrh%qb d magebo rcog],psl,ltelr-lreadable
media. CONbI natl on thereof. If inplenented in software, the
functions may be stored on or transmitted over as one
[00107]or noTke prsiowsalesongioprofctbdeliscned configuatems rie aoaidad to enable
medi um , Conput er - r eadabl e dla ncluds bot h
any peifoit sl T 4 AR O AR [0 A 2 FHRIUAPHG RS o these
conﬁguf’@ﬁl)hsJ Rifl Rt rehdiG) hppadd® So thdeSkaledah the GANBKHA @ic generic principles
program from one pl ace to another. A storage nedi a may
defined thereamnag paiappliddeto wr gonfieprations v&b‘dﬂout departing from the spirit or scope

of the disclosure. Thus, the disclosure is not intended to be limited to the configurations shown

accesseg

herein but is to be accorded the widest scope consistent with the principles and novel features
disclosed herein.

[00108] WHAT IS CLAIMED IS:



accessed by a conputer. By way of exanple, and not

[imtation, such conputer-readable nmedia can conprise
WO/ EEPROM CD- ROM or ot her optical di SRCT/US2008/079648

storage, magnetic disk storage or other magnetic

storage devices, or any otherpyrediumthat can be used

to carry or store desired programcode in the form of

instructions or data structures and that can be

accessed by a conputer. Al $9,ABM¥ connection is

properly termed a conputer-readable medium For

exampl e, |Amkﬁ@e§ommm@mé is transmitted fron1a

websi § 8 procaSdof BF ragl ¢ 90 HEdlehEND: ! Set 1nst 814 {09 mandeer an in-

coaxi al’ Tabi’e I% 1 q@% 855?5 T d’paln

og| de%ﬂoc&iﬂgsﬁltér’ﬂ%r erhglﬁle aiDSb. Juniv@isal Iy d’cﬁ,‘l}eesslockmess in a decoded
technol ogi es such as infrared, radi o, and m crowave

pyEnt shaalc dusingla pawtleop fliltseingoprqretions aping  theyinglop deblocking
wi rel ess technol ogi es such as infrared,

?2@@3§5§k§ %%%romave are included in the definition

of medimemorPrslplahtd thié pocesasr.used herein, includes

conpact disc (CD), laser disc, optical disc, digital

versatile disc (DVD), floppy disk and blu-ray disc

wher ey di skfe UgHAl %rr @RMPAUCE AR MRIART bEahiictions includes

whi | e di scs reproduce data optically with lasers.
@@trmtms itoreerreft ﬁlhdolacti@mes sindbudiolg aﬂllraoltdaiebhonlghcxseby performing a

pﬁﬂgt ?1%0)%%% §1& r%];l (?c %r t({? (gﬁ‘ie(li ggg%lala 'the[ 1t(ﬁgc]:k%?p]ornplrising
ﬂ?dd@fﬁ&@ébl@ﬂ@ and bIFRY We@d dode@® DRk Eatté%ﬂ )éq@aﬁ’ kS 2dto.
led in the art to make or use the disclosure.

Var i ous nDdifications to these onflguratlons mnll be

readi By apipgl € Vlce otfh 3 Shl lwh%fjem thgh etag% 1 t1{)ns includes
generic pr|nC|p fined hérein nay be app &

ﬁﬁﬁ@ammgﬂflgurat|ons MAthOUt departlng fron1the spirit

or scope of the disclosure. the disclosure is

not i fEasHdhe tRiogkinass neluging omhﬁ@eé dleskdngsat fob Hates Haggroblocks

Q\ﬁﬁ?j ﬂﬁrtﬁﬁ'% oh Fhelifl- 1 &‘@cﬁ@ i denbind st tlhg% & ed%es not located on
onsistent with t princi pl es and nove

dbkck beadiaheod mspe{oﬁ@&ﬁﬁ@r MBAInd S CLAI MED | S. WO

2009/ 049259 P 82008 079648 23 CLAIMS, 1. devi

conpr PATGe:t %Cﬁl? $dPT dpEr 3p5 s F‘nﬁil“é’#éﬁ‘f bRUEGATY strength

Sficdifed rb'd%d' Mg fulnCARBRIEBES A nd WhidhCQp1iEe RIOfdst-Mdp filtering

filtering engine and to universally correct bl ockiness

operatiahendy ed pixelstgpotndghghlmick Howndagy.a post - | oop

filtering operation using the in-1oop debl ocking

filtering engine; and a nenory coupled to the

Procegsor. The device of claim 1, wherein the post-loop filtering operation includes
calculating a boundary strength based on coding parameters of a current macroblock

(MB) to be filtered and no information from neighboring MBs.

5. The device of claim 1, wherein the in-loop deblocking filtering engine is
H.264 compliant.
6. The device according to claim 1, wherein the device is a handset and the

handset is a cellular phone, a wireless device, a wireless communications device, a
video game console, a wirelessly-equipped personal digital assistant (PDA), a laptop

computer, or a video-enabled device.



2. The device of claim1l, wherein the set of
i nstructions includes instructions to correct the

whb@okiness i ncl uding i nherited bl ocki ness by PCT/US2008/079648

performng a strong filtering operation on blocks in

t he decoded out put signal, thg bl ocks conprising

ski pped nacrobl ocks and bl ocks with a coded bl ock

pattern equal to zero. 3. The device of claiml,

wherein the set of instructions includes instructions

to: correct the blockiness including inherited

bl ock¥ nessAhdntegiatedrcingnid cobpasikg: (MBs) turning on the

| n-1 00R el PRk NG Bl ShBngiNerf Ot oge. il e edges

not | Bc&t on & ogﬂp%oun ar%/ of &7 Spéctive inter

MB, an@raesdotoberatite bl DeKemessa {cdlof imtiiatidvissio Wshitghndeer the in-
cal cul at ed boundary strength cal cul ated based on a
peardablaskingnfiberayg gngive apd toningverafp| qasect hlockipsss- inppslecoded

BABAESI 5L 400 8 L R B e 0 ki

fibhsiind @gne ahd eri ng operation includes calculating a
boundary strength based on codi ng paraneters of a

cur r eh{ICRLY 68RIekc aBPCESOhe filtered and no

i nformation from nei ghboring MBs. 5. The device of

claim1l, wherein the in-loop deblocking filtering

engi n8&. i s Tht @deratodpirciahof cléim Thehatemithe sd ot orsttiupgonsancludes

claimil, wherein,t evi ce is,.a handse nd th :
o GG b e SR dnd i PAREEE! EGFats Ty performing o
WhdrRl RISSing QFEifbA dh Ibbks &R codbd dﬂt#iﬂ Qighal BhCHIBSR! ®mprising
a W rel essly-equi pped personal digital assistant

skoppyd, macrpllpelepnd biveth a epdedyblpicki pattern sl o 8u0i ce.

WD 2009/ 049259 PCT/ US2008/ 079648 24 7. An integrated
circuit conprising: a decoder having an in-|oop

debl ogki ngThé Int&rated cengdi ofclaitn PHVIRLSSE dlic QR@dEdllicYigg beration is
i npl enent a set of instructions to commandeer the In-

pydisd depixslern Ay insidetad 2ibiRfkengi ne and to universally

correct bl ockiness in a decoded output signal during

a post-loop filtering operation using the in-Iloop

debl ot®ki ngThé idt¢geated girengondainaidwheromrtbe yet ©b upltradtidms includes
the processor. 8. The integrated circuit of claim?7,
MREYEINS {he set of instructions includes

correct blockiness including inherited blockiness for inter macroblocks (MBs)
by turning on the in-loop deblocking filter engine for those tile edges not located on a
block boundary of a respective inter MB; and

correct the blockiness for intra MBs using a calculated boundary strength
calculated based on a quantization step size and which applies the post-loop filtering

operation only on pixels around the block boundary.

11. The integrated circuit of claim 7, wherein the post-loop filtering
operation includes calculating a boundary strength based on coding parameters of a

current macroblock (MB) to be filtered and no information from neighboring MBs.

12. The integrated circuit of claim 7, wherein the in-loop deblocking filtering

engine is H.264 compliant.



instructions to correct the bl ockiness including
i nherited bl ockiness by performing a strong filtering
Wo@p@ar2en on bl ocks in the decoded out put si gP@l/pPS100&079648
bl ocks conprising skipped macrobl ocks and bl ocks with
a coded block pattern equal txp zero. 9. The integrated
circuit of claim8, wherein the strong filtering
operation is applied to pixels in an inside of a
bl ock3.10. THEMtd 418G cREBOabFdiM fo QinCT, aiHBreln thi@f@ldled circuit
the set of instructions includes i nstructions to:
son pastiulpr men@bgndsmammh@s idatiee.ia wiiclbssowikimeneatiops device, a
ter nacroblo rni.ng. .o
AIEORL ST W R R ST aag%galﬁto@ﬂ)A) a laptop
tanpited opavideoBhakd doucedary of a respective inter Mg
and correct the blockiness for intra MBs using a
cal cul at ed boundary strength cal cul ated based on a
quant i zat i [ whi ch applies the post-Ioop
fllteg%ng Rﬂa/#%??%SGEﬁﬁgﬂ%n pi xel s around the bl ock
boundaascpdmg]mea’ﬁb dor atetce(i;mgtaed haeving dilteriog nehad for ip-loop deblocking
ﬁgerein the post-loop filtering operation includes
t'ét-ati ng a boundary strength based on coding
par angdehsn®erifg nfdhy ﬁ%oﬂﬁﬁh&’&h‘ﬁ% nd MBrirkeInds: and
filtered and no I nformation from elghborlng MVBs.
The i coreggtiag edeaisr ouni univirsatlyacorrettingHdodiimess he 4 rqietcnbp output
debl.ocking filter engine is.H 26 liant. WO
Eou G LB sorce i ototing ing G5 GRET ARG at ec
circuit according to claim7, wherein the integrated
CIFCUIt is in a cellular phone, a handset, a wreless
devi cé3. a Whe eﬂpegr@t%omtﬁlmaﬂﬂ,on@emuth@ cogrectiigd@rsans includes

g%g(?tgﬁrg%%%%%[)f&? ,peraf&l%]alglg %L&rogg lt“lt%? % oBera 101 8n bfjocgs i {he decoded

vitgeosimablfed cdavitig. inléritodn bARRAKE, Uthe Cl@lﬁplfs Sbmm@iising skipped
decoding means for decodln? and having filtering nmeans
80 ?

mgeroplockpl tladisorith #godeditleckmatigin edivhiavseeri ng neans

for commandeering the filtering neans; and correcting
nmeans for universally correcting blockiness in a
decodé@l oufTheiappasitgnet cldor i4) gvharqimﬂtedoaeairfgi thtans iimgudes:

oper aly on, Vel g L1e, L4 1LEUL 00 TEgnS, A5 The REPRLELUE e
tile edges not located on a block boundary of a respective inter macroblock (MB) for
correcting inherited blockiness in inter MBs;

calculating means for calculating a boundary strength based on a quantization
step size; and

applying means for applying the post-loop filtering operation only on pixels

around the block boundary for correcting blockiness in intra MBs.

17. A computer program product including a computer readable medium
having instructions for causing a computer to:

commandeer an in-loop deblocking filtering engine; and

universally correct blockiness in a decoded output signal during a post-loop

filtering operation using the in-loop deblocking filtering engine.



perform ng neans for performng a strong filtering
operation on blocks in the decoded output signal for
W@ 0098¢26Ng i nherited bl ocki ness, the bl ocks cREPUBRN$IY9648

ski pped macrobl ocks and bl ocks with a coded bl ock

pattern equal to zero. 16. Thg, apparatus of claim 14,

wherein the correcting neans includes: turning on

means for turning on the in-1oop deblocking filter

engi neg f or Thhes@putki Fﬁ)g?ﬁl@ Sfoduet of Q6 €9, RRerBinbihe Ghstructions to

boundary of a res ective inter macrobl ock (MB) for

sy eraaly m;rqchh@pkmeﬁ ip¢loddsi instsstipns forgagse Bsomputer to: perform a

%tronguhﬁ‘ermga%era%ns o:’bgolgﬁl Cu'tl?et Iden ged gn%él)ug 51&%2118‘[}95@0213 cp 1nher1ted

blotkiapp| yHengodiheorMsding Slﬁppffdl mh@bbmgkpaﬁr BIbleﬂwﬁNaVcd@lﬁd block

pi xel s around the bl ock boundary for correcting

PHBEKPHEEE 790 ntra MBs. 17. A conputer program

product including a conputer readable nmedium having

instructions for causing a conputer to: conmandeer an

i n-1odp debheckmpgef progesn pepdangonepinand, whereer thalihyructions to

correct blockin s in a decoded output si I during a

PR erslbogprect he F ‘?Cﬁb}leé%a’é‘f’]é‘fi%ﬁ“ﬁ%‘itﬁ‘?ﬁs %%@u?w%ﬁ&sglpute to: turn on

2.0h 96 1B dcit I{e@ Qngﬂg 'f&echoéélalgg % 5P #r@ted on a block boundary

PCT/US 008/ 07964 . The conpu program product

of a ispdctvd ‘mten/mmreblnclt tm@ormsttmhm‘ttecbhlsckmessu ni versally

correct blockiness includes instructions to cause the

computer to: performa strong filtering operation on

bl ocksoi n The ceRpREL ProRtin ProdhObRtlain® 1 0Wh&6in the instructions to

i nherited bl ockiness, the bl ock conprising skipped
nrizersdlyo cRecetndhc bbloekisessi tnlthées: oedTicHPFC ko cpatet then computer to:

e Eob S Bt R R TP b Ens R R Bty e postioop

fineigCoperdtdndndE kh PB&E ar@lﬁidtujm@ck B&lidast 100dd8rebObl6EIt® s in intra

the conputer to: turn on the in-loop debl ocking

mReEoblockhgi ne for those tile edges not |ocated on a

bl ock boundary of a respective inter macrobl ock to

correct inherited bl ockiness. 20. The conputer program

produ2t. of Th¢ acompufer \phegremn prdurict neft reledini dis fuether comprising

unj versally correct the bl ocki ness includes. :
[HHEPFILPEE I HAISE S SryIgTHE! ﬂ%&ﬁiﬁu’s% PORtyO0p gﬁ%‘&ﬂ gRpegatipn, calculate

Q%Hﬁl‘i’@arr?’ sitdgEh %&db&?@&h@%‘ parafild@id bZ &lchABnSHER0BIEE(MB) to be
and a t he post-| Iltering operation only on

ﬁhmedgn@n@uﬂdnmnbhdhknb@JNMHngIﬂBscorrect bl ocki ness
inintra

22. The computer program product of claim 17, further comprising
instructions to cause the computer to: during the post-loop filtering operation, calculate

a boundary strength based on coding parameters of both a current macroblock and a

neighboring macroblock.

23. A method comprising:
commandeering an in-loop deblocking filtering engine; and
correcting blockiness in a decoded output signal during a post-loop filtering

operation using the commandeered in-loop deblocking filtering engine.

24, The method of claim 23, wherein the correcting includes:



macr obl ocks. 21. The conputer program product of claim

17, further conprising instructions to cause the
wW@ewpiesd t o: during the post-loop filtering OPEr/EHS10081079648

cal culate a boundary strength based on codi ng

parameters of a current macropl ock (MB) to be

filtered and no information from nei ghboring MBs. 22.

The conputer program product of claim17, further

CoNpr p&kdtehing %éﬂgcﬁl&&ﬁl% JRrBHDB HIotks G [H%Lﬂe%detdcbutput signal to

during the post-|oop I'tering operation, calculate a

potast amlgerléfttf bk@gklhebaél@dbbnk&: oo PR skipped meacestblasds and blocks

rent crobl.ock an nei ghbori ng macrobl ock. 23.
ﬂ%hg gpgl ?gf%amﬂggh%% fideering an in-1oop

debl ocki ng f||ter|ng engi ne; and correcting bl ocki ness
in a decoded out put signal during a post-Iloop

filtefdng Topertorohclasnag. vhercuchaaeieretingdndlylesoop
250 WRL A i BlocRIOAR), Mtnintn A0S W IB IRl G B Poneine for

o3¢ UE20084 M6 Get8tedoh pdidohr oundarg &t a4 engedtivetiatet MB to correct

glgeratl?n on bl ocks in the decoded output signal to

FriEEIqckHess: £8Y bl ocki ness, the bl ocks conpri sing

ski pp I '

pat o MRECAfIR BACRLALY BOARES stk PAorP o R g ion step sce

witbapplying He wot-loeptfiliegng nptrates onlfyen pixtlearonad ﬂ@kﬂlo@ddsoundary

ﬁ) r) turnln? on the in-loop deblocking filter engine
PHIQERFe edges not | ocated on a bl ock boundary

of a respective inter MB to correct inherited

bl ocki ness; and for intra MBs, calculating a boundary

strength based on a quantization step size, and

appl ying the post-loop filtering operation only on

pi xel s around the bl ock boundary to correct

bl ocki ness.



