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The present Application for Patent clains priority to

Provi sional Application No. 60/456,030, entitled

"Met hod and Apparatus for |nmproving Video Quality of

Low Bit-Rate Video," filed March 17, 2003, and

METEBANDS A BPARAFIS ROR IHIPROING Y B QRALITY OF
of Invention [0002LOVEBITRATENVIBHEDal [y reiates to

data conpression and nore particularly to block based
conpression systens. |l. Description of the Rel ated
Art [0003] Transform coding is a common i mage

conpr essic§¥p Wﬁ{:w OFRE ' '
sub-i rrages or ocks Tor gr oce%gfﬁ%ﬁ“gli ocE-t)rgse S
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o3 bRt eiRa REN R Ead: Spvidio duf oY ARG oA QUakty of Low Bit-Rate
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boundaries. Accordingly, techni que typically

incorpwated by refetenge hireiny at e i nages that are heavily
conpressed, but contain severe conpression artifacts
such as bl ocking, ringing and notion snear. [0004] As

a result, several pBACKGROVNDG al gorithns for
deblocklnq have been proposed to reduce and/or
el Ini natféeld ohPavensionn artifacts. However, many invol ve

g?@%ﬁﬁvenﬁ?ggé{n&ml)o %@gg '59%3 Joﬁ%%ésld&% mgﬁele%ﬁuularly to block

baseﬂlcbh@rssxdn spémeonser ve edge information effectively
and are typically conplex to inplenent in hardware.
Accordingly, there is need for a nore sinple and/or

effIEC“\Ifec PefheRMARENSE. SUMMARY [ 0005] A
od and apparatus for processing inages conpressed

us iTmapskrocéodmgssck canmoen esgo nompsessompachsique that divides an image

into RAbFHER) A R HEh PIESTHD 1P GBUPE (BrsSiY Bpgatces artifucs
betvieh BloeN BdLNALRE beddaEd Blobkyste dedeiperdenilg c¥¥ed2 Ofd 8% 18 transform
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does not take into consideration the correlation between block boundaries. Accordingly, the

technique typically results in low bit rate images that are heavily compressed, but contain
severe compression artifacts such as blocking, ringing and motion smear.

As a result, several post-processing algorithms for deblocking have been proposed to
reduce and/or eliminate compression artifacts. = However, many involve complex
computations and may result in an overall blurring effect on the output image. Other
blocking filters do not conserve edge information effectively and are typically complex to
implement in hardware. Accordingly, there is need for a more simple and/or effective

deblocking process.

SUMMARY
A method and apparatus for processing images compressed using block based
compression may comprise determining whether two blocks are neighboring blocks;

determining whether the two neighboring blocks are both subdivided; performing deblocking
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2 filter on one or nore edge pixels of the two
nei ghboring blocks if both of the two neighboring
whbmeksi12ax e not subdi vi ded. Determ ni ng whet hePCT/vg2004/008287
nei ghbori ng bl ocks are both subdivided may conprise
obt ai ni ng vari ance val ues of each of the two
nei ghboring bl ocks; conparipg the variance val ues to
a first threshold; and determ ning whet her the two
.nei ghborin I s.ar di vj . ha h
L SOBRC kg PRE" R B IR THR AR R RO Bo6F the two
neighbér@fhblodks Alet @it nabdiviiey, Datekiring whethbretwie heighboring blocks are
nei ghbori ng bl ocks are hoth subdivided also may al so. .
bOthcéHbgrw%@sn@mcgmwa ohtaipipg patance yalugsqahearh Yfathigdwogpfighboring

bloc&%ie({?y%ﬂé)r%n?% o Pkndd ¢ B@sst%i SARE Hrestidh %nhglg%?xblﬁ{gggd%ether the two

e two nei ghboring values are s
neighbéify bidties arebbihdcubdivided basealt upenrthy cémparizen of dnpvargece values to

et erm ni ng et her _one of the two nei ghborjng bl ocks
the 5t JhisaRa MRS reGTVHEE B, GiebBPHEETEIE oG are both
subdiViBed Qfso THRAAINd Q&Qpriselb'%bfh%iﬁ% higisdk debhQedamet VhlubLind using the
on one or nore edge pixels of the two neighboring .
blocklsizelessigimerdrvaluofio t¢ternine whethghthertivagetghbeting vaues are subdivided.

Lvided, and usi debl ocking il
ond e et o Bl nR AR o Rl tr Mg ts Sugg! the two

neighboriifd bIBeks i8fsubdieidedaf BEIhGITRE twd nelghblsng Bloeks are not subdivided;
subdi vi ded. [0Q07] The nethod and apparatus may

using g firsk AeRloring SHeiopn anePhEEHEds Pirslseofdhe fwp akiggboring blocks if
£ : ni t e
o Y53 0GB TPES S5 B g {5 s oo on
or nidroedge pikels ik ol eel ghteomgailocls if heitlemef ohie tvor seighboring blocks
difference values to a second threshold; and
are wbdividedny t he second debl ocking filter based on the

COMRArh&RAd ahd taﬂ%né’tﬂ@ Py fUIREE cOnbfi§y BRGRINAbMESr trRdre difference
the second threshol d. [8b08] ot al ni ng one or nore

valud$ fof emenaremord edgs pirgls cfnthe ity odighharinggbldeksf éf apither of the two

. val ues et wee hr.ee edge .pi xel s of the
neigh Bor o RIPP RGP DGO 6 ORr B IRl Gpecran g dffence values 1o a second
thre§Hd; Ol sBldcting thersetBhd deBItekingefilusi HageoftheSsdnfphrisbh bEthe one or
if at least two of the difference values are greater
more Hidferense vabieoindthe pecosd dhreshoBRl EF DESCRI PTI ON OF THE

[ 0009] i , < i ‘i
- R {HE S il BB DR CRR Bl SBPERE 8B e values

betwidah Cthrdd ledge gfisierufetheunes atesghbetiag blocks; kendelseleeirigs the second
wherein: [0010] Figure 1 is one_exapple of an

deblpgipg &idlebmay cpmpr s Usingyl Faussianfilisdr ahlgashirwo of thgfifference values
are %@B@ﬁh@ﬁﬁ%@é&ﬁ%ﬁkﬁhél@pﬂ] Figure 3 shows an exanpl e
or

rocess determ ni ng whether a block is subdivided;
[0013] Figures 4A to 4D show exanpl es of bl ock

subdi Vi si ON; pp1EF DESCRIPTION OF THE DRAWINGS
Various embodiments will be described in detail with reference to the following
drawings in which like reference numerals refer to like elements, wherein:
Figure 1 is one example of an image compressor;
Figure 2 is one example of an image decompressor;
Figure 3 shows an example process for determining whether a block is subdivided;
Figures 4A to 4D show examples of block subdivision;

Figure 5 show an example of two neighboring blocks in an image;



[0015]
[0016]

[0017]
[0018]
[0019]
[0020]

[0021]
[0022]
[0023]

[0024]

[0025]

[0014] Figure 5 show an exanple of two neighboring

bl ocks in an image; WO 2004/ 084123 PCT/ US2004/ 008287
W®2¢40004413 Fi gure 6 shows an exanpl e process f OPCT/US2004/008287

determ ni ng whet her to use deblocking filter; [0016]

Figure 7 shows another exanple process for determ ning

whet her to use deblocking f4lter; [0017] Figures 8A

to 8D show the orderings of ABSDCT for a 16x16 bl ock;

[ 0Q. ' | 1Z8:  rz frap

s eSS MBS XA bR B AR B by 2GS a B hing i er

exBigate? shbwd hithersaxamphespiogesn ot deledndhinf GOder o gsé @eblocking
.11 shows an exanpl e process for generating bl ock size
filteyssi gnnent data for ABSDCT; [0021] Figure 12 is a

ta ' o BisPreLrdcAr al ues;

[Oglfgfe% i\é\ﬁ%) %ﬁ&ﬁig\/ér&‘ir@%oggr isc?kgfl:e Jéef@%??%%ﬁ’é’; and

[ OBzBjesPiAgand9B dhewhexmnples afi}dogkl stzepassigemsntf data;

deter m ning her to use deplocking filter in

o Eiturs oAyt TBSBe Poftprels: BESleRF /ey F1seEsh o

CORRYuRS $1 QRowy §h @REmMPIRI 16cddb d6Kedhaffig BISk 84L& adsPfinltdt data for

Transform (DCT), a data streamis divided into pixel
ABSR@Eks and di screte cosine transformed. This bl ock

based 0cC ing. introd i | f X

be Wé‘é%%ﬁ&égl Sg%w géiﬂges lgt? %(r:lg %ﬁaec?&é%i’%@r%?%gés not

t akiuie)l Pstieaadhie vialigble defigitiahs; and bet ween bl ock

boundari es and since each block is independentl

colieyre [Damsys angxaEmla Process IIRBYRNS A hehst é%se{@ivwgking filter
in S)?%;egs ‘}Sn]% SkiBcgl each data block is fixed. However,

re are dynam c i mage conpression techni ques capabl e
of offering significant conpression while preserving

the quality of i m@ﬁﬂﬁ@i@@ adaptively
si zed bl ocks and - DCT
cogf E%rlﬁ R8iorf s&m@&&%}l‘%@l@ BLQH I9isMble! CREneCBIah§drm (DCT), a data

vari a bl ock size . One exanple of variable
stredph og kligdee iMCTpike bloeksadmpdisgeethicosike ransfotingdr eflgs block based

proc§ bR TR e RSB b Ao g e Banstorm coes
not fRETLRS aécdniViiehesireAtitbnSy&ivesn 'bldokThdudahiiéso b sice each block is

~ also disclosed in U S. Pat. No. 5,107,345, entitled
indepgngigptly oededl ock Si ze | mage Conpression Method And

Sy . . . echni i _—
S 5 T RS B it s
Howleeehnhdte aré dyrinsic image compidsSon Rehnijaes BaphbR, df0dffering significant

entitled "Adaptive Block Size | mage
compression while pres%rving the qualﬁty ofz image sggnals utilizing adaptively sized blocks

and sub-blocks of encoded DCT coefficient data. Such techniques will be called variable
block size DCT. One example of variable block size DCT is the adaptive block size diséretc
cosine transform (ABSDCT) disclosed in U.S. Pat. No. 5,021,891, entitled “Adaptive Block
Size Image Compression Method And System.” DCT techniques are also disclosed in U.S.
Pat. No. 5,107,345, entitled “Adaptive Block Size Image Compression Method And System,”
and the use of the ABSDCT technique in combination with a Discrete Quadtree Transform
technique is discussed in U.S. Pat No. 5,452,104, entitled “Adaptive Block Size Image
Compression Method And System.” The adaptive block sizes are chosen to exploit
redundancy that exists for information within a frame of image data. ABSDCT will be

described later in more detail.



[0026]

[0027]

[0028]

[0029]

[0030]

Conpressi on Method And System " The adaptive bl ock
sizes are chosen to exploit redundancy that exists
wo eno4josfies mati on within a frane of i nmage dat a. PCBEEXG14/008287
will be described later in nore detail. WO
2004/ 084123 PCT/ US2004/ 008287 4 [0026] The
enbodi nents descri bed bel ow yeduces artifacts by
all owi ng a si rrpl e and effective debl ocking process

th C I nted,.in c ressi o ste
us?h% eqﬁtf %éélgaseg rﬁ@ %%e e ﬁ%ﬁ?@s S[?ye ggﬁé’@l 4 prle and
effe@fvbaibio¢Rink prucdss et @ableasily 54 #eplEdnted A0 dhpleBsibM 8ystems using

foll ow n,E description, specific details are given to
block basgdd2Ch: The F@b@qhmeaﬁoﬁé@ etpspiallvigffestive HEV@?ﬁB’gQilPlﬁélﬁﬁlée. DCT.

kﬂf\{ﬁé IfollB }gfgl he&ﬁﬁﬂ{ﬁqt Féetcgﬁ;o gg%élr%g ; s %_g%{ gg nﬁro)éide a thorough

art t
undgrstanding efithei enftmdimehie s Bloseeer, ftiwilldet widerstdedr byeoengll @dinary skill

circuit e shown n bl ock dj agranms i n order not
in the grigatche EMPABMERGIRRYER PRCiiged %M?ﬁ%ﬁgﬁé& &gl For example,

c1rClﬁEsh§15y'HéS§lﬂﬂﬁ?$n BISIK afaPRWR G bRt tide (S 1JD4EIHT RS @¥bdiments in
techni ques may be shown 1 n detail in order not to

unnesbssenr detdih elnentiey dnstances we[llel@mn ditcuits, strusiuresaind dedhhagues may be

h di b whi ch
shotglf B A 50 e e G Be B g m . struct ure:

di @k alkb ndfedahdIthE kmBbEFARMmMA! B s@ibed asfal ;ﬁw@ela@mldm&y depicted
descri be the operations as a sequential process,

as apfloypharppeflaw §iHgramna BEUCHET SHEHBY Pihapalpel |de4gr@fl '\//\hhough a
ow S0 BBt 01 RA8H 4120 LRl A, AL bl s can e

perforpeidaini inalledroe conerteatl@d. Infadditione s ordyr of tier gpparivals tntay be re-
a nethod, a function rocedure,. a subrout

arrangglpr AgPEGEsselsclerminaied g“’ﬁfﬂ o ég)bera@gw @gepﬁﬂ‘agi tes 6}'\‘ process may
corréﬁeﬁé k@R mdth&d, taefu'i{% ng}ogéa'u'h?%ps‘?lﬂﬂﬁltxhe @sﬁtﬁirégrﬁmotatc When a
t he e calli

unction to ng function or th
processnariesponds 00 39]Jn¢:tl(glu ite tdmehaion curespoadp ke agétuamof thegfenction to

ressor and ure 2 shows an exanple of an
theﬁ%ﬂ%%ﬁ@% 8% That is symetric to the i mge
COFRIRS 306howiCan eidﬁﬁﬂ@ of GMPINGEE VompRBsSrONY | SREFure 2 shows an
variabl e bl ock size DCT (VBSDCT) nodule 110, a

examplarafi amirmase Mmpeesmoz%maa iy aymasiris tcethgt image diompressor 100,
Imaé\/k Bll'eésdql%l ﬁ)Ol gaevar?& %Pd’cﬁgssf? D%ﬂg(Qggﬂ’d ex%oaule 110, a

ent anln erse

uarﬂizaﬂdm z2abd 0 mmdlah@ 22\Qmablé Mgtm\cem&g (JBSOﬁTmﬁmdell E30. Image
230. ae deconpressor 200 further conpri
decQﬂ’@HF%?@k i2RY qomurises govasiablexlepgihodgcofingr (iig: W(@&&eglo an inverse

quaﬁgﬂgf %ﬁf%af Al zrlrr.? J}J\f%éﬁgggsﬁFggglg?ﬁlgry%Pgtert%‘éompressor 200
furtheet mempnsesmdew@kinmmronapﬂegwno flltr bleckcedges sden mecessary and a
proclesrg?)%3 856 o control the deblockin g filter module 240.

Typically, data stream input to image compressor 100 is composed of image frames.
An image frame can generally be divided into slices, a slice can be divided into data blocks,
and a data block can be divided into pixels which are the smallest units of an image. Each
image frame includes an integer number of slices and each image slice represents the image
information for a set of n consecutive scan lines, such as 16 consecutive scan lines. In such
case, each data block corresponds to a 16x16 pixel block across the image of the frame.

Also, a frame may be separated into even and odd slices, thereby forming even half frame
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An image franme can generally be divided into slices, a

slice can be divided into data bl ocks, and a data
whbmeksaan be divided into pixels which are theCT/US2004/008287

smal l est units of an image. Each image frane includes

an i nteger nunber of slices and each inmage slice

represents the inage informgtion for a set of n

consecutive scan lines, such as 16 consecutive scan

| u e . | )
and a8 e frdln flore A5 Can SRER, BRLCCA BE foribhT RERMEN P irhe Red.
Gredl sl Baief(R&B) ooy dompeagarsgsted. iHdweveydrcarsd tloedibuman eye is more
slices, thereby form ng even half frame WO 2004/084123
SenspiEYF/ tOSPOREEs G d3rainancs aiylesytenpibve (9 FRARges NprEgpLiance, fhe Y CbCr
' 'ggﬁ% Qi egeiebReer: imhpe pRef. Th
COR%} enlgﬁgﬁEPﬁgafgéﬁﬁg%%?g%%%%ﬁgghentbsysgeﬁ%Efgmever,e~YCbcr
colobepaese atlinealhwaraforemeon sf ther RGBsmwmypionéts, where Yaisghe chreminance
| um nance. and, less sensjtive to changes in. .
comppRis: T4 21q 76 pBeSolog GPEPORSIER ol e b SCKPRTegdBip even/odd
franjed, ¥ B8 RARE AF&I18bet Pade Bp WF Qhtee | VBH Hall ffhés ankhhree odd half
YCbCr  col or space is a linear transformation of the
frameeBowespooding tethewhmpenents ¥, Chand kironi nance conponent,
an nd.Cr are th | or e el £ . .S
= o 8o ik S afic? Pin FRIREAT et or dop el Al EcahTines other
thanbBs e@fdecutive @tar hifi@e AMeNthbalata blockremy aechnt i ®lcatgdwhere n is not

hal f franes corresponding to the coqponents Y, Cb. and
equahto n, ¢fsBe plock cambe %i@gb‘i*ﬁi‘?ﬁg Maequssaddifigreat galer page with the same or
. r i i . a
GrBREANGLofo R tpSRIRIRY (Y BASRARRARE mtd ovever.
blochrsizexofi béxd6kpixelhand the YEbAotcoloegpade widl bg usdd belew dboplrposes of
can, be subdi vi ded Moreover, a different col or space
eXPANgtONt he same or  different nunber of col or conponents
MaR A& riHg Sshek Otof F%ﬁé ent vBRDOM o< allo ERWBME the Aigital image
bl ock size of 16x pi xel s and the YCbCr col or space
infopmnationh droms espatiad| mvffqguew pbgm;n gind gmamtﬂ)@ﬁ_ coefficients with

compspRiane St 46 gp earon ) ouiian | TRoPCarr S 1 aivides and

prodeSsek It dppial irflfs¥Rinforaiitof 47 5183k San@GUbaIESKs | i @t Sary. Figure 3
wth correspondi ng bl ock size assignnment (BSA)
showh Pae PECes 300/B50etermimg vketherr Blogk desubgdividedy daayecess 300, the

: ol tal 4 Lf or pat i an iRy bl-gck - bl
varifte L bF b DERISIOLE ' SToBRIRN 1D PR 5 fich! ilfared 1o 2
threstl@vatue TB8Hvet foe thessitd afake bRck (k) v iAdddermdimatjphds emde whether the
300, the  variance value of a bl ock 1 s obtaine
block3§ gybdivided haser rer tﬁ“’sc‘?‘ﬁ%‘WSGBr[ﬁ)’gli‘ee&a‘}aBC%"alPﬁr‘%é‘}?o‘ﬂﬁPSh"ld TBS.
Naﬂﬂ,% tHBParshkce Valuel 0 §rSitdenah THYE P €13401s subdivided (330 and
etermnation is nade whether the block is subdivided
340 a3hdrwipmnthd bleck smpasutsbvided (3502 Harei amamslagoius pracesstay be used

on 53098 5 Ok wh ok Bk ¥ RIEENEL e e o

woufdIBe compared to a threshold value set for the size of the sub-block.

The BSA information indicates how a block is subdivided, if a block is divided. For
example, the BSA information may indicate that a 16x16 block is subdivided into four 8x8
blocks as in Figure 4A or perhaps that an 8x8 block is subdivided into four 4x4 blocks as in
Figure 4B. In other systems, the BSA information may indicate that a 16x16 block is
subdivided into four 8x8 blocks as shown in Figure 4C. As shown, one of the 8x8 block of

Figure 4C is subdivided into four 4x4 blocks and further into four 2x2 blocks as also shown
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340). Otherwi se, the block is not subdivided (350).

Here, an anal ogous process nay be used on a sub-bl ock
wo eoodesdedi ne whet her the sub-bl ock i s subdi vi Beriusions/008287

such case, the variance would be conpared to a

t hreshol d val ue set for the size of the sub-bl ock

[0033] The BSA information ipgdicates how a block is

subdivided if a block is divided. For exanple, the

o it T R o Rl QLB e 12

thenpguirapss that DGSIT guéffioleask ahd WLEAiI180 desinprietses f ther qubndized DCT
bl ocks as in qure 4B.. I n other systens, the BSA
coefiﬁmemsnaamg@nvaﬁaple ﬁt&ﬂbs&cbng wabmauqexle bl ock is

subdi i de el BBrek AT 208 S &ul $ 8%11{ ELOUbGpiaSsed image
As sho one ? e 8x8 gure 'S
infoﬁnhdunvqwtenizatmbdlue 22& thvlefse qklsntmed tHeudet bmpreissedanfageimformation
2x2 bl al.so own WD 2004/ 084123
and ST BRI donReTe B0 qompdy e HRRuiFeg impge information from

freq§é{ﬁ&qm PRI DA, ﬁ%ﬁh%ﬂ)@/ K16 696 Dissi SMALH 1§fﬂrinﬁﬂoﬂm Ma@ssor 250
then quanti zes the DCI coefficrents and VLC 1

deteuomps adisther twe bipekn of thedinBET are oelfghbmr@wbl@cl@sam@oam in Figure 5.

Proc&gsc%?gb tglglgp A COdL rtr%egacr E)id%%ﬁlg J Ooeﬁg%sgléys gorn'%getwo neighboring

block® BREASSE thel 4@t of HisUk@dge Qidtivity @f tbug pekn Imaﬂdmragza deemed
i nverse quantizes the deconpressed inmage informati

necespay i PRPePiSBOBSIANONSHES Bixp OOfctBﬁ\P\é’Pt'?lgh‘?@“F&\‘?@Cge are filtered by
deblgylaﬂé IR nﬁdgﬁg:e J1(5” dsP chEé%Q?l 1 atfo(ﬁ ARt GLtput to a

usi ng t bI ocC e assi gn or mati on.
dmpBW@ﬁ&@S@mﬁﬂﬂﬁrpdm@ﬁﬂnmnes whet her two blocks of the

e are nei hborln cks as shown in Figure
Pr Soae 6 showy %@rﬁcegtﬁgb THIQCSAADE ABASSH %S?fbuqlgg block based

comg?egﬁﬁﬁ‘arlﬁ/ pf&Esstaﬁ) LVRMRiAHRBRTE Ride RIRAIES t\b@%@%hﬁ@ﬂﬁg‘@]ocks are
nount of bl ock edge activity or busyness.

bothdstbkiocdledn@l())s Hermmnthi: BRAciaSearanagion oy be umirte datermore whether the

o e uRiig leky 47 rebVisBh L b ot (55 eSafmias BT are no

subdiViaB®, thét @IbIdtkinYilket i B ddrRWr thére@dg€ pERlsf tRdWPlieighboring
stored for presentation. [0035] Figure 6 shows one

blocbﬁ&?@és 600 for processing i mges conpressed using
??e%%rg 3S ‘f‘ngws GR0ME gisdc \/\% 70070k ?8c%§s§n€2rgo$e§ conmress?(d using block

wnna ron 1s na er WO nel

baseﬂr(ﬁmdﬁ@tllibns lllrbﬂtdv:erﬂ@@O( Had&prmihietian is nheele B then ft\Odi A@ighieuting blocks
used to determ ne whether the two_ nei ghbaring
?tﬁ(é are both

are g%éb Rubdiyided ((BdYli diéadetermipgst fhast thenbve iSighoPERs ot
subcm/lggéfSde@lro@klﬂgtﬂlteﬂéq{& gééﬁeq{ov@ P 1ﬁﬁ&h%@lfﬁéqlgvof deh% rih blocks are

used on one nore eage pi xels ‘of the two nel bor

not kihaltkded, 620)1t lepﬁaﬁﬁ] othhg uwe ngighborsg blvokhes ngr twd)érygied a further
detemnnaglgrg is ma eevﬁlr?eltheq one 0 ehse tgv%%{g%ggggg g]%iciggis%ljg&bided (720). If one
of the two neighboring blocks is subdivided, then a first deblocking filter is used on one or
more pixels of the two neighboring blocks (730). Here, the first deblocking filter may be a
two point averaging filter used on two edge pixels of the two neighboring blocks. If neither
of the two neighboring blocks are subdivided, then a second deblocking filter is used on one
or more pixels of the two neighboring blocks.

More particularly, difference values between one or more corresponding edge pixels

of the two neighboring blocks are obtained (740). A difference value represents the variance
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based conpression. In process 700, a determnation is
made whet her two nei ghboring bl ocks are both

wae pipdiosdieled (710). If determ ned that the two PCT/US2004/008287
nei ghbori ng bl ocks are both subdivided, debl ocki ng
filter is not used. However, if both of the two
nei ghbori ng bl ocks are not subdivided, i.e. at |east
one of the two nei ghboring blocks is not subdivided, a

furthe determ nation is made ether one of the two.
acrofint Bl o GUEh Gt be GBaGH delfer sagyee Fing yahofs bffiaues. A
simpl¥WirteodBb aiffeiénch! keekeenl s ebespof@ilg ddaerpirels iof vo neighboring
debl ocking filter is used on one or nore pixels of
blockhmay\pg abaingeholn ethernabadiments ) secppd erder Weffarppagtmay be obtained
I [ [ rs. t ' Y ' '
o 501 B8 b P % e P AL Y EURBLA FDI 06, paes
on thé combphdiwn ofofhetdie énvmoreedidfebmce vgluek ae ke @ireshold TD, the second

subdi vi ded, then a second debl ocking filter is used on
deblgidng g}terﬂéﬁ%le‘ﬁ?&_@@)-of the two neighboring bl ocks.
[ 0§ Jin¥ffd RS %&r&‘éﬂhﬁf h%?engé b BMENFRYRLURR ORUMEER for ahead of
one or nore correspondi ng edge pi xels of the two
timerfer dtfifeoenit mgstérhe ekdondiffersint tipaedf (Mage3.. If\onk émbodiment, the average

of T BR BN OBR S ™M THABOETE N PR AL hdhedlyeshold TD.

AlteRR1iOByakNe thradh O ITIGRAY 86 e diferéAtd MThé GREHAT UAIES ofithe two
inple first order difference between two

S
neighlogrmgs poeks. ngTlea dareghor@ TP gnay wdsonbe gIptiarizedy to [sleal pdth intensity

. bt aj ned. e odi hent s n r.der .
variffe 3 CHAE i 8RB toefBF I BTBCh "omRRERENY, B purast raio
defitidf dseforow s wirdr¢I S isathe nianpaluesiof heautrbrtetsibek ahdlfh is the mean of a

750). Based on the conpari son of the one or nore

blockcpptainingcibe dgq Riselp ysedia obkinas Biedliffesenetwalugse ond

debl ocking filter is selected (760). [0038] The

threshold TD generally depends on the | um nance and

can be set for aheadasf(uctimp/thor different systens

and/or different types of images. In one enbodi nent,

the average of the nean val ues of the two nei ghboring

bl 96k §a1B YT BRarpestoaso I threshol d TD. _
Alternatively, the threshold TD may be the difference

i nFutibermoan iv aheemboflimans thewdiffenesicgviabies hgtwsien dhise edgrepixels of
threshold T al so .be optim zed, t eal, W
the R ETIRpInd BIFRY % 0 SRF SoEE TR e g gt o of

the @fféftned valGeParepeedierohan TD) atGaussianfil@bis debdcked. Neheled three of
as follows, where pc is the nean val ues of the current

the thyes clidTermrreryaluss @rresrpiamthan TH . a1 BRINE Gavssian iHiprihesed on six edge
pix BN 5 ol gl SFESIGE WAL, g v
TD, ther] 8340 péiur Gaessivor flteri is wbd oanfoor edgnpixetshef the two neighboring
blocl(élg.f ff %Elg r(])? tehevtﬁlelé %?ffebrgrgcvéev%]uets ri]sr gergatgrd t%gn Kijlg(,(zllnsavccz)rfaging filter is used on
two edge pixels of the two neighboring blocks.

Referring back to Figure 2, processor 250 can therefore determine whether
deblocking is necessary. As discussed above, processor 250 can also select, as the system
allows, different deblocking filters depending on the characteristics of the neighboring
blocks. Thus declocking filter module 240 may comprises one or more types of filters such

as, but not limited to, an averaging filter and/or Gaussian filter.



[0042]

[0043]

[0044]

[0045]

the two nei ghboring bl ocks are obtai ned and conpared
with threshold TD. If at least two of the difference
wo 2004884125 € greater than TD, a Gaussian filterP@CBUS2004/008287
selected. Nanely, if three of the three difference
val ues are greater than TD, a six point Gaussian
filter is used on six edge Rgixels of the two
nei ghboring bl ocks. If two of the three difference
val are greater t ry 1RO -
bR PcRflostd By YPCL ot IR} beimplemented by
ABSBCUhbOshp@ssitn eekfiquéd uang ABSDCE \mhrr&ﬂt be f(feect'rﬁj’ﬁ:dalsmg a block
val ues is greater than TD, _an averaging filter is used
sizec{ 1Gx46 m@%é disaerallypraghefl thiolUAERENS A fGreRtaRee components is
pass&ﬁ 0¢ :l'%)lo@ﬁ a8 @%? 5&]&@?} Fipy e%ﬁ%o OGRS A skodn fiffigures 8A to
ore etern1 e et ng I'S necessary.
8D, /hsl@dlﬁclhlssleds plesstaed oo dteebisck i&lagem valiso osdelre tte, inzape samples
system all ows, Slffe nt debl ocki.ng filt

withifp Sl B b etk 30 girasiet BT PG COmPOTIE Stit REls phgata for DCT
anal?&x@c@ne 16u3 Beql R gﬂgd td bttt sREshE 184P8XBDCTs are applied to a

onpri ses one or types of filters such as, but
secandtordéringt &6l 4xé DGFs av@palqurtg afthird @rdealme/ ard @h2s D&T's are applied

o LR oL TR TSRO0 OORERT, 8L

ima@e sbutd. e Rk @k DCT P@Mﬁne@omgte@ﬁﬂhennﬁg@h n@Ueergy tends to be
%ﬁlng ABSDCT will next be described using aﬂ%loc

conegnirategfin a s B seaficietgneral |y, each of the Iuninance
an 0 c
: n?:é)? eaf\;gé(rqe ‘rf](gctk %ﬁ%‘ﬁ&f mtisblog'k tﬁ@ﬁ%ﬁ doﬁlﬁdtacoglggz?&ts are analyzed to
detesiiinernthé AumbeusfetsitsSibqiiced tB@ncadeltbix bl:bchldmskb-lbskoqkr éﬂ&nt e block or
to the block interleaver, which orders the

the corppination ¢f wh ‘h‘o?lf§et 6eaBires e keast BuraP%oqfclatSbthgdeaﬁthosen to
repr%%)ﬂ({gg%' ﬁa e kﬁopgxgﬁélé‘ &0 8L Tub-B1dRkY S8 4xmﬁb blocks, and

ed to I'r st ordering, four 8x8
eighbCX2 sab-blaakp lniaycbet chosen gerprederdrtbie imagg, segtenk 4 THETBosen block or
re .applied to a third ordering,,and 64 2x2 DCTs are
CO’"%BBF‘PEB* Suc%‘blﬁolfso‘ﬁ Flfar‘? ROPREEY aﬁ@ngeﬂf@ - oper at i on _
I edteqPankfPmED béfikich R4S @ﬁﬂ?%d‘ AHaahe Modkort the coh®B@Bon of sub-
source. After the DCT is performed, nost of the inage

blooks cfieafepeasentgihet émage segment leome@mdr atldapsj heg bﬂ@\k/ BT assignment
1nf008etf1(%l: éfrrg:tl){se}%er{t? 3lll{pck £1zé %%9 wl?th%czﬁ r?)ﬂldbl%@ 1s %ed)erated For

rans OI‘ﬂ'Ed I Cl en S are ana

the 16x 16d@4te HIacke ABSD O ésdihiak gehéfates emtal k@il as P@Ddﬁomanon that
t he bl ock or sub-bl ock. Then, the bl ock or

repressitsi Wathlegk sire asnemnenteithin the rlééﬂﬁ plogky h“éhq BQ& information is a
vangl%ig‘%‘fatrwﬁ h g’dt% %n@ﬁes%%&d% Jvﬁat%?f%ﬁgp éBQl%f’%PE i%‘ﬂl\h&% The R-bit
I'mage segnent. For exanple, two 8x8 sub-blocks, SiX

of tHEXHQRUTEID kepdstntsantibtheitliihl 6x36 Dlcokbis bhitsditigedrinto Peur 8x8 blocks. As
chosen to represent the i ly,gée segnent. The chosen

show aeRigyre 94 ofithenfa itdn ‘O the ok reiarias whole i this ses ng further PQR
infoRhAFHAE GebdtdndShe PQR field is only 1 bit long. If the R bit is ‘1°, then the 16x16

block is subdivided into four 8x8 blocks as shown in Figure 9B, and at least four additional
bits will exist in the PQR field.

The additional four bits are referred to as ‘Q’ information. Each bit of Q denotes a
subdivision of an 8x8 block into four 4x4 blocks. For each bit of Q that is set, four more bits
of ‘P’ are present to indicate if any of the 4x4 blocks are subdivided into 2x2. Accordingly,

the length of PQR data can be 1 to 21 bits long, depending on the block size assignment



[0046]

[0047]

[0048]

[0049]

[0044] The transformed coefficients are anal yzed and
the bl ock or the conbination of sub- blocks to

wo epresdant t he i mage segnent is sel ected. ThusPCT/EI82004/008287
bl ock size assignment information that represents the
bl ock size assignment within an nxn block is
generated. For the 16x16 dapa bl ock, ABSDCT technique
generat es data known as PQR i nforrrati on t hat

withbr' @lgﬁ%e%élolg%?l cl?]\f%g)lf(ﬁg Oﬁ% 1§ su%lam ed \épbe}ngh%P{Qlﬁe ép@ﬁmjaﬁon will be
21 Wigd an al@ggtﬁesq:ﬁglh@SIGA?-WEﬂbw§X§0€rm eaarih Ped GofblRCH6X B6 blocks with
subdi vided. The R-bit of the PQR field represents

corrggpendiag PRRedat®x 16 bl ock i s subdivided into four 8x8
bl i t
i hg‘%g rdu@? eeﬁ%?%@c%g&&?%ﬁﬁd?ﬂngd {;ugélgg%l% o? s}ze%§x8 QX4 and or 2x2

dependfn@r srbghe @Bsi griméra egisatoan dTHeheitEdgR foi smbdivide anhxn lilod:k‘ ts the block
long. 1f the Rbit is "1', then the 16x16 block is
Van@ﬁﬁ&?@ﬂﬁ@ﬁ'into four 8x8 bl ocks as shown in Figure 9B
and at |east four additiaqgnal bitE Wl existzin the

POR 11 g [ 0Bt The 107 v ona mﬂmy

referred to as tion f denot es
a subdivi sion of an 8x8 bl ock into four 4x4 bIocks
For each bit of Qthat is set, four nore bits of

I LSR8 4 ey o o

varigitk af gRnxnebldck éxcaddshd éestalmoihgssholdp eHede ,ne block heabkackave values
~size assignnent WO 2004/ 084123 PCT/ US2004/ 008287 9
in thgjranger{O¢ HE31 borpel (hbib amags fThuethy image 151dbded igto 12 bins and a set of

threﬁ'll(l) | ¢ lggg f&f R&h bietdr (Bch RO B Ret ! {Al&e tl?ezﬁlrpéh‘bfds may be

engt I gure 10A-D shows so exanpl e
deteﬂrﬁmﬂ:& Hal;em:lm thd statistiosrcodleped drony aPQiRnblet of. inid@eAfddmes of different

rd| ch .bl ock . be di.vided i nto sub-Dbl ocks
typet Adypid Biksolazet s SV BRSC 1ddpendi ng on ¢ he
asgy %ﬁ‘ﬁ[‘ﬁllt&&hﬂe@ bh @i‘amﬂi@ Prédesd £I009Br %&eﬁdﬂﬂ@'t?fé ﬁ%_RQHformation for
nxn block is the block variance as follows. 1 1 N1

a 161<lmmo¢kr zs Sl‘lOB{nocEOK/aaqhahbek ~thp| rE@nz(ahun)md |viaﬁaE>@(m61)is obtained
| er S

a1ioande qianas o i orstel s &6, SbpBotife “piiBple 16 for the

corr¥spohdifg encdh vhlve (DKIB)DIIPGK aKERRAIE | RisGRE btater thuhahiehsld T16, the
Here, the bl ock nmean can have values in the ra

R vaiw@itm BQRadamLStfﬁt tolmﬁgiet e PrAgess ande (i 17AY e0ﬂ§r\ul|sw%é value is set
to lI {ltlg?)lzTE% o Qrg:lgo?SQ)et on en%)héf} AﬁhtﬂLtQ% {Ga%eﬂftg)gﬁg% oﬁﬂ@four 8x8
subtlecks dete Bmag eltbvra se &Figure t9Be asd a:hd:}stvam:ahce ov $(e)ctse«:brﬁpanﬂsd with the
appr%pgzlilte t}?rresho(;cld Tn%qg d];{e%[rrnense t?le dj Ivgl];gsr or the PQR data (1130 t0o1140). If a
variance V8(i) is not greater than threshold T8, the corresponding Q(i) is set to 0 (1145).
Otherwise, the Q(i) value is set to 1 (1150). The variance
Va(j), {j = 1 to 4} is then obtained for each of the four 4x4 subblocks of each 8x8
block for which Q) is set to 1 and each variance V4(j) is compared with the
appropriate threshold T4 to determine the P values for the PQR data (1155 to1165). If
a variance Vi4(j) is not greater than threshold T4, the corresponding Q(j) is set to O
(1170). Otherwise, the Q(j) value is set to 1 (1175).

Thus, the PQR information may be generated and used for deblocking in image

decompressor such as image decompressor 200. The PQR information is used to determine



[0050]

[0051]

[0052]

[0053]

types. A typical threshold set is shown in Figure

12A-C. [0048] Figure 11 illustrates an exanpl e process
wd 1@d/0841e3 generating the PQR i nformati on for BCL/6S164/008287

bl ock is shown. For each bl ock, the nmean val ue and

variance V16 is obtained (1110). The variance V16 is

conpared with the appropriatﬁ%threshold T16 for the

correspondi ng nean value (1115). If the variance V16

e B Sl G CAREA, S S iy Shah e i
size @hd @febfiger tRdTPOR dode UTiduse $£khowPanleXakipd®procdsi€ 400 for processing
variance V8(i), is then obtal ned for each

i =1to 4
imaggs qORPTeSed USRg j\%ﬁ@@ﬂo@%& I‘)@BUF@ 13 shewsHbeuyarigblejdgfipision used in
proc%ﬁ ~each variance V8(i) is conpared with the
appropriate threshold T16 to determ ne the Q val ues
f oWhdnedeRORilag svhetheBAetlodkidDfilterli§ taabe wad ifamno® néBshibpring blocks,

the R RloaMadon Ripttian b rach Blone {7100 T ik BT Pipeted rsager than 3
bits f(ﬁ&lﬁ),othl frddeR0 endsT NNaKRIY, A b are hetlalalggg% Ecﬁ ls)élz)s?ixﬁvided and

en obtai ned for each of the four 4x4 s
deerset o ®n&ain buifficlent edgevinfarmatpn.) Otlergése, ifene ofitlk B@BIDits is greater

vayr.i ance VA4(] i s.coppar.ed with, the opr,i )
thary ShEAGFa Dot b RS REY S St St 5 L EPRDIRHELS  neither of the
PQHRIBftRis(ghdhér thel 5HHB) thed Hifferentaviafies @1 Ve hnd 83 aRQdbtained (1430). If
dl gzreeater than threshold T4, the correspondi ng QX

and @3 ge greptergan thrasboldi 19 thermed @pjny Gassian ﬁilserjé\)%vsles@n {x1,x2,

1 U 1 P ' ' .
. B3 L H08Eh T 4T IR TR, e 5 o
Gaugggnfiferds sised srughl, a2, i yinge} deeidrmdelisoy. BQN. is Freatd?@Rin threshold

information is used to determn 004/ 084123

TD. ety 3 JS2ORUNGOBEETE fﬂtﬁréﬁj@%@d@aﬁe‘inﬁm A hwd lf@é. The
gr q&l@ ce%(shﬁlO_@fjﬁ’ﬁ ethoeﬁn% i Ot 1fnifedto QG kayveltagﬁl gHIRE bfd/or Gaussian
t he ocC size and the longer the PQR cod€. "Figure 14

filtes hBasowfilexampy be psaslosbe thatibe faveraging fdtes amfjor Gamgies.

conpressed usi ng .AB and, Fi gure. 15 shows the.
v arp e A HPFinR Tge Ao 3H5RELL5a HBGETEBRGH) = dhapmpressor.
AccOffify AHif@sWhey Bersi a‘ﬁﬂyid@iﬂﬁﬁﬂehtaﬂﬂ_tﬁéS visQalDQuaUSesf an image is
for two neighboring blocks, the POR information'is
imprayedi nddtef that evidle @gbdedkingl Ailtey madule@dh ipQRowNtte be emplemented

- h j . .
G Bl B T, A 0 MECB 8858 5258, g mbinain

of déBlRoKfg et Pivdalen240)fifivezsecWB SBUYE modlifer 260t arhprocessor 250 may be
- Oherwse, if one of the PQR bits is greater than 5
implgmegtedgogeiReTpoi nt averaging filter is used on {xl, vyl

} (Aglg'&oth@ngml}%ﬁ‘)entsl Inaﬁ eid hﬁl?) eHentdd®b F}g?d\blugs sbiéware, irmware,
greater than % I'ts, then él %erence zal ues dl, d2 ancf
middiBwaree mistarodedof hd$ombihatiodl _thecbZ)fan Wied impienyemaqi én software,
firmfyg% ngn 5]{%;2% grxgg_rl%roéo g’n thzé1 e?ergconltsn E)f t%aeuesm Ioacli?m{:rlltlatrée {heI [SQ*’rogram code
or code segments to perform the neceséary tasks may be stored in a machine readable
medium (not shown). A code segment may represent a procedure, a function, a subprogram,
a program, a routine, a subroutine, a module, a software package, a class, or any combination
of instructions, data structures, or program statements. A code segment may be coupled to
another code segment or a hardware circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents. Information, arguments, parameters, data, etc.

may be passed, forwarded, or transmitted via any suitable means including memory sharing,



[0054]

[0055]

x3, yl, y2, y3} (1435 and 1440). If dl and d2 are
greater than threshold TD, then a 4 point Gaussian
wo pdoues412s used on {x1, x2, yl, y2} (1445 and AdB0%2004/608287

dl is greater than threshold TD, then a two point

averaging filter is used on {x1, yl } (1455 and 1460).

[0051] In process 1400, the gnbodiment is not limted

to an averaging filter and/or Gaussian filter.

Various filters may be used ot her .thanp the avera
mesyRF B kR Saled B0 U ol 5isBe Bleo i e readble
medirh &y BEDigplemEAed Bod AniclRefinfaueFaiE €6k hse iA a computer system and

deconpressor. Accordingly, artifacts may be
maydjaye nfacian readable cpdamensambodisd i ithaiein. qual ity of an

i i i : i acki fil .

rodaradiBqy FREGHEHe HoRirhoH ndtl e JERABESLig valfHBE block size
DCT,nte rdsklovBSDEchiizphe | 8 deScbed ibbye tap ko dgsiaiplédbéhtedimeDCT with
. or _a combination of ﬂe | ocking filter nodul e 24
flxeg cthe

0,
_ Nk sezaypdpSEHChSaEH Aaﬁgogquwsggyldjgogﬁgpt% but would not
usedbrf&l SRl ng'T.qu'laﬁz{d, h80B3h AlrsAmatidie WA B RIS aMB¥e image

e I nplenented by hardware, software, firnmnare,

decampid$senar determing whestier, deblockimyg isnerbssasg footwo heigbbdring blocks.

When i enent [ of tware dr re, mddl ewgre or

i o woBRLE T Bt e e e BinbodimsBH e merely B adare not o
be cBhAka s fiRfAEng Bk iFRAE0S CTAE BEseripQorP8f fhelefibodnents is intended to be
__ necessary tasks may be stored in a nmachine readable
Hlusradyes end ot tos Haiinthe seopegfehe elgiaht Asedyich.che @Espnt tgachings can be

0 u , i .-

readly LA Sy Bher ot R aoBeRHR 288 iy, MhANE ncBificagons, and
varistions svill be apparestaaitiosatkitled inathe kst ruct i ons, dat a

structures, or program statenments. A code segnent may

be coupled to another code segnent or a hardware
Whtlid QYidtedQy: Passing and/or receiving information, data,

arguments, paraneters, or menory contents.

Information, argunents, paraneters, data, etc. nmay be

passed, forwarded, or transmtted via any suitable

nmeans i ncl udi ng nenory sharing, WO 2004/084123

PCT/ US2004/ 008287 11 nmessage passing, token passing,

network transm ssion, etc. Al so, the nmachi ne readable

medi um may be i nplenented in an article of manufacture

for use in a conputer systemand nay have machi ne

readabl e code neans enbodied in therein. [0054] In

addi tion, although the enbodi nents have been descri bed

usi ng vari able block size DCT, the debl ocking

techni que as descri bed above can al so be i npl enent ed

in DCT with fixed block sizes. In such cases, the BSA

i nformati on woul d be generated, but would not used

for actual DCT. Instead, the BSA information would be

used at the inmage deconpressor to determ ne whether

debl ocking i s necessary for two nei ghboring bl ocks.



[0055] It should be noted that the foregoing

enbodi nents are nerely exanples and are not to be
wa@onghgdiexl as limting the invention. The descre¢pUsmN4/008287

of the enbodinents is intended to be illustrative,

and not tolimt the scope of the clains. As such, the

present teachings can be regglily applied to other

types of apparatuses and many alternatives,

nodi fications, and variatdponpvgi || be apparent to

those skilled in the art. Wat 1s clained is: WO

2004/ 084123 PCT/ US2004/ 008287 12 CLAIMS 1. Method

corlor oo aTER0Y ot AREFSi g AEEs PP W BAeKr Biped compression,

conpkigiaks are nei ghboring bl ocks; determ ning whether the
tmo nelghborln bl ocks are both subdivided, if it is

whether two bloeksisreorsighberiagdédckbibor i ng bl ocks:
p_erd‘e% r{ftg%%ptﬁeqk h@gt\&%o“%{bng%é) o%éﬁce ok thh gl‘fbcﬁ’wded if it is

pi xel's WO hei g
detetiained nhay ek dwctilodiatane mlgnmng\mcﬂsl ghborl ng bI ocks are

not SUdeVI%ﬁﬂE 2. The met hod of claim 1, wherein

de PSHATRNS king filisRine i Yiecsr Ak tsiesaNxels of ghepechneighboring

block&afltVd @&Qﬂﬁﬁgﬁ’fh'ats&ﬁh op%%B'nQ% ﬁ&{ﬁfﬂg&s\@é Hgtssuﬁzhwded.

each of the two nei ghboring b conpari ng
variance values to a first threshold and detern1ning

whet her -t he nei.ghbor i cks are both SUdeV
paged. upd HES BEHAE Teuhiten BlRmitibe sl e asieheprng blocks
are BJe sdtidivitled furfpdekd. 3. The nethod of claim1, wherein

det er mi_ni ng_whet her two nelahboring bl ocks are both
sul9atainipR varanep v plsesof etabln af £ tyo acighberinghlpeks;

as ck_size assi gnnent

val%h]g'%@%th%g’lfi ﬁ?nncg \Nﬂ {SL r?sv\B%::’l 8?%hbor ing val ues

ar desrhihing Whetherdthe The nﬂighb@ﬁi)g)lﬁlo@lksairmbbth $ubdivi@dd based upon the
ing: detern ning whether one of the two

Comﬁﬁsgﬁwifhen@r@rl%@uq%o #sitheesholdi £ poth of the two
nei ghbori ng bl ocks are not subdivided; using a first
debl ocking filter on one or nore edge pixels of the
t w3. nei dhbamdtingd of claim 1, wherein determining whether two neighboring blocks

are both subdivided comprises:
obtaining a block size assignment value; and
using the block size assignment value to determine whether the two neighboring

values are subdivided.

4. The method of claim I, further comprising:

determining whether one of the two neighboring blocks is subdivided, if both of the
two neighboring blocks are not subdivided;

using a first deblocking filter on one or more edge pixels of the two neighboring
blocks if one of the two neighboring blocks is subdivided; and

using a second deblocking filter on one or more edge pixels of the two neighboring

blocks if neither of the two neighboring blocks are subdivided.

5. The method of claim 4, wherein using the second deblocking filter comprises:



bl ocks if one of the two nei ghboring blocks is

subdi vi ded; and using a second debl ocking filter on
wo@ow4084120r e edge pi xels of the two nei ghbori neCT/DEmoke08287

if neither of the two nei ghboring bl ocks are

subdi vided. 5. The nethod of claim4, wherein using

the second debl ocking filtergonprises: WO 2004/ 084123

PCT/ US2004/ 008287 13 using a two point averaging

1 4 0GOS TR ofd B R 15 ADRSE g ks

obt ai ning one or nore difference val ues of one or nore
edge pixels of the two nejghboring blocks, if neither

of % he th6 mRhehei RiAYHIIBRR SORPESEELdi vi ded:;
1 (S y; dj r I -
Co%%ﬁlﬂ% onB orlogl;%réj r?lcﬁgs?éerrcee I fIE&T §N6Re YR dée(%iﬂz%ﬁ?l% gof the two

second thresho a cting the secon
neighboring blbakssed neitheid thotvramdi ghboriof bideks ameubdivided e

difference val ues to the second threshol 7 he

et OURBTE W 2P 0B Mo i BFTE REVSbOd Sron BrRahe Hih ¢

di fERERTIC e VRESIRE deBISRMS HRSE bAABY dhNth&Gomphiidoht ofothd&ne or more
di ff erence between edge pi xels of the two nei ghboring

diffesprnekvalues & thgisecandithisghadd. cl ai m 6, wherein the
obt ai ning one or nore difference values conprises:
obt ai ning a second order difference between edge

pi ¥el s dahetrhethbdvof bRirg B) vhiefegn tHel sbtdifing bne Ditendretdiffétence values
of. claim 6, wherein obtaining one or nore difference
COMpHPS¥es conprises: obtaining difference val ues between

th %Sﬁajrﬁﬁggfiﬂ’ét%?ée? d¥ferbile &Weeggéggg EA&HSW glﬂ o ighbBAflg blocks.

wherein ecting the second I ng
conprises: using a Gaussian filter if at |east two of

the di fferenc alues gre greater .than the secon
t hBeshol e THaihiod Al e o MEHETE e, R MAa0E G T gergnce values
compaussain filter conprises: using a six point Gaussian
ilter on six edge pixels of the two neighboring _ _
bl eblesning fa sachad dirdérediierrncey detvessnagdge gpinels enf thhamwot heighboring
ID]ocsiecond threshold. 11. The nethod of claim9, wherein
u%ing a Gaussain filter conprises: using a four point
Gaussian filter on four edge pixels of the two
nei ghbori ng bl ocks, if ) o ]
9. The ‘method of claim 6, wherein obtaining one or more difference values
comprises:
obtaining difference values between three edge pixels of the two neighboring blocks;
and wherein selecting the second deblocking filter comprises:
using a Gaussian filter if at least two of the difference values are greater than the

second threshold.

10.  The method of claim 9, wherein using a Gaussain filter comprises:
using a six point Gaussian filter on six edge pixels of the two neighboring blocks, if

the difference values are greater than the second threshold.

11. The method of claim 9, wherein using a Gaussain filter comprises:
using a four point Gaussian filter on four edge pixels of the two neighboring blocks, if

two of the difference values are greater than the second threshold.



two of the difference values are greater than the
second threshold. WD 2004/ 084123 PCT/ US2004/ 008287 14
wd 2004/08ma23et hod of claim9, wherein sel ecting PEEUS2004/008287
second debl ocking filter further conprises: using an
averaging filter on two edge pixels of the two
nei ghboring blocks if one ofj4the difference values is
greater than the second threshold. 13. Apparatus for
processi ng i mages conpressed using bl ock based
conpression, conprising: nmeans for determ ning
whd2her Thawndohatdfsclaine 9 nehgtiboelengndthecksondndebivekingrfilter further
det erm ni ng whet her the two nei ghboring bl ocks are
COMBEN: subdi vided, if it is determned that the two
bl %ﬂﬁg a8 RS Ing R AW QK HixdIBaNthetRb eidnb6fihd8108Rs if one of
one or nore edge pixels of the two nei ghboring bl ocks,
the difference walua$as greaien drnttheasecbnd thresholdne t wo nei ghbori ng
bl ocks are not subdivided. 14. The apparatus of claim
13, wherein the neans for determ ning whether two
- neijghborypparablsofek prode&ilpointhgss Bsthpresked usREMIdkESased compression,
means for obtaining variance val ues of each of the two
compapigbori ng bl ocks; neans for conparing the variance

val ' : . rm ni ng
wn Rl F gl e BB e AR B RS\ e
baswdns firalktcrinening Whdthes thie tofo ddighbesing diveks w@l hosls shtalivided, if it
. the first threshold. 15. The apparatus of claim 13,
is defgratiqdihatibe R Rockyire AewgBPeR g Mgckthet her two

”eir&é%ﬁffdrrfﬂ%%g%son%r& r{?&% '%dgéi ?&E}éi Jahke Wﬁéi'g tng blocks, if it is
means tor obtaFning a block Size assignnent Val ue;” an
deterramed tHap bothsif ige twrendighboking blek s gsingn suhdi vided. ue t o

determ ne whether the two neighboring values are
subdi vi ded. 16. The apparatus of claim 13, further

CONMI i SITRY apPRARSR JfUaifel B WhebiAAh¥ReiaRE for0MferdinihB8vhether two
~two nei ghboring blocks is subdivided, if both of The
neighberinghlgtksowe hethishbdikisled cempasessubdi vi ded; means for

using a.first .debl ocking filter, op,one or. npre .
or 28t obinibe e St vl Eoh PR e peisBO Gy s
t Wendafs giab@mga@ng)the&&ﬁam& valieslikd/a el thraghdldehd
2004/ 084123 PCT/ US2004/ 008287 ‘ .
means for determining whether the two neighboring blocks are both subdivided based

upon the comparison of the variance values to the first threshold.

15.  The apparatus of claim 13, wherein the means for determining whether two
neighboring blocks are both subdivided comprises:

means for obtaining a block size assignment value; and

means for using the block size assignment value to determine whether the two

neighboring values are subdivided.

16.  The apparatus of claim 13, further comprising:

means for determining whether one of the two neighboring blocks is subdivided, if
both of the two neighboring blocks are not subdivided;

means for using a first deblocking filter on one or more edge pixels of the two

neighboring blocks if one of the two neighboring blocks is subdivided; and



15 means for using a second debl ocking filter on one

or nore edge pixels of the two neighboring blocks if
woeiothgr2df the two nei ghboring bl ocks are subedwUS®d4/008287

17. The apparatus of claim 16, further conpri sing:

means for obtaining one or nore difference val ues of

one or nore edge pixels of thke two neighboring

bl ocks, if neither of the twd nei ghboring bl ocks are

subdi vi ded; . neans f qr ar i the on r .
ai Teu R iyl fadeopd asBRER TR I br ool G RordPagE pixels of the owo
neighturinged] 66K ii Migki thBEofIRE BsIné€l Sl Ridlgi BIGL kb iatd siibdivédedd on
the conparison of the one or nore difference val ues
to the second threshold. 18. The apparatus of claim
17 y2wWhere] =l 1A ope or nore
di#?éreggggmgFﬁgs co%ﬁiﬁ%é@gkﬁggg@gggg’obtaining
di Hfeanefoe @bwuling sndet imeendifferenee edlyes pf owed o robretduge pinels of the
nei ghboring bl gcks; apd wherejn the ns for . ..
two BeRRanngpIaks 1 aEit QA Rl PG Blpckashd ded:

Meaand OF cORbAhANEBHS 8 MBrel difftRhcd fal@ds th@a8tontiWRresHold; and
the difference values are greater than the second

t hmeshofad seletingTthe segypdrdebleskiog fdteaibasetigon thiserogiparisdneof the one
nea a,for uaiQ% Gaussain filter conprises: neans
or Mpgs M{fSTEREE K287 03‘6‘7 WEORLRESS fi1ter on six edge
pi xel s of the two neighboring blocks, if the
difference values are greater than the second
t hd8shollée apparatpseofaglpian 47 usvherein thg metps fohebtaining pee or more

. g .a Gaussain filter conprises: neans
dﬁ&%%ﬁ@igﬁ%%c%ﬁ@%%ﬁ poi nt Gaussian filter on four edge

pi xiedass dbr tdbeaihing differegbdovdlng betoeks, thide tedge gfixdlhieof the two
~difference values are greater than the second ) i
neighbraign §lagks; pand wh@reawg? ADERQS oéorc%eaqcﬂpast!ele viseond deblpgking filter
comPE@Rs for selecting the second deblocking filter
urther conprises: neans for using an averaging filter
onnieans fotgsing x Gasssoin filker if woleasti tylobafr tha gliffidrendesvalues are greater

h oge of 4R$%§i ference values is greater than the
thanac iqan RSt d. WD 2004/ 084123 PCT/ US2004/ 008287 16
22. An article of manufacture for use in a conputer

syst em enbodyi ng a bl ock o
19.  The apparatus of claim 18, wherein the means for using a Gaussain filter

comprises:
means for using a six point Gaussian filter on six edge pixels of the two neighboring

blocks, if the difference values are greater than the second threshold.

20. The apparatus of claim 18, wherein the means for using a Gaussain filter
comprises:
means for using a four point Gaussian filter on four edge pixels of the two

neighboring blocks, if two of the difference values are greater than the second threshold.

21. The apparatus of claim 18, wherein the means for selecting the second
deblocking filter further comprises:
means for using an averaging filter on two edge pixels of the two neighboring blocks

if one of the difference values is greater than the second threshold.



based i nage conpressing system said article of
manuf acture conprising a nmachi ne readable nedi um
whaninogiizachi ne readabl e code nmeans enbodi ed | PICHESIH04/008287

medi um conpri si ng: machi ne readabl e code neans

enbodi ed in said machi ne readabl e nedi um for

determ ni ng whet her two bl oclks are nei ghbori ng bl ocks;

machi ne readabl e code neans enbodi ed in said nmachine

readabl e nmedium for determ ning whether the two

nei ghbori ng bl ocks are both subdivided, if it is

deper m pgdartibidtof rhidifictdre TbOakeSinas @ompu@hlpitérm @mbodying a block

bl ocks; machi ne readabl e code neans enbodied in said
basedamAghHeOMRTaLHN WsieRY Stihartile of mapwlactue mRIHiNgR maghige readable

e R O ISR ke hpone
ar enaohine stebdtible dede m&ins Tamebarlidd ol eailf muehiné achdabde afiedium for

claim 22, wherein the machi ne readabl e code neans for
deteringent hithe twa@lq?é? WIE%QPQ%BPF% bl ocks are both
SUBGLing 6a@MIP cbd€ SheanSBHB e d GRAGR FrabRAE fB&dble medium for
enbodi ed in said machi ne readabl e nedi um for obtai ning
detesnginingneletherl the swa heighlgdringfblodks arenboth subdibisled nig itis detesmined that
machi ne readabl e code, neans enbodi ed in said nachine
the tw&&&%&w&&&wggﬁmg%npar! ng the variance values to
a hiathihe tRAGHNOIcHde aRchnEBGBIied aRdaldl maeRide MBddble medium for
~enbodied in said machi ne readabl e mediumfor _ .
filterdeg e oneion gnark edere pixekeofithp tweingtghbeningblerks ks itdp determined that
bdj. wi . npari son of the
botn 7 it SHF e e BRRRR oL b aRiaBETENY °04 “ne

article of manufacture of claim?22, wherein the
machi ne_r eadabl e_code neangﬁfor det er m_ni ng whet her

t h
t wé3nei JHBAFHHG ObMAERECHIG Ob S13HM S A NFTdR 4 BIFphing ggadable code
B O S
v almaehineneadabidicnde mesaa bdnebasipatie invesaits mehiodi wddable medium for

sai d nachi ne readahl e dium.for usi the bl ock size
obtafpag A VTR o e PH REETMSRORe. o

neZBRRIAE | REdILM Y68e 3h&ins SeAMHYd @l .salOnIRiME OR4dabke medium for

PCT/ US2004/ 008287 17 25. The article of nmanufacture

compdring the wadance valuehiora shibrdsboldgandrachi ne readabl e code
nmeans, enbodi in i chihe 1€ I i.u f .
AR TR SR A o

er one
detetnBinfigb eihéihde dhe itivobadiBhisdrinighBlobk® are both subdivided based upon the

comparison of the variance values to the first threshold.

24. The article of manufacture of claim 22, wherein the machine readable code
means for determining whether two neighboring blocks are both subdivided comprises:

machine readable code means embodied in said machine readable medium for
obtaining a block size assignment value; and

machine readable code means embodied in said machine readable medium for using
the block size assignment value to determine whether the two neighboring values are

subdivided.



nei ghbori ng bl ocks are not subdivided; machi ne

readabl e code neans enbodi ed in said nmachi ne readabl e
woreaiosaibor using a first deblocking filter oPCDIS2004/008287

nore edge pixels of the two nei ghboring blocks if one

of the two neighboring blocks is subdivided; and

machi ne readabl e code neans gpbodied in said machine

readabl e nedium for using a second debl ocking filter

on one or nore edge pixels of the two nei ghboring

bl ocks if neither of the two neighboring blocks are

suldj vi dgd artitfe ofhendidtinelof cimZRNfthet congpriding| ai m

25, further conprising: machi ne readabl e code nean

erbaiiog Teadable GofecREine SRBRAE N rigifl chi9e readable medium for

detefe}g{rglgﬂ ggfwﬁgﬁhgxn S?é’ BF] WY v hlil gﬁf?}cg-ﬂ-fl‘%ebl\ﬁé‘iég{% cul%th v‘i’&? ;‘? the two

e two neig
nmgb&nﬁﬁﬁﬂb@nzmenghhbmwngdblocks are subd|V|ded nachlne
readapl e cod S enbo chi

n saj ead
e hagping G?adagliﬁﬁ:ﬁg ¢ M5ans $18 qgiheéi igs %c efrpé(fagﬁ.&@e(%um for using a
flrst\ﬂéi)llégﬁng%lt@r 8£ 686 bFe&le ﬁxel@@ﬂhmah Bghh&AHABIbEKs if one of the

code neans enbodi ed i n sal chi ne readabl e medi um
two heighbayaizgddocksgs subdliydeaband debl ocking filter based on

the c t he on e.differenc

L0 MRE e AR e DRGSRl Eoic el for using o
secon@AUbIREkiHE Eilef of bAé Bt Rbre ¥dpRITRkdls bhde TRE MeipBbo@@EIBloLKs if neither

code neans for obtalnlng one or nore difference

of the4waasichbppng blesks araswhdiddedadabl e code nmeans enbodi ed
in said machi ne readabl e nedium for obtaining
di fference val ues between three edge pixels of the two
ne2ghboMhagrtilockeanadndurewti efaiinr25) fuetheoctesprsing:

selecting the secqond debl ockipg filter copprises: .
ra&Kchiger radehl &0 Bdéear?éaﬁgg%‘ﬁ%bd'i‘ ¥iq maching 1ragehlq gmedium for

obtafn‘?ﬁ'éj tM &r HFO% Hmefr&{ce U«%lu@@ o onCBH ARFABdFel pik&s of ftheattwo neighboring
[ east two of difference values are greater than

block$ef sathendf thh rt\ee heilgbiborirgghlodksarasubdlidedof nmanuf act ur e
rea bl e, code

th )
7 o 5B 498l Sl rmpiie; GRBRUEIT ST RB 380G Jedium for
comﬁﬁﬂguﬁa QQébQ%?@&ffeﬂe%cmhém arsemtth@smdearﬂeans

nmbodi ed i n said machi ne readabl e nedi um for usi ﬁ
S| mnglinm regdapde i cgde fngansr erpbodied iRdigid paaghing erdatle medium for

seleétﬂ% ﬁ8 rde clgh ?llft%f béSﬁd %H h J(::ﬁnfl%esgﬁ_ﬁf th\éaclny, qﬁ‘ n‘?({)r difference

cond F 8SHOI artirc
valuﬁﬁtwhasédah&tlﬁésmﬂcal m 27, wherein the machi ne readabl e
code

27.  The article of manufacture of claim 26, wherein the machine readable code
means for obtaining one or more difference values comprises:

machine readable code means embodied in said machine readable medium for
obtaining difference values between three edge pixels of the two neighboring blocks; and
wherein the codes for selecting the second deblocking filter comprises:

machine readable code means embodied in said machine readable medium for using a

Gaussian filter if at least two of the difference values are greater than the second threshold.

28. The article of manufacture of claim 27, wherein the machine readable code

means for using a Gaussain filter comprises:



means for using a Gaussain filter conprises: nmachine

readabl e code neans enbodi ed in said nmachi ne readabl e
wore@iosaibodr using a four point Gaussian filtepCcDnsfooun0s8287

edge pi xels of the two nei ghboring blocks, if two

ofthe difference values are greater than the second

threshol d. 30. The article ofg manufacture of claim 27,

mherein t he machi ne readabl e code neans for selecting

ﬁhéﬁﬁg ?éjadgﬁg ch&&fn@Ql énlll;o%fedle 51*a%ac%9{l€%m%% medlum for using a

i ne rea |'e code neans enbodi ed i n said nmachi
six pmﬁdulssaanédueu on fsor edgsi pngels af thevisvoangi glibofin thdwckenif ttl\mdlfference

i xel s of the hbori ng bl ocks if one of
Va]u’f’sh e@ efafeérﬂéaﬁ‘c%es‘??gpégge ‘greater than the second

threshol d. 31. Apparatus for processing inages
conpressed usi ng bl ock based conpression, conprising
a @9oce§"§;g ram;crbﬁbf quanatictuge @& rckimm e whisegiméhe maphipe mﬂdgble code

f g %EBQO(¥S and_ to determ ne whether two
meaps °§HE‘8 N “B?a CTAPEPLSBdi vided if it is deternined

t hadachiRe réadable RbaCkSarl eentilictiB QhidHadhieGksdabR medium for using a
debl ocking filter configured to filter on one or nore

fourcngije ausaipr fider op efO‘#f\A%igermeéﬁ 96 theny oneightwring blpgks; ¥ two of - the
t e two nei ghboring
dﬁﬂbﬁ%ckghgggeﬁggthE &gﬁéeﬁa?ﬂgg“ﬁﬂe apparatus of claim

31, wherein the processor determ nes whet her two

nei_ghborj ng bl ocks are divided u5|ng bl ock si ze
éagnnéfh? RS PhaangiRctuge 09 apAErei thsy mashipgrepgdable code

a
e o P e %aﬁf’r‘%g%‘éﬁﬁl‘ﬁﬁﬁ"%‘&? Bl Var i ance

vamaekinefreagable dotic)mcans_embodled in said machine readable medium for using
an averaging filter on two edge pixels of the two neighboring blocks if one of the difference

values is greater than the second threshold.

31.  Apparatus for processing images compressed using block based compression,
comprising:

a processor configured to determine whether two blocks are neighboring blocks and
to determine whether two neighboring blocks are subdivided if it is determined that the two
blocks are neighboring blocks;

a deblocking filter configured to filter on one or more edge pixels of the two
neighboring blocks, if it is determined that at least one of the two neighboring blocks are not

subdivided.

32.  The apparatus of claim 31, wherein the processor determines whether two

neighboring blocks are divided using block size assignment information.

33. The apparatus of claim 31, wherein the processor determines whether two

neighboring blocks are divided based upon variance values of each block.



