SYSTEMS AND METHODS FOR | MPROVI NG THE QUALI TY OF COVPRESSED VI DEO SI GNALS
BY SMOOTHI NG BLOCK ARTI FACTS TECHNI CAL FI ELD This disclosure relates to

di gital wWvdeologiogssal s and nore specifically to systens aod/asodddesssor
improving the quality of conpressed digifal video signals by separating the
video signals into Debl ock and Detail regions and by snoot hi ng the Debl ock
regi on. BACKGROUND OF THE INVENTION It is well-known that video signals are
represenfed by | angd BV A METRODSEGR IMFPROYIN G THFQUALITY QRpunt  of
digital data regipRESSOD VIDESSSIINAEY BY SNTOOHIING BYOGK NFOrIFAG S.
Digital video signals consequently occupy relatively | arge bandw dt hs when
transmtted at high bit rates and especially when these bit rates nust
correspond to the realtine digitaﬂﬁgggﬂgA%i E&Ps denanded by vi deo displ ay
devices. In particular, the sinultaneous transm ssion and reception of a

| arge nunber of di sthifgkcl¥dueRlasds dNdikial vaNE kighalS hdcasepdcIRbilPRSyabannel s
as cable or fiber, is often achieved by frequency-nultiplexing or.

time-mul ti plakmsgodniesBnprpiesthsiqg#y ef omprey ctlgiéé vidppapignalyhy sspatingbl e
bandw dtils i - i ' i ¥1.6Hot i ata are
typicalﬂg et é§§§5%§%§%H§ggﬂgﬁg?gﬂg%@9%§§g§£§§§§npﬁhgggggﬁﬁgﬁ%ggggg files
according to internationally agreed formatting standards (e.g. MPER2,
MPEG4A, H264). Such files are typically distributed and nultipl exed over the
Internet and stored separately in the digital nenories of conmputers, cel
phones, digital video recorders and on conpact discs (CDs) and digital

vi deo di scs DVDs). Many of these devices are physically and

i ndi stinguishably nerging into single devices. In the process of creating
formatted nedia files, the file data is subjected to various |evels and
types of digital conpression in order to reduce the anmount of digital data
required for their representation, thereby reducing the nenory storage
requi renent as well as the bandwi dth required for their faithful

si mul t aneous transm ssion when nultiplexed with nultiple other video files.



The Internet provides an especially conplex exanple of the delivery of
video data in which video files are multiplexed in many different ways and
over nanywai2bfoenessvy channels (i. e. paths) during their pdo20@dechs
transm ssion fromthe centralized server to the end user. However, in
virtually all cases, it is desirable tha?, for a given original digital

vi deo source and a given quality of the end user's received and di spl ayed
video, the resultant vi deo BAKGROUOIPOEIEEINVENHONsal | est possi bl e
size. Formatted video files mght represent a conplete digitized novie.
Movie files may be 2R6l5th A ASTRALS afeQbnr b b Al Sl Rh@6r fRflaVi Wi ng
inreal-tine or forfsi?%%?%gg&?ﬁx%%&l%sg% r%%gr cﬁrng ev?lc?ee suc%l as%g?gi t al
vi deo r ecor dietasreldfige td the @nownit efmlipigpl idata resmired forrepres€ontprtesieingationfor ko vi deo
conponent of.these.video files therefqgre not | onserves,. bandw dt h, for
Che’ pur poses iy Piallfiides R PhFal SoPL pilidviRe BRI R R
required to tshanigedaudhightiviaes bind @peciadly e tee€Bit xa@ss naRtcddfesioné to the real-
abovenenti oned ¢o i cation channel s, ~singleuser computing and storage
devi cesq[}a?ret‘t"ifdﬁ%‘g‘.ﬁr?{‘}e%%‘]‘ ghanggdbyey ‘Eel")f{-l]‘%saé’tdfw{i‘fs' exanpl es of such

si ngl e-user devices are the personal conputer and the digital set top box,
ei ther or both of whighicakhe tﬁ@/@hﬁl@dnbyusamhm‘@simgedepdorthﬁatlgtge ﬁmdlladts)er' S
vi deo display device (e.g. TV) and input-connected, either directly or

i ndirectly, %fsan%{ Veﬁcepétgnéwff Sugh STRPBRIEIUERS CapIes 3sicAdle of fker. icafite Tv) .
Typically, %B&i@ye@%?'fﬁq%n@&thfuﬁﬁﬁ@dﬁ% O tﬁ@t&hlﬁ?leﬁﬁg He8IRaQS sigfaRlin WaBrhat

mul tiplexed digital video signals and is often Input-connected to an
optical fi beharegislagailahigtbapdiyidihe én thpsanicss pegmppigdtiopiclewelsi gnal s from a | ocal
di stributor of video programm ng. Enduser satellite dishes are also used to

receive jgroadcast VHEan.sL RS alBFHEDAY hBEIRDLIHIR TR @YdheVddem Signal s
that are delivered via terrestrial cable or satellite, end-user digital set

top boxes, dormaHed medig oy atcenting tognternpyqrialapgryed fomntting standaidy &.aii gi t al

vi deo signal Eﬁ@j t L {: ' - [ be
viewed (i. e.mE e sl%lq%:(zf ll}gghll' \ﬁ%ﬁgﬁ%e#ggkéwqﬁgg?tgd#ﬁ qﬁ“ﬁé@ g}zetdroglﬁllstgnet ted

di gi tal vi déwesiigmals®rarsepadttiynn the deptpbmessed of bgnguadrs,feall piatnss, aigitat her ef or e
must be u NCQIRY FR3eLrs'aNd b g‘cl)rﬁg)a{cp&scasf(&ﬁg) arnﬁ%leg[?t%i \S)lcrl]eob(}{scts %%I?sr)-ldl_\/ﬂrsl}? <r)f these

20 devices are physically and indistinguishably merging into single devices.

In the process of creating formatted media files, the file data is subjected to
various levels and types of digital compression in order to reduce the amount of digital
data required for their representation, thereby reducing the memory storage requirement as
well as the bandwidth required for their faithful simultaneous transmission when

25  multiplexed with multiple other video files.

The Internet provides an especially complex example of the delivery of video
data in which video files are multiplexed in many different ways and over many different
channels (i.e. paths) during their downloaded transmission from the centralized server to
the end user. However, in virtually all cases, it is desirable that, for a given original digital

30 video source and a given quality of the end user’s received and displayed video, the

resultant video file be compressed to the smallest possible size.

Formatted video files might represent a complete digitized movie. Movie files

may be downloaded ‘on demand’ for immediate display and viewing in real-time or for



Most net hods of video conpression reduce the anbunt of digital video data
by retaining only a digital approximtion of the original unconpressed

vi deo si gwel2oi@omssequent |y, there exists a nmeasurabl e dipCrarensootsween
the original video signal prior to conpression and the unconpressed video
signal. This difference is defined as thé video distortion. For a given
met hod of video conpression, the level of video distortion alnost always
becomes Par géragadn eeussmpaendingfledesastich as digitd oiior esseldrsyfodbterdatrdng is.
reduced by ¢hgosinng different parameters for those nmethods. That is, video
di stortion tenglglt'o increase with increasing | evels of conpression. As the
| evel of video conpression is increased, the video distortion eventually
becomes visible to €ompiessieroiviesyidm oypvem (HS vaied fibs direrefateingt dnﬂy;s1

di stortion visi-hl y-obhjectionable to th ypj.cal. vi ewer of the

eal 11 e v e O B b REORGrEs bt § LG o sl | o
observed as n@nsoy eghir@ioatord fuab inoviArfilar ti fact i s observed. v! deo content
that is interpreted by the HVS as not bel onging to the ?)I‘Igl nal _
unconpr egsed vi deo ne. Methods exist for significantly attenuating

vi si bl yﬁgbj ecti onabﬁi get %Fetcflf’gc%ng O? f'hS%L%VSWSW&’%gOWH%‘Ef,‘“O&CPWé‘FIS _ gtleng or
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t hat enpl oy the. bl ock-based Two-di nensi ona 2D) Discrete sine Transform
(DCT) or ap;# ST HREICORET THICPRYF heRrspie comPYtgAing e dital ot Ep bos, qithers

met hods as B6h-d78&Rd-ard HpR MG EASLSanch¥d fAthe LiLuEPSTia¥d SihyaRiegst i onabl e
artifact is the appearance of artifact blocks in the displayed vi déo scene.
Met hods exi dtV) b IRt e@Rneatqdnejthendirestly pf ndireadly.de kevitegsopnek fipiridiitioreqabley )

sear chi f he . r L1 L f.Where they
are Iocg? edgih%&%ag%dh??g?fe ? &%ﬁﬁ’éﬁ@wgg%g&ﬁg{eﬁrﬁ?ﬁ&%ﬁ%ﬁ Se(ﬁﬁ%éti\?%lge t he
appear ance ofultifileie digitalyjideotsignalalh@isarften fnpot ®nhsteisp en bptidalfilshr B4lilethht  f or

t he wi del y- i case .where e videq data has heen previ.ous

conpr essed g%g‘g%téggegrrrﬁ?tgglsvelm 5 n?i%%%)gla ?ag dfsﬁéﬁltoéﬂiél,aeoo?m%ﬁmng't E’r‘\gﬂiﬂs been
previ ousl y nersitdlée,dishes fronRatiteddo iceie@bohddaa-~vides 8lEnalEOWhekan@e end-ded €0
data may have P)een

employs Vldéo selgnals that are delivered via terrestrial cable or satellite, end-user digital set
20 top boxes, or their equivalents, are typically used to receive digital video signals and to

select the particular video signal that is to be viewed (i.e. the so-called TV Channel or TV

Program). These transmitted digital video signals are often in compressed digital formats

and therefore must be uncompressed in real-time after reception by the end-user.

Most methods of video compression reduce the amount of digital video data by
25 retaining only a digital approximation of the original uncompressed video signal.
Consequently, there exists a measurable difference between the original video signal prior
to compression and the uncompressed video signal. This difference is defined as the video
distortion. For a given method of video compression, the level of video distortion almost
always becomes larger as the amount of data in the compressed video data is reduced by
30 choosing different parameters for those methods. That is, video distortion tends to

increase with increasing levels of compression.

As the level of video compression is increased, the video distortion eventually
becomes visible to the human vision system (HVS) and eventually this distortion becomes

visibly-objectionable to the typical viewer of the real-time video on the chosen display



formatted fromthe NTSC to PAL format or converted fromthe RGB to the
YCrCb format. In such cases, apriori know edge of the | ocations of the
artifact wbaolkgops9al nost certai nly unknown and t her ef oPeTr2hivdeomBat
depend on this know edge do not work. Methods for attenuating the
appearance of video artifacts nust not afid significantly to the overal
amount of data required to represent the conpressed video data. This
constrai At idevige. rfa}edfrideéélsﬁit@ﬁomﬁ@bwé‘fﬂ@éts aporalied anptrcs, Avatiacis abhesvedhr ee

col ors of e%gc{%o gb?g%t tthel? 1s91ﬁ‘t%%{ét&?t§§?th9hvts% nd %?Jélg%g% e %ﬁgmhﬁ]mtcéﬁﬁgr%%eh y

repr esent ed therefore "anountin ored pi xel
For exanpl e videb sqms.hed to the limts of conpression Wnere
vi si bl y-objectionable artifacts are evident, the H264 (DCT-based) video

conpressi on standar lgle hods R sg%rglgg ficht a?t\éfglréggg ? F&Brte(ﬁoﬁéc 18na%&) ﬂlggtg gt a

corresponding at its ow en 0 “appr oxi pi xel .
Thi s t her ef opepesicd eslparibertdoriagosafer agmaresrmpr 888t dithdsatiethodd aﬁ@@t dirfky t han

comr ssdfon e et g her SR LAY Bk SRR P e b 1

rel ative todokid®trhunefora (1IbCT) @prﬂ@k?ﬁﬁklond\fﬁérh&dslnalﬁeﬂfoﬂ@\ﬂiﬂgr\ﬁ@‘refeﬁ”t@ﬂﬁ:@nuati ng
t he appearance of bl ock artifacts when the conpression ratio is so hig

that the avérHpds puRbEPadsd. i tush sases, by fathg @O%tyﬁrbé)aw]mog@%e kst 1|sﬂzmt h of

a bit. For Difahased ARl ithoBinihRa sles U essi on methods, the most
serious visibly-objectionable artifact's are in the form of small

rectangul ar bl ocks that typically vary with tinme, size and orientation in
ways that depend onMgthed SI%&for%%?t&}g—t?eeﬁ‘ﬂ&%‘l’b@ﬁ&%@ﬂléﬂt]&@crlbweaé‘fhﬂtgwe vi deo

scene. h§ PR IhEMbASs or bMfeq G@ih% a%rlgffz hb§1caEd dff v@fé}eotﬂé}?ﬁg focaiep ﬁ'M@l% HRQR the

| ocal notions of objects in the video scene and anount spati al
detail that Ofﬂilésféie@bj ects contain. As the conpression ratio is increased
for a particular video, MPEG based DCT-based video encoders allocate

progressively fewernl%lptféolélﬂfom%nﬁﬁm ié\}e'a g\fagﬂl@@kf%ﬁﬁly%géc oﬁ#ﬁg&eﬁfgﬁget hat

represent the intensities o e n eac r of
bits that arweahlodidicd fonﬂ)eawﬂﬁlbbwkﬂng@aw@rmhnedieodattt hes H:@aspsvmhsly

extensive p (ylﬁ{} {)< now . edage ,about the HVS shapes
andodges. 0P NS B ee OO S R BB e AR sl G Boe BT F et MBS e
not i ons 2@r erqssgm:lhm—fmnﬁamﬂ loy color re-mixed. For example, video data may have been re-

formatted from the NTSC to PAL format or converted from the RGB to the YCrCb format.

In such cases, a priori knowledge of the locations of the artifact blocks is almost certainly

unknown and therefore methods that depend on this knowledge do not work.

Methods for attenuating the appearance of video artifacts must not add

25  significantly to the overall amount of data required to represent the compressed video data.
This constraint is a major design challenge. For example, each of the three colors of each
pixel in each frame of the displayed video is typically represented by 8 bits, therefore
amounting to 24 bits per colored pixel. For example, if pushed to the limits of
compression where visibly-objectionable artifacts are evident, the H264 (DCT-based)

30 video compression standard is capable of achieving compression of video data
corresponding at its low end to approximately 1/40th of a bit per pixel. This therefore
corresponds to an average compression ratio of better than 40x24=960. Any method for
attenuating the video artifacts, at this compression ratio, must therefore add an

insignificant number of bits relative to 1/40th of a bit per pixel. Methods are required for



inmportant and therefore bits nust be allocated to ensure their fidelity, as
in all MPEG DCT based nethods. As the |level of conpression increases, and
in its goabww/meisai n t he above nmentioned fidelity, thePrcorgaemmiomset hod
(in the so-called encoder) eventually allocates a constant (or alnost
constant) intensity to each block and it®is this block-artifact that is
usual ly the nost visually objectionable. It is estimated that if artifact

bl ocks  di’f f eftepuatipgthg eprearape gidlapkiapiifedisvhen thy cogrnsession rativan sabigh thehthe hat  of

their imediglg %ng%pgfﬁlg%epélsg&lfsstsb/PlthEﬂegs%élepﬁ}tllx91151]51?9' on cont ai ni ng

t hese bl ocks 1s visibly-o I ona 0 scenes that have been
heavi | y- conpressed usin bIock based DCT-type nethods, |arge regions of
many franes cont ai nfFaJehl-prsed rochptherfbiask $asERP EPreSUNMARYO GRIF S| SWBINT] ON

The present vﬁs'i‘M? ggfe&fbnhﬁe gl"tl :g:?sta?gm e YR Y ?Eﬁialmgtaﬁ%tlg}% %VI V@gl&ﬁlﬁ/af or a

gi ven anount of ta required to rep resent a co sse t he
quality of tvhgy \uﬁcmWsassmdjomhnmbayedayse]adtdeperréom}démm aﬁtiqdeemmraded by a

hi hi
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havi ng apri apon ihﬂ(lmfaﬁdgean@f)fbﬂj&its’mhﬁbﬁa&docsﬂ&e ahdl o ¥R nRURQHIspRAL Sotail he
nmet hods descri erein attenuate the appearance of these bl ockssuch that

the quality "t Fi‘éo SEAPEH HHEF CURRFESSIPRARIY, is Hsreasd de aagtigar vKlgoHVS, i s

i mproved. | MERG-BBse@DATBasbNiBASEdYdeH Jlfo@z{t@p&grebﬁééw%elr b& G apeagged and
unconpressed versions of a video, the blocky regions may not be the |argest

cont ri but or Sutndized bastsHresiopschat repsesenichomtensiipsafithanigdowihiscarttlenk. Thaere i s
Lypi cal iy ShaRbll SRR nARNRIRLLE B calh BHALE 8rnifled e AR iR RGOS of a

vi deo but advantage i1s taken o act that oes not perceive
that di stor ﬂ)ﬁ)@h()ﬁ§uatléfadwle9gfa®omth@HrV(Se|Fve@<atnlpé dleshzqm amolreddesefivalebl ock

artifacts. nts d| cussed the first step of the
net hod separ g‘te&ggl%(ﬁtﬂpdrg aﬁmproéa I Cl’qgtrlleér 1Btons A Pf“ff‘%‘ﬁev lsiuﬂl%b two parts
referred to lmpoﬂahmn@e]hﬁrefofe b’iteglu@tl‘bea\ﬂidcated to ensure their fidelity, as in all MPEG DCT

based methods.

20 As the level of compression increases, and in its goal to retain the above
mentioned fidelity, the compression method (in the so-called encoder) eventually allocates
a constant (or almost constant) intensity to each block and it is this block-artifact that is
usually the most visually objectionable. It is estimated that if artifact blocks differ in
relative uniform intensity by greater than 3% from that of their immediate neighboring

25  blocks, then the spatial region containing these blocks is visibly-objectionable. In video
scenes that have been heavily-compressed using block-based DCT-type methods, large

regions of many frames contain such block artifacts.
BRIEF SUMMARY OF THE INVENTION

The present invention is directed to systems and methods in which, for a given
30 amount of data required to represent a compressed video signal, the quality of the
uncompressed displayed real-time video, as perceived by a typical human viewer, is
improved. Systems and methods herein achieve this improvement by attenuating the
appearance of blocks without necessarily having a priori knowledge of their locations. In

some embodiments, the methods described herein attenuate the appearance of these blocks



the Detail Region. The second step of the nethod operates on the Debl ock
region to attenuate the block artifacts resulting in a snoothed Debl ock
Regi on. TWe 2vtwaoes3st ep of the method reconbi nes t he snoeChath2D®moa®k regi on
and the Detail Region. In one enbodinent, the identification of the Debl ock
regi on commences by sel ecting candi date Pegi ons and then conparing each
candi dat e region agai nst its surroundi ng nei ghborhood regi on using a set of
criteria,” suBthBatthequabifyaliksresudpng rpaldine tigeoGrs nesreivad bFyhe IHVS,Di scont i nui ty
Criteria (Dij@pReg- LOOk-Ahead/ Look-Behind Criteria (L).The foregoing has
outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description of the invention
that foll ows may belnjefmised thertiensty dofderensd detvieantht coremessedsndamdoraphessad ages
of the inventj 1 ' inafter, which formthe subject of
the clains o fs?%éwﬂn{lllg%ote’it%ﬁi&?(yp%ﬂ%%ﬁ{ﬁﬁlg?bfﬁg? &t egtcgatr%‘;}tofsﬁgge skilled in
the art thatmathematior cepid dvvenail vaipe disfortione Mhediin®picalth sSglifkead may be
readily utilized as.a.basis for. modifyin r designing other structures for
carryi n&%outmaﬁ%eénagigﬂglsgoﬁ?oﬁb@é%e Cif‘faﬂf’?luéééﬁ’f’ggg%‘fﬁ?% ﬁil‘fagﬁ‘ge siiakenshihg fat so be
realized by tdasalekildds @t percetvRehadisoria asseialy @fpyadieRthcaARSkLHALL ons do
not depart fromthe spirit and scope of the invention as set forth in the
appended cl é‘?ﬁ]l??kqfﬂglc ovel features which are believed to be characteristic
of the invention, both as to its organi zati on and net hod of operation,

together with furth@rthobhRelsendscathéd ntomee Wist bep6r RSB Hﬁ%})ﬁﬁﬁe%tﬂ%od from
e

the follow ng description when considered in connection with th
acconpanyi ndgiplfgpeientafipns of cpach franediniorte rys igfared &t asdltk Detdevkvegion adat  each

of the fisgupRspds REQH. #8605 ¢ Iids] ' escription
only and is not int eg(r?lded ass Ca dé%fonfﬁﬁrgﬁﬁ%}Qéeﬁdééslolﬂsrﬁl{ggﬂcl)?&tr%gb%esent
i nvent i on. BRtERAPHESER PR tORsTHHE DRAWONGS] Poblock Regien. dberilirdtsep of the

Fol | owi ng. dBeuPr St BBl B dhol RUED Bk e b S0 Bl K88 mmanyi ng. dr awi ng,
' which: In one embodiment, the identification of the Deblock region commences by
selecting candidate regions and then comparing each candidate region against its
20 surrounding neighborhood region using a set of criteria, such as:
a. Flatness-of-Intensity Criteria (F),
b. Discontinuity Criteria (D) and

c. Look-Ahead/Look-Behind Criteria (L).



FIGURE 1 shows a typical blocky inmage frame; FIGURE 2 shows the Debl ock
region (shown in black) and Detail region (shown in white) corresponding to
FI GURE 1;wDBhBu8Es38 shows one exanpl e of the sel ection eCTiccab@mweadpi xel s
inaframe; FIGURE 4 illustrates a close up of Candidate Pixels Qthat are
X pixels apart and belong to the Detail fegion DET because they do not
satisfy the Deblock Criteria;, FIGURE 5 illustrates one enbodi nent of a

met hod f ér assi gni nbhedotsgeiak haspoutlined ek bededlydlyt Batutey andfedpicl advastagrisx el

cr ossed- mask; : : of i ixel cr ed-pmask used
Gt 2 part ool S b ReRA oflhs GRPREL SRl b B iy L RTRER LRSS

enbodi nent ofay&e trettdn odddraoodachidéonalfeatimes andedlvaritaiee of thageentivalwitlpe and

FI GURE 8 shquws .pne enbadi nen of . the.use. of the ncepts di sgussed

her ei n. DETAﬁfSéBBT%g&’? a%ﬁ %C%]%—mﬁ—tlﬁe ?@?ﬁiﬂﬁt%\ﬂ@?‘é Ogg’ﬁélﬂz engn. I OH‘%@G’I osed
enbodi ment  kppréqated bemugtkillelén @ppR @fa e eokpiinaal spdctfid boginent r eal - ti ne
video signals by identifying a region_ in each frame of the video signal for
debl ockilﬁg d‘é‘Flﬁé’dfnPaé’t aeadily ptihzediag a heds (9 wedibingen deyigeing piber sruciiggifen onal
gradi ent cr tifihBot At e pAFBIASEHE Yresi: ifiRALdnMRY éﬁ\éﬁ’ld%ﬁ@‘ﬂ@%ﬁﬁ by tdsBY

t hese concepts, the size of the video file (or the nunber o ite required
in a transnPldBedin thsfart thet sy¢ldespiveleghesnstyuctions doanot depas dpnsiha earit 4nd svipsual
effects of ' i ' d e size .can .reduced.
one- embodi many” SRS AThA b thdo Bl ol BB BTN B
parts with tespbetacteosticmiige ifiveaties both ab heitswirgeivasogmal method o opsr@ad@ss t o

identify.a bt:hock. region B t%at di st.i.ngui shes_the bl cﬁ region from
a so- ca?{? edB%ee & yith @g%%rn‘)bi%g'ﬁ da Yanﬁﬁesp"ﬁg [bghg Pl U ‘ﬂfﬁ?t?‘@%%ﬂf ello3apg ock
regi on DEB H@triptivd vithpossedrddfiin abiretibatwinghe B)tospatyiml fighfR0k Nithge t he
appearance of block artif %ct s in the Debl ock Region;

expressly understood, however, that each of the figures is'provided for the purpose of

illustration and description only and is not intended as a definition of the limits of the

present invention.

20



and 3. A process to conbine the now snoot hed Debl ock regi on obtained in
part 2 with the Detail Region. In the nethod of this enbodi nent the

spat i al - swoabtwagsseper at i on does not operate outside of pcimacARedoedes Regi on:
equivalently, it does not operate in the Detail Region. As will be

di scussed herein, methods are enployed t& determine that the
spati al snoot hi ng operation has reached the boundaries of the Debl ock region
DEB so tRat snoothi ng doeBREF DRSERIPBION OHE HIF DRA&VIDEIS ock Regi on. Vi deo
signal s that have been previously subjected to bl ock-based types of video
conpression (e.g. DeJ--Rased,apER"Y g?érkt%lﬂ ﬂ}qh gﬁﬂpﬁls&%ogr}efel% 619%§S| bl'y to
r e sizing and/or reformatting and/or col -m XI ng cont ai n

vi si bl y- obj eeade tnthb fa@lomasy dbaemptiofis okanck Caljtmcflan‘,Whtﬁtaiccdmﬁaﬁjlmgdfamiﬂged
during previoys. gonpression operations. Therefore, the renoval of

bl ock-i nduced artifacts cannot be conpl etely achi eved by attenuating the
appearance of only those blocks that were created in the last or current
conpr essi on oper at i IGURKI sheorws aggged bloakpimiage iframaf or mat i on about t he

| ocations of these previously created bl ocks is unavail abl e and bl ocks at

unknown jjjocat i ons t b ect nabl Enbodi ment s
of this method |deg§|fy %%B&&§Q¥%§d¥%ﬁﬁé§%% ocﬁb&“%i’ﬁﬂg UGB i ter i a
t hat do not(ﬂmqumlwhmﬁmbmmmOMhm%béﬂ@ERﬁﬂ,the | ocations of the blocks. In
one enbodinent, a flatness-of-intensity criteria nethod is enpl oyed and

i ntensity-disconti riteria and/ r|t riais used
to identify the Deglﬁié Rrgﬁlg%s%F€%§3%GQ¥ ?Q aﬁ@ pp@ Sty 2 fyame;
de- bl ocked w thout specifically finding or |dent|fy|ng the | ocations of

i ndi vi dual bl ocks. Hﬁiéjﬂﬁebﬂkusikatafsagjma up ppCaalidaye Rivels Csihst,ard NpiRéls hpadt ane, of

[ d.sh Thi t hod I
dopends on (I GORP Bk T RERE ALT R PrERRne o s BuRE LRy P T sEn ock

region in that imge frane. The remaining region of the inmage franme, after
this idéhtificati ofIGUREIefilustetesanc biiboddatsiol a k@iodor assigning a block to the

Deblock region by using a nine pixel crossed-mask;

FIGURE 6 shows an example of a nine pixel crossed-mask used at a particular

location within an image frame;

FIGURE 7 shows one embodiment of a method for achieving improved video

20 image quality; and

FIGURE 8 shows one embodiments of the use of the concepts discussed

herein.



Vi deo scenes consi st of video objects. These objects are typically

di sti ngui shed and recogni zed (by the HVS and the associ ated neural
responseswoi2nioi®e3ss of the | ocations and notions of thelPCTiaA2e098100998 edges
and the texture of their interiors. For exanple, FIGURE 1 shows a typical

i mge frame 10 that contains visibly-obj&ctionable block artifacts that
appear simlarly in the corresponding video clip when displayed in

real times Typically w tHHR4 PEPSRBITIGQNSHCEHY INVERITHYS per cei ves and
recogni zes the original objects in the corresponding video clip. For
exanpl e, the face ofj i J nose
15, are quickl idedr?{l?fgsi&)%%%g@{a %glolg—?\/ﬁse%g}lggﬂgngmg?iat%ﬁgﬁ%g?%pﬁﬁéﬂééw gr n
cont ai ns subrtghjteintreal-timechdeasignals by ndentifyingredregion m ¢bgh friine o iSvidec sigmil zes
the large o [ L Or: . .skin texture having very |lift]e
detai | and g areg@%lgl?é g%%gog@tﬁ‘%g gxfltglgi?%@sdé%amén rlr% { ﬂ%égﬁ'alb Hgn ia({léént SO earl y
visible in thebd crmgenddna frethof infprSdRE I (nedsuUsiag ehasd gonvdpss, the 8ize BF thB@ideo
correspqndi | ectroni cally disp]ayed real.-ti vi.deo sjgnal, the bl ock
et £ acdl 8 0 BB bl i AT B oo Ui St Bttt o t he
| ocati ons okinthiehe hisagllesfctthat ardRER asiociate it Wikd Guck ld B8 lcaf BYRAGRE! ON
operation. Attenuating only the blocks that were created during the |ast
conpressi on operatiQn i ften }nsufh{lfil/ci egg. hi s met hod takes advantage of
t he psycho-visual prp8t ‘K%m["ﬁ’ét’ 1 HERR/S e 08’%&@&9 CQRPSPISFRATIES B threg parts

sensi tive t eithtrBPsa tdlnRek frambt b8t sidtafghal:hei r associ ated edge
intensity-discontinuities) that are located in relatively | arge open areas

of the image where there i/sP®Fesd&tideniy o Rsbloplntesiogi(PyBbthaichyiverisies Wer yi ng

i mage i nkengjebci fbgiolﬂ?rog{cjlw-&@lleh @%gﬁ'reéi_'&{( ’rrpl e, in FIGURE 1, the HVS is
relatively unaware of any block artifacts that are |ocated between the
stripes of the hat bW is Assqeuitiah hypladér be Deblodnigoe AR foveheporposdsef bl ock

artifacts t ear _in the |ar gpen_snoat.hl y-s ed i,on t he skin
on the faceggéﬁlﬁgtgr&%' fpgﬂ%)ll *6¢) lhélnr‘g? ﬁ’?g SR (i%tﬁ)éo%é‘?tggcqsolﬁet%ee]g?bg%Ckgéegme | ef t

side (undermashth of) the As another exanple of the sensitivity of the HVS
to block artifacts, if the HVS perceives a video | of a. ..

uni form y-col ored flat shdd®g°s Fq%gg’}neéb&W‘%gn%hqgﬁf%}ﬁcfﬁﬁgé‘Hl Répined if hen
bl ock edge bat 2Rsthiiye DétgiCRBEbMUI ties of nore than about 3% are

vi si bl yobj ecti onabl e

In the method of this embodiment the spatial-smoothing operation does not
operate outside of the Deblock Region: equivalently, it does not operate in the Detail
Region. As will be discussed herein, methods are employed to determine that the spatial-
smoothing operation has reached the boundaries of the Deblock region DEB so that

25 smoothing does not occur outside of the Deblock Region.

Video signals that have been previously subjected to block-based types of
video compression (e.g. DCT-based compression) and decompression, and possibly to re-
sizing and/or reformatting and/or color re-mixing, typically contain visibly-objectionable
residues of block artifacts that first occurred during previous compression operations.

30 Therefore, the removal of block-induced artifacts cannot be completely achieved by
attenuating the appearance of only those blocks that were created in the last or current

compression operation.

In many cases, a priori information about the locations of these previously

created blocks is unavailable and blocks at unknown locations often contribute to



whereas simlar block edge intensity-discontinuities in a video image of a
hi ghly textured object, such as a highly textured field of blades of grass,
are typi cablagio/avsssi ble to the HVS. It is nore inportanPCraiabisnuese

bl ocks in | arge open snoothintensity regions than in regions of high
spatial detail. This nethod exploits thil¥ characteristic of the HVS.
However, if the above wall is occluded fromview except in snmall isolated
regi ons, St hebjqyrable agHigis. r%nlaﬂdiimmt%/ofuhiamt@d@ientifyehtbte@i@rn tﬁbet de{-]lalocﬂ@d Tgaft
is, the HVSy ensidf i se bl t ho cated in
regi ons of %{aﬁ??fﬁﬁ ﬁ%iﬂ%j&g? tce}g(gelmr%él |r%ﬁlg&§§ée%§§w§§}of 'T%%:Olncséﬂtj tﬁf/bioglfsg_e. Thi s
met hod exploits this characteristic of the HVS. As a result of applying
this method to an ilkrege ehbedimentt hBatheragéintensgepateiad methpd isemploykd ast ':1 Wg
regions: th on..and the.r i ni tail. region. The nethod can
begappl i ed ?I}ltg%gkl(a%r% %é%ﬁ{p%s}g%? %ntd/ogrl\rétgnas '\grea'a% PE‘gqtgrllad@H?e’lgft? gﬁmtﬁ i | region
i's then it sdlebloskpgicatoddadhntidzodrareodtich Debbatkblocgi onhandpifkelpnadiket ai |

regi on, .and so, on. recursively.. F|].GUR h t esult 20 of identifying
the Debl'Bck F @5?%?1“‘@??&&%\{1%3/%“é%f.lffuagﬂ?ﬁ"’{?%gm%é?egfﬂcﬁ FEATIHP AR SRRSITH Mhi t e) .
The eyes 14 eadhfene] bf i) uiobiRc 0@ b ggiohs dharibatstlel ad@@hRR. (M h&hopf the
face object, as does npst of the right-side region of the hat having the

detai | ed t eXBePs e pfgsmation pyiiip die image famg topdentifisthe Dsblaek seionfetthnt i s a

region of appsRXiARL alhy r&%hg&%idn%tf%%fjnagfe gk, LR& b ?deﬁtn@cgh&ggédéfﬁe& he
Debl ock region while the edge of the brinil2 is a region of sharp

di scont i nui aythgRetadlgegiesponds to a thin line part of the Detail region. As
described in the following, criteria are enployed to ensure that the

Debl ock 15egi on is tiged QEhQRohdist Whiadh ém&tw%e%]esobiwgtar \9?]{9'81}9]: and
sensitive to block artifacts andis theréfore the region“that is to be
de- bl ocked. diFhegupdbedind reengnied (by thed WS mhéthe @gfioointeil newshli respondes) meﬁEs of no]'E
articul arl it artifact | n.this nmethod, Debl ocking o
Phe. Dobl ock g o agd o R A ARhi8E R ufl el SnERE JRTime o The
process of spaiplaFIGHREAsShows stypethimge fraye bethachnaus disibly-boactpasise

G e R e
20 time. Typically within fractions of a second, the HVS perceives and recognizes the
original objects in the corresponding video clip. For example, the face object 101 and its
sub-objects, such as eyes 14 and nose 15, are quickly identified by the HVS along with the
hat, which in turn contains sub-objects, such as ribbons 13 and brim 12. The HVS
recognizes the large open interior of the face as skin texture having very little detail and

25 characterized by its color and smooth shading.

While not clearly visible in the image frame of FIGURE 1, but clearly visible
in the corresponding electronically displayed real-time video signal, the block artifacts
have various sizes and their locations are not restricted to the locations of the blocks that
were created during the last compression operation. Attenuating only the blocks that were

30 created during the last compression operation is often insufficient.

This method takes advantage of the psycho-visual property that the HVS is
especially aware of, and sensitive to, those block artifacts (and their associated edge
intensity-discontinuities) that are located in relatively large open areas of the image where

there is almost constant intensity or smoothly-varying image intensity in the original



region to be snoothed and thereby significantly attenuates the

edge-di scontinuities of intensity that are associated wth the edges of

bl ock artwbaotmosBae enbodi nent of this nethod enpl oys epatdazbdoypodgesari ant
| ow pass filters to spatially-snmooth the identified Debl ock Regi on. Such
filters may be Infinite I npul se Responsell(HR) filters or Finite Inpul se
Response (FIR) filters or a conbination of such filters. These filters are
typical | Y | owagasi®r tkdmme,sn BKEURE &, thwﬂMSyettlattiaelamnmab@my}b@ckeniﬁtdtsed hi gh

spatial fr eqy ﬁgf;e' 15 ate%fbe[‘\pe%n%? str?pes of 8¢ hagtrffut 15195?;%?8 g‘%)rotg ré(?senm%g]e to

intensities an enua pear ance e above
defln|t|ons‘mﬁbbhemﬁ@ukdmkmngguﬂﬂmmﬁﬁeammshhemﬁeﬂad&hkg@noﬂmDEEnd@ﬂﬁot

par i oul ar (6 B R RS 1 B B s s O s BTt ¥ 1 ur ther

separati on ibinPoftBMhdtegi ons DETI and DEBI where DEBlI is a second region for
Debl ocking (DEBI e DET) , possibly using a different Deblocking nmet hod or
different filter th used to bl ock DEB, DEBlI and DET| are clearl

sub- regﬂ@ns of DET. gfﬂ%ﬁk????ﬁﬁ eﬁ@ﬁpﬁﬁkot@bﬁg§“E@Eﬁij#Fﬁdfﬂ@dﬂY$es an

i denti fying paleRed 4 iled Rake B%umﬁ%ngam&ed f1dt¥hdd@d gmcyls{i&pas aR ilig@haitd Me-

For such applications, high |evels of conputational conplexity (e.g.

|dent|fy|ngWﬁmgﬁﬁmPhﬁ%“@ﬁ@ﬁm§ﬁﬁﬂﬁymﬂﬁmg@sﬁ%ﬁ%@ﬂ@n@bmﬁﬁﬂ&m@VWmhtcunulate
oper ati ons I n |fy|ng
al gorithns Eﬁgfﬁﬁmﬂﬁ%ﬂéﬁﬁfggg%} g/ﬁ§E§ﬁ§&%% &L&gfgakg@gnna% dnent s
t hat oper at dighty Tleml@ge)bEct Erbedn hghtystextﬁreﬂ field otﬁblah@wf gses, m:ltmlcalbrl y few

MACs/ s i m. ¢ TeALS of this re.that the swappi ng of
| ar ge an§un€%ﬁ£lggy$a i'Nt o %ﬁlreu?m”?n ??& gﬁgﬁfﬁﬂp§m?%qﬁTﬁWﬂ? In one
enbodi ment ddterskty Segnms kod in tda@nk detigh $patisigleall g This nfemod@kplagd @fsmi nl ng t he
regi on DEB % nd th P%'%Bﬁ%region DET) exploits the fact that nost
vi si bl y- obj ﬁ?? f in heavily conpressed video clips have
al nost const ant |ntenS|ty throughout their interiors.In one embodi ment of
this nethod, the idenvdver,cthé ibvetvatl ieodDrRBEDEHN FRYI @g%ﬂaﬁ&d GIBRNEES by
the frane, |In one_enbodi nent,

choosi ng Carrlf%ugn%tt e ﬁ%%l 1? Qgsamcr]élaltlgely unaware of the block artifacts. That is, the HVS is less

20 sensitive to these blocks because, although located in regions of smooth-intensity, these

regions are not sufficiently large. This method exploits this characteristic of the HVS.

As a result of applying this method to an image frame, the image is separated
into at least two regions: the Deblock region and the remaining Detail region. The method
can be applied in a hierarchy so that the above first-identified Detail region is then itself

25 separated into a second Deblock region and a second Detail region, and so on recursively.

FIGURE 2 shows the result 20 of identifying the Deblock region (shown in
black) and the Detail region (shown in white). The eyes 14, nose 15 and mouth belong to
the Detail region (white) of the face object, as does most of the right-side region of the hat
having the detailed texture of stripes. However, much of the left side of the hat is a region

30 of approximately constant intensity and therefore belongs to the Deblock region while the

edge of the brim 12 is a region of sharp discontinuity and corresponds to a thin line part of

the Detail region.

As described in the following, criteria are employed to ensure that the Deblock

region is the region in which the HVS is most aware of and sensitive to block artifacts and



these regions C are as small as one pixel in spatial size. O her

enbodi nents may use candidate regions Cl that are | arger than one pixel in
si ze. EacWOCardiogsbe region Cis tested against its surPOWMAN20EP/000998

nei ghbor hood regi on by neans of a set of criteria that, if nmet, cause Cl to
be classified as bel onging to the Debl odR region DEB of the inmge frame. |f
Cl does not belong to the Deblock Region, it is set to belong to the Detail

regi on DET. iNbewsfors e segirsebatrivto tedgtbocketht TheRetailokegiee isithen the regiop ic i s equal
to DEB, onl yfihahe R8s AT RuSHPs3SkivOl tRR-R art N ﬁ%?ﬂ%fg{ﬁgﬂkblﬁ?ékiﬁg[‘hz

met hod, the set of criteria used to determ ne whether ngs to _
Debl ock r egiodtheDEBlonk yegism reat lwgohicyasldyapatiad initanisy-smootihat Hgsgowks ¢fnt ensi t y
Criteria (F) - Di scont i nui t i i and Loagk: Ahead/ Look- Behi nd
Criteria (L)SF.) atﬁ mgﬁg&aﬁ%@gﬂh o %(lfl 3&"% %C%Eeg‘?dé anLPsa%Sftcﬂlfeng%%Pyn% For“ther eof) are
satisfied, fitensfgncioding siRafficamty fitnaits thssi@iathiposialial fghémeek of @gi on

i.e., DEB). | t,..t he Candid Reqi C s assigned to the
bei ai | lgi OR824 0o ey SERIETCUare Tt BlsEHAETBOeSteh a8 when

Debl ocki ng ant@aity iHabhrabsswtitie® withitid edadd ofblycRertifpes of criteria (F, D and L)
may not be necessary. Further, these criteria nmay be adapted on the basis

of the | ocal properties of.the | e frame. Such | ocal properties m ght be
statistical or they(t)‘?ﬁ ed’PROdH’éenéﬂttgggl?"ft@éi@HH’&y-s F%ﬁtléhéﬂ“’ﬁ?% passiilieyi as

t he quanti zggdtiany-pasaneleddhtifitd IBbIbNRAMAMRERTiRert FAH b&MRAE Im@Rfiset he
conpressi on_and deconpressi on processes. In one enbodi nent of this nethod,

t he Candi dafésnRatf (IR filtgrs oF Bingtp fase Response ddR hEligs oapspsbinetipopbuch

ef ficiengy, h . - i L i i rane.
Thi s L b o e B e o Rl e
Regi ons C i nalled dikghfspaiind frequsaeietyf theleldoakgegitne therghysinobtiing thomphsiiest y and

i ncreasi ng Ell?c?at{eﬁﬁa%'ﬂglﬂﬁ%p%iran%e oft?lﬁ&ea%ﬁagtfs. the algorithm Fl GURE 3 shows,

for a small region o rane e selected sparsel ydistributed pixels

that can be enployed to test the inmage frane of FIGURE 1 agai nst the
The above definitions of the Deblock region DEB and the Detail region DET

do not preclude further signal processing of either or both regions. In particular, using this
20 method, the DET region could be subjected to further separation into new regions DET/
and DEB1 where DEBI is a second region for Deblocking (DEB1 € DET) , possibly using

a different Deblocking method or different filter than is used to Deblock DEB. DEBI and
DETT are clearly sub-regions of DET.

Identifying the Deblock region (DEB) often requires an identifying algorithm

25 that has the capability to run video in real-time. For such applications, high levels of
computational complexity (e.g., identifying algorithms that employ large numbers of
multiply-accumulate operations (MACs) per second) tend to be less desirable than
identifying algorithms that employ relatively few MACs/s and simple logic statements that
operate on integers. Embodiments of this method use relatively few MACs/s. Similarly,

30 embodiments of this method ensure that the swapping of large amounts of data into and
out of off-chip memory is minimized. In one embodiment of this method, the identifying
algorithm for determining the region DEB (and thereby the region DET) exploits the fact
that most visibly-objectionable blocks in heavily compressed video clips have almost-

constant intensity throughout their interiors.



criteria. In FIGURE 3, the pixels 31-1 to 31-6 are 7 pixels apart from
their neighbors in both the horizontal and vertical directions. These

pi xel s ocwopyicappssexi mately |1/64 th of the nunber of pi®eeracA2m09doe9sri gi nal
i mge, inplying that any pixel - based alqorithn1that is used to identify the
Debl ock region only operates on I1/64 th 8f the number of pi xel s in each
frame, thereby reducing the conplexity and increasing the throughput
relative to nmethods that test criteria at every pixel. In this illustrative
exanpl e, Sappl yi ng thenbeibotikicmgf dfis iethbd thaidEdtGeiRonbf tle Ddbdck region
sparsel y-di stributed ndi date region in FIGURE 3 results in_the
C(F))rrespondi A AR i Sp oS deted agiens 4s 11 {he HapFafepeicHbefitoRE 4. | n

one enbodi mgnt of . this net hod, the enﬁire Eﬁb]oqﬁth%QQ .DEgﬁgs 'gromm'
fromthe abSVSHERINDTed B aPalns  mirle MHReLt Sieandihgs "GHEMC e DEB
i nto surroundi# 1 . i 1.1 i t : region_in
FI GURE 2, fE%&dé‘%éern‘%g‘é’?@?s th%?%%?fe?ﬂa%ﬁqﬁ?h%agﬁgl%%e fn Ry b © ¥ n Fi GURe
4 by settingesNdata@aidst b X8tchindihp BESR6rhdBH QMDY hhiBs Pkt 8 Gista th Ui hep of
Candi date region pixels Cl to the nuch | arger Deblock region in FI GURE 2

whi ch hd8 t keusp(opiebe ¢lassiigt ap belprgineip sheclvblacuenios] HEB ohithe enags. frafiive IAbove
growi ng process spatially connects the sparsely-distributed Ce DEB to form
the entire Bepiostiotbelgnsie thsEReblpgk Rugioneitiost werlongfo thePstaflsgitnd?Ef he above
growi ng process i.s, perfaorned on the basi f,a suitabl e distance netric

That 19 Phe il tuttRRro P hdrt e Tetn ahall: Sredkielys B S iiet ey e oot
Candi date regiohBipgp C . For exanple, with Candidate region pixels C
chosen at 7 pixels apart in the vertical and horizontal directions, the

resul tant Deblock region is as shown in FI GURE 2. As one enhancenent, the
grow ng process is lapp¢ pwbodimentioé thbemethod, thegiclon cBiETia usedde deferntioe ext end t he

Detail regio T .into the evi gus| rm ned Debl qck .regi on DEB. This
can be &gedw 818 Gy e ﬁoethg hgé’fg gla{eﬁég%e%fm%%et ‘iaé‘ﬁgf”;%zegﬁéxéﬂlﬁ%g’ﬁt
| ow- passsnoot hi ng fil ters g, BF Bldnde) BFteliff0, the original Detail region
and thereby avoid the ’

b.  Discontinuity Criteria (D) and

c.  Look-Ahead/Look-Behind Criteria (L).

If the above criteria (or any useful combination thereof) are satisfied, the

20 Candidate Regions C; are assigned to the Deblock region (i.e., C, € DEB). If not, then
the Candidate Region C, is assigned to the Detail Region DET(C, € DET). In a particular

implementation, such as when Deblocking a particular video clip, all three types of criteria

(F, D and L) may not be necessary. Further, these criteria may be adapted on the basis of

the local properties of the image frame. Such local properties might be statistical or they
25 might be encoder/decoder-related properties, such as the quantization parameters or

motion parameters used as part of the compression and decompression processes.

In one embodiment of this method, the Candidate Regions C, are chosen, for

reasons of computational efficiency, such that they are sparsely-distributed in the image

frame. This has the effect of significantly reducing the number of Candidate Regions C,

30 in each frame, thereby reducing the algorithmic complexity and increasing the throughput
(i.e., speed) of the algorithm.



possi bl e creation of undesirable '"halo' effects. In doing so, the Detailed
region may contain in its expanded boundari es unattenuated bl ocks, or
porti ons wbenmaies3¥his is not a practical probl em becauseTafA2vdvnoomBati ve
insensitivity of the HYS to such block artifacts that are proximate to

Det ai | ed Regions. Alternate distance net¥i cs may be enpl oyed. For exanpl e,
a netric corresponding to all regions of the inage frame wthin circles of
a given radi us cent EK&IRBA shéves, Candindl regiReditlmafsan@l themyletted smapklyyed. The

Debl ock Regicf?ﬂrib&t 1Xé1§th91bgaﬁlb9§8 Biecf ?esmg‘{rgzﬁérfraﬁfehoef%l&ﬁw 1na%%iggt?l(1:eesses
has the property that 1t encorrpags S (i.e. spatially covers) e part of
the i mage f raatmmiat babFIGURE B, thepiRelbB bd kedll-6 Brrhgikdlzapag ftdnethaip avightgtoini ng

rocess, th ntire.Deblock reagi on DEB r the entire Detail . regjon. DET )

E an be det eﬁjr%ﬁlnte?i[‘%@zogﬁir ?nguvﬁmcgfg&eeﬁt&?s‘ciﬁ £ ARER oAy SRPTEXPRiFL: F/gr%ee&s t he
criteria Cl tke Dibepbf Gxés Dife Jridiyal aﬁ@er npUyIak %gt e@&?ﬂ&l-b@g& Q%E%ﬂﬁhmtwhpon
the entire Deb] ock r.egio or the entire tall region . is the

uni on ofYal [US¢€ 94 n&?ﬂgt&l@%?BEﬁgﬁ'i(eglﬁPéﬂltylowraieﬁ%n é/ﬁf‘?%thﬁ)é‘%P'Ef‘éIQfP‘éE}FWaélan be
witten | ogifeale terby FRiaBimshhe Compeiihhi@incréading Be t%ﬁ%ﬁﬂu@eléﬁ@@foemétﬁo&she

uni on of the regions and ere again DET is sinply the remaining parts of
the image fribaniest ajtergratgveryeixgl. the entire Detail regi on DET may be

determ ned fromthe qualifying Candi date Regions (using C < DEB ) according

to _DET = (J ((C DERmM il@strz?t‘iv% e&ﬁ&%l@, a@ﬁ@ng@e ﬂ)ébl&éﬁﬁlg%i@éi\ﬁ t§FfC§[ﬁf@l€"iji‘[J‘g
Regions G (32-1 to 32-Nin FIGURE 3) aré sufficiently large, they nmay be
arranged t o tepprsaly-désirihugndcPangdidatereqie gHBOHBE Jresnlis n e varyespanding create a

Debl ock ;regi ﬁe i i S .ove rged areas of the image
frame. 0113- er%g%sl gﬁrsl{rf%g%dt(ﬁies rre??%lo&%faée it {Jés:@ir{%f"ed in FIGURE 5 and enpl oys
a 9- pixel crossed-mask for identifying Candi date region pixels Cto be
assigned to the In one embodiment of this method, the entire Deblock region DEB is ‘grown’

from the abovementioned sparsely-distributed Candidate Regions C, € DEB into

surrounding regions.

The identification of the Deblock region in FIGURE 2, for example, is ‘grown’
20 from the sparsely-distributed C, in FIGURE 4 by setting N to 7 pixels, thereby ‘growing’

the sparse-distribution of Candidate region pixels C, to the much larger Deblock region in

FIGURE 2 which has the property that it is more contiguously connected.

The above growing process spatially connects the sparsely-distributed

C. € DEB to form the entire Deblock region DEB.

25 In one embodiment of this method, the above growing process is performed on
the basis of a suitable distance metric that is the horizontal or vertical distances of a pixel
from the nearest Candidate region pixel C,. For example, with Candidate region pixels C

chosen at 7 pixels apart in the vertical and horizontal directions, the resultant Deblock

region is as shown in FIGURE 2.

30 As one enhancement, the growing process is applied to the Detail region DET
in order to extend the Detail region DET into the previously determined Deblock region

DEB. This can be used to prevent the crossed-mask of spatially invariant low-pass



Debl ock region or to the Detail region DET. In this enbodinent, the

Candi date Regions C are of size 1x1 pixels {i.e., a single pixel). The
cent er ofwohelomwessed- mask (pi xel 51) is at pixel x(r, erTwes®/000998c)
points to the row and colum | ocation of the pixel where its intensity x is
typically given by x [0, 1, 2, 3, ... 255 . Note that in this enbodi nent
the crossed-nmask consists of two single pixel-wide |ines perpendicular to
each ot her fsBpthig fdters fram pogpdinginghthe o giapldpeiaheeion aphidgsbeavoidiipa are

| 'abel ed in 'f)b@ﬂﬁgcéatﬁ)% o@ﬁnde@?fabl@bﬁalodéﬁfec@ 'In H?in ?&f t}?er]getQdeorpl{l% app| ' _ed at
the 8 correspondi ng pi xel locations. In the of I'Gwi ng, discontinuity (i.e.,
i nt ensi t y- greatiant )is eypendedibauatadeappitémdted hbckke ocposes dienad K H62is aotch

optionally tS] C sed-pask _52.. Fl . ) an exanpl e.of the

ni ne pi xel g’?aé)?é%gfo(r%rﬁaes Eeggusgggg%é‘%ﬁatg “0ar s%t%’ a??t}?eo}cE a$ fcosﬁc%élf’%?ﬁlfaﬁﬁge frame
60. Crossed-lmasie pbkimsteitd Detsil¢dRe@ibnkor a particul ar | ocation and, in
general, is tested against criteria at a nultiplicity of locations in the

i mge frlgma. For iCHJs%égl Qcation,, such a 6 1 of image frane

t ti of
B e o e Rt N e SRS dedt i rensi 1y

a
60, the center of t%e crosse
criteria axcomespoing thall régionshoy theGagenfihnatywiliie caged dfatiagaidistcehid®d on
criteria. The specific identification algorithns used for these eight
flatness crilfterdndidatgRegions oMy 698l FbwWn to one of ordinary skill in the
art. The eight flatness criteria are satisfied by witing the | ogical

notations ax e F, f'FBai?tISeblfock Region, tﬂ%(t 6? S\ﬁ%i?%dvt&,rtqg%bovg QP otﬁgrrgrr&%?gﬁxg);c nsgesr egi on

is "sufficiently- accor di ng atness-of-in y

criterion hass theerpenpihatieehcohassésdl.¢. opatially exarsptte paogt thalimegfdinid that may be

used to,determ n%epfgg%et&er the overall flatness criterion for each Candi date
! .

Pi xel x(r,c)lStloé)esa ied: if ( ax Fand bx e F) or ( ex F and dx e F)

(1) and
Formalizing the above growing process, the entire Deblock region DEB (or the
entire Detail region DET') can be determined by surrounding each Candidate Region C,

(that meets the criteria C, € DEB or C, € DET ) by a Surrounding Grown region G,

whereupon the entire Deblock region DEB (or the entire Detail region DET) is the union of
20 all C, andall G,.

Equivalently, the entire Deblock region can be written logically as

DEB = J((C, ¢ DET)VG) =| J((C, e DEB) U G))

where U is the union of the regions and where again DET is simply the remaining parts of
the image frame. Alternatively, the entire Detail region DET may be determined from the

25 qualifying Candidate Regions (using C, ¢ DEB) according to

DET = J((C, ¢ DEB)UG,)=| J(C, € DET)UG)

If the Grown Surrounding Regions G, (32-1 to 32-N in FIGURE 3) are

sufficiently large, they may be arranged to overlap or touch their neighbors in such a way
as to create a Deblock region DEB that is contiguous over enlarged areas of the image

30  frame.



(ay Fand by e F) or ( cy Fand dy e F) (2)then Ce Flat . Equivalently,
t he above Bool ean statenment results in the truth of the statenent C e Fl at
under at weasto/mps9of the follow ng three conditions: apCcCraas@domask 52
lies over a 9-pixel region that is entirely of sufficientlyflat intensity,
therefore including sufficiently-flat réd§ions where 52 lies entirely in the
interior of a block OR b) Crossed-nask 52 lies over a discontinuity at one
of the fdur locati oﬁge grmbodiment pt i methad i2 ilstrorl I(HrFIGUR@)5 @Qe(nplaysa%) whi | e
satisfying t e _renaini hree s OR ¢)
Crosse)d/ rrgslyu%ﬁgljlol 65 0\§/ke$Orl eﬁ{lé a(Eandl Fieyeei iy nggé 14 5 as?léne t?glcatl ons (r,c

+ 1) OR (1, Deblokk réddnldr t€the beta@?eéﬂin BET. ﬁ)thm&ﬂb%dlﬁﬁhf ﬁfeﬁaﬂ@ldgtgge%lloﬂst ness

criteria at the remaining three locations. In the above-descri process,
as required € are plerst lixfl pixely (Caradiggt pixpl) xEhescenter mﬁhedosmé@a&@(p&mhﬁl)ai |y
covers the discontinuous boundaries of bl ocks, Earts of bl ocks,

regardl ess & PiEHle(s ) Woeat (ronPomkhtorte 10%;| aﬁ@ﬁ?lﬁmﬁéocla @n efthe pixelwherreisst at ement

C e Flatyg. AnpRg x%ﬁbélﬁﬁg feﬁm[yapégd pn 9 %433 RBRVRa! 1199)5scex11(b?dﬂl§en{ fﬂ%' ows.

Condition a) i1s rue whe fackete atements in 2) are
true. Supposestdiansskexssisofawosiaglepiiehwidelinad ppdrdietilat foeatioahéri forgingh ven in
b). Then statenent (2) is true because one of the bracketed statenents is
true. Suppose( ©f¥re exists a disconti nuity at one of the locations given in
c). Then statenent (1) is true because one of the bracketed statenents is

true. Using the aboRrighBadpeatend D@hcss crithen 4rb abBes i KGURE § &hxi 5x, @Rtdxwhen t he
cr ossedmask 5 stradd] es the discontinuities that delineate the boundaries
of a bl ock, 2roYpSf qudgky agd are applied at the 8 corresponding pixel locations. In the following,

15  discontinuity (i.e., intensity-gradient) criteria are applied inside crossed-mask 52 and

optionally outside of crossed-mask 52.

FIGURE 6 shows an example of the nine pixel crossed-mask 52 used at a
particular location within image frame 60. Crossed-mask 52 is iltustrated for a particular
location and, in general, is tested against criteria at a multiplicity of locations in the image

20  frame. For a particular location, such as location 61 of image frame 60, the center of the
crossed-mask 52 and the eight flatness-of-intensity criteria ax, bx, cx, dx, ay, by, cy and dy

are applied against the criteria.

The specific identification algorithms used for these eight flatness criteria can
be among those known to one of ordinary skill in the art. The eight flatness criteria are
25  satisfied by writing the logical notations axe F, bxe F, ..., dy € F . If met, the
corresponding region is ‘sufficiently-flat’ according to whatever flatness-of-intensity

criterion has been employed.

The following example logical condition may be used to determine whether the
overall flatness criterion for each Candidate Pixel x(r,c) is satisfied:
30 if
(axeF and bxe F)or (¢cxe F and dxe F) (H
and

(ayeF and bye F)or (¢cye F and dye F) (2)



bl ock, regardless of its |location. The enploynent of a specific algorithm
for determning the Flatness Criteria F (that are applied to the Candi date
Pi xel s C woizs1omops3er uci al to the net hod. However, toachiperaard@inoodesoughput
capability, one exanple algorithmenploys a sinple nmathematical flatness
criterion for ax, bx, ex, dx, ay, by, cy’and dy that is, in words, ' the
magni tude of the first-forward difference of the intensities between the
horizontdl |y adj Béent and the vertically adjacent pixels'. The
first-forward differeecgfhg the vertical direction, for exanple, of a 2D
sequence x(r, c) is sihply Xx(r + 1, ¢) - x(r, ¢) . The above-di scussed
flatness criteria are sonetines insufficient to properly identify the
region DEB in everyEqe@iaflyQhe 808¢ Boblea®atérBént ed4€lyin et oh 61 8 sthtemdsis une
now t hat the above flatness condition Ce Flat is nmet for the Candi date

Pi xel at C .CHea: under ptpast opstoh de, fobovmg Hireer@aditP@eont i nuity Criterion D

1< part o & bouRtar yORPER FHAE 5050 BT bR SHALR" HOhCAPRPALCo BERe | nui Ly

t hat belignggiat Beedleis) R idleimivdidehaticexnilgfist refiohdehedd SPiidahtitepigehe bef ore
and after its conpression. The Magnitude-Di scontinuity Criterion nethod
sets a sian@ﬂﬁﬁpééﬁbpﬁ D bel ow which the discontinuity is assunmed to be an
artifact of blockrng. Witing the pixel x(r, c) (61) at Cin terns of its
intensity x, the Magnitude Discontinuity Criterion is of the formdx <D
where dx is the hagni €Cwsedofask A lieh eeondisepatinyityait opgefdhsionylogationhe cent er

(r, c) of crossedmask,652. T requi.r val u B be inferred fromthe
rorordl CrR PR e res cesfan

intra-frane quanti zat Si Zé C ssi’oh al gorithm which in

turn canseither baiohkisiyedhd Nanest beedeaokiemantheeneotrstions estimted from
t he known conpressed file size. In this way, transitions in the original

image that are e§%al to or larger than D are not nistaken for the

boundari es of bl gcki ngr @lehinfREES li&N et NEE&RYnM AR BhYolleblack8dionCoNMDI Ni Ng
this condition with the
(r,c+1) OR (r,c+2) OR (r,c-1) OR (r,c—-2)

while satisfying the flatness criteria at the remaining three locations.

20 In the above-described process, as required for identifying Candidate pixels,
crossed-mask 52 spatially covers the discontinuous boundaries of blocks, or parts of

blocks, regardless of their locations, while maintaining the truth of the statement C, € Flat .

A more detailed explanation of the above logic is as follows. Condition a) is
true when all the bracketed statements in (1) and (2) are true. Suppose there exists a
25  discontinuity at one of the locations given in b). Then statement (2) is true because one of
the bracketed statements is true. Suppose there exists a discontinuity at one of the
locations given in ¢). Then statement (1) is true because one of the bracketed statements is

true.

Using the above Boolean logic, the flatness criterion is met when the crossed-
30  mask 52 straddles the discontinuities that delineate the boundaries of a block, or part of a

block, regardless of its location.

The employment of a specific algorithm for determining the Flatness Criteria I

(that are applied to the Candidate Pixels C, ) is not crucial to the method. However, to



flatness condition gives the nore stringent condition Values for D ranging
from1l0%to 20% of the intensity range ofx(r, c) have been found to yield
sat i sf actwoyoswaessaat i on of bl ock artifacts over a w dePrcangeowioodiosf er ent
types of video scenes. C e Flat and dx <DThere will al nbst certainly exist
non-artifact discontinuities (that shoulld therefore not be debl ocked)
because they were in the original unconpressed i mage frame. Such

non- ar t i § acbcldévshagit throughpuesapatelitys eitei expmpld vlgetithamemplays aafigple magiegatiiher e

t he surroundi hg regi.on.c S Fl. a j - e crlterion,
whi ch ther eg‘?/tngséﬁgs P %fos,r%g’ﬁ&df}g(j:dé’n T%W?Igcgwrrg!gp?ﬁ%%to {1e’ atggf\%&éﬁlaéf %fi on and
t her eby bei dg fisstefbglayd diffesaid ofabk hensidesdeonkch tig landortdlbragfaoens and bagl vy

snoot hed. However, .such non:artifact discontinuities correspond to image
]Eielt ai | 3 ll:) Paf’;?Faj{y_tﬁdlj‘g?‘S}P}%Efﬁygﬂg‘g%éfﬁ%ﬁg%e lﬁé}\llee:e\z%claf_'%g}gd:ﬁg{gt suc?

al se debl og lo$a DDRE & x(PQY isARhSIG ti(PPRB)-ex(},0) t he : wever, to
signifi cantlyngtg%ilj)ce the@%robg(glq?i ty of éuch rar(e i)nstances of false

debl ocki ng, the foll owi ng Look-Ahead (LA) and Look-Behind (LB) enbodi nent
of the ABthod may bEheahpyeodisaisseltlaingss chitssin afcpapgtiBgpepyHeptde Pyrethat , in

particul ar yjdeQ . B ~ ' I alsqpiyreri cal
condi tions édr?g@& d\}ﬁghntﬁ;]e rzaﬁr&?%d&lodr}i%g?rﬁgaﬁ%e@aﬁ%%ivg&?E%ﬁ%'r ?‘Sls nal vi deo
frame neet snbwtint @ abhve faeyecdnotiah d Edtaes sneafud theaCalliddiePoehbt Gui ty

conditions and would therefore be falsely identified (i.e., subjected to
fal se debl odkémdn hsdndtdds @ Magpividsi Pispontimgiyi Gregreant P yay ge gnployeddp dppiove on of
the C coul d be.w.ongl. Lane -DEB 4 nst ~ | e of
thi s, & ver frarrongy B PR:RRER AR SRD b bR AT AR S AT

obj ect (6n thenuntamisessedtythitdichats tontaged de@iitat casts mebe orfpndh irhigs,

fl at ness c?ngd' tions.and the di.scontinuity conditions for Debl ocking. This
can soneti ofed Aft 1i9MBISS'Yhj ect i onabl e artifacts in the displayed
corresponding real -tine video signal. The following LA and LB criteria are
optional and addr esBhetMagnithdyBiss@eimiidy Criterion method sets a simple threshold D

below which the discontinuity is assumed to be an artifact of blocking. Writing the pixel

x(r, ¢) (61) at C, in terms of its intensity x, the Magnitude Discontinuity Criterion is of the

20 form
dx <D
where dx is the magnitude of the discontinuity of intensity at the center (r, ¢) of crossed-

mask 52.

The required value of D can be inferred from the intra-frame quantization step
25  size of the compression algorithm, which in turn can either be obtained from the decoder
and encoder or estimated from the known compressed file size. In this way, transitions in
the original image that are equal to or larger than D are not mistaken for the boundaries of
blocking artifacts and thereby wrongly Deblocked. Combining this condition with the

flatness condition gives the more stringent condition

30 Values for D ranging from 10% to 20% of the intensity range of x(7, ¢) have
been found to yield satisfactory attenuation of block artifacts over a wide range of different
types of video scenes.

C € Flat and dx <D



nunerical conditions. They do so by neasuring the change in intensity of
the image from crossed-nask 52 to | ocations suitably | ocated outside of
crossed- muekoB210933p t he above criteria C e Flat and dx eDrarsoomino®sd al so
exceed a 'l ooking ahead LA threshold criterion or a 'l ooking back LB
threshold criterion L, then the candidatlé C pi xel is not assigned to the
Debl ock Region. In terns_of the magni tudes of derivatives, one enbodi nent
of the LA and LB cr ks vil glmosticprtaiply gxisy noneaptifegfdiscontinuityes (thagshauld ) OR (dxD
L)then Cl DERrlifrotddenel@¥Rked) 8EMBseHG WS id @Y frigikdl vRbdmtirYss BB @Rt Babe t he
magni tude of the LA magnitudée-gradi ent or change criterion dx as neasured
from t he | ocaeh em-qrtifag) digpgntinudiies way|sefésdy ibof Dond playalso Aesids whsiesthease i s
reater tha ual .to the threshold nunber, L. . The other. three terns
have si m | arReSRERORE RN h T ClfeatotliEdr erko e el YR A5 and b

The effect qfaqh {besué‘lpﬂlg&nﬁﬁliﬁ&qlééegngfﬂetag(‘;\icea:riite?i_oﬁ Qn@fﬁ%ﬂéﬁfbéiﬁ?@vroﬂ | ocki ng

cannot occur within a certain distance of an intensi ty-magni t uade change of

Z or gréét eclasstheksler dekloskinziopd Berefare aironcly mopghethBogewdirrech effastfacof
reduct ng t Neikafafil Lnksdindt @l AERIARKI DO I Bl BN S L fARSHIAI Nt S are

al so sufficient to preve undesira g Inregi are in
t he cl ose nergidichiicodstabé detthekegtihepraliynidt objectahablb e that®iss iHoyegeradi ent i s

hi gh, regardl ess t he fl atness. a iscontinuity criteria. An enbodi nment
ot O e oot SlebiRaf ks e B A L BT Re® oS B8 Sore ol
criteria, fdsloagsd Goikaghead pixpinddiookBehad (18) dasolinedat 6€HE OBthBERay 6an be
express%g as a g{arrple criterion as follows: if ClL e Flat AND x <D AND (
{dxA <L 'AND®BRBYZL: AND dxC <L AND dxD <L ) )

It has been found experimentally that, in particular video image frames, there
may exist a set of special numerical conditions under which the required original detail in
the original video frame meets both of the above local flatness and local discontinuity
conditions and would therefore be falsely identified (i.e., subjected to false deblocking and

20  false smoothing). Equivalently, a small proportion of the C, could be wrongly assigned to
DEB instead of to DET. As an example of this, a vertically-oriented transition of intensity
at the edge of an object (in the uncompressed original image frame) can meet both the
flatness conditions and the discontinuity conditions for Deblocking. This can sometimes
lead to visibly-objectionable artifacts in the displayed corresponding real-time video

25  signal.

The following LA and LB criteria are optional and address the above special
numerical conditions. They do so by measuring the change in intensity of the image from

crossed-mask 52 to locations suitably located outside of crossed-mask 52.

If the above criteria C, € Flat and dx < D are met and also exceed a ‘looking
30 ahead LA’ threshold criterion or a ‘looking back LB’ threshold criterion L, then the
candidate C; pixel is not assigned to the Deblock Region. In terms of the magnitudes of
derivatives, one embodiment of the LA and LB criteria is:
if
(dxd2 L) OR (dxB = L) OR (dxC 2> L) OR (dxD > L)



then C1 e DEB As an enbodi nent of this nethod, the truth of the above may
be determ ned in hardware using fast |ogical operations on short integers.
Eval uat i omoabioidoessabove criteria over many vi deos of di PCeEr@nbostpmes has
verified its robustness in properly identifying the Debl ock Regi ons DEB
(and thereby the conplementary Detail Redions DET). Many

previ ousl y- processed vi deos have 'spread-out' block edgedi scontinuities.
Wi | e beidng vi si Biep- obj ecti onabl e, spread-out bl ock edge-di scontinuities
straddl e nore than one, Iq‘g%l in the vertical and/or horizontal directions.
Thi s can causei ncorrect Classification of block edge-discontinuities to the
Debl ock Regi on, as described by exanple in the follow ng. For exanple,

consi der a hori zont gl thd atRiv¥ @bmWisdéh 4i @EPBI) RuthSlY nRhn ROME k4gE0AO of At
separates flat-intensity regions that satisfy Ce Flat , occurring from say
x{r, ¢ ) = 1@0magnitefle-gradientlgr chan4Qritgrivindx senessireé fivwrihgiosdiont glwiut tp

t hreshol d ..The di.scontinui 1S i I s D

i mpl yi ng tﬁggp?ﬁ%hﬁfg]fe%??fgfc%%é%g%%%ﬁ quﬁéﬂ?%ﬂﬁ%g§%§%$2%§m§2§?§% DEB.
Consi derlOhowtlichilseestanmes tdiv s amilbi metinings biit withguestevide pd@lsiaslochtaasBf Cesd Df it i s
a spread-out discontinuity fromsay x(r, ¢c) = 100 to x(r, ¢ + 1) = 120 to
x(r, c+2) = 140. In thi the, dis tinuities_ at (r and x(r.c+l)
are each of nmagni tU(Tjhee Cg(%gﬁébaebggﬁgg a ﬁgg FET 18 egiu(geeél “f 1eocvlg ﬁéenngtf D,
t hi s causes otalrsethReblepaia digardce obacidtensityhaignitsde dbahde of (rorgeand Xx(r, c+l)
woul d be wongly assigned to the Deblock region/ |ES. Simlar spread-out

edge discontinuities_may,exi in the vertical. directi.on. Mst conmonly,
such spread-out di s?%ersi‘fl ‘rAl‘ |nf1 iﬁegscog%trraén %j]ilaev e;hep(%s(léﬁ%seﬂgfttqrg(r)%délﬁmg g straddli ng

of 3 pi xel s prébabiligoofftalsndtbidakimgNEhdIEA L Y BCongidsseelalve deficisit gnprlegent One
enbodi nent of .this hod f.or correctly classifying spread-out

edgedi sdant MRS dp O%géﬁmg&ysglaa?rm@a%@é% {eoe Ot TS o- pi xel
cr ossed- nas knaagitMai of eMR¥ndd® oheiRdt ishidndRpirdfeys dnrk ARk dRbhekty
spread-out discontinuity boundaries. For exanple, all of the Candi date

Regi ons i deftffiRed in the 9-pixel crossed-mask 52 of

An embodiment of the combined criteria, obtained by combining the above

three sets of criteria, for assigning a pixel at C, to the Deblock region DEB, can be

20  expressed as an example criterion as follows:

if
C e Flat ANDx<D AND ((dxAd <L AND dxB <L AND dxC<L
AND dxD<L))
then
25 C € DEB

As an embodiment of this method, the truth of the above may be determined in
hardware using fast logical operations on short integers. Evaluation of the above criteria
over many videos of different types has verified its robustness in properly identifying the

Deblock Regions DEB (and thereby the complementary Detail Regions DET).

30 Many previously-processed videos have ‘spread-out’ block edge-
discontinuities. While being visibly-objectionable, spread-out block edge-discontinuities

straddle more than one pixel in the vertical and/or horizontal directions. This can cause



FIGURE 5 are 1 pixel in size but there is no reason why the entire
crossed-mask could not be spatially-dilated {i.e. stretched), enploying
sim | ar |wgi2e10/00ba38, ax, bx, ...etc. are spaced 2 pi xel CREA2009/000S
surround a central region of 2x2 pi xel s. The above Conbi ned Pi xel - Level
Debl ock Condition remains in effect and2|s desi gned such that C e Fl at
under at |east one of the follow ng three conditions: d) Crossed-nask 52
(M |i es Sovercogregt@lagsifieation ebfplovk edgerdispentiapitips to|the Iebleckiiegionegsdesrippdit
intensity, thet Le hOsludipg sufficiently-flat regions where Mlies
entirely in ? ﬁL ef?or o?h% bl ock OR e) Crossed-mask 52 |ies over a

2-pi xel w de dlscontan|ty at one of the four 1x2(P|er | ocations (r + 2 :
r + 3, c) OR ( r + 4For epiamplg, cop3ideDR h@nzonﬂal 1-pixel-wjide Q,cpnt@:pty ef m.qgmtugle 48 ¢)
whil e sati sf t he f S crlt t th remmi ni n t hr ee at ns OR
1) o osaed: MR ok ROER wBoh Bl ol ¢ Grd e R I 5 S 85 210 ne

f our- 2X1 pi )fc?Jr |6Qp§)ti ?ﬂ)swﬁl{ ‘ehe %rlengn d1s€0nﬁn1§)y ifRsdid DE30: 'ﬁhe dl&oﬁtlx@t &R (r,

2 , : while satisfying the flatness crlterla
at t he rlémalOiﬁ mgmtuldp é@ amddbatewmés DJ implynsthelele piael »req dpesart balewe to the
crossed- mask, S mell
as the spr ead. MOC re%%%%lf @gné %@%ﬁnglgsrsltagg di'OsF © #‘éﬁoyﬂl&gltg(?d ggéla%?f let% hei
| ocati ons, \mltisa spﬁ:aal}baudmnglmmg fiomutain x@f o)t=hi®03¢ atrene it = QEetoB{rat+2) =The

g R DA 6] 0L 15, B0 Rl XPhu BRIk 1o
detail s by whéatke ﬂaaefaﬂb@a@eéd tak nﬁti@ofamdhlébagémfalsamewclﬁﬁg foectd: thmyis,be

det er m ned. For exang criteria for 'flatness' could involve
15" both x(r,c) and x(r,c+1) would be wrongly assigned to the Deblock region DEB.

o

Similar spread-out edge discontinuities may exist in the vertical direction.

Most commonly, such spread-out discontinuities straddle 2 pixels although the

straddling of 3 pixels is also found in some heavily-compressed video signals.

One embodiment of this method for correctly classifying spread-out edge-

20 discontinuities is to employ a dilated version of the above 9-pixel crossed-mask 52 which
may be used to identify and thereby Deblock spread-out discontinuity boundaries. For
example, all of the Candidate Regions identified in the 9-pixel crossed-mask 52 of
FIGURE 5 are 1 pixel in size but there is no reason why the entire crossed-mask could not
be spatially-dilated (i.e. stretched), employing similar logic. Thus, ax, bx, ...etc. are

25  spaced 2 pixels apart, and surround a central region of 2x2 pixels. The above Combined

Pixel-Level Deblock Condition remains in effect and is designed such that C, € Flat under

at least one of the following three conditions:

d) Crossed-mask 52 (M) lies over a 20-pixel region that is entirely of
sufficiently-flat intensity, therefore including sufficiently-flat regions where M lies entirely

30  in the interior of a block

OR

e) Crossed-mask 52 lies over a 2-pixel wide discontinuity at one of the four
1x2 pixel locations

(r+2:r+3,c) OR (r+4:r+5,¢) OR (r=2:r—1,¢) OR (r—4:r—



such statistical nmeasures as variance, nean and standard deviation as well
as the renoval of outlier values, typically at additional conputational
cost and wbawsvoopsspoughput. Simlarly, qualifying di scorCrma2beeomsul d

i nvol ve fractional changes of intensity, rather than absol ute changes, and
crossed- nasks M can be dilated to all ow?he discontinuities to spread over
several pixels in both directions. A particular variation of the above
criteriadrelltks to fractional changes of intensity rather than absol ute

changes. This i S\g}ﬂi??&?lgnfggl% tpgﬁﬁhE%??IiitErié. Rt Jnaﬁlﬂ%%e& ib%St_iJnE'e HVS responds

in an approxi mat way to fractional changes of intensity. There

are a nunber of @Bdifications of the above nethod for adapting to

fractional changgs and thereby . nproving th er.,ception qf i ng,
especial 'y in dark rg%pgﬁ§4%¥¥é%ggrﬁg@%gppgﬁgﬁe?ﬁg;ﬂ%ﬁgx%53?%f&3? hstead of
subj ecti ng tkepixaEgetiond ensity x(r,c) directly to the flatness and

discontinuity criteria as_the Candidate Pix ,, the logarithm of
i ntensi Y C =l ogb (X(VE%7?3F§3&§®%(PHTBﬁgﬁﬁgif) %Féﬁ%ﬁé‘gaég'glﬁfght be 10
or the naturgl.exponent e = 2.718.... ORii. Instead of enploying nagnitudes
of intensity differences directly, fractional differences are used directly
as all or part oWhilhestislyingdhq Batacsp critera sfdhesremaingedbes lpgatiangs, | ook ahead

and | ook back. For exanple, the flatness criteria may be nodified fromthe

absolute intensity ﬁlhﬁ@%dap,lagr&][uired,tt& Godstl-Satkalids &RMI8bNNEIR; thelhative
intensity term such as a’ relative threshold eR of the formx{r,c) e e +-

IMAX wher e, pixal-whie besapkseasiwellias ghopprraddtd-pinel-wide Bounderiesef Blogkid | MAX 255
whi ch i ist h?eggradﬁsglél hbiP el %dn%,ywﬁigaﬁgair?tg‘irﬁing(?heat%%llil OF tﬁe ts)tXtel)ﬁgrlit’ E i)e' Flat. The
minimum number of computations required for the 20-pixel crossed-mask is the same as

for the 9-pixel version.

There are many variations in the details by which the above flatness and
discontinuity criteria may be determined. For example, criteria for ‘flatness’ could involve
20 such statistical measures as variance, mean and standard deviation as well as the removal
of outlier values, typically at additional computational cost and slower throughput.
Similarly, qualifying discontinuities could involve fractional changes of intensity, rather
than absolute changes, and crossed-masks M can be dilated to allow the discontinuities to

spread over several pixels in both directions.

25 A particular variation of the above criteria relates to fractional changes of
intensity rather than absolute changes. This is important because it is well known that the
HVS responds in an approximately linear way to fractional changes of intensity. There are
a number of modifications of the above method for adapting to fractional changes and
thereby improving the perception of Deblocking, especially in dark regions of the image
30  frame. They include:

1. Instead of subjecting the image intensity x(r,c) directly to the flatness and
discontinuity criteria as the Candidate Pixel C,, the logarithm of intensity C, = log,
(x(r,c)) 1s used throughout, where the base » might be 10 or the natural exponent
e=2.718....

35 OR



The Candi date Regi ons C nust sanple the 2D space of the inmage franme
sufficiently-densely that the boundaries of nost of the block artifacts are
not m ssewodow/messander - sanpling. G ven that bl ock- base@#CTaRI@®ABIVB

al gorithns ensure that nost boundaries of nobst blocks are separated by at

| east 4 pixels in both directions, it i<3possible with this method to
sub-sanpl e the i mage space at intervals of 4 pixels in each direction

wi t hout @i ssing &l nosinstghd offsnepddyitmmeghandesdif stansity difiiereness dirgyilyt agiopilxel s
in each diregtl | ;S K I 0. Py ce. Thi
significant @3@%&8&"@ ugeg r%‘%ﬁﬁ? t%gﬁg’?‘i}%ﬁéﬁh@%gﬂﬁk hgégsﬁb(fl%%}sl{ﬁ - %eg‘r}g{)l?ng by 4
i n each dir ebtddand leadsack doa exingde mivettieds gatriachaylod modifiediatm el abegutto t he
Debl ock Regi.on. . An enbodi.ment of this nethod enpl oys such sub-sanpling.
Suppose the“&gir??éf?'ggf’%m%ie)égl s are L pixels apart in both directions. Then

t he Debl ock region maﬁ‘(’bﬁl g)ej;c e‘§’<g romthe sparsely-distributed Candi date
Pi xel s, as that regioh obt’al ned’ ly surrounding all Candidate Pixels by LxL
squar es ;hl ocks. [ S 1 - i - i apn effici rit Once
the Doblok Regi Srbts i SR adh RNy oot LR o190 O g
strategi es thatrgan be applied to the Deblock region in order to attenuate
t he vi si bl yobj ecti onabl e perception of bl ockiness. One nethod is to apply a
snoot hi ng operation to the Bébéock Region, for exanple by using

Spatial | y-1nvariant L&w §s] HR Filters or Spatially-Invariant Low Pass FIR
Filters or FFT-based Low' Pass“Fil ters. An enbodi ment of this nmethod down
sanpl es the ori givhade, inMBO&ampRITE ®eRPpeiidit, v Qe 64¥AQET @ IQPet 285 Wiich is

foll owed by up sanpling to the original resolution after snoothing. This
enbodi nent ~ ARhPEBEmARERY tha el B8RS NiHef ) because the smoot hi ng
operation takes place over a smaller nunber of pixels. Wth the exception
of certagin filters $uchaRARiale1@RAE ¥ HuEsaMRVd RY2AEIRILHE im&e Hife Box) 2D
filter, 2D FIR filters have conputational conplexity that increases with
the | evel ofufficieatiagely at tHelbeyndaries sfeapst sfable blockxetifaom are oumisséd dRie to
;gggm :1 gn;:uln egrsgrﬁél?r} J! '?eng$g‘t%§¥mgefqégﬁ%rse/ssslor}a gcgn'tin?ls earPsBrrec% e{t rr%%tste 'y

boundaries of most blocks are separated by at least 4 pixels in both directions, it is possible
with this method to sub-sample the image space at intervals of 4 pixels in each direction
20 without missing almost all block boundary discontinuities. Up to 8 pixels in each direction
has also been found to work well in practice. This significantly reduces computational
overhead. For example sub-sampling by 4 in each direction leads to a disconnected set of
points that belong to the Deblock Region. An embodiment of this method employs such

sub-sampling.

25 Suppose the Candidate Pixels are L pixels apart in both directions. Then the
Deblock region may be defined, from the sparsely-distributed Candidate Pixels, as that
region obtained by surrounding all Candidate Pixels by LxL squares blocks. This is easy

to implement with an efficient algorithm.

Once the Deblock Regions are identified, there is a wide variety of Deblocking
30  strategies that can be applied to the Deblock region in order to attenuate the visibly-
objectionable perception of blockiness. One method is to apply a smoothing operation to
the Deblock Region, for example by using Spatially-Invariant Low Pass IIR Filters or
Spatially-Invariant Low Pass FIR Filters or FFT-based Low Pass Filters.



Hi ghl y- conpressed videos (e.g. having a quantization paraneter q>40)
typically require FIRfilters of order greater than 11 to achi eve

suf fi ci enwoanmawbisng ef f ects, corresponding to at | east pCT/Gaddisttioe®s and up
to 10 nultiplications per pixel. Asimlar |evel of snpothing can be
achieved with nmuch lower order HR filter$, typically of order 2. One

enbodi nent of this nmethod enploys HR filters for snoothing the Debl ock

Regi on. Anot her netModmbahmentwdthi methpddeimdaingtes the drigatal dege fininedpralov e

except that ¢ hi filter tiallys:vari.e i€,
spatial |l y- a(t:f)apg Eﬁ?@‘ﬁé}g gﬁ%ﬁtw&? ’ \%\(gl)(l)%te ‘%{é)?u? ﬁagnpcl:lr%%ls%ﬂel%lf)rﬁ%l%% rosf’l%%ﬁféa?ffrl ters is
al tered, assmodthingt Tbis embodip@ht ahicl@datdronerals anashingbedatseaesth@phibgye Det ai |

Region. In this.nethod, the ordeli i‘aﬁ%‘g t eregore t he crossed-mask size) of
the filter PRAPRIPYSS Bl P&aacRAlLLUNPer o 8BS Sches the boundary of the

Detai | Region. The crossed-mask size may al so be adapted on the basis of
| ocal statistics towiklleasxeeptiof efgerthdillet\sath afthcRatdNeNgoviad Aedrhgat

i ncreas conpyt ati onal. cost. This nethod enpl oys spatially-variant |evels
of srmoﬁﬁi ng-% fhe Hohaty f%aryﬁ)ﬁé% i hpwsqopmye ol EOBP Pl Bt dncisagior

overwrite (@aRdecher @Ryisheshathdy ddRqHeddab bel&al SARFTROSARNHIAS Bl:deT 0SS smal |
Detail Regions to produce an undesirable "hal o' effect around the edges of

the Detail Rayiromnupbergf MHEFs/s thigrivypreimately pravosionel th gt leysbpf sepothinggr owi ng'
process to the Detail region DET in a) above for all Key Franes such that

DET is expanded ar %QﬂyicgﬁlﬁggééﬂqgeB@@:g. H%ﬁéﬁﬁgzaﬂ§§ﬁzg§/ﬂ%}gﬂ{]ﬂm ng, to

expand the boundaries, such as that described herein hma sed, or other
met hods knotticaly tpawireFIRofilgirnefroydas igidater than d heo aghicye Tciew subothing Expanded

Det ai | gi 1S [ I S i Rrovenent as the tail
egon 15 oheauy mopiaE e e Chdidlt bkl b TURIATR N TR I8 K ) mges
CAN of t hosesifmlarniesel Dhsmodthiog easesachivalughiputchdnger @dirdBSfilcospytiailly onal

conplexity because it .is.onl ece r 0 iﬁi tify the ﬁ%ﬁ i1 regjon
PET(and i sOQipar Qro Ry P vie vesp o Ao @iernbr riveiiion g ki ng
EXPDETI nst eRegion. DETi s that EXPDET nore effectively covers noving objects
havi ng hi gh speeds than can be covered by DET This allows the Key Franes to
[ [ [ her eb

be spaced farther g na(')r‘éﬁ[e’r mfe%c)d (’ilor%Iln\(/)gtrlllin\glgligI sen%ilgrl tg r‘?l%lt ’des%rqgedtabove ex%:/ept that
20 the smoothing filters are spatially-varied (i.e., spatially-adapted) in such a way that the

crossed-mask of the filters is altered, as a function of spatial location, so as not to overlap

the Detail Region. In this method, the order (and therefore the crossed-mask size) of the

filter is adaptively reduced as it approaches the boundary of the Detail Region.

The crossed-mask size may also be adapted on the basis of local statistics to
25 achieve a required level of smoothing, albeit at increased computational cost. This method
employs spatially-variant levels of smoothing in such a way that the response of the filters
cannot overwrite (and thereby distort) the Detail region or penetrate across small Detail

Regions to produce an undesirable ‘halo’ effect around the edges of the Detail Region.

A further improvement of this method applies a ‘growing’ process to the Detail
30 region DET in a) above for all Key Frames such that DET is expanded around its
boundaries. The method used for growing, to expand the boundaries, such as that
described herein may be used, or other methods known to one of ordinary skill in the art.
The resultant Expanded Detail region EXPDET is used in this further improvement as the

Detail region for the adjacent image frames where it overwrites the Canvas Images CAN of



i nproves throughput and reduces conplexity In this nethod, the Detail ed
regi on DETmay be expanded at its boundaries to spatially cover and thereby
make i nviwokbm/mnigo’' hal o' effect that is produced by thecTraabvdvoogs
operation used to Debl ock the Debl ock region In an enbodi nent of this
met hod, a spatially- variant 2D Recursive Mvny Average Filter ( z e a
so-called 2D Box Filter) is enployed, having the 2D Z transformtransfer
function§ ( thbse fri@thes] Xhis incZ@sés)thriotghputviidobdukescdohipnaitiesal tasplexigdcaisyd 2D FI R
filtering of 2D order (Z/,. .Li e corr ding 2D rec i FI.R
| nput - out put® T T aeeS st s PG GBI TER0G) PogdRmg SRS
-1,¢c -\) + ¥Key[Fxdntiesc Thexdvanthge Qfﬁl)singX*IXﬂ’llEPirrl]dial)ibﬁDEms t}ﬁt-lEXI)l])Elr?]\/ﬁﬁ)Eeehy is the
out put and x_.is. the input This enpodi t ha e advant age that the
ari F hreti c EBFRHIVENCPYFTT oyiggrlyags payvin &p@%&%ﬁﬁan&ﬁn ﬁéoweéeg DT sHdt hi ng
I'n a specif alowxBIREE FRnet REvdBhkadartHePshart! B8k cRah .S %@,(ahd/thereby) are
spatiallyvaried (i e , spatiality of the above 2D FI R Mbvi ng Average filter
i s adaptlBd tmBrravesiterosghent and reducesrompiasbnse of the snoothing filters with
the Detail region DET FI GURE 7 shows one enbodi nent of a nethod, such as
method 70, for achigvhigelhdBI QY BeaNdd8Goh PEGE[UR %&ﬁdé’&ét@@ bRl AQNGEPt S
di scussed herein One systemfor practicCi n%‘at hi s nethod can be, for exanple,
by sof t war e spatiphygereeandgherely magiednvisiblniany bale” sifent et BOrasinesdrbyithe FI GURE 8,
er haps und ot r [ - Lor 84-1 Process 701 determ nes
g Debloock r%?%ﬁlq%\ﬁg%a%fnl‘g%ﬁ%ﬁz% Oc}{glgei%er?g&grr%l?nc')und, asdeterm ned by
process 702 process 703 then can identify all Debl ock regi ons and by
inplication all Detlaiah embglionst of Friowedhsd, AGhatiaigyagam 2Ddgcwrsiyrdbiviieng such
boar PLREEs il ARLELTGS MO BACpARH a0l A D9 RG] 001 o has
transfer functions

H(szz):<1—z{jl><1—z{f2) 1
(1_21 )(1_22 ) L,

which facilitates fast recursive 2D FIR filtering of 2D order (L,, L;). The corresponding

2D recursive FIR input-output difference equation is

20 y(r,c)=y(r-Lc)y+y(r,c-1)—-y(r—-1lc-1)+..

[x(r,c)+x(r — L,c) + x(r,c— L))+ x(r — L,,c — L,)]
LILZ )

where y is the output and x is the input. This embodiment has the advantage that the

arithmetic complexity is low and is independent of the level of smoothing.

In a specific example of the method, the order parameters (L,, L,) are spatially-
25  varied (i.e., spatiality of the above 2D FIR Moving Average filter is adapted to avoid

overlap of the response of the smoothing filters with the Detail region DET.

FIGURE 7 shows one embodiment of a method, such as method 70, for
achieving improved video image quality using the concepts discussed herein. One system
for practicing this method can be, for example, by software, firmware, or an ASIC running

30 in system 80 shown in FIGURE 8, perhaps under control of processor 82-1 and/or 84-1.

Process 701 determines a Deblock region. When all Deblock regions are found, as



when snoot hing of the Nth region has been conpl eted. Process 708 indexes
the regions by adding 1 to the value N and processes 704 through 707
cont i nue wotnlo/quesseess 707 determ nes that all Debl ock Pregicasoday®sbeen
snmoot hed. Then process 709 conbi nes the snoot hed Debl ock regions to the
respective Detail regions to arrive at &f inproved i mage franme. Note t hat
it is not necessary to wait until all of the Debl ock regions are snoot hed
bef ore bégi datemginedley woedss MgomsodBgbersianadentifyedldDdpekatgionsne by be
per f or med iri'mﬁ?craﬁlrllﬁiDEt‘;ﬂgee%i rsed. FI GURE 8 shows one enbodi nent 80 of the
use of the co cep?s drscussed herein. In system 80 video (and audio is
provided as an input 81. This can cone fromlocal storage, not shown, or
received froma vi ddocadaf@ then earbesih shoothingsodhhbat praesst 106 aeteithings whedeo can

arrive in ny forns u t hrough, a.live broadcast s m_or video

Tl e and g s ot B R BRUO R PHR b vet R A D RerS g oG mes b
Encoder 82, whsh Bigodthiag pf (e 8%is RFiodihaCbies eomplefe@] Propése 7S Hidsxek e rvgiggo frames
under chtrgl %I) PELOC ssaor 82-1 . The out put of encoder 82 could be to a
file stofagdy 8RMEb(HOYANHIVAY Prresaes 710G dhragshad7 soRtiye gntehrreess 70er haps vi a
network 83, db@mAnél@rAURDebREE ofts ARG srtbthel!l THRY Sroldi@foodgbyled@Rk Stream
is delivered to decoder 84 then the various channels of the digital stream

can be sel esmeethedDebiorkregansio therrespeetyd iDetpilaegionsdd AGivE ot arhimpprved évages

di scussed NeLekMNoR AR RIS bl ROk MG HEPORLAG AL L0 SnOHRM!

decode video stream can be stored In storage or disp aye& y Ohe or nore
di spl ays 86 beiore hiegindimg itlresmbmbiliisg prodnst soce(that opdratum}y cidrobeqtehfermddaaat i ons.

Not e th@% t he 1x?r.tiqcpus vi deo channel s can be sent froma single |ocation,
such as frohl'@Ncdde’"™ 82, or fromdifferent |ocations, not shown.

Transm ssion fromthe decoder to the encoder can be perforned in any

wel | known manner usHIGHRE & doiveenoembddiradre 88 of thansmfsisd ncapks digusoedser vi ng

bandwi dt h on the_transnjssion dium Al though the present invention and
its advanta %rgmhéli‘/%ysggle eodpp aé}ﬂh(ilﬁp’&?é(t‘ggf‘? ar}lflplgﬁgu& 15 Ggn AP ood t hat

various changeistorsdehsdtishatid, Onfeceingl @dh @Faleb QNS sEAM(HERIMNRF RicAion t hout
departing fromthe spirit and scope of the invention as defined by the
This video can arrive in many forms, such as through a live broadcast stream, or video file
20 and may be pre-compressed prior to being received by encoder 82. Encoder 82, using the
processes discussed herein processes the video frames under control of processor 82-1.
The output of encoder 82 could be to a file storage device (not shown) or delivered as a

video stream, perhaps via network 83, to a decoder, such as decoder 84.

If more than one video stream is delivered to decoder 84 then the various
25  channels of the digital stream can be selected by tuner 84-2 for decoding according to the
processes discussed herein. Processor 84-1 controls the decoding and the output decode
video stream can be stored in storage 85 or displayed by one or more displays 86 or, if
desired, distributed (not shown) to other locations. Note that the various video channels
can be sent from a single location, such as from encoder 82, or from different locations,
30 notshown. Transmission from the decoder to the encoder can be performed in any well-

known manner using wireline or wireless transmission while conserving bandwidth on the

transmission medium.

Although the present invention and its advantages have been described in

detail, it should be understood that various changes, substitutions and alterations can be



appended cl ai ns. Mreover, the scope of the present application is not
intended to be limted to the particul ar enbodi nents of the process,

machi ne, warofozobisee, conposition of matter, nmeans, et RQEAA2NT/(BOORS
described in the specification. As one of ordinary skill in the art wll
readily appreciate fromthe disclosure & the present invention, processes,
machi nes, manufacture, conpositions of nmatter, neans, nethods, or steps,
present | § exade herginorithoat departiog bemdeywlirdped stopadf the rfventmnsmBsfired by dlel y t he
same funct i gn, o ASHELSVESUDS! ANLALlYALOS. SATE K esUl £ 138, e GOp! esponding
enbodi nent s “descri bed herein may BEey |hl iPZ8d" ag%oréﬁ)ng PgmERE p(r’ Sent

i nvention. Aedwedd tgpatticilirentpperdsd degirdtssamaching, endefdctie, doatlosielen Wi t hi n

their scope such processes, machi nes, manufacture, conpositions of matter,
moans, ot hBHRAE MES RS B4R RE GO I e iigation. A ope SRy
renoving ar kkifl & ihs aﬁrv@m@aiéy IR idd AR thesdidtbsafeldf HRGr&eehvgtiod, sual |y

di sruptive to the HVS, said nethod conprising: separating a digital
r epr esenf at PENCHS: BaeHNGs g i3y e omppBtiens DEMRBY KMpEY; Bethedsadr sfeps.t o be

debl ocked apdl,auDetalie §,90100 vbhaldpRa i FEIRAMRESEAN Al LapdindeRhopked. 2.

The net hod urther conprising: snoothing s regi on of
each sai d i regevefsnitmiialpnitic condicsiliny tadodresnroding edb®kinbws kescetgiddwreii t h sai d
unbl ocked Det ail regi.on to forman a new.inage fr.a avi ng, l.ess vi sual

't upt ton 180 Pk EG A kdind B PL AR B AT Rcsu S B My e i B o

cl ai m 2 wheiménded ai iflclsdp@itidh thed scpeptdhs@Sceddes | BrEineg AGnohctike fol | owi ng
criteri? for deternig%ggtsaid Debl ock Regi on: intensity-fl atness;

di scont irnui EYPPISBIORS ter,| GRS RIS O €PSThe et hod of cl ai m 3 wherein
parameters of said criteria are chosen such that attenuation occurs for
conpressed image frames in which |l ocations of artifact blocks are apriori
unknown.



5. The nmethod of claim4 wherein said artifact blocks occur in said
conpressed video franes due to one or nore of the follow ng: previously
conpr esseaormiodopsse times; re-formatted i mage franes, ceCOrCATIOONdII9RBgE
frames; re-sized image frames. 6 . The ngthod of claim3 wherein said
intensity-flatness criteria enploys statistical nmeasures conprising a |ocal
variance_and a |l ocal nean of intensitigs. 7. The method of claim3 wherein
intensity change criteria are based oYXt i onal changes of intensity. 8.
The met hod of claim 2 wherein said snoothing conprises: spatial snoothing
to attenuate said Dabhhdekaidediion. 9. The nmethod of claim 2 wherein said
snoot hi ng conpri ses attenuation of blocks as well as other artifacts in
sai d Debl ock Region. 10. The nmethod of..claim 1l where said. separati.ng occurs
S thi oo DCT- backd erf gisdid T eingiGe R drgh oo ek Famy i RS uShen
snoot hi ng coefipiliysEsugivelieasHVB) QaidhietolRBomptidief:s, IR filters. 12. The

met hod of claim 1l wherein said filters can be either SEFtiaIIy:variant or
spatial |y i nvari $Rpratinga digial ropipsspgtiofy olepeh e e ke & Deblpek @sB it ng

conprises: &tolbeashlokoeadbyDBEil AMEIABA ifbRerdddn BR¥ntlallll ufdeblotfled. The met hod of
claim 2 wherein said snoothing conprises: nmeans for ensuring that snoothing

does not occur outside of the boundaries of said Debl ock Region. 15. The
met hod of clai m4 whethsimetaed of cloapd iufthes goPReYRsi vel y separates said i mage

franme into Debl ogkoJiags Q¢ DanEckaREBh bf ERILAN fnagt GramENamet hod of claim1
wherei n said separating conprises: selecting candi date regions; and
combining said smoothed Deblock region with said unblocked Detail region to

form an a new image frame having less visual disruption to the HV'S than a pre-separated

15  image frame.

3. The method of claim 2 wherein said separating comprises at least one of the
following criteria for determining said Deblock Region: intensity-flatness; discontinuity;

look-head; look-behind.

4. The method of claim 3 wherein parameters of said criteria are chosen such
20  that attenuation occurs for compressed image frames in which locations of artifact blocks

are a priori unknown.

5. The method of claim 4 wherein said artifact blocks occur in said
compressed video frames due to one or more of the following: previously compressed
multiple times; re-formatted image frames, color-mixed image frames; re-sized image

25  frames.

6. The method of claim 3 wherein said intensity-flatness criteria employs

statistical measures comprising a local variance and a local mean of intensities.

7. The method of claim 3 wherein intensity change criteria are based on

fractional changes of intensity.

30 8. The method of claim 2 wherein said smoothing comprises:

spatial smoothing to attenuate said Deblock Region.



determ ning on a sel ected candi date by sel ected candi date regi on basis

whet her a sel ected candi date regi on belongs to said Debl ock region

accordi ngvoaomendddn criteria. 17. The nmethod of clai m PéTwher@ao®sai d
candi date regions are sparsely located in each imge frane. 18. The net hod
of claim 17 wherein a separated Detail r%@ion is expanded to all ow
spatially invariant filtering of said Debl ock region Wi t hout causing a halo
ef fect around safd Defd§ memgpwalm@wherﬁé spi sHeehine cemaises A nyionsfn sai d

expansi on cmﬁ(g§sev$e'u&r%agif&@scihsﬁamm@l&ﬁe@wel to a surrounding
rectangl e of pixels.20. The nmethod of claiml wherein a separated Det ai

region is expanded to allow spatially invariant filtering of said Debl ock
regi on without cabsi ngheamphedoledigiach Whagre spidisepaiatngeacyis(wi BRT-bpged The

met hod of cl.gédged Wherein said snoothing conprises: use of an N-pixel
crossed-mask. 22. The nethod of claim 21 where N equals 9. 23. The net hod
of claim2 wherein said snmoothing conprises: using dilated crossed-nmasks
for Debl ocki ng vilbeo Ehegnethed efzalaimg whnreindnid smoebige cethprisshetilenst erie@s. 24, A
system figr piR$EBLI MQ ryibdeo, said systemconprising: an input for obtaining
a first video frane having a certain nunber of bits per pixel; said certain
nunber being such that when said video frane is presented to a display said
di spl ay yi el ds al?i f attesmgibededsidin|1d vthsrean spichiiltery pambhgleitbsrspasiallyMuSint  and
circuitry f - ' second video frame fromsaid first video frane,
sai d secondgéf E%%&%g%%ngielding artifacts |l ess perceptible to said HVS
when said second video frane is presented to said display. 25. The system
of clai m24 wher &}-n sBiednetbed efidpimbhpberciaspidnsothmgaomprisesf 0.1 bits/ pi xel .

at least one Moving Average FIR 2D Box filter.

15 14. The method of claim 2 wherein said smoothing comprises:
means for ensuring that smoothing does not occur outside of the boundaries of said

Deblock Region.

15. The method of claim 1 wherein said separating recursively separates said

image frame into Deblock Regions and Detail Regions.

20 16. The method of claim 1 wherein said separating comprises:
selecting candidate regions; and
determining on a selected candidate by selected candidate region basis whether a

selected candidate region belongs to said Deblock region according to certain criteria.

17. The method of claim 16 wherein said candidate regions are sparsely located

25  in each image frame.

18. The method of claim 17 wherein a separated Detail region is expanded to
allow spatially invariant filtering of said Deblock region without causing a halo effect

around said Detail Region.

19.  The method of claim 18 wherein said expansion comprises:

30 growing each candidate pixel to a surrounding rectangle of pixels.



26. The system of claim 24 wherein said certain nunber is a nunber of

bi t s/ pi xel provided by conpression of said first video frane using an H. 264
encoder. W0.20w9Byst em of claim 25 wherein said certai RCIUON2809/006998t | east
' the nunber of bits achieved by an H 264 encoder. 28. The system of claim
24 wherein said producing circuitry conpfises: means for separating said
video frame into a Detail region and a Debl ock regi on; and neans for

snmoot hi n§ sai d Dbl ockhamegtheshofitdimrl whereip abtparaty Laekdibregiegisorrgandgd foor m sai d
second Vi deqyy; QP AR fia BeBibll RBioh WilhBRlca GAIIY hadd fkce @ T uner
for allowing a user to select one of a pluralfity o ofl gital video streans,
each sai d viadeod stid Patml®eppni sing a plurality of digital video franes. 30.
The system of claim 28 wherein said snoothing conprises: a spatially
invariant FIR fiktier V] -1 al - - - [ ze: .and a processor
for preventing sg%'d sggetr%lgﬁ?@ofi%ﬁd\r}%?ivg}\#&l?%%fg?@g%%%&eﬁi ng said Detail
regi ons. 31. TheusydbnehpkelctamsatrB@kwher ei n sai d processor operates to
expand said Detail regions a distance approximately equal to said
crossed-pask siz 32, T 1 of Gl.ai erein said snoot hi ng means
conpri sel*gl:a1 a spa?zl'al Izglhevrger%(z&/n(?tc%[@ﬂ%fli“ﬁjteger@eé%.lsvwrhe system of claim 28
wherein said separating neans conprises: processing using at |east one of
the follow ng cr?ieriEhefrgthaiealetann 2 wigrdmpaid fedyitink cRegyison:
intensity-flatness; discontinuity; -l ad. . ook-behind. 34 system
of ol i m 33 wher Bie SlFEHsRG CrRRIIRREL S RELEIO codd o Mo
artifact attspemhibions.occurs for conpressed image franes in which |ocations
of artifact blocks are apriori unknown. 35. The system of claim 34 wherein

said artifact bl 2% ks R g}gs%m %orr] p?e%ien ing video, said system comprising:

15 an input for obtaining a first video frame having a certain number of bits per pixel;
said certain number being such that when said video frame is presented to a display said
display yields artifacts perceptible to a human visual system (HVS); and

circuitry for producing a second video frame from said first video frame, said
second video frame yielding artifacts less perceptible to said HVS when said second video

20  frame is presented to said display.

25. The system of claim 24 wherein said certain number extends to a low of 0.1
bits/pixel.
26. The system of claim 24 wherein said certain number is a number of

bits/pixel provided by compression of said first video frame using an H.264 encoder.

25 27.  The system of claim 25 wherein said certain number is at least % the

number of bits achieved by an H.264 encoder.

28. The system of claim 24 wherein said producing circuitry comprises:
means for separating said video frame into a Detail region and a Deblock region;
and
30 means for smoothing said Deblock region prior to combining said regions to form

said second video frame.



conpressed video franes due to one or nore of the follow ng: previously
conpressed nultiple tines; re-formatted i mage franes, color-m xed i nage
frames; rwoxpmaddizaage franes. 36. The system of cl ai m B8Tuhen@onowai d
intensity-flatness criteria enploys statistical neasures conprising a |ocal
vari ance and a local nean of intensities! 37. The system of claim 33
wherein intensity change criteria are based on fractional changes of
intensity. 38. Té% syEheayston of Plainh?® Birtpregosipisi®gi d snoot hi ng neans
conprises: a pro at i i i { : t aid
Debl ock Region.S%ﬁQ% Srggf%e A%%r%ﬁ%k%ﬁg%oaﬁgﬁgﬁl Qg? mgﬁ%%%ﬁﬁﬁggﬁggﬁs
conpri ses: aaiprvpleestsam doppriaing e plraalitngt bitd ksleadamed.| as ot her artifacts in
sai d Debl ock Region. 40. The system of claim28 where said neans for
separating is a rti - ; 1. ystem of cl aim 28
wherein said snn%?hiHgﬂﬁgéﬁgc%%%%??iggmgg%ﬁggg?oéﬁéCS%pgﬁﬁR filters, HR
filters. 42. Thea spasitlninedriaot BliRnfilter hawiinger edriainsawsded-inbtkesizs; o@n be eit her

spatial Ly-variant _or s ially.invariant. .43.. The system of . cl ai 8
wher ein'da ' smobPRERE e FEhprRL My IR SRR R & 20
Box filter. regdonsThe system of claim 28 wherein said separating neans
recursively separates said imge frane i nto Debl ock Regi ons and Det ai

Regi ons. 45. The,system of claim?2 erein.said separating nmeans
conpri ses: neans3¢or |SEHPS C%ﬁ%%?ﬁ'?EmfggP8W§§°%ﬁﬁﬁﬁ§é%§“?gfyﬂﬁternining
on a sel ect edtaglandodal Estitice spiregmatlycansite ad Qid egs@nmbasiz. whet her a

sel ected candi date region belongs to said Debl ock region according to
certain criteria,, 46. _The %Xs%qnlog cLaLn14g wherein said candi date regions
c 8w smoot

are sparsely |o C%l%‘ ed The systernh of claim erein sai ng means comprises:
15 a spatially variant FIR filter.
33. The system of claim 28 wherein said separating means comprises:

processing using at least one of the following criteria for determining said Deblock

Region: intensity-flatness; discontinuity; look-head; look-behind.

34, The system of claim 33 wherein parameters of said criteria are chosen such
20  that artifact attenuation occurs for compressed image frames in which locations of artifact

blocks are a priori unknown.

35. The system of claim 34 wherein said artifact blocks occur in said
compressed video frames due to one or more of the following: previously compressed
multiple times; re-formatted image frames, color-mixed image frames; re-sized image

25 frames.

36. The system of claim 33 wherein said intensity-flatness criteria employs

statistical measures comprising a local variance and a local mean of intensities.

37. The system of claim 33 wherein intensity change criteria are based on

fractional changes of intensity.

30 38.  The system of claim 28 wherein said smoothing means comprises:

a processor operative for spatial smoothing to attenuate said Deblock Region.



in each image franme. 47. A nethod of presenting video, said nethod
conprising: obtaining a first video franme having a certain nunber of bits
per pi xelwogaiohogspt ai n nunber bei ng such that when sai #CTi@aeoosiaesys i s
presented to a display said display yields artifacts perceptible to a human
visual system (HVS); and producing a secBnd video frame fromsaid first
video frame, said second video frame yielding artifacts |ess perceptible to
said HVSSwhen saP@ s eCemaystgingd ¢lafm ZRwhprginpedsmephingracasa fempiisspl ay. 48. The

met hod of claim ﬁéro\g@s%hlefgpat?e%{liﬁmﬁ%ﬁ%gé 5&1 é‘ﬂgg%'{he?gl(llt a{éfl%%Ean Beiﬂg(\ﬁé lQé%KQT 1

bits/pixel.49. T erein said produci ng conpri ses:
separating Detail and Debl ock regions within each said frame; and snoot hi ng
sai d Debl ock region; Brbysiombifilamy 28 ahdresid archedoDephiotke segptionwl th sai d
separat ed Dg{@}. gaseggm% o 0. The nethod of claim49 wherein said snoot hing
conprises: usinhg a rally invariant FIRfilter having a certain

crossed- mask si ze; and expandl ng said Detail region a distance at | east
equal to said cr61;sedThﬁBayktemiOielaim2&whbx@inewidi5dloathh@|rmeaa$ faqiriset atdealtor der
bet ween ,sai d all regions. 51. The method of claim50 further
conpri sﬁ?g Peegpll:ﬁgﬁhersqlﬁdev ice a plurality of digital video streans,
each said stream haV| ng a plurality of said digital video franes; and

wher ei n sai d obt d42.ni nGhecsystpmiof elim gk vberteinrsgiddiiersahn batither sppeallyedhrddngirt al

vi deo streans a} sai d devi ce.
spatially invariant.

43.  The system of claim 28 wherein said smoothing means comprises:

at least one Moving Average FIR 2D Box filter.

15 44. The system of claim 28 wherein said separating means recursively separates

said image frame into Deblock Regions and Detail Regions.

45.  The system of claim 28 wherein said separating means comprises:

means for selecting candidate regions; and

means for determining on a selected candidate by selected candidate region basis
20 whether a selected candidate region belongs to said Deblock region according to certain

criteria.

46.  The system of claim 45 wherein said candidate regions are sparsely located

in each image frame.

47. A method of presenting video, said method comprising:

25 obtaining a first video frame having a certain number of bits per pixel; said certain
number being such that when said video frame is presented to a display said display yields
artifacts perceptible to a human visual system (HVS); and

producing a second video frame from said first video frame, said second video
frame yielding artifacts less perceptible to said HVS when said second video frame is

30  presented to said display.

48. The method of claim 47 wherein said certain number extends to a low of

0.1 bits/pixel.
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5 49.  The method of claim 47 wherein said producing comprises:
separating Detail and Deblock regions within each said frame; and
smoothing said Deblock region; and

combining said smoothed Deblock region with said separated Detail region.

50.  The method of claim 49 wherein said smoothing comprises:
10 using a spatially invariant FIR filter having a certain crossed-mask size; and
expanding said Detail region a distance at least equal to 'z said crossed-mask size

so as to avoid a halo effect at a border between said Deblock and Detail regions.

51. The method of claim 50 further comprising:

receiving at a device a plurality of digital video streams, each said stream having a
15  plurality of said digital video frames; and

wherein said obtaining comprises:

selecting one of said received digital video streams at said device.



