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(57) Abrégée/Abstract:
Disclosed hereln is a method for reducing blocking artifacts at the boundary between adjacent blocks reconstructed from a frame
of compressed video information. The video information includes a prediction stage parameter with respect to at least one of the
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(57) Abrege(suite)/Abstract(continued):

blocks. The method includes reconstructing the at least one block based on the prediction stage parameter, computing a residual
error attribute from the reconstructed block, computing a filter strength value based on a baseline filter strength and at least one
Incremental value, wherein the incremental value Is selected from a plurality of preset values based at least on one of the prediction
stage parameter and residual error attribute associated with the at least one block and filtering the boundary adjacent to the at least
one block using the selected filter strength value.
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(57) Abstract: Disclosed herein 1s a method for reducing blocking artifacts at the boundary between adjacent blocks reconstructed
from a frame of compressed video mformation. The video mformation includes a prediction stage parameter with respect to at

least one of the blocks. The method includes reconstructing the at least one block based on the prediction stage parameter, com-

& puting a residual error attribute from the reconstructed block, computing a filter strength value based on a baseline filter strength

S

W

and at least one incremental value, wherein the incremental value 1s selected from a plurality of preset values based at least on one
of the prediction stage parameter and residual error attribute associated with the at least one block and filtering the boundary adja-
cent to the at least one block using the selected filter strength value.



CA 02736887 2011-03-10

WO 2010/030744 A3 M0N0 A0 0 R0 0 0 R

(88) Date of publication of the international search report:
17 June 2010



CA 02736887 2011-03-10
WO 2010/030744 PCT/US2009/056462

- el \Q-:-‘\ N o TYN. R .q-‘»e':)p \‘-;: ,'v\,q 1 & \:15 % IRR ATV TN ,‘_’i YN BTN N Q Ty W 1_';\-.‘:_ . ety A% \}:\w-j‘-\ N . N N
SYSTEM AND METHON FOR VIR ENUHDNING USING ADAPTIVE LOOP

CROYS-BEFERENCE TO RELATED AFPLICATIONS
AHENAS This applivation claims priovity to UK. patent application no, 127329090,

fled December 5, 2008, which claims priority to ULS. provisional patent appdication no.

61/096.147 /. Hiad beptember 11, 2008, both of which are hereby meorporied by reforsnes in

TECHNIIAL FIELD

A A x-xxxxxxxxxx-\.\\-\.\\‘\\‘\\‘\\‘\“\\‘\\\\\‘\v

-

FEHY The pressnt invention relates i general o video gocoding and more

particularly, video encoding using & loop Glier,
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GBS Af zmz;::u\nuf punber of applications today ke use of digital video for
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subsegusnf frames. The uae of block bazed pradicion and spantized blonk trosfonns can
EIVe rise to diseondl natties alox s block bowndarss, These diszontimilios -(i;{n.l‘is?i‘sr iy reteyred
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boundaries, Por example, some comprossion systems vary the strength of the kb ‘m‘ iher based
on, for example, whoether the block lag beon wivrcoded or fntra-coded, Diher corapression
systems apply a filior sirength basad on, for exampls, the difference between the extent of the

discontinuity snd threshold level, Further, fo S XA ple, sovie comprnssion sysianis may vary

the strength of the loop filisr by compuii z;g:,i for exanple, a difforsnce value Hlomination
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THEERS Another smbodinient of the nvention is disclosed as o wethod for decoding
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BRIEF DESCRIPTION OF THE BRAWINGS

EHE The descriplion herein makes relerence to the acoompanying drawings
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wherain Hke reference numeals vefer 1o Like parts th roughni the several views, and where e

[N FIEE. 1 is a block dm, ofarn of & video compression system in accordance with

(d’fff;

orte emibodiment of the present invention
HEE ] PG 2 e s block diagram of a viden decomipression system i accordance with
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RULH Y. FRG, 6 s Howchaet diagram of a e

used tn the video compression sysiem of FIG, L

HRHM T FIG. 7 s a Howehant diagram of another mothod of apdating loop fltering
video data used in the video compression systam of FIG. 1.
DETAILED DESCRIPTION
RN Pravlosed Herein ara ¢ aa-}a::dv"i*fffms i an adapitve loop Biter that removes or
E T } } Aol {'\nt R ti e LT 71 et dae T A N { Py @ e foyon
5. JNER 3 Mlt{ 3y "i. SUtE, ruiiiss 2 QRAAZIONOG BOTE arg © 113 t}i}( i.iﬂ\ 1;1 Al amnyag sii.ﬁi‘- i }:,}



CA 02736887 2011-03-10
WO 2010/030744 PCT/US2009/056462

A,

Hitter thitd either removes or reduess blooking svtifacts using less overhead data and/oy veduces

congniaiiont complexity.
FBOH 18] FIGL s a blook dianram of g video encoder 14 using an adapiive loop Glter

34 aocording to one smbodimentd of the present invordion.

A T the disclosed embodiments, blockebased viluo col VRTSSSHHT OPEratos oi
fixed-shaped SIOAPS ¢ 3t “9’5 chboring pixely, called & macroblock. Ing "f?#'.?[}f{?faifﬁ:i,} aarh frame of
3 .Fz '5;;3” e B i‘.."z" i\ k* (" i i“ .y \E}_E_ : ‘E PP Y c-:x;\.k’i-i;; YR Y f_\'ié{-;-fiw:'i- o:}(.\ﬂ . .{’\-{" ,\ -}i : e ; ""'it-;i {Ef
video can be divided fnto macroblocks, where each macvoblock consists of a plusality of

F-ﬁl‘

simailer-sized blocks, These pixel groups within the macreblocks and blooks can be covapared

with sather data {oand li‘i the currant ‘i AR OF 1 ﬂE&B” franes lI‘i 0{"’5(‘? {3 f(‘i‘i’?i‘%i’*ti* m(mon

data and ervor sig nale, Yo this embodiment, each macreblock cab b g groap of 163 G pixsds,

(‘

T other embodimends, macroblocks can also be zwu,mm suitabile size.

FOOHRL ] Although the description of cinbodimenis of the s iapii\» Joop filter

. ‘-

tnnovations are described i the context of the VP video soding format, slternative

..... q

ambodiments of the prag it fnventdon can be inplemented in the comgext of other vid

0
cosding for i*rl,;zs-ziis.. Farther, the embodimients are pot Houted o any specific video coding
stndard or format.

§;§}5€§-€E:12‘.2:§ To remove disconiintities at block boundaries, loop filter ing o b ﬂ;;i add o

\#\

choise of }m}p Glter ad the strongth of the loop Alter cavthave o Mgﬂuhcanf ciizot on image

-}

quality. A filter that i3 too sirong voay cause bloering and loss of detail. A filter that it iz 100
weak may not adequaiely suppress discontinuitios batwean sdjacent blocks
0023 Reforving to PIGL 1, o encode an input video stream 16, encoder 14 pacfonng

the {ollowing fusctions in & forward path (shown by the solid commeciion ies) {o produce an

encoded bitstream 26: Intra/inier prediction 18, transform 19, guantization 22 and eniropy

thee dest fed cormecton

(.l.f..

encoding 24, Encoder 14 also includes a reconsiruction path {shown by

R H oﬁup of farther tnacroblocks. Bneoder 14 perforng the

hnes} o recorairaet a fram

r-r‘
j
Ju"

J"I

N
.-.E- ' )

folloowing functions 1 he reconsiruction pathe deguantization 28, mverss transformation 3(,

...... \-‘

reconstruction 32 and ooy filtering 34, Other strnctorat varations of sncader 14 can be used

"N

'” o i, § \
W S0 Om }?Ei\tit"q kg (’

& _'.,‘q;- ) ‘.1, DTSN Y. '} A s .' PPN Y AR N Y N £y
P Reforring 1o FIG. 1, when i .-.pm video streant £6 1 presended for encoding,
cach frame withisd mput v deo stresrn 16 can be __';::v:i:‘-o-:::ﬁsgeeii i unils of mseroblocks, AL

s

nirafmier prediotion ¢ I"M::‘:.‘ 18, sach gwerablock Can be encnded using aither g }':fs:;,:'f’m SYIoNY

)M.u'
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or inter predionion wode, o either case, & pradiction macroblo

’Ja-

4
>3
b

ok can b formed baned o a

roconsitucied ame. o the case ol wira~prediction, Tov exangle, a pradiction sacrsblock can

i

be formed fom @ wiples @ the curvent fruoe dethave hoon praviowsly encoded and

.....

reconstiactod, I the case of ide ;L?dti fion, [orexs mph., & pre ashiction macroblonk can be

.
ﬂ | R

formed Fom one o o PEOVIOUS QU Ftare framies (L@ reierencs me :ﬁ Hat have alread Y

ode a ynacroblook by

.I
.-r

heen eneoded and yeoomstiucted, FMather, altornate smbodiments can &
using some combination of both mira profiction and mier prediction.

Mext, still refes m“a:‘:; to FIGH | the prediction mac roblock van be sulitacted

‘r/.r.uf, '

E% HN

from the cwvent maeroblock to produce aoresidual macroidock Gesidual), Transform stags 19

L

transform codes the residual and guaniization stage 272 guanizes (e residual 1o provide # set

J'

aof guantized trapsformed costficiends. The ¢ suantized transformed coafficients can be then
RITOPY €O ded by Rty one oding stage 74, The sutropy-coded coefficients, together with

the information vequurest 0 decesde the muacrobiock, such as the type of predistion mode used,
motion vectors and quantizer value, can be outputled fo compressed bitstream 26.

HIGG26) The reconstruction path in FIG. 1 can be present (o perail that both the

encader and the decoder use the same refereiice frames required to decode e macroblacks.

The veconstruction path, stmilar to functions that take place during the decoding process,

which are discussed i move detaad b i‘?fi{}i‘i{? mcludes dz,qmammmf.; the transforned coetlicients

stage 30 o pmdm a dertvaiive residual mac tﬁi)irjs;;'}éf:j'{éfi?ic;::tiivaii;ﬁi’vt:: vesidual), At the

coongtruction stage 32, the prediction macroblock can be added to the derivative residual to

Hge

create a reconstructed macroblock. The adaptive loop filter 34 can be applied to the

seonstricted macrsblock to redoce blockt 0 ariifacts
iﬁ{?@i&l 7 Referring & FiG 2, in accordance with one embodiraen, (0 degode
coynpressed bitsiveam 28, & decoder 21, zimilar o the reconstruciion path of the encoder 14

."

discussed praviousiy, Qi“ forme the following fow tons fy produce an ouiput video siream 35,

-3

-ty

eritropy decoding 25, dequanitzation 27, inverss transforation 29, intse/inger prediction 23,

o |

regonsivaciion 31, iiﬁ'.f.ifi}‘f;*'iizi*vis:v ooy OlHer 34 aad deblocking filtering 33, Chther stractural
vaciatioms of decoder 21 san be used 1o decode compressed bilstrean: 26,

BHHENIRY When compressed blistream 26 is presended for decodin 1, the data elements
can be entropy decoded by entropy decoding s ‘ag@;,i?;iiﬂ‘a pmf*m’; 2 1 set of guanyzed

Q8 33 Tt ‘“Em,- ,'.‘i:}:‘:‘3{g{jié{;.i}iiiﬁéiiiE Q0 .:xich,_t 27 *‘“‘L..Qd‘izii-’t,“; d inverss frangform o 3§28 28 vers
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X

iransforns the cosfficients & produce a dertvative residual that ts identical to that created by

,.-.r.'

e reconstructon stage m the o oder 14, Usin i' sader inforrmation decoded from the

—— .l E A A * 4'\ \\ " '\ \"’\ ."'.\.“ o ‘i‘-. —_— ..-;- v e e N e _.5--" . 1 o
LON 1‘3‘ cured D ii}-i Cam :\5'55. A snivad e p.:. HACTION SERge L3, (BCOUEY 21 creates the same
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pradichion ma croblock as was ereaied n encoder 14, A the yeconsiraction siage 31, the

N

prodiciion mavreblock can be added o the devivative vestihual o ereate o moonstiuctad

“‘l o

mseroblock, The yi,u pHve i I fifter 39 can e spplicd (o the reconstrucied macreblock to

M"‘

reduce blocking artifacts. A deblockang flier 33 can be appl isd 1o the reconstructed

smacroblock to Auther reduce blocking distortion and the result can be outputied {0 ot

AN »
v .ll‘t'

oy

video siremn 38,

h*aﬁ‘i}%ﬁ’} Al heatgh the deseription of embodiroents of the adaptive laop 11 er
mnovations are described with reforence 1o adaég_;:sifi&f»z: ",E'(-}(}fp- filter 34 ir the encodey, the
desortbed Hltering technigues are also implemented in adaptive loop filter 34 in the decoder,

Relorenee 1o adapuve loap filter 34 1 the decoder has besn owmuited trpughout the disclosirs

only 3 aid in vnderstanding of the vention. However, the filter msv« NROVRLons are not

Himited b adagrive oo filter 34 in the encoder and oait b applisd {0 adaptive mp filter 34

i the decoder or any ether wit incorporating filtering technigues.

LHEIRT FIGx 3 shows reference frames 44, 48 and a current frame 36 that w currenily
being encoded or decodted. As discussed previously, sach frame can he processed in waits of

marroblocks and a it Uddva/inter prediction stage 18 ami'--cmh macroblocik wan be encoded usin &

either intra prediction, nter pradiction mode or some combanation of inter prediction and
ira prediction. For example, & cuwrrent macrablock 38 18 being encoded or decodad using
tnter prediction from a nmacroblock 46 from previously codid reference frame 44, Stmilardy, a
current macroblock 387 18 being sncoded or decoded asing ey prediction from a
macroblock 30 from previously encoded reference frame 48, Also, for exampls, 1 current
macrobiock 3877 18 being ancndad o decoded iti\ﬁi..\ intra prediciion from a mucrobl lock 52
within current frame 36,

.,ﬁii‘s{stw from, for ey ‘u;i intra/ider prediciion stage i.".*?;_.,“iiemoimm sfage 19 or gquantizsiion

R
-
;uu \

z
ﬁ?

staga T3 Since some conventional ey wiake fifter strengin dependont on bk wike hinundanes,

| Uﬂit QOISR 1‘ I'l

-
r}}}

sm;,-.ut:mmmi processing can be com plex and

\* A

R FiG. 4 i3 a Block diagram ihusirating a loop filler contrel 81 of adaptive toop
fifter 34 1 one embodiment of the present m veatton. Acoording fo one sobodient, foop

&
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n-.v

filter contvol 61 deternunes strength moditier 80 based on ook aitribnges, Block attributes

. . |

f idormation sboat & blook or efrmation tal i passed o the

I -“ R | . ._“':J RN
HUE DRSS O SXINLNe 8o c}

- *.-

i'

decodsr to aesiat i properly ¢ lecoding the bitsiream.

“

;“ﬁi %Ez £ ‘tk.ik & i? l}‘iii SRR X i}" Ek‘é 4 g,v‘f‘ ii(ﬁs{is 1\,3:1 el z‘*iaf,ia“{}; ey R fﬁ‘kg a4 Te .;_

‘o s

W T ¥ L-n I | t&}m‘r ‘\""a' 4 di'.;".: R N IR R WS L VO ‘-.\ "o '{""(\'. '( '-?.‘1'..(?1 C Rl at B e T '::s"-r'- e 4 ‘e W 's'."!\x. Ty L '}
sivoy alinibuie HH. Frediction sta VIR PAURITRGAY G Gt inehide a relovence e ype O ang a

- ' . . "

Hpe ot p rediction mode 64, As discussed in more detail elow, streagth wwehifier 640 slters the

fevels of tluesholds tn adaptive loop filter 34

LHEERRY Reforence frame type 82 can be detenmined by, similar to the dlusbationin

PG 3, whether inlrs mode or inter frae mode coding 1s used when constructing pradiction

Hiocks. If intra mode predhictive (,miii‘sg is used, reference frane tvpe 62 can be futta-frama

{1e the current firmel, When nsing an intrasfranss, the pradiction block van be fomaed, ag

discussed proviousty, from samplos w the currend Fame hat bave beon proviousty encoded
. - - A W ol

andd reconstrucisd

E.@ 3N E ‘I_'f : ey can be uss f a6 a8 bass for

p-nt '

ey mode P adictive coding Is used, fnter-frar

formudating the prachiction blo cle, When using inter-frames, the prediction block can be

formed, for example, from one or more previous frames, Foture frames or some combination

thersot that have already been encoded and reconstiicted. Accordingly, when using intoe-

frames, reference {ime type 62 waay ochude, for ex: ’ﬂ‘:tipfife a last frame, a midm frame or an

alternate reference frame. The last framie can be the pmwou iy encoded firame betore the

currsnd frame. The golden frame can be a past frame chosen arbitrartly from the distant past
{ouse as a predictor for subseguent frames. The alternate reference frame may wolude auy
frsroe that is not e last frame or the golden frame. For exanple, the aliornate reference can.

N g past frame, 8 ’”m ure "‘3‘10' OF 8 C%’ifn'lS-‘i,i‘iii{:’tf:‘:(i referenes iy ame. FPurther, for ex amde, the

onsiracted reference may be the reference frame as disclossd 1n patend apphication Giled

System and Meathod foy Video Hnooding Using Constnucted Reforence Frame” that s

assigned & the assignee of the present fovention, is filed concurrently herewith and whish i
hereby incorporated by referencs in iy sntirety.

L ERN Type of prediction mode 04 canc be determined, stoular o refevence frmme type

\

:'3?;. 'G“ - - . - > \‘-J.-*- L A A gm g .- ' i 3 \'.i"'-..* 'k AL Y% ;-.l e I T A 13\ 1
i}ﬁ_:, 13y shethier i wode or mder frane moda o d‘iiw 5 asad whsn const SRRIGI R AL B G cciction

o

hlocks {ar tlustrated bn FYG. 4. ot mode predictive o 6333 ag i ased, two types of ke

{‘i}dii”&}? GHEIR b sumu- :i.,d WL h aye ixt’!“iit- ot 25 DOD- \pbl 3005&. S8 i \pi i1 maae. i'i'“.‘,::i?j‘-.‘if’éf.{*‘;-?f' ".i:"si.ii}"(ii?:
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'fg_:;:c;‘li:fdsiiiffi:iir' IO tem A T 180 si 1R YY) iwg v of hier “;‘.,m.m B Can ‘is.r:.: 218 Y HWivt rod which are denoted as
St QEJ 1t nunde and spht maode,
3T H tnter mode predictive cading iz used with non-sphit mode, vesichual eyvor

ativibute 66 can be determined by whether the resulting motion veotor ikl or Honszero.

R ER Y As ihscusaad ;nmwtsxi & macrobionk pan be an arvay of 16216 luminance
pixads. In intra-coding, each macroblock can boe Ruther sphit tntn, Tor example, $xd ominanve

f

samiples referrsd 1o as ¢

J'II

x4 sub-blocks. Acsondingly, s mawrobiock can be made of 16 4x48

sub-blocks. This means thata prediction hlock may be formed for either a macro block {1,

2l . TN T, .' SR S TR .' - " .. ~ - ':". T, ';‘::’.- N, . : N L '.__‘_‘ _\..';_:.. e "_i._,\ T AN
EERR S TN }E’N‘:‘i ﬁ'li}_iitﬁ}ﬂzk., areh of the 16 44 st ‘15 *"-*}C*i o {ix‘ %{‘ﬁit U] if\"é“h 3 'bﬁ.b"‘“t}if’,{;i FEoh JIECS arss

sivo available suclh as 1638, 8216, and ¥, Although the descrption of smbodmsnts for

intra-coding ars desentbed with yeforence o 4xd sub-block sphi mode, any other subsblock

size can be used with split mode, and the deseription of the embodiments ave not lindted 1o a

Aed sab-blook,

SR n mira-coding, non-gphit mode resulis in prediction ol the whole 16116

\.:bw..

maecroblock whereas split mode leads to sepavately predicting sach 4xd sub-bloack.

RS ES 1 For intra-coding nonesplit mode, for example, of four prediction modes

(

f-*#

can beut thzed to referencs n»:&whbca mng pa xed miiﬁpiﬁh of previoushy-code d blocks which are

o the left and/or above the 16x16 block to be predicted. The four selectable }:s.rfﬁd.iﬁ:i:ﬁi gy modes
may be vertical prediction, horizontal prediction, BC prediciion and plane predicti

LB AR Far intra-cnding split mode, for exarnple, one of nine prediction modes can be
witlized to reference neighboring pixel ssraples ol previously-coded blocks which are to the
{eft andfor above the 4dxd sub-block o be predicted. The nine selectable pradichion modes

nay be verlical prediction, horivontal prediction, DU pradiction, diagonal downslely

I

prediciion, da:},tmnaidm% n-right u,,dtulf vertical-neht prediction, horizontal-down

orodiciion, vertical-left pradiction and hovtzontalup prediction.

0843 T interscoding, non-split ntode resudis o calonlating one or motion vestors
hased on displacing an arga of a corresponding weleranes faame for preg dictiom of the whols

RN
v

Fax i macrohlock. Allernatively, split wode resulis i cale wiating a molion vector baved on.

U S ) - e --';} "v"\*.::' c Y ".\';{‘ ST """';‘lL. AN Aty ¥ tﬁi' ’
'-:j}..‘;&f:g“’i 12 m“ A aTeH c"}f_{ COITUSINmY hm:" :-:*-wu*m ndn‘ﬁf’ o L FEItion Nl 8 Pt iiron ot the

Foxis macreblock, The 16018 macrobloci may be splil into pactitions of 1oy, axid, 8xs oy

sariition stres are alzo avialahle.

H'-"I'

dyd each Wil s owrimotion veotor, Ofher p

-

-""‘,’

i
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HHHIS A motiom veclor can by caloulated for cach whole macrobiock or csch separals

)

pactition, n particylay, reotion vovprusation adicts the macrobiock’s {or the corr “*“*m\nsim“

.-w

partition within the macroblog E\ nigel vahios Som o ransdate of the vefrrence frame. The

W2

motion veotor foy cach macroblock ov pretition may sither be wudl, which indicates there Has

4y

been o change 1 mwolion oy pon-Farg, which mdicaies thars has been a changes wmalion,
FHHEES Although the description of “embadiments describe how adagst e oop {iter 34

i E’E”i‘“ a il ﬁ“» ot 51\"1?’,?{‘ o ihi“' 0 1@\{‘%- on tha. pmh{:fmn m T8 DARTae fer i‘s\ Ayl

L

vosicdhaal error atteibute &4, any other loop filter atdriinte may be varied such as the filter iype,

[ J:\. {' .

Hlter coetfictonty, and filter tapy, and the deacription of the samiboduvieniy are not Hmited b

varying steergah modifier &0
HWHMMS] FIL 5 s a Nlowehart showing the operation of luop filter control 61 from FIG.

4 aceording o one anbodiment of the present tnvention, Referning to FHG, 5, at block 100, a
basoline loop flter strength 1 can be selested for the fame that defines the behavinr of

Her 34, Ad cmimszl“s, haseline filter strength £will ba specified at the frame

......

adapstive foop 1
evel in the encoded bitstreain, By apecif ying the baseline filter strength §at the fraree level,
overhead can be reduced stnce very few bits can be used to specify a single baschne Glter
vatue Ffor s whole frame. However, even though only one baselive: filter strongth £ can be
specified for the frams, filf aring quality is not conpromised since a flter atrength
value/modifier 60 alters the levels of twesholds in adaptive Toop filier 34, as discussed below.
FB0046] To adjust strength moedifier 50 at the macreblock level, delia vatugs 1-8 can be

encoded in the bitstresvn. These delta values are, for exsuople, added to haseline filter strength

£, Other suitable procedures for combining baseline tilter strength and strength modifier 60

are atgo avatlable, Delia valuss may also be tincremsntal valies or percentage

increase/decreasse values or the like. Delia vahues may also be positive, negabive or zero,
Application of the a‘;:E:itiiﬁ&ff-Eii?-f,ilﬁ-i‘di"ﬁg o the flowehan of FIOL S gives rise to 11 differer

strepgth modifiers 80 identified as FLFLL

FE L At decision block 102, control 61 deternunes whether the current macroblock

being reconstructed has boen wtra-ended.

i‘ﬁ}ﬁwa’s‘-&\}} if the current mmoroblock has boca tia-cod wi delia 1 can be added 1o

: S T il . P -- : "3: :'."'-,;‘- v A e . RN PR e i .-L‘..;,'. oy Y s R C ORI O ':”-'5\'-'_ .,"-'-..: N
hasahne filter stran -ﬂi’* { Belemng back ok FI3. 4, 6 this case, reforencs frame type 82 i an

itra-frame. i ort, confrol 61 mwoves o degsion binck 14,



CA 02736887 2011-03-10
WO 2010/030744 PCT/US2009/056462

NI At deoisinn blook 104, control 81 determines whether iva-coding sphit made
18 being used, Hintra-coding splif mode is bemg veed, delts 2 can be added o delia § and
baseline filter strength Vo yiald strength modifier F2, Reteoring mui o FIGL 4, i thes cass,

predichion mode 64 inlra-codmg sphif mode,
TR MR fintrecoding sphit mode 1s not bemy wed {Le. gon~splli mode}, only delta}

’

can he added (0 baseline flter strength Tio vield stvengh modifier ¥1. Raeforrmy backes

W
If“-f «
2}’0

4, 1 this case, prodictior mede S44s ntra-coding nosesphit mode,

38 T ’ii i the current macroblock has not hesn intraecoded, contral 61 moves (o

.cl'd‘.c'

deriston bloek 106 o deternune the type of infev-coded reforence fnune nes 4. 5 the fast

A

frame iy uned, delia 3 can be added o baseline Hilfer stvength £ Reforring back to FIG. 4, in

’

s case, reference frams type 62 is the last frame, Ther, contral 61 moves to decision Blodk
108,

LR Ta polden frame wused, delta 4 s be addad to baseline filter strength £

o

d

Reforring back 1o FIG. 4, in tlus case, reference rame type 63 15 the golden frame. Then
controf 61 moves to desision block 110,

IBHS3] f an aliernate frame is used, delta & can be added to haseline filter stvength €
Referring back o FIG. 4, i this case, refersnce trame type 62 1s an alternate frame. Then,
comtrol 61 moves to decision hlock 112,

RULEE As discussed previous 1*,? if the last frame i used, control 61 determines
prediciion mode 84 at decision block 108, ¥ intr-¢o uim split moide is being used, delta 8 can
be added o basehine filior steength T and delia 3 Gy visld strength modifier 13, Referring baok
to FIG. 4, in thos case, pradhichion mode 64 15 mter-coding spht mode.

HHBOSS] if fnter-coding split mode is not being used, control 61 determings whetber

L RN
3

the caleulated motion vector is null or non-zera, it the motion vectr 5 null

f-rt

. delia 6 can be

ardded to baseding filter streneth Cand delta 3 1o vield sty neih g $1ifier ¥3) Referine back o
s il . . ) o

P4, this case, prediction mode 64 iz inferscoding non-spiil mode, and resuduaat error

stivibute 66 18 5 null motion vector, I the malion veotor 1 nomesarsn, delia 7 can ba added 1o

bygesiue filter streogth [and { deha 3 163 3 seld siven oth nrodifier ¥4, Refornmg back o FI G4, i

e

this gase, prediciion nods 64 I8 infer-coding none-spdit mode, and residual error aitribuie 56 is

A NHT-Zer MolIon Vvacto

c( -<"\\§~“§V'..'"' ! Yy ‘.;i 3 O 'S " ‘i :vt-\ ,, Ox -,.I. 'l N > A ' . 4._‘-"’(‘ & 1 . &
S As disoused previously, if s golden frane iwsed, conten! 1 detenmings

")

3 \’{x NI FENMS 34'3 av .%13.:-.'%?:’:'1?"}‘(\:‘ i i E } G T ifh 20 ‘“31*; aysiit ’5‘1"“;\33 ;5‘;)'.éi¥ﬁi‘“3:- RSN i q\ lt L
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1
I ~ . S S SN

b added (o baseling filter stvength Fand delia 4 1o yield strength mndifier ¥

by
L
: H"r
/
Wx
-y
”‘ﬁ
M
M
l.-J
rv'r'%-
J-"I
mﬁ
W

o FIGL & o thog case, predichion mode 84 Lnter-coding split made,
T {"E\ : . &
iﬁ lm‘:h}e if iter-coding split node is not being used with the golden frune, control 81

‘

sther the calonlated motion veotor 1s pull o non-zero, Hihs nod

f‘t
(e ./
x'i'l‘
.'«”
Hé
e’
S
e
fv'll
-t..l
f’
‘:
J
rl
"rrw
,-m

haseiive Dlier strength and dolta € toovisdd steength modifier
o Refesrig back o PG 4, i s casy, prediction suode &4 18 inter-codmg non~-sphi muosls,

and reaidual evvor atiyvhude 66 15 a mudl motion vector, I the raolion vecior i3 nan-2evd y, deita 7

A%y

can be added to buseline HHer strength [ and delia 4 10 vield sirengih modifier §7. Referring
back to FEG. 4, m this case, pradiction mode 64 is inter-coding non-3 ﬁ;5,-‘?;7:--33;1:1;:;1;1?&-, anei restdug!

S0 gitriie 66 15 8 non<Eero motion veotor

L IR

THEINS As docassed previously, i an sliomate fame iy weed, conirol 61 deterndnes

pradicon mode 64 at deciston block 112, Hintercoding split mode is being used, «
be added to baseline filier sivength and delta 8 Yo vield sivength modilier F1i Beforring
bask to FIG, ¢ . A0 this case, . DY ediction mode 64 18 be inter udztlgg S( it made,

{E}!ﬁ}ﬁﬁ?fg Homntaps t:;.@‘dii_z:gg split mode is not bein & used with the altermative frame, control
&1 deternnnes whether the caleolated motion vecior is null or non-zeroe, If the motion vestor
is null, delta 6 can be added 10 baseline filter stvength fand delta § (o vielsd strength modifier
FY Referring Back to FIG. 4, in this case, iﬁ-tf@dié’ii@sﬂ mode 64 iy uucodm non-aplit mode,
and residual ervor attribute 66 18 a nell motion vector. I the mntion vedtor is nomezero, delia 7
car be added 1o baseline filter strength fand dalta § to vield strength modifier F10. Referring
back 1o FIG. 4, i tus case, prediction modde 64 15 mice-onding non-split mode, snd maxdusl
arror gitribute 66 18 a non-Farn motion vestor,

R E

off’l

i} (enerall Y, ditferént lavels of si mﬂtp modifier 60 ate applied o bloeking &

artifacts the extent of which are more or less likely 1o be present depending on veference

P
) ‘
U
‘

framie type 62 and prediction mode 64 Ag dhustvated wn Ve 5, for exampls, g gilterend
sirenpih modifier 80 can be et{f;tspﬁsﬁd. to fntra-ooded macroblocks rather than intevcoded

scrobloeky (e FIWFZ vs, F2-F 114 Fucther, s difforent stre npth modifier 60 can be a app yied

o nira-coded non-split mode macroblocks rather than intra-coded siggaﬁii;{fe-@rm ¢ macroblocks

(e F s, B Othor suttable schemes to adjust strength modifier 60 are aiso available,

.;

FEEENSY FiEG. D sat tof g method of vpdatig loop Bltermg vides data

\
h
Tt

te presemt invention The oy filtering video data can

3O m&m; I3 Ong \ma.mdm“z 25311 ‘}

h‘{.ﬂ
r-'J

-\ . v Yy
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N

filter moslifiers. The referencs frame loop filter modifiers can inchude the defta vadues for the

I

reference ame ’i}?':iiﬁﬁr &2, The prediction mode foop filler nwdifisrg can include the delta

values for both prediction mods 64 and e residual ervor atistbute 66,

p T

. l

GRS .i.x'f:ff@'zw;l again 0 FIG, 6, at decision block 137, adaptive lo op filer 34

\ RN YW f{-.‘. N NG TN ORI Y "‘;‘i NN > S A G g T RS ‘-'1' ” i,i.:‘- o t o g X ~ -\
.\.i "3? 11 i:‘} ‘ }v\ X li.r{si .,t ;,E},f:‘ ‘\: 'i}.}“)\di’;l i_I {i.-_{'\}.-_{i’j )b :‘:«'\».i}.. :»itl'i \3:: \3£‘}£i{ﬁ\_1 \#:‘»,3 }I.{_I\_;i}g 3 ‘&E 3\} E}.\ > {:| }13 1\; {}i § l{\" ] s 2',

’r "
I-J- M

<3
{-'Iw_,.

FF‘

excopt itsell {eornmondy reforred 1o v a key frame), Wibe current frame 1 o key fra

-
d’

daptive l-us,.pi flor 34 moves (o block 134 o set reforence frame baesys Filtes modifiers o
defanlt vahes, Then, at block 134, 3&;;{1“#'300;\ ter 34 sets prediction mode loop Alier
nrodifion o default values, Ohee ih“ valien have been sel o defaull, ad ii 153UY i\m 0 ey

X Sal B

maves & decision bloede 138 o determane whether s filter condition 1 onablad at the ams
0063 T crrvent frame iy a key frane and the valges have bean aet fo defudt or i the
curremdt froe 18 nota key Game, adaptive Joop filter 34 moves o degision block 130 o
determine whother a filler condifion 15 enabled st the e level, Adaptive boop filier 34 can
determine whether by s fiter muodifiers are enabled thoough a buu,.,iﬁ bst‘} bytss, & Hag or the
{00864} H ooy {filter modificrs are not anabled (e, a single loop {lter condition has
been detected), loop Tiltering 10 adaptive loop flter 34 stage can be skipped for the current
frame. In other words, a single loop filter strength can be apphied (o all the blocks within the

frne. A single loop filier strength can also include not ¢ ppiyu i a loop filter fora oy part of

the frams,

IS Duece looy [Utenng has been skapped {fov the currertt frame, adaptive loop tiltey

l’{

will return 1o decision hlock 130 1o determine whether | oop fitter modifiors have been

one of more characteristics of ﬂu., re x;dmi SITOY §1g ami veterence frame type 62, pradiction

’l

micde 54 or some combination thereol, Ol suttable tactors to skip oop Bllsnng m adaptive

ioop {lter 34 arg also svailabie.
HMIGHT For exan zssi HOOD ﬁtuma otay be skipped when there s no AT componsat ot

aotage 19 ared whers the pweroblock i inder-coded with a

=
L R

s,

the rexidhial marroblock i trangdo

tdl menon vector In this roavpar, skopay oop iilllermge woihag mwetanee will prevant

..”:S'. l‘

"\

vepeated foop 8t vt over severat frames o vegions of the mmage whoeve Here 18 no moion.

C -
--
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Accordingly, Blurring will be rediced and loss conpnstations will be mvobved reducing ihe

?V E ’

agverall corapulational comploxidy of the

ST Seill raferving o FIG. 8, if loop Slier modifiers are enabled, adaptive loop
filter 34 moves o decision block 138 fo deteorming whether & foop filter strangth value
:ondition hay been dotected. More spocifically, at decision blo .,,}\ 38, adapiive loop filer

ar minchitiers that have boes

Ifd’

determines whethey thors have besn any updaies 7o the koop §

encoded o the current frane, Adaptive loop § Glter 34 can determdne whethor foop filier

modifiers are U be apdated theough a 513‘1.%\;’9 ity @ vte, a it ag ot the itke
BH868] i there are no opdates o leop ey modifiers, adaptive loop filler 34 uses the
preget iOO}) filiey modifiors from th GRER evions frane o aam i the et rame Onos the

nss vious vahiies have hm} ag.nf)imt ad?ﬁpi‘w «00;\ 1‘12 SEARY *;I yorarn 1o dacigsion binck 130 0

- AL

determing whether loop filter modifises hive beon enabled for h“‘l”&“&f frame.

T i there are updates 1o loop filter modifiers, at block 140, adaptive loop filter
will wpdate the preset values of reference frame loop filter modifiers, Then, adé;i}ii‘ti‘?if:‘:- foop
filler will move to Block 142 to update the preset values of predicton yoode loop filier

Mo n‘m 5. LIcs i} wé-'vah}%:%é;}-fhjms & PEOR .gl}};){ff—ji‘éi{?i{i;: adi;as}tfiiiwf io oD iiiu.:i will refuen o decision

block 130 o determine whether loop filter modifiers have been enabled for the next fame.

NS

{3GEH7H Hefermong back to FIfy 8, reference tramne loop hilter moditiers s prediction
mode loop filter mad ij‘ffi.c':-?-;ffé can be ueit*& valunes 1-8 a;;;piiaﬁ‘ij it each of the junctions of the
flowoharts., ! 1 soifically, delta valuss 1, 3, 4 and § cast be veference frame foop filter
modifiers -&3@?fif_.‘;igpﬁfi’i{}iII“ fo reforence frame type 62, delta values 2 and 8 can be prediction
made loop Glter modifisrs corvesponding fo prediction mode 64 and delia values 6 and 7 can

I

b pmh tion mwoede img' fiite i"-:'n_ft';{.’é's:i-ifﬁiiéi unti“\,;‘(}iﬁ}ﬁms} to residual ervor sitribute 66, Fach of

fovwehart of FIG. f}

PTG FIG. 7 s a Howehart of a gothnd of updas 5 foop filiexi 1 viden dala
aceording 1o one enty sediment of e prasevit wverdion. FIG, 7w sinalar o the Howcehart of
Fibumwg t that adapiive me filter 34 does not deterane whather the camvent frame 3 a
oy frame. Accordingly, if loop Hlier modifiers are enableod and thore are updaios 1o those

ooy filter modittens, all frames may opdate the welerance e jtelered filer wdifiers and

Ny - 5 “,':'\ ""-')'v AN W ‘\.‘ a .-" R .‘:“ ."; Cn N e ~: ‘-. ‘j:'t. -ry
orediction mode foop filter modifiers,

e
LR
Y.
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SRR The aforerneniionsd pseudo code E‘» not intended &

programming lapgiars snd inplemienialion the

oy l

&-J-

MOQ :amumu 1-311;{&%5: sl uaspic;zzﬁzzz&;ua st o poplement the

: :'i"f'. :

TS N

tench ings of ey scdimenty of the tvetion ss desortbed herein,

N .. 3

FENTER Bafermngto FIGS, dand 7 and the adoremeniionad pesndo cods, embodivpenis

‘w-s

averhead 1w the bistroars. For exsaple,

~ 3 ;‘1 —N o e &X AN ";-".L" NN ATy *f*
of the presang nvantion docrense the amount of

r}'{ o s “x N ~ ': . e {f: :,4,_‘ . .._'."’.. Lo T ""_' -~ ' amrn S '{ " : .ﬁ. , 1 .
determining whether lonp filter modifiers are enabled can be accomplished through » single

-

b borther, for example, detafvinig we whether updates o foop filter modifiers ave enabled

|h.

can also be acoomplished woueh 2 single hin

X

[B8R76] While the wvention has beey descrbed i comection with certain.

embodiments, § it be understood that t e mrvention 1 not 5 be Hmted to the digolosed

embodiments 'ii‘%-llii’-g o the condrary, s intended o cover variows madifications and equivalent

arrangements incladed within the spint and scope of the apponded claimy, shich seops 18 1o

J’

be aceorded the broadest terprafation 5o s 10 encompass all such maodblications and

equivalont stactaies 85 18 permitted under the law.
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Listing of the Clatms:

2.

i, A method for veducs i bl a.&mig; artifacts at the boundary betwesn adjavent bls sekes

T W LT LD R —\..': ;\d¢w aeen Y ':;'\.'.‘,' NI > CAAN ] s o, \ v Ay & .;'.-"..' AR N SN ';' ‘:_5 \ ’N - 9, -
TOCONEITRCISY IT0Ig & R Oy ¢igyy PrEESER VIRED wide JRILIIES LAY ii;;:_il..‘ G 311"? 5.3 "ﬁ*mou S 1.:
parvameler will respect o at leagtone of the blocks, the method coraprising:

TECOIBIUCHDE | tha one block based on the prediction sis O parameler
conmpiiing a residual arror attribute from the reconstrucied blick;

compriting a flier sireny ﬂ) valus hased on a baseline filier steorys sth and at las

o he .’\ N

ong inoremental value, the wmoeremental value selected from a plusality of preset values based

*u"

at keast onong of the prediction stage perameter awd vesidual ervor attvibute associated wiili

the one blowk; and

ttering the boundary adjacend to the one Block uaing the selected filter strength

vahie,

2. The method of ¢laine 1, whersin the prediction stage parameter includes at feast

ore of a relerence frame type and a prediction mods.

3. The wethod of elaim 2, whersin the relerence frame type is ong of intea-frams, last

:1‘.\

frame, polden frame apd alternaie reference frame,

g, The method of claim 2, whevein the pradiction mode is one of pon-split mode a

i

a

) Y

ﬁ;noda

A, The mathod of any of clams

,r.-r_&

\.) ‘. f\q

-4, wherem computing (e Bilier slvength vahwe

further covpprises connnating the flter strength value based on g second lncremendal vabus

?. - A N "o'1.‘\-'i_'£";\"k N ﬁl‘i\"c{’\s’ \11 :{} BPES R T
13t i:i GOCL VRIS Uatby 1. L»“ -.‘I <

.f

sedeted fiom the ploralin > of the prediction stags

.

parameter and residuad esvor atiribute.

A A
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& The method of clairg 3, wherein the residusl evror atiribute 1o one of a pull motion

vagtor and 8 non-zero molion veolar.,

".'\ ' et
’- i

vy of claimg 14, wherein the P h;wim} of praset vsdues

) - ._1 ..'._‘;" an e
Aetermurned at the fran

o The method of claim 7, B ther o mmr“‘m*
determining wheihet the fraroe being devoded 15 8 koy Bame and whirein the

mersmntal vabue 1 sed o a delaadt valos if the frame

e MI:’ G ?ii“\»i oA Rey "“?'33 3,

G The

lﬂ'fﬂ

» mgthod of elaim 7, forther con 'ipmim
detetminmy whether the frame being dicodnd 3PEC cities o loop flier sivength vahe
sondition; and

[ e hrame bang decoded speoifies 8 |

toop filter strength value condifion, th

puul" .

&1y
AJVIPHG & mis"(i ioop lsr strength values to the plurality of preset values,
H),  the method of claim 7, further comprising:

L‘Ei“'iﬁ‘i‘ﬂ‘l‘ﬁilmp whether the frame being decoded specifies a smgle loop filter

condilion; and
if the fame being decodsed specifies a single loop filter cond: |

tion, then assigaing a

):-ul

N

single iums filter slren g th value to the blocks without regard to the prediction stage parameter

i1, A method for decoding frames of conmpressed video tnformation, sach frame

tchiding a plurality of Blocks having s prediction stage ¢

yamameter and a resghaal ervar
atinhats \.m}m;i m

categorising each ol the hlocks into categortes based on at least one of the

prediction stage parameter and the residual ervor ativtbuiy,

determining s loop GHer strength value o each of the categurien) and

TR

filtering the boundary adjscent 1o al lsast one of the bincks using the loop filter

m_n..\..}z RN 1;9; aecd o ihm B CEO Yy W hb HE i1 BIOUK 18 oatepys
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[N The aethod of clafmn 11, wharein dei EEDUTHRRE 8 1=ws filter strengih value fora

.’
."

I

N

.'

FVeR CHOBOY COMmprises:

detenmining o baseline loop filter strangth value speotfied ot loast one framy

Ld“i‘:*% 'i'.lli! E'i

r-rl

D Rl L L 0 A L Iz }; {"'4'\ SRS P CENEY AT RN e d
UG O TS px( sof mersniendal valusg fov the QIven calegmy R RN

X

o it least one of the prediction stage pasnetay and the vesidual ervor sttributs assocdated

?

sEs;"a ihe one or more presat incrameniad valuss o the baseline loop fdier

\ammh aiw

Q

y method of claim 11,

M
s
v
'. "
. 'm
>
r\rjr.’.
‘pn
.f'

wherem the prediction stage parameter nchedes at least

one of 8 relference frane type and a prodiciion mode.

¥

O i i
o
s

, The method of claim 3, whetein the reference frame EYpo i ove of utta-Trane,

Tast Barse, eolden fame and altemate refarence frame

& [ 3

6. The method of any of ¢l

mdl motion vegiorand a norsrsrs mohion vector.

17, The method of claim any of clains 131-13, wherein assioning a oap filior strengih

yadue for each one of the categornies turther comprses:
determiing the loap filfer strenpth value for eac b cate gory from a set of foop ¥

.;"","'N;: . A e g :‘."._ '_‘;7: A ey an " ff.‘.'"‘.‘.:‘;‘ i a o o e
Do modificgs sperilind i at loast one of the frames,

IS, The method of clavn 17, Buvther comprasimng

date m‘immﬁ whethier "i‘iﬁ?.'.f;i‘.f{_i't’ir‘ﬁ;}iif-}_*‘*h‘m&‘ dicoded 12 Koy fiame and whersin the
Y ian oy B eaaree 9w ot SIS aF e LoV e NG voen 38 39
WHIT § i SEFCTIENR VRIUG oy at i AsEong of the DILRLL R i_lﬁ{:?;l_.z,!f}.@h.-ic: S 1 lw 3 ’Cﬁi‘ iiiE» R it&( 1N

N R T ' ".' ¢ s At " : wIR i) ~
frame being degoded i3 8 key fame

‘;s

Ty
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{4 The mwethod of clatm 18, fwther comprising:

determining whether the frame being decoded specifies a loop filter stvength valoe

iore of he categhries; ard

".‘

o onci Hst im GRS O

i the trames being deoded specifiss a loop Gher strengtl vatue condition forone

BT Sl % PR R: S YUEF + 3. ap ; X ~ Y - S )
QU IOFe OL e Categy STHER {m(..-ﬁ ASH E_g{ bt CRPRAE -00} » filler aive Y th valuos to the one

GFIOTE gat SEQTIES.

iy 113, farther comprising;

Ry ™

r"f

243, Ths method of claim any of ¢l

determining whether the frame bemng decoded speeifies a single foop Gty

sondition, and
if the frame bemg decoded specifies a single loop filter condition, then assigning a

smgle foop filier sirength valoe fo all blocks without regard to nategory,

1A 'iil'iii&'ifb{;?ﬁ .f:’merim:;{;:ﬁin; framies of eompreased video information, sach fame
”fs}-}:_' 1)) l K61l &Hd & i{?m&u i SUIor

atiribute comprising
determining the block atiributes for each block:

determining a }ah;i ality of valies of one or more loop filter ativibutes, each value

based on that block’s block attributes: and

.

x the boundary rid went to the particular block usig the selected ove ov

el
h | hi" ’\
{(a a

Vf

more foop s aifii:’;‘fibui:{a‘ viiines,

22, The method of clatin 21, whergin the | m-*s filter attributes tholade st least one of
filter type, Qiter strepgth, fer cosflinienty, and fdte taps,
33, The method of ol 21 or 22, wherein block stivibuiss inchude at least ane of

pradubon modes, refarenve fame type and residual ervor atinbude.
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, :-' s kTR i o § A wn \ \t' " X AnL . :\ ST A NN PR Yo e ~ 3
2 Phe method of clabms 21 or 27, wherein doternuninge e valoes of one o raox

toop filter ativibutes futhey comgrises at least one of

seiting e valies o proset s defualt values when the faame bel mz. Jeeoded 16 a key

.“I AN, si?if'

l‘l}

!\'--::s"j"'é’js'}‘;.{‘? :‘_ﬁ’. ﬁ _‘i'.'}iﬁt'h"...n x}}«.» l}i i -‘l.E}‘_?C:'(‘\ ' '.4 iiic \;' ?ﬂi i “1_1,3 ¢ \i"s'.\":x{"} :’.‘\ 1:;:3 : i E (;;:;'Q\'..{_) i\( *1 t
\.}tv . .'.;.'.{:ﬁ-(o!-'v ;.‘\J\)k LR S -k I & 30 %K 3 5‘ QE-» -*-(o' ORI NP - U RE -+ 1.1{ 313\4‘ - .\c‘&-.&.hk\ L, " {.-& 1

i the frame being decssdad spocilioy that the value shusdd be ypdated,

‘\.3. »

2, The wethod of olatnw 21 ov 22, wheroln selecting one of the valoes of uite or mors
foop filior alindnies S g particular block based on that block’s block attvibwies further
CONMUNIROE]

SRR mz 2 baseling i_fs;‘} {Hter atinbule value a3 SPHECI Sed i :f:{ij.lii‘-fs?iti%iii-ﬂ-ﬁﬁi-:f.\'i?fr'*.'?i‘s‘ii’;t;

f -’J

sl

J

Aetermiung one Or MO plﬁ'ﬁ:ﬁi@-"_tii.n;c:i'siez}?aja:.igtf.if:zii sahies based on the hlock’s blosk

attributes; and

}nr-d'

Akl iitg the one or more preset incremental values to tis bassdine lo ypr fdter

strengih value o compute the value of at least one loop Ailtey attribite.
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L] CONTROL

RESIDUAL
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FIG. 4
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CURRENT FRAME
A KEY FRAME

134
{_

SET REFERENCE
FRAME LOOP FILTER

MODIFIERS TO
DEFAULT

136
{_

SET PREDICTION
MODE LOOP FILTER

FILTER MODIFIERS
ENABLED FOR CURRENT
FRAME

MODIFIERS TO
DEFAULT

UPDATE
LOOP FILTER

MODIFIERS
?

YES

UPDATE REFERENCE
FRAME LOOP FILTER |“"__140
MODIFIERS

UPDATE PREDICTION
MODELOOPFILTER |<«—\__149
MODIFIERS

FIG. 6
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FILTER MODIFIERS
ENABLED FOR CURRENT
FRAME

NO

UPDATE
LOOP FILTER

MODIFIERS
?

YES

UPDATE REFERENCE
FRAME LOOP FILTER | “"\__140
MODIFIERS

UPDATE PREDICTION
MODE LOOPFILTER |<«—\_ 149
MODIFIERS

FIG. 7
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