WO 2012/ 096610PCT/ SE2011/ 051199 1 DEBLOCKI NG FI LTERI NG TECHNI CAL FI ELD
The present description relates to deblocking filtering for reducing

bl ocki ng wotwixwtaoat bl ock 5 boundari es. BACKGROUND Delbtogikbngofiihd ers are
used in the video coding standards in qrder to conbat bl ocking artifacts.
The bl ocking artifacts arise because the original video is split into

bl ocks which are processed reI@EﬁkﬁﬁﬁﬂﬂhﬂLﬂﬂgﬂﬁndently. The bl ocki ng
artifacts can, for instance, arise due to different intra predictions of

t he bl ocks, quantization effects and noti on conpensation. Two particul ar
vari ants of debl ocki ng are descritraHNICAIOMELD. 264 debl ocking 15 In state of
the art video coding, such as H 264, there is a deblocking filter, also
denot ed Thedpesent descriptignt wlatesr ted detlqcking diteringefr deducing eldenking r artfacty at Hepk
befores%b@k@&% of the reconstruction for |ater reference when encodi ng or
decodi hg € Subsequent frames. The debl ocking filtering consists of
several steps such as filter decisions, filtering operations, a clipping
function and changes of pixel values. The decision to filter the border or
not i s made based on eval uation of BAEH@MNRonditions. Filter decisions

depend ; (; ype I t ] : tween
nei ghbo%ﬁé%ﬁ@&@%ﬁﬁ%ﬁdﬁ@ en\éiyegh%)gﬁgtﬁgﬂ@?rﬁsﬁ@s&{%&%%%g lfo% %ﬁ%ﬁg -lgﬁd on
the | ocallcocflpg{ artifaots @ri%ﬁa‘ béchesecttie r)fhgglmal aildgld @rspliteintg mhmlf]si wk‘ljctbhrrecn{cﬁessedﬂ_ﬂet_ivelyhef
amount of filtering for a pi.xel depends, anmpng, others, on the position o
that P9 xslergnaenilyi (e Rlecking aﬁFﬁQ%@Bc r hetaness apse BisundaeEnLiRER Bredickes of the
quant i Zajk ; Vgl i AR - nf T it

doci si on P e RBANEh el Tcho (VMR SRRl TP EHEUAC 2pld, of g ¢

t hr esholddscribd@hilawhr eshol ds are adapted to the quantization paranmeter (QP).
For instance, assune a vertical block boundary of 30abcdl efgh WO

2012/ 096610PCT/ SE2011/ 051199 2 nei ghboring block. If the follow ng

condi ti q‘-f.‘fGﬁ%SloEklh%i Iled the filter decision is positive, e.g.
abs(de)<thr1, abs(T-d)<thr2, and abs(e-f)<thr2, where thrl and thr2 are
adapt ed Ibstste df e aQrdedrtoding, suckeas Miao4, ithereis iardgbloakahg diltéralsa. @6dted loop filles aftérr st

filterin de, referred to as rompl filterin filtering 5 can be

descr i bOEAFRNA SRdUpLrERpTEToh, Pl beiares0ge 4 L gAY LSRG ol e
Wi th.  Thecddingfof teddging @e dubseqRént Fhes ITRE @80lockiRg FillRing LoElstsA UBHA) ¥tepS sith = d

+ delta and €' = e -"delta, where delta has béen clipped off to a threshold
t hr 3 t o aa fikesideesiensafiltering eperatonsad alipging junclios aQr chaigessoffpixet @itiesglhe decisier eby

al | owed .f or, hi gh t.han for | ow OP. i ppi ng. can.be cribed as

el o oMbl bl haceGasr ¥h Pevaiol PESe Vo AR 5T RIS et oRg ¢ ne

filteny sidcRBBEN.(MB) | tHsedemotion! Watopf (M\hr gfféremes béthadn thBightiorihg edldoRgl wRether
neighboring blocks have coded residuals and on the local structure of the current and/or neighboring

blocks.

Then the amount of filtering for a pixel depends, among others, on the position of that pixel relative to

25 the block border or boundary and on the quantization parameter (QP) value used for residual coding.

The filter decision is based on comparing three pixel differences with three thresholds. The thresholds

are adapted to the quantization parameter (QP). For instance, assume a vertical block boundary of
30 abcd|efgh

where a, b ¢ and d denote the pixel values of the pixels of a row of pixels in the current block with e, f, g

and h denoting the corresponding pixel values of the pixels of a corresponding row of pixels in the



10 stronger which neans that a stronger |ow pass filtering effect wll
happen. The filter strength can be increased if any of the follow ng two
condi ti onsoabemobabds, e.g. abs(b-d)<thr2 and abs(e-g)<thrRg2iihesfibd t er
strength is adapted by clipping the delhta |l ess, e.g. allow for nore
variation. 15 The second filtering node, referred to as strong fllterlng,
i s appl ine@hlyospg bigek. df Hﬂﬁdﬁ'@b’ln@cq@n@%lmcﬁéﬁ futfie feyfilteiypraisionHe ppeiiiveoigngbs(d-
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debl ocki reference 1s na , Adaptive
Debl ocki ng Fil ter I EEE Tr ansactl ons on Circuits and Syst ems for Vi deo
Technol ogy, vol. no. 20 2003. Debl ockin aft In the
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boundary is intra, or has non-zéro coefficients, or the f erence bet ween
t he not ictipped ofttora tbteaipxrtm&mt?stooa valtee thiat Baioestuameq;rbwheeQPoMor@chtamngt i® trmmrby
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current bl ock and gji denoting pi xel val ue of pixel nunber j of Tow

nunberto |strongetwmcmaylaﬂtatastgnngerdnykpassﬂ@nng gifecj wibhappgn. t hen the fol | owi ng
condition should al so be satisfied: W) 2012/096610PCT/ SE2011/051199 3 d =
1P22 - 2xpl2 + p021 1g22 - 2xql2 021 1P25 - 2xpl5 + p051 + 1925 - 2xql5 +
q051<13 The Wfé%l@en th e pemdrasd nQﬁy of the follGwiR s @ortiidhs éll%?ﬁbldéEé/@ abs(b-d) <thr2

speci fication, ere is a table of 13, where 13 increases with

condi ti GRS a%ﬁ(@eg)ﬁthlrif iThe iar stieagth isiadantechiy diiepingdhedale {ans @ry. ellw ferumare mnamrbc k
and the nei ghboring bl ock, one of two types of filtering is performned,
referred to as weak and strong filtering, respectively. The 10 choice

bet weeh Thbgeshd <ﬁn’@|n?rm’bdé hefemedilo dd dtioRd filkging,Ss displied S iraaahatablotlo bogdades! | ne
dependi ng on the foll ow rgﬂ conditions. For each line i=0...7, the strong

filteri RBlyiveepdierelioniag cormditign s flfied pls( d-e\fith4condi ti ons are true, otherwise,
weak filtering is perfornmed: d < (13>>2) 15 (1P3i PO 1 3i1l) < (13>>3)

For more information of deblocking filtering in H.264 reference is made to List et al., Adaptive
Deblocking Filter, IEEE Transactions on Circuits and Systems for Video Technology, vol. 13, no. 7, July
20 2003.

Deblocking in HEVC draft

In the draft HEVC (High Efficiency Video Coding) specification “Test Model under Consideration”, ITU-

T SG16 WP3 document, JCTVC-B205, Chapter 6.5 In-loop filter process, the deblocking filter works
25 differently from H.264. The filtering is performed if at least one of the blocks on the side of the boundary

is intra, or has non-zero coefficients, or the difference between the motion vector components of the

blocks is greater or equal to one integer pixel. For example, when filtering the border between the

blocks with a vertical block boundary of
30 p3i p2i p1i p0i | 90i 91i 92i 93,
with pji denoting the pixel value of pixel number j of row number /in the current block and qj; denoting

the pixel value of pixel number j of row number i in the neighboring block, i=0...7, j=0...3, then the

following condition should also be satisfied:



PO < ((5xtc + 1 )>>1 ) where to and 13 depend on QP and >> denotes a right

shift operator.

filtered output pixel value in the range of 0-255: 25 A= dip(-tc,tc,
(13x(qg0i - p0Oi) + 4x(gl - pli) - 5x(92; - p2;)-Fl6)>>5)) pG =

Q1o S X W B D ST
IS, ST 43120, Wi s ReLoamt il T o ¢

20 Weak filtering in HEVC draft Wak filtering is perforned
based on wbeoshwyaocondi ti ons. The actual filtering workkeTBy2@100PUds Ng an
offset (A), adding it to the original pixel value and clip the sumto a

g0i =C i p0-255((pl + 2xpA + 2xqO0i + 2xql + q2; + 4)>>3) pl i=Cip0-255((p2;

+ pl;

p2i = 5 phed> (¢adsSon @P3ir i abeveprhentiongr( MEVG-sprodification )therd)s aotableGf
gq0; + gl + 3xQg2; + 2xq03; + 4)>>3) One problemw th the debl ocking in HEVC
i's that NCFR3S§RMI0 QR-1 t er does not have good | ow pass characteristics. One

+ pG + g0; +2)"2) g 1 i=Aip0-255((POG qO0; + gl + q2; +2

can see that the first and the second pixels fromthe bl ock border are
nodi fied by adding or subtracting A and A/2 respectively. Such a filter
cannot rfehesenditiorghard fufitiedeandifitering lissdone dBtween the current block and the neighboring block,

one of two types of filtering is performed, referred to as weak and strong filtering, respectively. The
10 choice between the strong and the weak filtering is done separately for each line depending on the
following conditions. For each line i=0...7, the strong filtering is performed if all the following conditions

are true, otherwise, weak filtering is performed:

d < (B>>2)
15 (|p3i - pOi| + |q0; — q3i|) < (B>>3)
[P0 — q0i| < ((Sxtc + 1)>>1)

where tc and 3 depend on QP and >> denotes a right shift operator.

20 Weak filtering in HEVC draft
Weak filtering is performed based on the above conditions. The actual filtering works by computing an
offset (A), adding it to the original pixel value and clip the sum to a filtered output pixel value in the
range of 0-255:

25 A = Clip(-tc,tc, (13x(q0; - p0i) + 4x(q1; - p1) - 5x(q2; - p2)+16)>>5))
P0; = Clipo-255(p0; + A)
q0; = Clipo-255(q0; - A)
p1i = Clipooss(p1i + A/2)
g1; = Clipo-2ss(q1i - A/2)
30
where the clip function Clip(A, B, x) is defined as Clip(A, B, x)=A if x<A, Clip(A, B, x)=B if x>B and
Clip(A, B, x)=x if A<x<B and Clipg_255(X) is defined as Clip(0, 255, x).
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15 appear near the bl ock border and cannot renove ringing. Mreover, the
frequency characteristics of the filter in HEVC show slight anplifications
of hi gherwbremueeabes when filtering the second pixel (ptrapdoigbsiye from
t he bl ock boundary, which can result i@ worse rate-distortion (RD)
performance of the coder. Mreover, the offset for pixel pl is equal in
magni tude to the offset of pixel g 1 although the structure of the signal

can be rent sides of the bl ock boundary. Therefore, the
HEVC 20%“%;@{”?”]}%@@[5% gdapt well to the local structure of the side of

t he bl o@krohpfilaaiayiode eieeiermed g the follbwing set@toferdtioasn ef fi ci ent debl ocki ng
filter that can be used to reduce bl ocking artifacts at bl ock boundaries

and that does not have the above nentioned dravvbacks 25SUMMARY It is a
gener a LGt ve [ b k boundari es between
bl ocksg cﬁqﬂ: 'bo’s?f’? Kﬁa ¥ 1'f"lf %w%&d% ﬂhe %?gcti ves are met by

enbodi redu&zﬁg%'lt))?sﬁ(%@' thas‘pq_c 20_]‘_ A@oun mbodi nents defines a

met hod o | 'ocKi dts“at’ a brock ary between a bl ock

of pixel a borg nor ¢k @f ) in a video frame. The net hod
cal cul at@s gmllmrgﬁ(gfﬂfsgtﬂt oblt:))g E%geaponﬁ%g .70 - p0) -3 x (.71 - pl))/

16, VmerCPI.ﬂml@ofé%(Qpeﬁfﬂmeq"l | wadj2e+2§>22) WO 2012/ 096610PCT/ SE2011/ 051199
5 pixel closest to the block boundary in a line of pixels in the block, pl
denot es p2;pCligl s Depdf +B3xpRiet plext pO| vs@it+ dg>PRB9 bl ock boundary in the
i ne of pixels, qO denotes a pixel value of a pixel closest to the bl ock

bounda® 2ACA PoasséeBohdithg Oilne $XqBi xe><q3in+ Be>Ai ghbori ng bl ock and ql
denotes a pixel value of a pixel next closest to the block boundary in the
corresponding line of pixels. The line of pixels 5 and the correspondi ng

line of d?]'exp??bﬁerﬁ‘rvxﬁ’th Rfd B@ﬂﬁkfﬁg iRHEVR %hﬁat%é’%al@‘ﬂ&@?%@? not! ﬁ‘é?/epgo’éﬁ'low gééfée of

t he pi xel osest to boundary in the line of pixels is np
by addi mbaradterisficst Ste oefnmeﬁhalt thetfi Isearpﬂ thelseomad pikelofron thiedlopk ketiertace modlﬁradd)y

dified I di I I th I t
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by sl rapd | ﬂgarttllih'eblf)ékrb%rrde?faﬁéEénnf)trr@ﬁb\f/ehﬁl oRigX@bred Uke RiqubitlyThiXadBhstiéLor or m
a nodified pixel value. 10 I'n an optional” émbodi ment of th| s aspect, the
f| rst oftfesfiter in $IEVEI show atghtlarhhifidatiorescpd aighérdreq@nzied wlen-filtping thesecorfdydixel () + 8)

4 , wherein >> denotes a right shift operation.
and q1;) from the block boundary, which can result in worse rate-distortion (RD) performance of the

coder. Moreover, the offset for pixel p1; is equal in magnitude to the offset of pixel q1; although the

structure of the signal can be different on different sides of the block boundary. Therefore, the HEVC

20 filter does not adapt well to the local structure of the side of the block boundary.

Hence, there is a need for an efficient deblocking filter that can be used to reduce blocking artifacts at

block boundaries and that does not have the above mentioned drawbacks.

25 SUMMARY
It is a general objective to combat blocking artifacts at block boundaries between blocks of pixels in a

video frame.

This and other objectives are met by embodiments as disclosed herein.

30
An aspect of the embodiments defines a method of reducing blocking artifacts at a block boundary
between a block of pixels and a neighboring block of pixels in a video frame. The method calculates a

first offset to be based on (9x(q0 — p0)—3x(g1— p1))/16, wherein p0O denotes a pixel value of a



In an optional enbodi ment of this aspect, the nethod further conprises
clipping the first offset to be 15 within an interval of -t and tc by
setting twe hiw®tesi0of fset to be equal to -t if the first pofifsgediiosiisoal | er
than - tc and by setting the first offget to be equal to tc if the first
offset is larger than tc , wherein tc is a threshold value that is
dependemixelo#osgstde B tbiogl bousrany 4 & Has: & pixglalinibe Blogk, griedenpiss aixelbiabiglef a pell n an
opti onal t he met hod further
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the nethod further conprises calculating a second offset to be based on (p2
+ p0 - 2 the hhdck baundam)out ig thevdaesespomdingdine efhyaxedss's moglifiedaly subtragiingdhe &rstiffsadiromecond
next 30 ,.closest to .the phlock boundary in the line of pixels and A denotes
the firdf€ W@F@{e.O?tFﬁé"WEtpﬁ%@ ag@@@@@gﬁ%y@g s, in this optional embodi nent,
cal culigting a third offset to be based on (g2 + g0 - 2 x ql - 2 x A/ 4,
wherein g2 denotes a pixel value of a pixel second next closest to the

bl ock bdurataroptional tembodivente ohohisli arpedti riee dirstppiicet ds catnglajsidx & bealegeal o t he
pi xel next ,cl osest .to the bl ock 2012/,096610PCT/ SE2011/ 051199 6 boundary
P Ehe AT PTxaK B lo DRI g MIErEa 6 ook TS 400 GBI of  set tot he
pi xel value of the pixel next closest to the bl ock boundary in the |ine of
pi xels to forma nodified pixel value. Correspondingly, the nethod al so
conpr i sdsan bptiohdiliembodgimentrof thissadpect] the niethodduatihbly congrisdseclippingethe Vit ofisedtb behe

pi xel next closest to the bl ock boundary in the corresponding |line of.

pi xel 45 wjthigediintgrvald 1o Aed of fhyesetling trterf/éStpﬁﬁi%FltO Be gayal o Uffct'hge Birsk effsehisxt

cl osest to the block boundary in the corresponding line of pixels to forma
modi f i edmpliskdanyvaiauand binseding di firgodset énbrornuaeiat colf therrss ofisehisdarger it econd
offset is calculated to be equal to é(g 2 +p0 + 1) " 1)-@§)I +is) > 1,
wher ei n WsreliehiniSeas tEeshldy aluesthatiis depsadent P dugndzalipeParAmeler wiueastigned t fie

cal Cmﬁé) d to be equal to (((g2 + g0 +1) " 1)- gl - A " 1. In an optional
enbodi Kof this aspect, the nethod further conprises clipping the second
offset wwthin an interval of - tc2 and tc2 and clipping the third offset

within an interval of - tc2 and t2, wherein tc2 is a threshold val ue that
i s deperientopimnalsenthodinentzeft this mspest, diemethod Airther cswiigasedtipping thienotiied biselk .
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third offset is larger than t n an optional enbodi nent of this aspect,

t he met hodndatyrin fhercoespprdingdine of pixgls legpetwibinranditenval @f zarx end the defaedimaxmumhe

i xel t .t he. bl pck . in the |i f pixels, withi
it or vaabe T inal SibE o 4eBR o AR e et gl i B8 Bl ettt B
pi xel 2y aodie®bixélNalud X malieX Bhn Géro $A8 by tsettifid e Mhadisd PRENGREY ibB el to the
corresponding line of pixels wthin an interval of zero and the defined

maxi mumdgted axmymy/alyp f therfaadifigd piggdvalde is darges Hiae thedletied siaximupy/atuBe nodi fi ed
pi xel value to be equal to zero if the nodified pixel value is snmaller than
zero and by setting the nodified pixel value to be equal to the defined

In an optional embodiment of this aspect, the method further comprises calculating a second offset to
be based on (p2+ p0—2x pl+2xA)/4, wherein p2 denotes a pixel value of a pixel second next
30 closest to the block boundary in the line of pixels and A denotes the first offset. The method also
comprises, in this optional embodiment, calculatng a third offset to be based on

(2 +q0—-2xg1—2xA)/4, wherein g2 denotes a pixel value of a pixel second next closest to the

block boundary in the corresponding line of pixels. The pixel value of the pixel next closest to the block



25 maxi nrum value if the nodified pixel value is |larger than the defined
maxi mum val ue. In an optional enbodi nent of this aspect, the nethod further
conpri seswoabmloadiong a fourth of fset to be based on (pBcH/SehorBsmop2 + 2 X
is )/ 4, wherein p3 denotes a pixel valgue of a pixel third next closest to
t he bl ock boundari/ in the line of pixels and Api denotes the second offset.
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boundary correspon ne o ng-t set to
t he pi xefhodifiedi pigel oflug. he pi xel second next closest to the bl ock boundary in
the corresponding line of pixels to forma nodified pixel value. In an

optional enbodinent of this aspect, the fourth offset is calculated to be

equal tq, 14} ()&tﬁ)ﬂgﬁgrﬂb%d*fneﬁ fof tﬁ?sf ?sgécﬁ tr?éo'se%oﬁa drsetie e Slgtﬂat&? tgelﬂameﬁ?ag atg” ght

shift operation an is calculated t e equal

+ 1) " 1{(p2a2p0 At >x 1) -Ip1 H &) anl apietetred deaolbsaalngmlslmfto;berattmnandimpm offsetis
debl ocking filter unit calculates the first offset to be based on (9 x (g0
- p0) 10 calcuatédyio be eguid Jof (G2 + dhel)detl) ogki-g>Fill t er unit nodifies the pixel
val ue of the pixel 15 closest to the bl ock boundary in the |ine of pixels
by adding the first offset to the pixel value of the pixel closest to the

bl ock b?ﬂr’@ﬁ'?ﬁ%’onbl erﬁ%ﬂ{ﬂehﬁn@f RE gb%&?ltﬁe tngthw!fd%% o HildsS p@hdéﬁle.s\égt%n‘d frset®

debl ocki ng ter So o I'es e pixe uero osest

to the mltﬁlﬁbnmﬂéwél'@f}it{;g ahdslecg@nd EpiAG theigrdl offset within Bih Jedreal by — $¢$bmca¢& ng

the first offset fromthe pixel value of the pixel closest to

boundar wheereirt he igartiresherindiud that isdepertiern ion @lggaritieation parametepetifel R sigmidte the
val ue. 20 Another aspect of the enbodi nents defines a deblocking filter

uni t fiemlockeduisiopgbnbll digdiigig achidved RCsekting thezsetdnd ok thive uifsdato e lrgliamen s &, Btheck of
pi xel s and a nei ghboring bl ock of pixels in a video frane. The debl ocki ng

filter satondoothipd offsetss emdlier than of f-5ahd byedetting dlececond of thigliwfiset tb be eqlatiulat e a
first offset to be based on (9 x %qo - p0) -3x (g1 - pl))/16 , wherein p0
denot es ifdhgueserd ov third effsef is targer heh rgh 0osest to the 25 bl ock boundary in a line
of pixels in the block, pl denotes a pixel value of a pixel next closest to
t he bl ock boundary in the line of pixels, g0 denotes a pixel value of a

Phe nei dhabPPIaLIBERMERGo e dsimor e Befed BrhGaRTB P CPItLF TBEES Brdsest
fo?xtelhgo glrallgé i tﬁ’é)bl%]'ﬁé% clo8bst {3encck BSIRRBE M e lihd 6t pAEIs Mthif b inteh2fofl Zefd@in@h
defined maX|mum value and clipping the modified pixel value of the next pixel closest to the block
boundary in the corresponding line of pixels within an interval of zero and the defined maximum value.
This optional clipping is achieved by setting the modified pixel value to be equal to zero if the modified
pixel value is smaller than zero and by setting the modified pixel value to be equal to the defined

25 maximum value if the modified pixel value is larger than the defined maximum value.

In an optional embodiment of this aspect, the method further comprises calculating a fourth offset to be

based on (p3+ pl=2xp2+2xA pl)/ 4, wherein p3 denotes a pixel value of a pixel third next
closest to the block boundary in the line of pixels and A »l denotes the second offset. The method

30 also comprises, in this optional embodiment, calculating a fifth offset to be based on

(q3 +ql=2xq2+2%xA, )/ 4 , wherein ¢3 denotes a pixel value of a pixel third closest to the block



correspondi ng |ine of pixels are perpendicular to the bl ock boundary. The
debl ocking filter unit also 30 conprises a pixel value nodifier configured
t o nodi f ywoheiyiosah val ue of the pixel closest to the blpotlsebmupnsiapy in the
line of pixels by adding the first offget to the pixel value of this pixel
to forma nodified pixel value. The pixel value nodifier is also configured
t o nodi fopundagy ipitheedorespondinglinetoh pixgls Red Ac); sisastes the thirhoffset. The pixel value of the
2012/ 096610PCT/ SE2011/ 051199 8 the bl ock boundary but in the correspondi ng

l'i ne of pﬁbmb@ndmexsuwestacttﬂmlgoMbburﬁdarysh tma‘ ireedf pixelens mbdiediby elddingthedowwth t hi s
pi xel to forma nodified pixel value an optional enbodi nent of this
aspect , Off$f ta e pixelopiug of thé &!X@'Lﬂeé@f@rneixkc"iﬁéﬂftp gﬁl?r@fktbéll@awdﬂl thetliee ohrixels st 5
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denotes a ri operation. I'n an opti'ona spect,

t he deblpaell«armg of thé pn&el sea:unti nexh mpsesstaSheabltﬁokrbsundem mnume rcgrresportdmgchné ofgme&scbyt o
clip the first offs in an inte tc by sett

the fir$fdipg fedith Pﬁﬁef)@ ”Jl@) p'é‘%jda've p[)the Pixel ﬁeFoqu@thqqu§§t t%fhpéllﬁ(:k oQuUriglaRyin @F t han
- te a”%or*?é’sgérﬁn‘ir#; liRG oty Isftéfoﬁﬁ a HobiR&d pi e?vﬁlﬁeoequal totc if the first offset

is larger t ereltn tc1s at | d value that is dependent on a
quanti zati on paraneter value assigned to the block. In an optional
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clipping by the optlonal second clipping unit is achieved by setting the
nodi fi ed pixel value to be equal to zero if the nodified pixel value is

|1 [ i |t
The. dot I hATPPIGHE Sniiero ApblaRnb g RRa N it Rk T bt bibePRaRT, 1©
def i ned (aBy0umoyaBuey1 - p1)Rne ophe delazbckmg‘lfm&l umitrvhodiffestthe pixelsyaketaf thdpixel

debl ocking filter unit conprises a second offset calculator configured to
cal cultatclesest iodbblockdfofiadary in thetiae bigpixets bnyrad@@gzthe frgmffsem& the Dixelvalue Af the pixel

wh t.cl th
bl ock. btaeEL iy ABH Eoufedt HEhe S el dioRh AT BE BRA 5% e oBPRae TRepe
debl ockiyR@albd mb&ifiesud pixedlaee &Qr@m)ke‘-li%sesl to tﬂemlcﬁk@mddﬁrt@?%{ the esRdpdrRing lindoft hi rd
of fset cal culator configured to calculate a th set to be based on (g2

+ q0 - 2Relgiby subtracting thedirst offieeiram thegxeldielie BB aixglicloasst (eetheidoasboundarydethe

o el s. PreeiRaR: pisfel EioBb AR ieer vl ue modiier s confi gured
to nmodyfy 30 the pixel value of the pixel next closest to the bl ock

boundary in the |ine of pixels by adding the second
Another aspect of the embodiments defines a deblocking filter un|t for reducing blocking artifacts at a

block boundary between a block of pixels and a neighboring block of pixels in a video frame. The
deblocking filter unit comprises a first offset calculator configured to calculate a first offset to be based

on (9x(g0— p0)—3x(gl— pl1))/16, wherein p0 denotes a pixel value of a pixel closest to the
25 block boundary in a line of pixels in the block, p1 denotes a pixel value of a pixel next closest to the
block boundary in the line of pixels, g0 denotes a pixel value of a pixel closest to the block boundary
in a corresponding line of pixels in the neighboring block and ¢1 denotes a pixel value of a pixel next

closest to the block boundary in the corresponding line of pixels. The line of pixels and the
corresponding line of pixels are perpendicular to the block boundary. The deblocking filter unit also
30 comprises a pixel value modifier configured to modify the pixel value of the pixel closest to the block
boundary in the line of pixels by adding the first offset to the pixel value of this pixel to form a modified

pixel value. The pixel value modifier is also configured to modify the pixel value of the pixel closest to



offset to the pixel value of the pixel next closest to the bl ock boundary
inthe line of pixels to forma nodified pixel value, and to nodify the
pi xel valwe 20f2/d9b|0pi xel next closest to the bl ock boundamseeikasy WO
2012/ 096610PCT/ SE2011/ 051199 9 correspgndi ng |line of pixels by adding the
third offset to the pixel value of the pixel next closest to the block

boundar yhe oakreurdsryr ik ahei Feegspandiag dme Qﬁ peelsPytsyblrasting the Arstofisetdpmpthg aixel
val ue. f this aspect, the second offset

cal cul at’ 8|LQ°ﬁm3gQ Ikoofﬁﬁe%ﬁp@f?e%ﬁm a%e the 5 second offset to be equal to
(((p2 + pO + 1) " 1) - pl +is) > 1, wherein >> denotes a rlght shift

operatlon and the third offset calculator is configured to cal cul ate the
third ofl aréppttoaalt?@be@mamt OﬁmS(QS(pa@ the ¢jist affsgd calcutpjor ISq¢onﬂQUA9d to calculate the figf
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i nt er valy,ghtion tc2 and t2, and cllp the third offset within an |nterval of -
tc2 and P vvherel ntc2is a threshold value that is dependent on a
guanti zati on par aneter value assigned to the block. This optional cli ppi ng
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clipping unit configured to clip the i xel val ue of 'the xel next

cl osest kP ofidae |shb|géﬂ<th9@z§d%¥relnnté hea |tHr€%¢\oI9fvaFij>ﬂ$dt$s Wéplehdent érﬁ‘a'dﬂﬁﬁfzé(tﬁ‘)h of
zero and a defined maxi num value,” and clip the nodified pixel value of the

20 next patakeler ¢dl@SRSiHNEdo thedlobk.ock boundary in the corresponding |ine of
pi xels within an interval of zero and the defined maxi num val ue. This
optional clipping by the optional second clipping unit is achleved by

setting | fi i t i xel
val ue i slﬁ gﬁgﬁﬁ)ﬂél ét"ﬁ)g%%zﬁétrécg trﬁ%% b 918%‘[%@% ﬂtgrﬁbnﬁ%f) 88056;33 %q‘;“éf!er%t%onﬂbe
equal 1% @offigered & ¢lip e rﬁwmetmrxelwaluuef thé pukélelomdtoftheamdklbwidamh the |m§oflpa«a§er

t han the defined maxi num val ue. In an optional enbodi nent of th

aspect , W8 agdHerwal el 750 ARd @ epling ntama@mmalugﬁdachw dgriadifigd P'§@tVa|§%pEtﬂ¢ ﬁ'ﬁﬂr
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tes I Xe ird
cI osest definet! hﬁaxbrhtm kalhmﬂmdadpyonah cltpbmglblynlee o;l’itlomlmb@daihpbldgommtderaohla&dtﬂye
second offset. The deblocking filter unit alsg rises, in this optional

embodi nSAiNg e mogified kel yalve rbeeqial i Zaro tf@dpﬁqlf@gp@ valge @aﬂ"@&@fé@’a@ 2876 3nglt h
of f seby 0 B ARS MBI Hix@Pvaluedd bs edtialto e dEfirfedmakfum Yalsf if the modified pixel value

is larger than the defined maximum value.

In an optional embodiment of this aspect, the deblocking filter unit comprises a second offset calculator
configured to calculate a second offset to be based on (p2+ p0—2x pl+2xA)/4, wherein p2
25 denotes a pixel value of a pixel second next closest to the block boundary in the line of pixels and A
denotes the first offset. The deblocking filter unit also comprises, in this optional embodiment, a third
offset calculator configured to calculate a third offset to be based on (g2 +¢0—2xgl—2xA)/4,
wherein g2 denotes a pixel value of a pixel second next closest to the block boundary in the
corresponding line of pixels. In this optional embodiment the pixel value modifier is configured to modify
30 the pixel value of the pixel next closest to the block boundary in the line of pixels by adding the second
offset to the pixel value of the pixel next closest to the block boundary in the line of pixels to form a

modified pixel value, and to modify the pixel value of the pixel next closest to the block boundary in the



wherein g3 denotes a pixel value of a pixel third closest to the block

boundary in the corresponding WD 2012/ 096610PCT/ SE2011/ 051199 10 |i ne of
pi xel s angtoAqi2/@enot es the third offset. In this optionacTsrbadiosapd the
pi xel value nmodifier is configured to godify the pixel value of the pixel
second next closest to the bl ock boundary in the |line of pixels by adding

t he fourcomespendingtling of pixpds by adeing Jhgl thied efset th éremixebyaluset Biedixgbnext dosestde thet o
t he bl j ne: af «ni - : i fied pixel | ue,
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boundary in the corresponding line of pixels by adding the fifth offset to
the pixel value of the pixel second next closest to the block boundary in
t he cor fe3hepignalgmbogimeritof Hikaspsct Bersgpand Lifarl galeulatar isicrefigured ity galculate fiean
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equal td((GLaFoH1gb>tl)gl'-A)>>¢2 + Agi )" 1. Further aspects of the

enbodi nents define an encoder and a decoder, respectively, conprising a 15
debl ocking filter unit as defined above. Furthernore, an aspect of the

ctored dhebelor SePiHf b B ABEE dhe FRERINE M T BBlses i AT o
decodey tcbﬁfifg_@r@é eslgig thel sdeshdflorideTamhih Bk MtedrF erded. varen. | GAIED tRythirorRBiditin
pl ayer configured to render the 20 decoded vi'deo franes into video data

that is gdiigglayabl:e (Hﬁdélfcgi,ﬁﬁéréw-tcgﬂé){a fREshalg REIGE tHAEK idBsshdent PR aREMizERYI ce
bei ng or bel ongi ng o a network node in a communication network between a

sendi ng paraeteavdlu@ assignad o g bisek: TRig Wtiomantlippindi &y et vgiokal disidi ¢ippieg ofir isses
an encoder and/or a decoder as defined above. 25 A further aspect of the
enbodi maahieved dyiseling decergner @ rihigh eftsetalth fecraualedauciag if BheotaePriyorathird effset s at a
bl ock boundary between a bl ock of pixels and a nei ghbori nﬁgbl ock of pixels

in a vi degller thape: tcohandcyrstiing heseerd Arihid Afhset tods edbaldo rearshadeced aiftd run

on a conputer causes the conputer to
15 offset is larger than ¢, .

In an optional embodiment of this aspect, the deblocking filter unit comprises a second clipping unit
configured to clip the modified pixel value of the pixel next closest to the block boundary in the line of
pixels within an interval of zero and a defined maximum value, and clip the modified pixel value of the
20 next pixel closest to the block boundary in the corresponding line of pixels within an interval of zero and
the defined maximum value. This optional clipping by the optional second clipping unit is achieved by
setting the modified pixel value to be equal to zero if the modified pixel value is smaller than zero and
by setting the modified pixel value to be equal to the defined maximum value if the modified pixel value
is larger than the defined maximum value.
25
In an optional embodiment of this aspect, the deblocking filter unit comprises a fourth offset calculator

configured to calculate a fourth offset to be based on (p3+ pl —2x p2+2xA )/ 4, wherein p3

denotes a pixel value of a pixel third next closest to the block boundary in the line of pixels and A »l

denotes the second offset. The deblocking filter unit also comprises, in this optional embodiment, a fifth

30 offset calculator configured to calculate a fifth offset to be based on (q3 +ql=2xq2+2%xA, )/ 4,

wherein ¢3 denotes a pixel value of a pixel third closest to the block boundary in the corresponding



calculate an offset to be based on (9 x (q0 - p0)- 3x (gl- pl))/16 ,
wherein p0 denotes a pixel 30 value of a pixel closest to the bl ock
boundary wo 2812/d96@o0of pi xels in the block, pl denotes appirseboivabues of a
pi xel next closest to the bl ock boundafy in the line of pixels, g0 denotes
a pi xel value of a pixel closest to the block boundary in a correspondi ng
| i ne of lip sfalixslsiandthg drmoighBsrthirspofisetolnithiapptiongl ecbpdiment theyuixel value modifier is
2012/ 096610PCT/ SE2011/ 051199 11 a pi xel value of a pixel next closest to
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I
t he pi xd? hgDxgevasie &f HiesPigil sRaPnd nexbelogasbiori bladphaupdany inthtaCatieprRaRrig HAgsO!

defi nes Folold oduct conprising conputer readabl e code neans
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nmeans. The present enbodi nents enable efficient reduction in blocking
I
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description taken toge \ the acco i ng. draw ngs, 1n whi

nccor di AHEEIaRT LSO H el cagidhrgs. OBREd" SaICTRR St ik @7e41S Dt s
of nei gqg ?jrggﬂ)jp;bs_q@q%a }y>qqk boundary over which de-blocking filtering
can be a g i ed; Fi'g.” 3 i ¢l/a f1 ow di agramillustrating additional,

optional steps of the method in Fig. 1 according to an 25 enbodi nent; Fig.
4 is a flowdiagramillustrating additional, optional steps of the nethod

i n Fi gs Fuhedn@péetsa6iané dinbtlirhént BefMERAtnG®RF and@ detcdtier Tedpeciively! EompAtiagaam
illustrating additional, optional steps of the net hod in Fi g. 1 according
t o and} ifleblocking dtier waihas defined above.

Furthermore, an aspect of the embodiments defines a user equipment comprising a memory
configured to stored encoded video frames, a decoder as defined above configured to decode the
encoded video frames into decoded video frames and a media player configured to render the

20 decoded video frames into video data that is displayable on a display.

Another aspect defines a network device being or belonging to a network node in a communication
network between a sending unit and a receiving user equipment. The network device comprises an
encoder and/or a decoder as defined above.

25
A further aspect of the embodiments defines a computer program for reducing blocking artifacts at a
block boundary between a block of pixels and a neighboring block of pixels in a video frame. The
computer program comprises code means which when run on a computer causes the computer to

calculate an offset to be based on (9x (g0 — p0)—3x(gl— p1))/16, wherein p0 denotes a pixel
30 value of a pixel closest to the block boundary in a line of pixels in the block, p1 denotes a pixel value
of a pixel next closest to the block boundary in the line of pixels, g0 denotes a pixel value of a pixel

closest to the block boundary in a corresponding line of pixels in the neighboring block and ¢1 denotes



WO 2012/ 096610PCT/ SE2011/ 051199 12 Fig. 7 is a flow diagramillustrating
additional, optional steps of the nmethod in Fig. 5 according to another
enbodi menvp 20196108 is a schematic bl ock di agram of a deblseekiogiibd | ter
unit according to an enbodinent; Fig. $4is a schematic bI ock di agram of a
debl ocking filter unit according to another enbodi nent; 10 is a
schemat iadPiXs| \éle ofia piyel apxtelosest todhe hl@qkéounﬁpwemr@ﬁp@rfasmndmg lige %@l%ﬁ'écht‘iGrH@e ofi | ter

rodul e oo AR S AR aREFRLT bR o AR TR ok Bunghd. T APt ©

bl ock di"agram r ac

schemat iasolbhusel tcﬂme@ﬂym pi»fel @al@aﬁméqfxeaa@sestdb 1@ Hiozk doureatyadliheting of phie@-by13 is
a schematic bl ock diagra a user equi pnent according to an enbodi nent;

and Fi g.adding ihe oﬁse&t@ﬂlaqmql s/ ING el e B0 SReeNS oA Causes lAGATRARTORONE vor k
DESOR! P TORTANPSE it BYHCosPe P, 8p) Bodta WS, Fifbporid the SPpices by

for si mslistracting tlmlrfﬁsetﬁrpmrthh pigel @ilmnﬂﬂ)lxeﬂ'he enbodi nents generally relate to
debl ocking filtering to conbat bl ocking artifacts over block 25 boundari es
in a video frane. The enbodi nents use a deblocking filter that has good

frequengy; Sﬁ&’ﬁ{eﬁ%ﬁq’ci @Ft?n&%mb&ﬂﬁerﬁé 9 @5 a‘i%o Bﬁglk Ha@ra{n ﬁdﬁfct bo?np‘ﬁ%ﬁﬁé b&ﬁ;‘itﬁ& not

to nodify the pixe al ues over a ese plxe ues form

a ranp beddaslecodehmedns qo'rbaentompaleuemgnafn ashtmﬁnedlsttowdtoaadeon the tcbmptftmrraactablea
tep. This inplies that the deblocking filter will have good | owpass

charaé@ &¥5%8% i cs and can renove high frequencies that can appear near the

bl ock boundary. 30 Fig. 1 is a flow diagram of a nethod of reducing

bl ocking artifacts at a bl ock boundary between a bl ock of nultiple pixels

and a néhghteserit eybtdiroerks erfablerefficiept redystionsih slotkingaarifaaieand alsoravagandriali-passt o an

enbodi nept. As.is well-known in the art, a video frane is divided into

non-ovetcﬁ%fﬁ‘ftg?rﬁacsbl ocks of pixels that are encoded and decoded according to

the various available intra and inter codi ng nodes. WO

2012/ 096610PCT/ SE2011/ 051199 13 Cenerally, a video franme is divided into

non- ov&r | appi ng macr obl ocBBlliﬁDEﬁ}Rﬂ%TlﬂaN%ITﬁE BRAMINGSacr obl ock can in turn

be divi into s ifferent sizes, .such as 4x4 o
o xel s TR BBeber wlh BAET: ook snecaBa Beqio el 578 GBIy Wo (e
enbodi MRk refétemtedSthe ﬂm&mng?‘idéécnpﬁeﬂ@k@no Bwithlthe aa@hpm yIFB REavir8n Which:
applied to any such bl ock of pixels, inc i ng macr obl ocks or
Fig. 1 is a flow diagram illustrating a method of reducing blocking artifacts according to an embodiment;
20
Figs. 2A and 2B illustrate two embodiments of neighboring blocks and a block boundary over which de-

blocking filtering can be applied;

Fig. 3 is a flow diagram illustrating additional, optional steps of the method in Fig. 1 according to an

25 embodiment;

Fig. 4 is a flow diagram illustrating additional, optional steps of the method in Figs. 1 and 5 according to

an embodiment;

30 Fig. 5 is a flow diagram illustrating additional, optional steps of the method in Fig. 1 according to

another embodiment;

Fig. 6 is a flow diagram illustrating additional, optional steps of the method in Fig. 5 according to an

embodiment;



5 even | arger blocks of pixels. In the emerging Hi gh Efficiency Video

Codi ng (HEVC) standard, coding units (CU), prediction units (PU and

t ransf or mvonnt®e6ait) are used. The prediction units arepgefsenadosnsy de a
coding unit and contain the intra or imer prediction nodes. Transform
units are defined inside a coding unit and the 10 |argest transformsize is
32x32 pixels and the snmallest size is 4x4 pixels. The CU size is currently

et ar Gk o0 T OB fshachl S58lchel Bfbre e ind b Bk  pleotdlio”™

gr anul arhdtyér eppéimentng on the | ocal characteristics of the frane. That
nmeans that the largest CU may be split into snmaller CUs of different sizes.
The enbodi nents can al so be used in connection with such coding units,

whi ch ; i : - ' v.bl ock of
pixel s 758 BERGARaE RO a B ORBBERIIEY o Ao kel B AR 01

val ue. Video frames generally have col or val ues assigned to the pixels,
where the col or values are represented jn a _definped color forpats. One of
the conmfh?&d shemalie Rigelsdiagsarm otaedlogRa iRt aeapingdn anathel emiRAimeitoni nance
conponents for each 20 pixel, although other formats exist, such as using
red, green and blue conponents for each pixel. Traditionally, |um nance
conponerfig. fl0 list 2 schemaiEndook liagramefre softwvargdmplementétioh toé aidebjocking filermeodseganat el y

possi bly empl oying different filtering decisions and different debl ocking
fil ter1g_cor|n{)m?r chrﬁ'ﬂﬁjﬁﬁf‘ eﬂﬁ%‘im%]t;e that the luninance filtering decisions are
used in chroma filtering, like in HEVC. The enbodi nents can be 25 applied
to filter the | um nance conponent, filter the chrom nance conponent or
filter g M shAschamatiobocaliageampaiae ehcaderactdrding toranrembadimentcomponent. I n a
particul ar enbodi nent, the enbodi nents are applied to achieve | um nance or
luma filtering. Filtering decisions, or parts of filtering decisions for

one COMPReNts g sShERAt@BlodkiBRrant 6 deBodehfdtordmg b aMibolfHeht1g the filtering
deci sions for other conponents, such as chroma. 30 Deblocking filtering is

condudfed over a boundary, edge or border between nei ghboring bl ocks. As a

bt woan o RGBT Akl GinT 36 A8 ea 3o dtIE B o T3¢ e i deo

franme. Alternatively, the boundaries are horizontal boundaries 1, see Fig.
2B, between two nei ghboring block 10, 20, where one block 10 is positioned
WO 2012/FEp 66 BErCTRIBHzOayies of dportion oilseo@mupieation hetworkICOBRIisTg & netwdilkdaricde o

frame. In a.parti . odi nent, vertical boundaries are filtered first
starti n@cﬁoﬁm%hgﬁéﬁm%ﬁt boundary and proceedi ng through the boundaries
towards the right-hand side in their geonetrical order. Then, horizontal

boundaries are filtered starti n[%s_[vm'th t he boundary on the top and
proceedi ng t hrough the boundar iETAMLERREPCRMEONOt t om in their georetri cal

i1 ter i ngrosehyEre Bl RES e o s Sy s8R RSk of G BaAtht b,
order. In a particular enbodi ment, the boundaries at the edge of the video
frame are preferably not filtered and thereby excluded fromthe debl ocking
filterirl§e embodiments generally relate to deblocking filtering"to combat blocking artifacts over block
25 boundaries in a video frame. The embodiments use a deblocking filter that has good frequency
characteristics. The present deblocking filter is configured not to modify the pixel values over a block
boundary if these pixel values form a ramp but smooth the pixel values if they instead are in the form of
a step. This implies that the deblocking filter will have good lowpass characteristics and can remove
high frequencies that can appear near the block boundary.
30
Fig. 1 is a flow diagram of a method of reducing blocking artifacts at a block boundary between a block
of multiple pixels and a neighboring block of multiple pixels in a video frame according to an
embodiment. As is well-known in the art, a video frame is divided into non-overlapping blocks of pixels

that are encoded and decoded according to the various available intra and inter coding modes.



The nethod of this enbodi ment starts in step Si where a first offset or
delta is calculated for a line 12 10 of pixels 11, 13, 15, 17 in the block
10. Accorwlbngi®medine enbodi nents, this first offset is esrseb@tesiibased on
(9 x (q0 - p0) -3x (gl - pl))/16 , whergein pO denotes the pixel value of
the pixel 11 closest to the block boundary 1 in the |line 12 of pixels 11,
13, 15, Geperaly, thden Geme 19 divisled drie qroa9veriaepipg %@probm@eOfoTGXﬂﬁé)l>1§I)SX§UCm3 next
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nei ghbor.i bl ock_20 and denot es the pixel val ue of the |er 23 next

cl osest Sﬁégﬁhkexﬁl B@I@”@Q@iﬁ‘@&tﬁya’lbq @Pp’d%’éoéw $@BB@%‘PW@<€|§1 'H@Udﬂlg EACTONORE & 21,

23, 25 of pixels 11, 13, 15, 17 in the block 10 and the

corres%c?gg Ia@@ﬁlé&k?@ﬁ@? pi xel s 21, 23 25, 27 in the nei ghboring block 20

bel ong to the sane horizontal |ine of pi xels, i.e. row of pi xel s, extending
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Traditionally, luminance component filtering and chrominance component filtering are done separately

possibly employing different filtering decisions and different deblocking filters. It is, though, possible that
the luminance filtering decisions are used in chroma filtering, like in HEVC. The embodiments can be
25 applied to filter the luminance component, filter the chrominance component or filter both the luminance
component and the chrominance component. In a particular embodiment, the embodiments are applied
to achieve luminance or luma filtering. Filtering decisions, or parts of filtering decisions for one
component, such as luma, can be then used when making the filtering decisions for other components,
such as chroma.
30
Deblocking filtering is conducted over a boundary, edge or border between neighboring blocks. As a
consequence, such boundaries can be vertical boundaries 1, see Fig. 2A, between two neighboring
blocks 10, 20 present side by side in the video frame. Alternatively, the boundaries are horizontal

boundaries 1, see Fig. 2B, between two neighboring block 10, 20, where one block 10 is positioned
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debl ocking filtering is preferably only applied to the blocks and over
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20 over a vertical boundary 1, see Fig. 2A, or belong to the same vertical line of pixels, i.e. column of
pixels, extending over a horizontal boundary 1, see Fig. 2B. Hence, the line 12 of pixels 11, 13, 15, 17
and the corresponding line 22 of pixels 21, 23, 25, 27 are perpendicular to the block boundary 1
between the block 10 and the neighboring block 20. Furthermore, the line 12 of pixels 11, 13, 15, 17 in
the block 10 and the corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring block 20 have the
25 same line number. For instance, if the block 10 and the neighboring block 20 each comprises N, such
as eight, rows or columns of pixels, having row or column numbers i=0...N-1 then the line 10 of pixels
11, 13, 15, 17 has line number i in the block 10 and the corresponding line 20 of pixels 21, 23, 25, 27
also has line number i but in the neighboring block 20. Thus, line 12 of pixels 11, 13, 15, 17 in the block
and the corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring block 20 are opposing lines
30 with regard to the block boundary 1.

According to the embodiments, “line of pixels” and “corresponding line of pixels” are employed to

denote a “row of pixels” and a “corresponding row of pixels” in the case of a vertical block boundary as
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A next step S2 modifies the pixel value of the pixel 11 closest to the block boundary 1 in the line 12 of
pixels 11, 13, 15, 17 by adding the first offset calculated in step S1 to the pixel value of this pixel 11 to
form a modified pixel value p0'. Thus, the modified pixel value p0' for this pixel 11is p0'= p0+ A,

wherein A denotes the first offset from step S1. Correspondingly, the pixel value of the pixel 21 closest
to the block boundary 1 but in the corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring
block 20 is modified in step S3 by subtracting the first offset from the pixel value of this pixel 21 to form

a modified pixel value ¢0'. The modified pixel value ¢0' is therefore calculated as ¢0'= g0 —A.

The modification of the pixel value for the pixel 11 closest to the block boundary 1 in the line 12 of
pixels 11, 13, 15, 17 in the block 10 in step S2 and the modification of the pixel value for the pixel 21
closest to the block boundary 1 in the corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring
block 20 in step S3 can be performed serially as illustrated in Fig. 1 or serially but in the opposite order,
i.e. step S3 prior to step S2. Alternatively, the two steps S2 and S3 can be performed at least partly in

parallel.

The method illustrated in Fig. 1 and including steps S1 to S3 reduces blocking artifacts at the block
boundary 1 by processing pixels in one line 11 of pixels 11, 13, 15, 17 in the block and also in the
corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring block 20. This pixel modification can
be performed for one of the (horizontal or vertical) lines 12 in the block 10 or for multiple, i.e. at least
two, lines 12 in the block 10, possibly for all (horizontal or vertical) lines 12 in the block 10. This is

schematically illustrated by the line L1.

Generally, and which was discussed in the foregoing, deblocking filtering involves filter decisions that
determine whether a deblocking filter is to be applied over a horizontal or vertical block boundary for a
block. If such a decision is positive the deblocking filter is then possibly applied to all columns (vertical
lines) or rows (horizontal lines) of the block. Alternatively, further filtering decisions are taken for each
column or row to decide whether deblocking filter is to be applied or not and/or what type of deblocking
filter to use for that particular column or row. Therefore, the method as illustrated in Fig. 1 could be
applied to a column, to a row, to multiple columns, to multiple rows or both for at least one column and
at least one row in a block of pixels in the video frame. It is further anticipated that deblocking filtering

does not necessarily have to be applied to all blocks in the video frame. In clear contrast, such
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deblocking filtering is preferably only applied to the blocks and over block boundaries where there are

blocking artifacts as determined by one or more filter decisions.

The deblocking filtering will now be further described herein in connection with various implementation

5 embodiments.

Clipping of the first offset can be performed in an embodiment to thereby restrict the value of the first

offset to be within an interval of —z~ and ¢ . The threshold value z.- is preferably dependent on a

quantization parameter (QP) value assigned to the block. In such a case, a table of different threshold

10 values for different QP values could be used. Table 1 listed below is an example of such a table.

Table 1 - ¢~ values for different QP values

QP 0|12 |3 |4 |5 |6 |7 |89 |10|11|12|13|14|15|16 |17 |18

t 0ofojojojofojo0o;o0(o0f0jojo0fo0ojojojo0joj|oj1

QP |19 20|21 |22 |23 |24 |25 |26 |27 |28 |29 |30 |31 (32|33 |34|35|36|37

e |1yttt 1t 1111212121213 [13(13(13 (41414

QP |38 (39|40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |50 |51 |52 |53 |54 |55

e | 55|66 |7 (8[9 ]9 [10(10 111112121313 |14 |14

The present embodiments are, however, not limited to the particular relationship between 7~ and QP
15 as shown in Table 1 but could instead determine the ¢~ value for the block based on the QP value for

the block in some other way.

Fig. 3 illustrates this clipping action. The method then continues from step S1 of Fig. 1. A next step S10

investigates whether the first offset is within the interval —z- and ¢z, i.e. whether -z~ <A<t .1In

20 such a case, the method continues to step S2 of Fig. 1 and no modification of the first offset is required.
However, if the first offset is not within the interval as determined in step S10 the method continues to

step S11 where the first offset is clipped to have a value within the interval. Thus, if A < -z~ the first
offset is set to have a value of —¢ in step S11. Correspondingly, if A > ¢ then the first offset is set
to have a value of ¢~ in step S11. The method then continues to step S2 of Fig. 2.

25
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Correspondingly, the modified pixel values calculated in steps S2 and S3 of Fig. 1 could be clipped to
be within an allowed interval. This is schematically illustrated by the flow diagram of Fig. 4. The method
then continues from step S2 or S3 in Fig. 1 and a next step S20 investigates whether the modified pixel
value, i.e. p0' or ¢0', is within an allowed interval of 0 and M. The parameter M denotes a defined
maximum value that the modified pixel values can assume. In a particular embodiment, this maximum
value is defined based on the number of bits that are spent on the pixel values. Thus, assume that the
pixel values are in the form of a m-bit value, then M is preferably equal to 2m-1. For instance, if each
pixel value is a 8-bit value, i.e. m=8, then M=255. Step S20 therefore investigates whether
0< p0's M or 0<¢0'<s M . If the modified pixel value is within the interval [0, M] the method
continues to step S3 of Fig. 1 or ends. However, if the modified pixel value is outside of the interval it is
clipped in step S21 to have a value inside the interval. In other words, if p0'< 0 or ¢0'< 0 then the
modified pixel value is set in step S21 to be p0'=0 or ¢0'=0. Correspondingly, if p0'> M or
q0'> M then step S21 sets the modified pixel value to be p0'= M or ¢0'= M .

Step S1 of Fig. 1 calculates the first offset to be based on (9x (40— p0)—3x(g1— p1))/16.Ina
particular embodiment, the first offset is calculated in step S1 to be equal to
(9x(q0 — p0)—3x(gl— p1))/16. In an embodiment, the pixel values are therefore updated by the

proposed deblocking filter by using the following calculations:

A =(9x(q0 - p0)-3x(gq1-pl1))/16
p0'=p0+A
q0'=¢g0-A

Clipping of the first offset and/or the modified pixel values as illustrated in Figs. 3 and 4 can also be

used.

In an alternative embodiment, the offset is calculated as a function of
(9x(g0 — p0)—3x(gl— p1))/16. Such a function could then be defined so that the calculation of
the first offset is efficiently performed in hardware. In such a case, it is generally preferred not to have
any divisions and/or define the function so that the first offset will be an integer value. In an
embodiment, (X+8)>>4 is used as an integer-expression of X/16, where >> denotes a right shift
operation. Thus, in a particular embodiment step S1 calculates the first offset to be based on and

preferably equal to (9x(¢0 — p0)—3x(g1— p1)+8)>> 4.
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In this embodiment, the pixel values are therefore updated by the proposed deblocking filter by using

the following calculations:

A =(9x(q0 - p0)-3x(gl— p1)+8)>> 4
p0'=p0+A
q0'=¢g0-A

or if clipping is used:

A = Clip3(=tc,t0,(9%(q0 — p0)=3x (gl - p1)+8)>> 4)

p0'= Clip(p0+ A)

q0'= Clip(g0—A)

wherein Clip3(A, B, x) is defined as Clip3(A, B, x)=A if x<A, Clip3(A, B, x)=B if x>B and Clip3(A, B, x)=x
if A<x<B and Clip(x) is defined as Clip(0, M, x).

In alternative embodiments other implementations, such as integer representations of

(9x(q0 — p0)—3x(gl— p1))/16 and preferably such integer representations that are efficiently

implemented in hardware are used.

The above disclosed embodiments define a deblocking filter that generates a first offset for the pixels
closest to the block boundary with a formula that produces approximately zero, preferably exactly zero,
when applied to a ramp of pixel values and which produces an offset value that smoothes a step in the
pixel values when applied to a step of pixel values. For instance, a ramp can be described as linearly
increasing or decreasing pixel values, e.g. 10, 20, 30, 40. When calculating the first offset for these
pixel values, i.e. pl =10, p0 =20, g0 =30, g1 =40, the first offset will be zero. Correspondingly, a

step can be described as a step increase or decrease in pixel values, e.g. 10, 10, 20, 20. When

calculating the first offset for these pixel values, i.e. pl =10, p0 =10, g0 =20, g1 = 20, the first
offset  wil be 375 if A=(9x(q0-p0)-3x(ql-pl))/16 or 4 if
A =(9x(q0 - p0)—3x(gl - p1)+8) >> 4 . The modified pixel values will then be 10, 13.75, 16.25,

30 or 10, 14, 16, 20 and thereby a smoothing of the step is achieved. The first offset is also zero for a

flat line, i.e. if the pixel values are equal, p0 = pl=¢0=¢l.
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In a particular embodiment, also the pixel values of the pixels next closest to the block boundary can be
modified. This is described further herein with reference to Figs. 2A, 2B and 5. The method then
continues from step S3 of Fig. 1 or from step S2 or indeed step S1. A next step S30 calculates a

second offset to be based on (p2+ p0—2x pl+2xA)/4, wherein p2 denotes the pixel value of

the pixel 15 second next closest to the block boundary 1 in the line 12 of pixels 11, 13, 15, 17 in the
block 10. A next step S31 calculates a third offset to be based on (g2+¢0—2xgl—2xA)/4,

wherein ¢2 denotes the pixel value of the pixel 25 second next closest to the block boundary 1 in the

corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring block 20. Steps S30 and S31 can be

performed sequentially in any order or at least partly in parallel.

The second offset calculated in step S30 is used in step S32 to modify the pixel value of the pixel 13
next closest to the block boundary 1 in the line 12 of pixels 11, 13, 15, 17. In an embodiment, the
second offset is added to the pixel value of this pixel 13 to obtain a modified pixel value.
Correspondingly, step S33 modifies the pixel value of the pixel 23 next closest to the block boundary 1
in the corresponding line 22 of pixels 21, 23, 25, 27 by adding the third offset to the pixel value of this
pixel 23 to form a modified pixel value. Steps S32 and S33 can be performed in any sequential order or

at least partly in parallel.

The proposed deblocking filter is, in this embodiment, a low-pass filter on all the filter positions

p0, pl, ¢0, g1. When applied to a ramp signal, the deblocking filter will not modify it since
AAL A, will all be equal to zero, wherein A » denotes the second offset and A, denotes the third
offset. When applied to a step signal, i.e. a deblocking artifact, the deblocking filter will smooth it, i.e.

reduce the blocking artifact. In clear contrast to the current HEVC filter, the proposed deblocking filter

will smooth and thereby attenuate small ripples on the sides of the block boundary.

In the above described embodiment, the filters for the coefficients that stand at the second position

from the block boundary (p1, ¢1) are produced by using a combination of the first offset and a

symmetrical low-pass filter. An advantage of this embodiment is that the offsets for the pixels second

next closest to the block boundary can have different values that allows for a better local adaptation.

In similar to the first offset, the second and third offsets can be clipped to be within an interval of —z.»

and ¢, , where the threshold value ¢, is determined based on the QP value assigned to the block.
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In a particular embodiment the threshold value ¢, is determined based on the threshold value ¢~

used for clipping the first offset in Fig. 3. For instance, ¢» :% or with a hardware adapted

implementation -, =t >>1.

5 Fig. 6 is a flow diagram illustrating such a clipping of the second and the third offsets. The method
continues from step S30 or S31 of Fig. 5. A next step S40 investigates whether the second or third

offset is within the interval of —7-, and 7, . If this is true the method continues to step S32 or S33 of
Fig. 5. However, if the second or third offset is smaller than —¢, or larger than ¢, the method

continues to step S41. This step S41 clips the second or third offset to be —¢-, if A p.q <—tca Of

10 sets the second or third offsetto 7o if A, , >#c5.

The modified pixel values of the pixels next closest to the block boundary are preferably clipped to be

within the interval of 0 and M in similarity to the modified pixel values for the pixels closest to the block

boundary. Hence, the method steps of Fig. 4 can be applied also to these pixels to force the pixel
15 values to be within [0, M].

In an embodiment, the modified pixel values of the pixels 13, 23 next closest to the block boundary 1

are calculated as:

A, =(p2+p0-2x pl+2xA)/4
pl'=pl+A,
A, =(q2+q0-2xq1-2xA)/4
gl'=ql+A,

20

Optionally clipping of the second and third offsets and/or the modified pixel values as disclosed above

are used.

25 In alternative embodiment, the computations of the offsets could be performed to be independent of

each other.
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or if clipping is used:

A, =Clip3(~tca.ten,(p2+ p0+1)>> 1) - pl+A) >> 1)
pl'= Clz'p(pl +4A, )

0
A, =Clip3(=tcater. (g2 +q0+1)>> 1) —gl-A)>> 1)
ql'= Clz'p(ql +4, )



18 In this enbodi ment, the pixel values are therefore updated by the
proposed debl ocking filter by using the follow ng calculations: A= (9 X
(g0 - pO)woor/pedio- pl) + 8) >> 4 5 p0 = p0 + A q0' =prql/SE20310511b§
clipping is used: A = clip3(-tc,tc, (9 (g0 - p0)- 3 x (ql -pl)+ 8) >> 4)
p0' = ChApO + A) q ChAqO - A) 10 wherein Cip3(A x) is defined as
C i p3( AAn'Iterj@twAembodtraent m:palggqtmg the, sesoneng fhll’Qﬁ@G&nWhIQ]ﬂ isjgdanted fi; haggwage-i
AxB andnﬁlérﬁéﬁtl ﬁsfs defined as dip(0, M x). 1In alternative enbodi nments
ot her 8t|ons such as integer representations of (9 x (q0 - p0) -
3x (q1- pl))! 16 and pref erably such integer representations that are
efficiently 15 inplenented in hardware a sed,. The above di scl osed
enmbodi rreéhpe@elﬁ(néc@fdzeﬂw@dkpbg? 1|—t49r<<t1&at25jgeﬁ®r ates a first offset for
t he pixel s _ § to t | acl forrrula t hat produces

apprOX|na§eI rably n applied to a ranp of

pi xel i an offset value that snoothes a step in the
20 pix%ﬁh§§ﬁdggg&%§%§@%g%?@%ﬁ¥§”a step of pixel values. For instance, a
ranmp can be described as linearly increasing or decreasing pixel values,

e.g. 10, 40. Waen calculating the first offset for these pixel
val ues, A fugherrglterﬂat[yg enthodimentgfor @ﬁfpufatlm)theoﬁecendmd thirgkoffseis s whigh fssqgapl;@p for pe

zero. Step can be described as a step increase or
decrea§®5@ﬁ§QQHlkmgh%mnqs e.g. 10, 10 20, 20. When calculating the first

of fset for these pi xel values i.e = 10 pO = 10, g0 = 20, gl = 20, the
first 25 offset wll be 75|f A)p; - 3x (ql- pl))/16 or 4
if A= (®px-@€f03( fcpi))cza (x@z(fqpo* 31+ )+A+4 >>I' nodi fi ed pixel val ues

will eq beCli’%gC&]Bé %;@IPI 2>9r1 1%&&4‘4 ; 20 and t hereby a snoot hi ng

of the stép i i's zerofor a flat line,
i.e. if the pixel values are equal, pl —qO—qI . WO
2012/ 096610PCT/ SE2011/ 051199 19 In a partl cul ar enbodi nent, al so the pixel

val ues o ariotrer gbaglintent)end cabl uss astroriger lbirpadslfitierkn mtmdmwmahm flost ofisedlilf thisd.
This is described further herein with reference to Figs. 2A, 2B and 5. The
met hod tcﬁ@nth@éf?ﬂoﬂ%%s@t I’Srﬁ‘éh‘fwg@éba@ opf sueh @s equah fo, f(PémI%Qeéxssé +dY)/ 2 ifided st ep

Si. xt ste | cul ates a second offset to base 2
pl+ 2 x adwareg- dﬁf’f@ éf‘%nﬂ?ﬂ e %@%Qfegfr@&i)f equal e ( (gfzfsp%é%} ?elﬁ‘.t%’ls‘econd
next ¢l oiest e bl ock bound ];ffe 12

19X o RSTRRR (G RO R CRLEED ) S5 AT ahe B b cefthene Sl dbasad e o
o éez(zjﬁachq%x?&%?%sig?f AR e B IR AT et SeePtel et erifiof ek P s

of pixels %b al27 ing the n 1 ercﬂup_gAbFQ(ﬂ( 310 St eps SSOa”@m?tN’éS‘,l can

be perf equent| aIIy in any or at 'least " partly in paral
((q2+q0 A—(gl << )+1)>>1).

20 A particular embodiment calculates the first, second and third offsets for a line of pixels in the block to
thereby modify the pixel values of both the pixels closest to the block boundary and the pixels next

closest to the block boundary.

In an alternative embodiment, a decision is first made whether to calculate the second and third offsets
25 and thereby whether to modify the pixel values of the pixels next closest to the block boundary in

addition to modifying the pixel values of the pixels closest to the block boundary.

In similarity to the embodiments disclosed in the foregoing calculating second and third offsets in order
to modify the pixel values of the pixels next closest to the block boundary, fourth and fifth offsets can be

30 calculated in order to modify the pixel values of the pixels second next closest to the block boundary.



10 The second offset calculated in step S30 is used in step S32 to nodify
the pixel value of the pixel 13 next closest to the bl ock boundary 1 in the
line 12 ofopbraless1dl, 13, 15, 17. In an enbodi nent, thepsesedsioffiset is
added to the pixel value of this pixel2l3 to obtain a nodified pixel value.
Correspondi ngly, step S33 nodifies the pixel value of the pixel 23 next
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t he above’ describ Fment. thellfilters for t ficients t at stand
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An advantage of this enbodinent is that the offsets for the pixels second

next closest to the block boundary can have different values that allows
for a1bdhedourthoand fiftd affsetst cam.in 30 aliemsiive eabodiroent,nke fchicdatedbtd Het basecih@n

second fset e clipped tqg b i, hin i,nterval tc2
and t 2, méﬂg f?épé a/och Aal J@%gg—ggﬁet&m%edem@@ YiorQ't t?éte@"—“ Vel e
assigned to the bl ock. 2012/ 096610PCT/ SE2011/)051199 20 In a particular

enbodi meAs e PhpRgHor Mg a8 182" 4ls- 68 &t Arbe hdsed on the threshol d
value tc tc used for clipping the first offset in Fig. 3. For instance,
t_c2 - -2 or with a hardware adapted inplenmentation tc2 =tc " 1. 5 Fig. 6

is a fl [ i I i - e hird
of ot s T e RieRog ot R s DS ot ol ol b s iR RO R fodra
S40 i IW@B(EI@@b@ﬁthm’pﬂélh%edoh&n@%l@%ttorthdmdkdomfdia@atm ths limd ’[melplxélhe 1NtEr val
of - tc2_and t2. |If this is true the nmethod continues to step S32 or S33 of

Fig. 5. 1?%1@9@':0% 1G byt a¢leling Q@J%thcﬂﬁsqtm the piselfvalue of tis Phgl 15dp fqrrn@,{nngﬂgd aixel

| ar ger i t he

socord tgrﬁlﬁ 8&85#‘?0%@6&8?1%@%{1#@%% P &p\%‘itﬁpof%lplxe-r% Seh8 RextthsEd: P e
block boundary 1 in the corresponding line 22 of pixels 21, 23, 25, 27 in the neighboring block 20 by
adding the fifth offset to the pixel value of this pixel 25 to form a modified pixel value. Steps S52 and

20 S53 can be performed sequentially in any order or at least partly in parallel.

This concept can also be generalized for the filters modifying more than three pixels from the block
boundary. For example, the fourth pixel 17, 27 from the block boundary 1 can be obtained using a
combination of the offsets for the third pixels 15, 25 (or the offset from the second pixels 13, 23 or the
25 offset from the first pixels 11, 21) and a symmetrical low-pass filter. Even longer filters are also

possible.

In similarity to the previous embodiments, the fourth and fifth offsets can also be clipped. In such a
case, the same interval as for the second and third offsets or half that interval could be used. In an

30 alternative embodiment, the clipping interval is —¢~3 to 3, wherein the threshold value 7.5 is

determined based on the QP value associated with the block. Also the modified pixel values of the



10 sets the second or third offset to tc2 if Ap,q>tC2 . The nodified
pi xel values of the pixels next closest to the bl ock boundary are

pr ef er ablwocbizpesdot o be within the interval of 0 and Mpicwsseolosrbdy to
the nodified pixel values for the pixebs closest to the bl ock boundary.

Hence, the nethod steps of Fig. 4 can be applied also to these pixels to
force t pielgisgeand msxtvtﬁsaﬁé@ ”ﬁfbb@ﬁi‘ beprdanicap de chgped forbeawithiarifropiervalff 0 anghi as
md'f'e%lsglbé%%lm I\_/@I4ues of the pixels 13, 23 next closest to the bl ock
boundary are calcul ated as: Ap =(p2+p0-2xpl +2xA)/ 4 pl' =pl+Ap 20 Aq =
(. 72+ q0-2xql -2xA)/ 4 ql”’ —q1+Aq Optionally clipping of the second and third
of fsets and/or the nodified pixel values as disclosed above are used. WO
2012/ OQG‘B&W@F@S@DM@%MQ@W@“W of thege Rixelyglues g5g perfogned qcyqrdmg [1below: 8) >> 4
p0* = p0 + A qO' qO-AA—(pO+p2-2pr)/4PpI =pl+Ap +A/2 Aq =
(q0 + g2 - 2 x qI)/ 4 gql'= gl +Aqg A/2 Mathematically this is equival ent as
t he prevdp%‘l&l y3dllﬂdm§ﬂ+en¢m@)mnt Optional clipping can al so be
perforne or th| s enbodi nment..
p2
A :(q3+ql—2><q2+2><Aql)/4

q2'=q2+ A
wherein A ,>,A,, denote the fourth and fifth offsets, respectively. Optionally clipping can be

performed as described in the foregoing.

10 A representation of (p3 +pl=2X p2+2XA, )/4 and (q3 +ql=2xq2+2%xA, )/4 suitable for

hardware implementation can be used in order to get the fourth and fifth offsets as integer values. In a
particular embodiment, the fourth offset is calculated to be based on, preferably equal to,

(p3+ p1+1)>> l)—p2+Ap1)>>l. Correspondingly , ((¢3+¢1+1)>> l)—q2+Aq1)>>l is

an integer representation for the fifth offset.
15
The present embodiments are adapted for combating blocking artifacts in connection with coding and
decoding of video frames. The embodiments can therefore be applied to such video coding and
decoding standards which divide video frames into blocks of pixels and thereby run a risk of having
blocking artifacts over block boundaries. Examples of such standards, to which the present
20 embodiments can be applied, are H.264 and HEVC. In particular HEVC, has the possibility to select
between a weak filtering mode and a strong filtering mode. The present embodiments can then
advantageously be used in the weak filtering mode in order to calculate offsets that are employed to
modify the pixel values in a line of pixels and a corresponding line of pixels over a block boundary.
Hence, the decisions whether to perform such deblocking filtering according to the prior art HEVC can

25 advantageously be used for the present embodiments.

A particular aspect relates to a method of reducing blocking artifacts at a block boundary between a
block of multiple pixels and a neighboring block of multiple pixels in a video frame. With reference to
Fig. 1, the method comprises calculating, in step S1, a first offset based on a pixel value of a pixel

30 closes to the block boundary in a line of pixels in the block, a pixel value of a pixel next closest to the



5 1n an alternative enbodi nent, the second and third offsets are cal cul ated
based on, such as a function, of (p2 + pO - 2x pl + 2 x A/ 4 and (.72 + qO0
- 2x gl -w@xoR)deslp respectively. For instance, such fumrctriseroigosiidh be
adapted for a har dvvare I npl ement ati on gnd/ or be an int eger repr esentation
of (p2 + pO - +2x A/ 4 and (.72 + qO0 - 2 x A 4. A
parti culb&)ﬁk ész@mdpwyem dlﬂe dnecpf pixeld anpixelwalve af rﬁaplé&#é?iﬂsa‘?ctlt@)met blagk Pﬁ%@@ﬂté@a

ot SR oS bl D85 2 B8 BRAPEAD Ok Rl SR
of f 3 et 1Icﬁ>§é§t §3)ftﬁé Ebdk)bo@r&tiaquh ateeedrréspomgbms eﬁbums, Trmsr Iﬁ!nfe@f @kﬁlsfar@qr?mrheuglhoonng( (g2
+ + I Xe val ues are

cal cul atll@@ofé)g(els @59 mﬁ)endlgl(lqr@the. bkg@ hoyydary 1Tj1e flrlgq off$etp3 caicu@te@bas@dmn thesppixlq =

(C§ gqig ( glg?scin]d? &é&lg tlﬂ% p@d%s EE) ffgét ]\_/?I_ugpt]af'_aﬁﬁ?)&’rﬁat% ze9p+ p‘@%ﬁ}{, (eg‘ﬂal'%?fei : A;) _
20 Ag =whkn ﬂ%(piﬂeb\ihllles%re ineértyZncreasthg-or Hpcréasihy-or gle the #9me' wihen teavélmg GloAd the A ¢
) W 2%(32 éf%%(%l%%gclja %-Ie:/cosrlrzezs(p))%nldlln%&?l%éL gfgplx%lzs and produces an offset value that smoothes a step in
the pixel values when the pixel values increase or decrease in a step when traveling along the line of
pixels and the corresponding line of pixels. The method also comprises modifying, in step S2, the pixel
10 value of the pixel closest to the block boundary in the line of pixels by adding the first offset to the pixel
value of the pixel closest to the block boundary in the line of pixels. A next step S3 modifies the pixel
value of the pixel closest to the block boundary in the corresponding line of pixels by subtracting the
first offset from the pixel value of the pixel closest to the block boundary in the corresponding line of
pixels.
15
This particular aspect can be combined with the embodiments discussed in the foregoing in connection

with Figs. 1-7.

The method of reducing blocking artifacts according to the embodiment disclosed in Fig. 1 is preferably
20 performed by a deblocking filter unit. Hence, such a deblocking filter unit then calculates the first offset
in step S1 and modifies the pixel values of the pixels closest to the block boundary in steps S2 and S3.

Fig. 8 is a schematic block diagram of an embodiment of such a deblocking filter unit 100.

The deblocking filter unit 100 comprises a first offset calculator 110 configured to calculate a first offset

25 based on (9x(q0 — p0)—3x(g1— p1))/16 as previously disclosed herein for a line of pixels in a

block of pixels in a video frame. A pixel modifier 120 of the deblocking filter unit 100 is configured to
modify the pixel value of a pixel closest to a block boundary in the line of pixels in the block by adding
the first offset calculated by the first offset calculator 110 to the pixel value of this pixel to form a
modified pixel value. The pixel modifier 120 further modifies the pixel value of a pixel closest to the
30 block boundary but in a corresponding line of pixels in a neighboring block of pixels in the video frame.
This modification by the pixel value modifier 120 is achieved by subtracting the first offset calculated by

the first offset calculator 110 from the pixel value of this pixel to form a modified pixel value.



An alternative enbodi nent for calculating the second and third offsets,
whi ch is adapted for hardware-inplenentation, is: Al, = dip3(- t c2,t
c2, (092 +wp(2012/u(96¢m- A "1) + 2)>> 2)) Ag =dip3(- t e2risEci14sd9 a0 -
((gq1l+ A "1) + 2) >> 2)) 5 wherein << genotes a left shift operation. A
further aI ternative enbodi nent for calcul ating the second and third
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A)/ 2 orotheRlogk WP%‘F@eﬁEﬁ%W'WWPQMSﬁWHﬂa ”@Q@%p'l@ﬁwﬁ“ﬂﬁ eferabl y equal
to, ((p2 + p0O +1+ A" 1)- pl or 15 alternatively gp2 + pO + A - (pl1" 1) +
1) " 1). The third offset could then be cal cul ated based on, such as equal
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simlarity to the enbodi nents disclosed in the foregoing cal cul ati ng second

and third offsets in order to nodify the pixel values of t he pixels next
closest o th
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is a flowdiagramillustrating such an enbodi nent. The nethod conti nues
from 4§ ébesamntsaimrﬁgp oBrathandisaussadep thedgegringdu cemesioa Witb gt 8 1o fdsblockings ed

h | f th
oi xe 171 o0 el oeB oot 4 i b s IS S e s Bt "
pi xel s 1 gliplhe fik: offdel tb Mhel WithirP biP Gritervd) o@fldtCAaﬁd denaheshrediRidSaRRNE. qf freat -
Step S51 correspondingly P 5 calculates a fifth offset to be based on (g3+

ql - 2x degenderdnANDP Jaludtassotitited @it thaDlodrBAd e, fdhtsRinge Ibe 6albeied Bdm Thisle pi xel
27 third closest to the bl ock boundary 1 in the corresponding |ine 22 of

pi xel s Dased?s the@F vaje qf fetbgk-nei ghbor i ng bl ock 20 and Agi denotes the third
of f se Steps S50 and S51 can be perforned sequentially in any order or at
| east “partly in parallel.

An optional second clipping unit 240 is implemented in the deblocking filter unit 200 for clipping the
modified pixel values calculated by the pixel value modifier 220. Thus, the second clipping unit 240

limits these modified pixel values to be within an interval of zero and the defined maximum value M.

25 In a preferred embodiment the deblocking filter unit 200 also comprises a second offset calculator 250

configured to calculate a second offset based on (p2+ p0—2x pl+2xA)/ 4 for the line of pixels in

the block.

In a particular embodiment, the second offset calculator 250 is configured to calculate the second offset

30 to be g((p2+p0-2xpl+2xA)/4), ie. a function g( ) or representation of
(p2+ p0—2x pl+2xA)/4. This function preferably outputs an integer representation of

2+ p0—-2x pl+2xA)/4 and preferably the function is suitable for hardware implementation.
psTp



10 The fourth and fifth offsets can, in an alternative enbodi nent, be

cal cul ated to be based on (p3 + pl - 2x p2+ Api)/ 2 and (g3+ gl -2x q2+
Agi )/ 2 rwepectdww@by, or alternatively (p3 + pl - 2 x p2ct/sExoidgs11y9 4 and
(g3+ gl - 2 x g2 + 2x Ap2 )/ 4 . The ngxt two steps nodify pixel val ues
based on the fourth and fifth offset. Thus, StqqutSSZ nodi fies the 15 pixel

val ue offhe pecopd qiEset caculatas goldis renfigure.ds ar empasiineens e salaplatabe Aerang ofiset i behe
line 12 of pi 3, 1 in the bl 0_by adding the fourth of fset
o the BesedorarieBbeddios Rins b ds) o5 Poph 4T Rad) 1 Ted pixel value. Step

S53 correspondi ngly nodi fies the pixel value of the pixel 25 second next
cl osest to the block boundary 1 in the corresponding |ine 22 of pixels 21,
23, 25, Th& deblodking filkez ugih 208X preferably oarkprig€s &ihira difieh galdutetor 266 tonfigiréd etcalcalatehe
pi xel value of this pixel 25 to forma npodified pixel value. Steps S52 and
20 S53° @aII?'r%é’ﬁ?%rbﬁé‘?ff@fa (gédml@m@éﬂ 72§A)%goromaeqorrgﬁpoaqmg iesof Pl Inythen
paral lel .. Thi.s concept can al so be generalized for the filters nodifying
nor e tthﬁ'gIIIII)lr'E% B(II&eI s fromthe bl ock boundary. For exanple, the fourth
pi xel 17, 27 fromthe block boundary 1 can be obtai ned using a conbination

of the offsets for the third pixels 15, 25 (or the offset fromthe second
pi xel s 1r8a paricusr embedinent, dhef e offseimaiculpier 260rsseonfiguxast te calaulatethy third affset to be

ical, | £l I fil | i.ble.
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pi xel s second next closest to the block boundary can be clipped to be

wi t hi n toreferabiy equaldd, @26 @ndl)M>ds$—dl sd)osdéd in Fig. 4. In a particul ar
enbodi nent the nodification of these pixel values are perfornmed according
to below 5 Ap2 =(p3+pl-2xp2+2xApl)/4 P2' = p2 + Ap2 Ag2 = (.73 + ql- 2x Q2

(J)rf f2 geﬁgITIIé nggﬁ)g Iﬁee 95]: @? ?%ﬁI‘W%I’?ﬁ‘Q@@%@H gn%gg?@%%ee@a gyeIIgI(a:I)I&%Ied in
t he f or egloe ofghe pixel next closest to the block boundary in the line of pixels in the block. The pixel modifier
220 adds the second offset calculated by the second offset calculator 250 to the pixel value of this
pixel. The pixel modifier 220 is additionally configured to modify the pixel value of the pixel next closest
to the block boundary but in the corresponding line of pixels in the neighboring block. This modification
20 is achieved by adding the third offset calculated by the third offset calculator 260 to the pixel value of

this pixel.

An optional third clipping unit 270 of the deblocking filter unit 200 is configured to clip the second offset
calculated by the second offset calculator 250 and the third offset calculated by the third offset

25 calculator 260 to be within an interval of —¢~, and ¢, . The threshold value ¢, is preferably

dependent on the QP value associated with the block and is advantageous calculated based on the

threshold value ¢~ used for clipping the first offset. In an alternative embodiment, the third clipping unit

270 is omitted and any clipping of the second and third offsets is instead performed by the first clipping
unit 230.

30
The second clipping unit 240 preferably not only clips the modified pixel values of the pixels closest to

the block boundary but also the modified pixel values of the pixels next closest to the block boundary



10 A representation of (p3 + pl - 2x p2 + 2 x Api )/ 4 and (g3 + gl - 2x Q2
+ 2x Agi )/ 4 suitable for hardware inplenentation can be used in order to
get the fwonbtemedofi fth of fsets as integer values. |n a&cpaERiicuwsapy

enbodi ment, the fourth offset is cal cupated to be based on, preferably
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connoct PP RPeRT ESRE R ENe Al RREGY P O R B S o can
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offset to the pixel value of the pixel closest to the bl ock boundary in the
line of pixels. A next step S3 nodifies the pixel value of the pixel

cl osest to the block boundary in the corresponding |line of pixels by
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connection with Figs. 1-7. The nethod of reducing bl ocking artifacts
according to the enbodi nent disclosed in Fig. 1 is preferably 20 perforned
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cal cul ate(éﬁt he first offset in step Si and nodities the pixel values of the
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schemati ¢ bl ock di agram of an enbodi nent of such a deblocking filter unit
100. (q3+ql—2><q2+2><Aq1)/4. This function preferably outputs an integer representation of

(q3 +ql=2xq2+2%xA, )/ 4 and preferably the function is suitable for hardware implementation.

The fifth offset calculator 290 is configured, in an embodiment, to calculate the fifth offset to be based

30 on, preferably equal to, (((¢3+g1+1)>>1)—¢2+ Al )>>1.



The debl ocking filter unit 100 conprises a first offset cal culator 110
configured to calculate a first offset 25 based on (9 x (.70 - p0) -3x (gl
- pl))/ 16wex0mmwyiious! y di scl osed herein for a |line of pcrsksoiinsaspl ock of
pi xels in a video franme. A pixel nodifper 120 of the deblocking filter unit
100 is configured to nodify the pixel value of a pixel closest to a bl ock
boundar yn this qnbédlmeméh@pIX@lvalw @Odlgﬁrtz%ls@ISQ@RnﬂBWe@@dDWJy the®ixel vakie obthe gie!
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2012/ 09@6&@8@6’6)&5@&&1&@&&]&9&&60 H-Ierpcxel valua ofthipgixéli cul ar enbodl ment the pi er
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the pi xel closest to the block boundary in the Iine of pixels to forma
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har dware 10 nﬁ{o? tation. The first offset cal culator 110 is confi gured,

in an efB ttf‘r’@ dv@¥edal cul ate the first offset to be based on, preferably
equal to, (9x (.70 - p0)- 3x (71- pl)+ 8 " 4. Fig. 9is a schematic bl ock
di agram of a debl ocking filter unit 200 according to another enbodi nent.
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and the pixel value nodifier 220.” 15 These units 21 220 operate as
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val ue associated with the block and can, for instance, be selected from
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second ®lockad pixevaluest@ pixemexscldsastsethedRik baedary kehe mbmmh%)hm)fmélbi n an
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produces an offset value that approximates zero, preferably equals zero, when the pixel values are
25 linearly increasing or decreasing or are the same when traveling along the line of pixels and the
corresponding line of pixels and produces an offset value that smoothes a step in the pixel values
when the pixel values increase or decrease in a step when traveling along the line of pixels and the
corresponding line of pixels. The deblocking filter unit 100 also comprises a pixel value modifier 120
configured to modify the pixel value of the pixel closest to the block boundary in the line of pixels by
30 adding the first offset to the pixel value of the pixel closest to the block boundary in the line of pixels to
form a modified pixel value. The pixel value modifier 120 is further configured to modify the pixel value
of the pixel closest to the block boundary in the corresponding line of pixels by subtracting the first
offset from the pixel value of the pixel closest to the block boundary in the corresponding line of pixels

to form a modified pixel value.



t he bl ock. In a particul ar enbodi rent, the second of fset cal cul ator 250
is configured to calculate the second offset 30 to be g((p2 + pO - 2 x pl +
2x A) | 4yo,20ivm®e61@ function g( ) or representation of @p2/sk2@@05@9x pl+ 2
X,A)/ 4. This function preferably outpggts an integer representation of (p2
+ p0 -2 x pl +2x A/ 4 and preferably the function is suitable for

har dwar e i npl enentation. WO 2012/ 096610PCT/ SE2011/ 051199 27 The second
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function preferably outputs an integer representation of (.72 + g0 - 2x ql
- 2x A emeogiment i dsclosethN Gidf tthction i's suitable for hardware inpl enentation.
The third offset calculator 260 is configured, in an enbodi nent, to
calculate the third offset to be based on, preferably equal to, (((g2 + g0
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value of this pixel. An optional third clipping unit 270 of the debl ocking
filtens separateod@pitsnitonfi gured to clip the second of fset calculated by the
second offset calculator 250 and the third offset calculated by the third
of fset 25 cal culator 260 to be within an interval of - tc2 and t2. The

t hr esholrgrtivamsre, hé Lomputd 7 RFpRdeY ol RASIAE REMAMer fiGyrédh pALH T3 FP BEGirdtord Wi th
the bl ock and is advantageous cal cul ated based on the threshold value tc
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20 program 74, which comprises code means which when run on the computer 70, such as by the
processing unit 72, causes the computer 70 to perform the steps of the method described in the
foregoing in connection with Fig. 1. Hence, in an embodiment the code means in the computer program
74 comprises a first offset calculating module or first offset calculator 310 for calculating the first offset
and a pixel value modifying module or a pixel value modifier 320 for modifying pixel values of a
25 deblocking filter module 300 or deblocking filter device. These modules 310, 320 essentially perform
the steps of the flow diagram in Fig. 1 when run on the processing unit 72. Thus, when the different
modules 310, 320 are run on the processing unit 72 they correspond to the corresponding units 110,
120 of Fig. 8 and units 210, 220 of Fig. 9.

30 The computer program 74 may additionally comprise a first clipping module, a second clipping module,
a second offset calculating module, a third offset calculating module and optionally also a third clipping
module, a fourth offset calculating module and a fifth offset calculating module to perform the operation

of the corresponding units 230-290 in Fig. 9.



WO 2012/ 096610PCT/ SE2011/ 051199 28 and cal cul ated using the second and
third offsets, respectively. Thus, also these nodified pixel values are
pr ef er ablworestmwsaved to be within the interval of zerorptwesebaidefibned
maxi mum val ue M The second of fset cal gul ator 250 and the third of f set
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the first offset and thereby only nodify the pixel values of the pixels
cl osest to the bl ock boundary or to cal cuI ate both the first, second and
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Api )" 1. The deblocking filter 200 could al so conprise an optional fifth
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cal cul atyrhi?Ref piselconf i gured, in an embodinment, to calculate the fifth

offset to be based 30 on, preferably equal to, ((.73 +ql + 1) " 1)- g2 +
Agi )" 1. WD 2012/ 096610PCT/ SE2011/ 051199 29 In this enbodi nent, the pixel
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cal cul ator 280 to the pixel value of this pixel. The Erl xel val ue nodifier
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second W& X eerr%&ﬁétor iRthe rf'é?mtgf il gdder 41 that also receives the pixel values of the current block

of pixels. The adder 41 calculates and outputs a residual error as the difference in pixel values
between the block of pixels and its prediction.

25
The error is transformed in a transformer 42, such as by a discrete cosine transform, and quantized by
a quantizer 43 followed by coding in an encoder 44, such as by entropy encoder. In inter coding, also
the estimated motion vector is brought to the encoder 44 for generating the coded representation of the
current block of pixels.

30
The transformed and quantized residual error for the current block of pixels is also provided to a
inverse quantizer 45 and inverse transformer 46 to retrieve the original residual error. This error is
added by an adder 47 to the block prediction output from the motion compensator 50 or the intra

predictor 49 to create a reference block of pixels that can be used in the prediction and coding of a next



5 boundary in the corresponding |ine of pixels in the neighboring block by
adding the fifth offset calculated by the fifth offset calculator to the
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2012/ 096610PCT/ SE2011/ 051199 30 Al t hough the respective unit 110, 120 and
210-290 disclosed in conjunction with Figs. 8 and 9 have been discl osed as
physically separate units 110, 120 and 210-290 in the device 100, 200, and
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processor. Such an enbodinent is disclosed in Fig. 10. Fig. 10
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deblocking filter unit. The user equipment 80 can be any device having media decoding functions that



20 program 74, which conprises code neans whi ch when run on the conputer
70, such as by the processing unit 72, causes the conputer 70 to perform
t he st epswofoidwesmt hod described in the foregoing i n ceamsgbéi@nsmbs h Fi g.
1. Hence, in an enbodi ment the code nmegns in the conputer program 74
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perforning a notion estimation by a notion estimtor 50 froman alread

provi dedo a)llned;a(plwer Erzﬁ theat o gureclhte re_ndmefdeeadsd dideoiframas ipto eideadata that :§rd§playabe
resul t of td 8,10 é m?%jlt @ a m)ti@g or displacenent vector
associ at’8 W{%ortscﬁgean PEW@?{]@%C % Euseirﬁqqpmgn se of inter prediction. The
noti on vect or is utilized by a notion conpensator 50 for outputting an

inter prediction of the block of pixels. An intra predictor 49 conputes an
i ntra predpcts; e usdr eguipment 80 bast bepn ddsirated apromprising mﬂeth@dqudersﬁofand)thetrmeélazo

Col eot okl B R Rl S apaf o ISR &8 Rls PR hdsBl Bhrebs, °
t he cug meréentks @ Hugihtivie ibtelos-imillrigexariiiedsrtan fmifmehtb@n%mbwnﬁmfoﬁ&»e User équipktentt 0 an
error calculator in the formof an adder that al so receives the £I xel

val ues &P Alpe digtafutesnimplpmertationst ar@lpﬁﬁﬂb@ wherres thg figeqdes 60 ard thaInadiasplayad8 @ﬂeput S
a resi dﬁd&idl&{ %o sﬁ){ﬁ? érjpafage@rc@ﬂgees 48 (%%lélgl d’ @i,t fie R é%?ﬂ%& ?@ é)Me ey

pi xel s S pr & &t BPPs ran of e orrrer 42,

such as ubad tereih. Fleg didplay €8 Soulaldorrpedvidedras @separgteaislitezaanndaled & theigsat équipmert3

foll owed by coding in an encoder 44, such as by entropy encoder. In inter
codi ng, 8 QH@@W¥M%mg@@?HﬁW@§$H%§“ﬁﬁgW@@tor is brought to the encoder 44 for
gener? fing the coded representation of the current block of pixels. 30 The
transforned and quanti zed residual error for the current block of pixels is

al so pr dgiildstetetidn Eig.i 14 vtk srecodpn 40 bindie decbBereb0dsucin aeitistrated arfgs.orirand 126ndyde
retrieve the original gsi_ dggl _err% This error is .added b an add&r 47 to
the bl odRPIGIEBIEAM S BRWQSKEGY(GE S0 Peing Qr glongingitea NBIWRF BP1SR B FOrBURIQNREIWOR 32

Pr adi ct 1P & SBF RS £ EUAR e b S8 SRS Bl @?%8“*%58%%6”'@ e
for converting video according to one video coding standard to another video coding standard, for example, if
30 it has been established that the receiving user equipment 36 is only capable of or prefers another video
coding standard than the one sent from the sending unit 34. The network device 30 can be in the form of or
comprised in a radio base station, a Node-B or any other network node in a communication network 32, such

as a radio-based network.



bl ock of pixels. This new reference block is first processed by a

debl ocking filter unit 100 according to the enbodinents in order to perform
debl ocki ngofi#m®séing to conbat any bl ocking artifact. TireTpEomI@ssAM NEW
reference block is then tenporarily stgered in a frane buffer 48, where it

is available to the intra predictor 49 and the notion estimator/conpensator
50. 5 Fdeje empodirgends daseribed @gWG aRytoderasestped an dlew iltystaiive rragTples ofithe dersent6 0

compr | S'lrg/gntf?)n dIF\?fII lﬁhﬁbg 5dd| ﬁg osg fflk.ﬁed%? %eaa?tctf?ét%fb%s %@g&.&ggﬁfmﬁd r{ggf)e“s apg TNe

decoder conpri eco as entrop codi'ng an

encoded ch@\gesmem@tnedmtoqrﬁe @mbioldirektsafithput depastingdroethe scopebf thé prasenbinvergion.and
transfor residual errors. These residual errors are dequantized in an

i nver se IyRarievlare difgrent marti solugionse ing Ff’@ng'ff@fﬁrr‘fe@mwméﬁﬁ’tslgaﬂ rl?@e‘%%'ﬂeﬂ a'ﬂs@t'@ﬁrmar
63 t
adde? %iBW@“@ﬁ&BS@Qﬁfﬁan% &%Iggsphference rOCE{m§£M@Q§H§W§ ﬁﬁpe ence

bl ock i shephendet piaghsby a notion estimator/conpensator 67 or |ntra predi ct or
66, depending on whether inter or intra prediction is perforned. A selector
68 is thereby interconnected to the adder 64 and the 15 notion
estimator/conpensator 67 and the intra predictor 66. The resulting decoded
bl ock of pixels output formthe adder 64 is input to a deblocking filter
unit 100 according to the enbodinments in order to deblocking filter any

bl ocking artifacts. The filtered block of pixels is output formthe decoder
60 and is furthernore preferably tenporarily provided to a frane buffer 65
and can be used as a reference block of pixels for a subsequent bl ock of

pi xel s to be decoded. The frane buffer 65 is thereby connected to the
notion 20 estimator/conpensator 67 to make the stored bl ocks of pixels
available to the notion estimtor/conpensator 67. The output fromthe adder
64 is preferably also input to the intra predictor 66 to be used as an
unfiltered reference bl ock of pixels. 25 In the enbodi ments disclosed in
Figs. 11 and 12 the deblocking filter unit 100 perforns debl ocki ng
filtering as so called in-loop filtering. In an alternative inplenmentation
at the decoder 60 the deblocking filter unit 100 is arranged to perform so
cal |l ed post-processing filtering. In such a case, the deblocking filter
unit 100 operates on the output frames outside of the |loop forned by the
adder 64, the franme buffer 65, the intra predictor 66, 30 the notion
estimator/ conpensator 67 and the selector 68. No deblocking filtering is
then typically done at the encoder. WD 2012/ 096610PCT/ SE2011/051199 33
operates on an encoded vi deo stream of encoded video franes to thereby
decode the video franes and nmake the video data available. Non-limting
exanpl es of such devices include nobile tel ephones and ot her portable nedia
pl ayers, tablets, desktops, notebooks, personal video recorders, nultinedia
pl ayers, video stream ng servers, set-top boxes, TVs, conputers, decoders,
ganme consol es, etc. The user equi pnent 80 5 conprises a nenory 84
configured to store encoded video frames. These encoded video franes can
have been generated by the user equipnent 80 itself. In such a case, the
user equi prment 80 preferably conprises a nedia engine or recorder together
wi th a connected encoder, such as the encoder of Fig. 11. Alternatively,
the encoded video franmes are generated by sone other device and wirel essly
transmitted or transmtted by wire to the user equi pnent 80. The user

equi pnent 80 then conprises a transceiver (transmtter and 10 receiver) or
i nput and out put port 82 to achieve the data transfer. The encoded vi deo
frames are brought fromthe nenory 84 to a decoder 60, such as the decoder
illustrated in Fig. 12. The decoder 60 conprises a deblocking filter unit
100 according to enbodi nents. The decoder 60



t hen decodes the encoded video franes into decoded video frames. The
decoded video franes are provided 15 to a nedia player 86 that is

conf i gur estot2017®@oecder the decoded video franes into videecuar21thbstio9 s

di spl ayabl e on a display or screen 88 gf or connected to the user equipnent
80. In Fig. 13, the user equipnent 80 has been illustrated as conpri sing
both the decoder 60 and the nedia pl &#MS86, with the decoder 60
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20 be seéen as non-11m tati on

embodi mepixelsfor 18,16, 1Rand & asigibormg biEdR. 20&Iosmu|dp|§p|&elbt2t1ezta PR Enanidad frans ar e
possi bl e where the decoder 60 and the nmedi a player 86 are provided in two

physi calspig meH9d cori§etevi ces are possible and within the scope of user
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and/ or deco O, such as illustrate
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equi PR Bbundfry GMN"& MorFe@E@B'ng liRé ( ngpb&é@gﬁ anojsher) |H'39|€Che§ﬁ&inﬂg bipER

than the one se from en ing unit The' net wor k vice 30 c be in
t he f or mhefeinggaidoaorrpspiosding line (22) ohpikels @423, 8%, A ) |eperpendTw@etoBatdrbmthlmdh@r

&S%Réxﬁﬁﬁl@ﬁﬁéﬁ‘%@eﬁ@i § SPedm aboreh el obd haody N S

be under r xanpl es of the present invention.
Aoy i e{)ﬂ)/‘éf#xbl‘é?ﬂk?‘% 8 %7s

will ose n the art that vari ous m)dlflcatlons

conbi natl onmodlfgdtqua)"@ESplmeallh:ee poediaiti pixelne1)eodseslitarsaid Slook Hobiedaty deipasidi ng
fromthe scope of the present invention. In particular, different part

sol ut itorige (12) ofrpixelsi (fl f,eiBe i, 1ényoatiding said frstmffsteetoeetdtpmebtﬁluenpetdﬁeald pixel (11)
conflguratlons where technically possible. sc pe of the present

mvent i SRSTRO b Bods bV Hod 57 Ta & SbEneled ic] & The!7) g 2 adtes pie
20121 090BHATST PERTIHIIILASkD, SHOUR sho bR [flod VB JRIHTCILTY |

(11, 13,17f &nd 17) and a nei ghboring bl ock (20) of rTLI|tI pl e pixels (21, 23

25, 27) in a video frame, said nethod conprises: 5cal culating 51{) a first
offset to bmwéwedsa)nsa(@mxed qajue q@oaf—salemxelc(m clogest Yo se@ bloaktbeurdary (ADingeidot es
a pixel value of a closest_to said block boundary (1) in a line

(12) &b cpirssapndingilipe ( p?tzé of R'Se|3 ) 23, #9sHi) @Y BURIEKting saif, frﬁkﬁﬁfreéfr?f“ Sl Bixel \@Jye( 12)

f |
genglt )ég %E]%](ae &;el 2112(:|0€eg?31t0:t)s?|>9e c??@@tdﬁ@)ﬁ IEF%@@;{ gmﬁpwggﬁf% ndary
(1) in 9gigh byne fdrﬁq?a) médifiedi phel \ﬁau{ele}o ol%a.d biRel 2175)c|osé§9tdi@rm5|@c$< tRuiiaket) mal ue

of a pixel (21) closest to said bl ock
said corresponding line (12) of pixels (11, 13 15, 17).

25 2. The method according to claim 1, wherein calculating (S1) said first offset comprises calculating
said first offset to be equal to (9x(g0— p0)—3x(g1— p1)+8)>> 4, wherein >> denotes a right

shift operation.

3. The method according to claim 1 or 2, further comprising clipping (S11) said first offset to be

30 within an interval of —z~ and ¢ by setting said first offset to be equal to ¢ if said first offset is

smaller than —¢ and by setting said first offset to be equal to ¢~ if said first offset is larger than -,



10 boundary (1) in a corresponding line (22) of pixels (21, 23, 25, 27) in
sai d nei ghboring block (20), wherein said corresponding line (22) of pixels
(21, 23, WB.2027peé18 perpendi cul ar to said bl ock boundarycthr@ndsgbs denot es
a pixel value of a pixel (23) next clogest to said block boundary (1) in
sai d corresponding Iine (22) o;grlxels (21, 23, 25, 27); nodifying (S2)

sai d pi xéereinatuis ibresioldyalug that isedeperndent anl asgiestization perametes Naiu«as.stgu tarsgid( 1)
insaid 15 line (12) of pixels (11, 13, 15, 17) by adding said first offset
to sai dD9ckeD).-val ue po of said pixel (11) closest to said bl ock boundary
(1) in said line (12) of pixels (11, 13, 15, 17) to forma nodified pixel
val ue p0' of said pixel (11) closest to said block boundary (1) in said
line (12) oﬂh@nm&b@m&&mmghﬁmwlﬁmeE@MB1&06fmﬂ@r&ymmgngSS) sai d pixel value
q0 of said pixel (21) closest to said block bound { in said 20

cor r eshondi KEPPINGA 1() 2@9 ”@ﬂ'fﬁﬂ bl valyer p0' of gaid pixel bﬁf'oﬁ%ﬁ topgidrbiask beipdanyi(H

f tfset f f d
b1 ook batsareing CApT Rt Bl o8 Aekf o il of A oripro it gleefied FibinuhghLS.
27) to fb?"séﬂlri‘g dmdhéd.f@elp&ewam(ew @ﬁs,an%mep(fﬂ)%@dsdstrws@@!b|&o%burﬂb@smsﬁ séildxméal d

bl ock boundary (1) in said corresponding line (12) of pixels (11,
17) . 25 (R2)theixefettodd, adc of)do bg etual & zoravif $aid wivelified pixel avbloe| 20' iohgaid pikgl ($8Bi d
first offset conprises calculatlng said first offset to be equal to (9x (g0

- p0) WSQ&qmsaLdlbjoekaqundam( Juhgaicling (£2) obiebretst (é% 18, 15, ghtis srmalier thapzercaaniday.
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is a threshold value that is dependent on a quantization paraneter val ue
assigne&“@ﬁﬂwaﬁ@dde%BﬁﬁelmwmVﬁuqhﬁdnethod according to any of the clains 1

to 3, furth 2 d'f' i xel I ' of
sai d pi xel %ﬁ%"ag%ég ?9108'?%Jaﬁ'geﬁ)%?qlgec&§b %)0'0 I g’#@ﬁ%é@”ﬁ%’ ol ©

i xel f. f
ﬁ%i?nﬁ%ﬁ% Id&ﬁ )ﬂoﬁgn l?r)eéﬁ%g?@x @F‘H@ p| xe \Mﬁméﬁmtéﬁél% salr@%ﬁxdgﬂﬁgll)
cl osest maxmmm dalle by lsetbrau saddimodifidd pixel valuedg('i of&ea(dlﬂ)(el d21)psloseststo (saitl, bldcB, 15,
17) to be equal to zero if said nodified pixel value p0' of said pixel (11)
cl osest bpendewi @) il ek casesaprading line {22) of pixelsl (21, 38, 251 2Y) t@fbfpﬁ%@l ® zeraif sag, 15,

sa d pi YRk Ul 26 6 o305l ARGRE s TRl ol 1 el @ﬁ%@%ﬁﬁ%“"gf o
Di X1 S (o1 4l 55,2917 o1y BB 2D 2Bt RIS BETHAREL AR Y s ¢

nodi fie i xel sal d pi xe sest to s dary
(1) ingpaed21) lclwes(tio?s)aldlflodﬂlbé@id%ry( )i sé@eorﬁb@pon@m@ liheS(2D R BiRéls t2nars, 98 to

defi ned HBX|nun1vaIue and sai d nDdlfled pi xel val ue g0' of
sai d pioeleqya 19 said defincd ma&my@h |8sa1q He fﬂdcﬂﬁ@béﬁ“ﬂﬁ (ZQ)OfﬁaldlWeé@mc'@&?ﬁtrféé‘:»pldndl ng
line (2 i xels (21, 23, 2 7). .fo_be t hj nterv o .and
sai d do 3%50@9& i 9 b esnpndg FieligD D8 PRermigir 1 28 %) Rearod Jenceigceinge ™ eqi
pi xel  ( Zdk rp@ﬁ%t to said block boundary (1) in said corresponding line
(22) of p|xe 1, 23, 25, 27) to be equal to zero if said nodified pixel
val ue q0' of sald plxel (21) closest to said block boundary (1) in said

by sotfing ds meGuppkisdn ST baehES o0 TktRLeERbEng xe1 (21) ol osest 3”“'
sai d bl ock l&éﬂh‘tﬂ&lﬁ\ :«(toila sbébn%?ﬁ%t dé'ﬁ‘a%@@’@ﬁ’r@,gﬂ}d“ez %Lz@IA}MX%&ehv}%u

25, 27) to be equ sal d max! munt | f “sai d dified pixel

q0' of slandledd pigdl vé|aeldfacmms@s;se!c@ndSrwxdclcksle@tqer;séwua&aﬁoMndaw (1) in saidilife (12) of

corresponding line (22) of pixels (21, 23, 25, 27) is larger than said
def i ned Pi@Ri(huid, V&l IUpand2s dsnotﬁﬁesar‘i’éclﬁ’r’i@ffﬁeéccor ding to any of the clains 1 to

4, further %glgﬁétma §91 a third offset to be based on (g2+¢q0-2xgl—2xA)/4, wherein ¢2

30 denotes a pixel value of a pixel (25) second next closest to said block boundary (1) in said
corresponding line (22) of pixels (21, 23, 25, 27);



calculating (S30) a second offset to be based on (p2 + p0 -2 x pl+ 2 x ,A)/
4, wherein p2 denotes a pixel value of a pixel (15) second next closest to
sai d bl ookohoindssty (1) in said line (12) of pixels (11pctBE201%/051499 and A
denotes said first offset; cal cupmating (S31) a third offset to be

based on (g2 + g0 - 2 x gl - 2 x A/ 4 , wherein g2 30 denotes a pi xel
val ue of a pPIodiBling(383) said dixalvaexpl ef aisknitel (18) rext eosestde kaik BogkderydanyLil) inn

RTINS A/ TN
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pl of saixgl wivsehl' oflsdd WQWh&S@ﬁesﬁt@séiélbldclblbduﬁ&arbgl)lmcb’ardyliné 1) ofpixewi(@,1 i ne

(12) of pixels (11, 13, 1 17) to forma nodified pixel value pl' of said
pi xel §13)15n€Ktandl osest to said bl ock boundary (1) in said line (12) of

i xel 11, 5 13, 17); di fyi S33 id pixel I gl of
Caid pi el (RSPTRdRR rgpelVAls daptaBiRbell2B g i85 Roddpoudn(h A
o tser " eB0Sarsobtpaline la2nbs ek Taf. 2328527ty e S niRlpRE b S8 PRy ok
bl ock b i i ' i | A& X i 25,
27) to o uel i) bl qRSS Al (R R0, (134 eoresond e B2} Szt =2,
sai d bl @3k2%Hd)ridtarry a(Mmiodifiedpikel valaé g1'cadisaie pipelri2l) ngxticiosest (02id bicfck poundéry (1)21,
23, 25, 27). 6. The nethod according to claim5, wherein cal cul ating
( S30) &) HIGWEEIRINGNG B8 22 efRprelsdel deﬂ%lﬂ)ati ng (S30) said second offset to
be equal to (((p2 + pO +1) " 1)- pl +is) >> 1, wherein >> denotes a right
shift operation; and 15cal culating (S31) said third offset conprises
cal cul atgl. ng Ta&Smhéhos adedrdingits’ claimfsf @ledreiho be equal to (((g2 + q0 +1) " 1)- ql
- A " 1. 7. The nethod according to clains 5 or 6, further conprisi ngl:
cli ppi ng (S4alsulaling §530p eaichgecond aftset gaPees malcHAtngAR3G) saidseeond gffset obepgualt ¢ 2
b tti i d d, of t , iLf.sai d of fset
% sl SRGEREROT) SSTEN £ 880 Mot 2F BtBlsstan sier =i o Squal to 12

I f saig Sec%eulé}fn@?@31&is§id'tlﬂfdgcﬁfset,t&bﬁfbriée&ca}éﬂﬁﬁr@i (B'rx’ﬂcs%idi thirdloffsaf RSirobfiavig! ue

that is dependent “on guanti zati on paraneter “val ue assigned to sald bl ock
(10); ar(flg2higopi Ng>(1544)—Adbdithird offset within an interval of - tc2 and
tc2 by setting said third offset to be equal to - tc2 if said third
offset is smaller than - tc2 and by setting said third offset to be equal

to 25 tg2 if i ird. of i 2. 8. The nethod according
to any g _t e tlof flchrg t%aaq%‘ﬁg’t%héﬂr@g{ﬁ?ﬁﬂ@%}” - clipping (S21) said
nodi fied pi mi_pingazbmg Pld seedndSeriset Bi beehittnlah inf@val ot Leseshd 10, Siyi shitil @ai
boundary (1) in'said line (12) of pixels (11, 13, 15/717) t0 be within an
i nt er y@lse®d 26ed th6l equafRf Lned ifrgari 99eNd offset is smaller than —z, and by setting said
second offset to be equal to ¢, if said second offset is larger than ¢, , wherein ¢, is a threshold
value that is dependent on a quantization parameter value assigned to said block (10); and
clipping (S41) said third offset within an interval of —¢-, and ¢, by setting said third offset to
be equal to — 7, if said third offset is smaller than —z, and by setting said third offset to be equal to

25 t( if said third offset is larger than ¢, .

8.  The method according to any of the claims 5 to 7, further comprising:

clipping (S21) said modified pixel value p1' of said pixel (13) next closest to said block boundary

(1) in said line (12) of pixels (11, 13, 15, 17) to be within an interval of zero and a defined maximum

30 value by setting said modified pixel value p1' of said pixel (13) next closest to said block boundary (1)

in said line (12) of pixels (11, 13, 15, 17) to be equal to zero if said modified pixel value p1' of said



30 value by setting said nodified pixel value pl' of said pixel (13) next
cl osest to said block boundary (1) in said line (12) of pixels (11, 13, 15,
17) to bewequedostcozero if said nodified pixel value pl 'pcofsEs@iigsiiWo

2012/ 096610PCT/ SE2011/ 051199 38 pi xel §g13) next cl osest to sai d bl ock
boundary (1) in said I|neﬂ%12) of pixels (11, 13, 15, is smaller than
zer o andixBl(18)aext Giepestdp gaignigrt b%d%’ﬂé"n%ﬂkj‘@(ﬂﬁ) 0f@'f<9|%é11d1%|1§e1l7 ErgRllefext
closest ieh 2 thePly St SRHRSeh beel RS 4188 Pl aP bbbl idd: | 1

17) to be ‘equa val ue
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(12) 5 arger than sai d defined nmaxi num
val ue; aaid modified plkel paiuengvl(ﬁzaj)i psxell )mexticiosest tqpsaicetiook aburelary (1) imsaic iiied 13)i x el
(23) next closest to said bl ock boundary (1) in said corresponding line

(22) of oppixals @1,(13115, 28 is langer than saidglefredupaximum vaie; @der val of zero and said

el (23 SBpoSAY SaP o3RRI b BEDIAEROBIR ok HEseliocRbaded,
l'ine (2§) |9Ea|@'06r?és§or(d%§ Im@?ZZg %5plxéfs7 2113 be EGuAbe \Fvﬁhlnzﬁ{ Ptehval Gk ah@ said

nodi fi ed 'pi xel val ue ql d pi er (23) next closest to said block
boundar yefney maximgia @IU@(hyISeEbm)salﬂ modifi edwe(@ﬂl)e @]f opsatepixel (2231ne><23|psez‘6t0 sa“d) is
smal l er than zero and 3/ setting said nod i xel val ue '

pi xel ( Piyrk peupgary (el @ere%qndmg)llraﬁc(l& tﬂﬁtﬂl’i@'ér(%ﬂ 21)25|217 é‘h’i’QﬂeqyélrtPé%rBdﬁél'idng

line (22), fﬁgd Bk@f%lﬁe %?]Ufsgg’px§§3 fehd gbﬁshgﬁﬁggl%k t}ogn( Cﬁyﬂ%ly @@%s@@rﬁ gum i f

sai d m)dl 1 Xxe I Xe ses bl ock

boundar yind bb) bipixea 0‘9'1 (Qgriﬂe%%‘%él@r !hbrﬁ‘@eré%n’d b)if_%tti?ﬂg&ﬁlh%dd%d pi%el valg® q12d) 1S
| ar ger 15 han sal d defined maxi num val ue. he fret hod according to any of

t he cl aispig p&elq23)81,extfdltrséé1&r saﬁmmmklbsumty (¢)ah G&Id a@rresgor(d[ﬁ@ﬂ)he (@2)‘ dflprxblb of 23 et to
be based on otes a

val ue of25a27r)(19<é¢ egu_gi;)o %a!ﬁx(ﬂecﬂn%fﬁﬁx"ﬁq"ﬁéfé@ld ’FQSf'@%pHe'b\‘laB’@kqlb@U?%P'W' (43 n?ﬁ sal d
| 12) of .20 3. 15. 17) and denot ffset:
andcal 0seR o S Boundefy (i rosaCenrrefibn S ilaa) el on dy S i e o

2XAQi }5 dhanBigideined axifRmakle. & pixel value of a pixel (27) third cI osest to
sai d bl ock boundary (1) in said corresponding |ine (22) of pixels (21, 23,

25, 27) and Agl denotes said third offset; nodifying (S52) said pixel value

2 of I | ock 25 bound 1
Sai d 1 e (195 MepbhrokaREt e Ah: BER3 (e B Ea a Four th of fset to
sai d pi xel ‘éé‘lbd!ﬁm@?SS@PaWrtﬁ oftbcr &) be BEBY] 68 phexl #1038 101 Sdkindpgck
boundary (1) in said line (12) of pixels (11, 13, 15, 17) %0 forma

modi fi ediopiieeh pu&(%}'vﬂrae BRa pREl ( $ 'tﬁ!rd%e%ﬁe&?s{e%ﬁb s @Cb?i%r% b&%ér@@%?@? ].ﬁé;%g)%fd

bl ock boundary (1) in said I| pi xel s
nodi f i pixels $813)13,44)1d) andxﬁk denates sqidd sefond affstt;ankel (25) second next cl osest
to said bl ock 30 boundary %1) in said corresponding line (22) of pixels

(21, 23, 25calgtﬂétln ?ﬁda‘ 1% o‘f@btdtofﬂefﬁd%e@t)ﬁg(gﬁ P %@Jg‘?z#’t%%‘ yal upe 98 said

pi xel (25) second next closest to said bl oundary (1) ¢ n'said
cor r espeaRiEi, pixel value of a pixel (27) third closest to said block boundary (1) in said corresponding line

(22) of pixels (21, 23, 25, 27) and A gl denotes said third offset;

modifying (S52) said pixel value p2 of said pixel (15) second next closest to said block

25 boundary (1) in said line (12) of pixels (11, 13, 15, 17) by adding said fourth offset to said pixel value

p2 of said pixel (15) second next closest to said block boundary (1) in said line (12) of pixels (11, 13,
15, 17) to form a modified pixel value p2' of said pixel (15) second next closest to said block boundary
(1) in said line (12) of pixels (11, 13, 15, 17); and

modifying (S53) said pixel value ¢2 of said pixel (25) second next closest to said block

30 boundary (1) in said corresponding line (22) of pixels (21, 23, 25, 27) by adding said fifth offset to said

pixel value ¢2 of said pixel (25) second next closest to said block boundary (1) in said corresponding



WO 2012/ 096610PCT/ SE2011/ 051199 39 line (22) of pixels (21, 23, 25, 27) to
forma nodified pixel value g2' of said pixel (25) second next closest to

sai d bl ookohoindasty (1) in said corresponding line (12) pofi/speoehsiifdl, 13,
15, 17). 10. The method according to chaim9, wherein 5cal culating (S51)

said fourth offset conprises cal cul ating (851) said fourth offset to be
equal t dng 2(2be pixels ( 2%? 3, 25,137) t%fgmamosrfleq pixel valup ereiohsaid-pigel 1) 6§c0Ad MeYht
shift o . culatin S onpri ses

ol cul atlRg losgis gk ey fh mrer oSt o el ool ln 14 5 7E°T 55 g2

+ Agi )" 1 10 11. The met hod according to any of the clains 1 to 10,
wher ei n calculating (Si) said first offset conprises a debl ocking
filter uJfit T(r&@\@tho(}z@@prdm@m)clajnIQCWIheIeih ng (Si) said first offset to be based

00 f:gﬁfbﬁ.qges g%%%atm@ﬁﬁim% ek rssréouwrlfesr"@ﬁaﬂ%dgg‘ %5%?0%85%6@0#5 i)

sai d pi I ch @%?ést undary (1)
in said Wﬁi%ﬁ;ﬂ@% p| x ,S)&(gllicv%ir%m 1% 17a y ad |§Hgﬁ)@g?®ofl rst of fset

to said pix f | [ d ry
(1) in sai d(E lfar@*n?@@ S? Idpf?lﬁe gé}(c’ﬁ{pns{f%,]dalfgl,hﬁn??()%st oﬁrogﬁlrrn osfglbtgﬁﬁgd&#ﬁﬂlg

pi xel v((y®+g0% 1> Baigd phx §>>(111) cl osest to said bl ock boundary (1) in
said line (12) of pixels ( 13, 15, 17); and nodi fying (S3) said

pi xel value g0 conprises said deblocking filter unit (100, 200, 300)

nodi fying (S3) said pixel value qO of said pixel (21) closest to said bl ock
boundae yi1( 1)Thé methad sccading o anyoptbadiaimg 11to he whe2n of pi xel s (21, 23, 25, 27)

(31) ol oges ARUABATSY srdbeClistipbmpist aponor@ar it B Pl RURBSE) o
pi xel s (2 firstctiseBS pe Bags)edor? éQ{?@daﬁ@d(% frpq xel value g0' of said pixel

(21) closest to said block bo corresponding line (12) of

pi xel' s (11, nibifyingb(S2} &hid pheel Yalué gl@bdomphsemgsafd Hét%ckinglfgter(arﬁlo (1080200, oy
e

reduci ng bl ocking artrfacts at a bl ock boundary (1) ween a bl ock (fO) of
mul ti pl engdifpireg (§2) shil, pixeByaluk5p0 b 3aicdypixk! @ 1haosghitiosaichigjodkl boahdalyZ0)in edid Ingl (12)pl e
pi xel s (21, 23, 25, 27% in a video franme, said deblocking filter unit (100,
200) d@mbplx@s‘ew B, 191 bmcrdmtsaldélrségﬂfsatorsa@pml vapieop0 ebsdid @Wéﬂ)@losest to

cal cul at e

\her oA Bk 3 s (gl Gnsr 1B, 59,8 et uditeoa iRl bl ock
Dhoranr beiedpitd'd 4435 té%az%r@%rb@uﬁr% fidSeig b 1P Danhy ?@F%n‘aci‘o(iﬁ? ;

bl ock boundaioyifyink) (S3plsaidepadl ealug @(D@lnpﬂs’élsl@ldoﬂebﬁ)cﬂh?ﬂilter(drﬁ) (10@X200¢ B est
to said bl ock boundary (1) in said line (12) of pixels (11, 13, 15, 1
denot es naodifying (S3) said pixel value g0 of said pixel (21) closest to said block boundary (1) in sald
20 corresponding line (22) of pixels (21, 23, 25, 27) by subtracting said first offset from said pixel value
¢0 of said pixel (21) closest to said block boundary (1) in said corresponding line (22) of pixels (21,
23, 25, 27) to form said modified pixel value ¢0' of said pixel (21) closest to said block boundary (1) in

said corresponding line (12) of pixels (11, 13, 15, 17).

25 12. A deblocking filter unit (100, 200) for reducing blocking artifacts at a block boundary (1) between
a block (10) of multiple pixels (11, 13, 15, 17) and a neighboring block (20) of multiple pixels (21, 23,
25, 27) in a video frame, said deblocking filter unit (100, 200) comprises:

a first offset calculator (110, 210) configured to calculate a first offset to be based on
(9x(q0 — p0)—3x(gl— pl1))/16, wherein p0 denotes a pixel value of a pixel (11) closest to said
30 block boundary (1) in a line (12) of pixels (11, 13, 15, 17) in said block (10), wherein said line (12) of

pixels (11, 13, 15, 17) is perpendicular to said block boundary (1), p1 denotes a pixel value of a pixel

(13) next closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17), ¢0 denotes a



WO 2012/ 096610PCT/ SE2011/ 051199 40 pi xel value of a pixel (21) closest to
sai d bl ock boundary (1) in a corresponding line (22) of pixels (21, 23, 25,
27) in savo0ei@bdori ng bl ock (20), wherein said corresponsiEpgibsne (22) of
pi xel s (21, 23, 25, 27) is perpendicular to said block boundary (1), and ¢l
denotes a pixel value of a pixe 23) next closest to said bl ock boundary
(1) in Phelvaligof aselndt) ﬁ@Sﬁ%St Wesa( ck §punsipsye ! gn@ggrresgwdm@ne@z)ofm (B1.a

P pr 225 Toh B ositno BECK (2B Bher BN sai PRy ne ot B fhel 57 e
pi xel s QIfis pbfpenéh&xlar]t(? saibwioak dourdag it ) ahd 1o8tdenbtes atpidePvahrl 6f adpixet|(23y anbxte PO

of said pixel (11) closest to said block boundary (1) in said line (12) of
pi xel s (clbgest bFaidbHck batndary () ovsaidcorrespodirgding (22¢0f pixals 2, 8)'2507);2ad d pi xel

11) closest to s i d bl idlin 2
137 165 °37) i Falemi ﬁ’%ﬁ%& ek éﬂgﬁ(ﬁ)gﬁw%@ Saf it of BAd B gblls: 1o
10 sald | 21,
23 25, %&‘E@y Sbb&%?géé nﬁgrg %ﬂ)‘ |ﬂe ﬂ 13 n1] 5, 11 839 Eﬂng%faudﬂs?f%s%bt%
sai d pi el pxélaluel o® @bsaid mxa(ammclbdeeub séldnblodabqnndaw fi) m ﬁwlllde ¢ bfqmmr(m ng
line (22) of pixels (21, 23, 25 27) to forma nDdlfled pi xel val ue q0' of
sai d pi ¥él 13 2D)to (ﬁdrlmodlfted p9<ai aluel pQ'kof lsaid pitelr(§1) (copest ito 32 bjoak(houmpdﬁhlnng
line (12) 13, 15, 17). 15 13.The deblocking filter unit
accor di rsgldthae @ﬁhofrﬂlxr; 1%&@ i/ )R &0 mpdiyrsalgmiekyalueay @ af saichpixgl (21 clogesbto 310)

S SO BB R ot 2 e S5l s S,

debl ockiofget fitoht 4id LH’NeI valGé %(ﬁ'd?%afdoplﬁél 321’5‘ élé’se@tr tol shid bibek rb@ﬁno‘é@”ﬁ? ifishig a
first clipping unit (230) 20 configured to clip said first offset within an

i nt er valcomdspending Imedzzt) of ;bxel§ @1 123n@5,94) W@ forim Sinodifiddsitel vatuebg0'exfyaitl pixel (21)t ¢ i f
said first offset is smaller than - tc and by setting said first offset to
be equalclosest tocsaidfblask balinflary 1) inofafdetrespending lge(12) bipixetsd11, 190&rB)n tc is a
threshol d value that is dependent on a quantization paraneter val ue
assigned to said block (10). 25 15. The deblocking filter unit according to

any ofis e qh@ld@mock%gtnﬁer%n aEwrduﬁgefo GAARRI Whéran%auaeﬁs%#se@bmmweumlzﬁo(240)
configured to clip said fied pixel valu of said pixel (11) closest

to sai d 30)ds kormgwadmrqaloglape aami fisgtioisat tontm e(q]Jal)to cﬂ?x(;q(bee,b@ —(3]24(g1—1$,1)+1€5,>>147) to
be within an interval of zero and a defined maxi nrum val ue by setting said
nodi f i edvhgieifer> deaotesea Hat shift opseatien.pi xel (11) cl osest to said bl ock boundary
(1) insaid line (12) of pixels (11, 13, 15, 17) to be equal to zero if
said nodi fied pixel value 30 p0'" of said pixel (11) closest to said block

boundar y4( 1)Thé detsiazkidg filteneni(at2grding toplaire 1 8 of 131 furthet,corprisinky &)first sllpﬁmigljhle(m@)han
zero and by setting said nodified pixel value p0'" of said pixel

cl osedd comigyd do Biowaid 5 afertmithip an 'ntﬁW%'aﬁfd'fla a@ (azb)v S@F'”@)P‘@é@f st g @t toi@s 15,

17) to be equal to said defined maxi mum val ue if
2012/ 096643 #CT/@@E@'MISGB“M@@ spalles KR —rfdoﬁ'ﬂdlbé!éetbn&%!d ﬂyﬁpﬁ@et fope egeal énid ifpi xel
(11) closest to said bl ock boundary insaid line (12) of pixels (11,

13, 15, S?L'ﬁ)f'fsit affselis lj’&erih@aﬁcs&’h%feﬂefn ﬁ@dhrﬁﬂ}@idﬁﬁw\ﬂ&t |s&lengrigenton @ quantzalioq

nodi fi ed al ue. i xel (21) closest to said block boundary

(1) in Qa% @6Y¥l&%§6'ﬂﬂ?dﬁasﬁ'¢ﬁ kgé@) of pixels (21, 23, 25, 27) to be within

an interval of zero and said defined maxi num val ue by setting said nodified
25 15.  The deblocking filter unit according to any of the claims 12 to 14, further comprising a second

clipping unit (240) configured to clip said modified pixel value p0' of said pixel (11) closest to said

block boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be within an interval of zero and a

defined maximum value by setting said modified pixel value p0' of said pixel (11) closest to said block

boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be equal to zero if said modified pixel value

30 p0' of said pixel (11) closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) is
smaller than zero and by setting said modified pixel value p0' of said pixel (11) closest to said block

boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be equal to said defined maximum value if



5 pixel value 0" of said pixel (21) closest to said block boundary (1) in
said corresponding line (22) of pixels (21, 23, 25, 27) to be equal to zero
if said rwdizbizdeqbxel value q0' of said pixel (21) clopesiseb@idsiigh bl ock
boundary (1) in said corresponding ling (22) of pixels (21, 23, 25, 27) is
smal l er than zero and by settlng said nodi fied pixel value g0 of said

pi xel (23l madije@pixeltvalug ali’Qj Obsétbd:wx%dﬂﬂrhﬁlﬁﬁgﬁt {o1spidi hlpcwpwdéwr(ﬂ)el@ p@jﬁdjnéh@2 ] 9fne

o) £ DL ol T b, sl elaegy na daid fegie L"r%'wﬁ&?'ugﬁ%ﬁtegﬁg AT ol enele 52 ¢
poundary, B i) easieeeramien it (24 sl b The (200 B 7)1

| ar ger tcﬁan sal d fined maxi mum val ue. debl ocki'n ter un| t

accor di 17g, 25 28ty befwithihenGitenvarsf éto bad ddid défned MaximaRalue Bl ngtmgasafdaﬂw‘fféd
of fset cal cul at or 250) configured to calculate a second offset to be based

on 1|5 % pixelvalg ¢ ok sl pleI;t%k clay qsthvsatmtéQCé.bﬁt:(r]dgryd@g@ﬁ@@C%rreépeoélng\h@ﬁ @) df a
3'; :Si ce it |@i§<>aggz5n§g G505t 20t raat B iser R o of &t bkey ) Soses, ﬁ.lgé
gn ?gtz %glgéﬁécﬁé&fndgrﬁ?ﬂ)lrégﬁgfcg%%&gﬁamgﬁng @2ﬁ8ﬁ q@ge eg%tfégﬁg 23% |£ éﬁ%lleﬁ‘ fhaR Qgﬁase

pi xel (2hd bpsutingdaidexokified siger Sdlud 90'satisald pixel¢X) bloseattarsyid btk hounday d) in said
corresponding line (22) of pixels (21, 23, 25 27), 20wherein sal d pi xel

val ue rmdnrésperrdlr(gzme)pz ) of poefsf(RtuwBezb, 26 torbeiecﬁqal tesaid dpf ined Imawialuoe§ g2R! médifeedi d
i | t t b k b d ai.d | 12
e by B of S8 pifer P Slosdsbioralodiat SesuraNon rld bonesp P itk (28] S, &1 o

72, S | Sl ok 5] sBES Y A e ORGRp Gul o B ock bourcary (1)

p2' of sald plxel (15) second next closest to sald bl ock boundary (1) in
said line (12) of E ixels (11, 13, 15, 17) and to nodify 25 said pixel value
g2 of séﬁd ﬂh%é‘?b'((c B9 ﬂ@é@tbtr?éc%@&gtO@Pb@fé@QdQ"BS %%‘065HP@@RC%%'ﬁ'B&ry (1) in

said corr esﬁogk%bﬁbgo ef"?:al@lﬂgt % gf’ggﬁg@eé 44 C?algfﬁate 2 E%(%@ oR¥et 3G djen Qﬂsﬁ@'oﬂ

fifth offset sal pixe sai d pi xel second next cl osest

t o sairsl (phacko bovndaryx ALK iwhemi @2 clendtesp pirelivalge b aysixe( @8) seebndniexedissest21,
23, 25, 27) to forma modi fi ed pi xel value g2' of said pixel (25) second
next cl dsgsaid bloak bsmddrytﬁll)ormkald)lmmb&myplxels)11,;135@; ) @od Nedanoted saigyfirtaffect(and) of

| 11, 1 7 The,. d Ki filte di
P A 16, wReTie rosalp Colgualin, $459) ebraeey B Shbdat oo il “ﬂsettstafﬁe‘” sghen°
of f set C(abqta)oaipkgﬁzé% )8 mﬂa‘m gyro%ﬁ’otésoa SRl G%e 8 phe@l ( §6€o‘ﬁﬂﬁe>%lf)%¥tot0 be

equal to (((p2 + rein >> enotes a right

shi ft opeigalotlolsunédr (1) in salﬂ@bﬂﬂesbbhdir@ Ilﬁé 22)3(5f pB(éIls%Zﬂ 23, Q5 2(7?60) is conf| gur ed
to calculate said third offset to be equal

' 1. 3018, T%e@@tﬁaﬁmeh@hﬁqu@ﬁr @ﬁ@)tls ebbprel tﬁgnqd %ﬁldamlmk quﬁ &2 Q[?ald P'ﬁ?'t hea

CPTPet (1 stboly b osesPB SR o) Baghely %%%083'&&9%“ (5 P d i aRie
of fset tsgigsurth QHsd: td §éld’ F;I)?el {diues %Qdof §51§?R fsét?btnd In8xt S1ABest R saldMdek bé@'}dﬂf’yd by

setting said second offset to be equal to th if said second offset 1S
| ar ger tham shid.linsre2) ef pixdls 21 $3,a15, hT)es fernch modified pixel value p2' of said pixel (15)
second next closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) and to modify
25 said pixel value ¢2 of said pixel (25) second next closest to said block boundary (1) in said
corresponding line (22) of pixels (21, 23, 25, 27) by adding said fifth offset to said pixel value ¢2 of
said pixel (25) second next closest to said block boundary (1) in said corresponding line (22) of pixels
(21, 23, 25, 27) to form a modified pixel value ¢2' of said pixel (25) second next closest to said block
boundary (1) in said corresponding line (12) of pixels (11, 13, 15, 17).
30

17.  The deblocking filter unit according to claim 16, wherein



10 value that is dependent on a quantization paraneter value assigned to
said block, and to clip said third offset within an interval of - tc2 and
tc2 by sewbizop/®aid third offset to be equal to - tc2 ifcsasedoitihbsrido of f set
is smaller than -t2 and by setting saigbthird offset to be equal to tc2 if
said third offset is larger than t2. 15 19. The deblocking filter unit
accordi ng t Gaigsgcon offsed C%Mat%i?i% ig eonfigiiredk tg calipiate @@lﬁrﬁﬁmg Rfse tosea-eqval to

l'i ppi f d t L ' i, £.0. '.,I I | of
cai o pi P2 Sk a5t Mol B SRR S tfantSi &%) The (12)
f I fi,ned
st mim val (A0 R! AL oRE o RiglieB e AR S hirg BRE RE GekiR 012)
next cl df(@str ¢oor19aid)— qb#g¢k>lpoundary (1) in said line (12) of pixels (11,
13, 15, 17) to be equal to zero if said nodified pixel 20 value pl' of said
pi xel §13) next closest to said bl ock boundary (1) in said line (12) of

i xel 1, 13,15, . 17) is. | | th tt. [ di f.i ed
b Xl -velPue THF cetipona leryhy SR o it &5 BRAGTHY Pl SRR sty (1)
in said( i?OP@or{ﬂé@éd f?)fcllﬁ"sé@'sécoﬁé%ﬁsel% be]«ﬁﬁthlnjgﬁln&eﬂlaIQﬁ _e aszdtio SW %tﬁ@fsblﬂed

maxi mumvalue if said pl xel val ue p of pl X next

cl osest sheyngakrebt il QéTKqLJ%Pténd@ if sald1secorid FRétds 'sﬂnﬂfér (hhﬁ) Pcfz Qrﬁd‘l%) §ett(n Jsa|d13
15, 17) is larger than said defined maxi numvalue, and to clip sai

modi f i edegdnd BlfseY &) BéCeq@ibl to @f., Fhid s@d:dh@'oﬁée?%)lar@@rﬁﬁan@&sWﬁérelnotcgas d ti’@ééh@l@
boundary (1) in said correspondl ng line (22) of pixéls 3, 25, 27) to

be w tihivalu@that ist€reviéént o a Zedntzaaos p@anetedafue raesibnéam sam)looal and tddlipsaidthidg
said nodified pixel value gl' of said pixel % next closest to said bl ock

boundar yfiget yithimag ifeavaboir + &p@itdiaaghy seﬁl@g @@Q}hlrdp $i fodieseqpat 10 —23; if28id tird) t o
be equal to zero if said nodified pixel value cx@s of sai d pi xel éZB) next
cl osest Oifeet Sasrepllen Btk tou e Oy Setling said Wisd affsgbior %aldprrgzuismfi hipg pffsst is

pi xel s ﬁﬁl 23, 30 25, 27) is smaller than zero and by setting said

modi fie r@ﬁrﬂ@ﬂ 'galue ql' of said pixel (23) next closest to said block
boundary (1) in said corresponding Iine (22) of pixels (21, 23, 25, 27) to
be equal to said WO 2012/096610PCT/ SE2011/ 051199 43 defined nmaxi mum i f

sai d qpdpf i &flg BéB?S‘dkl(gﬁ%l‘té#%nﬂbbcogﬁnﬁ;st@'aﬁ%ei’tﬁ ga.ﬁ%% 59K tud] P?&ﬁ@imﬁéb@gb' ock

boundary (1) Tn said”correspondi i Xel's
| ar ger (clippmgaait &4ﬂ)edohﬁiwcbdrtmxliprsammoailf a@plxa(valuél' b’ Qjeald piz8li(f) néxticlosest torsaid
according to any of the clainms 16 to 19, further conprising:
block boundary (1) in said line (12) of plxels (11, 13, 15, 17) to be within an interval of zero and a
defined maximum value by setting said modified pixel value p1' of said pixel (13) next closest to said
block boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be equal to zero if said modified pixel
20 value p1' of said pixel (13) next closest to said block boundary (1) in said line (12) of pixels (11, 13,
15, 17) is smaller than zero and by setting said modified pixel value pl1' of said pixel (13) next closest
to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be equal to said defined
maximum value if said modified pixel value p1' of said pixel (13) next closest to said block boundary
(1) in said line (12) of pixels (11, 13, 15, 17) is larger than said defined maximum value, and to clip said
25 modified pixel value ¢1' of said pixel (23) next closest to said block boundary (1) in said corresponding
line (22) of pixels (21, 23, 25, 27) to be within an interval of zero and said defined maximum value by
setting said modified pixel value ¢1' of said pixel (23) next closest to said block boundary (1) in said
corresponding line (22) of pixels (21, 23, 25, 27) to be equal to zero if said modified pixel value g1' of
said pixel (23) next closest to said block boundary (1) in said corresponding line (22) of pixels (21, 23,
30 25, 27) is smaller than zero and by setting said modified pixel value ¢1' of said pixel (23) next closest

to said block boundary (1) in said corresponding line (22) of pixels (21, 23, 25, 27) to be equal to said



5a fourth offset calculator (280) configured to calculate a fourth offset
to be based on (p3 + pl -2 x p2 + 2 x Api )/ 4, wherein p3 denotes a pi xel
val ue of wopbrale127) third next closest to said bl ock lpowstdasiyoétiyein said
line (12) of pixels (11, 13, 15, 17) amd Api denotes said second offset;

a fifth offset calculator (290) configured to calculate a fifth

and
of fset lgfined mesgwa Ib?@ldlroochf@g ptxelcmalue gxofgaid plxgl><23&q1pxt)ciosest to safskhiask holngary
d t I I 2 t to bl ock b d
denotes B r STt e 8 7P 3R B R

denotes said third offset, wherein said pixel value nodifier (220) is
configured to nodify said pixel value p2 of said pixel (15) second next
cl osest 200 dJhe detitdckiogfilteounitchaeaydifdip anyofdlad daims heto(19 Aurthef comprieng: (11, 13, 15,

1), 25250,k S LD o S8l SR O
pi xel's ((%ég 3 24?30127%}719/& Qiffréin D GEAGRES PivePla Nefdf'égnx@?(@q |ro%kpc|d§bé$e'

(15) sec next sest“t'o said bI ock boundary sai Ine (12) of

pi xel s dpixe e q el
(25) se((g%%add BBCK{ %Pd&l@ rfl&]gds é%elgy1hé§r1§ w;éﬁ%jn 8%%(%%?@%826”
l'ine (22}r f gl xels (21, 23, 25, 27) by adding said fifth offset to sald
pi xel vé& of 20 said pixel (25) second next closest to said bl ock

boundary (1 | pgz@@' Ad | %t X@HhS offsal » 1o 2 A to
forma nodifi @1 ;S)(?f?(éeil Eé?&{a%“f )O'”t?nsggfé (&2)%(19 %5? secgn% n%xlge cbl%gesdes%,)t to
sai d ho qu+lqd)uadaﬁw23)3 i Ji4s aheteio o3 dspteadipixgl Valusef § iRy thorl (2¥) xlebest 0kaid 13,
15, 17). 21. The debl ocKi ng filter unit according to claim 20, wherein

25sai d fodk bdungdry fﬁtn sarll coréspbiing(iR8 R) d)ffplx@l@miﬂ 93”2601279 endcal ¢ déridte’ said third
calculating said fourth offset to be equal to ((p3 + pl +%) " 1)- p2 + Api

)" 1, ein >> denotes a right shift operation; and said fifth
of fset calculator (290) is configured to calculate said fifth offset to be
equal to (( wh8reih s3id pixellyalue modifieq@26) iRcpnfiguredito. modiyaid pixel value p2 of said pixel
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(15) second next closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) by adding
15 said fourth offset to said pixel value p2 of said pixel (15) second next closest to said block boundary
(1) in said line (12) of pixels (11, 13, 15, 17) to form a modified pixel value p2' of said pixel (15)
second next closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17), and to modify
said pixel value ¢2 of said pixel (25) second next closest to said block boundary (1) in said
corresponding line (22) of pixels (21, 23, 25, 27) by adding said fifth offset to said pixel value ¢2 of

20 said pixel (25) second next closest to said block boundary (1) in said corresponding line (22) of pixels

(21, 23, 25, 27) to form a modified pixel value ¢2' of said pixel (25) second next closest to said block

boundary (1) in said corresponding line (12) of pixels (11, 13, 15, 17).

21.  The deblocking filter unit according to claim 20, wherein
25 said fourth offset calculator (280) is configured to calculate calculating said fourth offset to be

equal to (((p3+ pl+1)>>1)- p2+A pl )>>1, wherein >> denotes a right shift operation; and

said fifth offset calculator (290) is configured to calculate said fifth offset to be equal to
(g3 +q1+1)>> 1)—q2+Aq1)>>1.

30 22.  Anencoder (40) comprising a deblocking filter unit (100) according to any of the claims 12 to 21.



44 23. A decoder (60) conprising a deblocking filter unit (100) according
to any of the clains 12 to 21. 24. A user equipnent (80) conprising:. a
menory ( S#&p 20nfvs@ured to store encoded video franmes; S5acidscesens(160)
according to claim23 configured to degpde sai d encoded video franmes into
decoded vi deo franes; and a medi a pIa confi ured.to render

sai d de@8ded derefien(60} compsing @ﬁblﬂcdﬁﬁ)f"@blﬂf‘ét @CFCQ mlItCeaf‘drﬁ) e glaings 12yo 288) . 10
25. A network device (30) being or belonging to a network node in a

comuni cati on network (32) between a sending unit (34) and a receiving user
equi prerny. ( dajser e@ibmentg8oresrkpridgi ce (30) conprises an encoder (40)
according to claim?22 and/or a decoder ‘(&0) according to claim?23. 26. A
conput er pr @gneaery (B4)copfiguraddeisteriesacasedy Od&"%ﬁtlfacts at a bl ock boundary

el ghobr g "SR (04 ot o 24 By gl B ool el Encgats i) R o

frane, dacadie@md&nﬂamesmndgram (74) corrprl ses code neans whi ch when run on a
conputer (70) causes the conp S calculate a first offset to be
based on (93%“@@00'33’%@53 Qogfgyrqddp ren pl )d/de@z@edm@q @@’Pﬁ%@%@%@%@d'ﬁp'ﬂia@él
val ue of %d%?%?tS gll) cl osest to said block boundary (1) in a line (12) of
plxels&, X f 17) in 20 said block (10), wherein said line (12) of
pixel s (11, 13, 15, 17) is perpendicular to said block boundary (1), pl

(1) 01 i 2 B Tk 96ceqp0)cheRncs bplamar  nesrork 5qc i o CaBRUNEAIOR PEHOGIIS0a] e
f I

(22) b *S%Wfé@é*ﬂ“?*@%34%%”,06%*76@6'%@@3{ IR o) R B RGO | "

sai d comanes@ded#d)gctardiag t()zla)mzﬁ‘and{okeldscodaj(m %cordin‘g to2@M 23 perpendicul ar to

sai d bl ock boundary (1), and gl 25 denotes a pixel value of a pixel (23)
next closest to said block boundary (1) in said corresponding line (22) of

pi xel s (81, AZ3mpdier pré’gfrém 74) for réd@élhgf Mocfkﬁﬂb@rtlﬁlcléedta‘ﬁ%bk’ﬁbuﬁdar?ﬁ') QetWééhed bléckl
cl osest to said bl ock bound ry (1)"in said line (12) pt xels (1 3, 15,

17) by dtiiohyultiké pixdis (18113013, 4 érant @ neighlbripy kletk (Q&)Immutﬂble suele (i 2B |25 (21)1)1

I t ot d block b id 2 f pixel 1 , 15,
Ty and BT BaNey OGP (koS s R ishyRes BobEe ol b ook
boundar;calqsbgtﬁenoﬁ?\yté# (F®d: esponding |ine (22) of pixels (21 23, 25, 27) by
subtracting said first offset fromsaid pixel value of said pixel (21)

cl osest to @dmdatbracﬂtskoftseuﬂdvarbgse(dpp O (g@i-d0¢ 08 kéglpon)/n g, wherein (;22ylenotes
pi xel s (21, 23, 25, 27%

a pixel value of a pixel (11) closest to said block boundary (1) in a line (12) of pixels (11, 13, 15, 17) in

20 said block (10), wherein said line (12) of pixels (11, 13, 15, 17) is perpendicular to said block boundary

(1), p1 denotes a pixel value of a pixel (13) next closest to said block boundary (1) in said line (12) of
pixels (11, 13, 15, 17), ¢0 denotes a pixel value of a pixel (21) closest to said block boundary (1) in a
corresponding line (22) of pixels (21, 23, 25, 27) in said neighboring block (20), wherein said
corresponding line (22) of pixels (21, 23, 25, 27) is perpendicular to said block boundary (1), and ¢l
25 denotes a pixel value of a pixel (23) next closest to said block boundary (1) in said corresponding line
(22) of pixels (21, 23, 25, 27);
modify said pixel value of said pixel (11) closest to said block boundary (1) in said line (12) of
pixels (11, 13, 15, 17) by adding said first offset to said pixel value of said pixel (11) closest to said
block boundary (1) in said line (12) of pixels (11, 13, 15, 17); and
30 modify said pixel value of said pixel (21) closest to said block boundary (1) in said corresponding
line (22) of pixels (21, 23, 25, 27) by subtracting said first offset from said pixel value of said pixel (21)
closest to said block boundary (1) in said corresponding line (22) of pixels (21, 23, 25, 27).



WO 2012/ 096610PCT/ SE2011/ 051199 45 27. A conputer program product (73)

conpri sing conputer readabl e code neans and a conputer program (74)

accor di ngvbeod®sém26 stored on said conputer readabl e Peasg2011/051199
45

27. A computer program product (73) comprising computer readable code means and a computer

program (74) according to claim 26 stored on said computer readable means.



