DEBLOCKI NG FI LTERI NG TECHNI CAL FI ELD The present description relates to
debl ocking filtering for reducing blocking artifacts at block 5 boundari es.
BACKGROUND Debl ocking filters are used in the video coding standards in
order to combat bl ocking artifacts. The blocking artifacts arise because
the original video is split into blocks which are processed relatively 10

i ndependently. The blocking artifacts can, for instance, arise due to
different intra predictions o EBLQC ER ntization effects and notion
conpensation. Two particular variants of debl ocking are described bel ow.

H. 264 debl ocking 15 In state of the art video coding, such as H 264, there
is a deblocking filter, also den&CBYIOAbGILPi Iter, after prediction and
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filter§ boundaiesi sts of several steps such as filter decisions, filtering
operations, a clipping function and changes of pixel values. The deci sion
to filter the border or not is nade based on eval uati on of severa
conditions. Filter decisions depgagkgroBADMcrobl ock (MB) type, notion
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quant i zgédeeredpébaneter (OP). For instance, assune a vertical bl ock boundary
of 30a bcdlef g h 2 neighboring block. If the follow ng conditions are
fulfilled the filter decision is positive, e.g. abs(de)<thrl,

abs( c- dy9ehieblocking abs(e f)<thr2, where thrl and thr2 are adapt ed based on
OP. There are two filtering nndes in H264. In the first filtering node,
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value of thr3 neans that the filteri n% 0 stronger which neans that a
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cl i ppi nglotkhe delta less, e.g. allow for nore variation.

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



15 The second filtering node, referred to as strong filtering, is applied
for intra macrobl ock boundaries only, when the follow ng condition is
fulfilled abs(d-e)< thrl/4. For nore information of deblocking filtering
in H 264 reference is made to List et al., Adaptive Deblocking Filter, |EEE
Transactions on Crcuits and Systens $or Video Technol ogy, vol. 13, no. 7,
July 20 2003. Debl ocking in HEVC draft In the draft HEVC (H gh Efficiency
Vi deo Coeipmgindsiyeci |ﬂ&%1%ll%\r+ng cpagfonsmeeciifilgA diegr filleh Aedistparia Prive, &g PRRA-T SG16
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performed if at | east one of the bl ocks on the side of the boundary is
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bet ween the current bl ock and the nei ghboring bl ock one of two types of

filtering is perforned, referred to as weak and strong filtering,
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conditions are true, otherw se, weak filtering is perforned: d < (13>>2) 15
(1p3; - pOl + IPO - @311)< (13"3) Ipoi- qO <((5>dc + 1)>1) where tc and p
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act ual fonly.taen g foligyingso '°B6ﬁ¥iﬂ|?q’@r§daﬁ%<@f1f45et (A), adding it to the
original pixel value and clip the sumto a filtered output pixel value in

t he range of 0-255:
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 p3ip2; p1i pO; |.90i 91,92 93;.
with pj denoting the pixel value of pixel number j of row number i in the current block and qjj 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:



25 A = Cipetc,te, (13x(qg0; - pOi) + 4x(qgl - pl) - 5x(92; - p21)+16)>>5))
p0; = Cli PO-255(p0; + A qO0; = dipo-255(g01 - A pl; = diPo-255(1311 +
Al 2) efij= dipo_255(ql, 30 4 Strong filtering in HEVC draft Strong
filtering node is performed by the follow ng set of operations: 5

p01=C i PO- 255(021 2xpl + 2xp01 +2xqO0i 3+ g1l + 4)>>3) qOpd i po-255((pll +
2xp01 + 2xq01 + 2xqll + g21 + 4)>>3) pll=dip0-255((p21 + p1; + pOr + (O;
+2)"2) g 1 i=di130-255((p01 + g01 + qll1 + g21 +2)>>2)
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frequencies when filtering the second pixel (pll and q 1) fromthe bl ock
boundary, which can result in worse rate-distortion (RD) performance of the
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d < (p>>2)
15 (|p3i - pOi| + [q0i — q3i[) < (B>>3)
[P0 — qOi| < ((Sxtc + 1)>>1)

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

20 Weak filtering in HEVC draft
Wealk 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(-te,te, (13%(q0; - p0;) + 4x(q1i - p1i) - 5x(q2; - p2)+16)>>5))
PO; = Clipo-255(p0; + A)
q0; = Clipo.2s5(q0; - A)
p1i = Clipo.2ss(p1i + A/2)
q1i = Clipo-2ss(q1i - A2)

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 Clipo.255(X) is defined as Clip(0, 255, x).



25SUMVARY It is a general objective to conbat blocking artifacts at bl ock
boundari es between bl ocks of pixels in a video franme. This and ot her object
ves_a_re_met by enbodi ments as disclosed herein. 30 An aspect of the

enbodi ments defines a nmethod of reducing blocking artifacts at a bl ock
boundary between a bl ock of pixels angd a neighboring block of pixels in a
video franme. The nethod calculates a first offset to be based on (9 x(yO -
pO)- 3x (gl - pl))/ 16, wherein p0 denotes a pixel value of a 5 pixel
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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
Itis 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{g0— 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
cal cul ating a second offset to be based on (p2+p0 - 2x pl + 2 x A/ 4,
wherein p2 denotes a pixel value of a pixel second next 30 closest to the
bl ock boundary in the Iine of pixels and A denotes the first offset. The
met hod al so conprises, in this optional enbodinment, calculating a third
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totc, if the second or third offset is larger than tc2 In an optional
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val ue i, g;(naller than zero and by setting the nodified pixel value to be
equal to the defined 25 maxi numvalue if the nodified pixel value is |arger
than the defined maxi nrum val ue. In an optional enbodi nent of this aspect,

o 25 1P, Ol MR bR 25 e e e e b e B BREG Ot P
next cl oslestf the@nxbmsbétwldmmmndary inthieftige df ipinels tofbemmmbrﬂﬂtealdd)fﬁmandenot es
t he second_of fset. Th rises,.in thij

e odl oo el Pl 30 Sipbing 56 raiied phgoatia ot e el Jedl G bogk o2 + 2

i(hAgL : )obunaary inheEdtieEpofidngife f Selstto BE Wlin ABht9al @f zefo MR defrﬁvdrn%mﬁms est to
e bl oc
value This optional clipping is achieved by setting the modified pixel value to be equal to zero if the
25 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.

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, calculating a third offset to be based on
(g2+g0—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. The pixel value of the pixel next closest to the block



7 boundary in the corresponding line of pixels and ,atq.1 denotes the third
of fset. The pixel value of the pixel second next closest to the bl ock
boundary in the line of pixels is nodified by adding the fourth offset to

t he pi xel value of the pixel second next closest to the block boundary in
the line of pixels to forma nodifiedépi xel value. The nethod al so
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25 maximum value if the modified pixel value is larger than the defined maximum value.

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

based on (p3+ P1=2Xp2+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 ol denotes the second offset; The method

30 also comprises, in this optional embodiment, calculating a fifth offset to be based on
(q3+ ql—-2%Xg2+2% Ay )/4 , wherein ¢3 denotes a pixel value of a pixel third closest to the block



In an optional enbodi ment of this aspect, the deblocking filter unit
conprises a first clipping unit configured to clip the first offset to be
within an interval of - tc and tc by setting the first offset to be 10
equal to -tc if the first offset is smaller than - tc and by setting the
first offset to be equal to tc if therfirst offset is Iarger than tc ,
wherein tc js a thr eshol d value that is dependent on guanti zation
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and 20 by settln(rzjthem) pi xel value to be equal to the i ned
nexi rrumCOVéﬁfsﬁ@‘dlnﬂ qerpéplqurr@@ "ﬁﬂ'ﬂ%ﬁplxﬁwawé is larger than the defined

maxi mum val ue. In an optional enbodi nent of this aspect, the debl ocking
filter unit conprises a second offset cal culator configured to calculate a
second df f@ebptbmal bembisdigeot oh tlﬂBZl&pepD the Zwrlpl offsel2 isx cBlcyidteds to b\ﬁ/namali o p2 25

denot al d k_bound
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A)/ 4, wherein g2 denotes a pixel value of a pixel second next closest to
the bl ock boundary in the corresponding line of pixels. In this optional
nmbodi ' i xel
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+A)" 1, coespeiding nneebemmmfoanah@mﬁed$>lxelfvblu@per atl on, and the third offset
calcul ator is configured to calculate the third offset to be equal to
(((q2-? go +1) " 1)-0 -A" 1 . In an optional enbodi ment of this aspect,
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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



smaller than - tc2 and by setting the second or third offset to be equal to
tc2 if the second or third 15 offset is larger than tc2 In an optional
enbodi ment of this aspect, the deblocking filter unit conprises a second
clipping unit configured to dip the nodified pixel value of the pixel next
cl osest to the bl ock boundary in the Bine of pixels within an interval of
zero and, a d%fined gﬁpigyn1value, ?nd cl |§ nodi fied pixel value of the
20 next W hleqk beyrgary St ip fnercpiesppndion ibroel mixe PVF r5has e sk @Hramﬁfge Mitehe of
pi xel s Whh@bﬂm§MMﬂ@mﬁm%ﬁhmmédﬁﬂﬂ@mﬁnd t he defined maxi mum val ue. This
optional clipping by the optional second clipping unit is achieved by
setting the nodified pixel value to be equal to zero if the nodified pixel
val ue i y o0 be
cqual ¢ o ePiafH hBda CErEateR nS bl dRE dlfuRe oo YA e Rl o
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aspect, the deblocking filter unit conprises a fourth offset cal cul ator
conflguﬂ@QEWm calculate a fourth offset to be based on (p3 +pl -2x p2+ 2x
Al J/ 4, wherein p3 denotes a pixel value of a pixel third next closest to
t he bl ock boundary in the line of pixels and Api denotes the second
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nodi fied pi xel value, and nodify the pixel value of the pixel 5 second next
cl osest I ' , y addi ng
Che r 1 o bt efEda GG odeB, bRGRIRERRLIM Aholicehs SeonPLitPul 75°ihe
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conprising a cking filter unit
20 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.

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



Furt hernore, an aspect of the enbodi ments defines a user equi pnent
conprising a nenory configured to stored encoded video franes, a decoder as
defi ned above configured to decode the encoded video franes into decoded
video franmes and a nmedi a player configured to render the 20 decoded vi deo
frames into video data that is displayable on a display. Another aspect
defines a network device, beli or, bel ongi 1 networ k node in

Commun: CFBICRE fop R Py EuT RUuREines Y o e IGudy R gPasiobe

equi pnemlock BGEﬁdaﬁ,ﬂhmfc&rééﬁyﬂﬁglirﬁ%mkéls%ﬁ)rrﬁﬁm@dﬂﬁe@%ﬂél valngl/ or a decoder as
defined above. 25 A further aspect of the enbodinents defines a conputer
program for reducing blocking artifacts at a bl ock boundary between a bl ock
of pi xeli$a2Bdiodkl BRb fMWﬁsQ&ﬁ&FmQ%ﬁﬂhJShét&ﬂmﬁbVEQﬁﬂpﬂé@Qﬁmmmg@tﬁPHDUter
program conpri ses code neans Ic en run on a computer causes the
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pi xel n I t.Ho kh ck boundary in the line of pixels, g0 denotes
a pixelqgg%ﬁ38%$ﬁ§>gi el%ggggést to the bl ock boundary in a correspondi ng
line of pixels in the neighboring block and gl denotes 11 a pixel val ue of
a pixel next closest to the block boundary in the correspondi ng |ine of
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PP 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+2%XA 5 )/ 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+ g1-2xg2+2xA 4 )/4 ,

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



Fig. 3is aflowdiagramillustrating additional, optional steps of the
method in Fig. 1 according to an 25 enbodinent; Fig. 4 is a flow diagram
illustrating additional, optional steps of the nethod in Figs. 1 and 5
according to an enbodinent; 30 Fig. 5is a flowdiagramillustrating
addi tional, optional steps of the metftod in Fig. 1 according to another

enbodi nent 12 Fj 71s ow diagramillustrating additional, optional
steps ofing ‘Pf@'xﬁ'é@%g gl Heneie. thesth'H’chfé?tdﬂﬁbs@@%mm@me@ﬁﬁdﬂﬁeh‘@‘% mogjf 9#Sg. 8 i s

a schematic bl ock d| agram of a debl ocking filter unit according to an
ermbodi nseifigured i§ modify; the mxebvﬂh@mﬁm oixel |se119kd rixeaipseshiathe blockdbindarindep e bt er uni t

2 sof tvirel Dy RAG e (PR MR e el A, o R, oL St PR boios L nbiot ar
accor di rbgurtiaryantherhﬂimof pireistto fdfin @. mdiied pixe vswelmmb@fylﬂiemblel dillegr &epxkl an
o deconsroonn bt Sitey e B RPEAEBET hbine oottty Tadrp oS Shadiudhe i ool

di agr amipthe PixélSAlle BLHE PR BECOAE REXE 6538 t6 Pe B cIEFRAGHYRMe coﬂré%or'r_dlr@ linel 6 l s a
schematic overview of a portion of a comruni cati on network conprising a

net wor k PHel§ fod@madeasiied pi¥e! Yakean enbodi ment, 20 DETAI LED DESCRI PTI ON

Thr oughout the draw ngs, the sane reference nunbers are used for simlar or
correspondi ng el ements. The enbodi nents generally relate to debl ocking
filteri rirgantqptianelrebﬂwdimert’othimgspacrttthe‘famrhsaffsﬂmiculatoois kor@gurértio cadauratedise fourtha vi deo

char adt BRELE B8 o @3 Gt dier Deihgh pi brdr ko Rgthesce AGE 1B nui  y

t he pi xel values over a bl ock boundary if these pixel values forma ranp
but sno&PHatoReaNS; t;ayffth,gffwégalaﬁatqrH@yoqu\\gede@dca@@te, the i offssk ko b edvalsoep. Thi's

|rrpI|es L I wng)Lijl ter will have good |owpass characteristics
and can @2%%%1 hﬁ?gﬁ equéﬁ)m es that can appear near the bl ock boundary. 30

Fig. 1is a fIOM/dlagran1of a nmethod of reducing blocking artifacts at a
bl ock boundary between a bl ock of multiple pixels and a nei ghboring bl ock

of nult IFOﬁth%r espéak sf the efbydidlens fefinsren aeeesrdind@ deGodar resFbeicklyTRBhprisiAG ai S
wel | - known i . .a V|deo frame is divided into non- over | appi ng bl ocks

of pi ﬁ%rjgblchagf'tsw“éﬁ%a@tﬁ QYfd decoded according to the various avail able
intra and inter coding nodes.

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 (9% (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 neighbering block and ¢1 denotes



13 Cenerally, a video frane is divided into non-overl appi ng macr obl ocks of
16x16 pixels. Such a nmacroblock can in turn be divided into smaller bl ocks
of different sizes, such as 4x4 or 8x8 pixels. However, also rectangul ar
bl ocks coul d be possible according to the enbodi nents, such as, 4x8, 8x4,
8x16 or 16x8. The enbodi nents can be Hpplied to any such block of pixels
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uni ts ( Bilpls andltht carsspamuiny b of Hixéld bhe parpendittiRelio tHRooR BEHASRT THR coMpulte isar e
defi ned_Plsna de a coding unit and contain the intra or inter prediction

nodes 952458 fnmaditt @ga'?‘@ veles 9t Hisphiehfaqsert tohe bleskrhgunday in e Hﬂetqfn BXelOY ar gest
transf orgyisg tﬁ@oﬂs§t (% kel Rl éf%?‘b@l ?H@coﬁ@ﬁbér%%frthé‘cé eb Eﬁe é@{ﬁ’ﬁ* %%oﬁg The CU

size is currently var |ng pl xe | 'ar gest
(smal | & dhe) pixal Nalumpfsthwel elorest tartopeblockGouadary behs pd)rrequndm@ hnmaﬂ pixefs l@Us wi t h

the "l e¥ﬁ$§raa We%ﬂ%éhﬁ({rﬁ {hggx‘?gﬁ&enoq hﬁ%{j@ln t he | ocal char acteristics of the

frame. MBans ar ges may be split into smaller CUs of

di fferent SI zes. The enbodi rrents can al so be used in connecti on with such
coding whi ¢ re r bei n asse the 15 expression
"bl ock yf]’ ?ﬂo%f gspegso %dgfs'ﬂ%ﬁ Cﬂﬁgygﬁr PrograyReo P PHIY RMPEpect i ve

pi xel vadddsle b@d@@ﬁéaM mctﬁﬁiﬂéf Blobrimba \erired |a@6ve\éﬁ)¥éd%?l S &rrgﬂféﬁlrefaé)abfehe
pi xel s, where the color values arée represented in a defin color formats.

One ofl0 Meaormon col or formats uses one | umi nance conponent and two
chrom nance conponents for each 20 pixel, although other formats exist,
such as using red, green and bl ue conponents for each pixel. Traditionally,
| uni nandée presgpbenenotiments erablerefficantaeduibiioo im biakicgartifectpaneaso hbvd doed ongasar e done
separ at %h q?n?sc' bly errpl oying different filtering decisions and different
debl ocki % i érs i's, though, possible that the |Ium nance filtering
deci si ons are used |n chroma filteri ng, like in HEVC. The enbodi nents can
be 25 applied to filter the |um nance corrponent filter the chrom nance

conporieént or filter both BRI DESGRIANOR HiBRAMINGSNd t he chroni nance
conponerthe ivEhtign Q@def:ﬂef Wlt@?ugtﬁ%?%&bﬁ%ﬂ& Edfaﬁ% &R RE} BeshhE uﬂ&%tdo@%y

achi eve | um nance ‘or I ng | ng deci sions,

filteri mgkiagsfegnemle tedellowingdasoipiarieien fogstberwitathe B@mmaanyloadraWIegst h@/hlctused when
maki ng the filtering decisions for other components, such as chroma. 30
Debl ocking filtering is conducted over a boundary, edge or border between

nei ghboFigntis bifleedisgraniliusiratrgasetiioe otreduciagbibeking eiidets bezsrding o daembeihdnt al
boundaries 1, see Fig. 2A, between two nei ghboring bl ocks 10, 20 present
si de B@/ side in the video frame. Alternatively, the boundaries are

hor i zontrgk, daQHNRIiste hvo FRBdIMbAs of ABIghHBAIGMRRKS dn¥a bIOEN BNRRR RE WhlcRek 10, 20,
where one block 10 is positioned
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;



14 above the other block 20 in the video frane, In a particul ar enbodi nent,
vertical boundaries are filtered first starting fromthe |eft-nost boundary
and proceedi ng through the boundaries towards the right-hand side in their
geonetrical order. Then, horizontal boundaries are filtered starting with

t he boundary on the top and proceedi ng t hrough the boundaries towards the
bottomin their geonetrical order. The 5 enbodi nents are, however, not
limted to this particular filtering order and can actually be applied to
any pre i I | daries
2t Do SR ol SR Ra g el Pl oA o, B TR TP ShaoeRE by

excl udednéthegmbotmensbl ocking filtering. The nethod of this enbodlnent
starts in step S1 where a first offset or delta is calculated for a line 12
to of pixels 11, 13, 15, 17 in the block 10. According to the enbodi nents,
this fbrryy 8 sfafssimmatichlah diagramtotalddbsidr fitker ufiSaccdrdify to apOmbodent gl - pl))/ 16
wherein p0 denotes the pixel value of the pixel 11 closest to the bl ock
boundary 1 in the line 12 of pixels 11, 13, 15, 17 in the block 10, p

denot es Wq”'glsl%'sélﬂmaﬂ@ﬁlétﬁ dRfraildea &Eb?é@lmg]ﬁﬁerfﬁﬁiﬁcc&&%%ﬁotﬁe‘?erhﬂ%m%hpck boundary
1intheline 12 of pixels 11, , 0 denotes the pixel value of
the pixel 21 closest to the bIock boundary 1 in a correspondlng or 15
opposi n i i - i i I and ql
denot esgctdngé]giagcraﬁan 8@840 agﬁ{n oizeg'sg,(oétﬁ?rgﬂ%@e?taﬂqng@eg{aﬂﬁéklngﬂlté?gﬁ g %cbzaoundary
1 i n tibheowmpuier@sqoaingitonan dmbodm2a; of pi xel s 21, 23, 25, 27. The line 12 of

pi xels 11, 13, 15, 17 in the block 10 and the corresponding |ine 22 of

pi xel s 21, 23, 25, 27 in the neighboring block 20 belong to the sane

hor i zontry], 11 ik B€chematRibiek Giagram 6f.anfeAsbd@facdidiBliGan eato@mentng 20 over a verti cal
boundary 1, see Fig. 2A, or belong to the sane vertical |ine of pixels,

i.e. colunn of pixels, extending over a horizontal boundary 1, see Fig. 2B
Hence, t f i/ rresponding line 22
of pi xeli&%éllkgg%]%%%& blo@kdﬁa rae?n %f]eardgéoﬁ et rdellr?g t? gﬁgﬂmﬁ\e@gk boundary 1 between
t he blieck 10 and the nei ghboring bIock 20. Furthernore, the line 12 of

b ol & 31 1552 scimath ooty B 358 et InS B EDRRMRAC S came 1 e
number. For instance, if the bIock 10 and the neighboring bl ock 20 each
[ or columms_ of pixels avin rom1or col um

co rls N . such a ht,
o o & Fi it is SRR et of § RBong & fomTLRERion DeMor SomArsn  NHARKOPHE numbor

I in thechldigho dfentimbte corresponding line 20 of pixels 21, 23, 25, 27
al so has line nunber i but in the neighboring block 20. Thus, line 12 of

pixel 011, 13, 15, 17 in the block and the corresponding I|ne 22 of pixels

21, 23, 25, 27 in the neighbor e opposing lines 30 with
regard-to the bl ock boundary 1 [kﬂﬂ%?b%ﬁgg%gﬂégA and denote a "colum of

pi xel s" Tamdghaut theatravesgp dhesamg refelbmnafmumlﬁerqmremeﬂor simildr becorespendiriy embs.i zont al
bl ock boundary as in Fig. 2B. A next step 82 nodifies the pixel value of
the pixel 11 closest to the bl ock boundary 1 in the line 12 of

The 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. 1is a flow diagram of @ 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.



5 pixels 11, 13, 15, 17 by adding the first offset calculated in step Si to
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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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above the other block 20 in the video frame. In a particular embodiment, vertical boundaries are filtered
first starting from the left-most boundary and proceeding through the boundaries towards the right-hand
side in their geometrical order. Then, horizontal boundaries are filtered starting with the boundary on
the top and proceeding through the boundaries towards the bottom in their geometrical order. The
5 embodiments are, however, not limited to this particular filtering order and can actually be applied to
any predefined filtering order. In a particular embodiment, the boundaries at the edge of the video

frame are preferably not filtered and thereby excluded from the deblocking filtering.

The method of this embodiment starts in step S1 where a first offset or delta is calculated for a line 12
10 of pixels 11, 13, 15, 17 in the block 10. According to the embodiments, this first offset is calculated
based on (9% (g0~ p0)—3x (g1~ p1))/16, wherein p0 denotes the pixel value of the pixel 11
closest to the block boundary 1 in the line 12 of pixels 11, 13, 15, 17 in the block 10, pl denotes the

pixel value of the pixel 13 next closest to the block boundary 1 in the line 12 of pixels 11, 13, 15, 17,
q0 denotes the pixel value of the pixel 21 closest to the block boundary 1 in a corresponding or

15 opposing line 22 of pixels 21, 23, 25, 27 in a neighboring block 20 and g1 denotes 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.

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 belong to the same horizontal line of pixels, i.e. row of pixels, extending
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 ‘withregard-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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in Fig. 2A and denote a “column of pixels” and a “corresponding column of pixels” in the case of a
horizontal block boundary as in Fig. 2B.

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 butin 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 muitiple 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



1 OP 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

16
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 ¢~ is preferably dependent on a

quantization parameter (QP) value assigned fo 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

[aPTo 1 [2]3fafs]6]7[8[of10[1]12][13[14]15]16[17]18]
tt [o[of[ofof[ofof[ofoflof[of[ofof[o[of[o|O|O[oO]HT
QP [19]20| 212223 24 [25]26 |27 |28 [ 2930 [31[32]33 (34 [35]36 37
t |11 [ 1|11 1]1]1]2]2]2]2]3[3|3[3[4]4]4
QP [ 381394041 424344454647 [48[49[50]51[52][53][54]55

t [ 5|5 (6|67 [8 9|9 10(10|1111[12[12]13 13|14 14
Lt 11 1 1 1 | i | | | | | 1 | | 1 | |

The present embodiments are, however, not limited to the particular relationship between ¢~ and QP
15 as shown in Table 1 but could instead determine the z~ 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 —#~ and ¢, i.e. whether —¢- <A<z~ .In

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 >t 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 pixe! 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'<M or 0<q0'<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 valug 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 g0'< 0 then the

modified pixel value is set in step S21 to be p0'=0 or g0'=0. Correspondingly, if p0'> A or
q0'> M then step 521 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(¢0— p0)—3x(gl— p1))/16.In a
particular embodiment, the first offset is calculated in step S1 to be equal fo
(9% (g0 - p0)—3x{g1— 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(q1- p1))/16
p0'=p0+A
g0'=¢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

(9% (g0 — p0)—3x(g1— 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 (9% (g0 — 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(g1— p1)+8)>> 4
p0'=p0+A
q0'=¢q0-A

or if clipping is used:

A = Clip3(~te,to (9% (g0 — p0)-3x (g1 - p1}+8)>> 4)

p0'= Clip(p0+ A)

q0'= Clip(q0—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

(9%(g0 - p0)—3x(q1- 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, ie. pl=10, p0 =10, g0 =20, g1 =20, the first

offset  wil  be 375 if A=(9%x(g0-p0)-3x(gl-pl))/16 or 4 if
A =(9%(q0 - p0)-3x(g1- 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=4q0=gqgl.
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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 (42 +g0—2xgl—2xA)/4,

wherein g2 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
0, pl, g0, g1. When applied to a ramp signal, the deblocking filter will not modify it since

A, A, , A, will all be equal to zero, wherein A , denotes the second offsetand 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 (pl1, ¢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 -,

and ¢, , where the threshold value ¢, is determined based on the QP value assigned to the block.
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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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In an alternative embodiment, the second and third offsets are calculated based on, such as a function,
of (p2+ p0—2x pl+2xA)/4 and (g2+¢0—2xgl—2xA)/4, respectively. For instance, such
function could be adapted for a hardware implementation and/or be an integer representation of
(p2+ p0—-2x pl+2xA)/4 and (g2+g0—2xgl—-2xA)/4. A particular example of such a
10 hardware implementation that produces integer values is to calculate the second offset to be based on,

preferably equal to, (((p2+ p0+1)>>1)- pl+A)>>1. Correspondingly, the third offset is
preferably calculated to be based on, preferably equal to, (g2 +¢0+1)>>1)—gl—A)>>1.

In such a case, the modified pixel values are calculated as:
15

A, =(((p2+ p0+1)>>1)— pl+A)>>1

pl'=pl+A,

A, =((g2+q0+1)>>1)-g1-A)>>1

I'=ql+A,

or if clipping is used:

A, =Clip3(~tca.ter,((p2+ p0+1)>>1)- pl+ A) >>1)
= Cliplp1+4 ,)

A, =Clip3(~tca,ten, ((g2+90+1) >> 1) - g1 - A) >>1)
= Clip(ql-i—Aq)

20



The above di scl osed enbodi nents define a deblocking filter that generates a

first offset for the pixels closest to the bl ock boundary with a fornul a

t hat produces approxinately zero, preferably exactly zero, when applied to

a ranp of pixel values and which produces an offset value that snoothes a

step in the 20 pixel values when appljed to a step of pixel values. For

instance, a ranp can be described as |inearl| |ncreaS|n or decreasing

pi xel vdingignatise @;nboﬂmentzfgncatgdatlngme soevas arckthicd Affeats, mgich | IS@ #ntadder hemlvaret f or

t hese phﬁ@%m%ﬁﬁl i.e. pi =10, p0O =20, g0 = 30, gl =40, the first

of f set e zero Correspondingly, a step can be described as a step

i ncrease or decrease in pixel values, e.g. 10, 10, 20, 20. Wen cal cul ating

the flrs for thes ue =10, po 10 g0 = 20, 9l =
the séﬁ’%&tcéf’fcé p%?rw%@@lg%ﬁ}%)» %quo p0)- 3 x(ql - pl))/16

or 4 |f,& =X ¢ 4 1 K)1)i2%>The nodified pixel values wll

t hen be Iﬁ %GQ_CZ?gQ{géméénigq?%ﬁ 14) 1§> %% and t hereby a snoot hing of

the st emhesinaelbmsd. effbhitt opératdh. of fset is also zero for a flat line, i.e.

if the pixel values are equal, pO =pl =gq0 =gl . 19 In a particular

enbodi nment, also the pixel values of the pixels next closest to the bl ock

boundar y i r i rence

Doundat g YA GHicHl P A HEBns SRS A BiESIRT e tlicherence

fronlst@pmﬂaBdMMﬂmm§@@1§tep Si. A next step S30 cal cul ates a second of f set

to be based on (p2+ p0 -2x pl+ 2 x A/ 4, wherein p2 denotes the pixel

val ue of 5 the plxel 15 second next closest to the block boundary 1 in the

line 12 of —pims(-st %Jt ,,,'1((1 p21q5;017)>t>nl)t—lpe+m-p]gl§>1]) A next step S31

cal cultat es a th g ? o be,based on g0 - 2 xql - 2 x A/ 4,

mhereln‘ﬁé“dgﬁé é§2ﬂﬁe gqgéﬁﬂhhﬁﬁelkﬁql gﬁ?é 25 second next closest to

the bl ock boundary 1 in the corresponding line 22 of pixels 21, 23, 25, 27

in the neighboring block 20. Steps S30 and 531 can be perforned

sequent ijpddothet dmbdBidheR! the CarPlise AlstrdrRerddw-pas fileyin b@nﬂﬂﬁiﬁ@i Wi khe filsPoffEien gcond
of fset calculated in step S30 is used in step to nodify bhe pi xel val ue

of the pshseche aegonsolisetds entuloted thasedive, aypfoe&equddm(wﬂw A0+ BX pheA A2ner, 02 of

pi xels 11, 13, an enbodi nent, the secpnd of f set added to the
pi xel i‘ﬁ@é{a@ﬁd@H%ﬁddmﬂ'?%@ta“% haged Brie{;r’aglyr?ﬁ‘dﬂ' 9 i@ﬂﬁ Ret1v4) aél ~plor

ol osedt MR (p3eiPu R nedlst b TE1 o7y m@&ﬁ%"*@é@@%@%f“ﬁé RSP e
21, 23, g?@l %szg%@yt? g;?].brn&?)xtf'?qf hiy3 of nsﬁhasg ﬁ%p@ggﬁﬂlerﬂeﬂ{a% 953 §hs pixel

23 to f val ue. Steps can be per orned in

any seqyesfdrabpl or d@quapr at to| east (argoy-1i-m)parigdlhbel . or The prpRORE
deblocklng filter is, in this enbodi nent, a lowpass filter on all the

filter pbgitqons—26lv0)+l>>H0, gl . Wen applied to a ranp signal, the
debl ocking filter will not nodify it since A, Ap Ag wll all be equal to

zero, wherein Ap denotes the second offset and Aq denotes the third offset.

Wien app)| qaﬁféulércenf’bﬂéﬁ]&ﬁ cﬁﬁlﬁﬂﬁé’sl the firstSsec d ‘éﬁrp hﬁ%ﬂs&g fo?‘é Mef (ﬁ?&els ih hf‘e HirRlocki ng

filter w snoot .e. red uce t | ock |ng In clear contrast
to the dherabgmodifEtvepikel Ivalees of bl trmpwetss@deaﬂ@bﬂ\@ Imkd@umdaryt@d thei pixelssnedot h and

t her eby t i ppl es on the sides of the block boundary. 25 In
t he abo&@g%ggﬁﬁﬁﬁﬁg&gh%géinent, the filters for the coefficients that stand
at the second position fromthe bl ock boundary (pl, ql) are produced by
[ f f f
using a lr? e(n)n t&ﬂ%‘né %bo%]lcmetnp 2 dec'nsrlosntls f?rst msage wr?ert}%r t% 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.



symmetrical |owpass filter. An advantage of this enbodinent is that the
of fsets for the pixels second next closest to the bl ock boundary can have
different values that allows for a better |ocal adaptation. 30 20 In a
particul ar enbodi nent the threshold value tc2 is determ ned based on the
threshold value tc used for clipping #she first offset in Fig. 3. For
instance, 1c2 = -tc or with a hardware adapted 2 inplenentafion tc2 =tc "

1. 5 Fi gﬁ_ig.gisiagloydipgrgm,ilmt@grpgﬁwh nepdediment. ge aaled e@niueHAThenot33 oHdd-8econd
and t he | t I 30 Fig. 5.
A next <1 Mo HyPSiEEicielel BiolF iel ol oh B33 A1 n s TR Rarlsf o 35,70 B
the int i : i i t: : t t
tep Bageiesipite L MR phEiiy i ok Bkl pine bk doljsY P HE HOPIGL AR 1 ©
smal | er 1tth#3) 16t ¢2 iothel ocgel0 dandan § aBndi¢sethesedood offseht Stepu88! taresgoegingd41. Thi s

step 341 clips the second or thi P}j offset to be - to if Am<1C2 or 10 sets

the segqaduifes & ﬁfihroﬁséﬂfofb‘éfbbse@@nt(%ﬂ\t if- PRg2 224 &2, Thewiesh 75 @ehadsned pixepl ues of
t he pi xels next closest to the bl ock boundary“are preferably clipped to be

wi t hin tyaige bfithesingpd7 @ifd Slosasteh e bickotidbriin the rebidadingIfte LD ethixgis2¢l23val ues
for the pixels closest to the block boundary. Hence, the nethod steps of
Fig. 4 canZbie tgppeighberinglbiesk 28 anthese gdsnotes Be tiidfoset StenaeSoPiaré S5 sanvedl ues to
be within [0, M. In an enbodi nent, the nodified pixel values of the pixels
13, 23 mendrmed segestially o anherdérlcoatheablipartidmmgrallel.ar e cal cul ated as: 20 p = (p2
+ p0- 2xpl +2x A/ 4pi=p LAp Ag (g2 + 90 - 2 x gl - 2x A/ 4 ql. 1=
gl+ Ag Optionally clipping of the second and third offsets andl or the

modi f itedhpifseh andl il sofiests das Cih amesltemaé eenttiofimestede calculated to be based on

(p3 +pl=2Xp2+A, )/ 2 and (q3 +ql-2xq2+A )/ 2 respectively, or alternatively

(p3+ pl-2x p2+ 2%, )14 and (g3+g1-2xq2+2xA 55 )/4.

The next two steps modify pixel values based on the fourth and fifth offset. Thus, step S52 modifies the
15 pixel value of the pixel 15 second next closest to the block boundary 1 in the line 12 of pixel 11, 13, 15,

17 in the block 10 by adding the fourth offset to the pixel value of this pixel 15 to form a modified pixel

value. Step S53 correspondingly modifies 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 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 —z-3 to ¢4, wherein the threshold value ¢ is

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



21 A =
(pO+p2-

al so be perforned for this enbodi nent.
and thi rd of fsets are cal cul atmd based on such as a function,

second

(9% (q0 p0)- 3 x (g1 - p1)+ 8) >> 4 pA=p0+ AQq0'=090 -A i S=

2 x pl)l 4 A =(9g0+g2-2xql)/ 4 gl1=qgl+ Ag -A/2 Mathenmatically this
is equivalent as the previously disclosed enbodi ment. Optional clipping can

5 1n an alternati ve enbodi nent,

t he
of

(p2+ p0 -2 x + 2 xA)/ 4 and (q2+g0- 2 respecti veI y.
For i nstp!%ﬁlééeco%'ﬂ%t dosprtiq Be Dledboendaey Cé’d%ﬁﬁ“@?fdft%’?e Vé{thﬁérfedmﬂ%! of 4gd dhasnt at i on

and/ or
(92+q0

i rrpI enentation that produces integer values is to calculate the second

la%g@g&dli,ﬂ:t,geger representation of (p2+ pO0 - 2 x pl + 2 xA)/ 4 and

- x A/ 4 . A particular exanple of such a 10 hardware

21 Con PadisHaT i Bo ey R ooy ?f?ﬁgfﬁlxel%‘%%%féﬁém Hactordiolo s De pased
on preferably equal to, (((g2+ g0 + 1) " 1) (,(6% p;+l|d0| Elsuehle_cgse,

the m)dl fied %xel val ues_ ar eﬁal cul ated as: Ap

A "1

i B EPA s * 1) - gl - A "1 gl

used: —t}c;ﬁ,_tpz%gz((p% poO + 1) " 1)- pl + A >>

10

15

20

25

30

Ap =(g3+q1-2xq2+2xAq1)/ 4
q2'=q2+ A,

wherein A ,5,A,o denote the fourth and fifth offsets, respectively. Optionally clipping can be

p2e

performed as described in the foregoing.

Arepresentation of (p3 + p1~2x p2+2xA 1 )/4 and (g3+q1-2xg2+2x A )/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,
(»3+ p1+1)>> 1)~ p2+A 51 )>> 1. Comrespondingly , {((g3+q1+1)>> 1)—q2+Aql)>>1 is

an integer representation for the fifth offset.

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
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
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

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

gl + Ag or if clipping is



pl= dip(pl+ Ap) Aq =tc2,tC2,(((g2+ g0 +1) " 1)-A) " 1) gl'= dip(gl+ A
q) 22 An alternative enbodinent for calculating the second and third

of fsets, which is adapted for hardware-inplenentation, is: AptC2 tc2, (6)2+
pO - ((p1- " i)+ 2) " 2)) Ag = Cl1p3(- t C2, C, ((g2 + a0 -
((gl+ a)<< i)+ 2) " 2)) 5 wherein " denotes a left shift operation. A
further ?Iter native enbodinent for cal culating the second and third
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thereby | ock
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second an ird ffs n ere whet her to di t i xel val ues
of “the pndepid el S uE f BoB bl G e 6 reddh,A PSRt mstes Bt 131 ng
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S|n1lar|t¥ to the enbodi nents disclosed in the for eg g cal cul ating second
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cl osest ;g st he block boundary, fourth and fifth offsets can be 30
calculated in order to nodify the pixel values of the pixels second next

cl osedd to the bl ock boundary.

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(g0— p0)—-3x(gl- 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.



23 Fig. 7 is a flowdiagramillustrating such an enbodi nent. The nethod
continues fromstep 533 of Fig. 5. A next step S50 calculates a fourth

of fset based on (1) 3 + pl- 2x p2 + 2x Api )/4 , wherein p3 denotes the
pi xel value of the pixel 17 third next closest to the block boundary 1 in
the line 12 of pixels 11, 13, 15, 17 #n the block 10 and A pt denotes the
second offset. Step S51 corresppndingly 5 calculates a fifth offset to be

based or"_'e(‘QPmﬁ P&{HCL_JJ@Z ebersment i pixg)imodfiey 120 iAufigured t@]éddé%fgﬁt@gsef Rdepixgle| val ue
of the_ Riiebr iR/pikohii6sdsi3d H8 9B tofndalYan b Ao BB almddfed Bl G5 gpoNdi ng
line 22 of pixels 21, 23, 25, 27 in the neighboring block 20 and Ag,t

denot es pixakmadiier 120 istifriher configuesd o Bbiackhriirg ifsetiom e pigrbrdlusrohibe pisel gosest i al | y

[ ' : : h and fifth

of ot s DR bolicaly iR odBlohind e BHEL o sl el . "0e Laced on
(p3+ pb - 2x p2 + Apt )/ 2 and (g3 + gl -2 x g2 + 4,03/ 2 respectively, or
| t tivel 3+pl- 2xp2_+ A0) / . +ql, -2 + /4. Th
next twdh & parfulebgafire e s cabudr 305 s TR e e Pl BT e st <
Thus, st gy 8—r}nﬁLf3'><<€§1iﬁle})/1é)ipl pe! ya::uﬁcﬁ@}f tsz)pi zsre: rdpeseGRAd _Brext

cl osest to the bl ock boundary inthe line 12 pi xel 11, 13, 15, 17 in

t he bl odkx{fd -byoladdi (o ph¥ 160 This umfidns plefetadly t duguRi arelnteger regresdntatidn sf pi xel

15 to forma nodi fied pixel value. Step S53 correspondingly nodifies the

pi xel vdPubyof p@hedtigkelp1 P8 6seandndrafassdly cthesésetion o ist hsitdbleocfr bacdwdeery 1 i n
t he corresponding_|ipe of pixels 21, 23, 25, 27 | n the nejghboring bl ock
20 by 1&&3?7%63”’@%‘- fl l“f Erﬁt ‘%\%?tscél?lﬁﬁt?f 1t1§és @ﬂ@eéredvaﬁu@mquwwﬁ do Eﬂ'%l@% esTirlo "t or m a
nmodi fi e j . 0,293 _ of med sequentially in
any or dggﬁgf}é%gtby%gg@tpr%ﬁ%ﬁ?%%’ ?;ggﬁl énl% § %ﬁlﬁdg %mg{o% J((:'an al so be
generalized for the filters nodifying nore than three pixels fromthe bl ock

boundary, For exanpl| the fourth pixel 17, . fromthe bl ock boundary 1
can be Sk ATt GEARG sk BB ALt TRoRAS A 2R oG o AR abpa Bl 5 15,
25 (or Fm@déﬁoffrﬁrﬁgtfgtérflm*z@mﬁ?ﬁ@@'ﬂﬁ iRtk ¥btzaldator230 & ltﬁ%@x@%ltﬁfrﬁo‘éj%r Hpom the

first pixels 11, 21) and a symetrical |owpass filter. Even longer filters
are allsdhessssitnd18. 220 nperataiap dissussedinthe feegpip@inicennsction il FigethTke debleekimiour t h

and it 0fif B hieral) o 3mRReLd Ar@Rffing Lk 535 MisRrst clipping unit 230 is configured

to clip the first offset to be within an interval of —z~ and . The threshold value z~ is then
dependent on a QP value associated with the block and can, for instance, be selected from Table 1
based on the QP value of the block.

20
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 funcion g( ) or representation of
(p2+ p0—2x pl+2xA)/4. This function preferably outputs an integer representation of

(p2+ p0—2x pl+2xA)/4 and preferably the function is suitable for hardware implementation.



case, the sane interval as for the second and third offsets or half that
interval could be used. In an 30 alternative enbodi nent, the clipping
interval is - /6,3 to tc3 , wherein the threshold value tc3 is determ ned
based on the QP value associated with the block. Al so the nodified pixel
val ues of the 24 pixels second next gl osest to the bl ock boundary can be
clipped to be within the interval of 0 and Mas disclosed in Fi In a

4,
part i cul &e sesepdefispcaiculatae2Shdaionfigeratiiman embogimerteto salsuate the sererd %ﬁsg tpks f or med
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fifth offsets, respectively. Optionally clipping can be perforrred as

descrlbedlnthefore oing. 10 A representation of 3 2 +2 X
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to be baﬁgﬁboﬂﬁgblmef erably equal to, (((p3 + pl+l)"1)-p2+
Correspondingly , (((g3 + gl+1)" 1)- g2 + Agi )"1 is an integer
representation for the fifth offset. 15 The present enbodi ments are adapted

for comjaj bé}ﬁbuBL ngﬁglfhé tir@6ris8t cdaldul S 9@?68%@@” tblaal A9 third: sg"?&d&d' ng of

vi deo franes nments can t ore applied to suc eo codi ng
and decod(q2g- cﬂl—ahma}fi%xW“dh diai dea vi thediof r ards) | nbo btepekantatibn pi el s and
thereby run a risk of having blocking artifacts over bl ock boundaries.
Exanpl ®s\yéfr 9ok & ds, Thiso fypslioph Prefeeablyr euleiis a70 indegs dERresentationap’ be

applied,, are H._26 dH cul ar t he possi bil
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pr esent SRHS: ihtering
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val ues iprefaatily ayeal f, ((bj2¢ey@+&nd 13— gbr Apsphndi ng |ine 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

presens TRaBRd bR 220 ARIEUAEHE Bler GADBSE 1P AN Rork Cufly L BB TipeC! o

bl ocki acts at a b oun etween a 8 pi xel s
and a ne!algmm‘(bha pingl reixictdeeshfo theubledk ;bblmdwy jndhesling of m(elsnrdtb@blmkaﬂ'e plermddlfleref erence
to 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 z-,. 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



Fig. 1, the nethod conprises calculating, in step Si, a first offset based
on a pixel value of a pixel 30 closes to the bl ock boundary in a |line of

pi xel s in the block, a pixel value of a pixel next closest to the 25 block
boundary in the line of pixels, a pixel value of a pixel closest to the

bl ock boundary in a correspondi ng or gpposing line of pixels in the
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first offset is cal cul ated based on these pixe es and a fornmul a that
produces an offset value that approxi mates zero, preferably equals zero,
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the bl ock boundary in the corresponding line of pixels. 15 This particul ar
aspect can be conbined with the enbodi nents di scussed in the foregoing in
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according_to the enbodi nent disclosed in Fi is preferably zo perforned

by a deBiEeuesdigcalqulatesy OlﬂfﬁloﬁsetHé)ﬁ@@sed%@ﬁhl?he%K@émanﬁgl A4.er unit then
calculates the first offset in step 81 and nodifies the pixel values of the
pi xel s closest to the block boundary in steps 82 and 83. Fig 8is a

sche runit
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(gl - pl))/16 as previously disclosed herein for a line of pixels in a
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video frame. This nodification by the pixel value nodifier 120 is achi eved
by subtracting the first offset calculated by the first offset cal cul ator
110 fr oTRet dBloBki eﬂlter\/ﬁjo%ulﬁfaléomo e X! optichal fihBiRet @RIk ! ue.
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nodi fier 120 is further configured to subtract the first offset fromthe
pi xel pval I he. c espondi ng
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preferably outputs an 't eger representation
,(qs:hqlf—,2><q,2 +2x Ay )/ 4-and-preferably-the-function-is swtable—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, [((43+¢1+1)>>1)-g2+A gl )>>1.



(9 x (g0 pO0) - 3 x (g1 pl))/16 and preferably the function is suitable for
hardware to i nplenentation. The first offset calculator 110 is confi gured,
in an enbodinment, to calculate the first offset to be based on, preferably
equal to, (9 x (g0 pO- 3x (ql pl)+ 8>> 4. Fig. 9 is a schematic bl ock
di agram of a deblocking filter unit 200 according to anot her enbodi nent.
The debI ocKki ng filter unit 200 conprises the first offset calcul ator 210

and t he Iz embasimen theweelrvalup modiiter 220ds aispcoaligurer fogmasifyythe pise) valueg! fedixgls
di SCusS%@toh@?éxh&%sfeglrt@m@'bra& bdﬁnééﬂﬂﬁ%tnhé)& pweu%m i aock%y awﬁgzﬁ%hm&vsag filter

unit era al so conpri ses first unit 230. This first
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unit i in t filter unit 200 for clipping the
nodi fi eﬁalﬁi?%@rw\}‘ﬁqﬁrégfgﬁtéﬁlﬁﬁ?t% %@e Bye f”?lil@ leh%?l Xelyal ue nodi fier 220. IC)'ICI)'hug, t he
second clipping unit 240 limts these nodified pi er val ues to be within an
interval of zero and the defined maxi mum val ue In a Pr eferred

enbodi mehg secens c&mmgcs@ukmgpwferﬁbhe@rowie@ ﬂmnpdéiﬁ%@xebmfs fosresfrich themendhia thef f set
cal cul a@?ééva?é%a@%ﬂ th% eﬁgﬁn}ea’mﬁ% arhﬁ §@@p@§ Lagém*ea?@&b Rk, + PO -

2x pl I ne o |xe s In n a particul ar
enbodilorelipt the fotéh &d(ﬁtﬂnmffseiﬁ fmllamalodhd secand a8 bird effsets rAliteratively, tlnendebmkmgl ate the

or 1 apr SLLHRLA08 giesy B P ittt gl oo fouiflencipf e

pr ef er algh WteBldt HaVihG eripoinBttRE 8 dEMBY BReMbethé QP vale df Mé bloBiand p%wab@lbasw X , A/
4 and preferably the function is suitable for hardware inplenmentation. 27

The sec@hbhe drasBeld vadugl icul at or 250 is configured, in an enbodiment, to
cal cul ate the second offset to be based on, pref erably equal to, (((p2 + pO
+1) " 1) - pl+ A "1 . The debl ocking filter unit 200 preferably

conpr iys %%a@cdlé?'a&&cﬂélﬁt@@fo mb@mrgtr@ér urkbxer r@@U@fn? 8luiRd akitaceat §b|b@ktb@urﬂar9 third
of f set based on he correspond |n? i ne of
rg

pi xel s befweanea bleg gqﬁﬂwﬁllplﬁ@lxalﬁ geka nﬁ'ﬁhbaf"}ﬂah'qck @tmldﬁ!pleew%dn aeviceo Tramee Withi r d
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calculate a first offset based on a pixel value of a pixel closest to the block boundary in a line of pixels
in the block, a pixel value of a pixel next closest to the block boundary in the line of pixels, a pixel value
20 of a pixel closest to the block boundary in a corresponding or opposing line of pixels in the neighboring
block and a pixel value of a pixel next closest to the block boundary in the corresponding line of pixels.
The line of pixels and the neighboring line of pixels are perpendicular to the block boundary. The first
offset is calculated by the first offset calculator 110 based on these pixel values and a formula that
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.



10 (g2 + g0 - 2x2x A)/ 4 , This function preferably outputs an integer
representation of (g2 + g 0 - 2x gl -2 x A/ 4 and preferably function is
suitable for hardware inplenentation. The third offset calculator 260 is
configured, in an enbodinent, to calculate the third offset to be based on,
preferably equal to, (((g2 + q0 + 1) 3 1) - gl - A" 1. 15 The pi xel
nodi fi er 220 of the debl ocking filter unit 200 is then furthernore
configured to nodify the pixel value of the pixel next closest to the block
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third offsets for each line of pixels and each corresponding |ine of pixels

for whl eepataéauipbiuniig filtering is to be applied over the block boundary

bet ween the bl ock and the nei ghboring block. In an alternative approach the
debl ocking filter unit 200 perfornms a selection whether to only cal cul ate

t he fi r sorthefmfose theanochpiteretOedompiises vt Iaasdbrfewomhmermromm pratiuces3 iofthetforen gbaxel s

cl osest to oun ary 0 e bot h e fir d and
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enbodi nent, the debl oc filter unit 200 can conprise_a fourth of fset
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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.



(p3+ pl - 2 x p2 42 x Api )/ 4 . This function preferably outputs an

i nteger representation of (p3 + pl -2x p2 +2 xApi )14 and preferably the
function is suitable for hardware inplenentation. The fourth offset
calculator 280 is configured, in an enbodinment, to calculate the fourth
offset to be 20 based on, preferably gqual to, k(p 3 + pl+ 1) " 1)- p2 +
Api )" 1. The debl ocking filter 200 could also conprise an optional fifth
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Al t hough the respective unit 110, 120 and 210-290 di sclosed in conjunction

with Figs. 8 and 9 have



been di scl osed as physically separate units 110, 120 and 210-290 in the
devi ce 100, 200, and all nmy be special purpose circuits, such as ASICs
(Application Specific Integrated Circuits), alternative 6 enbodi nents of

t he device 100, 200 are possible where sone or all of the units 110, 120
and 210-290 are inplenmented as conput®@r program nodul es running on a
general purpose processor. Such an enbodinent is disclosed in Fig. 10. Fig.
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may add% ionally conprise or be connected to a display 88 to display video
data. 5 The deblocking filter unit 100, 200 of Figs. Sand 9 is preferably
used in video coding. It functions and is therefore preferably inplenented
both in vi d coder . and @ vide ecqder .. Th deo decod can be
ol enobedenf BrePEARET o4iF RebBuRel HEPodRIRrily il bl SR RS Aol e o
the vi degerapenstrbfpixtl® Fig. 11 is a schematic bl ock diagram of an encoder 40
for encoding a block of pixels in a video frane of a video sequence
accoré?ng to an enbodlnent A current block of pixels is predicted by

per f or d“@ﬁ éganEE%%r%'Hlsaé qn RMz%e’d?nfrldgﬁ it it 188 %ﬁoﬁ@déﬂo@ﬁﬁqiﬁ%&@ Js?ﬁgy

provi de I Xe the sane or in a previous
resul t ¢ calérein-oop iltermg ﬂﬁaredlelnahate implemendation atthe idesodes 60 tﬂie Seploakingriiten unit/i@e isor

associ at h er in iction. The
o on- oS bl LA R ReB g N kg bERE e P byl Bllba
i nter poethe olithubfanek olitkige d9the Wep fofmedibk @k adder 64, the frame buffer 65, the intra predictor 66,
30 the motion estimator/compensator 67 and the selector 68. No deblocking filtering is then typically done at the
encoder.

Fig. 13 is a schematic block diagram of a user equipment or media terminal 80 housing a decoder 60 with a
deblocking filter unit. The user equipment 80 can be any device having media decoding functions that



An intra predictor 49 conputes an intra prediction of the current block of
pi xel s. The outputs fromthe 20 notion estinmator/conpensator 50 and the
intra predictor 49 are input in a selector 51 that either selects intra
prediction or inter prediction for the current block of pixels. The output
fromthe selector 51 is input to an eL.r or calculator in the formof an
adder 41 that al so receives the pixel vaI ues of the current block of

pi xel s. opéretesachdar enddtied atisvustredess easodedovittep Grérsesdo thesbmeddeeﬂerwmeo fetnet bl

25 The. die P Eba Pl A e FHiRG S Sycharide Bk b daponst sl o

cosine tpbl%bféfrﬁérdﬁlpla?éiéj téb%n@ésﬁt@ﬁ r’@lébébkﬂké@r@dnbl%éo r‘é&)rde%l hn@l%é?jla%yé‘r@%é!ﬂ in an
encoder 44, such by entropy encoder. In inter coding, also the estinated

moti on \sERAMNG spryer@ ﬁ@tdejmoxetsOT\(Sh@wwé@cﬂ@eodm 9RBe CageaiasT &ie: %hﬁgusemwmé@
represeg rﬂérls&fb di')hﬁl &)hﬁggr@@{o sﬁ L X vm@b E&Fﬁé Th eﬂbﬁec{ vi o%@ﬁg WRhagend

quanti ze esl u error “for the current ck o SIS a SO provi ded
to a i n\beersgenaraledityitheaser 4quipaedt 80 s rssict a @ee fhe useeequnpmertt 80 preferablysoomprisése

original_r S|dual error his.error i ded b an a de 47 t e bl ock
or e ot 0T GYRor PR oA RGeS aRCa: B S RGPaEHa Findt-Alivcr or a0
t o creatig ercdded vided MaResRkaiteraid tyissmeé Ghdr Bevice RIWilBIgssly SBebmittad @h@nsﬁm@bwt ion
and codlng of a next, 32 block of pixels. This new reference block is first

pr ocess e iy g Ugksaement §0-1TNg gar egiment HothelceopPEien g apscelres (ERRERer ARtht s i n
order 4 Qetﬂﬁé{lvd?fnmtgr% thf)br’f‘@t édhk\%rtherlﬂtattr%sfépnbat any blocking artifact. The

processed ne referen e block 1s then tenporarily stored in a frame buffer
48, where it is available to the infra predictor 49 and the notion

o nar o b SRERENAR Bhedite it oht ln 1 incri B4 BHGEERAA0 L Qs REDEIRESLRRO™
Hocodar eod m%memwd‘“?fﬁﬁﬂﬁ?g@g?g“ R pocarilg panetineL. T?mfcfﬁfogn{ o out
Lot e St TR e e S 0 P o et e RbocBe e Eorearepiecr 1 or o

are dagu@@ﬁwemyérrse fat id @H@D@@tc@éﬂﬁé}ftﬁe@%d@%ﬂ@d‘ﬁbrﬁe@%rv@éb dated8iE ASERsbILY an | o
i nverse transforner 63 to get a set of residual errors. These residual

errors #nadgiRyenscrean 8-0f erparnectgo heuserrguipmsnéd. val ues of a reference bl ock of
pi xel s. The reference block is determ ned by a notion estinmator/conpensat or
67 or intra predictor 66, depending on whether inter or intra prediction is
per f or medFig. A3sted eset equip@entiéd hadteere bystratett asroomprisieg battdthe dechder 6@ adidhe Betiaand t he

15 notiop estimator/ ¢ tor 67 an helnfra di ct 66. The

result] MYAEEAHee HeG OURPRICES 8 BT S AR, SikFo Rl e Y ¢ 0
debl ockihggechiab breiluskatie bul Y- iGRRKEMPRCDT SrdimblérRen@iaNENb ST RENSTo e LRErQUIpnTet

debl ocking filter any blocking artifacts. The filtered bl ock of E)I xels is

out put  8r Mo i Pefed apemerlalons e iPassibla R iebskeodsr B3 @RcBe yredia AanY 4 piey
provi degr&.eeoﬁn%:dggsu (5ol AR ofafbole 418 Sl e Soche bRIENGHORLPRKasO'

pixel's for a s ( pi Xel s to be deco ame buffer 65
i s t her ebad hewinnthetdisplat 8 colidalspoiei peavidens @separaie dsritecwnsetnd witierus@ 2quipmentake t he

stored f DI i t he notion estimator/conpensator 67.
The out gh&ﬁ?@(t)h%agﬁdé&(az%g%cg%@g|si@§an§?l%c$.er ably also input to thenPntra

predi ggor 66 to be used as an unfiltered reference bl ock of pixels. 25 In

t he enbodl nt in 1 ckin Iter unit 100
Dt or S HEPGE e T B earort 40 s gecout P adih 26 (1Gismed nfGorh Heg 12 v

al t emat '|ﬁ#®rﬁeﬂ@é ﬁ'&%ﬁ/\/@ﬂ('d@\fbe%b bélﬁgeor(ﬁé&@ﬂgffo a@@mfoﬁﬂ‘ﬂo&éﬂ% @&ﬂﬁﬁdﬂﬁati)h hdukk @gni t 100

is arrandged to performso called post-processing filtering. In such a case,
t he deblbefwranrecpendingtuaif 341mmare.r;ewngd4§@rreaw@@enb36 $U¢baBWQf&deVW ahisey he@tdevicge of t he

l'oop fo rvaQ’%g \ib& a%&?o%{g tPéhe vxﬁ&%oélr{g%gﬁdam% LisheRRieo 5ot]|ﬁg éléﬁrdér& dp Eﬁ%@ﬁfm 66,

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-hased network.



30 the notion estimator/conpensator 67 and the selector 68. No debl ocking
filtering is then typically done at the encoder. 33 operates on an encoded
vi deo stream of encoded video franmes to thereby decode the video franmes and
make the video data available. Non-limting exanples of such devices

i ncl ude nobil e tel ephones and ot her partabl e nedia players, tablets,

deskt ops, notebooks, personal video recorders, nultinmedia plaéﬁ% V|deo

st r eam rge &Bpagistests d@%‘f‘qucﬁg(’\f?cﬁ?%@ be’PWiserStQ?Sﬁﬁﬁf@‘r'@s"rﬂ'&@@é‘%s ofg e%8insol es,
etc. Thewpgieh. Iﬁ/ﬂl%tﬂﬂﬁ&%to@tp gﬁh&s@%ﬁéd%ﬁtﬁe art ﬁ'i? r aﬁc)ﬁs%diﬁ&ﬂéds%bﬁ%ﬂatkﬁs &lqor e

encoded vi deo franes. encoded vi deo mes can have been generated by
t he userchanges rpayd}etmﬂe td thg emnodiments suitladut depardingiom the saepef thapigsentanventgn

prefera r ngi t her nect ed
Encoder ! SaifERCREn s Eto Sy MG MeréoP RTbRTHerl 081 0¥ coblubl B 58"V e
franmess aorélglgetroﬂs aherd témymsauyrposerblh ethedenpe okthaprdsant in@ntionss, Zowavam gefinéd lyd  or
transm tted b¥ re to The user equi pnment 80. The user equi pnent 80 then
conpris $'ver (transnmitter and to receiver) or input and output
port 82 to achieve the data transfer. The encoded video 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 then decodes the encoded video franes into
decoded video franmes. The decoded video franes are provided 15 to a nedia
pl ayer 86 that is configured to render the decoded video franes into video
data that is displayable on a display or screen 88 of or connected to the
user equi prent 80. In Fig. 13, the user equi pnment 80 has been illustrated
as conprising both the decoder 60 and the nmedi a player 86, with the decoder
60 i nplenented as a part of the nedia player 86. This should, however,
nerely 20 be seen as an illustrative but non-limting exanple of an

i npl enent ati on enbodi ment for the user equipnment 80. Also distributed

i npl enent ati ons are possi bl e where the decoder 60 and the nedia player 86
are provided in two physically separated devices are possible and within
the scope of user equipnent 80 as used herein. The display 88 could al so be
provi ded as a separate device connected to the user equi pnent 80, where the
actual data processing is taking place. 25 As illustrated in Fig. 14, the
encoder 40 and/or decoder 60, such as illustrated in Figs. 11 and 12, may
be inplenmented in a network device 30 being or belonging to a network node
in a conmunication network 32 between a sending unit 34 and a receivVing
user equi pment 36. Such a network device 30 may be a device for converting
vi deo according to one video coding standard to another video coding
standard, for exanple, if 30 it has been established that the receiving
user equi prment 36 is only capable of or prefers another video coding
standard than the one sent fromthe sending unit 34. The network device 30
can be in the formof or conprised in a radio base station, a Node-B or any
ot her network node in a communication network 32, such as a radi o-based
network. 34 The enbodi nents descri bed above are to be understood as a few
illustrative exanples of the present invention. It will be understood by
those skilled in the art that various nodifications, conbinations and
changes may be nmade to the enbodi nents w thout departing fromthe scope of
the present invention. In particular, different part solutions in the

di fferent enbodi nents can be conmbined in other 5 configurations, where
technically possible. The scope of the present invention is, however,
defined by the appended cl ai ns,



35 CLAIMS 1. A net hod of reducing blocking artifacts at a bl ock boundary (1)
between a block (10) of multiple pixels (11, 13, 15, 17) and a nei ghboring
bl ock (20) of nultiple pixels (21, 23, 25, 27) in a video frane, said

met hod conprises: 5calculating (S1) a f#rst offset to be equal to (9 x (qO
- p0)- 3 x (gl - pO+ 8)" 4, wherein >& ﬂ@@Otes a right shift operation, pO
denotes a pi xel value of a pixel (11) E est to said block boundary (1) in

a line (32) afmdhogelf $ed(1é|+r3|g bléc?(lng Jaﬁbfacﬂs@t albldcle BouAd&y mlbet(/vé@r) a bmﬁege)l df nfutlipld

line (12) of |xe S i s perpendicular to sai

boundar y p(xglﬂ 1pi3, dén‘é?t) ged an@ghb@nngmow%pf raulﬁnlek@xelq (28)23n & 27)dn ésv@@@ frarge.sai d
bl ock bounfcjl ¥ élginln said line (12) of pixels (11, 13, 15, 17), qO denotes
a pixel vap &"8y © %F?(sel to (21) closest to said block boundary (1) in a

cor r esppndi nGalbdlaﬂnﬁg (321% fidf oftbtt8 bs efudlio (Iaa (¢@5, 5)0 T3 <1 -spi)d 8)sbahbereng>
bl ock (20), wnhereih said corresponding line 2) of pixel's (21, 23, 25, 27)

I s per perdnotesl sright shifsepeehtibh, 0pk domutesckapixel (dlye (ﬁlaqblqu(me:twesém ﬁldchlodelboumllanye of
a pixel (23) next closest to said block boundary (1) sai d corres&gndl ng

line (221)afa |me><é2)sof pizels (12313, 25,17 pimpaid tiock f ﬂ9)| wgereuaaald braﬁ (@2)f pigels (141 1% 1%0 of
o xel & ( 10 garberdistar® saBioshbdindard 1 .of HCR=Rm el Rt EhMe ) pbfBoietl Do
gf o f‘!sd ( %é%@g&( t}o}x}gd&g@? Fodaid |fﬁef(n132&€fn@%e?sf4ﬁ1e EQBF%W \?Q)laenbféaﬁeb'ixgl Jgg'agf § ga&él i

( 11) C'16’i?l?fclo§é%t RAdA &bdk%uﬁtﬁgg'ﬁwn% é&aespdnduﬁgmb (22)1@ pﬁxb%) 21>f23p25<@17;sm(s3;iu

; nodi fyi ng sai d pi xel val ue sai fl xel
cI osest tneigkkmriog bibeko(R0)beharelassid cqryespondmgllme (28) Qf@rxeleézab RAdi 4992 |lSrﬁ9fRGBQ|§>U|%ff

Ut e qo tbpa Boek Bl (Biardcrl, G 2oRd fun of BlpoBLRG BPES B Suthi

correspo .to forma nodified pixel
val ue qo%gur@ggéﬁ F%ﬁ@regﬂfﬂ@hw@z@%F?"ée?%%? ?%b% D boundary (1) in said
cor r espondi ngnolifying (62)2aidofixepiated $0(df Said pel (19), clab@yt.to &8d BodKteundenhdilin said
according to claim1l1, further conprising cli pfl ng (S11) said first offset

to be w fing 6 2hef ixalselfl 4B, H, 17) byaariding saijirst effset focpaisatie! YaluesPOcﬁfﬁgiéﬁ)'X?H be
| to -t if d first offset d

Firet of Foeast usasbbiedh hamndad (151 saclgp dTaof Bieto s &b 1857 o (i Sredred obe

o (

par et e A (xR of € F éﬂéﬁﬁé%?q&%@éi@%@@%‘@@%,S%[%“ﬁﬁ&“ﬁ?&“é%%ﬂ?ﬁ?'n&to

claim1l qn); gnd further conprising: 36 clipping (S21) said nodified
pi xel val ue p0' of said pixel (11) closest to said bl ock boundary

sai d |ine (1mpdiingpSR)esais gixel yalues 7016 said pixel (81)sdospatdhsaid Black Ww%ﬂglﬂfsaﬁjero
d a defined b t di f | . val
S 0 DR EPTERAYITGIS G0 Of Bl B a5 i Augne s Tt osey T o9 g} v
| f
00 of s oA (2] Ughe] BIaREBATL bbGhagfiih) h saBBblesfaing! 16 (47 Yoo e

(12) of pPBXH, 27)(té$orm1a3mo&ﬁed pixé) vdle §O'Pdf|s§|6 pixBI(1 jZekSsest agskid Blosietidundegy Eiqind

nodi fi ed pixel ‘value p0" of said pixel (11) closest to said block boundary
(1) in sahid comrespondhd)inef12pofpikls (11113, 18317).15, 17) to be equal to said
defined maxi rumvalue if said nodified pixel value p0 of said pixel (11)
cl osest to said block boundary (1) in said line (12) of pixels (11, 13, 15,

17) 1's ok ar gemnd Bathod AbhrdARf o dRihn TORHABA ChrHHsHE clishiy (S11) said first offset to be within

an interval of —¢- 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 ¢, wherein
tc is a threshold value that is dependent on a quantization parameter value assigned to said block

(10).
30
3. The method according to claim 1 or 2, further comprising:



10cl i pping (S21) said nodified pixel value g0 of said pixel (21) 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 nmaxi num val ue
by setting said nodified pixel value q03% of said pixel (21) closest to sal d

27) to oo cadiPreseBsathPotel SRTRART pOchrshl BiréifE sBberblo Btk houry ()

closest gp a?d;ig@ H%%Fbg %wm%r Y5, 1)t b witfih th FRAVCLSTERENIE defifdd meRinlufPalue'

pi xel s ( | er t an zero and by setting said nodified
pi xel valby eetgtg saaﬂfmoﬂﬁledl pwelwelue (;i()l))f saldpieb(t 1)t(ﬂnseﬁ|tcdsaui m@nk bbmuiacye(fr)yn $aid linen
sai d correspondin pi xel s (21, 23, 25, be equal to said

defi ned rf&iohbikels ?1 1sé3 d5rrb7d|t¢ b@@qwﬂl ﬁaeler%lsalé n@dlﬂe@p'xc@}e\la@le p¢9<é1f SQI@ pixe dﬂ Bs est

b9, °55°5 Spes to i ek bedeay Ll 1 SR ol o 7 St nnh 2488 fge

accordi n%etrtuﬁ’gnéédﬁo’ ?ﬁ(ﬁifiédrﬁ?xe%a‘?l\]e”g ts‘éld xelc Hﬁ)ta@s"est%’ @RH bfébli‘gounda% g)‘ﬁ%a‘FdJﬁn%t I ng

(S30) a seco set to wherein p2

denot es szlof(ﬁikelslﬁh uts, @b, 7) R b@éqfuél%)sa@‘ﬂ@ﬂféd nmmturrﬂameﬁstald modifmdcblxbl
boundary (1) in sai d l'ine ixels (11 and A denotes

sai d f ir spo'&fsgéprxelz(sﬁazlo@s@ﬁ maifbbw@pyn@rx 5] rndsa@flmgéi?) pbp%ﬁés Haskh 1on /i l§2 +

g0 - enotes a pixel value of a pixel (25)

second nigggerﬁlaast;@égef{ngd 5‘5?"@‘“@"8@% %gundary (1) in said corresponding |line
(22) 0 o Pi Xelcﬁp(p(r@ 2n1§§a|d difieddixel value ?O’Qg'séld ﬁ%%?ses‘ﬁﬁ)‘ ééld%ld&ﬁ'bomw‘ﬂ pl

of sal plxel xt closest to sa Ioc dary ( in said |ne

(12) of i ¥&d %orfe’séondih? Ilné$22}b7blxbl}a’ (20BN L5, ) tb B@Wthd anflrftereél df eerdaind saldxel
value pl of said pixe next closest to said bl ock boundary

sal d i néeﬁnfsi)naeslmum \éablp§y (sqtttng sl modified pixg! velye fadr Al @bl &1 &P%ﬁ&%ﬁaléxﬂv%

C12) %ot * BoindBty {h o' seodhaponging iy iag) S6Res' (2 8o NG peladiel el Fisgie ' "
val ue ql |f|§@1 ikl %IEF@%O'(&%M BESIL( 29'0%&?‘0 REW b‘?&k@oﬁ‘d@r‘?‘ﬂ)@@éﬁ'ﬁj@frr}ésd&dlng !'hesa' d

correspondi |ne plxels 21, 23, 25, 27) adding said third

of f set 1§ @qef plxem; (&$|23V25 2%) igsmarfer &ah derpiax@by §etitly slﬂxﬁodmb@ﬁlaeltvalw g®abfcsaldl ock
boundary (1) in said corresponding |ine (22% of pixels (21, 23, 25, 27) to

L Ior mkabmpcketr I'Zﬁz:éozgstm sa«deblmoké)qmnda[yf smsgd mrvele;bondmg)meg(ak)tofpb(da &4t ?g‘z 85,94 1o

oc o] in said ca on 2 X 21,23, 25,
27y " 5. e Shud o i BetopaTiay e T ool ke H6°bt g B B Sebietiiosa
\s/\zgo_r:d ofb Oa%)ou%&ﬁ[i?(f)ﬁ]eéaquc%rgéﬂfﬂ&h%erel ¢ |§§§ 12?%99‘127? flﬁ?ér tfri]éﬁfét%ﬁ Rl to

operati Omaxmﬁh vheal cul ating (S31) said th| rd of fset conprises cal cul ating
(S31) said third offset to be equal to qq2 + q0 + 1) " 1)- ql - A" |. 6.
The mefhod according to claims 4 or 5, further conprising: clipping (S41)

:g: g secand eff 56thod SecBRing'td SHy'df BB claMisf 3! fufer conhRingnd 1c2 by setting
calculating (S30) a second offset to be based on (p2+ p0—2x pl+2x A)/ 4, wherein p2
denotes a pixel value of a pixel (15) second next closest to said block boundary (1) in said line (12) of

pixels (11, 13, 15, 17) and A denotes said first offset;

25 calculating (S31) a third offset to be based on (g2+¢0—-2xgl—2xA)/4, wherein g2
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);

modifying (S32) said pixel value p1 of said pixel (13) next closest to said block boundary (1) in
said line (12) of pixels (11, 13, 15, 17) by adding said second offset to said pixel value pl of said pixel

30 (13) next closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) to form a 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); and



15 second offset to be equal to - tc2 if said second offset is snmaller than
- tc2 and by setting said second offset to be equal to tc2 if said second
offset is larger than tc2 , wherein 1c2 is a threshold value that is
dependent on a quantizati on paraneter vé?l ue assi gned to said block (10);

(02 by setti ABBRedStReAd 2ol dloed BhalPoiteR e Y i ‘hOHnWQ?ﬁset
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of the C'oﬂ!;d'ﬂsﬁ)lﬁ'el () ﬁextﬁ!déésh%rsaﬁcbmk'b&dﬂgry (1) in salélcbrﬂal@pcﬂﬁlng$ ?(22‘@(# mkersqdi fi ed
pi xel val ue said pixel (13) next closest to said oundary (1)

in said |2Bn% zzl)zgfocm apiodiied pikel valua g]' of Said pixgl (23 neyé clepeshiorsaidrblack beundary (Bf
zero and a defined 25 maxi mum val ue gy S%t)tl ng said nodified pixel value
pl' of &4 wWidfoxespopdnlingesd) oNis$dst 26 29s4ild bl ock boundary (1) in said Iine
(12) of pixels (11, 13, 15, 17) to be equal to zero if said nodified pixel
value pi' of said pixel (13) next closest to said block boundary (1) in
said |iné. (1Zhe méthpd accbndlngldx;lalma whdsein17) is smaller than zero and by

tti id di f | " of t t t
sai d block beﬁoﬂ&étmé‘?%ap? sanisﬁ?ﬁgfﬁpﬁwmﬁs‘eﬁsﬁﬁcﬂﬁfw2§i0 b3 secpat ot e e
|t 0 I | f
sara pi xdf QRS PRI T RlY B 30 L Phtte & gORAE T shiBerlcrind =) 2 P 0
of pixeys ( 1$alcﬂa3|ﬁ% %@1& 34 thn% 6ﬁ§ét%?nph§é@rbaléé‘lhﬁgq%1 NQ[ tAFK bifSeMovid étgjal @and
38 clipping ( fied pixel value qt" of said pixel 3) next
cl osest t(((q%&lqﬂhl)@ﬁk)h@und}wyl( 1) in said corresponding |line (22) of

pi xel s (21, 23, 25, 27) to be within an interval of zero and said defined
maxi mum val ue by setting said nodified pixel value ql' of said pixel (23)

next clo est i r corresponding |ine (22) of
pixels ( ngg@bgﬁgkaﬁﬁ“@@H@ggﬁrag%%§t$mﬁﬁ$ﬂ%ald 5 ﬁDdlflgd plxef vélue
gl of sai d BlipsRb (6213)saldesetor@l sHEEtSth HeOwiBidi h tep@kofooundany #(-1) by settmgisdid
correspondi ng I|ne (22) of pixels (21, 23, 25, 27) is smaller than zero and

by set 43 Becoh@ioflsetsbd bQRAI P Xel, Valaldsseddnd difetS@bmaller ¥h £3) ameky settingsait to
sai d bl ock boundary (1) in sald corresponding line (22) of pixels (21, 23,

25, 27) ‘6coR€ ofseuml betequalas ¢ ?ﬁffsblﬂ%dcdﬁdbﬁgéﬂl’sllarFerSI@arﬁt&Qdﬁhénemdtcel is @lthresholde
gl. of said pixel (23) next closest to said block boundary (1) in said

cor r esponglugal is depead} oroé quenizstion fazdmet@Jalu@ assighéd tol ssidl bmcg(ahO) tand t han sa| d
defi ned maxi num val ue. 8. The nethod according to any of the clains &
further conpﬁ'ip§ln§é341&§@'d;bhlrﬁﬁffsr%w@%@) 'nE”@ber‘t%zo@ﬂds’@tz hyseing B¢ kwd gfise §93 ¥
pl -2 x p2+2x Ap 4, wherein /73 denotes a pi xel e of i xel
(17) t hi baeﬁfe%kto crmé§@ldﬁwd§ﬁ$qi ISR thasum e 9n<tlay)seittﬁg§a¢éhlrmOH bz:)eogfil 15
pi xels (11, 13, .15, 17) and Adenotes said second offset; and cal cuI ating
(351) & 19 famlf'éa'd@é‘éoff%tlé@m@é&‘éatom (g3 + gl -2 x q2 + 2 x Aqi )/ 4,
wherein y3 denotes a pixel value of a pixel (27) third closest to sald

bl ock boundary (1) in said corresponding line (22) of pixels (21, 23, 25
27) and Aql i sai d pi xel value p2
of said gl Xeﬁ*ﬁ’é"%@@%i@%ﬁg@ﬁd&rﬂ oﬁh%s%gfsn%s%@sgmé?g?rg%’ré%go boundary (1) in
said |ine (12jppinf (BRKesaid (nbdlfuedlslxelleajuelp)l' bfysaid:lqblxalg(1§hnektf0¢nsestﬁocﬂafdsﬁockt o)
sai d pi xel value p2 of said IP é) econd next closest to said block
boundar y bpundaiyr{1)diaisad lipgn &l 2] qzyxetsf (1 1>3e|1% 1(7)1@ belvgthml@ interral of geroAnhagdefined

di f I 5)
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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 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 said defined maximum

30 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



25 boundary (1) in said corresponding line (22) of pixels (21, 23, 25, 27)
by adding said fifth offset to said pixel value g2 of said pixel (25)

second next closest to said block boundary (1) in said corresponding |ine
(22) of pixels (21, 23, 25, 27) to forﬁma nodi fied pixel value g2' of said
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f)gS éé ! Z ? %ée'c{ Ecgregﬁdcnﬁﬂér aﬁé)(f?f 6f§)‘§éls(i%1 Ol ?ﬁ 'Z?Ptova%%hnsa%' |ﬁ’t8@§|gf tezg'ro ;%fnfri ?gﬂt to

shift Opdéfmbd mammamd/alue by satlrtgﬂaatmqsmﬂed@&él)vamalqi bi datdrpixet (2§)3mextdoqeshteeald
calculating (S52) said fifth offset to be e ual to éh?g g2
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in said line (12) pi xel s ding said first offset to
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line ( 15, 17); and nDdlfylng (53) said pixel value
y0 co %fp?gémggéﬁ%&g%%@ %ﬁ%efllter unit (100, 200, 300) 15 nodifying (S3)

sai d plxel value qO of said pixel (21) closest to said block boundary (1)
in said corres 23, 25, 27) by subtracting

said fir8t ofif @F %w@@ww)@éﬁe@améQﬁé(fzéheéa?repfﬁinﬁla (21) closest to
sai d_bl ock b%&ﬁa%%{((}%b s%ifb erb%§ %‘ﬂt% n%x(p? )2 Qf A )Me'\nﬁlel(e%lgB 23,

25, 27) to formsa p| xXe sai p| Xe 21) closest to

d bl f 3,
15 '17) - SRR el %E%ﬁ3ﬁﬂ.tﬁﬁ®;¢&?ﬁ&ﬁ@9‘@86'5 o8 bola UG S 1 2el
artifags pixas (ﬁ DJ@Slﬁ?PMnﬂaL)ﬂer{olésé@ﬂ@é&fﬁﬂoﬂséﬂ'aﬂ@k (10) of nultiple pi xel s
(11, 13, 15, and a nei §hboring bl ock (20) of nultiple pixels (21, 23,

AT 28?' @iﬁ%&%@?ﬁrf'f%adf@eﬂﬁboa“&%%ﬂ?n i 681 £ R AR R R 05

i gt shieroiss il e of kel 2R loen o B Buperd Wﬁiﬁrf{o%iﬁp°nﬁ9§£®sf "to

said blo i Al 0 f s (11, 13, 15, 17) in said
bl ock (1 EW%?%zgazu)jdm.aﬁdeA@i%e&%@sﬁﬂigwsﬁ%tl 13 15, 17) is

per e 31 2 BlsSar LA B b, bk B CBE e d Bl R i
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Ho s p2 of said plxel (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 g2 of said pixel (25) second next closest to said block

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

pixel value g2 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 9.  The method according to claim 8, wherein



30 corresponding line (22) of pixels (21, 23, 25, 27) in said neighboring
bl ock (20), wherein said corresponding line (22) of pixels (21, 23, 25, 27)
is perpendicular to said block boundary (1), and gl 40 denotes a pi xel

val ue of a pixel (23) next closest to s& d bl ock boundary (1) in said
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(11) clogs g(( p-Optiaf)dsh) ogk ho L{Qgérl whekdin b¥ d&ted alrighteshitberaidn; addcel s (11,
13, 15, 17) by ‘addi'ng sal d fi4 fset to 5 said pixel value pO of said
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(11, 13, 15 ma no sai d pi xel

cl osest t(@g?saqmtjlma Iqoum rys>(11) in said line (12) of pixels (11, 13, 15,
17) and to nodify said pixet 'value q0 of said pixel (21) closest to said

bl ock bpundary (1) in said corresponding line (22) of pixels (21, 23, 25,
27) by subtracting said first offset fromsaid pixel value q0 of said pixel
(21) cl od@st Theomethddiadodrding tobamy tithe plaik)t 1o B, wwieih 10 cor r espondi ng line (22)

(215" o osest caealte Flhratiston GapbyRed s drockls Blet G @ ity By isg of
pi xel s (%éd firsoffsdtdo béLge)sed 95%@? %@: M Héer unit according to clai m
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first offset mwlfymgWSQPsaldltmv%luéDfﬁO? o%ﬁhﬁnsfe@ daid @ablocki fnlseiu whitf (106512001 BE®L to
be 15 equal to - tc if said first offset is smaller t - tc and by
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than tc , wherein tc is a threshold value that is dependent on
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of pi xel gor(e_snondmg lmq 2 QWF)IXGI'SS 255235 28l 47 by sMﬁctw@ﬁéIdélfﬁélOﬁﬁﬁt e spif gixglayaye
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17) is | §5||@5rre§ﬂs@;a|ngmq1gqﬁp|m§lgrmm meiryyal ue and to clip said m)dl fied
pi xel value q0' of said pixel 1) closest to said block boundary (1) in

said cdtresponding line (22) of pi xel s (21, 30 23, 25, 27) to be within an
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if said nodified pixel value qO' sai d 8IX€| (21) closest to 41 said
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(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), g0 denotes a pixel value of a pixel (21) closest to said block boundary (1) in a
30 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 g1



a second offset cal culator (250) configured to calculate a second offset to
be based on (p2 + pO - 2 x pl + 2 x, wherein p2 denotes a pixel value of a
pi xel (15) second next closest 10 to said block boundary (1) in said |line

(12) of pixels (11, 13, 15, 17) and A d¥notes said first offset; and a

third off,set calcul ator. (2 o ' : St be
based ond?r}?&sﬁ Qfg?ﬁjyéﬁ%(()fc?l(p'x-%g&;) r%?;&l%ggﬁggé'(gplﬁaéq@&i@bgpgg sgfdpclg g(rg{pt)va gu"ézﬂ'gof a
pi xel (2@2)5@@@((!21}@3}25927?’5&@& to said block boundary (1) in said
corresponding line (22) of pixels (21, 23, 25, 27), 15wherein_said ‘gi xel

val ue nodi fi amixeRg@ie medifien (20 2A0k sonfigure i modify asaid piksl wplug 1Quef gaxd pikel {4 g
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p2' of sagdispiAad ok meHied pieinake £0' @ esld pikel (SBicksdst cdaidiseohdaandatyl(l) inn
said line (12) of pixels (11, 131 15, 17) and to nodify 20 said pixel value

g2 of sabald piex@R) ¢f 25kls$EG dB,dI5néXtand tomedify said pixal hiuel o kf $aislipixeh(3]) ¢lagest ta
said corresponding line (22) of pixels (21, 23, 25, 27) by adding sajd
fifth of sgéglocl@oyadauy {4} nenid geraseongng dine @2) af Piselx &1, 2389, %b%/owatr%&& s f5dest
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53, 5. SRE e SHE e b 1 3Fis e PAUALTE RO’ G blogk bofap 1F iF ool

: rort . . " ) .
i el o 6 HTosdting3he’ 22} B KeRIRND 25, Ghto KGRI BPRAR B SHASHEE) ©

cl ai m 14cloydaetohif block boup@drgl (13 RGaIGoMdsheRiingding ?a; eftpixels (2503, 1651 7onfi gured to
cal cul ate said second offset to be equal to (((p2+ pO + 1)" 0-pl + A" 1,
wherein " denotes a right shift operation; and said third offset

| cul at 0).4 . | ' i:0:d. af .t |
fo 30 qqats J6° Sedigu et Hodring ® Gulydt shkCodilbl &8 Sodife 3 234
accor di ngorfigured & &® shill it ofiSet within tah Giter¢ P /51 B - tistting baig Pishgffseintotbe
(270) configured to clip said second offset to be wthin an interval of -

tc. 2 angleddAD2- Ry ifsaill tilsneffsesis SmaRe®as —of fatby battinesaticina bffdedto-betegdalitd ¢ s &i d
second offset is smaller than - tc2 and by setting said second offset to be

equal t osdig st dffseas frgeemand - olhéareh |-Sis hatirgsholdtvams ttat @ deperdentenra duadtizationa
threshold 5 value that is dependent on a quantization paraneter val ue

assi gned ptramster vhilel a3signedamshid loakl (1¢). sai d third offset within an interval of
- rc2 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 toqdc2qj i g1 [ i t f cdhstisie Rl @edridng
filter uA?’t z.la-b:écg?b}}cg'aé ![ﬂ %Jrgﬂggécﬁﬁinﬁéégh)gééf%ﬁé (il%lﬁfégl 1ltg,32’13f8rrtr'ibhgrrﬁ@grrgri sing a
second 2 klippipiy it (@0} cqrifigd2d toclip isgid mendified pixeli alusap@® ofsdidfrixet (1) sledest/talsad pi *
of said pixel (13) next closest to said o .
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

p0' of said pixel (11) closest to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) is
25 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
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) is larger than said defined maximum value and to clip said modified pixel value

q0' of said pixel (21) closest to said block boundary (1) in said corresponding line (22) of pixels (21,

30 23, 25, 27) to be within an interval of zero and said defined maximum value by setting said modified

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 modified pixel value 0" of said pixel (21) closest to



bl ock boundary (1) in said line (12) of pixels (11, 13, 15, 17) to be
within an interval of zero and a defined maxi num val ue by setting said
nodi fied pixel value pl' of said pixel (13) next closest to said block
boundary (1) in said line (12) of pixel4 (11, 13, 15, 17) to be equal to
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pi )(j(le:c S ((j J:dr;esﬂmdinglﬁine 22) oftpb(felse(Z‘edﬁ,aZS, 27 te hé dquhetoisaid defired imaximurraf said médiftedi d
nodifie i » id pjxel (1 t ¢l i d.bl
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said defin | I nd._. | ' nodi fi ed pi xel value ql1' of
said pi i&l"g'g&g? é%gg’??);s&ai@gh%[]ga@Q?@eﬁf}@%@h@c\)’éﬁﬁary (1) in said

corresponding line (22) of pixels (21, 23, 25, 27) to be wwthin an interval
of zero and said defined naxi mum val ue bé@ setti n% sai d nodi fied pixel value

gl of sézq phegeblacking filigesnit aspasdiegsto anpoldls elaime bt fo WolUHRREEYMRTENTi n sai d
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boundary (G3) ho-s&iA m&ﬁ/&ﬁ%{é’ie[hg pb ideRoté22 bixlvalpé ued sixel 2%) seddnd Rt Adsest27)
is smaller than zero and by setting said nodified pixel value ql' of said
pi xel (@3 saikBlockchonsdssy (1) in said lohekill 2) ok pieelsi (tdat3; 16,1)7) iand adehotasrsaidimd osatg
line (22) of pixels (21, 23, 25, 27) to be equal to said defined maxi mumif
sai d nodie¥ ed pi xel value qgql' of said pixel (23) next closest to said bl ock

boundary (1) i ﬁg&aé) epegﬁﬁﬁwwﬂ\%gh@%d( %)caleﬁlatgi Xahitd ofidet B3be Ased oh 1S

| arger than said defined maxi a fourth offset calcul ator
(280) cor(f gyioed % §1 caka)l 4t whereif gurdenoles bpee! tatuelné alphek@5secémitnepticlosest 2
p2 + 2* Al1Ol1l )14, wherein p3 denotes a pixel value of a pixel (17) third
next cl odesaid block boundary (1) in said corresponding fine (22) of pixels (21, 23, 25, 27),
15 wherein said pixel value modifier (220) is configured to modify said pixel value p2 of said pixel
(15) second next closest to said block boundary (1) in said fine (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 to modify
20 said pixel value g2 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 g2 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 g2' of said pixel (25) second next closest to said block
boundary (1) in said corresponding line (12) of pixels (11, 13, 15, 17).
25
15, The deblocking filter unit according to claim 14, wherein
said second offset calculator (250) is configured to calculate said second offset to be equal to
((p2+ p0+1)>>1)— pl+A)>>1, wherein >> denotes a right shift operation; and
said third offset calculator (260) is configured to calculate said third offset to be equal to

30 ((g2+q0+1)>>1)-gl—A)>>1,



to said block boundary (1) in said line (12) of pixels (11, 13, 15, 17) and
Apl denotes said second offset; and 5a fifth offset cal cul ator (290)

configured to calculate a fifth offset to be based on (g3 + gl -2 x g2 + 2*
Agi )/ 4, wherein g3 denotes a pixel vatue of a pixel third (27) closest to
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(15) sec nex osest to said bl ock boundary (1) in“sai ine (12)
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of said pixel second next” cl osest to said bl ock boundary (1) in said
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cor r espontsenyithin awintepa) ofof ¢ pi sl t@z(msettlagsalwlrd QfPS)et toypegaua! fy— éeu: ¢f Sﬁld fhird
offset to said pixel value g2 of said pixel second next closest to

sai d bl oofisebisampiienthqnty-ren wéubm settng wgtbrﬁdjpﬁﬁgt foi beeequaldy fob ihaikihid pfset iso3,
25, 27) to forma nodified pixel value g2' of said pixel (25) second next

cl osest {fasgesiad tphock boundary (1) in said corresponding line (12) of

pi xel s (11, 13, 15, 17). 20 19. The debl ocking filter unit according to
claim 16, wherein said fourth offset calculator (280) is configured to

cal cul a1 q?“"l’ﬁé‘g?ﬁléc?ﬁgﬁﬂ’érqmﬁ %Uo dh\g% aﬁ)EBf tﬁ?clglﬁselq%lmtfﬁnffépéo%or?ﬂﬂ? % skég fanZ *

Al, wherein €no th of f set

cal cul at lipp(ngaix (M48) conﬁrg‘ureyuo elith said necalifiedi piag| @alsaipd’ dfiséid bixelf(13) @extchsdsbioesaidal
to (S(g3 + ql > 1)- q2 + 25 20. An encoder (40) conprising a debl ocki ng
filter umlotk bamdarydtidosai dige {1@) ahgixads (11h&3, dbalfido !nq witin B 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
15 value pl' 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 pl' 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

20 modified pixel value g1' 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 g1' 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,

25 25, 27) is smaller than zero and by setting 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, 25, 27) to be equal to said

defined maximum 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, 25, 27) is larger than said defined maximum value.

30 18. The deblocking filter unit according to any of the claims 11 to 17, further comprising:



21. A decoder (60) conprising a deblocking filter unit (100) according to
any of the clains 11 to 19. 30 22. A user equi pnent (80) conprising:. a
menory (84) configured to store encoded video franes; 44 a decoder
(60) according to claim 1l configured t4 decode said encoded video framnes
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boundary (1) in said line (12) of pixels (11, 13 ,%5, 173; ,(?n,d
15 corresponding line (22) of pixels 221, 23, 25, 27) by adding said fifth offset t6 said pixel value g2 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 g2' of said pixel (25) second next closest to said block

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

20 19. The deblocking filter unit according to claim 18, wherein
said fourth offset calculator (280) is configured to calculate calculating said fourth offset to be

equalto (p3+ p1+1)>>1)- p2+4A 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
(((q3+q1+l)>>1)—q2+Aq1)>>1.

25
20.  An encoder (40) comprising a deblocking filter unit (100) according to any of the claims 11 to 19.

21. A decoder (60) comprising a deblocking filter unit (100) according to any of the claims 11 to 19.

30 22. A user equipment (80) comprising:
a memory (84) configured to store encoded video frames;



modi fy 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 fromsaid pixel value of said pixel (21)
cl osest to said block boundary (1) in s#id corresponding line (22) of
pi xels (21, 23, 2 6%). . . , . . .
a decoder ( ?accordmg to claim 11 configured to decode said encoded video frames into

decoded video frames; and

a media player (86) configured to render said decoded video frames into video data displayable

on a display (88).

23. A network device (30) being or belonging to a network node in a communication network (32)
between a sending unit (34) and a receiving user equipment (36), said network device (30) comprises

an encoder (40) according to claim 20 and/or a decoder (60) according to claim 21.

10 24. A computer program (74) 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 computer program (74) comprises code means which when run on a computer (70)
causes the computer (70) to:
calculate a first offset to be equal to (9x(g0— p0)—3x(q1- p1)+8)>>4, wherein >>
15 denotes a right shift operation, p0 denotes a pixel value of a pixel (11) closest to said 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), g0 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
20 neighboring block (20), wherein said corresponding line (22) of pixels (21, 23, 25, 27) is perpendicular
to said block boundary (1), and ¢1 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
25 block boundary (1) in said line (12) of pixels (11, 13, 15, 17); and
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).

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

program (74) according to claim 24 stored on said computer readable means.



