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artefacts in a digital imge, which is encoded and decoded by bl ocks, the
devi ce conprising nmeans for performng filtering to reduce visual artefacts
due to a bdumuthpdifor fitereerdigitalimages bhnd la filteting dedigeent bl ock. The
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conpr ess t HdoGgagnai 36ftware prrogrami campeisinarmaachine fexectliable steps for
coding and locally decoding a digital video signal by blocks, and for
performing filtering to reduce visual artefacis due to a boundary -
30  between a current block and an adjacent block. The present invention
further relates to a storage medium for storing a software prcgram'
comprising machine executable steps for decoding a digital video signal
by blocks, and for periorming filtering to reduce visual artefacts due to a
boundary between a cumrent block and an adjacent block. '
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15 basis of one or nore preceding P-franmes or 1-franes and?o’f &EPeZﬂi}# nor e
followng P- or I-frames: The frames are further divided into blocks. One
frame can conprise different types of blocks. A predicted frane (e.g. inter
franme) may al so 20 contain blocks that are not predicted. In other words,
sone bl ocks of a P-frame may in fact be intra coded. Furthernore, sone

vi deo coders may use the concept of indgfendent segnent decoding in which .
case several blocks are grouped togetherto form segnents that are then
coded i ndependently fromeach other. Al the blocks within a certain 25
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30  Asis well known, a digital image comprises an array of image pixels. in
the case of a monochrome image, each pixel has a pixel value within a
certain range (e.g. 0 - 255), which denotes the pixel's luminance. In a
colour image, pixel values may be represented in a number of different
ways. In a commonly used representatibn, referred to as the RGB

35 colour model, each pixel is described by three values, one
corresponding to the value of a Red colour component, another




2 1 SEP 200 4 (and encodi ng/ decoding) order is fromthe tgpr Isfﬁ] m t he
bottomright corner of the macrobl ock. Referring to figur 2
illustrates a typical encoding and decoding 5 system (codec) used, for
exanple, in the transm ssion of digital video, a current video frane to be
coded cones to the transm ssion system 10 as input data |1"(x,y). The input
data In(x,y) typically takes the form o8 pixel value information. In the
differential sumrer 11 it is transfornmed into a prediction error frane
E'(x,y) by subtracting fromit a prediction 10 frame P~(x,y) forned on the
basi s of a GoERsPARdingdgethernalys efiiac Greencsolour Coaponenicand dhé rthirdock 12
in the manneyréigs | r n frame
is directed b dlhg dﬁhé gm‘f} off %r%lda@ﬁcg/ivaglgéﬁéﬁéﬁahéwegquhst he

coded predi@ f"BrF‘gBPBr exishl dp Whiclt raliernative derpresentationshiare
produces a ubedhdacome silich aRBrrativig, "iiown B tHe YUV)colbiif hodels gina

t ted
oo B, Skl BreluEH R B e et B
code the n@hrormmceme:oieundéfefmt:ecbdmpoﬂeﬁwad Vi, édich bf aiichipeRry is
read as a r#éé?&ﬁﬁtéd gogfellga(m% y) and is transfornmed into a new prediction
I'n a

frame 20 P I'on cOnpensation and prediction block 17 according
to the fornmula: F n(x~Y) = Rn[x + DX(x~Y)~ Y + Dv(x,Y)] (1) The pair of

nunber s [D)@énglﬂallyDYéleYI}‘] mddéld! st @i’ﬁ'p ‘?ﬂ e raﬁ éf%nﬂbéﬁbgm al
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elslt i na: i ontbanghejmeghmcs@n tofs a0 mowaqpaf ﬁhé P)ihiﬁaqdé/écm ottt oft 'dn_g of
a noti on e 1ra npr. sed IS
al so coded Sﬁ'é%f'n‘g‘s@urﬁﬁj[‘a@ﬁﬂ%@%&e?%w&% ﬁ&‘smﬂ?ftd”ﬁ %'Eo%ﬁg’ tthe
coef f i ci enfporcaivedogbrusiurenof iasmimage. Kmong: othert things, this caliowsithet he 30
decoder. T a di.L.e | exer
13 Chich o éﬁm?%";%% e&ﬁmk"“'*éﬁ fstpE &8 Bfadt 1o bbCShatalY culEsBhriat
pr edi ¢Pi on MA@ SigR '@69’[ E&Sﬁjlfhgef(@ﬁlﬁeﬂéﬂ'@gﬁeﬂualﬁy Hardhaae relasomm)unt of
| nf or mat i ogoteubmddelssifiat tel
Some f ramﬁgéaﬁmgart |y, or p‘ec?% a ﬁifgiﬂd?ﬂ:‘é de?@HTiﬁQl?%e régdesﬁﬁum ng onI y
the refere ‘hany,ap ‘Fa ﬁ%opaﬁﬁ%war lyathase dBeWh\!ﬁ
conpensat estorage spaca, wwesmwg ROWeTEDn tr&hms‘mnmcﬁmdm@ ﬁmﬁtbdf ranmes
are coded using intra-coding w thout any prediction fromthe
20  As stated above, in the YUV colour model, an image is represented by
a luminance component and two chrominance components. Typically,
the luminance information in the image is transformed with full spatial
resolution. Both chrominance signals are spatially subsampled, for
L example a field of 16 x 16 pixels is subsampled into a field of 8 x 8
256  pixels. The differences in the block sizes are primarily due to the fact
that the eye does not discern changes in chrominance equally well as
changes in luminance, wherein a field of 2 x 2 pixels is encoded with
the same chrominance value.

30 Typically, image blocks are grouped together to form macroblocks. The
macroblock usually contains 16 pixels by 16 rows of luminance
samples, mode information, and possible motion vectors. The
macroblock is divided into four 8 x 8 luminance blocks and to two 8 x 8
chrominance blocks. Scanning {and encoding/decoding) proceeds |

35  macroblock by macroblock, conventionally from the top-left to the
bottom-right comer of the frame. Inside one macroblock the scanning




5 reference frame R-(x,y), and accordingly notion vector iaggéﬁﬁ;ion
relating to themis not sent to the receiver. In prior art e 2004 nd of
predi ction may be enployed for I-franes or those parts of P-frames which
are intra-coded, nanely intra prediction. In this case, the reference is
formed by the previously decoded and reconstructed 10 bl ocks which are part
of the sane franme (or slice if independgnt segnent decoding is used). In
the receiver 20, a denultiplexer 21 separates the coded prediction error
frames and the notion information transmtted by the notion 15 vectors and
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for transmsSio Uiy subsequent |y decoded. The principles presented above
are also applicable to a situati on where segnented franes are used. |n that
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,Y) 8 «X,y) and Dy(x,y) are the hori-

25  zontal and vertical shifts of the pixel. They are calculated in a motion

estimation block 18. The set of motion vectors [Dy(), Dy(-)] consisting of

all motion vectors related to the pixels of the frame to be compressed is

also coded using a motion model comprising basis functions and

coefficients. The basis functions are known to both the encoder and the

30  decoder. The coefficient values are coded and directed to the mul-

tiplexer 13, which multiplexes them into the same data stream with the

coded prediction error frame for sending to a receiver. In this way the
amount of information to be transmitted is dramatically reduced.




20 invention to i mage sequences, such as digital video, W
accordlng to the invention nay also be applied to |nd|V|duaI I gi | mages

(i.e. still images). Essentially, the nethod according to the invention nmay
be applled to any digital image that is encoded and/or decoded on a

bl ock-by- bl ock basis using any encodi ng/ decodi ng 25 net hod. Furthernore,

the method according to the invention nBy be applied to any |um nance or

col our conponent of a digital imge. Taking the exanple of an inmage
represente u3| ﬁ?a YUV col our nodel, as .30 introduced above, the nethod
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val ue?logf mg‘?és‘ﬁ’ﬁﬁi%[%n?’ﬂﬁai gigl NS é'fqrﬁs {9 e, it drdeRedent t he
pi xel, 15 sagmem decoding iseawsad)L ue for the pixel to be corrected, and -
round| ng the new value to the closest digitized pixel value. Factors that

i nfl uence the selectlon of a filter and the decision whether 20 to use
filtering dBrthgcregaiver29ma demulliplexarc?t frpareies dhet teded prediclioni xel s

across: t he grrerc kramesdany. tﬁé"eméhéﬁ ﬁifohh&t:ﬁhawqrfs’ilﬁit@éﬂ ﬁflﬂa fgfoti

coef f gl en celvdast tras ormatl.on res and t Ifference
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frame I,,(x,y) The decoded frame is directed to an output 24 of the
20 decoder and at the same time saved in a frame memory 25, ‘When
decoding the next frame, the frame saved in the framie memory is read

as a reference frame R,(x,y) and transformed into a new prediction

frame in the motion compensation and prediction block 26, according to

formula (1) presented above.

25 |
The coding method used in the coding of prediction error frames and in
the intracoding of a frame or part of a P-frame to be sent without using
motion prediction, is generally based on a transformation, the most
common of which is the Discrete Cosine Transformation, DCT. The

30  frame is divided into adjacent blocks having a size of e.g. 8 x 8 pixels.
‘The transformation is calculated for the block to be coded, resulting in a
series of terms. The coefficients of these terms are quantized on a dis-
crete scale in order that they can be. processed digitally. Quantization
causes rounding errors, which can become visible in an image recon-

35 structed from blocks, so that there is a discontinuity of pixel values at
the boundary beiween adjacent blocks. Because a certain decoded




30 especially true when predictive intra-coding is used. Ig 11%?'3)2 f ound
that prior art nmethods also tend to renove |lines that bel ofig t0'r

features of the inage. On the other hand, prior art nethods are not al ways
capabl e of renoving all blocking or blocking35 related artefacts. 2 ~ SEP
2004 8 A primary objective of the nethod according to the invention is to
limt the propagation of blocking artefgcts within franmes and from one

frame to anot her. Another objective of the present invention is to present -

a new kind of filtering arrangenent for renoving bl ocking and other 5

bl ocki ng- r eframs isr tesedt to Weakhlsee tﬁép‘?ﬁieﬂ'idtﬁ)ﬁ’i @hH{I%EtQHQEFS{!géﬁ ve

objec t hod

i ntra-codi | T, i nvention _al so has e
and associ 2@‘ eé&ﬁ %feé\ilf gg) O{ngﬁ-se € PHQrELCNhe Brapagatad) in sequeptiabr art .-

sol utions. Hamege wjsecausing ofisible 6dyamtin oheaimageh reyRMUREIPBY T NI
bl ock bound@ipsiidd t &4 antel aldy . di at el f ranima% ock is
decode% an%ﬁéigég%gagli%@ogtﬁlgg ﬂﬁgﬁﬁ(ﬁ r?aﬁgai bi?ﬁl@ng oaﬁg aats: er ed.
Anon her Ofenitls Iranpregictione isdvsed abbociting aftef tn
tenpor al  prmpaRiteniioim bRk 19 BROL in"igm' 59@5 a%g-im? <2 ea
to a great gﬁ reﬁa%?a i ri.or ar rrep_%odg. L@’ﬁ‘?h rmo e,nttE"-:"3 S8 ts of
previ ous b%gwﬁl& @cni'sl Bﬁﬁ?@'gb' it YisHal efiecte whichi aredspecifibeto
encodi ng, dbedypegokinird prédiction uﬁe@qbéﬁéum‘fhéih?&‘%be:ﬂh@é&%& &@{,&g
i xel valu Sihedlcor 3 in,.connectign wth the fIl't érl ne
Doy SRS S bl ol o et o
and t ff morab RIopagationc b blocking avicidels fre -oggi];tapirﬁhgas_tmaﬁ tﬁﬂer o
aspect o RLioiabis i or reducin ocki ng —
ang ot her vi SUQa| artae actlésé?ﬁ\}\%dcﬁsgé%\!wéﬂﬂgdggﬁﬁﬁ'by bl ocki nggartef act g) :
froma frar_rrs]that has been coded by 25 bl ocks, characterized in that the
filtering ikheeriheipted r 05‘15'3 : is a
boundary a\é%igng%h ;{B I?’?thgﬁ(?@ngbggiﬁgla{gkl?e culﬁéaeqéqgf%gﬂggﬁ# W@vi ously
decodgg bl %ﬂ %_ﬁ{%eﬁéf& Eg% n mﬁ'ﬁ@%&ﬁseftha1§0ﬂmgaﬁndodecmdingeisi s
rovi ded apesfarswed dén meniscokttie faarhde Wedt;@@ :
anention. e %q fszf(gczo?gii ng to Pﬁie i’nsgﬁ?ftgﬁgi s cha ct%fr)ll)fz(% Si'ﬂ t hat

S

the filtering | rranged to be perforned after the current block is
decoded and there is a boundary available for filtering between the current

bllock and # ghevld sy BECASRI thaf aithough ThE 6Peoc%d?ng discussion and
' much of the following description concentrates on application of the

20 invention to image sequences, such as digital video, the method
according to the invention may also be applied to individual digitai

images (i.e. still images). Essentially, the method according to the

- invention may be applied o any digital image that is encoded and/or

decoded on a block-by-block basis using any encoding/decoding
25  method.

Furthermore, the method according to the invention may be applied to
any luminance or colour component of a digital image. Taking the
example of an image represented using a YUV colour model, as
30 introduced above, the method according to the invention may be
applied to the luminance (Y) component, to either chrominance
component (U or V) to both chrominance components (U and V), or to
all three components (Y, U and V). In this case, where it is known that
the luminance component provides more perceptually important
35  information relating to image structure and content, it may be sufficient
to apply the method according to the invention only to the luminance

St




According to a third aspect of the invention, there is prowy ge coder
for encoding digital images conprising a decoder - that |rr;3n‘g§?22aﬂ e
nmet hod of the invention. The encoder according to the invention is
characterized in that the filtering is arranged to be 5 perfornmed after the
current block is locally decoded and there is a boundary avail able for
filtering between the current bl ock and7a previously |ocally decoded bl ock.
According to a fourth aspect of the invention, there is provided a 10
decoder for decoding digital inmages that inplenments the nmethod according to
t he invent iQﬁmpmneng,ebuﬂmereclsdn@iiwgﬁaﬁommn the enurnber ios acomabimatieni gkd”i n
that the fi j i ; : K is
Jbfinance /%6'%8{3‘2%S’f%"f"dmfﬁ?%‘%dﬁ%ﬁ%bﬁ% 19, e $E Moot

decoded and there I's ry avail a et ween urrent
bl ock and AGHAUING Y theyrnaiwnmabe epplieshrding to a fifth aspect of the
invention, there is provided a term nal having digital inmge transm ssion
capabildty i npl enenting the nethod accprding tp the inventiop. The
ternin ac%@&m ﬁg‘oﬁoaﬁh@&HQBﬁt Ath KROWR 100 %'%PYE}Q ibip‘?'HHQ @ﬁspaqtst ering
‘i s arrangedThesémaihoderder olearactédzed ty ther foliowiht deatures! ocal | y decoded
and there is a boundary available for filtering between the current bl ock
and a previously |l ocally decoded bl ock. According to a sixth aspect of the
i nventi on, +tdetesmiring whiclepixels seguirelvalee reorreciiani i oeder ioargenaee adi ng
capability ﬁ]ﬂékingpéﬁgfa@t’i ng the nethod according to the invention. The
termnﬁin according to the invention is characterized in that the
filteri"hg-is arranged to be perfornmed after the current block is decoded
‘apg ther e i-sdetepoimisar a smnlableﬁm»e- ags fiﬁéaﬁﬁgifegehehv@mtfohse%?{em?d,tblhock
and a previ e c ccordin a_a,seven aspect, e

i nventi on, t?%%é% qngﬁgoe"?‘@gg gf ﬁ% ?ﬁdﬂxﬁﬁdpﬂﬂl&@f@pi ﬁ& 2 fﬂlﬁﬁﬂ'&;"\ﬂ“ﬁp&br am
conpri si ng placed @oundshenpixehent i ng t he met hod according to the invention.
The storage nmedi um.according to the invention is characterized in that the
software 35 (Eﬁrjggr am further conPri ses machi ne executabl e steps for

per f orf@ ng 1 jating a new valie tardhepixehto berareetedoand y decoded and
there is a 2 ~ SEP 2004 10 boundary available for filtering between She

current bl ock and a. previously |ogally decoded block:, According to a eighth
aspect of t'}ﬁ’qr}?@éguttﬁ%ﬂew N@Me {%ﬁ]ﬁ Si;?ﬁfég-cﬁggzggd?%@'e‘@b‘& um storing a '
sof tware program conprising machi ne executabl e steps for decoding a digital
vi deo sign i i GUCE 1.ONSL i . t
accordi ng f\ga%g@}tlﬁ@tmfﬁ%ﬂjc% §§§C§ A hg% ﬂ%@%ﬁgﬁﬁfgn‘gg‘%ﬁhg’ﬁeﬂ%ﬁ ion
i s ch&0act dpi use filleringacan the,sior taxaraple, dpeadifference rbetweern thes vatugs ne
executabl e sftEiRgIs’ &ross the block boundary, the size of the quantization step of

. the coefficients received as the transformation resuit, and the difference

between the pixel values on different sides of the pixel being
processed. -

25
In prior art methods, the filtering of blocking and other types of visual
artefacts is performed frame by frame, ie. the whole frame is first
decoded and-then filtered. As a result, the effects of blocking artefacis
. easily propagate within a frame or from one frame to the next. This is
30  especially true when predictive intra-coding is used.

It has been found that prior art methods also tend to remove lines that
belong to real features of the image. On the other hand, prior art
methods are not always capable of removing all blocking or blocking-
35 related artefacts. | -




10 performng the filtering after the current block is deozcie§Egnmﬂ§here IS
a boundary available for filtering between the current block and a

previ ously decoded bl ock. Because bl ocking artefacts occur at bl ock
boundaries, it is 15 advantageous to filter only pixels at bl ock boundaries.
and the vicinity thereof. Edges that are part of the inmage itself can

resi de anywhere in the inage area. In order that only pixels containing

bl ocking artefacts are selected for corﬁ%ctive filtering and that the
quality of edges that are part of the image is not affected during

assoct ated py paelry WhiBgngo Gt 3ASTREHN tcorifiio 198 Tidatich I 1 inil T han
t hose assocmﬁ PHORRGAtieN & blockingtantelacts within Tramessand dgm ond frame he '

I mge, wherfn QnoliveKxe ' @? : ferC i.der abl
fro?_n the ro g) m? ?Eﬁmﬁ#%‘?@ggﬁe@? rrgﬁggts) ‘%@tﬁ{ l:’)§ tPi ﬁéglg?ﬁgg 3)6 It
shoul d be nﬁé d%‘iro @t SUranQQIngNh for oremeving dlocking: ancbothepl i ed -
rega{ ﬁl@ss blocking-relabod grt@f?em Whi_oﬁ_rét@ gfgptb%gugt U%Eibléi \hlh%hi ﬁ&cﬁé‘ﬂé‘t i on
an e nu S Vi.Ci 0 oyndary. chosen T or
filtering. %&-%9@'@ ﬁ%nu$€q'at , 'é}{%mg%t‘ﬂlép ?ﬁﬁn@e 9&'&03395&!’15@"&@ whi ch
filtering i B1§i80€oAREdaBsociated devicegoperateodiorg pe safl affitid manner
Bodoand i thalsly iy

i n which fiisgf bAdr i ihgd, rather than to the precise details of” any
particular fil tgr irrgﬁ%&rrgirll?@g‘l on that may be used. 2 ~ SEP 2p04 11

Because an inmage to be coded is generally divided into bl ocks both
verti ck) |y Bhe bbigctiveisaldfyth ' t g sGRhind " Block |
hori zont al ﬁé@lﬁéag})lﬂiﬁaﬂ es. é hteveir%ggrg@a%gﬁvgﬂa:b%%%rt&'%ﬂgdy?%g Sy
there are p b THYREING &HPS%HE?'QI MRS 'b’o@%@&r’?ﬂ WRagei blockeimird to J
Bor i éont al Iﬁe@md@@l andiithiere *esat;lbasefomeebmmebaumd@r?bmidmé _qag/ %@qn- ol
oundary. N@k t At | Ok . an.,be descri bed as, bei ng
on-a 1175t orearaidong diiat Rifbs, B3 bl ik A ads st e pata
associ at ed ¥ enperalr proppgatiameofi blackingnandgoithéer Giswalt bytefactst is
propadd i orfiraftedi I LT, | C 1 PL ey ously
reconstr uctlgd lﬂlﬁogg Q%&Su 2 ﬁ%%mﬁ m?g%ﬂgpgyg@?%cﬁér%ﬁﬁbﬂéﬁﬁ? sanme
frame, or V\nsl:ff'l'i Qinareddons punfary filleHegRprrationscean becuiilised is used.
Pr opagat i orthef ebicoding\gdecodires tand lfm@riﬁ?eoffrm@sé &he Hftﬁéﬁs.i fh d&er
reduced. By, ' : evice .accordi to the 1 pvention a
| arger nu nbvglrﬂ&?ﬁ] qﬁ#@fﬂ(&ﬁé@ﬂfﬁﬁ Mﬁ?ﬂspﬁif% &oglnﬁé;ﬂgﬂt‘&"tb dhe tf@telr Bigbokd
wi t hout we i boyindeasy raral availgbie ot nse wheni emasdin rmwmtﬁh%bméhe
f ol | o@gng, ' \ ' ' | r 5'%36(‘%” w th 20 reference
to the pr_efﬁei?rélé%l%e 0 .g@emésﬂnggtﬁ‘z&%@%wﬁ?}?ﬁﬁ’ ﬁgs, in which Figure
1 represents a digital video encoder and decoder according to prior art,
According to a first aspect of the invention, there is provided a method
for reducing biocking and other visual artefacts (which are mainly
caused by blocking artefacts) from a frame that has been coded by
25  blocks, characterized in that the filtering is performed after the current
block is decoded and there is a boundary available for fittering between

the current block and a previously decoded block.

According 1o a second aspect of the invention, there is provided a
30  device for implementing the method according to the invention. The
device according to the invention is characterized in that the filtering is
arranged to be performed after the current block is decoded and there
is a boundary available for filtering between the current block and a
* previously decoded block. o B
35




25 Figure 2 represents an advantageous bl ock scanning ord§21|3Ep§muqethod
according to a preferred enbodi nent of the invention, | gure

represents an advant ageous bl ock boundary filtering or der according to a
preferred enbodi nent of the invention, Figure 4 represents an advant ageous
filtering order in the preferred nethod according to the invention, 35 21
SEP 200 12 Figure 5 represents a digitaf image bl ock transfer systen1for

i mpl ementi ng the nmet hod according to the invention, Figure 6 represents a
flow di agr éP t he net hod accordlng to the invention, and Figure 7 is a

schematic r %@é‘?’ﬂ d0 én tBirda agpeehnfe the disendivee dheiei isatprowsiedeame

i npl ement i nehcodait Mo @ﬁ@:@ﬂﬂ'@gdtgitdl hﬁn doR 1%81%& fechd }e'ro

d t fi .1h t RB , |
e et 8 e 4 et o R o "
a-di g](‘j fal iimagnatidacislechamotedzed bird. thi khe afittedntalis | apaagedansf Q{}e S%ist e|r<n
accor di t \Y t. { he oC
and bl ?23 65’9 s Bsiﬂ%'?ﬁﬁa SR UbAR. ' Al B, S e, 4 2 b
sane, i.e. holnganyo ao@u ﬂb@cﬁﬂeﬁ:l’rsﬂagdémmmen Hise aurrenihdblpek t andl &

scanni ng orﬂ@v §sgensdel for inplementation of the nmethod

according to the 2 |nv ntlon iﬂgure 2 shows an advant ageous scanni ng
order for a franme conprising groups of -bl-ocks;: e.g. macrobl ocks. First, the

ItSPn In efteb:Mofairtnl Stodacﬁdagth aspecglr%felrtheeégimltjgﬁgrm@?@t isﬂ@:r@vﬁed@ Came
but f e Th ‘ﬂé‘%‘% 180 S‘Ir‘?é‘ﬁf‘gbﬁﬁgﬁa'si’ﬂa&% d’@ﬂ&@%@tﬁﬂ%ﬁt 6"5‘1%@0?5
fram; gl{ffEﬂCCCNd!Mg tndhei inventient ildw decadtar acdirling ttosbe invention: I@f:h

bl a [S) C 0 e
bountiary mchddRes Ay rﬂﬁ%ﬁﬂ%@%ﬁpé JERafGep, 5??;&%@%@ AL o
are changedyerhblock iscdeeoded anth mf@dls a bmndamvallablerform@rmgare
many known w@wwﬂﬁe)cuﬂ@hmwawana'a{ Eﬁé\haﬂ?gmé&?ddé&’bﬁ%] &gk boundary. One

n mented With t

prior g{t filtering nethod which can be inp ‘he invention is
di scl dfed in international patent publication W) 98/41025, which is to be

consi der ed Ascerdirg ¢o enfiith Espect 3 thexinvehtienb thiéenis sde|@é@@i<te$ﬁ1|ﬁé! the
%{)\‘,’V”pt ﬁfe ]?!lfeg\hﬁg Oﬁ@ﬁt %859 ?ra%%%%%ﬂ)r?ngaﬁgﬂ?gr ' RS S e
method according to the invention. The terminal according to the
invention is characterized in that the filtering is arranged to be
20  performed after the current block is locally decoded and there is a
boundary available for filtering between the current block and a
previously locally decoded block.

. According to a sixth aspect of the invention, there is provided a terminal
25  having digital image decoding capability and implementing the method
according to the invention. The terminal according to the invention is
characterized in that the filtering-is arranged to be performed after the
current block is decoded and there is a boundary available for flltermg
between the current block and a previously decoded block.
30 S _
~ According to a seventh aspect of the invention, there is provided a
storage medium storing a software program comprising instructions
implementing the method according to the invention. The storage
medium according to the invention is characterized in that the software
35  program further comprises machine executable steps for performing the
fittering after the current block is locally decoded and there is a




2 ~ SEP zoa~ 13 boundary R13 between the top-left block Blz gnﬁEBcaga%ml eft
bl ock B3 has a decoded bl ock on both sides, wherein the first horizontal
boundary R13 can also be filtered. In the filtering of the first vertical
boundary R12 sone pixel values near the first horizontal boundary R13 5 may
have changed. Advant ageously, these nodified values are used in the
filtering of the first horizontal, bouggﬁry R13. This hel ps to further
restrict propagation of visual, artefact’s from previously reconstructed

bl ocks to subsequently reconstructed blocks within the same franme, or sane

fourch bi oOURRe CaTRIABRI TR, HEBARY' BENBEAG UG, irtEifebiock ARtheds r ame
buf fer. WhERewoHsH lagally dagodediblackol ock B4 is conplete there exist two -

addi ti onal boundaries having a decoded bl ock on either side: the second
second horizontal - 15 boundary R24. Therefore,

tical bgundary R34 and, th
\ég'[ hI gie saﬁ@éﬁﬁ?egnﬁwtﬁ@ﬁpé% Golhe dnventiene dhere ishpeovidednaageous
enbodi Gent stdragee median atordngi 20 $eTiwhee | Predan®Nco ‘é?ﬁﬁ;%éﬁﬁnés

f or med Vertical R34S RS, th
Prltering cAeouidtl 8Bs30F HeGathg o Bloithl nadeo Sighakby blodkand witbn ai
boundary Rinstructians énpternentingstireuemethnd hocerdingeioathes ivdantidn. t The
Phen the: oSt ffediff aBtbrdhg Rt Mt 1. chBkaclefieeaii dnal the rdar y
are used \Aﬁ@ﬁ%ﬁrﬁ‘t erogmmnéughee rcopphisesy machine axestitablicagtaps for Bl
enbodi@ent petforiming ke rfm'e?mgnaﬂér Hé iriirit mbeg ‘i% fcfei Eﬁg 35 %ﬁareeg%

per f or med one , thre four, or non t he boundar i oEfl the
bl ock, depgﬁhﬁﬁé%nayﬂ{‘ es fQhniiitering gbptweenddhe e gurignt cblacky andk @l ocks )
i nsi de a f peendously degoded bldek.t he preferred node of inplenentation, the
order in which blocks are reconstructed is 30 illustrated in Figure 2. As
depi cted, four Dblocks are grouped together to formmacrobl ocks of 2x2

bl ocks. ScBeEBN§et hblogking e cardefants otwantic bat mistocl! dwdurfdayies, heit t dg- | ef t
to thegbot ' f e IS he scanni ng
order is fhgg??t%%%@F@ﬁgt#ooélgep%%r%@?ggﬁa @%ﬁ%@é%%{cﬁﬂ%&&'ﬁﬁ}’ock.
Due to thi @“%I& 1 Edogs ‘E@amer@a@@fdhﬁelma% itself panfresidedanyehers in

| ! ement athie imagenaieainirobrago tRAUBHRT bEGIS Rritiming Blodking"dhefacitove) 2
bl ock beco | lgg f 21 P.200 14 filterin V\geng 'ock Ts
reconstr ubgg%géwgga rf§5 ngfﬁ%%ﬁf%sm ﬁnéébﬁé the @a%moaeﬁaﬁsdgaba& y

exami ned fpark ioft dhendmage | isumotataffected FMging fleting! teurdiowingrst and
then sie upgsy s diemiay@i ni ng boundaries, T.e. to'the right and bel ow)
are filtered onfy when recon

Changes in pixel value associated with edges that are part of the
image, are generally larger than those associated with blocking
| artefacts, and - ‘
25 IR
those edges within the image, where the pixel value change is small, do
not suffer considerably from the: rounding of the pixel value differences
caused by filtering.

30 It should be noted that the method according to the invention can be
applied regardless of the method chosen to perform the actual filtering
operation and the number of pixels in the vicinity of the boundary
chosen for filtering. The invention relates, among other things, to the

| stage at which filtering is performed in the encoding / decoding process

35  and the manner in which filtering is applied, rather than to the precise
details of any particular fitter implementation that may be used.




5 struction of an adjacent block to the right and, respect?ﬂeﬁﬁ?@@ kow is
conpleted. In the event that the block is |located at the frame border or at
a segnent border, the correspondi ng bl ock boundary/ boundaries is/are not
filtered since there is no adjacent block to filter across the comon
boundary. In the preferred node of inplenentation, the order 10 in which
the bl ock boundaries are filtered insidklone frame is illustrated in Figure
4 for a small frane size of 6x4 bl ocks. The nunbers on the bl ock boundaries
represent t filteri n order according to an advantageous enbodi nent of

the present H4GASE 8R. MagRrigcbpcerded isi genermily, divided rintee blogkischotly
conprises m@campan@ﬁoﬁt@ﬁ@l thé ifi Gﬂlm'is bbmé@cgél%frﬁgﬁﬁﬁtaﬁ' on

above how t f.i It ord nmes and
segnents wh PP%?PE Hﬁ?e Q Ngﬁ'@ejﬁﬁdé&@ﬂndaﬂ'eéemfﬁ arg he
syst em descpixbisdid the fight anddeftl m‘ttheaboi!ﬂda | ared with d?ﬂ%"h(h‘?ﬁﬁﬁ till

|nage di l,ock ba deo coders
coded an S
B coddk l’f@u died,ufbredte tixeh, 46 %%tc@ielew e ROUncRNY nn
| nventl on v@eneral,o ea locaticamef tthmpixels&ama desctibddMb beirg ohoa firstli ng.

25 In an aqug%@ggﬁu%ﬂ ddﬁq t hod according to the i nvention,
filtering is applied ﬂgﬁﬁgggggs t hose Epgck boundari es that are adjacent

to other previously reconstructed bl ocks, substantlally as soon as a bl ock

is reconstrmeedetmmﬁﬂhssti@imeardevbe' éc@@tdr rrWehﬁfor?% fican be
i

b ock Whunda o6 Buli:praddaod bt Yisidlanon: gite

King @rle gts
filtering ifsompprevioushy yeaonswchecrbctklobksnttarsmseantW aeadhstrasted o

Phe | ﬁﬁik?.'@?éﬁﬁﬁ‘“ fri t‘@ﬁ?ﬁ"%@% S i, fig S FROMRSR O TnGEhERUE T o
i s reconst réf SROmeNt £ adris used. Bropagation|of blecking anlefaststiecomes

| abl b
per o?ﬁﬁ sy é@%ﬁ%ﬁ%&*ﬁ?ﬁ*??’%‘%‘"?? 53 HeRP e Rletibind bR 07, °°

bounda ﬁo\ﬂéﬂ%ﬂ'o%ﬁc@fgebdﬂﬂ'ﬂgﬁy Qfealﬂﬁ!‘!ﬂga\ﬁé]d binaking-
preferably relwtedbartattacrts canfbbtl@mdvééfmthoﬁﬂﬁﬁéﬁkeﬁi the Sege 5 It

o at o) Yool ade BnfeabGAafl:  icrea Ana o et o y (o be f11tered

exi sts. For exanple, in another enbodinent of the present invention the

filtering i f 10 .
reconggq uct ok i tfe!‘ ?@?%Pﬂf’rh“?' %é’ﬁ%#tbré.d“?n (55 6ot Wi s o
are pét or TS q’éﬁ’ R;'e qrged sappdiments an tmeaammpamymgodmare
reconstructlngsamdlvhiagn the filtering is performed on such boundaries which
are available for filtering. ' 15 If independent segment decoding is used,
filtering is only applied across those bl ock boundaries that are adjacent
to previ oudtiguredongepresenisha aigitalodtioogmepder dhd devmristemsortingstd he
current bl ock. 20 Apﬂﬂf gul arly advantageous feature of the nmethod
accordjng to the . inven |’on is the fact that the result of filtering is
made ilable to the digital imge coding system bef ore reconstructing a

subsequent Figaek2i n rtebreéém%eanm@ahta g-s'@rbbk f@gﬁ’&ér dﬁrth{en

predictive intra-coding where pr.e | | 'oc

reference to previ od@?&]%accroég% Q@CP @nmdment abthedaven-ane (or
segnent, 'rf. indepdioignt segnent decoding is utilised). Thus, the present
i nvention is advantageous when .used in connection with any bI ock coding
schene in which bl ocks are pr edr cted from previously reconstructed bl ocks

Wi t hi |30t he Figuee Br arfepoesents annedeaniageous biacky bolindany |fitterimip oederor
according to a preferred embodiment of the invention,

Figure 4  represents an advantageous filtering order in the preferred

- method according to the invention,
35 '




30 , prevents the propagation of visual artefacts from previously
reconstructed bl ocks to subsequently reconstructed bl OCkSMtSEP‘(?]w same
frame, or the same segnment, if independent segment encodi ng/ decoding is
used. Reconstruction of a certain block is therefore dependent on filtered -
data derived from previously 35 reconstructed. blocks. Thus, in order to .
avoi d encoder-decoder m snmatch, the decgder should not only execute the
sanme filtering 1 SEP 2004 16 schene, but should also performfiltering
operations in the same order as the encoder: The nethod al so reduces or

prevents prbigurets onreprdsertsi 0 digiel 2@hagk” Blogke ot next.,
because bl ocki ng arti%%ﬁ{a 'hﬁ'a {‘r zgime “qsffdagg'ﬂjj i ﬁ itﬁ%@%ﬂ%&%eﬁﬁt I on
are reduced by 5 the" gniipd shaiTgthe ageordingieiths. invantion, ol | owi ng,
the transm ssion and reception of video franes in a video transm ssion :
systemis d higpd pi r lQoital i transgfer system )
pr esent ed iﬁ%’%?e gé%'%}s’eﬁtg éﬁn@% g&%%&iﬂ\déf?}{%m‘?ma@co BEQ HiLof the
bl ock undary filtefeNtaR, s according to the invention will first be

described in connection with the encoder of 3 the transm ssion system in
t he si tuatil_qI f a digital inmge sequence is encoded in.intra

e a frame { :
(1-frame) fo%%%nd'%sﬁngsggﬁmﬂt@r nTeprasentation of paedportable wvidedi ch a
bl ock of the intra ficdeeommuhicatibngodeibyigd h o @gth i ously
coded intra bl ocks \Aﬁé}ﬁaémlégci iﬁ f%ﬁt’ne. F‘?I trerﬁ?%rﬁgﬁﬁgéoc% b%ﬁ a(ﬁ’es in
t he decoder of the tr RY éﬂj@f 11 then be described for a
correspondi ng intracoded frame received for decoding at the receiver.
the Li’enﬁﬁg'n‘”%"%“‘f‘ﬂ"ﬁige?’?égﬂéﬁﬁﬁ@@??&%ﬁt&%?ﬁ#ﬁ?ﬁ%ﬁgﬁr@&ém o 1)
Assuni ng t HBENS feigkence wil be naade daastly to Figurdso2 iat6.usi ng sone f or m of
intra prediction, encoding of the frame proceeds as follows. The bl ocks of

the f t di ted one by gne.to th der 25 50 of th
W deo 11 andRche NG, ad disafiantotarioBal imagel derader I8 deseriaed. ar o
Eec'?i JH@ f;:arﬁailoitgi tm?gemeasmsmema aBCORIIAGMRY theinderticieCstdl Ug'er
. not snown F s [ r,Sys m r @ nmanner nown

as such, thgéf) t@%kﬁ‘éﬂ?éc'gi \?%‘@Bf$’£‘§\etﬁ@%g‘éﬁ‘m%&ﬁ&&ﬁ"g&fv%aemﬁg PEdEN nage
pi xel val udSedriie ineappceder rndtdecatidoare ther sante; J.o. knbwhmoNsawy Y ( not
h , e \ ' | | ta.di il
bl ock by b dﬁ%ﬁ%ﬁ'&*ﬁ?ﬁ-ﬁw ! UIBaItETal REanfily of AL I o

t

| !
sel ection tﬂ%gc gss8n Qe frBpiameniafian mek thee methad vaccerding toetheur r ent

bl ock285 t énventiorn: oFigliredh shewsy ariatvethtageblls faHHing oBEFYOPYSHme .
! R;r a- COde‘éom!S’i‘?éﬁﬁg"‘bHﬁﬁb bPRISHE &P RallonicHE" irstgir]thgrt%%r-legtob?)’é;kt e
B1 is decoded, i.e. pixel values representing e.g. the luminance
information of the block are reconstructed and saved into a frame
buffer. Then, the top-right block B2 is decoded and saved into the
25. frame buffer. Now, the first vertical boundary R12 between the top-left
block B1 and top-right block B2 has a decoded block at both sides, so
the boundary R12 can be filtered. Advantageously, only those pixel
values which are changed by the filtering are updated in the frame
buffer. There are many known methods for performing filtering on the
30 block boundary. One prior art fitering method which can be
implemented with the invention is disclosed in international patent

publication WO 98/41025, which is to be considered as a reference
here. '

35 Next, the bottom-left block B3 of the group of blocks in question is
decoded and saved into the frame buffer. Now, the first horizontal




2 ~ SAP 2004 17 prediction nmethod sel ection block 35 recei?éhSEPpa@*fron1a
frame buffer of the encoder 33, which contains a record of previotsly
encoded and subsequently decoded and reconstructed intra blocks. In this
way, the prediction nmethod sel ection block can determ ne whether prediction
of 5 the current block can be perforned on the basis of previously decoded
and reconstructed bl ocks: Furthernore, 13 appropriate decoded bl ocks are
avai l abl e, the prediction nmethod selection block 35 can sel ect the npst
appropriate nethod for predicting the pixel values of the current block, if
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Is then directed tq a block.b dar ter accor
he. et hod "BRUNG TrEn e, Tirskdliored cpoungars arreubpd.wheR fitsing: theve ¢,
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~decoded) 10 bl ock has boundaries that can be filtered: In order to
determine if such boundaries exist, the block boundary filter exam nes the
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t he bl ock i ' h [ [ r ed in
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adj acent | blfoesoding tite Desianindide ftaind, CoSediiht Th i phéfehd Rfbdy ocess.
606 accor t

preforred A ROplaTRehtefin” Sha biter 48 whiehablotiee arparacanstiIGten s ues
i n t h&Ccur ribustratestin Eigureh2. sl depictdd, foxeIbloéks tee efolipedriogethst to
decoded form_macroblocks of 2x2 blocks. Scanning then proceeds macroblock:
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Inside one macroblock the scanning order is from the top-left fo the
bottom-right corner of the macroblock. Due to this particular scanning
35  order, in the preferred mode of implementation a maximum of two
boundaries (to the left of and/or above) a block become available for




20 bl ocks stored in the frane buffer 33. The bl ock boundarygfeii IsErrz en
exam nes 608 whether there are still boundaries to be filteTed f her
boundaries are to be filtered the process returns to step 605. The bl ock
filter perfornms anal ogous operations on each block of the frane being coded
until all bl ocks have been encoded and | ocally decoded: As each 25 block is
filtered it is made avail able for use e11 . in the prediction antes
filtering of subsequent bl ocks by stori‘g it inthe frane buffer 33. The
operation of the block boundary filtering method according to the invention
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o e o o g g o il SPONABRRLT,.
al t hough i tt Pnfégmﬁ itynlcgﬁy rempinas, masethanstix4 biecksyderit isiskearifromrhe

predi i on theadsscription Bbovechdw e preferrbd ditediny JRRSH dah bRPesERtled e
opti onal Irt§n§ éﬁgn and rece tlowé?redl_ctlo ‘et hod i nfofnatl on and/ or
prediction 20 'E{ﬁ £8 s.seﬂgl%ﬁ?n QMRHSEN &0 (8Y pless) chasn 6%k hod
may be usedilock$or mati on concerning the choice of prediction nethod for the
current bl ock being decoded is provided to intra prediction block 41. Intra

prediction block 41 exam nes the contents of frame buffer 39 to determ ne

i f there edNsgepeedt dhel systess dlasasibeskin thishinvesvibn canhbe2appliedi gt i on of
the piagel vBlboRbay \ jntra
predi ction bl oc %:%?guwéggrﬁombg%%e#?y %’TQEQ%@??%WBQM’@% the
or edi ctiongzﬁ yideqicodersi 1o, &Q&@%ﬂﬂ@mﬁr@ﬂ%-imermepmamtion
and possi bldegoribtid in tnisrinventioh WOKSEDE GH ' fi Idtfq MR
Prediction tﬁb{’@%f@“&@ﬁ@' on associated w %ﬁggiét/ﬁgbtclgﬁ?“e’nt Fggk I'S

y predictl

received b ror decoding block 36 which decodes the predictiom
error bl ock using an appropriate nethod. For exanple, if the prediction '

ot cdi a0 on 1y erBARMANRAAS et OF e HETOE A6EG0 . b8 e
error inf or'ﬂ‘é?'ﬂ@?ﬂs %ﬁ@”ﬁ el§i applipd onlyragresentheseablask iourdariesutinatl wi t h
E Ee pr edi Ctarenaﬂjra'celmetgcmg{e?rq(re\llm&ﬁ’y hbeGHstricRd BRIckS! Sbthffafybut of
e sumer JdofRB'd Blodiidlohstructed (decoded). However, it is obvious that
~other steps can be performed between reconstruction of the block and
30 the filtering of the block boundary/boundaries.

In the method according to the invention, filttering is applied only across

block ‘boundaries that are adjacent to previously reconstructed
(decoded) blocks. In an advantageous embodiment of the invention,

35 filtering is performed substantially as soon as a block is reconstrucied
- and a boundary with a previously decoded block becomes available.




~ 1 SEP 2p04 20 boundary filter 38. Block boundary fil terrga S‘EPME
boundary filtering to the newy decoded i mage block in a n ogous

to the block boundary filter of the encoder (block 32). Accordingly, block
boundary filter 38 exam nes 602, 604, if the current (newly decoded) bl ock
has 5 boundaries that can be filtered. In order to determne if such
boundari es exist, the block boundary fitlt er 38 exam nes the contents of
frame buffer 39 which contains previously decoded and reconstructed i nage
bl ocks. If nore than one such boundary exists, the block boundary filter
det er ni nes Hbowevas fti is ebvieusthat dtbebestepsdcan bel perﬁommedmewweedarl es.

10 Advant d t
filt eYaSZag@%ﬁé“gﬁE'?;g% of" % hidpk 8P Hiarhth OF ki Hlobk baGindaHf 1%, Y
boundary f fﬁ%ﬁ%&ﬁ‘r i eys anessa hpundaryb ee@mesaevwmmg preferably

adj acent . bithakbotintlagy Ry filtsreld b@meemc)thefb!&ﬂdsrué&?déﬂ' tering process.
The blgck boundary filter perforns the filtering 606 according to a
e

preferied 15 filtering nethod (advantageously identical to that used |n t he
encoder) antl ispalsespassibleathat Hhemfiltiotingd ipi net periosaedn substantidign

bl ock d t d
" the f r annSRiEtERy el Kbtk Is e Sld & BRlndBR RS ﬁe?f%*ﬁ%f& Se? her
there are $Xi$ts. B%ana&am&e,t in waathee @nabiodiment lof rtheopreseriteinvendiono be 20
o g g sh s G108 684k TN,
after q@ach ’%PBB% rPQF%ggBMSW$$’b@ 1ha§ItB@kf§ ﬂﬂi\geaﬂgé'ﬁcﬁ%ﬁ'ﬂ@tjoarﬂf et hei r
ovai | abl Esf‘mgmt{g?“é;qf;@?%@%dfg 'L"f”egﬁégaf"f Brmouht o '&Eﬁgg‘é%te%‘?sb{'ﬁgﬁs
by st Ofitr Yering HAPEAESdecoded
a%dsl '?;I BngfhiGh are avaitable fonfjltenimg.yi ng t he net hod accordl ng to the Reete
invention, it is dlrected to the output of the decoder 40, for exanple to

be di %%Layﬁg _oa 30 formof display neans. Alternatively, the inage
frame Iray Kk iBPepeRJeRt sAgMENt Hleeodingh is cusedndiltesing denonlyc appliednd

accum(jl at ecicross hméS@%leBbggagnb@t ﬁt Pragr; %é?ﬁpoy(e Lé\ﬁﬂﬁgwhod
accordi ng venti, o S es i'n connection Wi

P roen ng sechiSd Bl Hidtks Baichaing: R uaheoseme sooment s e GHERR! t her
usi ng i ntr dleeledi ction nethods. It 2 ~ SEP 2004 21 shoul d be appreci at ed

that the nmethod according to the invention may be applied in an exactly
anal ogous manner, for filtering. '.black boundaries between

i nt r a2Boded\ RArHeWiaryhadveptagenus feaiure @ﬂﬂélemmethmt accoodiag tﬂ)aﬂle
Alter nat i vehueniidte mn@eracﬂgy?tbmeapeélgfock iPls ﬁxadgcg%fisa thocks:

It may als ]a. | i ed arles “ferent

types of -G M fate 'feﬁ%‘ 'fu%lﬂﬂcﬂ- $lﬂb$ﬁ@é@nfoh00kn t he

case of mtrerthedrtgm‘e_l ﬁm|§)eepé§|all?@dvamagem§¢@ﬁ p'?éﬂﬁ:‘flveﬁnirﬁ-éﬁ@iﬁgﬁ ed
‘based on I gl ERHOMCHOASE ' Bidck' R PRHbANF Wi R eference o previously
25 . reconstructed blocks within the same frame (or segment, if independent
segment decoding is utilised). Thus, the present invention is
~advantageous when used in connection with any block coding scheme
in which blocks are predicted from previously reconstructed blocks
~ within the same frame or the same segment. It significantly reduces or
30 . prevents the propagation of visual artefacts from previously
reconstrucied blocks to subsequently reconstructed blocks within the
same frame, or the same segment, if independent segment
encoding/decoding is used. Reconstruction of a cerain block is
‘therefore dependent on filtered data derived from prev:ously
35  reconstructed blocks. Thus, in order to ‘avoid encoder-decoder
mismatch, the decoder should not only execute the same filtering
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frame and a reference frame and the operations of the encoder are as
follows: A prediction error block is fornmed based on the difference between
the prediction for the block and the actual contents of the block. The
prediction error block is coded in a way known as such, for 15 exanple
using a DCT and transmtted to the decoder together with information, for
exanpl e notion coefficients, representhgg the notion of the block. In the
encoder, the coded prediction en-or is turther decoded and sumed with the -

prediction for the current block to produce a decoded and reconstructed
bl ock that stleeme, Tt siwbuld Asedb&iban Afer

connection gthgsgaél 98 c?ggens?}'ﬁsaﬁ@redl C ﬁ?@gﬁﬁgégﬁqpﬁ}%@mg&g in

the sequen®g. QUehe ' 5408 S@XNEANCESHPY freYebis preprgatiomefintra

codi ng) a blosking carigtactsf frioher onen flzamemé ettt aexd Obeﬁégs?:l; egLion
ters

with inter 0 ' that. it receives and fi nt er
coded bl ocﬁ@gﬁ"ﬂ?ﬁé %@'ﬁ%@#&@‘r@é’ﬁJg?thﬂmPaﬂJT%ﬁ'?ﬁ%@f&@ t hey
have been Hecewibodaccardingtathe inventipenent nay be used in connection with
t he decoding of inter coded bl ocks received at the receiver of a digital
out the filtering nethod

| mage transm,ssi,op syste 30 The, bl ock carryin
:accgrdi ngﬁg}%ébﬁwém,i iteansanission and raééa agebvideo framesdntad in a
o br oceastne e CaNBalOIb SYBIE I seNeained dnte raferhice? g 1) bighat ! ! o
pr edet er m fﬁ'_i@%r"&%@?( rF@%F%chr%?r%"‘@QC Cf! fr'ﬂll"p@ %e@@% How diagragnin. The
nmeasut@s atigwreitOperatiorriof dhe tﬂochrbdimdmyrﬁltﬁﬁr%méﬂho@l tﬁé‘lﬁﬁﬂﬂi f@té;i ﬁ'nal
rocessor AeT-A N & e .f he ation such a -
gi gnal pr omrees‘sor th’gﬁéglsggnﬁglgﬁégﬁph@i) 8@&?%%5@%&6% egq:&a(ﬁ%q of -
processi ngt eAtfm@lQﬁcﬁy&tﬁmadnbmmﬂwwm sthereng #ramné tofanedigitagr am 5
Che i nventiase ﬁﬂ‘@‘ﬁ% 'E%Z;?vmm i, 1a RGNS} TBrhet A WG SoBIE" (he
sof tuar e JP&% itk blocks Brafiefion, M whish adjeckatithmintradrame maydsr i i ng
pr ogrbmabtadetavith refareneepicootitaopreviousiechaedi iftrd BRdiR! itdirPthd he
nunber or e JreriB CRUGHHG Ut deK ToBiaHaDesy in o ﬁ"?@éq? ida1o0 Rﬂliggari y
the sane diaesmissientsystens will thea beodéstribedfoy .a Toerespoieiingfintthxel s _may

be adapte G’ﬂ‘é‘(ﬁ | : r A I 4% I nfof.mation 15
cont ai neddcbfy t gfifﬁrignﬁgb élgltiér‘q ﬂgf%?gdi'ﬁ#} tﬁal ﬁﬁé‘?}% rgﬁ%gxsaeah%%ppl I ed
with the prlel¥nbipglscheupdany fitosing methac eseptdingn torthiso iventions taot
nece20u y interseaded farnas(P-Ranfkis) villbé BesBpton 10 addition to the coded
differential blocks to the receiver 60. The derinitions of filtering order
above have al so been intended only as exanples. 20 A particularly

o oo o et e LamesIDbe sncodsdinimra sbpmsleARgSOnE fom |
recei ve a% chog%rbgjl[%ticﬁjétl ébléggg]q ﬁggt&e f%ﬂgi Bﬁ?%eqd%rﬁgﬁﬁgwﬁ' il ified
schemat i ¢ RiPekS$ shte fEamento ke wadadare directed otedby onetetmsencodet abl e -
vi de@5 el SOOI Gidd ' [0 Lng L et hod
accordi ng f,o t he ?ﬁ?/éé(ﬂfh? é@é{ #ﬁ?@ﬁgﬁg%ﬁdﬁ'ﬁa?@%?ﬁﬁ?r@%‘%&bgﬁb&gﬁy y at
| east di spl&yenBEhSeEEY frprapRagigitgl iimage souraeo engads cagerar ot &t uri ng
and regrodndeqxgeeometdémtisﬁmm)iat an,ipbﬁym’fﬂ?ﬁﬂf&liﬁ]gp?iﬁ? for 3sforfl. ot
comrmands, 5 0] C Lng w . a e lelec nicatl ons
metvor k. Ak ERater ik hs SR b6 HinPRs tecenedfiom fhe sigial magsyi ce.
menory ne&4irgg compuasei irgagel (ixel i valuesnd Theeffeantd ycan cheerstord® f or
taki 3p | ™@hfporarily in a frame memory (not shown), or alternatively, the
encoder receives the input data directly block by block.

The blocks are directed one by one to a prediciion method selection
block 35 that determines whether the pixel values of the current block
35 to be encoded can be predicted on the basis of previously intra-coded
blocks within the same frame or segment. In order to do this, the




21 SEP 2004 23 The present invention is not solely restrictgd Sgptm above
presented enbodi nents, but it can be nodified within the scope of t
appended cl ai ns. 24 Clains: 21 SEP 2004 1. A method for reducing visual
artefacts in a digital image conprising a plurality of inmage bl ocks (B1,

B2, B3, B4), in which image bl ocks are encoded to form encoded i nage bl ocks
and sai d encoded i mage bl ocks are subsefquent|y decoded to form decoded

i mge bl ocks, each decoded i mage bl ock conprising a nunmber of reconstructed
pi xel s, each reconstructed pi xel having an associ ated pi xel val ue and
filtering ipregiotiosy method seldatien GlscleB5aracsives inpukefrom a framadsufier R12,

decoded | m%éi‘hgf)%@ésﬁgr%%@@tmﬁi SRR 1B, of BRvBls SaRSRASHR ot ook
such that tSWosgqugnt d&@odedaand gasonsinyciast orsa hlocksl Wi this way,dhd east
one of sai redidiRst n@@lﬁ@aegerb@sﬂeﬁ Bloekcet Yetah i g\m&;géybreﬁi%ﬁaﬂe&r | mage

to pro uce

bl ock fied b t
chg(r:acI er {Tgslﬁ (Iflﬁ' ren er’ﬁﬁ% PPQQ"H%@“\IBPJ@H$|§ QFBH@VMY gecedest use
in filteri ragmhmdeonstmemd:blonksomemmbre/aif Upprophiate BasodddPblodka be

- subsequent Ly .e of, o_cl ai
characteri 2%8 #‘zgﬁ@fa ggﬁgﬁfr@ﬁ@%@rﬁg@h@ Sé%&g@?\obwg‘ %P]tew@oded
i mge bl ocknpst pppropriate methgdntar predicting thet piteb vadties mrihefcmemeast
one pi xel t f ﬁﬂﬁf u d pi xe
val ue. 3. A\mbrrgﬁhych%bﬂ%;z I N Oﬁ‘?ar mrg rfig ar acrbgy?ggdéha Itdgg&gkf g’%odr ng
of an 1&hcodRPresiRieds RntQWFaiﬁrﬁ%SQﬁecRi'@é'dptIth@é thdEﬂkfI‘GEt blackdsmmt usi ng
mot i on conprussibied Hpceriset | lapfpr@ rrate 'tﬂééksoftﬂ' Fils?éethﬁréﬂig f@sﬂi’@Ft to a
reference ﬂ% g % 3 r gyga ue %104 4. A
met hod acccﬁ% & apgiira ?%\ Ber I the SifUatign whege more than one
prediction method rs avarlable information about the chosen prediction
method is supplied to multiplexer 13 for further transmission to the
15  decoder. It should also be noted that in some prediction methods,
certain parameters necessary to perform the prediction are transmitted
to the decoder. This is, of course, dependent on the exact
-implementation -adopted and in no way limits the application of the
block boundary filter according to the invention. .

20
Pixel values of the current block are predicted in the intra prediction
‘block 34. The intra prediction block 34 receives input concerning the
chosen prediction method from the prediction method selection block
35 and information concerning the blocks available for use in prediction
25  from frame buffer 33. On the basis of this information, the intra
prediction block 34 constructs a prediction for the current block. The
predicted pixel values for the current block are sent to a differential
summer 28 which produces a prediction error block by taking the
| difference between the pixel values of the predicted current block and
30  the actual pixel values of the current block received from input 27. Next,
the error information for the predrcted block is encoded in the prediction
error coding block in an efficient form for transmission, for example
using a discrete cosine transform (DCT). The encoded prediction error
block is sent to multiplexer 13 for further transmission to the decoder.
35




encodi ng of an image block to forman encoded inmage bl oc® § $EPep(jgr med
using intra prediction of at |east one pixel value with reference to a

previ ously encoded and subsequently decoded i mage bl ock of the digital

i mage using said nodified pixel value. 5. A nethod according to claim4,
characterized in that said decoding of an encoded image block to forma
decoded i mage bl ock is perforned using tra prediction: of at |east one

pi xel value with reference to a preV|oJ§$y encoded and subsequently decoded‘
i mge block of the digital imge using said nodified pixel value.
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in an i mggitgﬁﬁgﬂﬂgtﬁé&%%%éﬁﬁgégﬁ %@%ﬁg tbf’\g@lggc ItH@ 9§uj ”ﬂge

decodi ng ofUHENY ﬁ@&c@@ﬂlﬂ?ﬁgﬁawaﬁkﬁ pmeh ﬁtbemismrmew)u afectdadgler, and

Hor i i er bfodkB' Stk od acccl))l#@:é g‘fagwaﬁ’ térimae e thal

during encQding. 1 n
characteri géﬁnﬁ'ﬁﬁ M&F %#‘@'Qeaf%ﬁ%l!l e& ta el filtbesd.f If iathet ng is
per f or med boundaries arestosbe filfeesdths (Hoeess réiur{f%étsteﬁesﬁ MPhe MoGEary
(RL2, RL3, filfef peo s haRybuie 588rs Ckons 3 8ads Block of the frame being
coded until all blocks have been encoded and locally decoded. As each
25  block is filtered it is made available for use e. g. in the prediction and/or
f:ltenng of subsequent blocks by storing it in the frame buffer 33.

The operation of the block boundary filtering method according to the
invention will now be described in connection with the receiver of a
30  digital image transmission system. Here,' use of the filter is described in
‘connection with the decoding of a frame, assumed to have been
encoded in intra format using some form of intra prediction method in
which the pixel values of a current block are predicted on the basis of

previously encoded image blocks within the same frame.




27 21 SEP 2004 13. A nethod for reducing visual artefact tal
i mge conprising a plurality of inage blocks (Bl, B2, 832 %@mﬁth are
grouped into macrobl ocks, in which inage bl ocks are encoded to form encoded
i mage bl ocks and said encoded i mage bl ocks are subsequently decoded to form
decoded i mage bl ocks, each decoded i nmage bl ock conprising a nunber- of
reconstructed pixels, each reconstructegpi xel having an associ ated pi xel
value and filtering is performed to reduce visual artefacts due to a
boundary (R12, R13, R24, R34) between a current decoded inmage bl ock and a

Gocoded bl qgopcn LR bt X e g b ﬁgﬁm"rﬁ‘? O i xel
in at :|I eagﬁbltﬁpﬁﬁ?bg ﬁh@upﬁgﬁﬁy &’X&ﬁ@&‘? anﬁégsﬁpﬁﬁ'@‘ i%‘?@\’ usly=
decoded i rrdyi‘aaﬂmematedrihat fim edhey embodiments; dhe megeivar manyu@cbn@l api xel
oo o PRI A 9 bR AAEON e, IS i 0 1
said ndtif || gs e ad@@oci@dnﬁ@m eﬁ/efl e apresenironsgome form eof sgarag@/ or

redictionm [ u I ded or
ot oo Ao ) o el AR o 5 Bk o,

iltering t r a R34
bet Ween.g dasisnas dosedibed Ibaloey.bl ock and a previously decoded i mage bl ock
(B1, B2, B3, B4) adjacent to the current decoded block in a macrobl ock

earller in the scanning order is performed before filtering to reduce
vi suallGrt dnathes receives ﬁo,mﬁmuﬁtmme‘zr reuaivescand Rismubiplexesh cadeat r ent

-d ded
i acent 1 opcRRE eif% BloBks e rRiRt RifohFRgPn afitmitéa i e D)
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i n that filpredictibri dnforshation’ imalinelidef parameters Qsédbﬁﬂm’é”pteél%n RL3,
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ordor 16, AneMiod BeRAtd G508 thaldideRs |'nAEKbsSR, Aot B mal sRERR, n°
that the difffqegsanaie ’ttﬂﬂﬁmﬂstwaﬁnetedraswswensﬂwmﬂequmagmeﬁs;cks (Bl
B2; B3, B4)Fa apd 8 fﬂbﬂéd'llhé@la?@'fﬁs&lit@?bpﬁ%é’érﬁ%@%%oﬁﬁ?%%ﬂﬁ?ﬁﬁ bl ocks

t hat bel th fil t
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1|‘ulmt n@fce cpammmms MUmlngemedhanlr:bnerihtlan prediotion method ity rwb t
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secon@5col %dﬁﬂmmmhe pixel valabsf of tiey cuﬁrem Umﬁ Of Bedht |?nei Wisckg sual
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B3, B4) an
t he curr entusiagodhe pﬁedietlbhomeihothtlnﬂmedom (thet recéivest prediction

component 3REHEE  SRFSHITafSHh OUnd O PSR  prédicionTdlated? parameters
received from the encoder. Prediction error information associated with
30 the current block is received by prediction error decoding block 36 -
which decodes the prediction error block using an appropriate method.
For example, if the prediction error information was encoded using a
discrete cosine transform, the prediction error decoding block performs
an inverse DCT to retrieve the error information. The predictioh error
35 information is then summed with the prediction for the current image
block in summer 37 and the output of the summer is applied to block




19. An encoder for encoding a digital image conprising a p ] f 1 mage
bl ocks (Bl, B2, B3) B4), the encoder conprising neans for gﬁlggﬂzgmﬂhage

bl ocks to form encoded i mage bl ocks and neans for subsequently decodi ng
sai d encoded i nage bl ocks to form decoded i mage bl ocks, each decoded i nmage -
bl ock conprising a nunber of reconstructed pixels, each reconstructed pixel
having an associ ated pi xel value, the ggcoder conprising a filter for
reduci ng visual artefacts due to a boundary (R12, R13, R24, R34) between a-
current decoded ina?e bl ock and a previously decoded i mage bl ock (81, B2,

B3, B4 Qidadary filteh88c Block bodemeiagy i b8 o ' d
B3. o)  achasedant Kilen85: B 1P filer o applies bddddiny MRl Fodcy
newh¢'d fi
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g e Ceare Farbiond. suttychodidan/ xSy itie 6EK BBGNHAN kP 1 O
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| eas one% agapuslywthis ordesisidenticaldorthey used!in tﬁ@%ﬂﬁ?ﬂﬁgﬁiﬂer : |
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elrleyes 605 thape kel valueas that beloagcterithe aujat
b oonanecPussant boadary dor! 091 il tHE! TG pRfiesC e iplRo0°
i mge bl o :
i m*rgfé at ef.’&;Z‘P?Ef Yilbr ERS TS Y5 Gl Fineh 0%, apsormling ciomen praferetioundar y
?ﬁ?ia ;e blbg alhd@ngéagmqm&admntmgammy lidegtical tr@]ﬁih(%iq%l%(?gﬁ t@g%&@%r}! decoded
characterjze @lateSA%‘at rl gﬁ?irﬁﬁgﬁﬁ E’gfé';‘f?gﬂés t"a:tﬁgcﬁ}ﬂ'éem blegk andef act s
el -
%ot e o ma bAoA AT by B e
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bl ock. 2 ding t - SRPG WRether t
itee i <ok S S bAGfies o ke Tulareridt ethmrebounsariésare tbfts one
bourfdhr y filkered theproress midinsip $idp 805Ny the boundaries sequentially in a

certain boundary scanning order. 25. An encoder according to any of clains
19 to 24, pghgrac etrilitezregeirfgrms analo ' l |
_ gous operations on each. block of the
frame, substantially immediately after each block is decoded, until all
blocks have been decoded and their boundaries appropriately filtéred.
25 As each block is filtered it is made available for use é.g. in the
- prediction and/or filtering subsequent blocks by storing it in the frame
buffer 39. Furthermore, as each block is decoded and its boundaries
filtered by applying the method according to the invention, it is directed
to the output of the decoder 40, for example to be displayed on some
30  form of display means. Alternatively, the image frame may be displayed

only after the whole frame has been decoded and accumulated in the
_frame buffer 39. | '

In thef parggraphs above, the method according to the invention was
35 descrxb_ed _m connection with the filtering of block boundaries in a frame
. coded in intra format and further using intra prediction methods. It



that the filter is arranged to use said nodified pixel vg ljesgwﬁezuﬂieduci ng
visual artefacts due to at |east one other boundary (R12, R13, R24, R34)
bet ween decoded i mage bl ocks. 26. An encoder for encoding a digital inmge
conprising a plurality of inmage blocks (Bl, B2, B3, B4)) which are grouped
i nto macrobl ocks, each macrobl ock conprising a certain nunber of image

bl ocks) the 31 21 SEP 2004 encoder cgﬁpr|5|ng nmeans for encodi ng i mage
bl ocks to form encoded inmage bl ocks and nmeans for subsequently decodi ng
sai d encoded i nage bl ocks to form decoded i mage bl ocks, each decoded i nmage

bl ock corrprsmjulv@ e appked method pi xel
havi ng an ﬁ&gppl xgﬁ%%:ﬂﬁ%pﬂﬁ]e ncodgtrx)'(@‘gﬁn?|q560|!i]‘er ﬁ’ﬁ,% I tgtﬁ gd
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macr obl ock ﬂuﬁgﬂ@ﬂdl ng to a certain macrobl ock scanning order
and that the encoder is arranged to nake sai d-nodified pixel value

avai |l abl e figr and/ or pr tion i xel ue, in an

i mage bl ocK' 't b n dReracede CKoiSc| aj m
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reduci ng vibsiweedr ted !éﬂtﬁm 6r 2hBOBIUEK ¥nfite dBtAal ht

fQpEveen a
current dej%i‘&@ﬁt-tﬂﬂ%f ﬁg gmoriz,lggﬁ V| OUS decodﬁ#al nmage %ﬁ%ﬁj (E%

B3, B4) ad 49 qaasickin g wawdmwn(ﬁ&suahefon n the
scannilig orekample 88irR) LSEFCTOAAd2frandmitiadotte thacdecdies tbgeﬂie@" VARG,

characteri a to_ reduce,vis tefgcts due
t o boundar ﬁ@@rﬁ%{@h E@gﬁﬂéﬁlé%ﬁlaﬁiﬁﬁ%ggﬁ’o% e5fh Egbt'ﬁSCWQE in a
current rradhem oclk. innthEhensadenldﬂmdzodedmredg;tmﬂerrdmsduﬁheediecodgdv| sual
artefacts 434 St r obl ock
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scanni ng or er acc O any Oor C (6} ,
char act er i Pg’gaqcﬁlon COdmgh%fttﬁet %‘Fﬁa@ a’dﬁﬂc?o W@ﬁéﬁﬁr?@se in
subs egluen'f( Itbemuplmlgtveheabmmwcmhmg Eﬂi'.raEi?od BDlock BoundEy
nmacr opl ocC
subsequent 1K %ﬁdﬁﬁgﬁﬁﬂéﬁﬁmgééaf@h@%ﬁ%ﬁs@ﬂésﬂéﬁWﬁiﬁ%&”@%ﬂﬁéﬁ“ww‘g
macr obl ock | o'a.mch fy Vlayidhat it Teceives and filters inter coded blocks of the
25  cuirent frame substantially immediately after they have been decoded.
An equivalent arrangement may be used in connection with the
decoding of inter coded blocks received at the receiver of a digital
image transmission system. '

30  The block carrying out the filtering method according to the invention is
particularly advantageously implemented in a digital signal processor or
a corresponding general purpose device suited to processing digital
signals, which can be programmed to apply predetermined processing
functions to signals received as input data. The measures according to
35  Figure 6 can be carried out in a separate signal processor or they can




31. An encoder according to any of clainms 26 to 30, charag%g %ﬁ?%@b@ that
the filter is arranged to reduce visual artefacts due to n (R1

R13, R24, R34) between decoded i mage bl ocks of a macrobl ock by fllterlng _
according to said block scanning order substantially imrediately after each
encoded i mage bl ock is decoded to forma current decoded i mage bl ock and a
boundary exi sts between the current dqg@ded I mge bl ock and a previously
decoded i mage bl ock (Bl, B2, B3, B4) adjacent to the current decoded bl ock.’
32. An encoder according to any of clainms 26 to 31, characterized in that

%Eggfgoé%iggﬁf@% gﬁaﬂgﬁm‘mﬁ% 905 BrOedt dnich R CeoMaS god

%ﬁ%’%‘ﬂﬁ@%&?“&ﬁ {y decoded inage block. 33. An

encoder according to claim32, characterized in that the filter is further
arranged t S 0 said nore one boundary
(R12, R13, R '*‘%Hﬁ*rf‘ ?fgét Hg.g@ dﬁ?@@gs@mﬁ@%’%‘iﬂ YPHOgraMter t ai n
boundéy s%qnﬁrlﬁwg)raachlm executalilde steps ofati merferming dheclmetiod9 to
33, char aciagd: [ e a egnent
of i mage ol é’k’?ﬁ%w “‘gf‘""?“*@ii Ty I B pRRERAR TS ér@&?@hb%@ 0b reduce
vi sual art .t %&Qfﬂﬁﬂ%spmmﬁleﬂaémtﬁéﬁaddﬂmdﬂle ishoxage ocks
that bel ompetfurnhetosage deads®d nicormprisift erﬂgﬂg dhﬂQaﬁQ ‘?% of clains
gl %h e

comonent ARRCREORJBEPR ”ﬂhﬁﬁhﬁ%ﬁﬁﬁ BN that he 111 ter is

arraried to reduce visual artefacts due to a boundary bet ween a current

(535, b RelnPinc iRl drafid 08 HRe” FCRImBS S 27"
one of sailyXe e,lgﬁ éonfiladng canl vary,dand it isanot necessarlyi thensame |
conponent. o@@:ﬂmmw@grofqa@%lebk%émﬁ% Tne hahiBor gt bl may be, | -

char aCte“%q%th 8 t at@ &,%t al rises

conponent g4 8LbRLHIRg €odpDREH! eaéﬂﬂ')?z MtthGhémrag& énformationanged to
[)Fgggé( \éllslmitametcbbycthe dremio H{/ﬁﬂ%ﬂi’ﬁ@l"l c’lecode @q@?oc ‘i | mage
27 SEP 20&@?%5‘8@3 Sehe BVendor Ih Seibeaa ﬁc@‘ ofisihigst | oast

one of thmqtm@zeswryao send)dalnemutrarpreﬂiuetmenﬁodnaﬂbnun adoiionaot the
coded differential blocks to the receiver 60. The definitions of filtering
order above have also been intended only as examples.
20 :
A particularly advantageous use of the invention is in mobile
teleconferencing applications, digital television receivers and other
devices that at least receive and decode digital video images.

25  Figure 7 presents a simplified schematic diagram of a mobile terminal
41 intended for use as a portable video telecommunications device and
applying the deblocking filter method according to the invention. The
mobile terminal comprises advantageously at least display means 42
for displaying images, audio means 43 for capturing and reproducing

30  audio information, keyboard 44 for inputting é.g. user commands, radio
part 45 for communicating with a mobile telecommunications network,
processing means 46 for controlling the operation of the device,

memory means 47 for storing mformataon and preferably a camera 48
for taking images.
35




37. A decoder for decoding an encoded digital inage, sai @ &n3kR 2004 gital

i mage conprising a plurality of encoded i mage bl ocks and havi ng been forned
by encoding a digital imge conprising a plurality of image blocks (Bl, B2,
B3) B4), the decoder conprising neans for decoding said encoded i nmage

bl ocks to form decoded i mage bl ocks, each decoded i nage bl ock conprising a
nunber of reconstructed pixels, each regonstructed pixel having an
associ at ed pi xel value, the decoder conprising a filter for reducing visual
artefacts due to a boundary (R12, R13, R24, R34) between a current decoded

i mge bl ockharpresemt drnventibi ikeaod ?Ba@%. ideacC ; : dj acent
to the cur%g%%ﬂgﬁdga ack Z)aigd%?!%r g%fﬁg Q&E%gae%%%&@ﬁchhe
pixel : valte a3t Brfedn @o’ﬂ@dr” & £ §6oRa of dheappandad sai d
current deelaims. i nage bl ock and said previously decoded image bl ock by
filtering to produce a nodified pixel value, characterized in that the
decoder is arranged to nake said nodified pixel value available for use in
filtering and/or prediction of a pixel value in an inage bl ock to be
subsequent |y decoded. 38. A decoder according to claim 37, characterized in
that said nmeans for decodi ng an encoded i nmage bl ock to forma decoded i mage
bl ock conprises neans for perform ng notion conpensated prediction of at

"l east one pixel value with respect to a reference i mage using said nodified
pi xel value. 39. A decoder according to claim37 or 38, characterized in
that said neans for decodi ng an encoded i nage bl ock to forma decoded i nmage
35 21 SEP 2004 bl ock conprises neans for performng intra prediction of at
-l east one pixel value with reference to a previously encoded and decoded

i mge block of the digital image using said nodified pixel value. 40. A
decoder according to claim37, 38 or 39, characterized in that said filter
is arranged to nodify the value of at |east one reconstructed pixel in at

| east one of said current decoded i nage bl ock and said previously decoded

i mge bl ock substantially inmediately after the current decoded i mge bl ock
is formed and a boundary exists between said current decoded inage bl ock
and sai d previously decoded i mage bl ock. 41: A decoder according to any of
claims 37 to: 40, characterized in that said filter is arranged to reduce
visual artefacts due to nore than one boundary (R12, R13,- R24, R34) between .
said current decoded i mage bl ock and at | east one other previously decoded
i mage bl ock. '



42. A decoder according .to claim41l, characterized in that the filter is
arranged to reduce visual artefacts due to said nore thaQ1$€@2&ﬂundary
(R12, R13, R24, R34) by filtering tfhe boundari es sequentrally In a certain
boundary scanning order. 43. A decoder according to any of clains 37 to 42,
“characterized in that the filter is arranged to use said nodified pixe
val ue -when reducing visual artefacts due to at | east one other boundary
(R12, R13, Eﬁﬁi 4) between decoded i mage bl ocks. 44. A decoder for
decodi ng an"e B3ed digital image, said encoded digital inmge conprising a
plurality of encoded image bl ocks and 36 21 SEP 2004 havi ng been forned
by encoding a digital imge conprising a plurality of inmage blocks (Bl, B2,
‘B3, B4), whilch Ar emgtiooghefor ntcofumined oliseelis arkFabtsTHar P! arditétomﬁig@' ng a
certain nunber of .inmage bl ocks) the decoder conprising nmeans for codi ng
sai d encodeGOMALRING pkialily ldmnagie blarks (BrhgB2hBa; Bt), Fauthidedmdege | mage
bl ock conprising a nunber, of, reconstructed. pixels, each reconstructed pixe
bifsis® dedta for

having an a APy PR m gneogedhage Mpeksiangd said ensodes

reduci ng vi a t.5ed ndayr 1 4 4) between a
current decgﬂggei %%‘éléil%gk%gR%%gﬁgpggi g’%&?"?ggei‘i%dm ngé‘éoﬂ? ckMgge B2,
B3, B4) adjblowks, t ®dde decodat o d K.cotpsihll t rﬁﬁ,&m argganged
to nodify the pixel value of at |eas or?gbggcgr?zﬁ)ﬁ%@gd %i xXe |nrat6ffieast
one of sai drecansdiuctadcpirels,i eage neconstracted gideb haviraydry aisooitied | mage
bl ock by fi'IIelii nﬁ-!f;o ﬁrﬂ%uce a nodified pixel value, characterized in that
t he decoderPP&! PRGN GEE HISTHIL Solee ﬁ@nﬁgﬁgéﬂmﬁo‘ﬂﬁﬁékaﬂﬁfﬂﬁm trr
according t i bl nj er).and that the decoder is
ar r anged tos(%gﬂgggggarrﬁgi ? ?’écfg%ég’xe a?ggﬂlgé/giéa(ﬂ'frée‘f‘{)rﬂaeﬁggeldn'mﬁgﬁeri ng
and/ or pr edblockamdfa pravisesly\dddrlddimagd c ?ﬁ%@éﬁ l'y
decoded. 45. A decode?r a(I:corgi ng tgdgirg?%éﬂ?géggﬁég%ﬁgggu?% at tt he

filter is alo tgyeurentrdetaded block suchdhatthe qriret valudbofiaddesst Bha. R13,

R24, R34) between a c%r r.e%z,degoded i mge bl ock and a previously decoded
i mage bl ock'qEeSstegpixglin aldeastaneqf said cuirentdecrded dmagedblockn a

macr obl ock | d i : C ] of fore reducing visual . artefacts
~due to a boﬁlﬁ%aéréa( R@'aﬁﬁ@a%@ﬁ%%‘ﬂéjﬁ%mQ '3 E‘?Rfﬁﬁﬁa la%c@%'_éﬂ"‘g tBge

-~ block and spridticends modiRed il Vllfe Pehgkabiizdtd inSthat™diAadRay to the
current decoded block in a nmacroblock later In the scanning order

pixel value is made available for use in filtering and/or prediction of a

pixel value in an image block to be subsequently encoded or decoded.

2. A method according to claim 1, characterized in that said
- encoding of an image block to form an encoded image block is
performed using motion compensated prediction of at least one pixel

value with respect to a reference image using said modified pixel value.

3. A method according claim 2, characterized in that said decoding
of an encoded image block to form a decoded image block is
performed using motion compensated prediction of at least one pixel

- value with respect to a reference image using said modified pixel value.




37 21 SEP 2004 46. A decoder according to claim44, characterized in that
the filter is arranged to reduce visual artefacts due to,pgunganies (R12,
R13, R24, R34) between decoded i magg bl ocks within a current macroblock in
t he macrobl ock scanning order before reducing visual artefacts due to
boundaries (R12, R13, R24, R34) within the next macroblock in the scanning
order. 47. A decoder according to claim44, 45 or 46, wherein the inage

000555 ad” S e SR T, PSSl LTRAT
h [ ofi i o [X P h d
R T

bl ock. scannipegfoomael wifing Ainter gstedictiie ol 18 |dastaBy ofpifétaiwéﬁlé%&@ a7,
characterized in that it is further arranged to decode alt the encoded

i mge bl ock&elerenceitoen praviassly endodech andasubsequénthe alwtiotedolmagebef or e
decodi ng thg enco d (ljm&gg bl ocks.of the ne macr bl ock in the macrobl ock
scanni ng or lqckothe digiatimage usingisayl me oixelivalue. 44 to 48,
characterized in that the filter is arranged to reduce visual artefacts due
to boundaries (R12, R13, R24, R34) between decoded i nmage bl ocks of a

nmacrobl ock 8y fAl tmethosl asouediigndot @lgith d40! R&rfQariZiedd iR i
substantially i mredi ately aftetrﬁg;ach encoded | nage bﬁ?&g‘gi@ e%to eaédto form

a current dégeading akae dsicodedimage biusidto fomasaecdln@ecli(\ma bﬂ@lg@ﬂﬁéent
adiacent |t oPeranes, Bbndi Rl pTanistien: ofsat oleastroneopiel. valueskilhr
according t e , i i t _the filter is arranged to
educe vsumeteict 48 .o PialRESH] GREBARD BARLsiadenifl desodRiahin. Cras)

+bet ween. sai Blockrafdht dlgitaklatadarasibaidmettict pheavangge o her previ ously
clalm ,

., decoded i mage bl ock. 51. A decoder according to characterized in
“that tthe filter is further arranged.tio reduce visual. artefacts -due to said

..nore than ogpe bd&undgﬁl '(:lR12, R13, R24, R34) by filteri ng t he boundari es

“sequential |9 i dNEHING, ARCRHING 40, gF the glaimsef itosh, chasactetizediror di ng

« to any-of it 135, ; : r h n_that the digjtal |nnge.
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: decoded image block by filtering is performed substantially immediately

after the current decoded image block is formed and a boundary exists

between said current decoded image block and said previously

decoded image block.

7. A method according to any of the claims 1 to 6, characterized in

- that the filtering is performed before all blocks of the digital image are
decoded.

8. A method according to any of claims 1 to 7, characterized in that
it is determined (603, 604) whether more than one boundary exists -
between said current decoded image block and previously decoded

image blocks, wherein if more than one boundary exists filtering is




that belong to the sanme segnent. 53. A decoder according to any of clains
37 to 52, characterized in that the digital inmge conprigfg ﬁ & m nance
conponent and at | east one chronlndﬂfe conmponent, and th Fhe"Fi 1 ter is
. arranged to reduce visual artefacts due to a boundary between a current
decoded i mage bl ock (Bl, B2, B3, B4) and a previously decoded i mage bl ock
(B1, B2, B3, B4) adjacent to the current. decoded i mage block in at | east

one of said Il#n nance component and said at | east one chrom nance
conponent . oamad dgeredyeer wistigl t artefactsf dubatorss&id thoofs, thahaionet eri zed

in that the g S t least a first col our conmponent and a
second coIo&gngﬁﬁﬁongﬂgz?gﬁﬁqﬁééiﬁéﬁi filter is arranged to reduce visua
artefacts due to a boundary between a current decoded i nmage 39 21 SEP
2004 block (B1, B2, B3, B4) and a previously decoded image block (Bl, B2,
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accor di ng tg{%‘* jilﬂ:/&;ﬁ pggorg ?‘ﬁﬂﬁﬁﬂt'alhéé%lﬁﬂlgi morel tham e8e houndaryer i zed
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system 58. A storage nedium conprising a conputer program for operating a
conputer as _an encoder for encoding a digital image conprising a plurality
of i mage bl 6@ksA(lB£thtB2 acepydiBg)to ehiim0 achagactepixeéd irf thatetheabrideskst, each

macr obl ock I n .(:ertal nunber of image bl ocks, the conputer

progr am conﬁ&gg ug“%’@@r@rﬁ eated skch thaba %@um@@ (Rﬂd()lte the lefiroh

encoded i na for.subsegu odi n i.d encoded
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compr i i ng_thenupe el cumeanastyabad éj@b%c geach reconstruct ed pixel .

havi ng an associ ated pi xel val ue; - ram code for inplenmenting a fi’ Fter

. to-redéce vi stal artefacts due to a boundary (R12, R13, R24, R34) between a

- current decode 1\
method according to any of claims 1 to 10, characterized in::

that-filtering to reduce visual artefacts due to a boundary (R12, R"S;}?:;.i’_‘-'-_;:

R24,/R34) between a current decoded image block and a previously'.

decoded image block (B1, B2, B3, B4) adjacent to the current decoded

block is performed during encoding of said image blocks in an image

encoder to form encoded image blocks and further during decoding of

said encoded image blocks in a corresponding image decoder, and the

order of filtering boundaries used during decoding is the same as that
during encoding.

12. A method according to any of claims 1 to 11, characterized in
that said modified pixel value is used when filtering is performed to

reduce visual artefacts due to at least one other boundary (R12, R13,
R24, R34) between decoded image blocks.




| mage bl ock and a previously decoded i mage bl ock (Bl, B2, B3) B4) adjacent
to the current decoded bl ock, such that the pixel value %fs%h 40 21 SEP
2004 | east one reconstructed pixel ] at |east one of said “"¢ht decoded
I mage bl ock and said previously decoded i mage bl ock is nodified by
filtering to produce a nodified pixel value, characterized in that the
conput er program conprises program code for decoding the image macrobl ock
by macrobl ock according to a certain macrobl ock scanning order, and that
the conput erlbr dyr method: Hor cedycinge svipualgranefaote fror amadigitsl Saidhe
nodi fied pixel val.ue avahhgghf for use in filtering and/ or prediction of a
c
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filtering and/or prediction of a pixel value I'n an i mage block to be
subsequent t-y@ acterized in that the digital image:is filtered macroblock:by:: .

-+ macroblock according to a certain scanning: ‘order, and that said:

modified pixel value is made available for use in filtering and/or

prediction of a pixel value in an image block to be subsequently
encoded or decoded.

14. A method according to claim 13, characterized in that filtering to
reduce visual artefacts due to a boundary (R12, R13, R24, R34)
between a current decoded image block and a previously decoded
image block (B1, B2, B3, B4) adjacent to the current decoded block in
a macroblock earlier in the scanning order is performed before filtering
to reduce visual artefacts due to a boundary (R12, R13, R24, R34)
between a current decoded image block and a previously decoded
image block (B1, B2, B3, B4) adjacent to the current decoded block in
a macroblock later in the scanning order.
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visual artefacts due to a boundary between a current decoded image
block (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
B3, B4) adjacent to the current decoded image block in at least one of
said luminance component and said at least one chrominance

component.

18. A method according to any of claims 1 to 17, characterized in
that the digital image comprises at least a first colour component and a
second colour component, and that filtering is performed to reduce
visual artefacts due to a boundary between a current decoded image
block (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
B3, B4) adjacent to the current decoded image block in at least one of

the first colour component and the second colour component.
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encoding image blocks to form encoded image blocks and means for
subsequently decoding said encoded image blocks to form decoded

- ‘image blocks, each decoded image block comprising a number of
reconstructed pixels, each reconstructed pixel having an associated
pixel value, the encoder comprising a filter for reducing visual artefacts
due to a boundary (R12, R13, R24, R34) between a current decoded

- image block and a previously decoded image block (B1, B2, B3, B4)
adjacent to the current decoded block, said filter being arranged to

- modify the pixel value of at least one reconstructed pixel in at least one
of said current .decoded image block and said previously decoded

- image block - by filtering:: to producé a modified pixel - value,

-+ characterized in that the encoder is arranged to make said modified
pixet value available for use in filtering and/or prediction of a pixel value
in an image block to be subsequently encoded.

20. An encoder according to claim 19, characterized in that said
means for encoding an image block to form a encoded image block
comprises means for performing motion compensated prediction of at
least one pixel value with respect to a reference image using said
modified pixel value.

21. An encoder according to claim 19 or 20, characterized in that
said means for encoding an image block to form an encoded image
block comprises means for performing intra prediction of at least one

pixel value with reference to a previously encoded and subsequently
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said filter is arranged to modify the value of at least one reconstructed
pixel in at least one of said current decoded image block and said
previously decoded image block substantially immediately after the
current decoded image block is formed and a boundary exists between
said current decoded image block and said previously decoded image
block.

23.: :An encoder according te any of:claims 19 to 22, characterized in =~ -
that said filter is arranged to:reduce:visual artefacts due to more than . .
one boundary (R12, R13, R24, R34}-between said current decoded
image block and at least one other previously decoded image block.

24. An encoder according to claim 23, characterized in that the filter
is arranged to reduce visual artefacts due to said more than one
boundary (R12, R13, R24, R34) by fi iltering the boundaries sequent:ally
in a certain boundary scanning order.

25. An encoder according to any of claims 19 to 24, characterized in
that the filter is arranged to use said modified pixel value when
reducing visual artefacts due td at least one other boundary (R12, R13,
R24, R34) between decoded image blocks.

26. An encoder for encoding a digital image comprising a plurality of
- image blocks (B1, B2, B3, B4), which are grouped into macroblocks,
each macroblock comprising a certain number of image blocks, the
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image blocks to form decoded image blocks, each decoded image
block comprising a number of reconstructed pixels, each reconstructed
pixel having an associated pixel value, the encoder comprising a filter
for reducing visual artefacts due to a boundary (R12, R13, R24, R34)
between a current decoded image block and a previously decoded
image block (B1, B2, B3, B4) adjacent to the current decoded block,

- said filter being arranged to modify the pixel value of at least one
reconstructed pixel in at least one of said current decoded image block
and said previously decoded image block by filtering to produce a
modified pixel value, characterized in that the ‘encoder is arranged to
encode and. subsequently decode : the -image macroblock by
macroblocktacco'rding to a certain.macroblock sc¢anning order; and that
the encoder.is arranged to make said modified pixel value available for
use in filtering and/or prediction ofé pixel value in an image' block to be
subsequently encoded.

27. An encoder according to claim 26, characterized in that the filter
is arranged to reduce visual artefacts due to a boundary (R12, R13,
R24, R34) between a current decoded image biock and a previously
decoded image biock (B1, B2, B3, B4) adjacent to the current decoded
block in a macroblock earlier in the scanning order before reducing
visual artefacts due to a boundary (R12, R13, R24, R34) between a
current decoded image block and a previously decoded image block
(B1, B2, B3, B4) adjacent to the current decoded block in a macroblock
later in the scanning order.
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‘to boundaries (R12, R13, R24, R34) within the next macroblock in the

scanning order.

28. An encoder according to claim 26, 27 or 28, characterized in that

it is further ér;anged fo encode and subsequently decode the image
~blocks (B1, B2, B3, B4) of a macroblock in a certain block scanning
order.

30. An encoder acdording to any of claims 26 to 29, characterized in
that it is further arranged to encode and :subséquently',decode all the
image blocks (B1, B2, B3, B4) of a given macroblock in the macroblock

- scanning order before encoding and subsequently decoding the image
blocks of the next macrobiock in the macroblock scanning order.

31, An encoder according to any of claims 26 to 30, characterized in
that the filter is arranged to reduce visual artefacts due to boundaries
(R12, R13, R24, R34) between decoded image blocks of a macroblock
by filtering, according to said block scanning order substantially
immediately after each encoded image block is decoded to form a -
current decoded imagé block and a boundary exists between the
current decoded image block and a previously decoded image block
(B1, B2, B3, B4) adjacent to the current decoded block.

32. An encoder according to any of claims 26 to 31, characterized in

that the filter is arranged to reduce visual artefacts due to more than
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33. An encoder according to claim 32, characterized in that the filter
is further arranged to reduce visual artefacts due to said more than one
'boundary (R12, R13, R24, R34) by filtering the boundaries sequentlally
in a certain boundary scanning order.

34. An encoder according to any of claims 19 to 33, characterized in

. that the digital image comprises at least one segment of image blocks
(B1, B2, B3, B4), and that the filter is arranged to reduce visual
artefacts due to boundaries between adjacent decoded image blocks
_that belong to the same segment.

35. An encoder according to any of claims 19 to 34, characterized in
that the digital image comprises a luminance component and at least
one chrominance component, and that the filter is arranged to reduce

- visual artefacts due to a boundary beﬁueen a current decoded image
block (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
B3, B4) adjacent to the current decoded image block in at least one of
said luminance component and said at least one chrominance

~ component.

36. An encoder according to any of claims 19 to 35, characterized in
that the digital image comprises at least a first colour component and a
second colour component, and that the filter is arranged to reduce
visual artefacts due to a boundary between a current decoded image
block (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
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37. A decoder for decoding an encoded digital image, said encoded
digital image comprising a plurality of encoded image blocks and
having been formed by encoding a digital image comprising a plurality
of image blocks (B1, B2, B3, B4), the decoder comprising means for
decoding said encoded image blocks to form decoded image blocks,
each decoded image block comprising a number of reconstructed
pixels, each reconstructed pixel having an associated pixel value, the
decoder comprising a filter for reducing visual artefacts due to a
boundary (R12, R13, R24, R34) between a current decoded image
block and a previously decoded image block (B1, B2, B3,-B4) adjacent .
to the current decoded block, said filter being arranged to modify the . .
pixel.value of at least one reconstructed pixel in at least one of said .
current decoded image block and said previously decoded image block
by filtering to produce a modified pixel value, characterized in that the
decoder is arranged to make said modified pixel value available for use

in filtering and/or prediction of a pixel value in an image block to be
subsequently decoded.

-38. A decoder according to claim 37, characterized in that said
means for decoding an encoded image black to form a decoded image
block comprises means for-performing motion compensated prediction
of at least one pixel value with respect to a reference image using said
modified pixel value.

39. A decoder according to claim 37 or 38, characterized in that said

means for decoding an encoded image block to form a decoded image




10< 10< 10<+( 10%<& () - *WL0%& ()-Y!)*$10%<& ()-!*$10%<& ()-9: ;
<?GSbC! ! i | 10%9x& () - 61 1099x& ()-C 10%x& ()- 10 10 10P .

109 ()-i <109 ()- SFMXYZ[Aj~ @1 !i ! )10%&'9()@0! Ilta%p&' () - 2188%*%ox 100xy/ 1
1090x& ()- & 1090x& ()-! YA0UXKX&C)-j Nv 2~ @11 L*

10%p& (Qd! PY| ' 10%& 8 10%& ()-!' 109%& ()-6910%é& ()- 6l 10%& ()-=NYZ[\ _kb@
|11 1dni 10%: ()-i S 10% ()-! 10% () 10% ()- 10p 10p 10pFl

109%& ()-}"SH=!1! 10 10 105Y10%& ()-=/- 10% ()-S,|10% ()- !hY(10%

;& ()-0! C 10%Qek &gnaprises neans fon pegforming datraoprediction of at least one

pixel value with reference to a previously encoded and decoded image

block of the digital image using said modified pixel value.

40. A decoder according to claim 37, 38 or 39, characterized in that
said filter is arranged to modify the value of at least one reconstructed
pixel in at least one of said current decoded image block and said
previously decoded image block substantially immediately after the
current decoded image block is formed and a boundary exists between
said current decoded image block and said previously decoded image
block.

* 41 A decoder according to any of claims 37 to-40, characterized in
that said filter is arranged to reduce visual artefacts due to more than

- -one boundary (R12, R13, R24, R34) between said current decoded -
image block and at least one other previously decoded image bilock.

42. A decoder according to claim 41, characterized in that the filter is
arranged to reduce visual artefacts due to said more than one
boundary (R12, R13, R24, R34) by filtering the boundaries sequentially
in a certain boundary scanning order.

43. A decoder according to any of claims 37 to 42, characterized in
that the filter is arranged to use said modified pixel value when
reducing visual artefacts due to at least one other boundary (R12, R13,
R24, R34) between decoded image blocks.

44. A decoder for decoding an encoded digital image, said encoded
digital image comprising a plurality of encoded image blocks and
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each macroblock comprising a certain number of image blocks, the
decoder comprising means for decoding said encoded image blocks to
-form decoded image blocks, each decoded image block comprising a
‘number of reconstructed pixels, each reconstructed pixel having an
associated pixel value, the decoder comprising a filter for reducing
visual artefacts due to a boundary (R12, R13, R24, R34) between a
current decoded image block and a previously decoded image block
(B1, B2, B3, B4) adjacent to the current decoded block, said filter being
arranged to modify the pixel value of at least one reconstructed pixel in
at least one of said current decoded image block and said previously
decoded: image block by filtering to produce a modified pixel value,
characterized in that the decoder is arranged to decode the image
macroblock by macroblock according to a certain macroblock scanning
order, and that the decoder is arranged to make said modified pixel
value available for use in filtering and/or prediction of a pixel value in

an image block to besubsequently decoded.

45. A decoder according to claim 44, characterized in that the filter is
arranged to reduce visual artefacts due to a boundary (R12, R13, R24,
R34) between a current decoded image block and a previously
decoded image block (B1, B2, B3, B4) adjacent to the current decoded
block in a macroblock earlier in the scanning order before reducing
visual artefacts due to a boundary (R12, R13, R24, R34) between a
current decoded image block and a previously decoded image block
f(B‘l, B2, B3, B4) adjacent to the current decoded block in a macroblock
later in the scanning order.
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46. A decoder according to claim 44, characterized in that the filter is
arranged to reduce visual artefacts due to boundaries (R12, R13, R24,
R34) between decoded image blocks within a current macroblock in
the macroblock scanning order before reducing visual artefacts due to
boundaries (R12, R13, R24, R34) within the next macroblock in the

. scanning order.

47. A decoder according to claim 44, 45 or 46, wherein the image
blocks (B1, B2, B3, B4) of a macroblock are encoded by an encoder to
form encoded image blocks according to a certain block scanning
order, characterized in that the decoder is further arranged to decode

- the encoded image blocks (B1; B2, B3, B4) of a macroblock according
to said certain block scanning order.

48. A decoder according to any of claims 44 to 47, characterized in
that it is further arranged to-decode all the encoded image blocks of a
given macroblock in the macroblock scanning order before decoding
the encoded image blocks of the next macroblock in the macroblock
scanning order.

49. A decoder according to any of claims 44 to 48, characterized in
that the filter is arranged to reduce visual artefacts due to boundaries
(R12, R13, R24, R34) between decoded image blocks of a macroblock
by filtering, according to said block scanning order substantially
immediately after each encoded image block is decoded to form a
current decoded image block and a boundary exists between the
current decoded image block and a previously decoded image block
(B1, B2, B3, B4) adjacent to the current decoded block.
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| 50. A decoder according to claim 49, characterized in that the filter is

arranged to reduce visual artefacts due to more than one boundary
(R12, R13, R24, R34) between said current decoded image block and

at least one other previously decoded image block.

51. A decoder according to claim 50, characterized in that the filter is
further arranged to reduce visual artefacts due to said more than one 7
boundary (R12, R13, R24, R34) by filtering the boundaries sequentially
in a certain boundary scanning order.

52. A decoder according to any of claims 37 to 51, characterized in
that the digital image comprises at least one segment of image blocks
(B1, B2, B3, B4), and that the filter is arranged to reduce visual
artefacts due to boundaries ‘bet\b/eenriadjacent.‘decoded image blocks
that belong to the same segmenf.

53. A decoder according to any of claims 37 to 52, characterized in
that the digital image comprises a luminance component and at least
one chrominance component, and that the filter is arranged to reduce
visual artefacts due to a boundary between a current decoded image
biock (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
B3, B4) adjacent to the current decoded image block in at least one of
said luminance component and said at least one chrominance

component.

54. A decoder according to any of claims 37 to 53, characterized in
that the digital image comprises at least a first colour component and a
second colour component, and that the filter is arranged to reduce
visual artefacts due to a boundary between a current decoded image
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block (B1, B2, B3, B4) and a previously decoded image block (B1, B2,
B3, B4) adjacent to the current decoded image block in at least one of

the first colour component and the second colour component.

55. A terminal comprising at least one ofi an encoder according to
claim 19, an encoder according to claim 26, a decoder according to
“claim 37, and a decoder according to claim 44.

56. A terminal according to claim 55, characterized in that it is a

mobile terminal.

57. A terminal according to claim 56, characterized in that it is a

wireless terminal of a mobile communications. system.

58. A storage medium comprising a computer program for operating a
computer as an encoder for encoding a digital image comprising a
plurality of image blocks (B1, B2, B3, B4), which are grouped into
| macroblocks, each macroblock comprising a certain number of image
blocks, the computer program comprising:

- program code for encoding image blocks to form encoded image
blocks;

- program code for subsequently decoding said encoded image
blocks to form decoded image blocks, each decoded image block
comprising a number of reconstructed pixels, each reconstructed pixet
~having an associated pixel value; '

- = program code for implementing a filter to reduce visual artefacts
due to a boundary (R12, R13, R24, R34) between a current decoded
image block and a previously decoded image block (B1, B2, B3, B4)

~ adjacent to the current decoded block, such that the pixel value of at
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least one reconstructed pixel in at least one of said current decoded
image block and said previously decoded image block is modified by
filtering to produce a modified pixel value,
characterized in that the computer program comprises program code
for decoding the image macroblock by macroblock according to a
certain macroblock scanning order, and that the computer program
further comprises program code for making said modified pixel value
available for use in filtering and/or prediction of a pixel value in an

image block to be subsequently encoded.

99. A storage medium comprising a computer program for operating a
computer as a decoder for decoding an encoded digital image, said
encoded digital image comprising a plurality of encoded imagé blocks
and haVing been formed by encoding a digital image comprising a
plurality of image blocks (B1, B2, B3; B4), which -are grouped into
macroblocks, each macroblock comprising a certain number of image
blocks, the computer program comprising:

- program code for decoding said encoded image blocks to form
decoded image blocks, each decoded image block comprising a
number of reconstructed pixels, each reconstructed pixel having an
associated pixel valué;

- program code for implementing a filter to reduce visual artefacts
due to a boundary (R12, R13, R24, R34) between a current decoded
image block and a previously decoded image block (B1, B2, B3, B4)
adjacent to the current decoded block such that the pixel value of at
least one reconstructed pixel in at least one of said current decoded
image block and said previously decoded image block is modified by
filtering to produce a modified pixel value,
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certain macroblock scanning order, and that the computer program
further comprises program code for making said modified pixel value
available for use in filtering and/or prediction of a pixel value in an
image block to be subsequently decoded.




