;e3e<e’ "atc(4c~d6dT<ekqg?l A nethod and associ ated device for filtering
digital video i mages The present invention relates to a nethod for reducing
visual artefacts in a frame of a digital video signal, which is coded by

bl ocks and then 5 decoded, a bl ock type being defined according to the
coding method for a block selected froma predeterm ned set of coding
types, in which filtering is perforned to reduce visual artefacts due to a
bl ock boundary. The present invention dlso relates to a device for reducing
visual artefacts in a frame of a digital video signal, which is coded by

bl ocks 10 %gge%hen decoded, l,ock type being defi ned according to the
codi ng net hpd ang) azgodi 9%‘6‘03(!‘@6f'HBHQQtQﬁQ&abVFQQQtIBTaﬁQﬁed set of

codi ng types, the device conprising a filter for reducing visual artefacts
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3 region if the notion information equals 0. Al the block regions of one
frame are not necessarily simlar types, but one frame can conprise bl ock
regions which are of different types. 5 Referring to Figure 1, which
illustrates a typical encoding and decodi ng system (codec) used, for
exanple, in the transm ssion of digital video, a current video franme to be
coded cones to the transm ssion system 10 as i nput data h(x,y). The input
data I"(x,y) typically takes the form & pixel value information. In the
differential sumrer 11 it is transfornmed 10 into a prediction error frame

E"(x,y) by subtracting fromit a prediction frame P'(x,y) formed on the
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35 image reproduced by the receiver. Inmage errors of this type are called

bl ocki ng artefacts. 5 Sone prior art nethods are known for renoving

bl ocki ng artefacts. These nmethods are characterized by the foll ow ng

features: 5 - determ ning which pixel / pixels require value correction in

order to renove the blocking artefact, - determning a suitable | ow pass

filtering for each pixel to be corrected, based on the- values of other

pi xel s contained by a filtering wi ndow3L0 pl aced around the pixel, -

cal cul ating a new val ue for the pixel to be corrected, and - roundlng t he

new val ue to .t he gkoses E@élzed I xel value., 15 Factors_that influence
ipng

the sel ect OB dhe;mo FRatige gauals Al tBe bleckdedions ef ORg can be)
for exanpl ramd ardi hbtnecessheilyweimilaheypad, Usst BhePirifie cagr esmpriae bl ock

he ¢ r anst IR e i SRR, e oo pixel val ues on

different sides of the pi xel being processed. It has been found that ,prior
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the featurd$ 2 NGIFOf Harme is dye Of mHB‘H‘W(@re?' togef‘ﬁt and by
taki ng i nta@ aevopredidiomdrame) tthee cddadhepreidiction terrdre ffameerisdalsd
15  directed to a decoder 14, which produces a decoded prediction error
frame E,(x,y) which is summed in a summer 15 with the prediction
frame P,(x,y), resulting in a decoded frame 1,(x,y). The decoded frame
is saved in a frame memory 16. To code the next frame, the frame
saved in the frame memory 16 is read as a reference frame R(x,y} and
20 is transformed into a new prediction frame P,(xy) in a motion
compensation and prediction block 17, according to the formula:

Pa(x,y) = Ralx + Dx(x,y), y + Dy(x,y)] (1)

The pair of numbers [Dx(x,y), Dy(x,y)] is called the motion vector of the
pixel at location (x,y) and the numbers Dx(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 [Dx(-), 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
multiplexer 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.




According to a first aspect of the invention, there is provided a nethod
for reducing visual artefacts in a frane that is coded by bl ocks,
characterized in that the filtering performed on the bl ock boundary depends
on block types of the frane in the environnment of the block 10 boundary.
According to a second aspect of the invention, there is provided a device
for inplenenting the nmethod according to the invention. The device
according to the invention is charactegized in that the filter is 15
arranged to operate adaptively according to the block types of the franme in
the environnment of the block boundary. According to a third aspect of the
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in pixel 3‘#u'ﬁg“é&‘%@f‘é?gﬁa&ﬁﬁéﬁb@@@ﬁgﬁﬁggﬁ%ﬁtawfﬁm &Hﬂf@" fe
general ly (ﬂhpg%semtnarabcwg.e associated wth blocking artefacts, and those
edges within the image, where the pixel value change is small, do not

suf f consi dergbhly fromthe royndi of the pixel value 20 difference
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verti ca O I . regar, vert.l ca oC
boundar i egsr,é t@[tgagpﬁ%gmpt@tlg b@%ﬁéﬁfi%ecgrﬂp Igaeftfarlﬁ of'H@E'BBuﬁBQr y, and
wi th regafiosbocammesnotiwhichbcis theidtactete, Cosines TaanstorrutiorpbdCT.and
bel ow t he TIRIRGRNY. is! VERSEio abSdrAABERE 1RdvinBCa ike!et &3 £ gescr i bed
as bg g an a\ fhréSt or a second slide of t bl'ock¥boundary. ™\ an exenpl ary
erbodhenPrEIS: b Coding Ank, deeoding. dbechlacks 3@ Precesseshtridgpendrntnuber
of pixel s gfoone another. 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 discrete scale in order that they can be processed
digitally. Quantization causes rounding errors, which can become
30 visible in an image reconstructed from blocks, so that there is a
discontinuity of pixel values at the boundary between two adjacent
blocks. Because a certain decoded frame is used for calculating the
prediction frame for subsequent predicted frames, these errors can be
propagated in sequential frames, thus causing visible edges in the
35 image reproduced by the receiver. Image errors of this type are called
blocking artefacts.




30 be corrected, the characteristic features of the filter being used and
the size of the filtering w ndow depend on the follow ng factors: a) The
type of block on either side of the boundary (e.g. inter, copy, coded,

not - coded), 35 8 b) the difference in pixel values D across the bl ock
boundary. The difference can be defined in many ways. One definitionis o =
fir, I,~ wherer, is the value of the pixel on the first side of the bl ock
boundary cl osest to the boundary, and 15 is the value of the pixel 5 on the
second side of the block boundary cl osest to the boundary, c) the size of

t he quantization step OP of the coefficients received as the result of the
transformation used in coding, and 10 d) differences in pixel values

bet ween t hSophex girforoartt Asethiods! apé dndwnt sk Pérﬁ%'&iﬁiﬁﬁi&@{iﬁ é@ﬁfa ts.
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can be renmoved wi t hout weakening the real inage edges unreasonably. It

shoul d be nedled|dtingf a newVARIe mﬂgimgtﬁ)o% c@gﬁeﬁ.}g%;&hgon, the 30 factors

affecting the filtéring perfor at’ a y differ fromthose
presented above. In the following, the invention will be described in nore

det ai | wi t+rausfding tive new vakiepteefirs clobes fiﬁ@@tp?xél%lﬁ?.e acconpanyi ng
drawdg i ngs, in which 9 Figure 1 represents a a digital video encoding
and decodi ng system (codec) according to prior art, Figure 2 represents the
| ocati on dragipkethat influengeiihe selestibhookaHilteruanthilye idecisionxwhetsry

embodi menttaaisé FefiRG©sh ¥ FofiddarkPic thie! GHERAX between the values
of pixels across the block boundary, the size of the quantization step of
the coefficients received as the transformation result, and the difference

20  of the pixel values on different sides of the pixel being processed.

It has been found that prior art methods 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 artefacts.

25
An objective of the present invention is to present a new kind of filtering
arrangement for reducing blocking artefacts. The invention also has the
objective that the method and associated device operate more reliably
and efficiently than prior art solutions.

30

The method according to the invention adjusts filtering parameters
according to the type of blocks whose boundary is to be filtered.
Different filtering parameters are chosen according to the type of block

on either side of the boundary in order to yield an improved filtering
'35  resuit.




Figure 3 represents alternatives for locating the filtering nethod
according to the invention in a digital video encoding and decodi ng system
Figure 4 is a schematic representation of a device for inplenenting a

nmet hod according to the invention, 15 Figure 5 represents a device
according to Figure 4 in operation, and Figure 6 is a schematic
representation of a portable video tel ecommuni cations device inplenenting a
nmet hod according to the invention. 20 1& the above, in connection with the
description of the prior art, reference was made to Figure 1.1n the
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1T 50n < o o0le o SEROrIPIRIBRAE e TAYRioh, e Brovided a7, 200
0.40a S o‘gg&égeg&?"ﬁp%%ﬁgﬁﬁngq@%}E{S&‘%P@Cg%&bgog%gﬁewwwﬁﬁna The

QP~| og( QP) devicerceerdiag diof the dnventibnesi chatantérkzea idi thia¢rthe filter §8 des of

t he bygck t I S ' cyl atjons, as
wel | 1"12 i nagialﬁgggy}e% ??%l?g%t égéﬁgr@éﬁggpgﬁnpntﬁﬁghngy;ﬁ':ﬁ% iognﬁ’iéncl udes
reference {F8MKN e ¢AViiANAANRt ofthe biackhawdanges not pl ace any
limtations on the determ nation of the value of paraneter n, but according
to the gui ] of . e { 2 it .ls advantagequs 15 that_ jts value is
general |y &lséhgtﬁﬁﬂhg% &h@"ﬁf%@%ﬁc@* epi'”(‘@nqm'u ® BeAyoy! M) ock
boundary i eneeder charanietized dorthat tie filter is aranfetine opevaté zaldptivett ep P
of t coehfhar r [ e I f odj rgation. If
the dr1t or i B oS ApbCel S1e radia I SnS PhdftheAL df i

pr obabi | i tsopﬁabt'oq W.is a real imge edge at the 20 bl ock boundary, and
in this case the pixels are preferably not exam ned for filtering at all

(n=0). In tep of the filter] met hod. according to the jnvention,
regi on typﬁe\eg?ﬁﬁén& i%rf%&'&tﬁ'céﬁﬂ%é ?Lgﬁﬁwwt@%o&qrﬁggﬂ)lm@NQQ¢ a
exani ned, decoder characterized in that the filter is arranged to operate adaptively

25  according to the block types of the frame in the environment of the
biock boundary.

- According to a fifth ‘aspect of the invention, there is provided a codec

characterized in that the filter is arranged to operate adaptively

30  according to the the block types of the frame in the environment of the
block boundary.

According to a sixth aspect of the invention, there is provided a mobile
terminal characterized in that the filter is arranged to operate adaptively

35  according to the the block types of the frame in the environment of the
block boundary.




25 i.e. the type of the blocks on both sides of the block boundary in
question is considered. According to the region type information, the val ue
of the parameter n may further be limted (truncated) to provide even
better results for reducing blocking artefacts. The region type information
is included e.g. in the coded infornmation relating to the 11 pixels of a
particul ar bl ock, wherein that information is maintained, or tenporarily
stored, during decodlng of the block unfil a truncated val ue n,~ for
paranmeter n is determned. 5 Table 1 shows truncation val ues accordlng to
an advant ageous enbodi ment of the present invention. Table 1 applies in a
situation where the maxi mumvalue of n is 6, and, of course, different

tr urwﬁt ed Aacoedingotd ca tmamnhoaasp@meof thei m@wu@hs tnﬁﬁé §st m vg' ue
is other t n r the first second 1
si des of ttﬁf’d}gg E%%"d%a 'J@g:b r‘gé(ﬁ oﬁ‘?eth fg‘ﬂa'fe;/;%ogfamhg"ﬁh%k on

the first §PEWrises mmlaekemmamey SMWS dor Iflltenngga@aptﬁ\geﬂ? afcdrliivgp! ock on

(1 ssBonisitie vle G gpESLOVING o,y o' ARBHenClr HE S 1 O

of a bounﬂﬁﬁﬁa@e
boundar yl DNOI_CODEDINTRAnn22n4n2CCPYZ222242200DED4n424442NOT
CODED2n222422 TABLE 1 15 Each cell of Tabl e 1, corresponding to a

particul arg IS S i nto t arts. The val ue on
Phe 1 ort oPrcaupR BERnEenRs B bBolf et block ioundartes iascosing @ bl ock
boundary al® inventiandilieringhis advantagecusty oaly aprohadltcrplxelsust biood for
the segondbsiif 5ﬁ§ gﬁga r.n_exceeds
t he val ue | veﬁaﬁés tiﬂ%nﬁc '?/eurﬁ(t?gt ggﬁ? §aﬁ$g #}Puﬁ%& &Eﬂ‘%?‘&&et rval in
Tabl e 1. ranYWE'%I ine the imagevarea. lacordart ﬂ’laialoa!i'getmxeis does
not exceedcmm!almn ublaw anefbebd eark !
(original |t¥1 gbgrqi@ﬁ}q kf"g(g')‘{laéaqmétl onr &Si)lﬁt%érig?aﬁrré&%éﬂq@ET\E%
synbol "n" "1 i e99E% Al eownagers@e! ﬂ§rﬂ@r&fé%ptﬁﬂd t he
par amet er during filtering; #he éallowing assmnptlonsﬁrednagbue n,~ for the paraneter
n canjml so be represented by the fornmula: nt~ = n1n(trva| n) 5
' Changes in pixel values associated with edges that are part of the

image are generally larger than those associated with blocking arte-

facts, and those edges within the image, where the pixel value change

is small, do not suffer considerably from the rounding of the pixel value

20  difference caused by filtering.

Because the image to be coded is generally divided into blocks both

vertically and horizontally, the image contains both vertical and horizon-

tal block boundaries. With regard to vertical block boundaries, there are

25  pixels to the right and left of the boundary, and with regard to horizontal

- block boundaries, there are pixels above and below the boundary. In

general, the location of the pixels can be described as being on a first

or a second side of the block boundary. In an exemplary embodiment of

the filtering method according to the invention, the number of pixels to

30  be corrected, the characteristic features of the filter being used and the
size of the filtering window depend on the following factors:

a)  The type of block on either side of the boundary (e.g. inter, copy,
~ coded, not-coded),
35




(3) The sane table can be used both for filtering across vertical block
boundaries (horizontal filtering) by putting "Left"P Right" in place of
"First"P Second" and for filtering across horizontal block boundaries
(vertical filtering) by putting "BottoniP Up" in place of "First"P Second",
10 respectively. Now, the value on the left gives the truncation value for
the pixels on the |eft/bel ow the bl ock boundary and the val ue on the right
gives the truncation value for the pix8 s on the right/above the boundary.
15 To further clarify the use of Table 1, an exanple situation is presented
inthe followng. In this iJlustrative exanple situation "horizontal
filtering"bis pg'te shffevgnger s pixg! valyes £ asresx the lask bamdarysdiieng t hat

the value for paffrifehee dan 5&ldefindicem fi: ﬁagé,ttm definitiof:i§-A £.|r{ he bl ock.
on the Ieft-hang|3| e of Ihﬁ@bl ocklg n a.)%/%'B the Intra

IL.h guestjon of
20 type, and t h&lDVBERE fnis e vale C o) eorbﬁh@ﬂﬂsbﬁﬁj@xotalﬁ]%fik 30 in
qu?ast ion i shof I boantlaty closest tythe mm%aﬁy, iamd R%Qﬁet\ﬁlﬂuetc]ijethbr%iﬂéﬂt i on
val ue gor the t 2fan i t ryneat i on va r
ri ght h%nd si de :8@ }HgT%f%bﬂrgar?idé]hgfcmgeeqbﬁkx@?’i’ egtbe‘“teé?t@ ek
boundary (=the beausdafted val ue of n) are selected for exam nation from 25

the left-hand side of the boundary, and 2 pixels closest to the bl ock

boundary (=t he truncated value of n) are se|lected for exam nation fromthe
ri ght - hand®i deih%ﬁlﬁ%@ t@@%’g'zﬁt@aﬁ%a% qfthecpeeflicients Heceiathwi ng.

I'n this illustra8@héiresultohting eravisfomhaton Usd imcgddihg! anderi ng” is
perfo d across a vertical block boundary 30. Assum ng that the val ue of

~parameter n cal culated fromequation (2) is e.g. 4, and the bl ocks on both
sides of t@p bl differencesanpisal valugsdeetiweemthe pixelseorChipg firgbsideTabl e 1

I ndi cat es that | 7 | | S t he
truncation val uf@g!d&g@éhﬁg%%ﬁtﬂ_i%%ég dd(iaﬁlbisy gg?&ﬁlagdﬁe@a Is)étlﬁa% the 2
pi xel s cl osest e $@eond sige,phihe binakddaeyndarhe truncated val ue of n) are
selected for exam nation fromthe | eft-hand side of the boundary, and the 2

I xel I to.t | ock b =t t I .of
el ecta 1 BF e Ae¥Aae oS, ATRedinient olomé Jedhod Hgpotie: R na 1y
p EI edi cted invemdion( the namebgr of thenpatels rse@@cteuefopefﬁmm?an vasy, and it
vant ageo SR hegd i I
?nf or matgi o'né.shﬁ)ﬂ%ee _nequg?e | %mghﬁ@tng%ﬂn@s #Etahq@@’cgctg%‘bﬂ%@et-rg‘% he
i nventi on NEMberqirixelspalse ﬂ%[?dﬁa@“dhettﬁﬁepérmﬁ@keﬂﬂset!heéﬁwedgf théhi ch
represent Betihdaiy, Becaube e ieiebeeofopixeixal dahprsd bétﬂ%frqéﬂefal s on

701 oo Tedlfed bP R FRAGE oSS EShTaiMoG i I Hahabi pariadiar s <c.

d, =i, wheggion dadording ththe fantots orentioricd above; tie method produces a/ i,

(3 = 4 ogf PptEr MErndr3ut Indf that ' droviied T it AL nenids " TE "

that all r'Retigfe feshitatiedhisy conteXinis one idrwhishohipcigngraretacia’ ate ue n

for the pargierf to)angRiatee extatt while raanerigdd mPRRAIRage & hffbktan (4)

becaL§§ s q'eggelt Odeegq'lé%t. 'Phis means that a larger amount of blocking
artefacts can be removed without weakening the real image edges
unreasonably.

It should be noted that in other embodiments of the invention, the
30 factors affecting the filtering performed at a block boundary may differ
from those presented above.

In the following, the invention will be described in more detail with
reference to the preferred embodiments and the accompanying draw-
35  ings, in which



25 (2), the highest possible value of nis 6 in this case. If n is defined
differently, but the paraneters d, and d, are defined according to
definition (4), the nunber 6 nmust be replaced by the highest possible val ue
of n according to the new definition. 30 It is advantageous that the val ues
of the paraneters d, and d, are cal cul ated i ndependent of one anot her,
because the inmage information contained by the frame can be different on
different sides of the block boundary. @he invention does not lint the
definition of parameters d, and d,, but according to the guidelines of
definitiondg4é Lt is 35 advantagequs that these parameters are used to
limit the TGN hg LPPEISANISA Gcdigitahyides anonsing anss decodintg: spsterk
boundary, if there i{godec) décoemh &@Qgﬁwqgge near the bl ock boundary. The
essential features of definition ?4) can be summari sed as follows: the

val ue of paraneter d~ (and correspondingly the value of paraneter d-~)

provi des arfigutd 2at irepresentswthanipcationl of cpixelsdin refmtidie tb eckibexndary
have 5sgapproxi mat el Bqi /gy val u plxel at the block boundary. A
hi gh vg?ue of parangker ﬁﬁ?gﬁb.éé)Sf%ﬁﬁ%éﬁé§é¢ﬁ5¥ﬁ?ﬁ%“dp f@%%ﬂ@@ ween
the pixel values at acgerdingde thednwantions rel atively small conpared with
the general variation of the pixel values within the block. In 10 this

case, it i g Sh bl at there is a real ipage edge near the bl ock
boundary. %:3}&2%1 %ct ?%@%%ﬁ?f P@?B?ﬁtl‘ﬁ‘f’ss?fﬁfl [&%@tm@ %hepéﬂt%ﬁ'ﬂgerm&thqcbr d,),
it is possible to rastordingttretté liheehtion ﬁhn@GHigitaFindQ?téﬁw}dﬁhg%d‘g

artefgpts so that i e a deteriorating effect on a Teal image
edge close to the ngggaﬁ'(glgg%ﬂré?N’ I'n sonme situations, a |arge nunber of 15

pi xel s counted fromthe block boundary have approxi mately the sane val ue as
the pixel #&igurees bl pel seprepriatioy repraseddti ficB bl give

t he paranet egr d, (or %hé a rel ati‘{’/aégﬁtéﬁﬁ§gﬁu§&%§@tgﬂPkﬁeﬁﬂﬂb%is a
clear discontinuityMeihpAageardingto fia iRventioRe bl ocks, the parameter n has
a small value and the truncated value nt, is used in 20 the definition (4)
whi ch{geke ha i.gh val is not selected as the

val ue g? ttlzyl{)rgrsame{eec?l-B 8gﬂigaweéécﬁgngoﬁ%?ﬁo inepsratiogh and ue of
the paraneter dr (or d,) would result in unnecessary filtering. 25 If

bl ocks on Pigures deg of t Sehom2G b&tﬁ}g I nterazty cks,  1he
truncation ir?as no e{ﬁfygct on the ,sk:el ect| g%ﬁgﬁﬁer&gar%qﬁ@%% uggjer‘i) d, and
d,. On the other hatfteCoMMYNCaLRNs neleyica heimplesmenting aat ypeetiatr t han
Intra, the truncatiaccordindeo Had evantiicording to the fornmula (3) may limt
t he gg@ber of pixels filtered. This has the advantage that the 30 bl ock
boundaries are not snpothed too rmuch. In addition, the |argest possible
nunber of [ 1§ aboyepdn mannaddignnuith the descriptionTol thelpeiorrmt, fefee a

notation oéneé wawmade f Figre?1 IR the! follbWing Heciptidn MirdilRfdA "o!
filt | d ofrect 1 g oo o)
e G bt o s e e ey o
“have been Higueesri 2et, 5.i Ther isame sreferericed ruthbERs Nire? LBl 46 ©dridter. The

i nve 'ongﬁfd- ten 40 ind of filter that can be used, but a
fil terﬁfils ng rraﬂggr@ﬂﬂrﬁtﬁ&ﬁ%@%een found preferable, will be described in
the following. Filter s ing is used to determne a new value for the pixels
o el val Loore per i nd e Iogaof 1 thEpiedisnf, Focan®hy HbngeiRih S of "the
Bi xel val q@i?ﬁgﬁ(’&kg&ﬁmﬁjmﬁéi ﬁJpewwgm@mﬂdm% methogeageending da the
gnb?pli mentinvention,i tedaimpavamecarsi éhétﬁﬁéélf{éd@ﬁ]abﬂrhét ﬁ@%ghégaf tpijxel to
e fiddger n i [ nto pi xe] to be filYered, one,
t wo (§4rd t hﬁgJe'ﬁgjg&e spi%(!%]a@]oﬁ? M',neéfeg@mi e gﬂopﬁe QHNdasy dn eRe
par anet er SliteCtiond and intheczase bt Higuree? itsfvatne iS6. toigradvarithgeouarte only
G are’ dei g YAk F 1R hrtaRie el S0 e dh el e dGetaliontly e *™
cl osest dit;ﬁﬁ he ditference Of the pixel values A across the block boundary and
to the size of the quantization step QP of the coefficients received as
35  the result of image coding. Furthermore, the value of parameter n is

advantageously smaller than or equal to the number of pixels in the




15 ized pi xel value, whereby it beconmes the new value of the filtered
pi xel . Table 2 shows the determ nation of the width of the filtering w ndow
for the pixels r,, r2 and r3 according to the value of paraneter d, in a

preferred enbodi nent of the invention. The values of the pixels I,, 1Z and
13 20 are determned in the sane manner according to the value of the
paraneter d,. In the table, "X" neans that the pixel in question is not
filtered at all, and the nunber neans t@at the filtering w ndow i ncludes a

nunber of pixels shown by the nunber from each side of the pixel being
exam ned. Gmg_other things, Table 2 shows that for filtering to 25 be
applied to prxthe dueaencof examigationmiet axmit passibde vhlopking eat er
than 1. d, aftefactdragsiciated it préi X e ShAAhdind 8o tHde

- YT PRV PRiclc houhdRlied, Sbrbaging o, e

filtered valu f pixel r, is u ITter)ng pI, X :
filtered VQ{O&Z‘SO%?"@% Su,n,dse;gnoexaznmqg;quedﬂ)gr following nglebinitian & «++ 3

} fld, > 2, rendmmersied . fob dbe nbca/qméwﬁeuf)bh@mbdm@ﬁtﬁ@;tmﬂm@ﬂ@ﬂi ng the
iltergng A . L QW, ichis pi xel s | ong
and Io%at egﬁg%é]%égg%ﬁghggmaé?@@%gpé?(é)grt| cal bl ock boundary. The
description can be easily generalized to concern vertical parts of pixel

col ums, 10 wh@ich are | ocatedoggpretrically on both sides of a horizontal
bl ock boundar‘i3 thggre 2 can turned 90 degrees counter-cl ockw se,
ou

wher eby bl ock F”ySBG&be% hori zontal, and the pixels shown in the
figure form papt pHobhe verti-qaospi xel colum so that pixels r, - rs are

t he pixels abzee agg pixels I, - 16 are the pixels below the boundary. 15
To filter BrogR d8B@:Fi ob t518@hout the whol e frame, applying tH&)met hod

‘according to the gaggnti 90, ahlgeyprtical block boundaries of the frame are
exam ned row by row and all horizontal block boundaries are exam ned col um
by col um. Thed oli@darmas do <04k i cance as such, and thus all the

hori zontal bl gk boupdariges 0f frame could be 20 exam ned first colum
by colum, and then alT the vertical block boundaries row by row. In an
advant ageous enbodi nent of the invention, filtering is repeated |ine by

boundar vy WHSRiN & X QR @R} IEC XElSa diftb R bt BISSERBAT8E <hous
at whﬁaih pRtrsideq qfi thyer blocknbgendans dthesmalledvatus of QR is asetciadibe)
accordi ng ¢alciMatiohsaids Gl B inMaN VAR sbpré?éﬁﬁﬁtléicinﬂefje}i}géﬁéi,% %fénf[ ding to

the i tian..The first alt t | th
fiTtering SRR RReldgs Eierenor 1o ane, O Valve anly.2Bhe nyantion daes decoder

gf tge r ecudtvalace @y limitstioniseon msxe_rdgtermmmvasbm? agjtué of bajra‘nﬁe@eh bl ock
ounaarl esy | . . e -er . OCKS thin the
frame ﬁhav?'bglélt\aggeétcﬂgg. {dl'?ﬁ% @Qﬁflb%é ecgl %gggilgﬁe@)nfto'rsnﬁé}’%#%@% stored
for df tHBabitscvauenisogenerallehigheast woenathes diftareneei of pixebivalres he
filtering durosk the bloek Beahuary RESAAL IM 2dMbatisdn viith tHe izt i figcoded
frame is diregted to the a nenory. 25 for fTormng a préediction Trame, as
i1 ust 'r at eé}Jadﬁlzggpgr gfﬁ)qe C&éngnﬁghgzqoe{fﬂments received %s th% reéult Iof the

coding transformation. if the difference between the pixel values A is

large, there is a high probability that there is a real image edge at the
20  block boundary, and in this case the pixels are preferably not examined

for filtering at alt (n=0). |

In the next step of the filtering method according to the invention, region
type.information concerning the two neighbouring blocks is examined,
25  ie. the type of the blocks on both sides of the block boundary in ques-
tion is considered. According to the region type information, the value of
the parameter n may further be limited (truncated) to provide even
better results for reducing blocking artefacts. The region type
information is included e.g. in the coded information relating to the



17 this case, block type information for all blocks within the frame nust
al so be stored, as block boundary filtering is still perforned after
decodi ng and reconstructing the entire frame. However, this alternative has
t he advantage that the renmpval of blocking artefacts also has an 5 effect
on the formation of a prediction frame, whereby bl ocking artefacts in one
frame are not propagated via the prediction frane to subsequent frames. In
order to achieve the effect just descrilBed, the bl ock that perforns
filtering according to the invention can be placed either before or after
the frane ﬁxn&ry ti5' However h?‘el ocati.on, sho by 10 reference nunber 32
i s preferrdd®BeRafska & pificke JvRerqin; thaligiymation is mairtaigednoruences
si nul t aneodemparasiy stored; duringodéeodingyof tite bisel Mhtiva daFRIREd A2ud he

frame to bensfyvegardmbls AR BEYerniRelle transmtter, a block inplenenting
the filtering nmethod according to tﬁe'i nvention can be placed as shown by

reference nunbers 33 and 34, 15 either before or after the frame nenory 16.

I n thi [ j ; . ted
predi cot on o 1SS P hfieRih detied® SEcbRiB "' S At et us cous
enbodi ment %?b‘{’ﬁ'@WFR/@rﬁtm@nPr esrnl Invantee. cablg dg applieshia ai situationy
according_WhereethiensreDiimeiin VbR b Grid) of Subb kit aRPlnAcaRsgsor of
a correspo | ﬁ{ﬁsjélPt ed f.O{? E{Oﬁesﬁl n ah 1 gi.tal signal, I'th can be
progr am*red%@%pﬁ%"é PIOPTR SEEAUORY W& then BNadMAIn Ve 1S ecei ved
as input dather thajuge Thertesmeation Ive!dem@rgm@éd ﬁbﬁtltfﬁ’é\_tfﬁspfan_d SbEwd

carr o] I o .the inventi.on

ol ondnt o 8 the ionR Sty WEhARIRG o inbdebiih NS O KR bladisn of
the filter Pﬁgﬁ'lﬂ Het side pﬂdgerupgh bgumianr angl. orether régign ftiypetoft theri gur e
4. the Tunbldokrieh thé SR e o AR/ IABER holiddaduncti onal definitions (35 -
39) for calculating the paraneters that control “the filtering nethod

according to the inventjan.30 Advantageously, the functional defi n" tions
are | oaded into the signg

Nl OesSs i ' it by acjure or
progranm n§, . oarrn bt Wcﬁéh?ﬁ@'gé‘édrﬂ]s?ﬂ'eénéblﬁygﬁg&: -

T dlT O accpr armg—to—r{ygat-e— baved
tenporarily type réﬁi COPYcan be| pooebpssed pyorheosEQNI
processor . §Blogkessh Mted

proceeds b]ock-by-blogk. At a gi¥yen
instant, a %ﬁ Pgﬁ@gr off pixels ind cated by tpe paranmetef n, nt" acfording
to the def £ BFJ ided in Tabje 1, are splected to pe exam ned] 42 from
18 each si §ibouhdargert a certain plock boundpry, the
dparaneter§ 4 TTTLertng pa rspert g Tese
oper ati ons
filtered/p

- undaE es
gopgsed
and a new

I’ CA CA
and 5 can pEOPEPried o
i npl enent eflyh® EogeHer 4
for signal ~protessrng— aefe—ireehl-th-c-alh—he
'sof t ware program conpri si ng machi neTé&Bldtitlabl e steps for performng the
met hogs according to the invention. In an advantageous enbodi nent of the
invention)_the software programis read fromthe storage nediumto a device
conpri si ngEﬁ&&&Pﬁrﬁ%\ﬁﬁQ'%a&%{reﬁpgnd@got%amﬁcuIawegm typef combingt he
met hod of figrg isngplit irto. twWd edrty/ €Thé ofpigan it | ' ting
fromthe s&sﬁag {;‘95 @?3 %yf. %E)e.cgelda% s mgge%{qg%ﬁeg&% ﬁe@é%cﬁgaﬂe
capabi liti€s of. & p DR TRt Bidk:of the logk Dajy gt thenvalug entthee st eps.
For exanplfightt givestitheatrameationOvalae freaiciorchieasecbnd sttt bhehé WaR@ D =

, 2 | | i . bl,e. .Th
ot | 201 o1l {1 Vil Of parifiefir 1 extBEHY e e e if dabie S ™
consi der ed™ycaiegnte the Bungatianpalue davalrinyTableaht Ygkowevesdhef valoe

consi der ed YCRENA B8 b thiny] chowsvasdhetvalie
tel evi si o g;gngﬂg' 2&“"‘3‘?2’@%@8@%?2@% nareapea die' Alae QL decode
|

digital vi qoe |Vtaq':!,‘ﬁ09 dhe,parameter bt (sviginally idetownined from net hod
accor di ng equatien (2)) ésretainedylrbTabhkplithe $y¥mBBY HTRER 2SS gt mﬁmﬁd d! n
udi ng

whi ¢ n i i d a_block-by-bl ock basis, I

i ndi \I%g;ualt ! I éi&sﬁ]we‘%@?&ﬁ%al%@%gge @@rW&Eﬁ%V%'IughlﬁAéﬁé'%i? €t erm nal
46 intended for use as a portable video tel ecomruni cations device and

appl ying the nethod according to the invention. Advantageously, the nobile -

term nal 46 conprises at |east display neans 47 for displaying inmages,
audi o neans 48 for

(T T angenent s




35 capturing and reproduci ng audio i nformation, a keyboard 49 for inputting
e.g. user commands, a radio part 50 for comrunicating with a 19 nobile
comuni cati ons network (not shown), processing neans 51 for controlling the
operation of the device, nenory neans 52 for storing information, and
preferably a camera 53 for taking inmages. 5 The present invention i s not
solely restricted to the above presented enbodi nents, but it can be

nmodi fied within the scope of the appent2d cl ai ns. Clains : Z 1. A nethod
for reducing visual artefacts due to a bl ock boundary between i nage bl ocks
ina frame,of a digital vigdeo,signal, conprising performng a filtering
operation HH"PH@%?’@@"P QmuERfaW Bﬂgﬁmﬁ rg:gﬁ@ﬁ'o@ p be represented iy theon an
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25  the left-hand side of the boundary, and 2 pixels closest to the block

boundary (=the truncated value of n) are selected for examination from
the right-hand side.

Another example situation is presented in the following. In this illustra-
30  tive example situation "horizontal filtering” is performed across a vertical
block boundary 30. Assuming that the value of parameter n calculated
from equation (2) is e.g. 4, and the blocks on both sides of the block
boundary 30 in question are of the Copy type, Table 1 indicates that the
truncation value for the left-hand side is 2 and the truncation value for
35 the right-hand side is 2. This means that the 2 pixels closest to the




t he bl ock boundary in dependence on the encodi ng nethod used to encode at

| east one image bl ock in the environnent of the block boundary 9. A filter
according to Claim8, wherein the filter is arranged to nodify at |east one
paranmeter of the filtering operation performed on the bl ock boundary in
dependence on the encodi ng nethod used to encode a first inage bl ock and
the encoding method used to encode a second inege block, the first and
second i mage bl ock being | ocated on oppdsite sides of the bl ock boundary.
10. Afilter according to Claim8 or 9, wherein said at | east one paraneter

Is selecte ron1a rou rising, nu r of pixels to be exam ned, a
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Claim®6 trom the righthang sigleni nal conprising a filter according to Claim

6. 14.5A storage mediumfor storing a software program conprising machine

execut abl e~codg. f.or erf thod according to aim1l1. 15. A nethod
of video eﬁ@BdEhg"ﬁﬁ@ Yngpﬁg@ﬁﬁzﬁd@@esr é@ﬁéﬂﬂ@&h sliancatiaref akttbe
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reduci ng :

vi sual artg acttgaédgkﬂméﬁock boundary bet vveen |mage bl ocks in a franme of
a digital video signal, conprising performng a filtering operation on the
bl ocki@oun Y n sat ' . ' t hod
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of the block boundary. 19. A video encoder corrprl sing a filter according to
Claimg8. g Gf‘ifvli'de‘?l g?’?f"ﬁﬁﬁ eﬂpfgjﬁ!al’ ng a filter according to C aim 18.
- otherwise: d, = i, where i fulfils the conditions
i1, n,J, (4)
Ir1 - riyd > Bfi, and
Ir1- ] < B/ with all je[1,i].
20
Here, the auxiliary parameter B = 4-log(QP). The value of parameter d,
is determined similarly, except that all r's are replaced by I's and the
corresponding truncated value n,, for the parameter n must be used.
The number 6 appears in definition (4) because, according to equation
25  (2), the highest possible value of n is 6 in this case. If n is defined
differently, but the parameters d, and d, are defined according to
definition (4), the number 6 must be replaced by the highest possible
value of n according to the new definition.

30 It is advantageous that the values of the parameters d, and d, are
caiculated independent of one another, because the image information—
contained by the frame can be different on different sides of the block
boundary. The invention does not limit the definition of parameters d,
and d, but according to the guidelines of definition (4), it is

35 advantageous that these parameters are used to limit the blocking
artefact processing relatively close to the block boundary, if there is a




21. A nobile termnal conprising a filter according to Claim18. 22. A
storage nedium for storing a software program conprising machi ne execut abl e
code for performng a method according to Claim17. 23 23. A nethod of

vi deo encoding including a nmethod for reducing visual artefacts according
to daim17. 24. A nethod of video decoding including a nmethod for reducing
visual artefacts according to daim17.
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G' 100 iXe /&opyteq om the block boundary have approxzmately the same
value as the pixel at the block boundary. In that case, definition (4)
would give the parameter d, (or d)) a relatively high value. However, if
there is a clear discontinuity in pixel values between the blocks, the
parameter n has a small value and the truncated value n,, is used in
20  the definition (4) which make sure that an unreasonably high value is
not selected as the value of the parameter d, (or d)). Otherwise, a rela-
tively high value of the parameter d; (or d) would result in unnecessary
filtering.

25 It blocks on both sides of the block boundary are Intra-type biocks, the
truncation has no effect on the selection of the parameter values n, d,
and d.. On the other hand, if at least one of the blocks has a type other
than Intra, the truncation of the value n according to the formula (3)
may limit the number of pixels filtered. This has the advantage that the

30  Dblock boundaries are not smoothed too much.

In addition, the largest possible number of pixels to be filtered must be

decided. This does not have a notation of its own in Figure 2, but it can

be e.g. 3, which means that filtering can only be used to correct the
35  value of the pixels ry, 1y, 13, Iy, I and I5.
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mined for a given plxel by calculating the mean of the pixel values that
appear in a filtering window. In the preferred embodiment, the filtering
window is symmetrical with regard to the pixel to be filtered and con-
10 tains, in addition to the pixel to be filtered, one, two or three pixels from
both sides, depending on the values of the parameters d, and d, as
described hereinafter. Of course, these are only examples and other
values could be chosen in situations where n, n,,, d, and d; are defined
differently. The calculated mean value is rounded to the closest digit-
15 ized pixel value, whereby it becomes the new value of the filiered pixel.

Table 2 shows the determination of the width of the filtering window for
the pixels ry, r; and r; according to the value of parameter d. in a pre-
ferred embodiment of the invention. The values of the pixels |y, b and |5

20  are determined in the same manner according to the value of the
parameter d.. In the table, "X" means that the pixel in question is not fil-
tered at all, and the number means that the filtering window includes a
number of pixels shown by the number from each side of the pixel
being examined. Among other things, Table 2 shows that for filtering to

25  be applied to any pixel, parameters d, and d, must both have a value
greater than 1.

dg>1) |n Is rs

1 X X X

2 1 X X
13 1 1* X

4 2 2 X

5 2 2 2%
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The above description relates to implementing the filtering on one hori-
zontal part of a pixel row, which is 12 pixels long and located sym-
metrically on both sides of a vertical block boundary. The description
can be easily generalized to concern vertical parts of pixel columns,
10  which are located symmetrically on both sides of a horizontal block
boundary: Figure 2 can be turned 90 degrees counter-clockwise,
whereby block boundary 30 becomes horizontal, and the pixels shown
in the figure form part of the vertical pixel column so that pixels r, - I's
_ are the pixels above and pixels I, - Is are the pixels below the boundary.
15 To filter block boundaries throughout the whole frame, applying the
method according to the invention, all vertical biock boundaries of the
frame are examined row by row and all horizontal block boundaries are
examined column by column. The order has no significance as such,
and thus all the horizontal block boundaries of the frame could be
20  examined first column by column, and then all the vertical block
boundaries row by row. In an advantageous embodiment of the
invention, filtering is repeated line by line, i.e. the first line of the pixels
in the blocks (besides the boundary) is filtered first, then the second

line, etc.

25

Figure 3 shows at which points a digital image encoding and decoding
system (codec) according to prior art can be improved by applying
filtering according to the invention. The first alternative is to place a
block implementing the filtering method according to the invention in the
30  output of the decoder of the receiver, as illustrated by reference number
31. In this case, block boundaries in the video frame are filtered after aft
blocks within the frame have been decoded. This requires block type
information to be stored for all the biocks in one frame. Another
alternative is 1o place the filtering block in the receiver before the point
35  at which the decoded frame is directed to the frame memory 25 for
forming a prediction frame, as illustrated by reference number 32. In
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this case, block type information for all blocks within the frame must
also be stored, as block boundary filttering is still performed after
decoding and reconstructing the entire frame. However, this alternative
has the advantage that the removal of blocking artefacts also has an
effect on the formation of a prediction frame, whereby blocking artefacts
in one frame are not propagated via the prediction frame to subsequent
frames. In order to achieve the effect just described, the block that
performs filtering according to the invention can be placed either before
or after the frame memory 25However, the location shown by
reference number 32 is preferred, because when applied at this stage,
the filtering influences simultaneously the frame to be output by the
receiving decoder and the frame to be saved in the memory. In the
transmitter, a block implementing the filtering method according to the
invention can be placed as shown by reference numbers 33 and 34,
either before or after the frame memory 16. In this way, the invention
can also be used to produce a corrected prediction frame at the
transmission end.

In a particularly advantageous embodiment of the invention, the block
carrying out the filtering according to the invention is implemented in a
digital signal processor or a corresponding device suited for processing
a digital signal, which can be programmed to apply predetermined
processing functions to a signal received as input data. Figure 4
presents the functional elements of a block carrying out the filtering
method according to the invention, implemented as a digital signal
processor. Correspondingly, operation of the filtering block is illustrated
by Figure 5. Referring first to Figure 4, the functional elements are
programmed with functional definitions (35 - 39) for calculating the
parameters that control the filtering method according to the invention.
Advantageously, the functional definitions are loaded into the signal
processor in connection with its manufacture or programming . During
operation according to Figure 5, the frame is saved temporarily in
register 41, so that it can be processed by the signal processor.
Processing of the frame proceeds biock-by-block. At a given instant, a
number of pixels indicated by the parameter n, n,, according to the
definitions provided in Table 1, are selected to be examined 42 from

B
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each side of a certain point on a certain block boundary, the d-
parameters 43 are calculated, and filtering 44 is performed. These
operations are repeated until all boundaries of all blocks have been
filtered/processed, after which the frame can be output from register 41
and a new frame saved for processing. The measures according to
Figures 4 and 5 can be carried out in a separate signal processor or
they can be implemented in a general processor which also contains
other arrangements for signal processing.

A storage medium can be used for storing a software program
comprising machine executable steps for performing the method
according to the invention. In an advantageous embodiment of the
invention, the software program is read from the storage medium to a
device comprising programmable means, e.g. a processor, for
performing the method of the invention.

The invention can be modified without departing from the scope defined
by the claims presented hereinafter, using the capabilities of a person
skilled in the ant without actual inventive steps. For example, the
parameter A can be calculated using the formula A = [t + 1) - (14 + 1)
or some other formula considered suitable. The definitions of the other
parameters presented above should also be considered as examples

~only. A particularly advantageous use of the invention is in mobile video

25

30

35

telecommunication applications, digital television receivers and other
devices that at least receive and decode digital video image. It shouid
further be noted that in general the method according to the invention
may be applied to any image coding method in which an image is
encoded / decoded on a block-by-block basis, including individuat (i.e.
still) digital images.

Figure 6 shows a mobile terminal 46 intended for use as a portable
video telecommunications device and applying the method according to
the invention. Advantageously, the mobile terminal 46 comprises at
least display means 47 for displaying images, audio means 48 for
capturing and reproducing audio information, a keyboard 49 for
inputting e.g. user commands, a radio part 50 for communicating with a

B
!

B
B
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mobile communications network (not shown), processing means 51 for
controiling the operation of the device, memory means 52 for storing
information, and preferably a camera 53 for taking images.

5  The present invention is not solely restricted to the above presented
embodiments, but it can be modified within the scope of the appended
claims.
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side of the block boundary.

2. A method according to Claim 1, wherein the frame comprises at least one
region of image blocks and the filtering operation performed on the block
boundary is dependent at least in part on a region type of an image block on a
first side of the block boundary and a region type of an image block on a second
side of the block boundary.

3. A method according to Claim 1 or 2, wherein at least one parameter of the
filtering operation performed on at least one side of the block boundary is
modified in dependence on the encoding method used to encode at least one
image block in the environment of the block boundary.

4. A method according to Claim 3, wherein at least one parameter of the
filtering operation performed on the block boundary is modified in dependence
on the encoding method used to encode a first image block and the encoding
method used to encode a second image block, the first and second image blocks
being located on opposite sides of the block boundary.

5. A method according to Claim 3 or 4, wherein said at least one parameter is
selected from a group comprising: a number of pixels to be examined, a number
of pixels to be filtered, an activity measure providing an indication of the
difference between pixel values on one side of the block boundary, a filtering
window.
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6.  Afilter for reducing visual artefacts due to a block boundary between image
blocks in a frame of a digital video signal, the filter being arranged to perform a
filtering operation on the block boundary in dependence at least in part on an
encoding method used to encode an image block on a first side of the block
boundary and an encoding method used to encode an image block on a second
side of the block boundary.

7. A filter according to Claim 6, wherein the frame comprises at least one region
of image blocks and the filter is arranged to perform said filtering operation on
the block boundary in dependence at least in part on a region type of an image
block on a first side of the block boundary and a region type of an image block
on a second side of the block boundary.

8. A filter according to Claim 6 or 7, wherein the filter is arranged to modify at
least one parameter of the filtering operation performed on at least one side of
the biock boundary in dependence on the encoding method used to encode at

least one image block in the environment of the block boundary.

9. Afilter according to Claim 8, wherein the filter is arrahged to modify at least
one parameter of the filtering operation performed on the block boundary in
dependence on the encoding method used to encode a first image block and the
encoding method used to encode a second image block, the first and second
image block being located on opposite sides of the block boundary.

10. A filter according to Claim 8 or 9, wherein said at least one parameter is
selected from a group comprising: a number of pixels to be examined, a number
of pixels to be filtered, an activity measure providing an indication of the
difference between pixel values on one side of the block boundary, a filtering
window.

11. A video encoder comprising a filter according to Claim 6.

12. A video decoder comprising a filter according to Claim 6.
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18. A filter for reducing visual artefacts due to a block boundary between image
blocks in a frame of a digital video signal, the filter being arranged to perform a
filtering operation on the block boundary in dependence at least in part on an
encoding method used to encode an image biock on a first side of the block
boundary.

19. A video encoder comprising a filter according to Claim 18.

20. A video decoder comprising a filter according to Claim 18.

21. A mobile terminal comprising a filter according to Claim 18.

22. A storage medium for storing a software program comprising machine
executable code for performing a method according to Claim 17.
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23. A method of video encoding including a method for reducing visual

artefacts according to Claim 17.

24. A method of video decoding including a method for reducing visual
artefacts according to Claim 17.




