1 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 blocks and then 5
decoded, a bl ock type being defined according to the coding nethod for a

bl ock selected froma predeterm ned set of coding types, in which
filtering is perfornmed to reduce visual artefacts due to a bl ock boundary.

The present invention also relates to afdevice for reducing visual
artefacts in a frame of a digital video signal, which is coded by bl ocks 10
and then decoded, a bl ock type being defined according to the coding

met hod for Aaneibekt ard essediatedalaring foofileingdiigraniitesd weages coding
types, the device conprising a filter for reducing visual artefacts due to

a bl ock bo dar¥. Furthernore, the E)resent invention relates to a video
encoder co#&l’q pregenehyention w@ialas tamamesbedi fog reddicing sisualdatefastsi gnal
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Frn1ne of codin types, I ch
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15 signal by blocks, a block type being defined according to the coding
methaod for a block selected according to a predetermined set of coding
types, which encoder comprises a filter for reducing visual artefacts due
to a block boundary. The present invention also relates to a video
decoder comprising means for reducing visual artefacts in a frame of a
20  digitai video signal, which is coded by blocks and then decoded, a block
type being defined according to the coding method for a block selected
according to a predetermined set of coding types, which video decoder
comprises a filter for reducing visual artefacts due to a block boundary.
The present invention also relates to a video codec comprising means
25  for coding and decoding a digital video signal by blocks, a block type
being defined according to the coding method for a block selected
according to a predetermined set of coding types, which video codec
comprises a filter for reducing visual artefacts due to a block boundary.
The present invention also relates to a mobile terminal comprising a
30 video codec, which comprises means for coding and decoding a digital
video signal by blocks, a block type being defined according to the
coding method for a block selected according to a predetermined set of
coding types, which video codec comprises a filter for reducing visual
artefacts due to a block boundary. The present invention further relates
35 to a storage medium for storing a software program comprising
machine executable steps for coding and decoding a digital video



30 video codec, which conprises neans for coding and decoding a digital

vi deo signal by bl ocks, a block type being defined according to the coding
nmet hod for a block selected according to a predeterm ned set of coding
types, which video codec conprises a filter for reducing visual artefacts
due to a bl ock boundary. The present invention further relates 35 to a
storage nedium for storing a software program conprising nachine

execut abl e steps for coding and decoding a digital video 2 signal by

bl ocks, a bl ock type being defined according to the coding nethod for a

bl ock selected according to a predeterm ned set of coding types, for
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There can Yerdermal ithebentioairindagé erfedtamegi are tiparsd on the basis of a
preceding I|-frame or P-frame, wherein at the receiving stage a
15 preceding I-frame or P-frame is correspondingly used together with the
received P-frame in order to reconstruct the image. In the composition
of P-frames, for instance, motion compensation is used to compress
- the quantity of information. B-frames are formed on the basis of one or
more preceding P-frames or I-frames and/or one or more following P-

20 or i-frames.

The frames are further divided into blocks. One or more such blocks
forms a block region. There can generally be four different region types:
Intra region, copy region, coded region, and not-coded region. An intra
25  region is a block region in which the blocks are coded independently
without reference to any other frame. A copy region consists of blocks
which are obtained by copying the content of the reference frame into
exactly the same location without any motion compensated prediction.
A coded region consists of blocks which are obtained using motion
30 compensated prediction and prediction error coding. The prediction
error is a difference between the pixel values of the actual frame and a
reconstructed frame which is formed in the coding / decoding system
using motion compensated prediction, as will be described in further
detail later in the text. The prediction error is coded and sent to a
35  receiver. A not-coded region is obtained using motion compensated
prediction only. In fact the not-coded region is equivalent to a copy



Intra region, copy region, coded region, and not-coded region. An intra 25
region is a block region in which the bl ocks are coded i ndependently

wi t hout reference to any other frame. A copy region consists of blocks

whi ch are obtained by copying the content of the reference frane into
exactly the sane |ocation w thout any notion conpensated prediction. A
coded regi on consists of blocks which are obtained using notion 30
conpensat ed prediction and prediction egror coding. The prediction error
is a difference between the pixel values of the actual frane and a
reconstructed frame which is forned in the coding / decoding system using
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W th the psefb@l igRediction frame, the coded prediction error frame is also
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 Pq(x,y), resulting in a decoded frame I.(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) = Ra[x + 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
coefticients. 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.



frame Pn(x,y), resulting in a decoded franme I" (x,y). The decoded frame is
saved in a frane nenory 16. To code the next frame, the frane saved in the
frame nenory 16 is read as a reference frame R' (x,y) and 20 is transforned
into a new prediction frame P'(x,y) in a notion conpensation and

predi ction block 17, according to the formula: P'(x,y) = R" [X + Dx(X,y), Yy
+ Dy(x,y)] (1) The pair of nunbers [Dx(x,y), Dy(x,y)] is called the notion
vector of the pixel at location (X,Y) ?nd t he nunbers Dx(x,y) and Dy(x,Y)
are the hori- 25 zontal and vertical fts of the pixel. They are
calculated in a notion estimation block 18. The set of notion vectors
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frame, residdddegl frange i,(x,y). The decoded frame is directed to an output 24 of

the decoder and at the same time saved in a frame memory 25. When

15 decoding the next frame, the frame saved in the frame memory is read

as a reference frame and transformed into a new prediction frame in

the motion compensation and prediction block 26, according to formula

(1) presented above.

20  The coding method applied in block 12 to the coding of the prediction
error frame or to the intra-coding of a frame or part of a P-frame to be
sent without prediction, is generally based on a transformation, the
most common of which is the Discrete Cosine Transformation, DCT.
The frame is divided into adjacent blocks having a size of e.g. 8 x 8

25  pixels. In coding and decoding, the blocks are processed independent
of one 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.



decoded frame i" (x,y). The decoded frane is directed to an output 24 of
the decoder and at the sane tinme saved in a frane nenory 25. When 15
decodi ng the next frane, the frane saved in the frame nenory is read as a
reference frame and transfornmed into a new prediction frame in the notion
conpensati on and prediction block 26, according to fornula (1) presented
above. 20 The coding nethod applied in block 12 to the coding of the
prediction error frame or to the intrasgcoding of a frame or part of a
P-frame to be sent without prediction, is generally based on a
transformation, the nost common of which is the Di screte Cosine
Transformation, DCT. The frane is divided into adjacent bl ocks having a
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- rounding the new value to the closest digitized pixel value.
15
Factors that influence the seilection of a filter and the decision whether
to use filtering can be, for example, the difference 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 fines 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  result.



based on the values of other pixels contained by a filtering wi ndow 10

pl aced around the pixel, - calculating a new value for the pixel to be
corrected, and - rounding the new value to the closest digitized pixel
value. 15 Factors that influence the selection of a filter and the

deci sion whether to use filtering can be, for exanple, the difference
between the values of pixels across the bl ock boundary, the size of the
quanti zation step of the coefficients rgceived as the transformation
result, and the difference 20 of the pixel values on different sides of

t he pi xel being processed. It has been found that prior art nethods tend to
remove |inebhe ldljectet oy the invaintiveaits eshidvaediey gagptin@thehselettion hand,

prior art ; in ] Iyl

ot act s, JPRER (ot RBFhaly XA SARAMG dthobEETERRY &dp1g BEE Fohoreeu
kind of fillPelfientpatirearfetienfrarme arddubiengnuirookiany af thef dittesingTpeint

I nvention i @ ' evi ce
oper at no?gﬁngﬁggﬁgﬁwgﬁgiefffﬁ?g%pﬁyubﬁg%ﬁgﬁﬁgﬁegﬁgcgiﬁﬁ?Pgﬁggego The
met hod~according to the invention adjusts filtering paraneters according

to the typeatortireg ks adicsteadipectdaf the fnventith,fthickenis providdd armathod

S de of thioh oot LEyBlcARBIAGSCI' 40 iafab ol Y| Sereiioy 18RRI £
The obj ect ichasaeterizes iinvihati the akilteringi peddrmedadapthadbliock beliadanpn  of
pi xel s for depleifeid B BSEK Ribdd ldf kNP SR sheBhirbhftd 1 Iabigek or e

to th Ofea ures, of the fra e environnent ering point
and b§ takiﬁ&nfﬁyﬁ'account the nature/type of the blocks to be filtered.

According to a second aspect of the invention, there is provided a
device for implementing the method according to the invention. The
device according to the invention is characterized in that the filter is

15 arranged to operate adaptively according to the block types of the
frame in the environment of the biock boundary.

According to a third aspect of the invention, there is provided an
encoder characterized in that the filter is arranged to operate adaptively

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

According to a fourth aspect of the invention, there is provided a
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
block 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.



5 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 bl ock types of the frame in the environnent of the block 10
boundary. According to a second aspect of the invention, there is provided
a device for inplenenting the nethod according to the invention. The

devi ce according to the invention is characterized in that the filter is 15
arranged to operate adaptively according to the block types of the frame
in the environnment of the block boundary. According to a third aspect of

the invention, there is provided an encoder characterized in that the
to.,the bl ock types

filter is 2t perat e, adapti yvel 20, accordin
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Accor di 8 {a\"q |ﬂf‘@h weketpast of HBe fraenei ionthe remdraremenbwif dé dni«ztddec
char acterl trdindaryhat the filter is arranged to operate adaptively 30
according to the the block types of the frane in the environnent of the

bl ock boundary. According to a sixth aspect of the invention, there is
provi ded aBassuse btasking artethetsashigrocme atrbibbRtbdurridried, eicdovdiig anged to

envi %5 i iNgptiofpIRGAAY b M ta08oL R 5%&%@‘%3@3&%‘%{% at b@?@ of the
i nven H@p@qess ghgvihse yicinity thereof Edges t at are part of the image
can reside anywhere in the image area. In order that only pixels
containing blocking artefacts are selected for corrective filtering and
that the quality of edges that are part of the image itself is not affected
during filtering, the following assumptions are made:

15
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 pixe! 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 biock 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 biock on either side of the boundary (e.g. inter, copy,
coded, not-coded),
35



storage nedium characterized in that the software program further

conpri ses nmachi ne executable steps for filtering adaptively according 5 to
the the block types of the frane in the environnment of the block boundary.
Because bl ocking artefacts only occur at bl ock boundaries, according to

the invention, filtering is advantageously only applied to pixels at block
10 boundaries and the vicinity thereof. Edges that are part of the inage
can reside anywhere in the image area. §n order that only pixels

cont ai ning bl ocking artefacts are selected for corrective filtering and
that the quality of edges that are part of the image itself is not affected
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the second side of the block boundary.

15  In an advantageous embodiment of the method according to the
invention, the number of the pixels selected for filtering can vary, and it
is not necessarily the same on different sides of a block boundary. The
number of pixels also depends on the type of biock on either side of the
boundary. Because the number of pixels is adapted to the general

20  features of the image information contained by the frame in a particular
region according to the factors mentioned above, the method produces
a better filtering result than that provided by prior art methods. A
"better” result in this context is one in which blocking artefacts are
reduced to a greater extent while real edges in the image are affected

25 to a lesser degree. This 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



35 8 b) the difference in pixel values A across the block boundary. The

difference can be defined in many ways. One definitionis A=jr, - |11,
where r, is the value of the pixel on the first side of the block boundary
cl osest to the boundary, and I, is the value of the pixel 5 on the second

side of the bl ock boundary closest to the boundary, c) the size of the
quanti zation step OP of the coefficients received as the result of the
transformation used in coding, and 10 d)gdifferences in pixel values
bet ween the pixels on the first side of the bl ock boundary, and

correspondi ngly between the pixels on the second side of the bl ock

bound?ry 1t5“;]9urea1rwm adepresEyes us acdiyitdl Ivméo@‘r}ddtﬁ? ltmqjefm@:ﬁ g;& tge t
i nventi on, e nunbe or filtering can“vary, and i
[ [ K@&e@e@%ﬁd@ﬁﬁgéﬁﬁ? rges of a block boundary. The

I S not necessarlly the sa
nunber of pixels al so depends on the type of block on either side of the
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regi on according to PRENEGE ois %n@*%‘éﬂﬁ%o@@b%@eﬁlt obd e om&ibgd a

better filtering resattordiag tohae imvarigled by prior art methods. A
"better" result in this context is one in which bl ocking artefacts are

reduced to E,greater extent while real edges in the image are affected 25
to a | esserrigd . Fﬂﬂfgsﬁﬁ%saitefalatwetsarfgerlwaw? thie Hll@kigngeahbgf acts

can be renoved W|th i anﬁlgt Bﬁ,g{rﬁ n i Ez,hqérﬂ(gr?ﬁq@ﬁg'%ngactors

shoulqope noted that i n
af fect'i’ng the flltenqﬁﬂ§xﬁ rat a bl ock boundary may differ

Figure 4  is a schematic representation of a device for implementing a
method according to the invention,

15 Figure 5 represents a device according to Figure 4 in operation, and

Figure8 is a schematic representation of a portable video
telecommunications  device implementing a method
according to the invention.

20

in the above, in connection with the description of the prior art, refer-

ence was made to Figure 1.In the following description of the invention

and its preferred embodiments, reference will be made mostly to

Figures 2 to 5. The same reference numbers are used for corre-

25 sponding parts in the figures.

Figure 2 shows the location of the pixels r, - rs and ly - kg in relation to a
vertical block boundary 30. To implement the method according to the
invention, certain parameters are specified. Parameter n is the largest
30  number of pixels to be examined from the block boundary in one
direction, and in the case of Figure 2 its value is 6. It is advantageous to
select the value of the parameter n so that it has a certain relation to
both the difference 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



fromthose presented above. In the follow ng, the invention wll be
described in nore detail with reference to the preferred enbodi nents and

t he acconpanying draw 35 ings, in which 9 Figure 1 represents a a digital
vi deo encodi ng and decodi ng system (codec) according to prior art, Figure 2
represents the location of pixels inrelation to a block 5 boundary in an
exenpl ary enbodi nent of the nethod according to the invention, Figure 3
represents alternatives for locating t filtering method according to the
invention in a digital video encoding and 10 decoding system Figure 4 is
a schematic representation of a device for inplenenting a nethod according

to th;a. i nvdhodlonin theFidjtgatidn r@fﬁr@sﬁﬁt@@oﬁ,ewbc?\?ggobg;?gwé Obﬁ(%ﬁiﬁﬁ '4di n

oper at i on, | .schematic representation of a portable”video
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i nvent i on. PXack nbowadanyyainder cexnadhiationi tThe hdotlewitg pidefimitisn t e pri or
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Mvent pon Ty TdRdedps Wl 1808 pletered Cetadtide, PFote Tt |, o

i nvention and I.ts refe[)re e frent’'s, " T el
Fi gures 2 £8P ed'fﬁé'i@é}% ks eprenising &S aixelsised for corre- 25 sponding
parts in the figures. Figure 2 shows the |location of the pixels r, - r6 and

1 - 16 in rel@tion to a Veﬁté(?@% bl ock boundary 30. To inplenent the
nmet hod accordijng to the T nvent , certain paranmeters are specified.
Parameter n ig 1t hdbDargesA 3@ 20Oder of pixels to be exam ned fromthe

bl ock boundarygi N88% < A < 150

n=<¢3 066as A <100a |, (2)
4 040 A <066a
5 025a< A <040«
\6 0 A <02bx

wherein o = QP-log(QP). If QP has a different value in blocks on differ-

10 ent sides of the block boundary, the smaller value of QP is used in the
calculations, as well as in afl cases presented hereinafter, in which a
definition includes reference to one QP value only. The invention does
not place any limitations on the determination of the value of parameter
n, but according to the guidelines of equation (2), it is advantageous

15 that its value is generally higher when the difference of pixel values A
across the biock boundary is small in comparison with the size of the
quantization step QP of the coefficients received as the resuit of 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  biock boundary, and in this case the pixels are preferably not examined
for filtering at all (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



direction, and in the case of Figure 2 its value is 6. It is advantageous
to select the value of the paraneter n so that it has a certain relation
to both the difference of the pixel values A across the bl ock boundary and
to the size of the quantization step OP of the coefficients received as 35
the result of image coding. Furthernore, the value of paranmeter n is

advant ageously snmaller than or equal to the nunber of pixels in the 10
block in the direction of exam nation, tg avoid possible bl ocking

artefacts associated with previous block boundaries spreading to the block
boundary under exanination. The follow ng definition is recomrended for
use in a prekeis of & particakrt blotkt rvmemnerthamrinfi)r&mmreeb nRaint@aedbldgcks

conpri si ng

1.50cr n = g&gmi’% Oré’qA‘a@H“5 %D&'Héoéﬁ&%bﬁ’ Xynita twaﬁgﬁsvaauao 40a
6 05 A< 0. mptgro edif P has a different value in bl ocks
on differ- 10 ent sides of the bl ock boundary, the smaller value of OPis

used ig%thena@alc | afions, as well as in all cases presented hereinafter,

in whi Pi nt t PBAVSH druealions ¥akuese ascowlingPte aRne asiviaptageeus
i nvention cmasodnuenpl@fcm@r;yrelsemttmeﬂn@nonrw@ @Iehggma@ﬁh' an @uaﬁ@ﬁ val ue

of paranet he |deI|n s of I on
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resul t ,of th

val ueio A sc,loees o?%egbl oundary depending on the region type of the block
on the first side of the block boundary and on the region type of the
block on the second side of the block boundary.

type of the Block on the Second side of a boundary
type of the]inTRA corPY CODED NOT_CODED
Block on the
First side of a
boundary
INTRA n n 2 2 n 4 n 2
COPY 2 2 2 2 2 4 2 2
CODED 4 n 4 2 4 4 4 2
NOT_CODED 2 n 2 2 2 4 2 2

TABLE 1

15
Each cell of Table 1, corresponding to a particular region type combina-
tion, is split into two parts. The value on the left gives the truncation
value trval for the first side of the block boundary and the value on the
right gives the truncation value trval for the second side of the bound-

20 ary. If the value of parameter n exceeds the value given in Table 1, nis
truncated to the truncation value trval in Table 1. If, however, the value
of the overall activity parameter n does not exceed the value given in
Table 1, the value of the parameter n (originally determined from
equation (2}) is retained. In Table 1 the symbol "'n” indicates that further

25  truncation is not performed and the parameter value is retained. The



| arge, there is a high probability that there is a real inmage 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 the next step of the filtering nmethod
according to the invention, region type information concerning the two
nei ghbouring bl ocks is exam ned, 25 i.e. the type of the blocks on both
sides of the block boundary in ques tion is considered. According to the

region type information, the val ue of t?e paranmeter n may further be
limted (truncated) to provide even betfer results for reducing bl ocking
artefacts. The region type information is included e.g. in the coded

i nf or mat i otruntatechealue tpefor themparansetel racparalsoub@reptasdntedhtsy eig t hat
infornatio? i s maintained, or tenporarily stored, during decoding of the
bl ock unti 'O &incated value n, 1 for paraneter n is determned. 5 Table 1
shows truncation values according to an advant ageous enbodi nent of the

present inyenti AP 1 applies in a situation where the nmaxi.qum val ue
of nis 6, éhdfﬂgKtCOsze, different truncated values would beﬁgggropriate
in sitBations where the maxi numvalue is other than 6. The truncation

I f flLrst,.and seco 0 sides of the block ndar
Hapardi oo’ THRERAME fabe | CAR 08 s R 1R, 01 BiERBor prtdss Nestiea BIEHo] bok
boundary ah@upsiaries r(bgrianntalpéiltefingheby bhuttiagriLeftey” Raghthdins ipdacef of he

£ 34 o 3 .Sj : f
Phe o PECE Sl MO UAR et W R B °
| NTRA n i niverical Jiligring) dppputting 2'Bottom”/AUp" in place of "First'/"Second”,
10 respectively. Now, the value on the left gives the truncation value for
the pixels on the leftbelow the block boundary and the value on the
right gives the truncation value for the pixels on the right/above the

boundary.

15 To further clarify the use of Table 1, an example situation is presented
in the following. In this illustrative example situation "horizontal fiitering”
is performed across a vertical block boundary 30. Assuming that the
value for parameter n, calculated from equation 2, is e.g. 4, the block
on the left-hand side of the block boundary 30 in question is of the Intra

20  type, and the block on the right-hand side of the block boundary 30 in
question is of the Not-coded type, Table 1 indicates that the truncation
value for the left-hand side is n and the truncation value for the right-
hand side is 2. This means that the 4 pixels closest to the block
boundary (=the caliculated value of n) are selected for examination from

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



CODED 4 n 4 2 4 442 NOI-CODED 2 n 2 2 2 4 2 2 TABLE 1 15 Each cell of
Table 1, corresponding to a particular region type conbina- tion, is split
into two parts. The value on the left gives the truncation value trval for
the first side of the block boundary and the value on the right gives the
truncation value trval for the second side of the bound 20 ary. If the

val ue of paranmeter n exceeds the value given in Table 1, nis truncated to
the truncation value trval in Table 1. {§, however, the value of the
overall activity paraneter n does not exceed the value given in Table 1,
the value of the paraneter n (originally determned from equation (2)) is
ret ai ned. |b10ﬂfhﬂjcmrﬂdarigre{:ﬁbeﬁuknéatedivajiJeaIfem) drleatelbutdd &r Starmhinde@iion is

ner For tharomette | er hg ?Zsﬁ%‘%e RS BOubly, Bh Sflp 7 Rborp iR e L v°
mn(trval, Eﬁ; dourglary %Bﬂéfulmﬂt@dd@iuee)fugeﬁebmlbcteﬁfdrlexmhtnqjscatross

verti cal blfpmk, gh@ql@q[aﬁaﬁg g,agrl zontal filtering) by putting "Left"/"Ri ght"
[ " Fi and for fllterlng across horizontal block

in pl ag irst™/"Second”
bounda les (vertical filtering) by putting "Bottom/"Up" in place of
"First"/" Séawndi; dlﬂ@:tmwwctpmel:MedNGmmébe Béﬂ@me@) tth@né@ﬁdn gb¥ehd he

truncation t t/ boundary and
t he val ue g‘é‘?‘{aﬁ?etb ri Bﬂvgh@%}d’%}y rﬂ)ﬁégéj Cgﬁfaﬁ@u?%qh?% '%P)Qe'f"g t he
ri ght/abov@ Getynsi Gé’ﬂs’tltIO!JS To further clarify the use of Table 1, an
exanple situation is presented |n the following. In this |IIustrat|ve

exa si tyatian orizo
”plls e next sr%ep in ﬂne f|ltermg met%od according to the invention is to

determine the values of the parameters d, and d, which represent
activity, or the differences of pixel values between pixels on one side of
the block boundary. A preferred definition for d, is the following:

15 d =6, if |r - ] < B/ with all je[1,8),
otherwise: d, = i, where i fulfils the conditions
ie{1, nyl, (4)
{ry - rieq]| > B/, and
[r1- 6} < B/ with all je[1,].
20
Here, the auxiliary parameter g = 4-10g(QP). The value of parameter d
is determined similarly, except that all r's are replaced by {'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



I's perfornmed across a vertical block boundary 30. Assum ng that the value
for paraneter n, calculated fromequation 2, is e.g. 4, the block on the

| eft-hand side of the block boundary 30 in question is of the Intra 20
type, and the block on the right-hand side of the bl ock boundary 30 in
gquestion is of the Not-coded type, Table 1 indicates that the truncation
value for the left-hand side is n and the truncation value for the right-
hand side is 2. This nmeans that the 4 pixels closest to the bl ock .boundary
(=the cal cul ated value of n) are selected for exam nation from 25 the

| eft-hand side of the boundary, and 2 pixels closest to the block boundary
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facts so that it does not have a deteriorating effect on a real image
edge close to the block boundary. In some situations, a large number of
15  pixels counted from the block boundary have approximately the same
value as the pixel at the block boundary. In that case, definition (4)
would give the parameter d, (or dy) 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 vailue of the parameter d, (or dj). Otherwise, a rela-
tively high value of the parameter d, (or d) would result in unnecessary
filtering.

represent

25  If blocks on both sides of the block boundary are Intra-type blocks, 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 iimit the number of pixels filtered. This has the advantage that the

30  block 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, b and |s.



activity, or the differences of pixel values between pixels on one side of
the bl ock boundary. A preferred definition for d, is the followng: 15 d, =

6, if jr, - ril 5 (3/] with all jE1,6], otherwise: d, =i, where i
fulfils the conditions ie[l1, n,,], (4) jr, - ri.1l >0/i, and Ir, - ril 5
[3/] with all je[l,i]. 20 Here, the auxiliary paranmeter (3 = 4-10g(QP).
The value of paraneter d, is determned simlarly, except that all is are

replaced by I's and the corresponding fguncated value ntr for the
parameter n nust be used. The nunber 6 appears in definition (4) because,
according to equation 25 (2), the highest possible value of nis 6 in this
case. |f n Whatethaeealues of dherpagmetarstine npardinen@ s thvabéeh datsr-

defined ac L AN G4 ROt A ; . be replaced by the
i ghest poscy G ikAind % baNEd Dk Heind 20 SHHIBRL iReE: Ther PukRbigh foes
advant ageod®lt Bl theeking) okbilter thakcaarkemisad hyt arfitatingasrangsrent ed
| ndependentthat hap©eutptdid phefeRdbR, Wi BATBBECHBEANARNERIICAARGAFTRS. by the
frame n [fferent .on di.fferent sides of the bloc boundary. The
| nvent on diads HsBABLSRINad Rt Velcoiordaedmels solectoddar dltering:
?ﬁcor ding tio a neef@ni&téle'mtwdicrlie_ru_etbi the irver(tidn, a have pf"ﬁ)‘éels'@b/[a@t BOgeHs- t hat
ese para r Qﬁi%ﬁ . i ar ac rogessi
rel ativel y?ﬁn&%@éﬂ%}o& he”| PE)’%(I %%\!&‘k@?uﬁ ?ﬁéﬁﬁggn, F&‘%Q'xeﬁé’zﬂﬁu?ﬁéggt edge
near the brRPPRAINRIMpringhwindewnin dhefprafered embatifrient; ithe fiwrirgan be
summari sed viadbw! isospmrhdRicaRIwith thgBI BB pihkel thIRE MRKIEFARACLRALY the
val uey fp iﬁmeter ahrp{ggméjes nd:q&atl n~ of how many pi Xel's counted
from tHe brgeR: Bbafdd 5’"%?33939@ EERY. PRG buponthrae pixelsHeop xel at
the bl ock botdides, 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 filtered pixel.

Table 2 shows the determination of the width of the filtering window for
the pixels ry, r; and 13 according to the value of parameter d, in a pre-
ferred embodiment of the invention. The values of the pixels Iy, i, and Iy

20  are determined in the same manner according to the value of the
parameter d. In the table, "X" means that the pixei 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.

d (d>1) In re s
1 X X X
2 1 X X
3 1 1 X
4 2 2 X
5 2 2 2%
6 Jor2*™ |3 3




A high value of paranmeter n (e.g. 6) indicates that the difference between
the pixel values at the block boundary is relatively small com pared with
the general variation of the pixel values within the block. In 10 this
case, it is possible that there is a real inmage edge near the bl ock
boundary. By selecting a sufficiently small value of parameter d, (or d,),
It is possible to restrict the filtering ained at correcting bl ocking arte-
facts so that it does not have a deterioggting effect on a real inage edge
close to the bl ock boundary. In sone situations, a |large nunber of 15

pi xel s counted fromthe block boundary have approximately the same val ue
as the pixel at the Bhedikeredvalry of pixéhatisaass fatefiitaririg 6N phd! rfvvoul d

gi ve the paranmeter dj v i.gh, val ue. However, 1] .there
is a clear disconti nuri?(lé. qnﬁér%egi %‘@ﬁbhe@%g\%%@@ﬁ% aﬁf’o‘d%@é '{Oﬁeﬂ' SHKhet er
n has a small value &if'the truncated value ntl is used in 20 the

definition {4) whi ch3nalde Qughdéiiceam unreasonably high value is not
sel ect as the value of the paranmeter dr (or d,). Oherwise, a rela-

tively high_value of the paraneter dr (or di) would result in unnecessary

filtering. bBelabovedescoptiontrelaiedes inﬁptémehltingkth@omr@mq o BnEMex type
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are the pixels above and pixeis I, - I5 are the pixels below the boundary.
16 To filter block boundaries throughout the whole frame, applying the
method according to the invention, all vertical block boundaries of the
frame are examined row by row and al! horizontal biock 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
gystem (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 all
blocks within the frame have been decoded. This requires block type
information to be stored for all the blocks in one frame. Another
alternative is to 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



mned, filtering is carried out using a suitable filter. The invention does
not limt the kind of filter that can be used, but a filtering arrangenent
that has been found preferable, will be described in the following. Filter
5ing is used to determ ne a new value for the pixels selected for
filtering. In a preferred enbodi nent of the invention, a new pixel value
Is deter- mned for a given pixel by calculating the nean of the pi xel
values that appear in a filtering windpw. In the preferred enbodi nent, the
filtering windowis symetrical with regard to the pixel to be filtered
and con 10 tains, in addition to the pixel to be filtered, one, two or
three pi xeltBist care, bhotk diyplesinforpatidnngproall thlecka withinothd Hearpermigters d,
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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,

15 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 embaodiment of the invention, the block
20 carrying out the fiitering 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
25 method according to the invention, implemented as a digital signal
processor. Correspondingly, operation of the filtering block is illustrated
by Figure 6. Referring first to Figure 4, the functiona! elements are
programmed with functional definitions (35 - 39) for calculating the
parameters that control the filtering method according to the invention.
30  Advantageously, the functionat 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 block-by-block. At a given instant, a
35  number of pixels indicated by the parameter n, n,, according to the
definitions provided in Table 1, are selected to be examined 42 from



the filtered value of pixel r, is used for filtering of pixel r2 the
filtered values of pixels r, and r2 are used for filtering pixel r3 3 if

d, > 2, otherwise 2. 5 The above description relates to inplenmenting the
filtering on one hori- zontal part of a pixel row, which is 12 pixels |ong
and | ocated sym netrically on both sides of a vertical block boundary. The
description can be easily generalized to concern vertical parts of pixel
colums, 10 which are located symmetricglgy on both sides of a horizontal

bl ock boundary: Figure 2 can be turned 90 degrees counter-clockw se,

wher eby bl ock boundary 30 becones horizontal, and the pixels shown in the
figure forne@eht siste tofe avarartaial ppintebrce wartain thetk Mho@hdaty, thd 64- are
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boundary) i®¥her pr@ngemends for signal peoeessing. |ine, etc. 25 Figure 3 shows

at which points a digital inage encoding and decoding system (codec)
applying filtering according to

he 1 noent Forbtorager imefiting EaRaticaped; 40| SIGENG ol RRWARR BroGIAMG t he
filtering cormpdsiage omdiching oekbeutablenistops i fort hserforming 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

15 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 art without actual inventive steps. For example, the
20 parameter A can be calculated using the formula A = [(r1 + ) - (I + 1))
or some other formula considered suitable. The definitions of the other
parameters presented above should aiso be considered as examples
only. A particularly advantageous use of the invention is in mobile video
telecommunication applications, digital television receivers and other
25  devices that at least receive and decode digital video image. It should
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 individual (i.e.
still) digital images.
30
Figure 6 shows a mobile terminai 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
35  capturing and reproducing audio information, a keyboard 49 for
inputting e.g. user commands, a radio part 50 for communicating with a



30 out put of the decoder of the receiver, as illustrated by reference
nunber 31. In this case, block boundaries in the video frane are filtered
after all blocks within the frane have been decoded. This requires bl ock
type information to be stored for all the blocks in one franme. Another
alternative is to place the filtering block in the receiver before the
point 35 at which the decoded frame is directed to the frane nenory 25 for
formng a prediction frame, as illustrated by reference nunber 32. In 17
this case, block type information for all” blocks within the frame nust

al so be stored, as bl ock boundary filtering is still perfornmed after

decodi ng antholsto cemmaonigagiorzenetworke(fdtasfow, VeI "gatd,ve
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in one frani@faation, grepagieradly aecamerapSddicrttaking inageso subsequent
frames. In order to achieve the effect just described, the block that

per f or fitﬁeriﬁgxﬁéaording to the invention can be placed either before
or aftet thé&"FrB nBVENE8N isoRet solelynestdetad a thikoahowg peserttedence
nunber 32 iemboefierants, bbeitame behe M VAthialthelseorsé M he PSehdeder! N9
|nfluences(ﬁhnvgtaneously the frame to be output by the recelVving decoder
and the frame 10 be saved in the nenory. In the transmtter, a bl ock

i npl ementing the filtering method according to the invention can be placed
as shown by reference nunbers 33 and 34, 15 either before or after the
frame nmenory 16. In this way, the invention can also be used to produce a
corrected prediction frame at the transm ssion end. In a particularly
advant ageous enbodi nent of the invention, the block 20 carrying out the
~filtering according to the invention is inplenented in a digital signal
processor or a correspondi ng device suited for processing a digital
signal, which can be progranmed to apply predeterm ned



processing functions to a signal received as input data. Figure 4 presents
the functional elenments of a block carrying out the filtering 25 nethod
according to the invention, inplenmented as a digital signal processor.
Correspondingly, operation of the filtering block is illustrated by Figure
5. Referring first to Figure 4, the funcfijonal elenents are progranmed
with functional definitions (35 - 39) for calculating the paraneters that
control the filtering nmethod according to the invention. 30 Advantageously,
the functional definitions are |oaded into the signal processor in
connection with its manufacture or programming . During operation
according to Figure 5 the frame is saved tenporarily in register 41, so
that it caﬁ“ﬁﬁtp%%c%%%%@e%y the signal processor. Processing of the frame
proceeds bl ock-by-block. At a given instant, a 35 nunber of pixels

i ndi cated by the paraneter n, n,,, according to the definitions provided
in Table 1, are selected to be exam ned 42 from 18 each side of a certain

point on a ?ertﬁai‘rz@ter%kréa%fﬂg%Fstl M@aae doRtE ARSIt daRhetRe&tingiRd, and

filtering 44 is perforned hese operations are repeated until all
boundari es kgl agTaseg &f ﬁé{ﬂ@ab\é@w signgly erreerisndpetaiNg afitleinaprerstionne
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processing., The nmeasures accor di ng ur es can be carried out
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processor VhithBd abePioCeitogh A imagdBlociabh aReesRNEle bPhedidikaouRaRGeSSi ng. 10
A storage nedium can be used for storing a software program conprising

machi ne execut able steps for perform ng the nethod according to the
invention. In an advantageous enbodi nent of the invention, the software
programis read fromthe storéﬂe mediumto a device conprising
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i nvention. 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.

3. A method according to Claim 1, 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 focated on
opposite sides of the block boundary.

4. A method according fo Claim 2 or 3, 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 biock boundary, a filtering window.,

5. 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 af least in part on an
encoding method used fo 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 black boundary.



The invention can be nodified wthout departing fromthe scope defined by
the clains presented hereinafter, using the capabilities of a person
skilled in the art wi thout actual inventive steps. For exanple, the 20
paraneter A can be calculated using the formula A = 1(r, +r2) - (11 + 12)1
or sonme other fornula considered suitable. The definitions of the other
paraneters presented above shoul d al so be considered as exanples only. A
particul arly advant ageous use of the i nvlehtion is in nobile video

t el econmuni cati on applications, digital television receivers and other 25
devi ces that at | east receive and decode digital video image. It should
further gokgﬁ?that I n general_ the nmethod according to the invention may
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cl ai med: located on opposite sides of the block boundary.

8. A filter according to Claim 6 ar 7, 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.

8. A video encoder comprising 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 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.

10, A video decoder comprising 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 biock 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 enceding method used to encode an image block on a
second side of the block boundary.

1. A mobile terminal comprising a fitter for reducing visual artefacts due to a
block boundary between image blocks in a frame of a digital video signal, the filter



1. A nethod for reducing visual artefacts due to a bl ock boundary between
image blocks in a frane of a digital video signal, conprising performng a
filtering operation on the block boundary that is dependent at l|least in
part on an encodi ng nethod used to encode an inmage block on a first side
of the bl ock boundary and an encodi ng met hod used to encode an i mge bl ock
on a second side of the block boundary. 2. A nethod according to Claiml,
wherein at | t eg:% r ' rJ rat | n at
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part on an enceding 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.

14, A method of video decoding comprising reducing visual artefacts due to a
block boundary between image blocks in a frame of a digital video signal by
perferming a filtering operation on the block boundary that is dependent 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.

15. A method for reducing visual artefacts due to block boundaries between
decoded image blocks in a frame of a digital video signal, comprising performing an
adaptive block boundary filtering operation on .a block boundary formed



7. Afilter according to Caim5, wherein the filter is arranged to nodify
at |least one paraneter of the filtering operation perfornmed on the bl ock
boundary in dependence on the encoding nethod used to encode a first inmage
bl ock and the encoding nethod used to eqcode a second i mage bl ock, the
first and second i mage bl ock being | ocatled on opposite sides of the bl ock
boundary. 8. A filter according to Caim6 or 7, wherein said at |east one
par anmeter | : u ri $lang: i xel be
Do ned, o oimenre A deb AR R o B it P b ooy 302, ai ng
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in a frame wkthaddi gital video signal, the filter being arranged to perform
a filtering operation on the block boundary in dependence at |east in part
on an encodi ng net hod used to encode an inmage block on a first side of the
bl ock boundHf.y andAanetsed aticorgingetchadinud 8dwheretm tedirsband srgend eoaddingn a

second si dqﬂgg‘hoaggréathg%mgoundary. 11. A nobile termnal conprising a
filter for reducing visual artefacts due to a block boundary between image

blocks in a frame of a digital video signal, the filter 22 being arranged

to performarfiltegi i Ntk i d at
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image block on a first side of the block boundary and a region type of an image block

on & second side of the block boundary.

18. A method according to Claim 15, wherein said at least one parameter is
selected from a group comprising: a number of pixels to be examined) . a
number of pixels {o be filtered, an activity measure providing an indication of a
difference between pixel values on one side of the block boundary, a filtering
window,

18 A method according to Claim 15, comprising selecting a number of pixels
for examination from at least one side of the block boundary in dependence on the
image content of the frame in the environment of the block boundary.

20, A method according to Claim 15, comprising selecting a number of pixels
for examination from at least one side of the block boundary in dependence on a
difference in pixel value between pixels across the block boundary.



execut abl e code for reducing visual artefacts due to a bl ock boundary
between inage blocks in a frame of a digital video signal by performng a
filtering operation on the block boundary that is dependent at |least In
part on an encodi ng nethod used to encqgde an inmage block on a first side
of the bl ock boundary and an encodi ng net‘hod used to encode an i mge bl ock
on a second side of the block boundary. 13. A nmethod of video encodi ng

conpri sing feducin vi u artefacts due to a bl ock bou bet ween i nage
bl ocks in a&¥trame %88@09%@"\98{8533@ e com‘ﬂ’)‘ﬂrﬁe%&t‘a fhe pEPRSg
operation ogf ;tnk@s bdnomrmﬁam]arnydémuen@ d@@ﬁ@ﬂ@mﬁ Ahudrteator BtepPael ton an
encodi ng net ho ..o encode an %‘898?59 on a first side of the block

boundary an®@ Z%ﬁ i HethBPNGs 'Eﬁ’@@(ﬁ’éoc&ﬁ i mge block on a second
side of the block boundary, 14. A nethod of video decoding conprising
reduci ng visual artefacts due to a bl ock boundary between i nmage bl ocks in

a frame of Z-digital Vs greardingto Gapm gﬂn‘f%@mﬁ"ﬁ s NS PETFEET ¥n on

t he bl ock gff)yortdyamn@oﬁ%@@d}dm@tma{ef’omg in part on an encoding

nmet hod used to encode an inmage block on a first side of the block boundary
and an encodi ng net hod used to encode an image bl ock on a second side of
the bl ock boumgary. 15A A. agspod for reducing visual artefacts due to block
boundari es be odﬁ? ge blocks in a frame of a digital video
signal, conpri §<M< P\éj" adaptive block boundary filtering
operation on 2bl1 <b@undéﬁ@ﬂfor med 23 between a first decoded image

bl ock on a fi¢stosssle af khepdl ock boundary and a second deg ﬁded i mage

bl ock on a se 9n94§| de ,of 651613 bi ock boundary, the first decoded inmage

bl ock having been encoﬁed usi'ng a first encoding nethod and the second
decoded i mage|bl B&¥ hadi nglHen encoded using a second encoding et hod,
wherein the hod wonprisessedet erm ning a value of at | east one paraneter
of the adaptive block boundary filtering operation performed on the block
boundary responsive to exam nation of the first and second encodi ng

Methods.  where 4 is the difference in value between pixels across the block boundary, « =

QP-log(QP) and QP is the size of the quantization step used to quantize said
coefficients used in encoding the image blocks.

23, A method according to Claim 20, comprising truncating the number
of pixels selected for examination in dependence on an encoding method used fo
encode an image block in the environment of the block boundary to obtain a
truncated number of pixels for examination.



16, A nmethod according to claim15, wherein the first and second encodi ng

met hods are
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| east
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providing an indication of a difference between pixel values on one side
of the block boundary, a filtering w ndow, 19 A nethod according to Claim
15, conprising selectinj ; e @bg@éﬁihefﬁcoﬁégfﬂie”d” omfrygm at | east
one side of lounaa dependence_on the i mage contgnt of the
frame in th¢RegiinrtgpareitINGRA he b| 00RYboundfCYRDE. A|m@haiBEdording to
Cl ai m 15, cg}gl%ﬁbgﬁ urber [ f o] -.exam natijon from at
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and using said selected truncation value (trval) with the formula

N = min(frval,n),

25.

(3).

A method according to Claim 20, comprising selecting certain pixels

to be filtered from the pixels selected for examination and determining a new value

for each pixel to be filtered on the basis of pixels that appear in a filtering window set

a

26,

round the pixel,

A method according to Claim 25, comprising calculating the new

value of a pixel to be filtered as a mean value of the pixels that appear in the filtering

window.



5 0.25a ~ A <0.40a 6 05 A <025a where Ais the difference in value between
pi xel s across the bl ock boundary, a = QPlog(QP) and QP is the size of the

guanti zation step used to quantize said coefficients used in encoding the

i mage bl ocks. 23; A nethod according to Caim20, conprising truncating the
nunber of pixels selected for examnati @rf i n dependence on an encodi ng

net hod used to encode an inage block in the environnment of the bIock

boundary to.gbtain truncate pi xel s for exani nation.

met hod accorzgi ng t'(fel ﬁ?eéfi“?f{qE%Cof&ﬂ%?@%’Wh&ft%’é@@dﬁr%ﬁ%@w dne SEF@I“%E ( nt r)
i s det erm ndilerioy wietime btamgdiag te theaableon val ue (trval) according to the

tabl e Region type of the Block on the Second side Region type of |INTRA COPY
CODED NOT-CODE the Block on Dthe First side INTRA N n 2 2 n4n 2 COPY 2
2222422 (FG]:(ED-4 4,2 4 4 4.2 NOT D2 nj22242 2 and using

sai d sel ected t unecati-on- W&ngg@ﬁg@gmla ntr = mn(trval,n),
(3). 25. A net had accor di ﬁ‘g to O dKm 20, co¥prising|selecting certain

pi xels to be fifrered fT@m the pijxets—setgpted—ori exam nation and

determning a ne¢w value |for each|pixel to|be filtefed on the basis of
pi xel s that appedr in a flilltering|W ndow seX around the pixel. 26. A

met hod accor di ngtoCrar 225, compitsthag—eaettat+g the new value of a
pi xel to be filt{ered as_a nmean valie of the pi xels [ hat appear in the
filtering w ndpiv. 2 2 2%
6 3orz2v 3 3
where

¥ means that the filtered value of pixel r; Is used for filtering of pixel ry

™ means that the filtered values of pixels r; and ry are used for filtering pixel ra
**  means 3 if d > 2, otherwise 2,

and wherein the integer parameter d; is an activity measure indicating activity on a
first side of the block boundary, and the integer parameter d, is an activity measure
indicating activity on a second side of the block boundary, ry, r; and rs are three
pixels on the first side of the block boundary closest to the boundary in this order, X
means that the pixel is not filtered, a number means that in addition to the pixel to be
filtered, a quantity of pixels shown by the number are taken to the filtering window
from both sides of the pixel to be filtered, and *3 or 2" means 3, If d, » 2, otherwise
2%, and for determining the new value of the pixels to be filtered on the other side of
the block boundary, a filtering window defined similarly is used, with the exception

that all r's are replaced by I's and vice versa.

28. A method according to Claim 27, comprising determining said activity
measure on the basis of changes in pixel values.

29, A method according to Claim 27, wherein



26 27. A nethod according to Claim?25, conprising determning the size of
the filtering wi ndow according to the table d, (di > 1) Ir, r2 r3-_.... 1
XXX 21X 31X 422X 522 6J3or 2*** 3 3 where * neans that
the filtered value of pixel r, is used for filtering of pixel r2 neans that
the filtered values of pixels r, and rgrare used for filtering pixel r3

**x means 3 if d,> 2, otherwise 2, and"wherein the integer paraneter dr is
an activity neasure indicating activity on a first side of the bl ock
boundary, and t®é& 8.itlegdi <f4MaelldelTel i s an activity neasure indicating
activity on a second side of the block boundary, r,, r2 and r3 are three

pi xels on the first side of the block boundary closest to the boundary in
thi s order, ofRerwiseth =thytere heepiedbe cprdifis filtered, a number neans that in
addition to the pixel to be filtered, a quantity of pixels shown by the
nunber are taken to the filtering wndow fromboth sides of the pixel to
be filtered, ardl*8or 2" neans "3, if d, > 2, otherwise 2", and for

determ ning the new,yal.u f the pixels to be filtered on the other side of
the bl ock bounﬁa@vﬂﬁ(h %rfée)ri ng wi ndow defined simlarly is used, with the

exception that]rald =ip4 withealljeplipced by 1's and vice versa. 28. A nethod
according to Claim27, conprising determning said activity neasure on the
basi s of changes in pixel values. 29, A nethod according to Caim 27,

wher ein 27 wiklrem 1§, isid trimcated Sdmiser o¥ dixaM, th= alibg(cgd) b8l QP is the size of the
quantization step used to gquantize coefficients used in encoding the image blocks,
and the value of the parameter d, is determined similarly, with the exception that all

r's are replaced by I's.

30.. A block boundary filter for reducing visual artefacts due to block
boundaries between decoded image blocks in a frame of a digital video signal, the
filter being arranged to perform an adaptive block boundary filtering operation on a
block boundary formed between a first decoded image block on a first side of the
block boundary and a second decoded image block on a second side of the block
boundary, the first decoded image block having been encoded using a first encoding
method and the second decoded image black having been encoded using a second
encoding method, wherein the block boundary filter is arranged to determine a value
of ai least one parameter of the adaptive block boundary filtering operation
performed on the block boundary responsive to examination of the first and second
encoding methods.

31. A block boundary filter according to claim 30, wherein the first and second

encoding methods are the same.

32. A biock boundary filter according to Claim 30, wherain the frame comprises at
least one region of image blocks and the filter is arranged to perform said adaptive
block boundary 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.



otherw se: dr =i, where i neets the conditions iE1,nl], jr, - r,.11 >
Ri, and [r 1 - rij 5 p/j wth all je[l,ij, wherein n(r is a truncated
nunber of pixels, p = 4log(QP) and QP is the size of the quantization step
used to quantize coefficients used in encoding the image bl ocks, and the
val ue of the paraneter d, is deternined simlarly, wth the exception that
all is are replaced by I's. 30.; A blockgiboundary filter for reducing
visual artefacts due to bIock boundari es between decoded i mge blocks in a
frame of a digital video signal, the filter being arranged to perform an

adapti ve bl ggk Hausskabyudddry Efiltbﬂ@cﬁcﬂﬁfngt iowiHm 80, Wheedn Q@wdanefas&omed
between a first decoded |ma bl o on a first side of bl OCKB%fﬁundary

and a seconbP@BESRIdSeIRetgR Vb%ﬂroéfﬁ campagipace sveeiRf A t@l’??c‘i’(xa"ﬂ Jary,

the first deape@doi pRER © BEkithav g Harly encRARd pksidigy anf infjﬁ:btz(ﬁﬂ@f)(él ng
met hod and the second decoded i mage bl ock’ havi ng been encoded, usi.n

second encOHFRGCHBENEEN PRIFEY VP ’h@“%ﬁ’@% f %Wrﬁ?ufm?'ﬂeﬁ‘ titeyingywin d to

determ ne a value of at |east one paranmeter of the adaptive bl ock boundary

filterin o e d on the bl ock boundary responsive to
exam nat ?on aﬂth@‘”ﬁ -ng@é% %’e%‘i?ﬂ@'”%fffb@lﬂ’i‘rﬂéonﬂg ) theSHterA? BIr8dedBundar y

filter acccgszledmga trinteRi dn Bilels WBE e Miralign fﬁdrﬁtataledstS@ﬁ@r’sﬁue enaRglinigck

nmet hods are the sane. 32, A bl ock boundary r according to CI a

wher ei n t heP34nd ﬁ@’ﬁ&?ﬁ?ﬂ%@eé’f‘aﬂ IBRIE OREN g{ﬁl@ﬁrame i %8“%[ h&[\]et he
filter is asagRmdbg. perform said adaptive block boundary filtering
operation on the block boundary in dependence at least in part on a region
type of an inmage block on a first side of the block boundary and a region

L ?/pekm; andafrragsemlblt::oakumr@fmcaz{&dr%tgi@; Ofairh 3@, E+r@ﬁdfecbw1§d6ﬂ@d‘t3a n@ﬁ;taerB& A
ocC oundaar | er. a (0] a ereln sai S one
o et or kel s R PR O ARt eaﬁﬁadm?%%cmwwﬂ PREIENoE OMp e

exam ned, a difference in pixel value between pixels across the block boundary.

36. A block boundary filter according to Claim 35, wherein the filter is further
arranged to select the number of pixels for examination in dependence on a size of a
quantization step used to quantize coefficients used in encoding the image blocks.



nunber of pixels to be filtered, an activity measure providing an
indication of a difference between pixel values on one side of the block
boundary, a filtering window. 34. A block boundary filter according to
Claim 30, wherein the filter is arranged to select a nunber of pixels for
exam nation fromat |east one side of theg ¢lock boundary in dependence on
an image content of the frane in the environment of the bl ock boundary.
35. A bl ock Poggg?r% filter according to C aim 30, arranged,to sel ect a
number of Pl xelt Sk bosRdRR HEET Berordidomaliaiaaih ek i it Reapyestie
boundary i nsélefans aiaBeast pi@ishing foR eRBGMation RECRdiny & e rdiueen pixels
across the block boundary. 36. A block boundary frlter according to Caim
35, wherein the filter is further arranged to select the nunber of pixels
for exam natiqp in depepndengg,on a size of a quantization step used to
gquanti ze coefficigﬁt% used. i n encoding the image bl ocks. 29 37 A bl ock
boundary filtdr d 6rdﬁhg<@80%]ain136, wherein the filter is arranged to
sel ect the nunBerll6& <pikel<d.30m) for exam nation according to the fornula: 0
A >_ 2.00a »1{35Qa8,A 2. QQ8p,2,1.00a 5 A < 1.50a 3 0.66a 5 Apr 1.00a , (2)
4 0,40a:5 A <C.6%a 5 0. 25a s A < 0.40a 6 05 A <0.25a where A1s the
di fference in|val gabef%eéﬁ Txel s across the bl ock boundary, a =
QPl og(QP) and |OPOR8xEhed s#d0mf the quantization step used to quantize said
coefficients used in<encodiopgrzt he i nage bl ocks. 38. A block boundary filter
according to Claim 35, wherein the filter is arranged to truncate the
nunmber of pixels selected for exam nation in dependence on an encodi ng
met hod use N0 ' ' V] t ck_
boundary ¢ oo 2 KOG difere B OE bohlld GG AR ik bgfhihe e
QP-log{QP) and QP is the size of the quantization step used to quantize said

coefficients used in encoding the image blocks.

38. A block boundary filter according to Claim 35, wherein the filter is arranged to
truncate the number of pixels selected for examination in dependence on an
encoding method used to encode an image block in the environment of the block
boundary to obtain a truncated number of pixel for examination.



39. A block boundary filter according to Caim38, wherein the filter is
arranged to truncate the nunber of pixels selected for exam nation by
selecting a truncation value (trval) according to the table: Type of the
Bl ock on the Second side Type of the I NTRA COPY CODED NOT - CODE Bl ock on
the DFirst side INTRAnNn22n4n2 OPY 2 2222422 CODED4 n 42

4 4 4 2 NOTCCDED2n222422 and ‘Usi ng said selectedtruncation
40. A bl ock

val ue (trval vvi h t : = mn(trval, :

boundary fil 88’8?31%5@% s RoetnS Y ea 1981 Waeren D Vi ke Isa@lraigFedot o
sel ect cert atrumcmextada ﬂumﬁeb@f pikdls e18sled FP BchimaRb8Y §el§@ﬁr@(‘é #0ndMbn value
examnatlon\gq 41 th\ a new val ue for each pixel to be filtered on
the basis of(%?&%‘fcé’r Pht° Sf)éﬁ inafiltering window set around the

pi xel . 41. A bl ock boundary filter according to CI ai m 40, wherel n the

filter is arranged to 0 be
filtered as a mean val ubTere @fﬁbeﬁﬂqcbm thm&ecoraimm@ar in the f| | tefing

wi ndow. 31 ary oree f-orug nerein the
filter is ar@ﬁ e&”t%é\jee neiﬁe Si ze o\iqq%m?llte

accordi ng
to the tabl g Blogkdion>tHd]r, 1°2 r3] 1 X X X J2 1 XX JoL1* X 422 X 52
2 2% First side

INTRA n n 2 2 n 4 n 2
COrRY 2 2 2 2 2 4 2 2
CODED 4 h 4 2 4 4 4 2
NOT_CODED {2 n 2 2 2 4 2 2

and using said selected truncation value (trval) with the formula;

Ry = min(trval,n), (3).

40. A bleck boundary filter according to Claim 30, wherein the filter is arranged to
select certain pixels fo be filtered from the pixels selected for examination and to
determine a new value for each pixal to be filtlered on the basis of pixels that appear
in & filtering window set around the pixel.

41. A block boundary filter according to Claim 40, wherein the filter is arranged to
caloulate the new value for each pixel to be filtered as a2 mean value of the pixels that
appear in the filtering window.



6 3 or 2*** 3 3 where neans that the filtered val ue of pixel

for filtering o

r2 are used for filtering pixel

f pixel

r

r2 nmeans that the filtered values of pixels r,
> 2,

3 neans 3 if d,

is used
and
and

r,

ot herw se 2,

wherein the integer paraneter dr is an activity neasure indicating activity

on a
activity nmeasur
boundary, r,,

e

first side of the block boundary,

and the int

i xels on the fi

eger paranmeter d, is an

indicating activity ond & second side of the bl ock
r2 and r3 are three

rst side of the bl ock

boundary cl#&edt biogk bhrendssy filetrsecerinchiosClaina o, wreraire ieslittenas afraedgsi el i s

not filtere ; . I 14 ixel to be filtered,
a quantity o te@?'ﬁ% Seés%éﬁﬁﬂggﬁ‘{}ﬁ.g v{rl%ﬂd egb%’rr@H?g@g%n?%Qt he filtering w ndow
fromboth sides of the pixel to be filtered, and "3 or 2" neans "3, if d, >
2, otherw se 2f &l$d1llvc rs—for-usinga-fiftrerirng~w ndow defined simlarly
for deternining Y88 nBw [Val ue of |'the pixel 8 to be filtered on the other
side of the blogk boundafy, with the excepion that all is are replaced by
| s and vice ver ga—32—43;—Abloee boundar,'xfi!tcr according to Claim42,
wherein d, = 6, ;rf In - r?l S J3/|*wth al{™jc[1,6]|, otherwise: dr =i,
where i neets t conditiens I<I[¥"], Trifxri,fl ¥ p/i, and jr, - rid s
J3/j with all le&L&in ntr s a tryncated-dunber of pixels, J3 =

41 og(QP) and OPl4s the si2e of thgt quantiﬁ"ation stlep used to quanti ze
transformation gPpefftiITregs used TTanstigerati on | codi ng of the inmage

bl ocks, and thelvalue of jthe parapeter di s determined similarly, wth
the exception tHat all is3aré fepldced by |¥s. 44: |A method of video

encodi ng conpri stngTreducrnmg-visuat—artefacts dueto bl ock boundaries

bet ween decoded i mage blocks in a frane of a digital

vi deo signal by

per f or ni ng véer@&dapt i ve bl ock boundary filtering operation on a bl ock

boundary

+
e

W

means 3 if d > 2, otherwise 2,

means that the filtered value of pixel ry is used for filtering of pixel ra
means that the filtered values of pixels r; and r; are used for filtering pixel ry

and wherein the integer parameter d; is an activity measure indicating activity on a

first side of the block boundary, and the integer parameter d; is an aclivity measure

indicating activity on a second side of the block boundary, ry, r2 and ry are three

pixels on the first side of the block boundary closest to the boundary in this order, X

means that the pixel is not filtered, a number means that in addition to the pixel to be

filtered, a quantity of pixels shown by the number are taken to the filtering window
from both sides of the pixel to be filtered, and "3 or 2" means "3, if d, > 2, otherwise

2", and means for using a filtering window defined similarly for determining the new
value of the pixels to be filtered on the other side of the block boundary, with the

exception that all I's are replaced by I's and vice versa.



formed between a first decoded i nage block on a first side of the block
boundary and a second decoded i mage bl ock on a second side of the bl ock
boundary, the first decoded imge bl ock havi ng been encoded using a first
encodi ng method and the second decoded i mage bl ock havi ng been encoded
using a second encodi ng nethod, mhere%n t he met hod conprises determning a
val ue of at |east one paraneter of thé ‘adaptive bl ock boundary filtering

operation perforned an tgae | ock boundary responsive to exam nation of the
first and sé onﬁﬁ%&&”ﬂ ’%g‘h?r’d"ﬂ@?rd&?ﬂ toClgiat b avisreiyi deo decodi ng

conprising reducing visual artefacts due to block boundaries between
decoded i mage blocks in a frame of a digital video signal by performng an
adapti ve bl ock Bouhdairy- i€ Kevihayl ispeflati on on a bl ock boundary formed
between a first decoded i mage block on a first side of the block boundary
and a second decoded inmage bl ock on a second side of the bl ock boundary,
the first AQBeoHes: dridgehenedscetialiiemgneiiens encoded using a first encoding
nmet hod and the second decoded i mage bl ock havi ng been encoded using a
second encodi ng 3S nethod, wherein the nethod conprises determning a

val ue of at |easl!dde paraneter of the adaptive bl ock boundary filtering

operation perf ed Q bl ock boundary responsive to exam nation of the
first and secoa%ngrﬁgog%/{ﬁgﬁ%et hods. 46; A video encoder conprising a bl ock

boundary filterrf-ay srpdduith gy, Bual artefacts due to bl ock boundaries
bet ween decoded i mage blocks in a frane of a digital video signal, the
filter being arranged to perform an adaptive bl ock boundary filtering

oper ati on owherebl ocks Dountrsy nliaberesk Redivees Aok icdtarfeePdethd BRE®f Blcock

on a first side of the blo boundary and a,  second decoded i nage bl ock on a
cecond  oi dRUANZ10 PR Uk &m&&%‘? pelomyation cogtiieats 5p8igE ANSORMALRA ng

been encodesbdigj ofghe andde blbcienand tovdIRs bowle dacnidier &%Qﬂérrﬁ%@%ﬁhaﬂgﬂge

bl ock havi ?yg b{ﬁ%n enctodgfj| qu5| n a@aecond encodi ng nmet hod, wherein the

bl ock bound®yMEiexEaptioNdhat 'a{ﬁ’gagﬁ”f ced¥dni ne a val ue of at |east one
paranmeter of the adaptive bl ock boundary filtering operation performed on

the bl ock bgundar yAr est;%ogsifveij to ex%n‘i nation of the first and second
encodi ng met hods. method of video encodmng comprising reducing visual anefacts due to

block boundaries between decoded image blocks in a frame of a digital video signal
by performing an adaptive block boundary filtering operation on a block boundary
formed between a first decoded image block on = first side of the block boundary and
a second decoded image block on a second side of the block boundary, the first
decoded image block having been encoded using a first encoding method and the
second decoded image block having been encoded using a second enceding
method, wherein the method comprises determining a value of at least one
parameter of the adaptive block boundary filtering operation performed on the block
boundary responsive to examination of the first and second encoding methods.

45, A method of video decoding comprising reducing visual artefacts due to
block boundaries between decoded image blocks in a frame of a digital video signal
by performing an adaptive block boundary filtering operation on a block boundary
formed between a first decoded image block on a first side of the block boundary and
a second decoded image block on a second side of the block boundary, the first
decoded Image block having been encoded using a first encoding method and the
second decoded image block having been encoded using a second encoding



47, A video decoder conprising a block boundary filter for reducing visual
artefacts due to bl ock boundari es between decoded i mage bl ocks in a frane
of a digital video signal, the filter being arranged to perform an
adaptive bl ock boundary filtering operation on a block boundary forned
between a first decoded inmage block omnza first side of the block boundary
and a second decoded i mage bl ock on a second side of the bl ock boundary,

the first decoded i e bl ock hayi ng been encoded usin a first encoding
net hod and Fﬁ%“ggdﬂﬁ%%@egﬁﬂéﬂﬁ$ﬂ%d§’ 5&k ﬁﬁ@?ﬂ@mﬁeénvéﬂ%dﬁeét'%@ﬁn@“h
second encogamgnei@idiate aﬂﬁiﬁrv@'b%tﬂ(h%ﬁhﬁﬁ'kﬁit@ﬂﬁ?@éébétiéﬁ be@bmictl & fRNEesk t O
determ ne a,val ye of at .| east one paraneter of the adaptive bl ock boundary
filtering ngféw SEPYE P REEMHIRtER of thedEX apd $hechdencdheigsthiads o

exam nation of the first and second encodi ng nethods. 48. A video codec
conpri sing §§b|00k boundary filter for reducing visual artefacts due to

bl ock bound&i es bét WEER STEedRcEPTRRENY Bl ReRs bPundary fikprefasfreduciog yisual

video si gnahrtefhdte duel foeloBiebOthdFiERBERAIOIRJES LGS bRERP A Werrkth@ &K a
boundary fil I‘@“&{lﬁ% qQper, %l on on a block boundary forned between a first
decoded i may8 VSR sIgalthe Tt benga@rgpgethio PPEY Moarrive bierk Reupdaund

gecogeg !WB@&ribP@@Eraan@nSeﬁgﬁﬂldboﬁ g;frmtaa%ehgi&ka lﬂﬁ#raét%d@d ihgh;%;efrjlcs&:h g
ecode I mage C I N een encode usi n allrs encodl ng ne (0]
and the sectia MERE6aAH 1o s Br-EGRDATA Aot eEAURAOR YT SERTHe
encodi ng nedidods thamescribdubdiey thealst Besttanmnahé bicRk hbdng@beamaRshded using

determ ne a .a%ue of at #esst oEe garameter of the adaptive bl ock boundary
filtering i SRFENDRPIGF Y 18R SEFRNbLTRFOReD STRRMPIPCE BaYiBh SRR ehpded
exam nat i orustrfy &hechid shcdith MRERNWRAGH dhd 8l0eR HRAAGary Fter A BRI to
termnal copprising a blggck boundary filter for reducing visual _artefacts

due to bl ol HBUNA FLE Ht IBhoree FERetehelgBe dgrie PIRck beyngaey fifering

digital vidperstiogmatforridion tHet iBscrisiundaf/ reangRilelto eReMiratioh antradmgtdnde
bl ock boundarg filteri n%hg eration on a bl ock boundary fornmed between a
|

first decodEGMhEYEIROJERO%H a first side of the bl ock boundary and a
second decoded i nage bl ock on a second side of the block boundary, the

first deco%effj ! maglg VE) e%céecho%\élr %gm%%giggean%?o%ﬁ%o%%hgl% filter for reducing visual
artefacts due to block boundaries between decoded image blocks in a frame of a
digital video signal, the filter being arranged to perform an adaptive block boundary
filtering operation on & block boundary formed between a first decoded image block
on a first side of the block boundary and a second decoded image block on a second
side of the block boundary, the first decoded image block having been encoded using
a first encoding method and the second decoded image block having been encoded
using a second encoding method, wherein the block boundary filter is arranged to
determine a value of at least one parameter of the adaptive block boundary filtering
operation performed on the block boundary resporsive to examination of the first and
second encoding methods.

48, A video codec comprising a block boundary filter for reducing visual
artefacts due to block boundaries between decoded image blocks in a frame of a
digital video signal, the filter being arranged to perform an adaptive block boundary
filtering operation on a block boundary formed between a first decoded image block
on a first side of the block boundary and a second decoded image block on a second
side of the block boundary, the first decoded image block having been encoded using



a first encoding nethod and the second decoded i mage bl ock havi ng been
encoded wusing a second encodi ng net hod, wherein the block boundary filter
is arranged to determne a value of at |east one paraneter of the adaptive
bl ock boundary filtering operation performed on the bl ock boundary
responsive to exam nation of the first agq second encodi ng net hods. 50. A
storage nedium for storing a software program conprising machi ne

execut abl e ¢o ing visual artefacts due tq hlock boundaries

bet ween de%o@ghéri%r?gg@drﬁ%%g@nﬁ ?1“%3??% egpded Hﬁ’@ettg?m’\/’i‘%’é’@ Reghencededie

filter bei ngisbgrasgeshd encopérl memodnwhgri ihéeblbbwﬁﬁumgﬁﬂﬂ%ryigférmt@é&g? y
ecoded i mage oc

operation o L ock hounda formed betwe a first ,

on a1 rot el RS ABE Ak st R Poraie e tod eprINa ARG TR BER  on
a second si deeation perfbintckorbihe mdakhouhiery rbginsive @S agatinkidrosr the aakah@vi ng
been encodegeéggridn&]ca fi rstt encodi ng method and the second decoded i mage
bl ock havi ng been e88'88é‘ae B% S|’1g a second encoding nethod, wherein the

bl ock boundary filter is arranged to deternmin:; a value of at least one
par anmet er oggthe a boundary fi oper ation performed on

i.ve .bl oc lterin | g
the bl ock Boundar S/L‘a B@gé%ﬁ%ﬁm\}'ééﬁtcé’"&'ﬁﬁ’gn%ﬁ'%% t&ﬂ““ﬁﬁ'@ flser der mdyclhg el
gancodi ng mestefdsts dt?lto_ mocbhpmmieprm?n@én q?ﬁ@j@asmg & biiodﬁgqhim&am@a&%bl e
i nstructiong,.fQr. . visual artefact ue to ock . boundari es between
tocoun 1 wndighludEEHaNANE A beRb HaNGRT 15 Periran a6 Adhaive B Rek PpuTdas;
bei ng glr r aEfjjéedingmppmﬁborm abloak dpuhdgy bdrotdd %&U@ﬁﬁgmrétid&aﬁmgﬁ%@é% on on
a 35 ocC tween a first decoded i mage ock on a first
si de of theOnggsg%[%oc&ﬁwecgﬁﬁu@e%ﬁ BSHMOP%%& Begk ghagesond
si dedo:‘]I t hesit otte Hianltridangaryt the fﬁdtﬁsﬁodﬂgﬁﬁgd bicmia%éihb %lﬁg @gwd@j m@bll y
encoded usi net ho nd the sec eco nage oc
havi ng beenggﬁgghlé%arﬁ%ﬁ%g%y %’gictgﬁéecg%g%‘quﬁ ﬁ@?%%g{g":b\,ﬂ‘@}’@gﬁ’eﬁﬁéfﬂgﬁ’%
b](c)ungar ydf i gy ai sscand angeding me}sﬂl@r@rwﬁema'n dhy alagk bo@hdﬁ@fﬁl@&%aﬂ@ﬁgeﬁﬁfoﬁpﬂ Er
of the ada ; 0 iltering. o ation,, rforned,on. the oc
boundary r gs%%@é’?‘%/gq{%&e%ﬁ%%ﬁt i°GR PGf arp%gr Bﬁh&ad%mivégl%lﬁBoumaftﬁﬁg
met hods, operation performed on the block boundary responsive to examination of the first and

second encoding methods.

50, A storage medium for storing a software program comprising machine
executable code for reducing visual artefacts due to block boundaries between
decoded image blocks in a frame of a digital video signal, the filter being arranged to
perform an adaptive block boundary filtering operation on a block boundary formed
between a first decoded image block on a first side of the block boundary and a
second decoded image block on a second side of the block boundary, the first
decoded image block having been encoded using a first encoding method and the
second decoded image block having been encoded using a second encoding
method, wherein the block boundary filler is arranged to determing & value of at least
one parameter of the adaptive block boundary filtering operation performed on the

block boundary responsive to examination of the first and second encoding methods,

51, A computer program comprising:

- machine-readable instructions for reducing visual arefacts due o block
boundaries belween decoded image blocks in a frame of a digital video signal, the
fiiter being arranged to perform an adaptive block boundary filtering operation on a



53

block boundary formed between a first decoded image block on a first side of the
block boundary and a second decoded image biock on a second side of the block
boundary, the first decoded image block having been encoded using a first encoding
method and the second decoded image black having been encoded using a second
encoding method, wherein the block boundary filter is arranged to determine a value
of at least one parameter of the adaptive block boundary filtering operation
performed on the block boundary responsive to examination of the first and second

encoding methods,



