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‘the Invention ' The preSent invention relate to i nmage data processin
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data is displ a‘}@ﬂetﬂlIYaPereﬁ?nmfsmdajds ss__cknrasdvlsf thérintedgtionapt ween’

PheC e ropkkfiElch QREnERAdT Iiskl o ks bl W8S H ey %%&etgfq%l@%éieﬁin
oceur | neTelgcommaen Unish (1T0) GORio HGObascl B <RURICHNG BOBE S

of the DCT. are quantized so.as.to highly conpress the 1 nage
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interval .5 8x8 pixel block umts in ofder to pack lnformatlon with & small nurber of
transform coeff C|ents Thls block- based DCT ‘scheme is based on the Iocal

spatial correlation propefties of an image.
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However, when the block-based imagé data is restored, considerable image
deterioration, for example, blocking artlfacts near the block boundary, corner
outliers at the cross points of blocks, and nngmg noise hear the image edges,
occurs. This is because the image data go through the DCT in 8x8 pixel block
units prior to quantization. Such deterioration is serious when the image is highly
compressed. _

Blocking artifacts are caused by grid noise generated along the block
boundary in a relatively homogeneous -al'ea. The grid noise shows traces of the
block-based process at the edges between blocks when the. compressed data is
displayed on a screen after being restored. Thus, the edges between blocks are
noticable. The corner outlier is geherated where the corners of the 8x8 blocks
meet. Also, the ringing noise is a typical Gibb's phenomenon occurrmg by
truncation when the coefficients of high-frequency components of the DCT are
quantized so as to highly compress the image. Due to the ringing noise, one can

notice overlapping of images with a predetermined interval.
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2- In order to reduce the blocking artifacts, the corner outliers and
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" However, the ab.ove methods require complicated computations.

SUMMARY OF THE INVENTION
To solve the above problems, it ié an object of the present invention is to
“provide a method for loop-filtering image data and an apparatus therefor, capable
of encoding at a low bit rate without need for complicated computations, by which
quantization effects such as blocking artifacts, corner outliers and ringing noise
caused by block-based decoding can be reduced.

According to one aspect of the object, there is provided a loop-filtering -
method for reducing quanﬁzation effect generated when an image data is encoded
and decoded, the method 'comprising the steps of:. extracting a flag indicating
whether the image data requires loop-filtering using the distribution of inverse
quantiéed coefficients (IQCs) of an inverse gantized image data and a motion

vector indicating the difference between the previous frame and the current frame;



3 and filtering the image data corresponding to the flag by a

predet er m ned net hod If the extracted flag indicates a need for the

| oop-filtering. Preferably, in the step (a), the flag is
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Of row of the inverse quantized 8x8 block is non-zero; and settl_ng the HBF to 1"

indicating a need for the Idop—ﬁ!te}ing if only the far left column of the inverse
quantized 8x8 block is non-zero. |

Preferably, in the extraction of the ringing flag from the intra flrame,
assuming that a pixel A (DC coefficient) is located atx the top, far left corner of the
8x8 block consisting of 64 pixels, a pixel B is located to the right of the pixel A,
and a pixel C is located bé!ow the pixel A, ring'ing flag RF is set to “1" indicating a
‘need for loop-filtering when any pixel other than the pixels A, B and C of the
inverse quantized 8x8 block has a non-zero coefficient. . .

Preferably, the blocking flag of the current inter frame compriseé a
horizontal blocking flag and a vertical blocking flag, wherein assuming that a
reference frame comprises a predetermined number of reference blocks, a hlock

of the reference frame predicted by a motion vector (MV_, MV} of the block A, of



4- the current inter frane is a notion block X, the horizontal and

vertical bl ocking flag extraction on a block Alerr] of the current
inter frame conprises the steps of: investigating the degree of
aver | apping- between the notion block X agnd the reference bl ocks;
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the 8x8 inter frames is naon-zero, and ot herw s¢° . t he
current bqnygkseAﬂgar,zt]zqdocmeff icients (IQCs) ofa resldual 31gna| of the 8><8 inter blocks is

5 non-zero and to ‘0" if all AC components of the IQCs are. zero; and settmg the RF
to ‘1’ when the current block is in an 8x8 predlctlon mode for transfermg a motlon
vector on the macro block.

Preferably, in the case where the image data is an inter frame, the ringing
frag of the inter frame comprises a first ringing flag (RF0) and a second ringing
flag (RF1), wherein extraction of the first and second'ringing flags RF0 and RF1
on a block 4, of the current inter frame comprise the steps of: setting the first
ringing flag RFO of the current block 4_ to ‘1’ if only the DC components of inverse
quantized coefficients (IQCs) of a residual signal of the 8x8 inter macro blocks are
non-zero, and otherwise, setting the RF0 of the current block 4, to ‘0’; and setting -
the second ringing tlag RF1 of the current block A4_ to ‘1’ if any AC component of
the 1QCs,of the residual signal of the 8x8 inter frames is non-zero, and otherwise,
settihg the RF1 of the current block 4_ to ‘0.
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Peeferably, assum ng that a predeterm ned bl ock constituting a frane to be

| oop-filtered is a block | and a block adjacent to the block I is a block
J, the difference between the current block | and the quantized previous
htock | is not greater than a predeterniged val ue, and the difference
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: pixel values near a block boundary between the blocks | and J if the RF of the
block | indicates no need for reducing the ringing noise, and both blocks | and J
are intra-blocks; and comparing the difference between two adjacent pixels around
the block boudnary wifh the H.263 quantization factor QP if the RF of the block |
indicates no need for reducing the ringing noise and at least one of the HBFs of
the blocks | and J indicates no need for reducing the blocking artifacts, and
performing a second filtering for changing a predetermined number of pixel values,
which is less than that for the first filtering, if the difference between two pixels is :
less than the QP; performing the first filtering if the RF of the block 1 indicates no |
need for reducing the ringing noise, neither the block 1 nor the block J are intra-
blocks, a DC component of inverse quantized coefficient (IQCs) of a residual

signal of the block | or J exists, and both HBFs of the blocks | and J are “1":



reduci ng the ringing noise, neither the block I nor the block J are

I ntra-bl ocks, a DC conponent of inverse quantized coefficient (I1QCs) of a
residual signal of the block I or J exists, and at |east one HBF of the
blocks I and J is zero; and perform ng tgre second fllterlng | f the RF of
the bl ock.l:indicates a need for reducing the ri ngi ng noise. . =

Pr ef er abl perfdrivirig ¢hé eekond filtetihgiif thg: RE rofrthéu:ﬂoa:lgl Mdicdtes goanged &m S.

o7 oot o UG BSNGIPg ok, NG e bl BTt '@8@%35@“@&8%@3&&,
bl ocks | BekompbnfitorigRd diditaad éd BBl B8 oPledslil gt e 1o

need for re he ringing nolse, ock 1

an intr a-tiboi k oanlole)bgtshaHBFcﬁ ledsttdree HBF:bStHe blodks liamdi & &t gerd; @ed for
reduci ng the bl ocking artifacts; .conpar.i n% the difference between t wo

adj acent RgHQMYng, B@ﬁ@cﬁﬂ@ filedng ibbedREr tiloeln bindicaigs quaeed fort i on
fact or qDeH |& h?ﬁ'i’?éibﬂe __.éjl ock 1 indicates no need for reducing the

i ngi ng n0|se

lleast one of - tlhpe' Hy, o etd&ld&lm@ﬂltéru@glﬁof\]rejdm@i".""' ""&klhg Argiebid %m;#iélégl ng
the bl ocking-arti f.a and perfaor.mng:a second. f1lt

ering for- changmfg '
predet er. rﬁrﬁéiem%eper&myma firsh filtedng fpr ohanging aseredets :mlhﬁﬂ nugab first

o b or il b 7 9BCE pREUEE oL 2 el 1590 1l A, e

for r edummmng IilagrRFglofghGlblﬁdc | inclideies noheedd ﬁﬂ'h'ebuamg thbernﬁjnﬁg Iﬁoﬂsear eh

bl | f_th bI ck
R Y Black % Shiitrasbinckcanh boluEis of thechinas f andne
RF1 of RO, _
nei t(r)\ertt‘ﬁ rmb‘l%géké Pénolrfs'fh B o]l E‘Fegglcfcﬂfnd;f %Fgccf(rhﬁaﬁ %é;gfﬁagég%f RFGs

of the blietiveeh tidadjacent pbkelsaamuaa ﬂmeatslocxoneudhammtmm HEBhe bl ocks |
and J is not '

Shgtatod o RS S5 Ul A ol n b e

block | i@ grriat’
hori zont %ng?h %né@téim!h@ﬂmepoﬁm Bio%ﬁkﬁnsl a@nﬁralbl%ﬁ ﬁve\d%tl&astfbn oftnd

F wher ei n pi xel's-C and D are the nearest pixels on t hori1 zont a

bl OC|k bodh@dﬂ!FSthéh9|bl@¢l@ lrandhd indigates he negdmgedmmgltbeﬂdmm and
Poat 11t cathacty, Yy Poftdldirt) & Btond iBRob W BASRahG;4 Biddiethisle niymbre

first filofepikelovalaes, whichsiedesglttan thestt ifoothesfife fiftoring df e Hm@r@né@l s C and
D, wherein pi xels C

and D ar PSMEERNP Riels-eless tham the, @Ry-nsefasming he fi rqtrf&teassdf meeR\Fé| ok of

th Ggl ff et‘h%%@cl@ﬂﬂtﬁ@é‘te&% RE&E5Sr fedtiihdP e nﬁaﬁlgl -ﬁélsé,hﬁéitﬁéﬁhg%l%ki ASr

the block J are intra-blocks, at least one of RFOs of the blocks | and J is *1° and .
both HBFs of the blocks | and J are *1’; performing the second filtering if the RF1
of the-block | indicates no need for reducing the ringing noise, neither the block |
hor fhe block J are intra-blocks, at least one of RF0s of the blocks | and J is ‘1°,
and at least one of the HBFs of the blocks | and J is not 1; and performing the
second filtering if the RF1 of the block | is non-zero.

Preferably, assuming that six pixels on the horizontal block boundary
between the blocks | and J are A, B; C, D, E and F, wherein the pixels C-and D
are the nearest pixels on the horizontal block boundary, the pixels A and F are the
farthest pixels thereon, and pixels B and D are middle pixles, 7-tab low pass
filtering with coefficients (1;1,1,2,1,1,1) is performed for the six pixels during the

first filtering, and the second filtering is performed on the pixels C and D, wherein

ock.l or .the block J:is an intra- bIock and at - -



Preferably, the deringing filtering for reducing the ringing noise in the
filtering step is performed if the ringing flag indicates a need for the
derining filtering, and is not performed if the ringing flag indicates no -
need for the deringing filtering, and the deringing filtering conprises the
steps of: (a) detecting horizontal and veritical. edges -of the i mge data;
and (b) pewbigels® antvDadé TEplRicedals C2EMDs e ng on an - .
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ringing noiyankSoiR&heififds A4, the d|fference between the pixel [m][n] and the
plxle[m—1][n] is A2, and QP i is the H 263 quantlzatlon factor, when the conditional
expression ((A'1>QP) and (A'2>QP)) or (A"1>2QP) or (A'2>2QP) is satisfied, the
current pixel is detected as an edge 'pixel; and the edge map, Edge[m][n].
becomes 1. In the step (b) for the'signal adaptive filtering, a 4-connected filter
window is applied to the 8x8 block to determine whether the center pikel of the
filter window is an edge pixel, and the filtering is performed if the central pixel is
an edge pixel, and otherwise, a Weighted filtering is performed.

Preferably, the deringing filtering for reducihg the ringing noise in the
filtering step is not performed if the difference between the current block | @nd the
quantized previous block | is not greater than a predetermined value, and the
difference between the current block J and the quantized previous block J is not
greater than a predetermined value.



when the block | is an intra block, when the block I is not an intra bl ock
and has an 8x8 prediction node, and when the block | is not an intra bl ock
and has no. 8x8 prediction node and the RF1 of the block 1 indicates no need
for the deri ngi ng fllterlng an the derbnglng filtering is not perfornmed
when the RFL of the bl ock 'l indicates no needs for the deringing. filtering.
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for the detection, assumng that. A B, and D are four pixels aroun t he

poi nt méﬁéﬂ@@md&&@ﬂ%\r is sadisfied qhe wmi{ pixel isdetectet, as/an o pixet
val ue[ 3] a'?lﬂethg'é@e H‘?A#’@dg@[nﬂ[ﬂf becornes 1. Also, in the step (a) for the vertical

edge detec’uon, assumlng_that the current pixel is pixel[m,n}, a plxel[m+1][n] is
located above the pixel[m,n], a pixel[m—1][n] is located below the pixel[m,n], the
difference between the pixle[m][n] and the pixel[m+1][n] is A1, the difference
between the pixel [m][n] and the pixle[m—1][n] is A'2, and QP is the H.263
quantization factor, when the conditional expression ((A'1 >QP) and (A'2>QP)) or
(A"1>2QP) or (A”2>2QP) is satisfied, the current pixel is detected as an edge pixel,
and the edge map, Edge[m][n], becomes 1. In addition, in the step (b) for the
signal adaptive filtering, a 4-connected filter window. is -applied to the 8x8 block to

map Edg

- determine whether the center pixel of the filter window is an edge pixel, and the
filtering is performed if the central pixel is an edge pixel, and otherwise, a

weighted filtering is performed. i

Preferably, for reducing corner outlier generated at the point where the



pi xels A, B, C and D, respectively, the average of the pixels values is set
to (A+tB+C+D+2)/ 4, the difference between each pixel value of the average is
conpared to the H 263 quantization factor QP, and the nunber of corner
outlier candicate pixels is accunul at edgo detect the corner outlier if the
difference i's greater ‘than QP.. Also; in the-step (b) for the conmpensation,
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corrpensat eddata by 1 nvestigating
; plxels 4 and 4, is less than 3QPI2 the corner. outher compensatlon is performed

using the followmg equation:

A = (A4+B+C2D+4)/8
A, = (A" +3d, +2)/4
Ay = (A 434,24

, and when the number of candidates is more than two, the candidate which
has the largest difference from (4;+B;+Cy+D,+2)/4 is selected, and corner outlier
compensation is performed on that point in the same manner as in the case of
only one candidate.

According to another aspect of the object, there is provided an apparatus
for loop-filtering image data, capable of reducing quantization effect.generated -
when an image data is encoded and decoded, the apparatus comprising: a flag
extractor for extracting a flag indicating whether the image data requires loop-
filtering, uéing distribution of inverse quantized coefficients (IQCs) of the image

data, and a motion vector indicating the difference between the previous frame



extracted by the flag extractor, and wherein the flags conprise a bl ocking
flag indicati ng whether a need for reducing blocking artifacts near block
boundaries exists, and a ringing flag indicating vvhet her there is a need
for reducing ringing noise near i mage egg BRI EF
DESCRI PTI ON-OF TE DRAW NGS . The abOve obj ect.. “and. advant ages of "the
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~shows the*lteenngtthemnesouﬁtewempﬁmsam}i datachy injestigating: m@nngmgeﬂag rame and

dij bl f a oo frame: f
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oljoTr tiracts 'n : “Pixels
- ii: ethesthere lsga n_bed f_fot te::luarrgg uhgmg
d_eblockln fllter for re UCIng blocklng artlfacts . _FIG 6A shows- an .
exanpl e d%"ﬁl@e@ﬁa'@? 8fe %&ge ‘generating.corner outliers: due to
fuant i zation, FIG 6B shows the corner-outlier generated by the

uanti zation, and FIG 6C: shows--coord-l- nat es_of: cor__ne-r_ p0| nt S for
qonpensatl ng for t he corBRIERDESERI fFHE DR RS
tiwo- di mensi onady: ( 21D Sicl -
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_ refer‘e'nce to the att \ '

capable of reducmg quantxzatlon effect of the block-based lmage data -

FIG 2 shows the structure of a decoder accordmg to the H. 263+ and S'XS
: dlscrete cosine transform (DCT) coeffi cient block inverse-quantized by an inverse
, _ quantlzer of the decoder;

, FIG. 3 shows the relatlonshlps between an 8x8 block (4,) in an inter-frame
and adjacent blocks of-a reference frame;

FIG. 4 shows an example 'illustrating extraction of horizontal blocking flag
(HBF), vertical blocking flag (VBF) and ringing noise (RF) of the inter.video object
plane (VOP);

FIG. 5 shows the block boundarles and the location of pixels adjacent to the

block boundaries for illustrating the filtering of a deblocking filter for reducing
blocking artifacts; o

" FIG. 6A shows an example of the edges-of image generating corner outliers
due to quantization, FIG. 6B shows the corner outlier generated by the
quantization, and FIG. 6C shows coordinates of corner points for compensating for

the corner outlier; i

FIG. 7A shows the kernel of a two-dimensional (2-D) signal adaptive filter



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In FIG 1, an
apparatus 10 for loop-filtering i mage data for reducing

gquanti zation effect occur ring when the imge data is bl ock-base coded and
decoded, which is used in connection w a general encoder and decoder,
conpri-ses a- flag extractor 100, a debl o¢ ing fi I ter 110, a corner outlier

gonpensat QSAﬁ $0 and a deringing filter 130, . = * . ~~ The flag extract or
100 extracts a fIa usi:ng the distribution of inverse - quantized - -
goefficients (Ft&s gBoShQWS RRvaxample o 10910 blapk fonedgeatatestiornandhe

vect or |n$p$_.a r&_g the difference between the previcous frame and the current
f.rame. Th is the information indicating whether the decoded i mage
requires the Ipqg BidHowd e redudt dfqgﬂwqeadmn@f a blocking flag and a.
rringing flag. The blocking | 'ag i ndi cates whether the bl ocking
artifacts near the bl ock boundary rrust be reduced, and the ringing

'flag I ndi cat es whet hegt. .l : S he Ji.nA : edges must
e reduced Al S0, t.’_ e :

blockrng

iintra fraegﬁlpﬁgés
t;hat each inter

'a“fl@@ e&fré&ib’? 105"%\ deblockrn@ rfﬁ’té? r1t10| BV(%?héPﬂufg%r supposed
: rane.i’s corrposed__o P:fFame and frame. The
i st ri-but compensatars

torst28r anth@ ¢ wagleeﬂij_ ﬂBﬂZed image data is . utilized
flor t he flag e

nt.er ﬁhﬁ?ﬁ } Q‘i’ﬁ’é‘gﬁqﬁﬁe .. ﬂpgqhﬂr‘ﬁ%{IEH{}o’f RE l’ﬁ’réﬁoegr te?rge

obl ocki n@feﬁpr ingicatir T R A OB Sl T amq)jhg ngrreﬁhg'éme
xtract or ra ;-fs”tBeCiHﬁ)rFHdTBﬂsih%ﬁhné %r@m@f)rrrezaaé@de&nqt :,_';eeEéL}--;-_ ls QW pass

frlters _ F ereby
debl ocki ndpdpi r._enfmgr@ndhls madgeupdect a. blockmg flaghemdoatringinig ﬂagp@r%aﬁl%k

detect’s t r f jdat dt h the debl ocki It
120, “and. dBaeEatsheier 160 pierindafich diess b ek botndary miet B ngi ng

filter 13@edﬁ'6e‘dk%nﬂhﬁerﬁlﬁb]hgglab| |ﬂﬂrc§@sr WABRHEr e triyidg fBise near the image

‘ edges must be reduced. Also, the blockmg flag consrsts of a horizontal blockmg

gescrrptron

ﬂag (HBF) mdrcatlng whether the Ioop—f Itenng is performed on the pixels of
adjacent blocks around a honzon-tal block boundary, and a vertical blocking flag
(VBF) indicating whether the loop-filtering is performed on the pixels of adjacent
blocks around a vertical blocking boundary.

Also, the flag extraction is performed on intra frames and inter frames. The
present invention is supposed that each inter frame is composed of a P frame and
a PB frame. The distribution of IQCs of the inverse quantized image data is
utilized for the flag extraction on the intra frames. The flag extraction on the inter
flames utilizes the motion vector indicating the difference: between the previous
frame and the current frame, and a detailed description of this will be provided
later.

The deblocking filter 110 checks the blocking flag extracted by the flag

extractor 100 using one-dimensional (1-D) horizontal and vertical low pass filters



extractor 1000 using a 2-D signal adaptive filter (SAF), to
deringing-filter the corner outlier conpensated data. The basic idea
of the loop-filtering nmethod on the image data according to the present
ihvention is to adaptively filter usi ng; ppati al frequency and t enpor al

iinf or.mat ion’ to reduce the" quantlzatlon effect. <~ A'so, subjective inmge . - -

- qual Lty,. gpgg s’thgﬂé’dg &éblaeklﬁ bf"t\%ﬁfhﬁ thﬁ 3 :-eam ,conpl exi ty of corrput ati on

are- consider ed ticular e basi-c - |dea i s reallzed usi ng-
sof t war e and Hlél':ejmaﬂler cohmemsatdrd@& ¢et;a‘cts:ttrq00bmer anities of therdata passtdnt

deci sive fact-or distri, | of “the. I’ |5|n ate to-extract the
or E P eistlbeg (ekA10. She CrmRTinaton frdhe Hatsled SXBSDI ock. A

i:nf or mat i ;
1-D LPF qpfligts2- D. SAF are adaptively applied in every 8x8 bl ock usi ng the
bIocklng an rlngflags Two enbodlrrents relating to the ringing

noi se are i ntrkiidedngingtfiier ld@setrackisrthendrig ﬂebemna@mmbyfth@glagel ng set

~as one rin |._n ~flag (RF).in the first .enbo |ment__:an bei'ng set as two,
fii rst an(F dJG?ngémﬂga 2rfag%9'mi@d@mveﬂtter.(% ."féQs@QIW%ﬁB@HIhﬂaﬁ@melrn _
ﬂhe case 41 "él_E_ntIOI’l about the f| r'st -and second:enbodi ments

nbadi- ment; ,-ans:__ tha" . twor enbodllments

di ment d be nentioned.
L fn'fgs'astspﬁaatfgeww ad dgmperale in
Sl g 1. 'The Information of
””In;order to“reduce the -

Eirst, tHBEf

fsrgct: o ?@@fzogaaut

bl ocking. 1 af s" i nd t he Tnaing fla .
13 bl ock I’ééﬁed &étﬁgi_“ e f P LTI o SRt

te5|dual Si
1.1 Fl agmp

dl st ri butthgnn _ )
LPF and a 2 D SAF are adaptlvely applled in _every 8><8 block usnng the blockmg
and ring ﬂags '

: _ Two embod:ments relating to the ringing noise are introduced in the present

inVentlon the nnglng ﬂag being set as ofe. rmgmg flag (RF) in the first’

é ' embodlment and being set as two, fi rst and second rlngmg ﬂags RFO and RF1, in
the second embodiment. In the case where there is no mention about the first
and second embodiments in explaining the following embodiments, it means that
the two embodiments are commonly applied. Also, in the case when either the

- first or the second embodiment is applied, the corresponding embodiment wouid
be mentioned.
First, the flag extraction of the blocking artifacts and ringing noise in the flag
.extractor 100 will be described.

, 1. The Information of Blocking Artifacts and Ringing Noise
5 | In order to reduce the quantization effects in the H.263+, two kinds of flags
are defined: the blocking flags and the ringing flags. The blocking and the ringing

flags are extracted from the DCT domain of each 8x8 block in the intra-macro



I nvestigated in the decoder and decoder. FIG 2 shows the block di agram of
a H 263+ decoder and the DCT coefficents after inverse quantization. In the
8x8 inverse quantized block of FIG 2, the coefficients of A, B and C are
used for deciding the blocking and the %ngl ng flags. When only the
coefficient in position A (a DC:conponén

- 8x8 bl ock bigeRWME)N KK tHe flags of M irt6r-NB/ 8l igalchrhted Fohs b@fh bhesieaged 8x8. .
block have the same values |n the spatial domain. Thus, a block having only

a DC conp8igdal apd Hlaps @i referencenvideo akied dlane WOR).ocki ng artifacts. In
tihis case, both the HBF and the VBF of the block are set to 1. VWhen only
the coefficients in the top row of the 8x8 inverse quantized bl ock have
ron-zero val ueg,1 thmaq b rnaticH tbrlnﬁtr%@ébré(ﬁlbkfmphﬁé%me sanme value in the
spatial donain_ This bl ock i nduee vertical blocking”artifacts, so the
VBF is set .t o :The distribuijpr of cbégs {tire: llﬁﬂépoetﬁcemts after lrtverssmquaeﬁzatml)usm

K e spat | Tves st 5 b MachuBl o Aotk FIG: ¢ Ahihs s BioRR tlem Phet s 'so
tthe HBF i i 383+ Hecdder and the DG T eobifil "t@ﬁﬁéﬂin%?ée hBﬁtuidtﬁ:W N theagkd?F 1S

det to 1°if a non- ze_r_o_coefflment .exists 1n positrons other. than A~ B and
¢ in FI G inversenquaatizaskblogk aftfd@. 2 the coatiiciants of A, yand G bag uBedfos set to

Ij:I|Gf g nanéﬁf@n@g%lﬁkﬁhﬁﬁi%ﬁ&ﬁb@gg-'.{_"j.._,;%s't'Ons other than A, B-and Cin

i°ci ent s mean that the bl ock:

iincl udes i rragevw@eantyttherﬁefr sient: h%&élﬁ&k%@@%nbbﬁ@hﬂ)‘%nﬁ%gf&%@?”d

tthe i mage e %es due to the tlruncatl on of the high-frequency co€tficients
IIn the seE6fdHC 8x8 QNa i iFlgi Adasi agorrzerosvalue, 6 pikelsof ntra
)

Pt er wejte doded %ﬁfgfor e e S, A 4 b AR RIS B,

nefer encehétnag&?]wl;aadc componelvrg can mduce hoglzontal and vertical blochlng ar’ufarc]:ts14
propagat e t he usi ng -t he notion vectors t he
nesi dual - g’f %‘ﬁb t}‘ﬁtl'gé':tﬁ"ﬁgﬁ"q VB fdhedbladepmsehto 1l ag of the - B
iint er - bl ock.. ToghdH-SRRARKI f f me

to the int er ftr??rre |§@as f&ﬂﬁfﬁ&eﬁﬁ‘%n%@%q)__?%m (%fmﬁ é)gﬂqrh)é?sréeﬁbgl ongqﬁpf ok

bet ween t heavex@nigese Wdu&{serth?)elglnt pikelsiinteachfochman have the same value in the

spatial domain. This block may induce vertical blocking artifacts, so the VBF is

set to 1.

When only the coefficients in the far left column have nt)n-zero values, the
eight pixels in each row have the same value in the spatial dOmain.. This block
may inducé horizontal blocking artifacts, so the HBF is éet to 1. |

In the first embodiment, the ringing flag RF is set to 1 if a non-zero
coefficients exists in positions other than A, B and C in FIG. 2. In the second
embodiment, the first ringing flag RFO0 i is set to 1 if a non-zero coefficients exists in
positions other than A, B and C in FIG. 2.

These high-frequency coefficients mean that the block includes image
edges. Therefore, the block produces ringing noise around the image edges due
to the truncation of the high-frequency coefficients.- In the second embodiment,
the second ringing flag RF 1. is not used in Intra MB. |

1.2 Propagation of flag information for inter-macroblock (Inter MB)

As for the first embodiment, the blocking flags in the reference flames are

) anong ‘64 DCT coefficients of the



and.the adj acent bl ocks of the reference frame. The propagation of the
bl ocking flag is described by the notion vectors M[err] and MV/[err] as
follows. In FIG 3, Alerr], Blerr], C(ferr] and Dlerr] are the blocks of
the reference frame. Alerr] is a block {l? the current inter-frame, and Xis
the notion. block of A[err] ‘whi.ch is estfrmated by using-the notion vector
(M[err] Mag r R t jor X
and the refet " %%:éed H: ?)éﬂltﬁﬁevﬂgg atugi(c?g eﬂrqagﬁ':] @C%Sbingﬁg% V\)mc
over | appesignalgobthehatevetﬁeck feeused ltandebidecﬂueXIe@df tﬁwnnm@il@loekwé’ Hel ock is -
wi der than 2x2. ﬁl xelz sed t} th ang the BF-of the current bl ock -
A err] cabropagaipeqfibed ﬂ?g Tana eHpREeatrenie htheniateidramedsase VBF
of t he re@%@gce bl ocks Whl ch are overl apped by the notion-estinmated bl ock
or -exanpl e, when MV[err]=5 and MV err]=3.5, the notion-esti mated
bI ock X is 0veFl®.pibsdomtﬂ1efrelatlanshmrbetménl hekBxg\biook] (4 Blie thd intéi-fanle and

Derr] four ped_regions are_all .wider - than 2x2 pixels.
Thus, thea'iiﬁiheaﬁ jace V|9§Y<§f°ft E@ refar ?@?ﬁ__ r@kahpd@rppagamb@fm blackingd
from t he e Al ort K ,as shown
in FIG . 4ﬁé§1h685§&[ - WS LT, _%D[h? Frlé 3 ‘the
rlhngl n]g f. BaoC] t;nlnﬂ'hf Ene&h s fhigeks. of thi reter ﬁ.j,ﬁeﬁlﬁdl@ﬂél J%Fis[]é?bldﬁk '2'“‘? ddi*ﬁérﬁ:: of
t'he referepce 0C errl.-1s. set. 1o Lf-the of..the residual signals

in the 8x'§9%rfmeoﬁniﬂh¥ $ k‘?%mqtm@lopb%ﬁq ﬂ\ﬂ?‘%h isreatifeatad bygisingithenot i on

vectors fﬁ;btlaﬁge%r' yal frpdh aFlr§lX§hé’ H%grér‘]é bf Bﬁgﬁgﬁ%mé g Y qn@ﬁ(rﬁ}'ggﬁéfﬁ? rb(

node is applred to-a buby.a¥ea, -nost :ha quency €o
Thus, it asd thwesferegmeewmhes mwesmgamﬂt W@WMykhbﬁommln&nBlchrthél ction

rod d_t.he RE of .the bl gck havi.n 8x8 di ct d t to 1.
ne 't or -t neveltapped TegtnltibRbwen Mk ritioniiagk f 304 the ré%ge%&éq?&éewg%e (0
pi cture ophaRl mtztb%es are L&A e HBR Sheid Vek &mwe”a'ir?éﬁ%lé’&

are:
propagat ed to the next Inter. MB by using the notion;vectors.. Pﬁ o
resi dual ealgiatecoby. m@tmgmﬂ)me t@meedhecb'iBfécandethekMBFlcifghefrefdlence

T

15 Clerr] andronexdioplelvtien )My =5 hsd rﬂv&sﬁcmév&aroﬁ-é%tﬁhéféatlﬂéc&@(‘ié‘e
cor respondleg{% bl ocks f the current The propagati on of-

bl ocki ng ¢Y

PPPG‘n‘MﬂPu oyictefetance l?'@ﬁ‘ﬁﬁaApoBLhéf |aﬂde|D fiienes the f@lﬂrm I ar to
ErelgiordX 4Ry 8l witiéeraN2:2 piRld.OThl8! the HBS and the VBS of

the current block 4, can be calculated from the four reference blocks 4., B, C

and b, as shown in FIG. 4. Here, ‘& indicates the blt-W_l_S_e AND operatlon.-
Next, the ri'n'ging flag in the inter-frame will be described. First of all, the

RF of the reference block 4, is set to 1 if the IQC of the residual signals in the

88 block of the inter-frame is non-zero. Transferring four motion vectors for one
MB is called an 8x8 prediction mode. The 8x8 prediction mode is applied to a
busy area, most having a high-frequency component. Thus, it is investigated
whether or not the block has the 8x8 prediction mode, and the RF of the block
having the 8x8 prediction mode is set to 1.

As for the second embodiment, -the blocking flags: in the reference frame (1
picture or P picture or the P picture part of an improved PB frames) are
propagated to the next Inter MB by using the motion vectors. Also, the residual
signal of the inter block is used to decide the flag of the inter-block. If the current

MB is the skipped MB (COD-1), the blocking flags of six blocks (four for Y, one for

o .. . ..



calculating the HBS and the VBS of the current block Alerr] is applied to
the bl ocks whose overl apped region with the block X is wider than 1x1

pi xel, unlike the first enbodiment in which the AND operation is applied to
the bI ocks .whose over| apped region with;the block X is w der than 2x2

pi xel s.” For, exarrple when MVerr]=5-and W[err]=3.5, the notion-estimted

Eile(r)gk 'i( hleS BT &overi?%pge)fjmrﬁgl gﬁé@ék@éﬁ?%v@%%ﬁg [1t§ f%ﬂr;geqpon%m%[ g{qqlkit |

the ringi n@‘mleacglrrefnttl\hl inter-frame will be explained. First of all, the
{QC; of the res dual nalsgbq ‘the 8x8 bl ock of the Inter MBis -
i nvesti gated. THae fatiopofthgdrlogkiag flag; fsomethetrsferencemmmmmter-

Che REL of %w%“&#@%“n%ﬁ BISEERmERE. BolRbef SRR oictefionsBient s of
I/QC of t hecalelating the HBS badithe YBS zsfTthe cﬁh@nﬁbﬁacwﬁdisCéFmﬂrédTRﬁﬁ.éN@oﬁks

conS|dered |n the ringing filtering tering
dsi ng Fl agthose ove {'Qﬂ!Rn r‘wﬂT_thec Elochjgﬁ is. w@grdbanélrﬁopb(él amligerthe fisstt or

oo 0, .ﬁ'g]é'?“-???’ el K asieRce ha '@qg‘%a?é"'vboré@p for 0

rieduci ng téerkzippeli mmhﬁd%%m:& el WideR thi DR GiNelsr e ing -
n the bl ocki: rr;%m?l agﬂ%} gn-the horizaontal - and:.verti ?ell e_I:Q gﬁa%d ghﬁ'@%ﬂ }
¥y

iccor di ng M. BandidH, 5318, thereptionrestimated bloskny is Iwedappkd mgtfafdurf acts,
[ d | F d b d
e imgd TeERbaRIOAR o> B2LCLRHCB, " HbrR o2 R RBbAST HolbRE P lent

ijnvent i on wigles thdre 1kil quelng fI ag obt ai ned above, so that i mage edge

detection whi c_;.-,rqu]@res a_large anount -of. calculation is not necessary.
The current 8x8V fiagwg !ﬂaﬂ‘ﬁe!!I‘t%fnfﬂamﬁé”'ﬁch%t@miall‘l@ldocﬁtss'ta@feallsi‘tben in

1. 'f'wtww%aﬂéﬁq%,« B W bbb -

16 wth coeff|C|ent:s_ . :
dn the horREﬁmf&lne bl"' Kkdp darneiatoy 1 lﬁoﬁllyGheEDC compoan oﬁﬁlﬁl@ﬂ@ﬁhi@ rﬁﬁn-&éﬂa
I.

ntal it the f
fori zonta ar?cﬂ?\ %oirponeern'trl] 4l r]zero Al'scg the%l?‘? of the. tofeonce block 4. is -
set to 1 lf any AC components of IQC of the. res:dual s1gnals is non-Zero. The 8x8
prediction mode is considered in the ringing filtering.

2. Loop-Filtering-Method using Flag
I The deblocking filter 110, the corner outlier compensator 120 and the
! deringing filter 130 will be desciibed in detail.

| 2.1 Debiocking filter for reducing blocking artifacts

’ ' One-D LPF for reducing the blocking artifacts is performed strongly or

' weakly, depending on the blocking flags, on the horizontal and vertical block
boundaries. According to most deblocking methods for reducing the blocking
artifacts, image—édge information is calculated and a LPF is adpatively used based
on the image edges. However, the deblocking method ‘according to the present -
invention uses the blocking-flag obtained above, so that image edge detection
which requires a large amount of calculation is not necessary.

The current 8x8 block to be processed and the adjacent blocks are shown

in FIG. 5. If both HBFs of the BLOCK-I and BLOCK-J are set to 1, a 7-tab LPE



expressed as follows. If (BLOCK I == NOT coded && BLOCK J NOT coded) No

debl ocki'ng filter; if (INTRA frarre){ If (RF of BLOCK | == 0 &% RF of
BLOCK J == 0){/*No Ri ngi ng Noi se*/ if (HBF of BLOCK | == 1 &&
HBF of BLOCK J == 1) _ strong debl ocking filtering, el se .
vveak debl ocki ng.. filtering, =~ Yoo “el se weak. debl ocki:ng filtering; }

:f P f g
i B or ip-cbemambs (111,201 gﬁgaﬂ")pumﬁxm& (4,00 BFpoRgér se”/

BLOCK | -herizofial mmkolbomdm( in FIG) 5. - 'strong

\fggLoggbrch: . d’.eqr %a@ggmmgof the horizontal deblocklng fi Etermg in the first embodlmenE& e {

if (DCc ual 1QC of BLOCKI or BLOCKJ exist){
I f (HBS Sﬁi@@?}%{g?&fél@%&% HBF of BLOCK J ==1)

st rong deblocklng fllterlng,_ el se

T o odf ORK hrbiégded ss BW%&HQ% e Npt%ﬁ?h%'ng fter;
|f (INTRA frame) { - '
if (RF of BLOCK 1==0 && RF of BLGCK J 0){/*No ngmg Nmse*/
if (HBF of BLO.CK_I =1 && HBF of BLOCK J= 1) '
strong deblocking ﬁlte_nng_,
o8
| weak déblocking filtefing;
 else-weak deblocking fitering; -
} _

if (P or PB_frame) { _
if ('RF of BLOCK | == 0){/'*'No Ringing Noise*/
if (BLOCK_I = = INTRA || BLOCK_J = I'NTRA){
If (HBF of BLOCK' | ++ 1 && HBF of BLOCK J ==1)
strong deblockmg filtering;
! else -
g " weak deblocking filtering;
L } -
else {
if (DC component of residual IQC of BLOCK_| or BLOCK_J exist){
If (HBS of BLOCK_| ==1 && HBF of BLOCK_J ==1)
‘ strong deblocking filtering;
| ' ' ' else

weak deblocking filtering;



}- I'n explaning the algorithum assumng that a block constituting a
frame to be loop-filtered is BLOCK I, the block adjacent to the BLOCK | is
BLOCK J, the difference between the current BLOCK_ | and the previous
quantlzed BLOCK_I is not greater than a;predeternined value, and the

di f ference bet ween the current BLOCK J and the previous quantized BLOCK J
ils not . grgater than a predeterm ned val-ue, the deblocking filtering:is not
perfor med. - If the frame to be loop-filtered is an intra-frame, in
tihe debl oelsentjRingingNaige™ or reduci ng the bl ocking artifacts, when both RFs
of  BLOCK_ | and BLﬁg(éj !ﬂ |nd| te that reduction of ringing noise is not '
necessary and _'I and BLOCK J indicate that reduction of

bl ocking artifacts is necessary, a first filtering (strong debl ocki ng
filtering) for changing a predeterm ned nunber of pixel values near the

hori zontal bl ock boundary between BLOCK_ | and BLOCK J is perforned.

\hen both RFs of BL dicate that t d f
Focact o of r heRABIIE YR Seari cadirit ol SbMEps R i B o

BLOCK J | pei IB%%eFélﬂs BEOOK 'iofheoﬁloﬁﬁ%g%&%ﬁ'taghé‘@u‘@%tIsvs' E&K@S(_T A 31 ® ot s

E

nHecessary,: : when at .| east: BLOCK T and B

tthat r edudlffananeé bet\mmghmouareni BL@@équ/theapmvims qtuantmdrﬁbom{ \Wden

t xel s..near,. the rlzonta is_less than the

h d | | b
'S 6o 220t olaSleP IR 3 AhSabis e LA Ry 2t the Ak eRee Bt P Shek ehgent
| ter | noBLTKCaRAIRG pevRlis\GlaeseHESSCRUDTIE hot §re°éia+ {rern ghan in the

irst filtering™is perforned. - firTtering -on.the pixels near the
rertical lpredﬂtetmm@drgalue, &h@rd@blﬂ@dng |’f Itenegsamet perfogmeds for the pixels

b f th
e e e b | o Bl (RIS AR bS8 cip the g CORAE AGrng" "
‘debl acki ngof r'éd‘i.s@fngnﬂwf Slbckifig Wit Rehdn b@iﬁ REFsa6itBIOCKS | awamock - §F of,

BLOCK | indjcates that there is no need for-reduction of ring ng ndi se, one
@f - indicate that reduction of ringing noise is not neceﬁgaryBg@@]@qt FSIOOHCK | is

an intra- @Lf%‘déﬁ %E@Q( LORR H%Jﬁbg{[@:’tﬁaﬂeﬂ%—& ﬂﬂ&ﬁﬁbgﬂ%{;{sn@' ﬁ@ée%s%rf t

rieduct ion ing arti s I'S necessary,
! - a first filtering (strong deblocking fi Iterlng) for changing a predetermmed riumber of

‘ pixel values near the horizontal block boundary between BLOCK_I and BLOCK_J
is performed.
When both RFs of BLOCK-1 and BLOCK _J indicate that there is no need
for reduction of ringing noise and at least one of the HBFs of BLOCK | and

ﬂ{—h—h

BLOCK_J indicates that reduction of the blocking artifacts is not necessary, or
when at least one of the RFs of BLOCK_| and BLOCK _J indicates that reduction

~ of ringing noise is necessary, and the difference between the adjacent two pixels
near the horizontal block boundary is less than the H.263 quantizaticn factor (QP),
a second filtering (weak deblocking filtering) for changing pixel values whose:
number is smaller than in the first filtering is performed.

Also, filtering on the pixels near the vertical block boudary is performed in

the same manner as for the pixels near the horizontal block boundary, using the

‘ VBF.

| Meanwhile, if the frame to be loop-filtered is an inter-frame (P or PB frame),
in the deblocking filtering for reducing the blocking artifacts, when the RF of;

BLOCK I indicates that there is no need for reduction of ringing noise, one of



filtering for changing a predeterm ned nunber of pixel values near the
hori zontal bl ock boundary between BLOCK | and BLOCK J is perforned.

When the RF of BLOCK | indicates that there is no need for reduction of
ri ngi ng noi se, one of BLOCK | and BLG:KR] is | NTRA, any one of HBFs of
BLOCK | and BLOCK.J indicates that there i's no need. for reduction of the

bl ocki ng gtoc}r@f @L(bcked%fampﬁa%ﬁ@pm)ﬁ%g FFEF%CSf"BL@c;ﬁ lsarﬂ)ear

t he hori zont boundary s less 't quant izatron
(QP), the BLOCIKdJ indlca!]eu that reductiocandi the osking \aalifaets mhmssanpdhe ifipst:

h fil fo L RF of
roac | diputd 8 Sringitg o brociedined SRS et values MEshgie forepae

nei t her Blb%%gs tmﬁf%&én%mtw Réngam_cbékt h ﬁ?ﬁﬁ@%mm | and BLOCK J

are 1, the ering 1's per F of BLOCK |
i ndi cat es t hat Wiem ¢hé Rmof BEOCK or indiesites thext thérer isnn nseddosﬁedumlohmfr

BLOCK | BLOCK: J I { f t he HBF f BLOCK | and
BLOOK ] | $nging; n@see'é‘é%pff“éﬁﬁ‘gmj@nﬁsalpé“ HBANTRA a%ma@%o?wmaf .
sB:_x pi l(e: ?Lon""'tl‘ﬁiéﬁ%rgl 2 ORt a’?q@‘ﬁt Lés g%g%réﬁggﬁé - Bl |0%§73L‘1%10<9J are
A, B, C B]odﬁlr@drtifactshand|thetdeenseIbet\ﬁeindhfl)twoeadjé}ahmqfﬂxatshna@tmﬁéS fm

he h I a e e.farthes i xels
ther eon. - Seizpntal plocks ety is lesified m. i 2B aardisafion, etds (AFD: e ng
wi th coef ts?ﬁ?ﬁ‘d‘?ﬁel(lﬁg *mrlcl?aq%ﬂg ?ixél %/gﬂ,féﬁf BB Huffbdhie s?hé‘ileg'ti‘:gh ﬁrﬁ‘i’h’% 'ﬁ?%l

the first terin econ terrng 1s performe _
C and D. Iﬂ&emg lsfpel’ferrabdol ute val ue of the di fference between the pixels C

d D |1 ¢ th : he. H.263, i xels.C.and D are replaced
as C—CI+?D-S ?;f‘ 14V, BE%LEJC'& "“E":- e HPWEP ﬁ'&ﬁ "?ﬁaiﬁbrﬂltﬁﬂoalo

-debl ocki nglnbl_rji' -ﬁélségné%éﬁBLmﬂ%cﬂ'mE@CKeﬂta ;Eiofn9 R B’WS it

( BLOCK I - oded && BLOCKJ "NOT. coded)-"No. elocklng

‘19 i f ( | NﬁW@Kah@t)q BLOCK dfar@mdherfrﬂfmanng us:pa]fcmadto of . BLOCK J ==

0) i Ringi. n%ljm\@ﬂ ?ﬁe /RF of BLOCK x5 mdlcates that there is 1o, need for reductlon of
ringing noise, neither BLOCK | nor BLOCK J are INTRA and at Ieast one of the
HBFs of BLOCK_1 and BLO_CK_J is 0, the second filtering is performed.

When the RF of BLOCK_I is non-zero, the second ﬁltering is performed.

Assuming that six pixels on the horizontal block boundary between .
BLOCK_| and BLOCK_J are A, B, C, D, E and F, wherein the pixels C and D are
the nearest pixels on the horizontal biock boundary, the pixels A and F are the
farthest pixels thereon, and pixels B and D are middle pixles, 7-tab low pass
filtering with coefficients (1,1,1,2,1,1,1) is performed for the six pixels during the
first filtering. |

The second filtering is performed on the pixels C and D. Here, if the
absolute value of the difference between the pixels C and D is smaller than the
QP of the H.263, two pixels C and D are replaced as C=C+(D—-C)/4 and
D=D+(D-C)/4. _ _

The algorithm of the horizontal deblocking filtering in the second
embodiment is expressed as follows.

1

if (BLOCK_I == NOT coded && BLOCK_J NOT coded) No deblocking filter;



if (HBF of BLOCK | == 1 && HBF of BLOCK J == 1) - strong

debl ocking filtering; el se weak debl ocki ng
filtering; el se weak deblocklngflltering; if (P or PB frame){
i¥ (RF1 of BLOCK | == 0){/*No Ri ngl ng Ngbse* i f (BLOCK_I' ==
IINTRA | || BLOCK_J ='=INTRA){ If (HBF of BLOCK | ++ 1 &&
HBF of BLC;}S:(»{NJ‘]@;f@ne){ S - C ~ strong debl ocKki ng f| | terl ng :
el se _ o ak debI ocking filtering; - _
b - éf G%EO or BLOCK | ==i( &&FIREO(ﬂf BLOCK_U -m-O)]{/*No Rmmg NausazK J
== 1 ( F of BLOCK J == 1) -
strong debl ocki ng fl'r Ié'?!: dd( BL(SE& P Bi_%bf: of é‘.églé_"?] ==1)

weak debl ocking filteringstrong deblocking filtering€! s€/ *Ri ngi ng Noi se*/
weak debl ocking filtering; I'n expl gnl ng the al gorithm assum ng
that .a. bl ock consti tels&éng a frane to be

- - weak _d_.e._._.b.log:l_:qng= fi tering; -

- élse weak deblocking filtéring;

- if (P or PB frame){ _
i (RF‘! of BL@CK == 0){[*No ngmg Nonse*l :
if- (BLOCK I= INTRA || BLOCK J lNTRA){
I (HBF of BL" c K'_l ++ 1 && HBF of BLOCK _J = 1)
' strong deblockmg fi Iterlng,

‘else
weak deblocking filtering;
}
else { _
if (RFO of BLOCK _{ == 1 || RFO of BLOCK_J == 1){
if (HBS of BL()CK_] == 1 && HBF of BLOCK_J == 1)
strong deblocking filtering; '
else

weak deblocking filtering;

}
else ./*Ringing Noise*/
weak deblocking filtering;

In explaning the algorithm, assuming that a block constituting a frame to be



20 loop-filtered is BLOCK I, the block adjacent to the BLOCK | are BLOCK J,
the difference between the current BLOCKI and the previous quantized '
BLOCK | is not greater than a predeterm ned value, and the difference

bet ween the current BLOCK J and the pr gi(@ous_ quanti zed BLOCKJ is not
greater- than a predeternined value; ebl ocking filtering is not

perform?d}oo A] IE ereltlis Tl_@)ékalmfhé B!otbﬁé dj; {:@ﬁtetg e Qr%th |%Té\ﬁ-§]@§ ‘%!3%03 of

debl ocki ng 1 ering reduci ng ‘tThe ocking-a

bot h BLO(]zﬁfferem:é Betw@en) thenclireentcBLOGK n@ﬂvdcuheqsrevfow qtmmaeacﬁl_scecw | ot
necessary,: and ‘the, HBFs .of bot.h, BLOCK. T and -BLOCK J indicate that reduction
of bl ocki figt deaterthan a predatedained vaiie.sand the diffeience betyeenithe surent

hor i zont aP-GAc A0S 8 FieRoR SLERRAERLOCRS i befbiBer BalE, roa.
When t he- ﬁl‘éblet@inlheﬂlvaﬁié?&}fgldebmbkmgxm’efh rgjnmpg-f@ﬂmédthere i's no need
for reduction of ringi ng@nm se and. at Ieast one_ of the HBFs ‘of BLOCK | and

BLOCK_J i ndi cal éiBetf??éPe @@cﬁlt%ﬁd(ﬁ anHetra’rffﬁdf@_en@ t&\ettﬂertd@clgng sf itadng for

_necessaryy, ki
- —é’r ence

indi cat es’ t__'- a Ssary, an® the-
bet ween t ineigaté Bh@@ﬁeWéfﬁeﬂﬁ 'eSS
d il terl ng (weak

than the H:2 .
debl ocki n%@%'%j tifaets is Necessary,

uczﬁ
th t
pi xol s nellet ﬂ%éﬁ@%ﬁ*“@ “%P’*E'"Eeﬁ'f 9‘??? %%%re%nﬁﬂeas&eﬁe#érﬁééﬁ%%ér ¥ as
for the ppixel \aalueameaneh@mrionﬂaabldﬂk(hﬂuﬂﬂwyWeenfBU&CKhBaNBrBLCDCK J .
Meanwhile, if.the frame to be loop-filtered is an inter-frang (P or PB

frame), i'ﬁﬁeﬂ'@“ ‘ocking filtering for reducing the blocking artifacts,

when t he RF1 hg e R o) t of
ri ngi ng noj seOWJne of . BE%%f%ﬁ?%Qﬁ&?ﬁ%ﬂﬁ&@ﬁ{e {!’E{E% %O@%
BLOCK | amﬁB[medmmmnliafamglngmmseeand:at ast bnehef thédfﬂBFﬂ@f BUOCHC! ands .
necessar g, fir f er, tro cking. filteri for..changi ng a
predeter%ﬁlé ca&#s&n 'Egvéﬁ Pﬂ&ﬁ%@dﬁ% 'if%ﬁt‘%Pogﬂ%EQSWnﬁ'é?y °
bet ween BlREK it mst HeOeKthe RFBgrdfcer@éK | and BMOOK tJ"iﬁdB%ieé)fha@lr%ct?ne clion

i ndicates that there is no need for reduction of ringing nalse
BLOCK | aPldringingripise iy nevessagy anchtherdifierencmbetween the adjacent two pixels

near the horizontal block boundary is less than the H.263 quantization factor (QP),
a second filte_r_'ing_'(wea'k deblocking filtering) for changing pixel values whose
number is smaller than in the first filtering is performed.

Also, filtering on the pixels near the vertical block boudary is performed in
the same manner as for the pixels near the horizontal block boundary, using the
VBF. . '

' Meanwhile, if the frame to be loop-filtered is an inter-frame (P or PB frame),
in the deblocking filtering for reducing the blocking arti'faéts, when the RF1 of
BLOCK I indicates that there is no need for reduction of ringing noise, one of
BLOCK_| and BLOCK_J is INTRA and the HBFs of both BLOCK_| and BLOCK_J
indicate that reduction of thé blocking artifacts is necessary, the first filtering -
(strong deblocking filtering) for changing a predetermined number of pixel values
near the horizontal block boundary between BLOCK | and BLOCK_J is performed.

When the RF1 of BLQGK_I indicates that there is no need for reduction of
ringing noise, one of BLOCK_| and BLOCK_J is INTRA, any one of the HBFs of



21 BLOCK | and BLOCK J indicates that there it no need for reduction of the
bl ocking artifacts, and the difference between the adjacent to pixels near

t he horizontal bl ock boundary is less than the H 263 quanti zation factor
(QP), the second filtering (weak. debloc%%ng filtering) for changing pixel
val ues whose nunber-i-s snaller than in e first.filtering is perforned
Wien the Rilgek: Bbﬂ@ﬂ@cwdnﬁafcafestﬂh%! B HoSnéd Faddlefion B i on of -
ringi ng noi 'se, neither. -nor. . BLOCK-J -are I'NTRA,: one-of. t he 'RFO of
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over four s and Qne<or -t wo, y L egLo0: ar e | ocat eld
at the cor@e’& i LS O ' 3 ’H:L

“di stort ed ByOGKRU!E RO _EebNE rfme"';' (W@akfdébkﬁks@ AeARONE |
di stortsion of fhe corner;)oynts irs-call'ed a cofner: out '
out | i er ‘cannot \Waepd Kk &R@mgemadheamﬁgdrfgtermgt(we@k deblmldeg to |

_r_educe.thgq&?hg?gﬁ:ﬁ%ﬁ&g@éd the corner outlier- must be ‘detected and

is

conpensat describes ‘a si rrpl e coordination for corner - outl I er
22 Also, fi iitering on the ptxels near fhe vertlcal bleck boudary is performed in
the same manner as for the pixels near the horizontal biock boundary, using the
VBF.

. Also, the first and second f ilterings are performed in the same manner as
those of the first embodlment

2.2  Corner outlier compensator

Corner outlier compensation is only performed for INTRA frame. A corner
outlier is characterized by a pixel which is either much larger or much smaller than
its neighboring pixels at the corner point of an 8x8 blbck as shown in FIGs. 6A
through 6C. In FIG. 6A, when a dark-gray region is distributed over four blocks
and one or two pixels of the dark-gray region are located at the corner points of
neighboring blocks, the corner points can be-distorted by quantization of the DCT
coefficients-as shown in FIG. 6B. Such distortsion of the corrier points is called a
corner outlier. The corner outlier cannot be rémoved by deblocking and deringing
filters. In order to reduce the corner outlier, the corner outlier must be detected

and compensated for. FIG. 6C describes a simple coordination for corner outlier |



detection, where A, B, C and D: "are the pixel values of the corner points

of the 8x8 pixels. The al gorithum for detecting the corner outlier

is expressed as foll ows: val ue[ 0] = A val ue[ 1] = B;

v;al ue[2] = G val ue[ 3] = D o Avgﬁage = (A+B+C+D+2)/ 4 Count =
“for (me0; nx4; m++) ~if(|value[ni-Average| > QP)

Count ++detddtiom, RHEIET 4 OB “@’a(i'iddﬁ 3r@ﬁ§b&e4 valu)é’QfoﬁthQ?:orﬁe gﬁtﬁ & 3@%%

quantlzatlonfactor and is the variable for storin He nunber - of

candi dat @"@d@ﬂt@lﬁ outlier pi er s It is assumed that -Alerr] .and Alerr] are

B e na e e Bl 15t odeio 8 chlndofulL &y bR 3h e, s

outliers. If Ais the only candl date point in FIG 6C and |A-Alerr]|is |less
than 3QP/ 2, corner outlier conpensation is .performed on A, Alerr] and
Alerr] as fol IVaW?[OlDBﬂm ng t\Aadue[&bmﬁ;nsat ed values for A Alerr] and
Alerr] are A and Alerr respectively, A, A[err] and A[err]'
are determ netys"@gf3 &’I on (IF. I 4[3] 5 A
(4A+B+C+2D+4) /Pﬁlerage (A+B+C+D+2)I4 : A[ err] = (A +3A[ err] +2)/4
(1) A[err] (A +3A[err]+2)/4 '
If there are |&thtt=‘nah two candi dates, the candl date which has the- Iargest

difference from.f £ r]+C[err]+D[err] +2)/4 is sel ected, and corner-
AP el B

outlier conpe rmed on that point in-the same way as in the

case of only one cafdaRR{R]~ARrages.Q and D3 indicate pixels diagonal to
the pixles A B, mreglgtlac!lve gP’B ‘6? .~ 2.3. Deringing filter for

reduci ng ringi ng no| se Count +, /*the number of candldate pornts*/

where QP is ‘the H. 263 quantlzatron factor and ‘Count’ is the varrable for stonng
the number of candrdate corner outher plxels Itis assumed that A and A2 are
block of the. prxel A. If Count is zero there is no corner outlrers If 4 is the only
candidate point in FIG. 6C and [4-4,] is less than 3QP/2, corner outlier |
compensation is- performed on 4, A, and 4, as follows. Assuming that _
compensated \ralues_ for 4, 4, and 4, are 4', 4, and 4, , respectively, 4’, 4’
and4,’ are determined by Equation (1).

A’ = (44+B+C+2D+4)/8
A" = (4"+34,+2)/4 ' (D)
Ay = (A'+34,+2)/4 |

- If there are more than two candidates, the candidate whioh has the largest
difference from (4,+B,+C,+D,+2Y4 is selected, and corner outlier compensation is
performed on that point in the same way as in the case of only one candidate.
Here, B, C, and D, indicate pixels diagonal to the pixles 4, B, C, respectively.

|

2.3 Deringing filter for reducing ringing noise



23 As a first enbodinent prior to applying the deringing filtering
for each block, RF is investigated. If the RF of the current block is 1,
deringing filtering is applied to the current block. In order to prevent
the i mage details from being destorted 9¥ filtering, sinple edge detection
I's perforned before filtering. As shown“Pn FIGs. 7A and. 7B, edge detection

and 2-D-si gnal A%d@ﬂ?st\eenﬁdaduhermnﬂnwe mgcihécaeamgﬁi@ﬂltérﬁ@fdaeacng a
boundary ‘pi xel's”"are made snoot h

non-zero ri ngl . IS 1S because t
by the debl@kkﬂ%grsflnveﬁlgated If th&sRE @‘ébemr@mbb&pq%gﬁﬂ qaringmg fﬂtefmg igi ng .

s, “ar o Rt ko MR ARfEBRRC et o, leSePL A ifadh BbBancicinpdiad s o

deri ngi ng | d pas
1 L o s s e |

franme){ shownnn RIGE0 74¢ amsl DB edge-detpctityr angi2ab mghaleadargwe ﬁltenngeiree

 NrioaBL CLRPBUR S A ploginyind @ riom-e&ifding fleg. i €5eause o 1 ==

|'NTER4AVBL | i se{
If (RF1 of BL%CQ ﬁﬁ b%ﬂﬁa&ﬁeé}rﬁ%%tp% ?‘e ?ee?l?ﬁg,'g ﬂt%" : ‘else

No deri'nging: vaStaeseamd embodiment, prigr to applyipg the dermgmg 1T !termgpiloareang t he

oo ous alna M G s e TREBSRERERT S Bsfioes! T o an

’U °" and
the diff eH%{é‘rﬁuﬁﬁbVWﬁélhEP?o ﬁé%ﬁﬂtdék@?@ fi Rék%g} \'tﬁ decreasmg the rmgmg noise

is expressed as follows

|f(BL.CK I == NOT coded) No-deringing -ﬁ:'lt'er_i'rjg;

if (lNTRA frame){ .
~if (RFO of BLOCK == 1) deringing filtering;
else No deringiﬁg filtering;
} _

if (P or PB_frame){ .
if (BLOCK_{ == INTRA_BLOCK) deringing filtering;

else{
if (BLOCK_I == INTER4V_BLOCK) deringing filtering;
else{ | '
If (RF1 of BLOCK_| == 1) deringing filtering;
else No deringing filtering;
}
}

' In explaning the above al'gorithm, when the difference between the current
BLOCK_| and the previous quantized BLOCK | is not greater than a

predetermined value, and the difference between the current BLOCK_J and the



24 previous quantized BLOCK J is not greater than a predeterm ned val ue,
the derining filtering is not perforned. "In the case of the
intra-frane, first of all, it is investigated whether the ringing flag of
BLOCK | requires the derlngl ng fllterl% The derlngl ng fllterlng IS
_perforrred if the deringing filteringis: reqwred and .ot herw se, the

der i ngi ngyrbi/logrdudhtized BLOGR! 19§ %@' reater théﬁ‘ahﬂ%ﬁﬁﬁ@gﬁcﬂg \I?ﬁ,@ g ame, a

det ermi nati on of " whet her to pé&rform he der i ngi or redu0| ng
t he ri ngidegining Slering imdet performneédws. That -is, if BLOCK_| is an

BT ock OB A eSSl T ot by W 5 o oo
h
|0 L1, CafpiNage8 FAIBCK | vedfed I hBlignd MEHng T SeRfg R LA L O

der i ngi ng)efrfdrmad nﬁ@he depinging fittsting isfreghire&and fotiftr@ie, | the dbrivgfires fi lngrmigeed

ringin deringing filtering is not performed.
derl ngi ndgﬂ‘* F{P gps conposed of edge detection and 2-D signal - adaptlve

filtering: In tﬁrtﬂérc‘_".f@ qsﬁiﬁrﬂaﬁleea iRTaligh ot ﬁﬁé{ﬂ;epfdt g&r&hﬁ&@%ed by

filtering,: sinple. edge detection I's ‘perforned-.before _
det ect i ordexingiry fiitating for mduptngvhefmﬂgmg mmearsemmpl as%fbllbwsanTBa(t&sblfOCk in

e ohoe BIBEK s SR Fa Bk, dePolrte R ecmertmrian: HobORK | notapons”
enbodi ”Eﬁﬁﬁaﬂfalﬁ@%n@eﬁéé‘gkwaréﬂich@ﬁ'rﬁSd%!"' &%‘lr@ng?ﬁéﬁh@ Eter u@’pggh%'tﬁ8”t al

and vertical gradient.operators are a he re l'ockS in
order t o daseavhere BhEK ddgewt: thmmtra?bwk(ﬁnﬂ tas yo 898 piedictiom gnades itthee

| H,263 tizatian.f der for 2-D
Bt bREE ST ELh BBt el i N0 BRrba bR eShotg leiga w o 3 "
10x10 bl quieforhieeh ifihé IRF T of BRCK! PinlicAss ﬁBQYééd Bf. Fnh&ng n'n , HBfinging

hori zontal edge detection, assumng that--a pixel fﬁt rrent: prxel
a pi xel [rﬂtFﬁmgl]'Slf@tIP@Efo@G o the right of the p| xel [m n] ‘a p| er [ni[n-1]

| ted t f. m. . t.h
ol T oyt 3 e pbAhGing itk A ?fqgg%‘?f’é?e‘éf?g’cg'b@w Jondle
P 1t iy e e, st
or (A2>20BRrng. Sipp Ef%C{&? Q?ﬁ%’ﬂe 1§ Bﬁfffbb'ﬂéélbqfef%ﬁ'i%'mgadEéseageéageorpamm
and the esdpesighar adaistRieMitdting 8RE8pBRedto bA é%eblock in the case that the above

condition is satisfied to reduce the ringing n0|se as shown in FIGs. 7A and 7B.

Edge detection in the first and second embodlments of the denngmg
' filtering will be described. One-D horizontal and vertical gradlent operators are

applied to the reconstructed locks in order to fine-the image edges. The threshold
value for deciding the edge pixles is selected from the H.263 quantization factor
QP. In order for 2-D SAF to be applied to 8x8 pixels, edge information must be
obtained for a 10x10 block which is the current block, as shown in FIG. 7B. In the
horizontal edge detection, assuming that a pixel[m,n] is the current pixel, a
pixel[m][n+1] is located to the right of the pixel[m,n], a pixel[m][n-1] is located to
the left of the pixel[m,n], the difference between the pixel[m]{n] and the
pixel[m][n+1] is A1, the difference between the pixel[m][n] and the pixel[m][n-1] is
A2, and QP is the H.263 quantization factor, when the cbnditional expression
((A1>QP) and (A2>QP)) or (A1>2QP) or (A2>2QP) is satisfied, the, current pixel is

detected as a edge pixel, and the edge map, Edge[m][n], becomes 1. In the



25 vertical edge detection, assumng that the current pixel is

pi xel[mn], a pi xel [mtl][n] is |ocated above the pixel[mn], a
pixel[m1][n] is |ocated bel ow the . pixle[mm], the difference
between the pixle[ni[n] and the plxel[? ]1[n] is A1, the .

d1fference between the pixel [m[n] . and the plxle[ml][n] is A2, and QP-is

t he : verﬁealwgq@&’tem lassm‘rang dhat We&rurtém E) e, NE P eSfSI 03 - ) '
A 1> A"1>2 (A 2> t t ;
((Il(,ll‘ r en'EP %.B%g?lfﬁ'ﬂ lﬁgt'ﬁécﬁﬁe‘ég@&e t[‘ne P"éﬁi[f@gg)ea 35 m*ﬂh&q?% Ié;sa@d;s ableslmlptehe ©

Ed , d -
f rgﬁq[ gil E(g} |xIQ E‘iﬁgljd)gfg rfe nicf Hetween the @gﬁ@ 5?800 heEﬁﬁgl[l%[ﬁbwsné oI ne

al gorit hmdlfference betwéernithe poet {xh][a]igﬁddﬁe fptbtleqm-’l][d] a2 zand ap &d&e
detection*®/ [m ] n({ pi xe

| pi xel [ [l-h?G%,qQ@ppﬁAf%qn %@F@r |When the ¢on mqr)@_;e(g:)‘esg@n( 1;59)3) and (A1>2q3)

or (A2>2 ' i cal
edge det Sgt I QQP» dr (A1>2QP) &dg@%gib% 5 séﬁf’ﬁdr rtilTe BPK%SPFM %?etec?edt '
(AllpIZ 6‘3)”[ edde gzlmic[thelé lge:. map, Edge[m][n] becomésiﬂj((A]DQD) and (A2>QP)) -
or > or >2CP) L ; o
} Tq’ -Hapc rFedgﬂ{mml lﬁgabtamedrfrorg nmln@Hueae pb«élilﬂkﬂ will be
descri bed tering is proposed to snooth t he o
ringing nacggﬂ\}\? ome E‘fﬁgﬁ‘f"ﬁ?hgﬁ’ﬁw of image details. The
deringing filtering accordlng to the present I nvention is a sinpl e
convol uti 0. I.n ch,.the weighting factors for the convol ution
are. % %PPE% eﬁ@o‘?%‘?ﬁ ‘M the edge map. The SAF is applied to the
decoded blagck - ge map[m [n]. The kernel for 2-D SAF is
shown in FIG lﬁi&ei[r\%[n] pixé!ﬁﬁ“fﬁg-rﬁfi central point A of the filter windowin

FIG 7B i &2 |pinellrs; gb—nmel[am],[nfﬂ{; 2-D filering operation i s not |
per f ormed . EXANRLE 1. G B i's included - i n
_the 4- conﬁf( (l;;PI } %%@E) %@?gﬁg’tﬂ s perfornmed ( EXAMPLE 2
in FI GEd@B[m][ﬁ]sqrm edge points, not on the center point, are in
the4connectedfllter o '

' else{ : /*verncal edge detectlon*/

= [pixel[m][h]-pixel[m#+1][n]};
2 = |pixel[m]{n]-pixel[m-1][n]};
if (((A1>QP) and (A2>QP)) or (A1>2QP) or (A2>2QP))
' Edgefm]n] = 1;

Next, the deringing filtering using the 2-D SAF will be described. The
deringing filtering is proposed to smooth the ringing noise without significant loss
of image details. The deringing filtering according to the present invention is a
simple convolution operation in which the weighting factors for the convolution are
varied according to the edge map. The SAF is applied to the decoded block by
using Edge map[m][n]. The kernel for 2-D SAF is shown in FIG. 7A. When the
central point A of the filter window in FIG. 7B is on the edge pixel, the 2-D filering-
operation is not performed (EXAMPLE 1 in FIG. 7B). If no edge point is included
in the 4-connected filtgr window, low-pass filtering is pedormed (EXAMPLE 2 in
FIG. 7B) If some edge points, not on the center point, are in the 4-connected filter



26 wi ndow, weighted filtering to exclude the edge pixels is perforned
(Exanple 3 in FIG 7B). The weighting factors are defined in consideration
of conputational conplexity, so the signal adaptive filtering can be
perfornmed by sinple shift and addition ﬁ)eratlons as shown in Table 1

Table 1 A B C D E 0 SAF :
0o GNlndow vﬂalghted filtefing to exclude i‘he(é ’p&%@ én‘fgrme@ ExamPle 3 in '0
(08 A=( 4A+Ig,+ZC+D+4) /8 &g@ 6 ( m%
A=( 4A+2 Bﬂﬁgﬂ@)/ 8The @Jexghtnr(g factors aye defmeg in. conmdqatlon of computatlonal _
ﬁ:g iﬁ:gj&%é}a}% & the sngﬂabadaptlv]e fiitering Qarb be per?orped by simple shift and
A=( 2A+B+)diton oferations é?s shown ln Table 11 0
A=(2A+B+E+2)/4 O 1 1 A=(A+B+1)/ 2
0 (. 0 0 0 A=( 4A+C+2D+E+4)/ 8 0 1
0 0 1 ' A—( 2A+C L4 0 1 0 1
o _ AS(2ATCHER2) 14 ﬁ%ﬁ 0. 1 1
As(A+CHLTZ O 51 T T O T O o aar {2ATDHE
o 1| A ] B o c E | A(ArDH1) K
1 1% %0 | o '_ (KTE )/z-' U A; T :
1 : 0 0 AFA 0 - PA Thbl € ﬂ ' 0. ﬁ-'ﬁg ;'%o‘ﬁ--.@dgé‘*}!& nt anid-
"1' means a@ edge @oint i The beft|fiv ch ums. =( I ng of
Bl ocki ng flags- @ 'T_n no;:drl nnbnf bl n\(ﬂE.i ng. 11 ags A? S4Dg§#gpge%%f’lgjt he.
second errbo()l mgnt .0l n ft hep cabe “df QSI P.0 Bf 1Y (BI oﬂﬁ(ngq-ﬁgam.ﬁ-m)/gY) is
conposed fef—a—4248—efir-ay—aff———i — —

0 : 0 o ; "

0o 1 0 0 0 A—(4A+C+2D+E+4)18

0 1 0 1] 1 A=(2A+C+D+2)I4

0 B I 0 A"(2A+C+E+2)I4

0 1 0 1 1 A-(A+C+1)12

0 1 1 0 0 'A=(2A-+D+E+2)/4

0 1 1 0 1 A=(A+D+1)/2

0 1 1 1 0 A=(A+E+1)/2

0 1 1 1 1 A=A

In Table 1, ‘0’ means a non-edge point and ‘1° means an edge point in the
left five columns. '

3. Padding of Blocking flags
The padding of blocking flags is performed in the second embodiment. In
the case of QCIP, Bf_Y (Blocking flags for Y) is composed of a 22x18 array and



277 both Bf _Cb (Blocking flags for Cb) and Bf _Cr (Blocking flags for Cr) are
conposed of an 11x9 array, in which each el enent contains the noise

i nformation of each bl ock. However, when the Unrestricted Mtion Vector
mode is used, notion vectors are allo to point outside the picture.

Ther ef or e, BfY 'Bf Cb and Bf Cr- padd| ng.1s perforrred in order to cover -that

“t.he notio 0, S

t op/ bot t 0%@;‘@\?{6?5@ Sfﬂ%?é @ re: ?Qgﬁfga? égid\%ﬁ] yf°?r€3*zf"55§r°°{%°°e%‘éﬁ’and

Bf Y and hofrdne tbmalanragpm mlcl'leeaﬂdélengemtscqnﬁahsrthedwmfe infermigtior] 6f BA&nh ght
col uml of Bf Y. af%:]arvt he. ver t cal: etitive. paddi-ng. Finally,
assum ng ttﬁ%‘f ‘tF “ﬁyﬁ{:}jﬂ’&?" ?%tgct M@*«lont termede; is yisedz matisrones

(1o sV Bectart b Holied o/ pSREodiid® 17 e, PindibretR, B, el bl
resul t of BSf C¥ padditigs. pefformueatii ordec 40 covep thidt AheabtisH Vectyay Qh'ﬁ en?énlfik?

of a refe rQﬁéth@%éOW(ﬁi ._,.-.;;._,.m&@ Bﬁ_\éar@rephealted

i nvention Gmthebhr@ﬂfnghé.c:bl.l;lﬁme s

runni ng a ram:from ut er bIe medi.um:, _ .
to stor agé:p'ﬁé i é‘%ﬁW%&#&g&&"ﬂH‘ X fizenisiMEN. dhg Tesuilting size beppyiedi sks,

For “exanpl t he din erformed -by replicating. the b ocking
o pickird ot g E?éﬁ.i e .
padding i I X S
macro bl oé’k | g"gl daaea | Ras i o
'-ﬁ al ﬂBfrVCtiﬂb dh@lvb&i aWéﬁét il s
o 4 i ncI ucd| ng- bgfﬁbn%t' 1 '|.$n ted’
hard di sk &t 0 ki 4 ) and
carrier \NZM;?) (NBB) p&hg%'gﬂ éﬂ?‘%ﬁs-'---'ﬁap&?ﬁg’ffgﬁtgpna B%{Bl&la)?ﬁ}!ﬂp& sent -

i'nventi on rasgltmg sieisdattanine (VA2 o4 ) L IS, & myihémaesurtgofasfswut er-
readabl e prq ram xgﬁde,,u!;-t :_enbpdl ed. ther in for Loop-filteri ng for reducing

the quanti RACCNE : H§m9n‘(:ﬁ"5}#{§ ethsdisngFomexample:

data, thetkg® HHH f@ B

medi um corrpr P?l n 5 mggﬁﬁiﬁﬁﬁe&ﬂ?r Bc‘““éns cauéﬁn é}gﬁg%nput er

tio ef fect fidone. aé/%hﬁg aanewé@mﬂmb@tlpag-ﬁ}ﬂeeechenteraethmmﬁdudgmp.'_._.. ineds o

|'oop-filt g t f.an.inv, ntized | mage
TR0 R b Mok TS o 8% Roriesbadibn3BatR S8k 1 Rbinad teing

frame andtmélgaddedejwcl{'mgmagsand conmput er readabl e program code neans

data, and a notion’vector
causing a conputer. to-effect filtering the imge data correspondi ng the
flag by a pred(g{*@r iRvaeticnB13vobe iembordied i @ageneral puposediigitalesoraputes thaor

the | oop-fid kifihg % program from a computer usable medium, including but not limited to
storage media such as magnetsc storage media (e.g., ROM’s, ﬂoppy dlSkS “hard
disks, etc.), optlcally readable medla (e.g., CD—ROMs DVDs, etc) and carrier

waves (e.g., transmissions over the lnternet) Hence, the present invention may

be embodied as a computer usable medium having a computer readable program
code unit embodied therein for loop-filtering for reducing the quantization effect
generated when encod'ing_ and decoding the image data, the computer readable
program code means in the computer usable medium comprising: computer.
readable program code means causing a computer to effect extracting a flag
indicating whether the image data requires loop-filtering using the distribution of
IQCs of an inverse quantized image data, and a motion vector indicating the
difference between the previous frame and the current frame; and computer
readable program code means causing a computer to effect filtering the image

data corresponding the flag by a predetermined method if the extracted flag
indicates a need for the loop-filtering.



28 A functional program code and code segnents, used to inplenent
the present invention can be derived by a skilled conputer programrer from
the description of the invention contained herein. ‘When restoring
t‘he highly conpressed inmage data, the g tization effect such as bl ocking
artifacts, corner ‘outliers-and ringing fol.se occurs. The loop- filtering
met hod accor diMturiciohBPpRIFERT Colle Rt bode rségm‘eeﬁs LR A PIZAIR I f ect
using the flags and: adaptlve filter. The bl ocking and ringing filags of each
bl ock c@reserdiineention eanbe deriveshiy at skillect oomputeri programimesfedrnither i ng. | n

-d bl 11 h bl k he.
o on velEREhRn bhfhe iartod caftained eddn] | 295 O e ST T et DLk order
to inpl ement Whe@hesteﬁhgttuelm@ﬂv cAmshraasduana é%tﬁofr%"‘%;&t?z%iibhyeﬁéc‘?m the

present invention, the conplexity in conputatl n an
consi der @dchaseblnekmgcarhfaabs diarger outliees pndginging mmset ocoursa Heeloop-f or med

B A R AN A

reduci ng
t he - pr esqRtrd heemi ey e .
mai nt ai n:tl'r%’gng nage: gdsgtagla?gaﬁgo 't ltg{_-..t'-h.e.ii_'lgc‘(ih?lacft&;pﬁﬁg calﬁe ap%rr p@ k-._

vm del y. contnbute to reduce the amount of computation.in I6op-fi lterrt@ Wiebrdes 1ol editret

ener at cdraAlapkif PRGN 56 SoBbUgird SR dhedHofhh Vekens og%g%wte;} g

t he stepsirahf,e is used. extracting a flag indicating whet her the inage-data
requires | oop- fllterln .using -the dlstrlbutlon of inverse quantized .
coefficients in @ ing, imoksies 40 dupierentiaihighygualitysirmage andwiardwaresct or

- ! |
e €211 W S oSS BabrBEoR P PR DGt aha™
pr edet er IHSNR: masthwl cbﬁs‘ﬁbﬁed?thhéQhéﬂwdd aecmﬂmg:ﬁi #e ﬂré%%ﬂtj ifv@ntibA%an be

Ioop fllterlng -
: perform d..by a parallel processmg wnthout multlphcation and leISIOﬂ thereby

reducmg the complexﬁy of hardware

“The Ioop-f ltering accordmg to the present mventlon can greatly i |mprove the
subjective quality while malntammg image details, so that the loop-filtering can be
applied widely.



25 The nethod, of claim1, wherein in the step (a), the flag is
extracted froma discrete cosine transform (DCT) donmain of each block if an
|nage frame to be loop-filtered is an intro frane, and from a residual
signal and a reference frame if the |rra?g frame to be-loop-filtered is an
inter frame.: - - ° 3. The method of cfaim 2, -wherein the flag conprises:
a bl ocki nanvhies: ¢lamé‘@tg ng whet her reduction of bl ocki ng artifacts - near

bl ock boundafi €S Ts réquired; and- - - a ringing flag indicating whether -

r.eduction of rilngi ngA m;g’éltefm mettlwﬂm’d@ds!mng quantizatidn effect generbtedhe
nmet hod of a|m in. .t ecaewhe e data {s an intra
fir ame, é’ﬁbqnoﬁﬂ agﬁr%%a(ﬁ epﬁggg%aln dcil?ﬁ) egagggomismt stePScki ng -

flag- (HBF)of__and a vertical blocking fl ag (VBF) wherein the horizontal -
and vertical ‘blocking flag extraction of the intra frame conprises the
steps of: - exﬂabbng:aﬂa@utdinammmemeerihe imBgedata nequirss lpopHiitering 8x38

bl ock "after .the
that -a. pi Y&
an 8x8-bl qf

SRR SR ?re"ﬁa%g%%gé&g?f‘ée 3
H2Ed Fhake Hataarfra PhotfirSvedoP i g he!

A andsat ploxe

&I zefi - assum ng

ﬁ s);:a ap dversgr ner of
peat. tignght of -
the. pi xel 1S i "sétl-féll nggpthgHBF
ang tf he vwewaousira{ne angath_ ' e | f . ff t_' |
iindi cating a.n r,.1 he lterln .I ela! e.coe |C|en5|np|xes
A are non- zergﬁﬁ "n8 theé@?ﬂf’ t’f‘ﬁ‘@"@ﬁpo dingsto é"ﬁcﬁa@alf’y Ajredatermined t he
l'o0p- T i | t qiéthBdiif tHebxiradied 1R ingidatls é%éd’fb‘?rtﬁél ﬂﬁérri@g 8x8 bl ock is

non- zero; -and . setting the HBF to "1 |ndi cat d for the
l:oop-filtering |f only the. far left colum of: the lnverse quantlzed 8x8

| ock is non-zi ad..of. ¢clai.m 3 n.in: |
th raction of - e rlTrrbe W&ﬂ?(?%ﬁf '{Tﬁéﬁ?rﬂq Ing q’ﬁtﬁg ('aéeV@' ar?g'st‘f'?gfa%e‘él xel
A ( DC coeffffdm !a&lﬁk&relté doéﬁﬂ%ﬁbnh f(@(ﬂquomam of each_ bIock if an image | frame to

gnal and a reference frame

|f the lmage frame to be loep-f ltered is an..- mter framé

3. The method of claim 2, wherein the flag comb'riée‘_s:

a blocking flag indicating whether reductioj'r:i of blocking artifacts near block
boundaries is --réquir.ed; and _

a ringing flag indicating whether reduction of ringing noise near image
edges is required.

4, The method of claim 3, wherein in the case where the image data is
an intra frame, the blocking frag of the intra frame comprises a horizontal blocking
flag (HBF) and a vertical blocking flag (VBF),

wherein the horizontal and vertical blocklng flag extraction of the intra frame
comprises the steps of:

calculating DCT coefficients of the inverse quantized 8x8 block after the
compressed image data is inverse quantized;
| assuming that a pixel A (DC coefficient) is located at the top, far left corner
| of an 8x8 block consisting of 64 pixels, a pixel B is located to the right of the pixel

A, and a pixel C is located below the pixel A, setting the HBF and the VBF to “1"

A A




frar left corner of the 8x8 block consisting of 64 pixels, a pixel Bis

| ocated to the right of the pixel A and a pixel Cis |ocated below the
pixel A ringing flag RF is set to "1" indicating a need for loop-filtering
when any pi xel other than the pixels ABOB and C of the inverse quantized
8x8 bl ock has. a non-zero coefficient. = 6. ~ The nethod of ‘claim3, =
wherein | f I zontal .~
e g AcBir ded Kng loag: ﬁﬁﬁf"ﬂ%w%?ﬁé °°éffw‘éf§‘.*ﬁ“§g"fﬁr?ﬁ5ﬁ‘?% 8
ref erenceei'marre corrprl ses a predet erm ned nunber of reference bl ocks,

Woerr]) of R exbﬁq et e Foto8 TeEhhefind Y45V e tep oci
X, the hQB 8lind @Jédt%ﬂ @@Bfﬂcﬂ%fﬂoﬂgzé%t ﬁgtlon on a block Alerr]

of the current Tnter. conprises the steps 0 ‘investigating the
degr ee of overeeamgttm blaﬁfmm"uhdlcabmg enneecbwthedodp-ﬁ"lltenngﬁfeoelydlaeﬂ‘aocks

bit-w se per ating.the HBF a of- the reference bl ocks having a
predeterﬁ?%@ﬁ%ﬁfgm%fnvﬁﬁ P&EBE@%B%Q\{SOCM%MWZEQ setting the result of
the bit-w se AND operation as horizontal: and: vertlcal bl ock| ng flags of t he
bl ock Alerr] of the_current video:. objec :'-.pl ane

net hod of cl alﬁn 6, Uhamathod of ol 3owber "'ﬁ-ﬁmtlﬁﬁﬂ@@o'bpﬁm H@nga&?g '.
teﬁtGr gfteg‘%&n‘? %lﬂﬁrﬁeg\% \5(!1{1 n&r EI’\%S% @g (ﬁgbd ?B iclehfE ibe4 %Peét tﬁg% ' ses

ence ‘nacro ock as

bl ocki Blg féik Jedt @drnehef thhe Bsstbloﬂc cobd;letnkg' Iof_64 pimélspa pméitB)liS m‘catétbtco: thig ent
macro bl og

ore bl St kR B 56t XS & Eplocated below tie pixeh, fegieciad RE i m 7.
wherein tdg ihag m%aaingamre\égrforf@d S méﬁr&geg.&aLaﬁiekQﬁaﬁpqé ggaéré 9ck

Alerr] of: the current rnte rame.turther’ conpri e step o ng 't he
bl ocking B Iaag (bfoflthe lm\te‘reemmtlbed(&watblbek haepi noameng cobfi dienjckl ng flag.

:'-" -_ 6. The method of clalm 3, whereln the bleckmg ﬂag of the current mter |
frame comprises a honzontal blocklng ﬂag anda vertlcal blocklng ﬂag,

‘wherein assuming that a reference frame comprises a predetermined
number of reference blocks, a block of the reference frame predicted by a motion
vector (MV,; MVy ) of the block A, of the -c_u_’rrent inter frame is a motion block X,
the horizontal and vertical blbckihQ-- flag extraction on a block 4, of the current
inter frame comprises the steps of: . |

investigating the degree of overlapping between the motion block X and the
reference blocks; ' .

bit-wise AND-operating the HBF and the VBF of the reference blocks having
a predetermined number of overlapped pixels; and

setting the result of the bit-wise AND operafion as horizontal and vertical
blocking flags of the block 4, of the current video object plane (VOP).

7. The method of claim 6, wherein the horizontal and vertical blocking
flag extraction on the block Ac' of the current inter frame further comprises the step
of setting the blocking flag of the reference macro block as the blocking flag of the

current macroblock if a motion vector of the current macro block is a skipped

e
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9. The nethod of claim®6, wherein the predeterm ned nunber of overl apped
pi xel s is 2x2 pi xel s. 10. The nmethod of claim8, wherein the
predet ernm ned nunber of overlapped pixels is 1x1 pixel. 11. The

met hod of claim3, wherein the r|ng| ngJfl ag extraction on a block Alerr] of

t he current inter frane. in. the case whére the imege frame is an i nter
frame, COWcrébhcﬁ(h%\ﬁﬁ@lz&r@hotlon vect@rettl ng ari nging flag RF of t he .
current block Alerr] to "1 if any AC conponent of inverse quantlzed
(_:oeff|C|_ents (IQCs) of a residual: si-gnal of the 8x8 inter blocks is.

non-zero, and I fot “ L
setting the. to Ihé\maﬁ"’tdoé} ‘@ﬁwgﬂ%?%@ thg]‘?qugﬁal%@ g%giﬂ @Bglﬁmﬂnde

for tr ansﬂg%r, le&ﬁaé‘tldFthQﬁeVrﬂééIOM QF the Uit intel B@le further comprises fheestep
met hod of cf.aim 3, wherein in the case where the image data is an inter

frame, 't hef padgingghe tlecking flag ofitherrefaranes bingkr afteryeplicating thei bigekinaf | ag
(RFO) and_a.second ri nging flag (RF1), wherein extraction of the -
first andﬂé%cond ringing flags RFO and RF1 on. a block Al err] of. the current'
inter frame conprise the steps of; . - settlng the first ringing flag.
RFO of the current block -Alerr o _i-f- onl'y the -DC conponents. of. i nver se
guanti zed- coef8i ci eithe MEtos) ob Iaﬁnrﬁeyr.-)_"-am ti\egmdetﬁrml.'“ d gumbestofr macro
bl ocks are.n nd. e, setting the RFOof -the current bl ock
Alerr] to® %r?a p%g{i&xe% 1S ﬁs};f)% the second ringing flag RF1 of ‘the

current block Alerr] to.'1" if any AC =

32 corrponent of. the |1 QCs-of .the residual. nal . of the. 8x8 inter frarres 1s-
non- zero, and é@her(ﬁh@emeﬁ@d phelaime, Rﬂlef@m &W@ﬁi@mm%’ eRbgreafy | to

p?edet or Xﬁri ? &d- é&glsngtwpgzelcl ai.m-3, ‘wherein assum ng t hat a

' 1’2‘1_.-_;*_ The. method of clalm 3, wh'"" ein the rmgmg ﬂag extractron on.a block |

"A of the current mter frame ln the case';where the rmage frame is an inter frame
comprlses the steps of: _ ' _

setting a ringing flag RF of the current block 4, to 1’ if any AC component
of inverse quantized coefficients (IQCs) of a residual signal of the 8x8 inter blocks
is non-zero; and to 0" if all'AC components of the IQCs are zero; and

setting the RF to *1’ when the current block is in an 88 prediction mode for
transfering a motion vector on the macro block.

12. The method of claim 3, wherein in the case where the image dafa is
an inter frame, the ringing frag of the inter frame comprises a first ringing flag
(RF0) and a second ringing flag (RF1), _

wherein extraction of the first and second ringing flags RF0 and RF1 on a
block 4, of the current inter frame comprise the steps of:

setting the first ringing flag RF0-of the current block 4, to “1" if only the DC
components of inverse quantized coefficients (IQCs) of a residual signal of the 8x8
inter macro blocks are non-zero, and otherwise, setting the RF0 of the current
block 4, to ‘0’; and _ .

setting the second ringing flag RF1 of the current block 4_to ‘1’ if any AC

—_——
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constituting a frame to be loop-filtered is a block I and a bl ock adjacent
to the block | is a block J, the difference between the current block I and
t he quantized previous block | is not greater than a predeterm ned val ue,
and the difference between the currentﬁgéock J and the quantized previous
bl ock J-is net greater. than a predeter ed val ue, -debl ocking f||ter|ng IS

not per f qiosbright!dithé IRICY bMheSteRRiual signal of Ie 8xBhRFHHA ?s & n&h%

wherei n ‘assum-ng that a ‘predeternnéd blfock constituting a frane to

| oop- fi | andestheswisehsettingl therRF 4 dfltbelcumgrmmﬂk Hotoh&. bl ock | is a bI ock

J, the deblocking filtering for reduci ng bl ocking artifacts, conprising the
steps of: performng a first filtering for changing a predeterm' nd

number of pixef3 val s |
s £ he Rl o FIRE ARG B RIAT S Rbrch ?&fﬁ%ﬁ%‘iﬁﬁ?&%ﬁ%@?ﬁ?’?ﬁ%

ri ngi ng reenstitutingc frate tdbe Iorbp-tf Iterdni lscdtbldclahdnd a bidck admcent &e thd or

ESS“SGT%@@“W%%@%@M:. i Fon Wﬁa&‘ﬁag' heaprizad o
act or 9k edu

._ P e A aftiefsg c!
. d-_kn.g _ [z : szjtil lod-is hoagréaaesthame

! n i.ngi.ca I edu e ringing .

noi sé, ar?dp S 5? éf%?l?ﬁ’ X %ﬁﬁmﬂs Bp! '-BP.@Tmﬁél"ﬁlgﬁe ?W'%S'F&P | ess
than that for the flrst f||ter|ng if the difference between two-pixels is

| ess than the % The met hod- of - clairm.5, wherein assum'ng
t hat.~a predet & néﬁ\&amﬁikm&@fﬂ@laIMA wgewlm msemmg Hnatlmpmdetémlned biscle

e SR IS A Lo S a1

| '?ﬁ“g .an%k’Pﬁ éd
perf.or m mfock §isr#blddk ethermetﬁ@éknﬁ@aﬁnan

f6r PSR BIBRATY mﬁtﬁé Of pi xel

val ues near a. hori.zont, al. bl ock boundaryﬁ%et ween. the blecks 1. and J if the
RFs of - comprising the:steps'of: - 33 the bl ocks 1 and J

[ ndi cat e 1008t Bind YS! HoMAE O Al gﬁ'"‘ Bafeh R natdl

bl ocks | and 371 ndi. c € a ne
conpar i nyalues ndr @ herizents biesknbbudzrg bstwesnrthseiscks Pand Jiinthe RFekof

g(r)]gnldar y tWe tb?octksei anc? 9 #:% et hgarlttale%nfofr%gctzlgcrnn thiafrmbg?rtwgrj1 nlg::s% %fndtg]oethbl-llglglés |
of the blocks | and J indicate a need for reduclng the blocklng artifacts; and
companng the difference between-two adjacent plxels around the block
boundary- thh the H. 263 quantlzatlon factor QP |f both RFs of the blocks | and 1
indicate no need for reducing the nnglng noise and at least one of the HBFs of the

blocks 1 and J indicates no need for reducing the blocking artifacts, or if at least

one of RFs of the blocks | and J indicate a need for reducing the ringing noise,
and changing a predetermined number of pixel values, which is less than that for
the first filtering, if the difference between two pixels is less than the QP..

15.  The method of claim 5, wherein assuming that a predetermined block
constituting a frame to be loop-filtered is a-block | and-a block adjacent to the -
block 1 is a block-J, the deblocking filtering for reducing blocking artifacts,
comprising the steps of:. .

performing a first filtering for changing a predetermined number of pixel

values near a horizontal block boundary between the blocks | and J if the RFs of
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indicate no need for reducing the ringing noise and at | east one of the
HBFs of the blocks | and J indicates no need for reducing the bl ocking
artifacts, or if at |east one of RFs of the blocks | and J indicate a need
for redUC|ng the ‘ringi ng noise, and chagglng a predeterm ned nunber of

pi xel -val ues, which is |ess than that for. the first fllterlng,_lf t he

di-ffer enC@thEQilE@&ﬂl 5M@ JohiRlate | 'n% ﬁé‘?@f&rgﬁﬂuéxh rmgmcq( nonses?rng bfgflﬁ 54@%10(1"

of cl'aim6,. wherein assum ng that 'a.prede ter con
frane' to b@‘the@oq:ks laméd mdmt@lamﬂed fmrrddacmgdbé mt;léwglamfaotst BAdbI ock |

is a block J, the de fllte reduci n cking artifacts, .- =
conpri sing t he SQARAING ere'b"é? %’8% {V!’PP lagen Pl’ie& pryindothechiaalyi ng a
pr edet er m m%w@ﬁﬂh [ qwag

blocks I and-J iIT the- RFmozf@ WIOH%(?S&%%@O neg’§¥'?é)§°\@§3<ﬁﬁ‘?§‘ t he
ri ngi ng ndndigateand mdrfoblredkmng thadinging noisetarat ableasksneafdhe HBFs of the

conpar i ng t.he difference: between acent . pi xel s around the bl ock
boudnary IP‘?\_'_‘ L&IJ é At ;:_prﬁqd(t)ﬁofrﬁgé'gﬁg@% blogkipg artifaets: aeifiat deast)

i ndi cates | RokEahgS PERASE AP 3dudh &ﬁgf@ggﬁegg{s%hé :

HBFs - of the- bI ock-s 7 ndr cat'es: no - ne FeauclF
artifacts, anadwdhmmgrammgledaemmnedmumbemﬁ mgeﬁmlu@ﬂanﬁﬂchgs dedy BdatBaITsred

nunber. of |-ues. . whi LS. | s than' that for.the first. fllterlng, i f
the dfi ffer@ﬁ?ﬁsﬁé fIE ‘fiﬁ?@@e tiveen iopixelsds dgss than theg@Pt or ni ng t he

first filtering if the RF of the block | indicates no need for reducing t he
ri ngi ng noi se, nelther the bl ock I nor t he .block J are intra-blocks, a DC

conponent - of. i ritGer seThﬁl nethod of otaifit GpWheteu(l leQEamnirg twatraepre:ﬂmérrﬁmgaqﬂog{

the bl ock | BEs: of he. bl ocks |..and J are '-1';
per f orni nd’ o[r%étuilg@ qf"eﬁ?ﬁaoﬁ)'fﬁ‘ jockrcand gclogk adiacent &thﬁ) need
for reducibigek i & IBISEKNY thei GsbloBigh TRErihG oPHaRIe J are
intra-bl ocks,, a DC-co :kn‘g’nent _ofol nvgrsenqga?lﬁze."{cgog Fﬁ&ganl:ﬁﬁ ) of a :

resi dual sGoARAISiRG thegteps of.
bl ook 1 or 3 eXidHcmidgd s it f *%"94 el 9&1‘?5%%3 hobdrir o
i .ndi cat es alugEsededoa M@mlubungdaﬂyebétvmhrtbefmb@% land J if. the RF of the block |

indicates no need for reducm_g-the ringing noise, and both blocks |'and J are intra-
blocks; and ' '

companng the dlfference between. two adjacent pixels around the block
boudnary with the H. 263 quantlzatlon factor QP if the RF of the block | indicates
no need for reducing the ringing noisé and at least one of the HBFs of the blocks |
and J mdlcates no need for reducing the bloceking artifacts, and performing a |
second fi Itenng for changmg a predetermmed number of pixel values, which is less
than that for the first fi iltering, if the difference between two pixels is less than the
QP; |

performing the first filtering if the RF of the block I indicates no need for
reducing the ririging noise, neither the block I nor the block J are intra-blocks, a
DC component of inverse quantized coefficient (IQCs) of a residual signal of the
block 1| or J exists; and botfa HBFs of the blocks 1 and J are i

performing the second filtering if the RF of the block | indicates no need for
reducing the ringing noi'se,' neither the block | nor the block J are intra-blocks, a

DC component of inverse quantized coefficient (IQCs) of a residual signal of the



17. The nethod of claim 11, wherein assum ng that a predeterm ned bl ock
constituting a frane to be loop-filtered is a block I and a block adjacent
to the block | is a block J, the deblocking filtering for reducing bl ocking
artifacts, conprising the steps of: 34 perform ng a first filtering for
changi ng a predeternined. nunber . of pixel :val ues ‘near.a ‘bl ock boundary :
‘bet ween tm@ckﬂtaﬁ&%ﬂus@nand atfleéét%r%cl-m: Bf‘@lebél%igs ahBd) Eée: E@Fneed for

r educi ng the ri r? ~Nol S€E,. d ‘bot’h bl ocks J-are’ rntra’ bl oks; rand"
conparing the nﬁ Cfreuemlee lsemn@rf itering afthedRiRtof fhe dilsclal mdichteha meet for
boudnary wi Bﬁ 263 guantlzatlon factor QP if the RF of the block |

I ndi cat esreHHc'Hg efrg}gup% Gfﬁ%g the ringing noise and at |east one of the
HBFs of the blocks | and J indicates no need for reducing the bl ocking
artifacts, and performng a second filtering for changing a predeterm ned
nunmber of pi xel?. val'ﬂmmethodmfumm'esﬂ; whaeareit Iastsuﬁmg thet & predetéirhinedi ng, i f
the differenc een t; ixels ss.t.hal erform.ng the
first fi ek ﬁﬁnﬁt%a ﬁa_"@ % ﬁl? -?’rﬁl?c Egl%qﬁééﬂp‘?‘bgdlﬁﬁgﬂkﬁong t he

Eéﬂgéﬂgn?ﬁﬁ%ﬁﬁ”%@ﬁ“‘ s Bsdtibonfg ng kool LI B,

_ resi dual sit'gnal of
t'he bl oclcdmmaﬁg #xe-st_ S'afnd both HBFS of the blocks I and J are '1';
SE tering it the REOf the PI ock I ‘i ndi‘cat.es ‘no need
3 FrsE b, for liarcing ot aelarmmined muBihiar i
i ntra- bl qzames ﬁeQCa %@@Béﬂﬁd&fy béﬂﬂ@’e‘ﬁ@thgqﬁé?éksz?gn&cllefrftﬁé 'I#‘Bf_'gle bipk

resi dual stgnalof the block. exi:st'sy ~and at :].east--one T
bl ocks | iagigatesino peed: foareducmg th@angmgnmmge,t and b@ﬂmb&bdhsl Itand d@refmﬂrhe RF -

of the bl ggégFLle cates aneed for reducing- the ringing noise.. @ 18.
The  net th &ai m 7,. wherein assunming that a predeternined bl ock .
const i t uti ng -@ohparing méﬂeiffe@@nﬁcé bbweﬁme PLIERT Bilel@BRouhd PliRehioggl acent

to t he I's a block

, the dé’tﬂ%ﬁ%tylthufh?f 288 qeantization|! f.llkf'thg laFtoffthettﬂchcbwpﬁmaetesng t he
St eps. of nq nee? ferF’Ferde:Bfr@ e ﬁnélhbsﬁon__,é-flé\harétrlgaétoéné Q’?W?e p-%Fas 5 t% ebloc s 1 fped

nunber of
_ : and Jindicates no need for reducung the blockjng artlfacts and performlng a

second filtering for changlng a predetermined number of plxel values, which is less
-than that for the first fi iltering, if the dlfference between two pixels |s less than the
QP; - :
performmg the first fi iltering if the RF of the block | mdlcates no need for
| reducing the rlnglng noise, neither the block I nor the block J are mtra-blocks a
DC component of inverse quantized coefficient (IQCs) of a residual 3|gnal of the
block | or J exists, and both HBFs of the blocks | and J are ‘1’;
performing the second filtering if the RF of the block | indicates no need for
reducing the ringing noise, neither the block | nor the block J are intra-blocks, a
DC component of inverse quantized coefficient (IQCs) of a residual signal of the
block 1 or J exists, and at least one HBF of the blocks | and J is zero: and
performing the second filtering if-the RF of the block | indicates a need for
reducing the ringing noise.

18.  The method of claim 7, wherein assuming that a predetermined block
constituting a frame to be loop-filtered is a block | and a block adjacent to the
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val ues near a bl ock boundary between the blocks | and J if the second
ringing flag RF1 of the block I indicates no need for reducing the ringing
noi se, either the block I or the block J is an intra-block and both HBFs of
the blocks | and J indicate a need for ggeduci ng the blocking artifacts;
conmparing the. difference between two. adj acent pixels around the block
boudnary t: bl ock |

I ndi cat esmrf%)&nlelg? F‘gr%ﬁfaé CI ng ie ﬂlfrt%rlﬁt gforq(%gté&nghﬁ% AQ%HH%FSZ: or the
bl ock J |sgmpr|smgme $tepslof: and at - | east.-one of the HBFs of the bl ocks I

ot 111 e e bR bRt el el s
which is Legs tt@d}%ﬁ I@ungé‘?yhbﬁéeﬁ't fdcﬂgtdr{ctn egefcghpt i hgtfmgen

two pixels“I's Iess orm ng rst
the RF1 oRRef theoblock: |Imttﬂca@eam needefedréctuctrtgama:nngnghmtse regthey theu se

nei ther the bllock | nor the bl ock J are i ntra-bl ock | east one Cs

of the bl &gk | orthe Blogk 4 is: amw&ﬁ mds gh h Esetmelqckﬁd&nﬁ Aﬁedlcqte
perfornm ng ey I -1 of the block 1 indicates no need -
f:or r educi n'éj-:‘-' '?&C'%BH"‘BS th@BIE&qh et he bl ock 1. nor the block J are

i'nt ra- bl ocks, @bntmmg theainﬁér_. sechett W adjssent mélsJarnandlhemmkat
Ieast one of. the HBFs. of :t-he .bl ocks

the secondoudnasy wig the H.3e3 ﬂﬂﬁr@iatlm?qﬁt%gﬂ |f|rt]§é ﬁjfnl Egﬂl? block I Iﬁg‘ga%m ng .'
The met hoq,ooﬁe&# f’dr'?eaacmgf\ﬁé‘%’ir% @I Wi é ﬁt@?‘th%f) qu&rethg‘ tﬂg%tf Qltﬁ%tlh intra.

constituting a frane t I's .a ad] acent -
to the bl didck, ans st loasiotng of tie HBRY of:thenlglof:kski andnblrﬁdm’atesadomee;d fgrocki ng

ti.fact g -th |t f .
hang g sefoaR e bt BHEastsS b erfornufd iR SR shenabbA® '
bet ween 1 e@é@ggﬁ}égrﬁupggér bf phle# vBRRANHTANA Bs thatd 1 K0P ind fntiharkg!

i ndi cat es 'no.ne uci-ng-t ringi ng noise, .eirther the block
bl ock J i 4f the differencel bﬂtweend\ht@opheleesdees thavethel @8%s | and J indi cate

36 . a need for .reducing,t.h ct ri.ng the -
di f ference bét ﬁ&éﬁ*ﬁ\t&?g ﬁt?gﬁ‘ﬁgﬁt'ﬁg@ Eirﬂﬁpﬁg%‘?‘&:k%ﬁ g)f‘%ﬁdtﬁ’ the
H 263 quartéuaethg dhe frﬁ@ny nélel helther Melbletk hfor the ®lodk J adk Gitteblocks, at

' least one of RF0s of the blacks | and J is “1’ and both HBFs of the blocks | and J

are ‘1’;

performing the second fi iltering if the RF1 of the block | indicates no need
. for reducing the. ringing noise, neither the block I nor the block J are intra-blocks,
at least one of RFOs .of the blocks | and J is ‘1", and at least one of the HBFs of
the blocks | and J is not 1; and |
performing the second filtering if the RF1 of the block | is non-zero.

19. The method of claim 12, wherein assuming that a predetermined
block constituting a frame to be loop-filtered is a block | and a block adjacent to
the block | is a block J, the deblocking filtering for reducing blocking artifacts,
comprising the steps-of: ' T ' '

performing a first filtering for changing a predetermined number of pixel
values near a block boundary between the blocks | and J if the second ringing flag
RF1 of the block | indicates no need for reducing the ringing noise, either the
block | or the block J is an intra-block and both HBFs of the blocks | and J indicate



mo need for reducing the ringing noise, either the block I or the block J
Is an intra- block, and at |east one of the HBFs of the blocks | . and J

i ndi cates no need for reducing the blocking artifacts, and performng a
second filtering for changing a predetegm1ned nunber of pi xel val ues, which
is less than that: for the first filtering, if the- dlfference bet ween two. .

pi xel s | eéﬁebbafﬁri‘émﬁ - the blockﬁ@’ kA "-tgg the fi rst filtering if the -RFL. of

the ‘bl ock ‘I indicates 'no need for re ucl'ng t:he ri ngi ng- noi se, neithér the

bl ack 1 nor t heompaidng. th%tdd‘farancetbe_;“_”__ twatadjacent pixels afolmiD th@blddke

oL oeke ik S tner AR bR ket &b SFle BFATH e HiSet indicatesnced
for redUCrhd‘ﬁeéB%f FeHliciity. iy ﬁﬁgggerhél. %Iiﬁ%’l Hé%{k gpﬁhé Bﬁ)c% .?fé(alé uz{rg

i nt ra- bl ocks, | east one of 0ck

| east - oneb!etk._tam BIBI@Sbbnetm‘tbeddBEs lof dinel beoks lrmtd J,Indlndtes no needrfbﬁ)r m ng _
the second filtering. if. _of the. - zer e

The met hd&9HeIng,

'hOI‘IZOI’lt Prell

'F, - wher Tzomt al -

bl ock boufithe: -ahd””

gi xel s B and.

coef ficients. (ﬂe'i '_@"fghe R
-3 (l: and

D, Wnerelntwo plx. S IﬂC)/4-

if the ateastene ¢ le@swf thlseb ) kséaa_,___...__, : 8 0 tseﬁmukéltanos.l
smal | er t} g the QP of the H 263, 21 Th_e =.rrethod of .clai m:3,. -
wherein t giél’l nging fil t-eri--ng'_']ﬁ_ro'r; el uc_l' ng the o _ngl ng n0| se in the
filtering Stemem'ﬁﬁném@séc' 3t PG o ek
- derini ng fllte ). d. | S )

need. for’ Phée--._

? the blecks i and J !S not 1 and _
' performlng the second fi Itenng if the RF1 of the block I is non-zero.

20. The method of claim. 19, wherem assummg that six ptxels on the-
hortzontal block boundary between the blocks I: and J are A, B C,D,Eand F,
whereln the plxels_ 163 and D are the nea_rest _p_lxels on the horizontal block
boundary, the pixels A and F are the farthest ptxels thereon, and pixels B and D
are middle pixles, 7-tab low pass filtering with coefficients (1,1,1,2,1,1,1) is
performed for the six pixels during the first filtering, and the second filtering is
performed on the pixels C and D wherein two pixels C and D are replaced as
C=C+(D-C)/4 and D=D+(D-C)/4 if the absolute value of the difference between

“the pixels C and D is smaller than the QP of the H.263.-

21.  The method of claim 3,. wherein the deringing filtering for reducing
the ringing noise in the filtering step is performed if the ringing flag indicates a
need for the derining filtering, and is not performed if the rlnglng flag indicates no
need for the deringing filtering, and '
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the deringing filtering conprises the steps of: - (a) detecting

hori zontal and vertical edges of the inmage data; and (b) performng a
t wo- di nensi onal (2-D) signal adaptive filtering on an 8x8 bl ock from which
the ringing noise is to be reéeduced, and wherein in the step (a) for

t he hori zont al' -edge detect.i on, assum ng- 3{hat ‘a pixel[nm[n] is the current '
plxel ~a pi xel [#\bl % f t he- plxe[mn] a

pixel [nj[n 1] |t§éld(§zg‘tbdﬂ%§£ﬁt het e 'Pﬁs‘%ymeég%e Tmn]; “the di fference )
bet ween t hé piXe) peiqm]ngdmmohaalpandewqmq:@redlgesmfme mtdge dattf @ndénce bet ween _

h | h
;u:nlto : )z(:t |[ gi n[ 1? !3([?? E\Q’[’gﬁﬁl‘l’ﬁf‘?g@&ﬁg(féﬁ ﬁ'% |a(§’ﬁlpls'¥é\fﬁ$jl§ gl?idafo ,&ZBQD) )

or (A1>2qf9|06krfr6ﬁ th@n@péﬁgln%ig[eerr%[ &ﬂfc{eamaﬂa' xel his detected as an

edge pi xel,, and e edge ones in the step

1 e st e oy o i o -
B! xel "is BX ﬁ‘j( {hﬁ ‘!“{rﬁé EF?‘AF @r@ﬁ%‘g’“lﬁaf%@doﬁmd@%ké[fﬂr{t@ tbﬂd t he

s {Iﬁ‘, th

%Sta{r)lt f ?ﬁﬁ@k [’th{h? d' %’?‘Fetehe
ﬂeitrﬂ][ﬂ*ms)Amrtheﬁdlﬂfeﬁa’Haa)b@twdeﬁ 2QP)
i5 satlsfled det ected, as an’.ed ?e pi xel, and the edge

Si. gnal ad e to the
8x8 bl ock%ﬁéﬁdg}éeé?%cﬂgbﬁvﬁeet er §ﬁr§'@@?fm eri %bég{\zﬁ?@ﬁﬁ& R?ﬁg@bé\n%gdow s an
edge pi er(AZaBQPt)he sati‘sfﬁ&ﬁ |thg qusrept phel i defeictachas amédge pD(@L&énd sh@edgrége
pi xel , and_otherw, hted filtering is performed. .

pi xl e[ m 1] 1'57A 2,
condi ti ondietweemébs

met hod of "ReRs RAGEIMIL §§Jma|'?3 that a predeternined block constituting
a frame to be g fsté;i ea)eerma > Jolticarbade deded; '%Sguﬁﬁ%égaﬁ%itthé% iy DI ock

|.is-a block J; the derlnglnﬁ l.terin or reduckn Finging noi
the filtemixeyispbelimnha pixel moriiieliis Ibcatmi db@\i@timwpmet[mmedneﬂdnﬁelcpixemst

O b T A" e el BUvl OB fivlelotR] B9 366 P PeT S0 15 Atha (o

pr edet er ni’ ne :
quant_ i zed tie d\ffereacds lbetkedn itise péel gmlial 8hd ttﬁé"bl)éle[ﬁ'i-eﬂﬁi]% W’Z‘%d’ PR the

32 et er mH-203 G1LGH BT T5etS! i Theomutomal exorcammm JATS0R and
(A2>QP)) or (A'1>2QP) or (A'2>2QP) is satisfied, the current pixel is detected as
an edge pixel, and the edge map, Edge[m][n], becomes 1, and

- wherein in the step (b) for the signal adapti‘ve ﬁltéring, a 4-connected filter
window is appl-ied to the 8x8 block to determine whether the center pixel of the
filter window is an edge pixel, and the filtering is performed if the central plxel is

an edge plxel and otherwise, a weighted filtering IS performed.

22.  The method of claim 3, wherein assuming that é predetermined block
constituting a frame to be loop-filtered is a block | and a block adjacent to the
block | is a block J, the deringing filtering for reducing the ringing noise in the
filtering step is not performed if the difference between the current block | and the
quantized previous block | is not greater than a predetermined value, and the
difference between the current block J and the quantized previous block J is not
greatgr than a predetermined value.

I

T\!I\llj 1) A R



constituting a frame to be loop-filtered is a block I and a bl ock adjacent
to the block | is a block J, the deringing filtering for reducing the
ringing noise in the filtering step is performed if the ringing flag of the
bl ock | indicates a need for derlnglngj@ Iterlng, and ot herwi se, the
deringi ng f||ter|ng i's not perforned.- : 24. . The met hod of clairm 12,
‘wherein the dgsl ngirRg rhéthto%r btnélafrﬁ‘rs rvﬂ%téiﬁ‘ﬁséﬁiﬁm%'tﬁﬁt 8%r&6éf@n11ﬁed’%'kfdkr med
when-the block™ 1 -is an-intra block, when the i's-not an-i-ntra bl ock-
and ‘has eonsitéting adramedo bﬁ)l}lmp-ﬂt&]‘edhera block Blamdka blaak adjacant fonthea bl ock

“and ‘has 8 predi n node -a i ndi-cat no need
o e BBk gs BBk, Mo, JR1GaRY e g ok gRhubg Bl Hliry BORsALER, 07 s
mhen t hegfrk; t [ ering.
The' %%‘e?‘ﬁﬁa@n@éd il ity 1o A e bk et s "é%ﬁp!‘%"ses the
steps of deringing ﬁl(eamgdandmthegv@e,rtheod&radgxagdilteeng iig abt pageamed. t he i mage
data; and ' (b) perform ng a two-di mensional (2-D) signal adaptive
filtering on the 8x8 bl-ock fromwhich the rlngl ng nqlse is to be renoved,

wher et . 945t CneAholiiid P EliA!12 tidte feddcigal a
pi xel [ rm]. he current. prxe PiX it e Fight - of
t he pi xetl{emngmgaqqzsemé beﬁbrmé@i whaeri ' tiheédh[mfk h]

1& |hfo g:‘ fe 1;] g ﬁ&gﬁe bet V\gﬁgzthe Rr X%[’Lglé rli’]de&n -' .

-ERZBP)Z?%“C‘”‘?%'&‘?QE?& graégtggg_ 0ickiBA xﬁeg eéé-l ' RF’ﬂertﬁé'EIBd( aA1>QP_) andl

1S;satls ‘the..current prxel is ..
det ect edirmlicates eibgreed farl theadmrlngmg @ﬂgengapnd ok dprifgin, fi lt&rmgmsndl and

in the ste tl I det.ection urrent
o xel i <Pafigtnbter B K of e SRR 350iEEtas0Rb o829 451 B pRRbobd g
pi xel [ml] [n] is |ocated beI ow the pixel [mn], the di fference. betvveen the
pi xl efm[n] and the pi.xel [ }[ nl.-is A L, the difference between the pixel
[mM[n] and th@5pi xi él[awmgmaq [0 §laAn222,aMIae|@m the da@nwngéﬂteqimmamaﬂseﬁthe

factor, %4‘%% 1!ne condi tional expression ((A 1>QP) and (A 2>Q3)) or .
(A 1>2Q3 %A 2>2Q3) Is satisfied, the current pi xel L

(a) detecting honzontal and vertical edges of the |mage data; and

(b) performmg a two-dimensional (2-D) s_l_gnal adaptlve fi iltering on the 8x8

block from which the ringing noise is to be removed,

Where'_i_h- in the step (a) for the horizontal edge detection, assuming that a
pixel[m;n] is the current pixel, a piXel[m_-][nH']- is located to the right of the
pixel[m,n], a pixel[m][n—1] is located tblthe left of the pixel[m,n], the difference

"between the pixel[m][n] and the pixel[m][h_-l-ﬂ is A1, the difference between the
pixel[m][n] and the pixelfm][n—1] is A2, and QP is the H.263 quantization factor,
when the conditional expression ((A1>QP) and (A2>QP)) or (A1 >2QP) or
(A2>2QP) is satisfied, the current pixel is detected as an edge pixel, and the edge
map, Edge[m][n], becomes 1, and

in the step (a) for the vertical edge detection, assuming that the current
pixel is pixel[m,n], a pixel[m+1][n] is located above the pixellm,n}, a pixelfm-1][n] is
located below the pixel[m,n], the difference between the pixle[m][n] and the
pixel[m+1][n] is A'1, the difference between the pixel [m][n] and the pixle[m-1][n] is
A2, and QP is the H.263 quantization factor, when the conditional expression
((A'1>QP) and (A'2>QP)) or (A'"1>2QP) or (A'2>2QP) is satisfied, the current pixel
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39 Is detected as an edge pixel, and the edge map, Edge[n][n], becones
1, and wherein in the step (b) for the signal adaptive filtering,
a 4-connected filter wi ndow i s applied to the 8x8 block to determ ne
whet her the center pixel of the . fil tgp W ndow is an edge pixel, and the
f||ter|ng is.performed if the central pr.xel - - an edge pixel, and '

ot herw se,js g y@jtgﬁttagda,{ dhar :
26. The rﬁat ﬁod of “clai Et gS plﬁe?@?ﬁ%tﬁgbgﬁﬁagg 8eqn]WePe%%mg(s)nﬁﬁnges the '

| zt.teps of - . where(nayn ﬂt@t@@pu(b@ fardhezs:gmalladaamlveemtermng aetdg@meidtetg Iﬁﬂter rrage |
oy e windowds appfibd it [?’“ﬁ”@ﬁ?%“@ﬁ%ﬁﬁg Witsthe e estetpbgl gt
renoved, fiter wmdow\’@ ﬁ'éHQé“chBF ?@erfn%rlﬁyé‘?ﬁdr?ﬁ{eerqtzl?gt@éeﬁt‘?gl pixel is

detection, assum ng at a

pi xek[nj [ mnl?dg%plm&,amﬂotmm @ geightbéd filiering isppedbimed] , a pixel [n][n-1]
Is located to the |eft of the pi xe[m n, the difference betvveen t he .
pixel [m[n] and the pixel[n[n+l] is Al, the difference between the:

Pactor” b 122 0o et o1 Hei 25 it wBF oo G AT AN

(AzstepS)eis satisfied, the current pixel is- detected as an edge .

'| d t he ,edge cones. 1, | h ‘
E"a>x ®For “the vel®) deiectiigRiizoat o e SR oo b datenend o, o) ot <

DXl [ i) ot RYpOIfRARG, 0o diAABASPLRS sditel kB Rbring on e i,
the pixle orarhichdhe ringinginpiselis[to]bé sembited;t he diff erence bet ween: the |

Guant zat | B]n 7O kB oLl b8 -0 2 et (eshining thetsa

(A 2>QP)) pt)(el[(n(l\n]li!SZIWE:*)cv.ﬂ’i*er(’t"‘éi)?é\’lQral)pli(él[rﬁf[hll-ﬂc i'sGIQcatFHchtFérr el 1S

det ect ed as.an -edge.pi xel econes- 1, and

“wherein. i P"ﬁ'{@ 8} @pp’@(ﬁj["ﬂﬁ\"'lﬂ I*%'@iaéﬁda?c thealeft ofeth plxel[mmj the differsnoect ed
filter: :

' whet th ter
pi xel of tRe tlﬁ @B‘%‘ﬁ@ﬂ (\‘ltsﬁ*%néi %‘B@i[ﬁ%ibts Al n%qc?g??h‘w&ei"s% cem e
per f or med pml{rrﬂm]wutmd pipelmllni-4] is AP, Sﬂ@@mhs(tﬂe Ha_Qtsts atlaﬁt;!atﬁﬁ. fator
vvelghtedflltelggmqsté&erforrred The net hod claim1, for

reduci ng nal expression EAPIRP) and (A2>QP )) or (A1>2QP) or

. (A2>2QP) is satisfied, the current pixel is detected as an edge pixel, and the edge
map, Edge[m][n'] becomes 1, and

in the step (a) for the vertical edge detection, assumlng that the current
pixel is plxel[m n] a pixel[m+1][n] is located above the pixellm,n}, a plxel[m—1][n] is
located below the pixelm,n], the difference between the pixle[m][n] and the
pixel[m+1][n] is A'1, the difference betwe'etl the pixel [m][n] and the pixle[m—'.‘l][n]' is
A2, and QP is the H.263 quantization factor, when the conditional expression
((A'"1>QP) and (A2>QP)) or (A"1>2QP) or (A'2>2QP) is satisfied, the current pixel
is detected as an edge pixel, and the edge map, Edge[m][n], becomes 1, and

wherein in the step (b) for the signal adaptive filtering, a 4-connected filter
window is applied to the 8x8 block to determine whether the center pixel of the -
filter window is an edge pixel, and the filtering is performed if the central pixel is
an edge pixel, and otherwise, a weighted filtering is performed.

]

27.  The method of claim 1, for reducing corner outlier generated at the

———
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40 poi nt where the corners of four blocks neet when the inmage data is

bl ock- based coded and decoded, further conprising the steps of:

(a) detecting a corner outlier of an 8x8 block of theinverse quantized
i mage data and ~ (b) conpeq ting for the detected cor ner
outlier, o ‘wherein in the: step ?P

\ al'uelZ] W{% Hgfaefsgéiéc? %\?ggﬁes ~of. .
the pi xeloodad ahd: 6eaodledn furthep eotpriging, the stebs cffver age of the pixels values’

is set to (A+ CBLEQ the dlffe nce between: -~ each pixel value of the -
average is coRﬁa etectino s somergut QQ%BCMOF%@!' the i (gyerse qHaBtizet imageer
of corner, t r candi date pixels is accunul ated to detect the cor ner
outlier if the difference is greater than QP, and: ~in the step (b)
for the corrper(bﬁbdmpemﬂnmfagtheméteé(edrcdrn@nduﬁ[arr] are pixels - adjacent
to the pixel A and, ) |s A2 pi er di agonal T )ixel Ain the sane -
bl ock  of thé"’"}lﬁ’ ). for tec ' -'-___ateAt,hB, Conpdisared
‘val ues ofg el Iy '
cor ner ou? .
pi xel .et .
3QP/ 2, the. cor
equat i on:t the average - +¢t‘*D-*2@/4AﬂBBr' Erenge &
Alerr]' Zafht ! rdt
(A -+3A2+2) o ;ﬁféle\fé Jré %)Ftﬁe avgraﬂe is: ({qnmp%rerdnto thef cha6n3 0y ntéi%[t%b #
t'wo,. t he andrthbdmm_:ahoﬁ-_ ertmslretrma’ _.esmxelsfré ebeumléteaﬁb detect the

CAl err] +%Ler rr] +CLerr] +Dlerr] +2) L4 is .sél.ected. and corner:.outlier . _
conpensa B | o Eﬁﬂﬁf--ﬂﬁﬂ e%ﬂﬂ‘re ‘manher ‘as in the case -

of = only on gk 4 f l pa ' ring .d
Trege dath CZ%WM‘@ ot compenBfon, & SRR Ret 2, A LOWRIAR | n2
08 G . < : block

“data-is - @ tiae: ¢ ._'.'f__'ddid%ndt Hpls. a pixgladiag xelgA in the sa__ _
; of: the-'p el A and A’ A’ “andg- A2 are th "co djvalues of the prxels A

) for the detection, asuming that
A, B, C gk 0, -
et (atd tin .%OheE&*HerﬁT%tﬁt%

A and Ay, respectlvely, when only one corner outller candlcate is detected and
the d_e_.tecte_d cand_ld.ate is the pixel 4 and the dlff.erence.between the pixels 4 and
A, is.'léss than 3QP/2, the comer outlier compensation is performed using the
following equation:

A’ = (44+B+C+2D+4)/8
A, = (4'+34,+2)/4
4, = (A'+34,+2)/4

, and when the number of candidates is more than two, the candidate which
has the largest difference from (4,+B,+C,+D,+2)/4 is selected, and corner outlier
compensation is performed on that point in the same manner as in the case of
only one candidate.

28.  An apparatus for loop-filtering image data, capable of reducing
quantization effect generated when an image data is encoded and decoded, the
apparatus comprising:
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41 a flag extractor for extracting a flag indicating whether the

i mge data requires loop-filtering, using distribution of inverse quantized
coefficients (1QCs) of the image data, and a notion vector indicating the
di fference between the previous frame the current franme; a

debl ocki ng filter for. deblocking filtering the.image data by |nvest|gat|ng
the bl ocking f|aaﬂag>eb<tr@@fd?¢ebéxtr€@trﬁd é@'la@x'haﬂﬁhﬁ? whether the ﬁﬁégé‘? FaUt' er’.
conpensat or- for detecting the corner. outl er-of bl ocki'n F ered. -
data and defpiEes laapbiteriig, tuwmdtsérdhlﬂ@rb@frIneers@mwarmzedacu;ﬁﬂcrents @QCs) of

ot "By "0 0 e g B0 PR e For i 186 A Be bl %E?%ﬁguead"

wher ei n t Hearhé 2md herdUri<iet frdrAeki ng flag indi cating whet her a need for
reduci ng bl ocki naﬁart i facts near block boundaries exists, and a ringing

f:1 ag i ndi cati n@ dekiorkingtfiiter dor deblooking ﬁltanngetheomagerdatglbyglnvesﬁg.’atﬂ@aﬂ'te
iimage edg6Sa i ; .29 Th a-aratus _of claim 28, wherein the flag -
_'extractlo?ﬁ%?k“?%gagl--_ §&drg &B SN PETOT mad on -an: lntra fI ag and an inter -

flag, the flagzgs Rélt ion of
inverse- quant i zed:’ ren q-ua‘nt | Ze é Iage dat a

and :the f|deplagkingrfilered datatdrel com : cmhﬁpouthepta)id '_ _
i ndi cating the_d _ fram‘:\ d.the current frane.
30. - The appar:ﬁﬁé’fl 'ﬁé%&eﬁt‘?@mﬁe' EPFR% W@@Peﬁat&ddiﬁta |

di nensi ondly e gdtmgltherﬁradrngmg\fe&tacwd kaHé %@Seittéé@ dnlaPF) -

31. The apparatus of clai'm 1 derrnging Tklter is a tvvo- :

d| mensi onal (2-\@)er§mgtm ﬂ%ﬂhp@' __

g ﬂag:_mdlca'tmg whether a need for
reducrng blo' ' ng f

' 29 . claim 28 wherein the flag extractron of the ﬂag
extractor is performed on an mtra ﬂag and an tnter ﬂag, the ﬂag extractron on the
“intra ﬂag utilizes the d|str|but|on of inverse. quantrzed coefficients (IQCs) of the
inverse quantlzed rmage data, and the flag extraction on the inter flag utilizes the

motion vector indicating the dlfference between the previous frame and the current
frame.

30. The apparatus of claim 28, wherein the deblocking filter is a one-
dimensional (1-D) horizontal and vertical low pass filter (LPF).

31. The apparatus of claim 30, wherein the deringing filter is a two-
dimensional (2-D) signal adaptive filter.
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